10

156

20

25

30

METHOD AND SYSTEM FOR COWVMUNI CATION I N A MULTI PLE

ACCESS NETWORK RELATED APPLI CATI ONS Thi s application
weh@isms11ps i ority to Australian Provisional Patpot/AU2004/001036

Application No. 2003903826, filed 24 July 2003,

entitled "An OFDM Recei ver Structure", the

specification thereof being |_pcorporat ed herein by

reference In its entirety -and for all purposes. FlIELD

mETHE ANG, SR AR GAIRIMCATION N A Mul 1oL Access

present invention rel at eqygpwoRieved nultiple access
conmuni cations. In one form the invention relates to

RELATERABRPEICAYRPNS pr ocessi ng met hod and appar-atus for

a _

. TH RIS SR o A Proi bl o Aosicaton
No. 26038088260 fitdte 2dséulpf2Q08,i emtitied Van r@F Db Réceiver Structure’, the

Specg‘eéqﬁg{n B—'éé% Ifhe rec tl a0 & %lggwa Ifgfébqnfghiys enetlrety and for

mp)ﬁgéson Mul ti pl eX| ng) cormunl cation system however,

shoul d be appreciated that the present invention
FlELrBPlﬁéNV@NTI ted to that use, only. By way of

f Uﬁ'hl%%re‘@@iﬁh@enﬁéh QLR sft?rt'ﬁ‘é ﬁ@l?osf Ghlibsd %%?HHLR\”catlons In

may re ate to recursive erin r| olnt 1terat
partidulardi rhei npresenti ementloeysteiakasandof umproved smj.ntlake access

comg"&ﬂﬁ?ﬁgﬁﬁ t"f pﬁ% QI% ne'vgﬂ\gﬁﬁ é@fi %ng{ae}diviﬁwoved signal

'procé8§m§ nmhddcmm rsq:partaa:safowa renitipte tad@ssrmewnﬁ@atuon system.

user inte cancel ] atj on and

erative nul ti C
It will {45 GPNVEN N SR ITINGTer e Sorias e MHensigahlsuFelghpa to the use of
an itspsd h?é’thb@rbftcﬁ@te'f'ﬁﬁuﬁé thBeretbfion! SM& %@{al ih™ multi user packet

singul ar form be taken as reference to one
basgdi n\glane&egs orQTIdM ( #Quthagonaly efreaueney t hPiyisiaient Multiplexing)
n h I Heed, Oy| .19
commrg?égé;ar?;&%gg't Y.'\;%\n% eer§§§ c%ﬁntrgm&’ﬁl 1:l:)atl éjﬁﬂ Eci;ag%éniéﬂ é;[r éhe present
invehtispdnay ni-bealiinidddrtol thap bseaonhs sBy avd of firth@nexample, in other
whi,ch, i nformati as _voice and data

fo I a | Vi afing for joint iterative
o e piskeRh TyaRdoR oay; Belkfe G fPoweRs filRging for J
deccdifly! inhacounéty af Fy¥Reii§cand T0AtGohd SuvhTesSliféaMmultiple access
resources I n an organlsed manner. | n npbst cases
channel decoders, iterative equalisation, |teratlve joint channel estimation and
detection/decoding, iterative space-time processing, iterative multi user
interference cancellation and iterative demodutation. |
RELATED ART | |
Throughout this specification the use of the word “inventor” in singular form
may be taken as reference to one (singular) or more (plural) inventors of the
present invention. The inventor has identified the following related art. |
Most wireless communications systems are based on so-called multiple
access technigues in which, information such as voice and data are
communicated. . This is a technology where many simultaneously active users
share the same system resources in an organised manner. In most cases,
sharing resources in a multiple access system means that if more than one user
is actiye, then all active users interfere with each other. Traditionally, such
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sharing resources in a nultiple access system neans

that if nore than one user is active, then all active
wais@ssiiizg erfere with each other. Traditional | BCT/AU2004/001036

suchi nterference has been considered to be part of the

i nevi tabl e noi se that corrupts transni ssions. Such

interference increases with tshe nunber of active users

and thus, the performance quality in terns of how many

. ‘mterflé Shce g}%oﬁ%pby%%i%ﬁégeqa'ﬁ%ﬂéaégrté?ﬁeeﬁ%@%gﬁe norse that corrupts

trans@ﬂ%gnir@y mul ti pl e access scenario that may occur in’

Y'o‘éﬁ'cﬁ FRTATEReS Jrsteasare, b BUBRSE ot e el and thus, the

richfifffct Rty J0Q8rmbroBRBN MariPlustirt @bpbBRFP 1H0Bshsshare the

for radio term nal hey naybe
resoastoysaﬂnmultmﬁmmlybegom [lmmﬂedng to ot her networks,

P SRURE Y S B G TR AR sl 1oy occur i

'WireﬁwﬂetWOrltélem it tﬁrmimails MO 004 a?di t[axlil'i) am?]tt signals that

e WOr al t o nake ngepent s r of ,,L hese,

 are rgRgvRtkat GOBEO PeceS B IONR nlT Beterk il §f HEEe Signals are
Jmterid%%f for'fadidfernfifdl 160a! THdARfaybesigAdlLirbRs Géﬂ/lb‘éstthat belong to

for exanple, transm tting on di'fferent fre uenci es
otheanetwerks, @resumahly iswrticenspdirgiia spagtsm wéa taémpaw there are

ordu{a% Posdh Sinel &e‘?épc‘;ﬂsiﬁfé?e&a%&t I8, tﬂﬁiggﬁ%& to which 100a .

ave an assocl a user
provigiese sacessand heed‘éelmxkl airosnt imakei arrahgemantisofor all of these

siond§, 5 bel elBBvpd anemiteds cpommbpy e RS nél/ b equired to

shargathieCrdldid rléS@ﬂrc’lsDE%r, fdre%waahpcé Gtré'gsi?lttlng drudifféreat frequencies or
Qr car enerate and receive da

at d@f@mh?msed% RENIGEERINRY %vga%s%ta ineiprmg of the expensive

radidPOSSed and received by the passengers and/or

operators of the vehicle. The network access point
10Thentadial teominalhl 02 maynhavecaneasgadiatesduser 4PF yae generates

ot YAOBES FRACRBHRET 35, (LS008, DR . simiary, e

rad lcpeéﬁhhlak 10%!5 assnoiifedr withea siser.adin dhemas'enaf a v&)ﬁcular user 105,

o B sbh e ool e AR S ekt SV bt to be

comﬁﬂﬂh&ﬂted“@%ﬂﬁ@ neddbhd ﬁ"Hl@W&i@@ﬁé@W@% géond@ated and received
I nproved by only allowng a few of all pagssible

by therpassangsrs andisdepesgaien of ttbeb*éempl@ns nmhe e{tﬁtmrk access point
10064 Sis d'@Xsh To tBnBhRidte Wigh radio terminal 100a as may be the case

in wireless backhaul or multihop networks. In this respect, it is also possible that
the other users’ radio terminals 102, 104 may form part of any multihopping
network.

One way to improve capacify is to introduce error control coding. Applying
coding allows performance to be improved by only alléwing a few of all possible

combinations of code symbols to be transmitted. Another way is to exploit the

information contained in the interference. This is known as joint multiuser
detection. In systems where both these techniques are used, a decoding strategy
may be applied which is termed iterative decoding. Here, a multiuser detector
first provides an estimate of the transmitted symbols in terms of reliability
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information contained in the interference. This is

known as joint nultiuser detection. In systens where
whoedok/oitiese techni ques are used, a decodi ng stPEL/ayg004/001036

may be applied which is terned iterative decodi ng.

Here, a nultiuser detector first provides an estimte

of. the transmtted synbols im ternms of

reliabilityinformation. This information is forwarded

it B85 Ao O Gl A B Bt oty

inforfnationebaded @edthen wq:mﬂftmnahev@em omformationtisrthearaxchanged

in ) Reraliis Toshi UPILT4ore AR JOriGet IRGOVAPTER oe Shis, decoding

stratéé‘f%%&' ﬁ?&re‘éé@aéébﬁciw '%léﬁlf%hnﬂyc @Hﬂlﬁg' Wr)J e to theoretical

hin'reach of practical inplenentation However,:
capagilyi limitsnat ta eamplexitycleyel iwithino reach i ofe practingl| @Qplementahon

| How%g%rp Féﬂf@bﬁgﬁa&:ﬂgﬁgﬁgﬁ% "i‘{dltgﬁoy rog %JES Bﬁ\félﬁ_béomg#ex for practical

implementstiorseas thérinhessiht d:ompmwwmss expdaeatiallywith the number
ased. on linear filtering.my_ be applied re.t .

of aclipy dsginal Seesmipesy fighRer HeadBion BeseShTirledF futering may

be dppied; Whefs!tthee conispondiiyy idbrapleXityhanly ¢roivs! Ilﬁéarly with the
t hat for practical _reasons related art linear filt

numbef af t2etie Wsersi nT hauinveniery hagclé@nﬁ'g‘ear@aéafgéopfaﬁma* reasons
relat%aeaftelﬁ?éé(dj‘eeﬁltgl'@'?& ﬂ%ﬁ’é*h\}é‘?ouﬁ?ﬁﬁuftﬁ{é?@?tdé%(ﬁhgahké’rbased on the

coders as I nput “to

' receWths;gsahamd ﬁneamo@ésemdnwQOfmm itlwsie@ptdneﬁwaﬁlyput fo the ,

oter i ot B} B Goaq bl Rl

mea ereagsliitipiee dsbys ahamé tdgphmonc cemenlwtbnscmsmrrbgs access

to oHaNNAI spoputks DY BB sS04 By- RuHIRReRpRE SFBeime, commonly
exec{w(@ﬂ R} hYmdidint hcdddTthAffol (MAO’)' HIRISES|. € HMEIgBEources such

Is therefore desirable to use these resources as
as agalakledrangwigiharedypicelly Atriety limiied in gwrfa@&s@m@ronment Itis

theréalﬁgéi nﬁﬁﬁéa foeﬁggrﬁn%% s Coﬁeé délé i éx@hﬂg ;Hd&ﬁ%s Allowing

Feice catsed ng acces
multiple lusrst ior shace cammars tedowyrces| aeatess e risk fml dlspllr@ances and

inte %ess Lo e%cﬁrzzryfgéie mén%&fegﬁ%gégmﬁa:%@éﬁ @lé{ﬁhﬂ)ﬁ&es are usually’

refeﬁé@n&iﬂﬁlmwwéoﬁbﬁégé | iatsrfereneederint quigyiesd local area network
collisions. Sometinmes the MAC fails, and Stat|

(WLARDesystems ¢haMaC adesipiecdte §Fhﬁ¢w§nﬁaa§wss'ms “from Stations in
orde\%‘tlégﬁbgh fcotllhiéné.' t 43 &imbs afeﬁ(i idhd '@l‘é"u%n?s access the

e transm ssion o pa ets f'rom a first
channelrresourees ﬁlmultanepualyseéoh@xarrmigmﬁ this situgtiopnispiliustrated in

Figupd @ \ﬁhircﬂpéﬁ&ﬁ LAk t?éh%uésl 2y of %%G?gfé( %fi?ﬁ%ﬁmsmlﬁer station

access pol nt ovvn on

1 a segend rtmm;mdter statioha andpa representatlon of recelved packets at the
access point shown on the lowermost line. Physical layer receivers may fail to
recover such collided packets. As the traffic load on the network increases, this
problem becomes a significant limiting factor in terms of network‘ capacity and
quallty of service.

A different problem, leadmg to similar effects, is caused by the multipath
nature of communication channels associated with, for example, a WLAN. The
multipath channel causes several delayed replicas of the same signal to arrive at
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recover such collided packets. As the traffic [ oad on
the network increases, this problem becones a
wapk@adioiileant limting factor in terns of netwoP&T/AU2004/001036

capacity and quality of service. A different problem

|l eading to simlar effects, is caused by the nultipath
nature of communi cati on channels associated with, for
exanple, a WLAN. 'The nul ti path channel causes sevéral

to arrive.atth

 the thgeBre, TR 8 Yo plvaies SaibredRSiancs AibIHEitelfre to mutiple

acce§é"?n'téh”fetéhd@tdi§&1ééédndﬁdv@ e Iﬂcﬂﬁéiscagé e'tff\éfslfm:ﬁem becomes a
di'scussed above. In this case, the problem becones

limiting factargfaratheo required mowegio aéblqm@pceat%mg. wiormance, which

vandSESPLBS) bSO BAE, Al S7W JUERN, 8, sxamplof o arect

and a rfieeted aasion of Ithaetoenglwmrsgnal afriving at theg mateiver is shown in

Fiou 8 o Do el el Yo o e b3t dre ustatec
on tﬁé‘fd&?‘lwérlﬁ'néé dséiaWad e phesévte biedif mesrféferideoindicated by
presence of self interference is indicated by

shadmm e iraceived sisepldepsespnted hethe asaess pajint % the lowermost -
I nt
line %&cﬁs;ﬁnqvgtgl o ?é‘an]érgfsélé’r‘{"efd‘ﬁgﬁ tlnbg e b%; ﬁéekwlgme the interference

erence
mechanisars sdescfived |ahmleakmub asol by ibebyoph&trcatlon of the diversity

sign%’logpc};gfésiﬁc\aé'raqn of Seé%l\g ' Veg‘?\'ypg:@i %rég%@ﬁ%sgeglgﬂers therefore
stnvé her engum shai effettivenme & hade &fif 8it tdvadiabbe timen&équency and

spaqq w(yerg’g)f éheﬂg%ﬁ%tgn%fe gg,f;{@ﬂ“e”c gﬂé’pﬁﬁé‘@gs@dé mu tllplé antennas)

”U*l'hép'iﬁvéﬁtb?nﬁ%) alsHadEANTEY Ot adviirs Gyrititbhizikgl transmitted

. that when synchronizing transmtted {)ackets over
packets cpears witelnest Fomreeions mnepa@ke rdingriliaBag a preamble of

seve%? @éﬁxﬂ{s %?Vtﬁ%aéa@;%ggbb ?Pﬁra%/ Wécéﬁ}é% éggké% signal may be

d Y
corre’!atéd avitte badeieay:lr gemsion of mlseh‘l whaile ne?m;gnrlm Itlye tdabay equals the
coreiih B RAe 485 Sohal 5 BeBhehl T 58 B8R Ao porretation may

be. mglérﬁéﬁfécﬁ?e;bémﬂél iR e given @arﬁp@@eqaanb@ srenelemput power of
out put power of the resultant correl ation

the nesulignt Pﬁ@'@l@ﬁlqﬂh maethanpagombined withithe a\%ﬁxﬂa@d@%ijof the raw
rece\%éﬂ“%ﬁqr&él gieefdé?ﬁeaadﬁébéidw s§’$’ti%ttfc:5't Hhe gﬂi\?nf’%'t Whig h he decision

cision statistic exceeds a en thres
statistic sxceedsd givarhthreshelbis selecied asfthe rtﬁnganfmwat of the packet.

rowfQUEY Sbock 0REF BfSudpBIEMIR B0 SHah SR, B° cR®as signa

dlstcm:onstmayelde ympited trcasentgate b/ \thd prddesisimg involved with the
synQRUaS e zat i onp f“@{m ERUSH SRR YL "Bl of packet

~timing.

Generally, in packet based communication systems it ié important to
reduce latency of a receiver or, in other words, provide as little delay as possible
between arrival of signals and the decoding of the bits contained in those signals.
Moreover, receiver processes are unable to determine the variation of a radio
channel over the time of a packet length and the associated effect on the
waveform of the transmitted signal. This may lead to lower than optimum data
rates due to poony tracked packets that are otherwise intact being discarded.



10

15

20

25

30

timng. Generally, in packet based comuni cati on
systens it is inportant to reduce | atency of a
WO e@siovdaes or, in other words, provide as |ittl|ecTOabann4/001036
as possible between arrival of signals and the
decodj ng of the bits contained in those. signals.
Moreover, receiver processesgre unable to determ ne
the variation of a radio channel over the time of a

PRk Bl OO ERBOn S/ Rins Chbhfel impalrments may

occur,owhich comtribute rtorohirtging dodhs thia ehboned ovey whiebkaed OF DM signal

acket,s that ,are otherw se intagt ,bein i scarded.ln
travelg AR AHED. EedBEa Nt SEPRbARSE: enCAERE: thése  channel
impaiffénisTesiriprigty varRitionsWi tihe dRaigmidsion teéhaleelodne to muitipath
. both the channel over which an OFDM si gnal travel s and
fading and; neanialiens de OHRM synakpls. dusg) fe dreqeepcytardtime offsets

causEYBY Fhod PSR A BRSO Y Bhalpoiaittd b EBfbjned wransmissir
and veception rprocessedM Jhdsel shdnnet impadwoentsy may vangefrom OFDM

f set S recepver. i naccuraci a .
symigi; B (F BRL “SnBEl R BINGT wiotdF SHIH iy Pt B Fvpriant over the
length osfe %6 egacKetes e Tradtivslally metanTeslt smpairmvents faremcountered by
. OFDM s ol to OFDM synmbol, in other vvords,,thdey rma/ ‘
estingies, B1AG .sie %RACKAtePIaEPI Ginch aigined by Bilot symbols
i . ¥ ¢ o ‘
oS T Aol BB, M Y. e Ao BB Bor o packet
lengthy pOther syethnds tuseo dgha uestimatasctei gidd fpaeamplghmith channel

estriEof SR MR A BR6RuAYRed R GpeonthBinal] il may resutin

poweh tose byediscantingn aacyclich peefbvafer eagheraneaieedi syrhbel. Generally,

frequency domai n_and m sult in power |ass
therey i B afs, Pt B ABHERIS dpoetB”BEmaBRR.(h pitress channel
imp#ieiens inysudih paekebbased eonmmdaicaftionl systemd.abl e _ o
recei ved i nformati on to address channel inpairnents in
suEWt'bé%Q@'fd %M@Mﬁ‘h’aﬁ?b mtﬁyeleemgelmantejme- in win elgss
datafﬂfaél?é&céoﬂiﬁiﬁhﬁ!a‘t%n Egéte% rblRiEd ra%f"ééﬁés‘ﬁeé'k}r%”\)ivf detisions on
-rel'ess data packet tommuni catlon systens related art
the syrichropization db adregeivardh signal tdre ths belsis oif 7281 antesinaaand then a

maldeif oV SMis? . eBStkR. PedielEA. BréndnbedzpBor to the

decigsidtied Thése dpprobehescdsi nat aldesss aher vardhtiondof signal statistics .
address the variation of signal statistics acfoss the
across ihs, ngmg);ﬁg{]ﬁg q%pggwgngrfndq% synchronization accuracy

and MreBseqigtiketfogigcur acy and increased packet | oss.

in EP 1387544 it is noted that time synchroniéation of a receiver to the
incoming signal is essential for effective decoding of that signal. In many packet
based applications a special preamble is inserted by the transmitter at the start of
every packet transmitted in order to assist the receiver with its timing estimation
task. In OFDM systems the transmitter imparts a special structure on the signal
called a cyclic prefix. This cyclic prefix is inserted for every OFDM symbol. A
cyclic prefix is a replica of a small portion of the last section of a signal inserted at
the start of the signal. There are many OFDM symbols transmitted sequentially in
most forrﬁs of communication. In EP 1387544 the cyclic prefix, in the form of a
guard interval as a cyclic continuation of the last part of the active symboal, is
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In EP 1387544 it is noted that tine synchronisation of

a receiver to the incomng signal is essential for
webdosotitge decodi ng of that signal. In nmany paB&BAU2004/001036

based applications a special preanble is inserted by

the transmtter at the start of every packet

transmtted in order to assi the receiver with its

timng estimtion task. In DM systens the

t i1t ' { [ - i
o3 o RRRGh 8 Rl JhAE A RsbbBL AR 1307504
a twb QtepViiie Shbhmnibation Approhth iprdibtiosed, namely @apoé-FFT and

a small portjon of the | ast secti on of a si

I .
postiFfde time) synchrenisatien agofthms; hese arges F%T\ﬁ&ﬁ?gﬂ techniques
.t ! ; _ f |
and gmb%"ﬁ%%bstééflﬁ%gp @g%?&,vw k&dhrigle HBfﬁélsié’irdrTB?g ‘delay and

ni cati on. 44 the cyclic prefix, .
corrdlatethadgorithim anplied t find the cycliy préfix obthe @EDM symbols. This is

* sondli 0 b, e 5605 Yt ABEL: SECRRLRREL Akl to the

distahes Bdveert e tielic (prefix erdglanif?g?a\wptm&huas_copied, The
ost - tine

. dj scl d, - FFT d ..
outpal At e Friralatan s fitArd yRIBGAR AltesReresRiap fitgr comprising 2

recufs‘g\gfqhﬁHﬁé—l%lQ@mengﬁggé Ig?eﬁlPél‘ to diteAfid I average of the

chni que ¢ sts o and correl ate"” ,
correlation iaciess SPFDM symbbolad Aeeceps fiterings by way afemoother 44 in

o £HEYS 5, 5t AP B0 UfafE i macm
delajaehaeenratlaie. ajham'ety,pﬂm‘ icychm grefie dewition. f r dowevierh BR 1387544
i e The out

was, COo put ,of the correlator. is the ' .
relatps kA VRIS ATEA B8NS FE R FiBeiings sl ggonot readily
adapte@UoF ithe raidotht SrrivaP of IaadResfionaaheHElsé idft streaming signal, the

determ ne an average of the correlation acrq

signal, i ailwaya therenbut itheefing timig W%ﬁ%ﬁowﬁiﬂﬁg%"ﬁm symbol

| boungdﬁ%{s ﬂ{usﬁ%elgéi%ﬁf,ﬂ?ﬁb_s then applied to discard

es out si “he maxi num del ay neasurabl e, o
nalrelhs 6138¥7.3¢41 (Giminie U etal) the problenwel tiacking the radio channel

i SERERE e BaBh o Ende R A o8B0 9 S communiations

systéemadagirmy OFBM aind anieeos. mbre tdiflennae fr sdoeptiomg The solution

e U 1 S LS R b Ul ponerste

a trzﬂﬁgﬁ 8t nfsferdicd Sighaa2 o Hifvd fharodtimation & thk) chiinel for use in

probl em of tracking the radio channel in a hostile R
decqgingdbe: next symbobnit desoding: cleyaaduiation apdeghannel estimation

oonO R BERURNG 15161 Poréth FERMIRT 0 e may use al
outcOmés) LipJto. andiihcluding theleymbal tadrendecaded. dgachr@EDN symbol is
oo 58T BB, b o BB ST BRRECoBkAREL oy Rulblfnd e recelved
OFDM symbol with the training symbols. These training symbols may be from a
decoding step.” The raw channel estimate, corresponding to one OFDM symbol,
is stored in a database. Each time a new OFDM symbol is to be processed all
raw estimates in the database are employed to yield the channel estimate at the
processing wévefront. In this disclosure the raw channel estimates are stored
and a smoothing step is executed every time the data base is accessed, which

-entails a relative degree of complexity.
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decodi ng the next synbol. The decodi ng, denodul ati on

and channel estinmation |oops run according to the
w@aradiges t hat t he channel estimte may use al PCT/AU2004/001036

out cones up to and including the synbol to be decoded.

Each OFDNYsynboI i s decoded once. The raw channel

estimate is obtained by nmultigplying the recei ved OFDM

synbol with the training synbols. These training

SY T .

L AP a 7, 280 i S5 3 6% Bion] B 5188 18 kgio cranno
in a n hostile alpropagitioh témwranment G@Maisab@ddmssedbefor wireless
comrgr oc%j%g‘%t g;lf%;grg'?%v weSt ' gﬁf-' ﬁ?ﬂe :arr]\gggr?%g}artemabg?éf ennae for reception.
The %méﬁ%r@ﬂnd@dﬁﬁ 4Bt diseloshré a@wﬁélﬁét’ch@:t dieclosed in US 6,327,314

channel estiimates are stored and snmpot hi ng step

by mexe leady disslgsingthe n@@%ﬁ%\n@@w eadaaddinga, bmwd recursion
to thg'}%@sfle%?@g{, ghﬁafgngstg:?%@?eﬁ éét?’l(‘i)‘ﬁ@i%lb% r%ac RS, of demodulation,

. decodat) andhetrered eli estanahen; as lprtbpefgaﬂanmrenu/rsrmnrtmtth&sprocessmg

come B i AR Lot PERaEERAE B 9 4 9B o

| leelﬁ‘ﬁidei deeoBiry szggtéma 1615 o VRBASLASCEIGEEN TFhdradhre many other

di scl osed in 327,314 by nore clearly disclosing

types nef [fileke systrin $| ﬂwaﬁ@ 2 agploy Miawslasadiog (¢.gn $6ft Output

, Decdci@s%@éﬁ?%m duPatl o %ﬁlmﬁwﬂﬂéhad?ﬁo%er for which

Chum? ot adaptad tohopaeateowithind recur si on, but t he

* DS S BTROSRGK AT B S SndrbBpBAHERL for svstems wit

antenpa aﬁvagsnwleEE Msthcmar\z*edmfdwg)d@mmrencéhem ar €19-22 Sep.

1000, Bb 7Ry (22 yﬁ%ﬁ%eé%ﬁgﬁ%%gi%‘m&'??ye%@wrﬁategﬁ o &' receiver is

consfﬂéf@‘élt e“lﬂroﬁié%bﬁtb' |shb‘¢e§§ﬁ1|ﬂ @é@ébea%dapa’%]feﬁo‘{ﬁé rééélver must
I S, not .adapted fo operate w thi

whi ch Chuan
deteppng ths p@ggemlme ,Qf argnal t Eéfprs pribig gﬁflmtpdmayo;esult in signal

pow%ﬂ%% o@og llh%ﬂ}grﬂg@n%@b(‘ﬁrﬁééﬁ’oqg* E@ﬁsfé‘y@ r& s ug%s such as error

D;

. con’cn‘tﬂ&o‘tmgtam FFifewitnibws e dhrotiwer panahedar tatieestimated is residual

frea i ¥aehac LB PRERTELet DajetBe, SGaliaiai, Sctinatod and s offect

remdvauaoﬁboantereaﬂ if 11 [pRicket B tbe dRgodER, e EFRfsIiASHIY eklimate may
nal HPomer gs or failures in the synchroni

"esuéf‘ hPgmacyyatiorstailse ;ppd %qmeca@r@rpaﬁk%ﬁepeﬁgif?amg When a
roooBe T inl BSOS B Winfity) A th signas to
mpr@ueuea&l@ayogspf niiihed aaddfrﬂqyegpye@ﬁsets As disclosed in Czylwik,
conventional techniques for single antenna exist involving the calculation and
subsequent combination of two components. In this paper two main methods are
proposed for time and frequency offset estimation. In the first, one antenna is
selected, based on received power strength, and conventional techniques are

applied to only that signal. In the second method disclosed by Czylwik, first and

seoon'd conventional components are computed for each antenna. The two first

components from each antenna are added. The two second components from
each antenna are added. The resulting sums are then ireated conventionélly as

-~ a first and second component. The option of weighting each component prior to
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removed or countered if the packet is to be decoded.
Errors in this estimate nmay result in denodul ator
wo avokora2and subsequent packet decode fail ure. PGNYADI2@4/001036

recei ver has two antennae there is a possibility to

enpl oy these two si-gnals to inprove estimation of tine

and frequency offsets. As digclosed in Czylw Kk,

conventional techni'ques for Single antenna exi st

‘| nvol ving the cal cul ati on ang sub e i |
combimingngoERH AURNEA P909Ff?'§9p§1,§' g e 8 leglte for each
corre?ﬁBH@ﬁ'@jaf\anﬁd ParoddiseRBeenioyCajiiniiet Tadsilatariaption is shown to

e first, one antenna i s sel ected,. based on recelz}ﬂ?eq,ing of the

perfopmietter rthagt ANY ok the BT | PROSAIS: i ke BaRPE
resulﬁﬁgkb%@%ﬁsgmg ﬁw\ﬁ%r&?l??s n i$ Blsd\GiseRserd met hod

and second conventi onal ) ,
commpndhictisaion cohpdoedriontscatevices.erarts Mfe kngviedge in this

spocledon SURGRFRR ) SISA3De BN e or 3 SHeui notbe

takex? .%%l%ﬂ hﬂg1i§§i6§ thae ahesT theanhestialdorastd patt ofithaspror art base or
I rs an

the mmas@g@é%ﬁ?kwgggggg%@i %l‘%@é’rﬁt@gg% %\Qﬁqi{%gtthg%nited States
of oqﬁ’%adio@g%fs%uﬁ\e?bgaﬁl of IJeBFE Ingepsevity Hate asfcthe disclosure and

responding antenna 1s also .disclosed in Czylw k.
claimi$heréint er option is shown to performbetter than any

f als in the paper. Filtering of the
SUW&H\?%?%%‘?@% time synchronisation is also

di Gk aFrebjedhf dhe presentinventionumennercothey of dvitigate at least one’

or knowl edge in this specifjcation Is included to
. of th@)&ﬂﬁﬁm’ﬁm@%e@o&t f@iﬁ*eefgf? ﬁé(sﬁmm i on.

It should not be

t afkeBndstoifh BETpRSsER ihbahtienproliddscandteratioe dewoding circuit for
part of the prior art base or the conmpn gener al
a witaless pugtiuser cammunisglipnsJecever SFBIRTRINY: the United -

St gt e of ' A e od sianal.
or Igolﬁ%tt %ﬁ%%\‘gﬁr‘g%%ts Lnggl i K&k F&bé?&lnpeétore%sfﬂtﬂ)e received signa

closure and clains herein.

saidShVSRINGFp todéaNTngDmeans campasingcat gasthive fiaganiterative fiiters
invention te overconme or mitigate at |east one of the
Sucr?ﬂlﬂ%%?dvant ages of related art systems. In one formthe ]
pr e8e First MHeat iirratve e spravidds aat estimade wofi agselected received
. circuit for a wireless nultiuser conmunications
signeéte poastiaiad sioRg QHt%@? isi gnal processi ng nmeans

for, LeeohY fidedt ilctafie Giiter BRAIINES &dtinates A dt fiéasit one other
Si gnésl ‘processi ng means conprising at | east, LW i near .
received asignal, fdelayed bucone rtgration cycle, to an input of said first linear
iterative filter; ' | ,

a second signal processing means for receiving the estimated signal

output of the first linear iterative filter and providing a further received signal

vestimaté to the input of the first signal processing means in a succeeding iteration

cycle of the decoding circuit. ‘ |
In another form the present invention provides a method, apparatus and
system of communicating in a multiple access network by‘ iteratively receiving
multi user signals comprising.
| determining a first set of signal ‘estimates for the. multi user signals based
on linear channel constraints;
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the first linear iterative filter provides an estimate
of a selected received signal to an estinated signal
woniosoiiiand; a second linear iterative filter PCDXU2®3/001036
estimtes of at |east one other received signal,
del ayed by one iteration cycle, to an input of said
first linear iterative filteg; a second signal
- processing means for receiving the estimted signal

out put of the fir I|n ar_iter lte

p{d lanwg\%afﬁgqqxrgﬁ SpLO IW‘S?%HQFFe&b ﬁ%{i é)"’}Fgop finear channel
constr&its aﬁ& thBeirkt éétoﬁmgﬁai eBtigRees; ng neans in a

succeeding iteration c%;c e of the decoding cjrc

appeviding dhe sesopdesehtol sianali BRUMARS 788 1 t{%&ke step of
fy t i | tipl
detoriAFRH RSP b e oo, CoLi o (0 B I LipLe

sirepeiahngd)helabnvegsteﬂstairleaatugce. first set of signal

cRamdniberJor frie Piesent oot BLdviHgs st Whralil ¥gosiver for
recelﬁﬁb'rﬁ&lt?ﬁsbﬁﬁ@dmawcamprism@ar channel constraints and
first set of signal estinmate roviqgi

n
S & 6t §&”&pr@i°§ﬁ§lnge§f3mﬁﬁ"@" cloir; dermibingn @ Bregseh of signal
e’stzrr%%§ utlﬁ‘ﬁ bt 5@;1a'i§ba%d56|9 ﬁﬁéaﬁéﬁéﬁﬁéﬁéonstralnts, |
repea |ng ove teps at | east once. a.further
f @ secbad mlgeahprooasamg mmmw@@raﬁcemmgttheeﬂrst set of srgnal

et a1 bHRREL K. 85 S 1 iR ek, o

chanh'ereé?steauﬁ dSI gnial estimates for the nulti user
si gna ed, on,linear .channel constraints
- SiviRien BRcSioha ReBRassiBR: ComPofans ﬁrﬁgore%@aﬁfve&tconﬂected 80

as t&ﬁiro%fdes'tﬁgaéeé‘éﬁd ngdte &f asigndE eetifdtes Jad Wﬂ@ ské flrst signal

i gnal estinmates based on non-linear channel
pmc&&megmmp@nemh@r%snceﬁedmggﬁ@latlgnda@é@. ng conponent s

ar'ﬁ QQS{%L]J es@?g@&éﬁplrﬁ%ﬁ%ﬁ Prcﬂ{iﬁ dfrﬁéﬁlo%e%tfﬁ’aratus and

es as i nput rstsi
systgmoof ssimyuniogtingeint & mtalhplﬁ:aa@eéseg!ewtxt bymtemtm'ely receiving

4 er formthe present invention provides a
orDpRERSE

SPPEPEEE and system of comunicating in a
myy i pl ganglesravivarikpll sigreiiat i vely recei vi ng

b) add the input signal with one of a plurality of prior stored received
packet sample estimates to determine a packet sample hypothesis;

c) determine an information bit estimate from the sample hypothesis
for storage in an information bit estimates list;

d) determine an updated received packet sample estimate from the
sample hypothesis for updating the plurality of prior stored estimates;

- e) subtract the updated sample estlmate from the sample hypothesis
to determine a noise hypothesis and provide the noise hypothesis as the receiver
input signal; '

) repeat steps a) 1o &) until at least one or more bomplete packets are
accumulated in the information bit estimates list.

In yet another form the present invention provides a method, apparatus
and systelm of communicating in a multiple access network by iteratively providing
a sample estimates list in an OFDM receiver comprising: |
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OFDM packets conprising: a) sanple a receiver input
signal; b) add the input signal with one of a
w@basaliiey of prior stored recei ved packet sanptBAU2004/001036
estimates to determ ne a packet sanple hypothesis; c)
determne an information bit estimate fromthe sanple
. hypothesis for storage in agg nformation bit estimtes.
,Iist d) determ ne an updat ed received packet sanple '
i mat e fr t he sanp esis for updating the
&ralls@m rfag?'v?{é']?é‘ghégﬁ% tes; e) subtract the
b?at eddét@ﬁﬁitﬁe%tpMei éamp(ehesmm efroypdhaesampled receiver
“determ ne a noise hypothesis and provide.the noise
mpu"ﬁ}ﬂﬂﬂ hesis as the receiver input signal; f) repeat
SRS, ik 1l petkpl sdinriEaineag; OF o e compl et e
kets are umul ated 'in the information bit
es:t)l mat detdrmme 4 pagket saophe hypethesisdy adding the receiver input

‘with % g\é.fﬁmpgggxﬁqsﬂ‘fgtoﬁ:ﬁﬁ%% S?RR@S ?ng.[gg system of -

r at i detetmiinevard updated paicket sampiatmlmata byrdem:dmg and re-
recei v

[ cQNprisj e,.a receiver input
transg'llg sign medellingthq Rac @%Qf B‘gﬂﬂ S¥timate fromthe
| edugﬁé?é YiSE seldbitbdShiendusly stied Qabhét Banisie estimate with

timate; d) determ ne a packet sanple

the UWﬁ&mpacgeb§aMem§t|mﬁ;er eceiver input with a
k\eﬁi'lf %n%rtﬁgl' gﬁ'{l t(laé ﬁ%\ierﬂ‘f’\ﬁbs tlﬁﬁﬁ’ljoe/lcfecé 'a”ﬁjiéhoaz apparatus

e es
and @Ltsterh otgcammualaaltlagsmasmmhplmesswlgemkﬂaclt@tatwely providing

t
a paé'f%p e B sitinietes R Bn OFRV rECLFELRERRIURE!
. I ;a G%léﬂﬁﬁi‘!@-da|ﬁaél¢ét|t %a;gpcg rngapoﬂ?eststﬂmg anfd&?gm r;acelver input
i nvention provi des a met ho atus and system o
with emﬁe@bmp%ouﬂy S1GHA0 PRPRSLEAIDRIS RRUTRNE: by
| sy at | ghdrhinY 14 rlﬁf&npélfd’r?tbl! NéStirfiBite OBy btibcodlng the packet

‘est1 mat es %I st 1n an OFDM recel ver conpri si ng
samplet bypothesis puith ene arpmereygfoahbaids degoding gcfanlque and a soft

de"“ﬁ@'&ﬁ%‘?@%{} et e\é\/lt It Ea?esel ected previously stored

storing the information bit estimate with one or more prevnously
determmed information bit estimates;
d) repeating steps a) to c) until a complete packet is accumulated.
In yet another form the present invention provides a method, apparatus
and system of communicating in a multiple access network including determining

. a hybrid OFDM received packet sample estimate comprising:

multiplexing a time domain channel application received sample estimate
with a frequency domain channel application received sample estimate, such that
the multiplexed time domain sample estimate is mapbed to correspond to one or
more of: , '

an OFDM signal cyclic prefix;

an OFDM tail portion, and;

an OFDM guard period,

and wherein the multiplexed freqﬂency domain sample estimate is mapped
to correspond to one or more of: o
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b) determne an information bit estimte by decodi ng

t he packet sanple hypothesis with one or nore of a
wharod/oddaendi ng t echni qgue and a soft decodi ng tEBChAURN/001036

c) storing the information bit estimte with one or

nmore previously determned information bit estimates;

d) repeating steps a) to c) #in]til a conpl ete packet is

accurmul ated. In yet another formthe present invention

provi des net hod, apparatus and system of |

c%ﬁ@ﬁ?wa?ﬁr%aﬂ&???ﬂpe access network incl udi ng

deér?OFDMTgawdwﬂé&éﬁﬁHbLecei ved packet sanple

estimate conprising: nultiplexing a time domajn

c hanavptharpfaronthe presest Vevention peo‘égpsrﬁtrae{m% gpparatus and

systerhyih i RN B BRSO hUARIC SBobes Rokht e agRidhising:

 esperfatmirics nmuliipeskrt interfereaseocancelling evbichnoempsisesagdapting a

o L5 15 8 Sl 5, B 50 tve so
as td ARSWeRE FedeRirtodiffefantiefé iBésiréd packee frohe an observation of an

. correspond to one or nore of:an OFDM signal preanble
intertgrance signahatthe eeeiNattiBPYY ol . I n another formthe

Pr 25{ | HMABE FOAMPIHRY bASSerd MEREEN ?Rﬁﬁkﬂé&“&ﬁ rA8thod, apparatus
systemo OFDM u

communicating In an tiple access
and systemkof copnintinigpting:in @ mulgela lacceas cgommunicatiencretwork by

. syHCfigéﬁ% B?gwﬁsﬁgﬁﬂﬁ Fa; %ﬁe%ggﬁéegtdg?gﬁ QF@' Qg ? | ;e ] g ass OFDM

sargusivingl @ paickebirgaittsigral ow t he receiver to
O g S vl PP PR 6 W4t signat

angiddsding thbhapit eFRNEofrakRitin Siyrile \sudestiatnat kkedt one of the
appar atus and system of communicating in a nultiple .

inputsigast ape-therezeladienrigael &revfitergskhr oni zi ng packet s

ar phwd VI=Tg hS QO I \i
" leiintip & USRI ST by SSLATER X Bl RERiSSnent of ne
processedspormdlatipn sigmal pitbk at powent caingoaient of the processed input

signal;

nominate a point in time given by a predetermined threshold condition of
the decision statistic as a received packet arrival time. .
| In yet another form the present invention provides a method, apparatus
and system of communicating by tracking time varying channels in a multiple
access packet based communication network'comprising:
‘ a) initializing a channel estimate reference based on an initial channel
estimate in a received packet preamble; ‘ |
b) updating the channel estimaté reference based on a packet data
symbol channel estimate in a coded portion of the current and ail prior received
data symbols; |
c) repeating step b) at the arrival of subsequent packet data symbols.
In yet ancther form the present invention provides a method, apparatus
and system of communicating by estimating time varying channel impairments in
a multiple access packet based communication network, where channel
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processing the input and correlation signals such that

at |l east one of the input signal and the correl ation
waek@gsaliias e filtered; determ ning a decision SPEL/ABLRG08/001036

by conbi ni ng a power conponent of the processed

correl ation signal wth a power conmponent of the

processed input. signal; nomgte a point in tinme given

by a predeterm ned threshol d tondition of the decision

statistic as a received IPa{cket arr

impaisTia CHBPHEeHN TR YAt oA 1TROYEREY oftfhtFi sianat time

_ oﬁseﬁ% gﬁ‘gnd syst em of communi cating by tracking tine

varyi nnels in a multiple access packet based

camuni Malmngeavﬁﬁtko%@hpnngl ﬂ'@paaynwﬁ estimaies faped on initial

oot G Pk el e R TRt Daling

t Hﬂ chapeforesing zadecodéroperationashittocomprissisepragesaing the set

o or Qe AR SHPISE A FoS 02 hoBlePlo hfamine & sot of

transrnﬁpg?ﬁitﬁﬂ edtiRates; at the arrival of subsequent packet
data” synbols. In yet anot her form the present

i mlent | URdpliDgi dE8 csefettloccharpiplr AMReIRENG eptimaies with the
deteﬁﬂmaﬂiné&a(% %B\SI%U |ﬂ§2§é BRdieBIVEY ¥h ph g%lchannelA

i'mpal rnent's e access pac ased
cadruni’ capeating steps k) ander)e channel i npai rnent s

.. %4 ;
PRGBSO 5, oparas
and Sstéih @hameimumatmgwem aefnﬁlultipteééadmsd neltwork tbyiltlme varying
pi |l ot and_ preanb sn‘golsmclug %te
charm! REtMAIOTh i} PAPRRNGT JOLRITMPOSTUISTIR RACKHE. comprising:
5}’“ S%%tl%élﬁ?%% Wﬁbdd&ozebffgét @@lebn' Iﬁfétrh&ﬁah included in a

‘ mat €s an e recei ved packet to determ ne a set
recemedtma@lgehmregmbla. estimates; c) updating the set of

gnel treﬁéi\/g ﬁal‘% dhgﬁ;ﬂ% éiﬁhﬁéf@d“ﬁ'g Ehcy offset;

ynbo es | elve re e
steps b)determbling! a chandelamﬂmate mmgtlhbmnmmmcluded in the

ntion provi s a met hod, apparatus and system of
receﬁ’&qiﬁﬂ?‘é%tt‘gﬁ?m € multiple access network by tinme

vagyi ng fransforming a sample sequence of the received signal into the
frequency domain such that the sample sequence inciudes OFDM symbols and
intervening cyclic prefixes;

, e) performing a decoding operation which comprises processing the
determined channel estimate and received packet;

) generating a transmission sample sequence using the decoding
results and information in the received packet preambie;

a) transforming the transmission sample sequence into the frequency
domain; | ‘

h) updating the determined channel estimate by combining the
received sample sequence and the transmission sample sequence in the
frequency domain; . '

i) repeating steps e) to h).

In a preferred embodiment, the combining operation of step h), which
updates the determined channel estimate, is performed by dividing the received
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channel estimation in a receiver for receiving
transmtted packets, conprising: a) estimating a

wo e@queney of fset based on information incl uderRCT/AU2004/001036
recei ved packet preanble; b) correcting a received
signal using the estimted frequency offset; c)
determ ning a channel esti usi ng i nformation
included in the received packet preanble d)

transform ng a sanpl e sequence e received ﬁ{ gtﬂgl frequency

sampileit sequenee candnihe kaARPRISTICH Fﬁ%ﬂp ' hECGURPFE
dom ﬁquence i ncl udes OFDM synbol s and intervening cyclic
efi xes; e) perforning a decoding’ operation which
c dnma fisrthep forasthienprasent daventiam pwovingsmaimethodyarparatus and

and .recei ved packet; f
syotebhh S5 B rBER S HEPIE kR FRbicRoBy 88 arying chanmel
estmtérimgﬁgltr% Q?demélhtﬁatf eScRivied) misatlttedepabkets gwhere the receiver
. g the transm ssiaon e,se
rotriavesq e umbYls ﬁ?%@é??‘ﬁ‘deahg%&’ S RSB ME rorioved
[ d sanpl e sequence d
Sy e R B T re. T o Senc|y -
doar)a.dn dejemeipeata ngﬁiﬂépg elraining) symbalsp iegd of symbol
g operation of step h whi ch
es‘tlm St %"’b@‘?&%@é@hanna esti mat e, |g p)erforlmed
bybyi vi dietgrrhime amatnm!squahmc;edomam rangiviegeOFDM symbols

AT Ao B S B BERIBHE R g

the @Ppm %Pmﬂﬁl%étﬂé@ b?ﬂﬁe%b‘iﬂ@ﬁt@foﬂthmmm symbot naatnx,
e access ne

es) . doRetirie AECBIYTredigie Pt i A NP Rt gomprising the
absdifEF4tie S ¥FLurkitfing Q7RI maghe | eves CTOM synbo! s

Foma received Si transforns the retrieved
syepol s ;Ieufchrme aar aqnea@ngmemtamm. bethy: lrgermednate matrices

deter ai ni ng synbol s conpri sed of
comQQﬁm é’% '@%Wgﬂ froma decoder; b) deternine

a mptri waénﬁmuhecqhaimlestmm byddmamgdhabsmothed channel

estimate matrix with the smoothed training wetght matrix.

in embodiments of the invention, the step d) determining an intermediate
matrix ‘of fraining weights may comprise other functions such as, for example,
(absolute value of the training symbol matrix)Z.

in still another form the present invention provides a method apparatus
and system of communicating in a multiple access network by estimating offsets
in a receiver for receiving transmitted packets, comprising: ‘

a) determinea matrix of received OFDM symbals;

b) determine a fnatrix of conjugated data symbols wherein the data

_symbols comprise one or more of preambie, training and estimated symbols,

c) determine a 2 dimensional Fourier transform matrix comprised of
the received symbol matrix multiplied with the conjugated symbol matrix;

d) filter the Fourier transform matrix; .

e) determine time and frequency offsets by locating peak power
occurrences within the fittered Fouﬁe’r transform. | ‘
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c) determne an internedi ate channel estimte matrix
by multiplying the OFDM synbol matri x by the conjugate
w@boosloel1es ai ni ng synbol nmatrix; d) determ ne aPCT/AU2004/001036
internediate matri x of training weights conprising the
absol ute value of the training synbol matrix; e)
- perform a snoot hi ng operati op4 0N both i ntermsdl ate
matrices corrprl si ng 2 di mensi onal filtering; f)

bR maitBieyar SmBeainaEl hAHto aftn 810 1 astimating offsets
may berliSed Bifaittily &télmeahﬁ sfginet restinpatibhe For example, in the
i nventi on, the ste1p determi ning an internedi ate

abovgatdescrired rfarm ref viBegHRYeRtign cwiish seroyides communication by

oot 11 P Snchie FVBARHGd 2055 ap obphuhlane sot o

chaqmeésmmumm%esbmaieswuﬂeiha datermihedhsphroft signbob estimates and

f I
receRGRuEHRLTAY Srpaaee Wa shofedipht B o BIFE Bsbfiaiiic offsets.
t r mnanuihesd grabbdirhent oiier Abbve m@t}\odﬁhﬁyTb@eU%{misr the channel
of recei vedq OFDM s oI S; @%I’édet erm pne a mat

estinagigy @@arlqggnr@g laegg) 51 asipushAs yndating g\%§ﬁ£9?§hannel estimates

with ?r%étérﬁw RAea t 86| e&fagRle. training and
estimate determ ne a 2 di mensi onal
Folir yet atf'.ﬁ%/tﬁro euptesent) invendioof proyddes ceimethod, apparatus

ant B B A 6 BERS Hoab lommuricatin

netwadek ebm rsa/richnenmng f aeqeeeivedofdigeals iny a oaalltmgarﬂeaha receiver
Bovver occurrences wWithin the filtered Fourier
COMPRSNGt orm In a particul ar enbodi ment, the above steps

a) chPeRXinigCs resbivary smavbbww‘atmabéaéﬁﬂﬁ a plurality of antennae
effectively as a means of channel estimation. For

- with adenRwR signalipreaapeledoderovidaa depewsffﬂo?ﬂgﬂﬁlsseﬁv@nwon

whi
veoSlerRiiR o Goyep SIS QAth RecRid SBindfSediBhee:
t heomne)the hsberrhinetopowee mgrwﬁs mraceerdanma whith a tlme averaged

weich DGR of SotfrailBter TRt G Brahthl i af iy ™

of derirminéna dirher dherriealbfot thentecdived asignal e tasbrdasce with a

used chan estimator as required herein,
pr@d@?ﬁ’ﬁ%‘“ﬁﬁ%ﬁ"%@“ﬂ d&’? PRhe set of channel estimates

Wi i drhiBodiph R BFOEh%ebré’éerﬁYMMSﬁt tHBHeCs provided a computer
program product comprising:

a computer usable medium having computer readable program code and
computer readable system code embodied on said medium for communicating in
a multiple access communication network, said computer program product
comprising: . ,

computer readable code within said computer usable medium for

' performmg the method steps as disclosed herein.

Other aspects and preferred aspects are dlsclosed in the specification
andlor defined in the appended claims, forming a part of the description of the
inventior. | '

The present invention provides an improved or enhanced wireless link
between two communicating devides, for example, an |IEEE 802.11a Access
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In yet a further formthe present invention provides a
nmet hod, apparatus and system of comunicating in a
worosioplies access packet conmuni cati on networ kK BYT/AU2004/001036
synchroni zing a received signal in a nmulti antenna
recei ver conprising: correlating a received signal
observation at each .of a pl u{ﬁl ity of antennae with a
known signal preanble to provide a received signal
. sequence; determ ne a power signal of each recej
PointInaaECEBEAALR SEmhor BRWEBnaWe Nedos dn WUisirss mesh. The
in - .dan ' ' AR Hichitbas fst point to point
presq O a1 el oy PO © P
links deizenelyn eramgsi, npowler ardataarateo andh sekiahilityy e d Teig 8l achieved by

aoveRESa, S5, e fBRC S BHRSY " WaREeeas: o mprove

pe,—fdpfr@ﬁdéed a conput er program product conprising: a
conmput er. usabl e nedi um havi ng conputer readabl e
progr anPES@EINGd conputer readabl e system code

enbodi e%yﬂﬁhﬁﬁiﬂgaﬂsm um for communicating in a
mul ti pl €’access contmuni cati on network, said computer

p_r-og_ranEm_ualisatioponpri sing: conputer readable code
method SRS ERIGRISTCA herein G her aspects and
pref er r gllaSysioitation ofdvaltipts Rbdeivarhntspned.i cat i on -
o Rbc 55 hderUpo oY RS BG4 g 8 i acctton,
o 8 2 APl st fr emmiestom v eyt
ing devices, for exanple
provide eleetrogicallyl gepetaiedrbreations! artenmnas Efbénﬂféaig‘ﬂ?‘éﬁt fgpner: The
o SHVATAE R g ebstemetion, The PLEESTL
for poi Bpatalpejedtion okistenianesiop, range, power, data
" SOBCENY ol N, e e
i mpr ove gighffiamiiydackaset rabustneds tonfadingpand

- Self configuration of antenna patterns -

Spatial rejection of interference effectively ignores or rejects signals that
are not emanating from the same location as the current or point of interest
source, Rejedting these signals'increfases the probability that a signal may be
received without errors thus increasing the reliability of the |in}< and therefore the
throughput to lower retransmissions and dropped packets. Interferers have a
spatial signature as meésured at the receive antenna that is substantially
determined by their position. However, it is possible that transmitters that are not
collocated could produce a similar spatial signature and it is also possible that
collocated transmitters could produce different spatial signatures.

Significantly, increasing the receiver sensitivity means that the receiver
may operate a lower SNR (Signal-to-Noise-Ratio) point which produces many
benefits. Since the received power at which the signal may be successfully
decoded has been reduced, the péth loss may be increased by increasing the
distance between the receiver and transmitter thereby increasing the range. |
Alternatively, the present invention allows the transmit power to be decreased
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Equal i sati on Channel Estimation - Full Exploitation of
Mul ti pl e Receiver Antennae. As woul d be understood by

wo b@sperigon skilled in the art, in addition, teChAUNNe®01036
that exploit nmultiple antennas for transm ssion may be
enpl oyed to provide el ectronically generated
di rectional antennas in an 3 pti ve manner: The
foll owi ng advant ages stem fromthe present invention.

- Spatjal rejection.of interference, Significan
and siif & ok ey Hecniftauteg; theteaingsfion revaiint peRSltvy also moans
that &3 bearads rebuibdassr bit drifhocordiigly SRIrhagdnd possible do transmit
of ant enna tp.atterns_ Spatial .rejectign of mter&argnce
a higher pumban 9f inforsnatiop bitscper cangieljalies sywaboh, {ncreases the
data ff@nating fromthe same location as the current or
pornt of interest source. Rejecting these- signals .
| Roastness hto fadbwpiprovidachay dhei imesntivey teehniques disclosed

~.received W thaut errors thus_,incr i t.he .
herein dfgifRorEpsgthe EMAn of REGHRh SRR 45 Rrttemin, [Rdio channel
variafichd Qe fadés.” aBinaieasind rabisiige] fagicrbsreliable link may be
Interferers have a spatial signatyre as sured a
creatpfl NG 8 BEHSTHREN SHROTGE BORANETaAaeH RRPUORPHL fhrough less
re-tra?;&nﬁiegiohsp&m WEr dRPYFYE packétd. S Possi bl e that ‘

ransmtters that are not collocated could produce a
siTiie usexfanultiplsiaptennas fantrainsmit andyecebss funetianmellows the

eloogh g BT Sl e SR SRE e nctoratry

adaptive aio/ ao Isamds-onvahiemenosiehtstion Rerequissd @t install-time or during

- _operate, a,l r SNR (Si gnal -to-Noise-Ratio) point
, thel'ﬁ%‘?ﬁ&'%‘ﬂ&ﬁﬁl%@%ny benefits. Since the received power
o

b iofe exieniib, NRGidAivel graiforvanoe danasiteBant a sample
, been reduced, the path | 0oss nay be increased hy - ,
commypicaiionsglinkarg sivar wileand witheut, thejuae ofnthe Point-to-Point

techrkfl?@ %&»ﬁé%@&@ﬁ%mgﬁ?w ng the range.

nati v e present invention allows the

transmt power to|Aeypiearefdlelated Asti| | |Praset iayenion

neorx.ooh n .

nmmint.alanod ho v ool ok caoncd HEWEEE 18 WY~ B-SP=N
L7 UL LR S LI L = TTocT—ogt CTrrc— T COTCTVvCeT STTTa1 rvr Ty q.l oU
Rangé ns that |ess po%s requi red per bi Tk

Reqafed T Pgwer |1 V| @@/ possibl'e To trangm e hi gher

nunher of informattion bhits per constelldtion cyr‘rhnL

Mandimuen Detedastes t he SQKbRPsite. Robust nesg 2MPP&EdI ng

provided—by—the—TTventivetechmryues disciosed -
The present invention also provides improved channel {tracking

capabilities. Channel tracking technology refers to the adaptation of the receiver,
when the channel changes rapidly over the duration of a single packet. Typically,
the channel estimate that is used to decdde a received packet is determined from
known sequences at the start of a packet. This estimate may be used to decode
the whole packet. However, if the relative speed between the transmitter and
receiver is great enough, the channel experienced at the beginning of the packet
is substantially different from that at the end of a packet rendering the channel
estimate incorrect for the end of the packet resulting in decoding errors. There are
other processes that manifest themselves as the radio channel changing over the
packet. These include mismatches between the Transmit and Receive Radio
processing resulting in residual frequency offsets and misalignments in the time
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herei n may decrease the anmpbunt of packet errors due to
extrene radi o channel variations or fades. By

WO p@s@agRg robust ness, a nore reliable |ink nBgT/AB2004/001036
created ensuring a better user experience and
I ncreased throughput through |less re-transm ssions and
-fewer dropped packets. The of multiple antennas -
for transmt and receive functions allows the

*anc G abT R B ARl s oot recto

devickartiat eatehtgefectiy.i entation is required at

install-time or during the life of the installations
meydyan@qarﬁmal nm%amf@cgaquﬁ%me Haea%emfée\f%@ﬂon allows

a rec@nv%ﬁ'ﬂjt&tlﬁe Bk o‘"a?bntcﬁji‘éﬁ ivBKCARAA El ESfimMé R Pﬂack? the changes

ol nt-to- ont tec ogyo
in thehehannek mver rthen dusatiormyofi aapaoket;zelEhedbeneﬂpnoés@nplymg such

charyfB) iRy 3o8ncloa it e SRt ¥, copriicets ki bjon mobilty

condBichs andwirtiesr lamepmdmmaslbémehl th@ trapshiit enidereceive radio
Channel trackl ncTL techn

({; re ers to the adaptation
procesinte H¥ AKER BRiERL BEroHRINES FaRtPoupEa sample
comrhhﬁlda’dﬁfs ﬁ}ﬁk ‘é‘i’e ﬁlﬁ%rtﬁ‘%ﬁ\ Bﬁ&k\ﬁﬂthog e %'sbyof i Channel Tracking

hannel estimte I's used to decode a received
tecm‘mi@ﬁ)ét is determ ned from known sequences at the start

oot ¢ packet  toue P QSOPIPAPN Lo < dde e T Rggrion

MaXifmeinh Molsilityt t er andio keghver is great enot@hknvhe
L chanhel—experi-encd

nl/of | S

id att-he begi-nni-ng—oftithe pac
sUftsé gireisaht Mindehtien eio f;ﬁr@ﬁidé@ﬁnt@ﬁefréﬁc@%lﬁelmg allowing the

packet rendering the channel estimate incorrect fo

 removRk Of gare sltmdm:mrfe@mq fiegn ansigaabdiThe farmyreame standard

referg '@8 rtl‘?a rﬁls% fa?*g?écl{éiaétrdaﬂ@seﬁbﬁ{ Bfﬂ%eué’é% iR% multiuser
I 0 C anne hangi ng over t t
systemc Icurdmuﬁlpa&t ¢mmesm\sn (retflectionn} fromatie RateeViransmitter, or

it e @r8hif Eiodth IR kel of oisB s B il PR mytgpte transmit

antesyachrionah 3Mrelgzssl lbanrﬁnmn‘bétlou‘s Lsys@eml, Irfluttipw sttiveatrdnsmitters
ceive radio devic mat ch p ctly.
sharg, 36 WiEalese il Luls SAANG e fes doneinea gaosdinated attempt

in InfRRAIdIOR: hbfWSiks by dn!ldlng the wirsless medium into time and

frequency slots or in an uncoordinated attempt in an-hoc networks by all active

transmitters contesting for the right to use the medium. Both schemes limit the -

use of the meadium to a well defined frequency and time where only one user may
transmit. Packet collisions occur when two transmitters inadvertently choose to

. use the same frequency at the same time. The Interference Cancelling

technology includes advance signal processing techniques that benefit the
following areas '

- Acquisition

- Interference Mitigation

- Range

- Network Throughput

- Reduced Control Overhead
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a receiver circuit to build a progressive Channel
Estimate that tracks the changes in the channel over
wo b@sduriag i on of a packet. The benefit of applpCcTgUswek01036
Channel Tracking technology is the ability to
" comuni cate under high nmobility conditions and under
| arger ni smatches between theggtransmt and receive
radi o processing. By way of anpl e, typical

5L RS B e AR RSB} it of e

presgittHUgMiore FEssive o llidivRs Cétwalernehat 8F mMbie trarmiitters from the
I nventi on Maxi mum Mobility 40 kmi hr 400 knf hr_ The

-same séanrdard fraasmiliing et dhe sgmadime pn thesame frequency. This has

numéﬂ‘u&e%hbgﬁtagieil,s?Wﬂgﬂ)z,h\%héﬁ!'@mﬁéejbﬁéréﬂﬁl@' i Q%ﬂrggtre@, packets are

Interferenc om a Signa ane stan
receivetier sotrectlyanindreasiogs tirosighipubr ad k etelisbililyt upys decreasing

f th [ A tJ [.f1 h .
retrap b SRAIPES] 218 Hbebel pRoKele! T S by derRibhfbereauirement
that Gflybié tRinentitten PRy uaatLginen flegiencnae aﬁivéndﬁﬁé ¢Re amount of

equi pped with pultiple transmt antenna . In all .
traffictha{ €38 heRATTIRE 2N hesmgdivanmabe dnpleasgg, | Moreover, this may
give %?Qﬁf fid:8biin? mﬁlﬁréél?uc‘ﬁhf'@gfea%t?qrg%g{cH%s Wcﬁgﬁs{t@f bifhning and in

done i'n a coordi nate in inf uct ure

the casienof ico-localediaimpeting netweirks suchdas W {BES B82att networks

rom PR SRR, o, o LT

ransmtters contesting
f dn theecasg heare thealddimdmasenand Botcrfesirivposers fransmit according

o et cutbebi T RoR aRBien IR 8 empios o

receivel ldrfd RESraaReHIteMISH all \WBlcvamt Sthihd &ids. I vecdiost I9/then able to
choose to use the sanpe frequency at trie sanme tine

createn chypeibesese Rfe thandieriengg: &idnalsodhereky uanabling interference

canc?ﬂéﬁaﬁe signal processing techniques that benefit the ' :
ol 'ow ng areas Acquisition Interference Mtigation
RaGglisienswomiayTbeougbplved- irRdhac Ehyswal r bayer in accordance with

* omeSUFRARRITH RS oS FieRhph THRSEERIRREC eghgion in notwor

- signallireploverhehd i mittiplidecthie Gentfits overarl bibavenitid eesolution of the

o f th
two cél?lg}ng ?packets. Typical quantitative measures are a doubling of network

through;ﬁut and several orders of magnifude reduction in packet loss rate as
follows: 7 '

.| Typical of Related Art Present Invention

Throughput 10 Mbps 20 Mbps

Thé multi-hop technology of embodiments of the present invention allows
selected (and possibly all) wireless devices to act as routers, forwarding packets
from one device to another in a communication network. This means that though
two devices may not receive each others signals, if there is a set of intermediate
devices that may be linked to form a radio path between them, then they may

communicate to each other by passing their message through that intermediate
set.
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same standard transmtting at the sane tine on the

sane frequency. This has nunerous advantages. Firstly,
wob@s/ocabks | si ons occur, all transmtted packet BCEHA®2004/001036

received correctly increasing throughput and

reliability by decreasing retransm ssions and droppi ng

packets. Secondly, by reanH@p the requirenent that

only one-transmtter nay use a given frequency at a

|ven t{.me the, anpu f|c t hat .can,be [ | :
16, Sy opsicBar bERNGRs dyaics g pPHTIGE Sehnology
may ahﬁﬂb rdynamid irblfey dbtbrt‘ﬁif'\éﬂéh rt@@hmc?.leham guiltlehdamaintain the
frequency pl anning and in the case:of co-I|oca

ed
requlrﬁdrpeutmg teblewr Mui-baparetwRrkseptovide menycpapefits in terms of

géw ining offices. In the
ﬂe)(lb ‘&gme\?\i,%er ﬁ%& esir eﬁﬁ.ﬁgglrjegjng interferi ng users
t ermxlmlity as auhibver tlvodghfalselftfcsmngi aedwork trat requires minimal

i, nterference cancel | at ct
plannie; (e GRY FENFemBt if el 36 YeigL rafiTkS tsdiated. in a radio
rangs banda] ffom The coes eietwbri.s Allhsonfiduratibasneatiag this criterion may

hypot heses of the interfering signals thereby enabling
be possildes er ence cancel lation. Collisions may be resol ved

d
' pf trﬂﬁ t@i%g%&n@s be¥eéeh ”dé\?%@& é{(‘&? W e HRORHREMyhamic route

I nventi on eresutlng reductlon In
determinatioR mayhsdleet avoemeadutewhen | the tqmremtnmuttes is blocked or

conefifén 8 SAHEHSE FROHICE Sbsbl 1 BLel i o notwors

may edamahgerits tdutingtables EtDCbmydae ahabdéeim ﬁrbmmg mouwlsa and find a

new R@ﬁh%tl on i acgﬁ%’ﬂ% ihs}g%r at fol!l oigf glé%@%;@nd therefore

more'VPéWaﬂ'éen@tWérk hom*@hf&'r@gté Qfetéfm%tlﬁ*ﬂtc@mhuw%;y adapts to

present invention allows selected (and possibly all
netwok eppiiguradion.ehanges sllowing titrapbile maiwerk rwgfyeﬁac ket s

frl\ﬁthHS %\é{g&lﬁrﬁﬁ AN YRRrdaAcE W%Bﬁbirﬂanf?tdprthe present

I's ‘mean at t gh tWo devices may not recelv
mventmhoﬂehem ssnmpj;ea&cdutlom tohpravids @ h;gh bandmc&hnlmk aver a wide

area H485h B AR bRl i stk g i et

reliatilg lipks snalg-tidye nemﬂ&ag@nédw?ttﬁfeﬁéb&kllem eeturdi o tﬂvestment
ar_net

Qur. 5;%%% (ég[l%%t?orggy I'Ié:,%pw'nw %é}agvﬁlch best utilize the

. benéfitd BF Th83ECAROIRAEE I KiAbbAinihisloPith FE8EA vidition have been

identified by the inventor as
- Mobile Multi-hop Radio Networks
- Fixed Multi-hop Radio Networks
- IEEE 802.11a Access Point Chipsets
- 802.16 Base Stations
- ~ OFDM Baseband Receiver Co-pracessor ,

The following describes each gif the above identified applications in turn.
Other applications may also benefit from these technologies of embodiments of
the present invention. '

Firstly, a Mobile Multi-hop Radio Network requires effective real-timeA
communication to networks of moving entities. This concept prowdes cost-
effective bi-directional high bandwidth communication both between the mobile
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required routing tables. Milti-hop networks provide

many benefits in terns of flexibility, reliability and
wa@omb/00f128 nf rastructure. Flexibility is achi evedIr/AU2004/001036

through a self form ng network that requires mninal

pl anning. The only requirenment is that no device may

be isol at ed, |narad|oran%%sense fromthe core .
“network. All .confi gurations‘meeting this criterion may

ot o BuBr G el o e B D 82, e Routrs

re pladklV Wikeie siigitel R réghired twith uisyular iopriertions to a wideband
congestion is best avoided. Therefore if a device

backtmmg oedwerk.nd fixed nem;aﬂmmy becsed igeconretioin Pﬁﬁer networks
such ta%%%%n{%ﬁn%’f @r l&ﬁﬁf’ Pﬂba{eeﬁé O”Oﬁ\ér fhH §§céé’sdtcf bBG’Jer and a

e net US Creatil ng
physaeal fmhentmggpomﬂdnoheﬂm‘ronﬁrashnmtmm uabtrecqmmd/vtfok)each wireless

PR FESEbt ST RSA 5,0 IR TRl st o o

enwr@ﬁn@e‘gitkinnf&%? %Iuﬁk d\!ﬁllt?aléiﬁgkifol rem?pra;iaa@te vbhimunications
odi nents o e present invention e S|

metheds @s wiewd be yRFgEstaos) R thia R@RF R W"ﬁ{eﬁ& i he 2t mﬁa@bodlmenfs

of thé ﬁ@seﬂjﬁ\;&tﬁ'ﬁ r&h&é'é"c%rﬁﬁ@tﬁtﬂlé éHVQﬁfaqé ‘Pé{atlve to other Multi-

astructurecsts and rate, - |nk
hop Rauto Networks vior ﬂmtqmerraprqyed mblbbycamdemngest@ madad above,

o 53R et R BB AGRY sbh p an v

. Com@iuriidetidres hNetworles @mbotietemtentcf dhet Ipeepen‘selnuentlon provide

SianRRATE EPRIGERIGRIS R ads N Ran e PV A hepf Network as

notedVabWoeks - | EEE 802. 11a Access Point Chipsets 802 16
Base Stations_ OFDM Baseband_ Recei ver Co-processor The

fﬁwswcﬂy. dJoikede Mudtidion fRadie Matworkaels iprpiged by installing

‘ Wirel%@ F%iﬁe@%t' é&”rherq tlo"i’t%pk/\hﬁfatll hRES a VB2 RS Qne or more

rom-t ese teehno 0gi €s-0 od| ments o
widebard dJackbmmt:onnecﬁons.t | The oty retuirdment: isothataall couters must

‘be abfg o SAkEimEt of Ropked) BRAoR haehPoladrtich. There i

" no needt & esplerRive base station configurations and ultimate range is not

20

25

30

limited by signal strength. The Fixed Muilti-hop radio Network forms a flexible, low
infrastructure cost solution in providing a high bandwidth connection to a Wide

- 7Area Network that is reliable, easily managed and self healing.

Furthermore. the present invention enables all decoder outcomes to be
employed (decoder outcomes are stored across all iterations and able to be

combined) in the receiver filter structure providing improved estimate

determination. The number of users that may be supported is greatly increased.
Particularly advantageous, for example, in OFDM systems the present invention
does not require prohibitively large matrices to be inverted in forming estimates,

Receiver performance is superior to that of the related art due to the quality of the

feedback symbol provided by including decoding in the 'rteratien loop.
Embodiments of the present invention are based on interference cancellation

.where previous estimates of the multi user received signals are subtracted from

the received signal to cancel the interference they cause. Accordingly, these



10

15

20

25

30

bi -di rectional high bandw dth conmmuni cati on both

bet ween the nobileentities and between fixed networks
wae@swia2smobi | e entities. Wrel ess Routers arep@l/avem4/001036

where service is required with regular connections to

“a Wi deband backbone network. A fixed network may be

used to connect to other negﬁrks such as the internet

or ot her prlvate net wor ks er than access to power

apd a_ physic unting point no other infrastructure
embaimedis 90 ddto PULRE 1 ABRCYEMRERTE Andk AP Rf s 8 using tree
seardl‘P%@th%de@% fdrxﬁ%lﬁusémblqrféls RoBichouicild agepisitate exploring
heir environnment 1 n terns l'ink quality using, for

' mansepatha throughaa ebiaiutiegat Tbayrﬁéenbweagono@m\@m@geously enables

decoﬁ?l)g]e éﬁt a9 hb fste["%e@ rﬁa‘?na Sordinty o) thaf FHward Error Correction

esen I nventi on pr ovid

- encodingp eThis Nse af strurgperroe cantrok code shiustung) pm\hdps fagisignificantly

imor e Y PRSI TR Fep BB el hunddos. This i

turn Rlcws SaBpoRelordiySificanty hagtesh MirbBR wlers. Embodiments of the
Communi cat i ons twor ks, enbodi pents of the present

‘presgnfviavergenpeey et reAyirer syghronigacouseEnte eRablg mproved multi

ueor FRSSpUBRLOErI I rie 6, FprofePE T S0fdlagoously ueo

decopeovoummsu ast teining wymbols sraﬂaat dhanatordy x@amgs glemodulator

outod 8 BoHriAh SR, HEREARY SobBPRC o bEMERARY may oc

deten‘minbdrmthuat tizmsnhitter tinteractiorn |Alsd thei use bf dedodepexi)tcomes to
back ack one connﬁctl on. The{ﬂ(: i s,.no need for

imprevee Solfraieonalone, RACHBlhs e2ENatiqn n@fe the  required

bearﬁt%‘ﬁﬂﬁn%scﬁéfﬁdiéﬁfst edlrp)‘a\métﬁcétxhﬁﬁgbhbdaﬁm&htéeéf the present
radio Network forms a flexib

inventisin, asmantbing: of cehareeh estimate ﬁ@p@viajunéﬁw@wn the frequency
dom?ig\ %Fag%geﬁﬁeoaoﬁ% aﬂ'&% H?té‘m%dtrﬁ@nté ®f the present

eas!’ |y nmanage
inverttior rallomorcﬁecddlagpoéwmbmlsvamraoﬂ\aanah'hm ad |la ddepu® estimate

out co e decoder . out.canes e e -
correxogeling 19 R BISIVRL AU v aH Eo s MG A Tede FRg sensitvity.
I eEgHher s&obé&‘jf ﬁﬁﬁli&bﬂﬁ? o tiwy ipflesent inpeatiod wmmewme apparent
det er m nati on. The nunber of users that

fromdhg sintalled desgriplion oiveBrharsinaft ftaparHPWENER @Should be understood
that "’l‘ﬂé ag, t%%auaesf:ﬂgtﬁﬁaé‘ﬂ?& ddifi %%ﬁrﬁé%%e@hﬂéem@ﬁ@a?ﬁiﬁ preferred

i nven does n reqU|r prohi biti ar ge
embodlmentmof they inventimn, carei givenrby wayesk ﬂlnatreyoanlm gince various

charfg% %@gﬁﬁéﬁf@%@ﬁgﬁlﬁﬁb éég Ey}@tarﬁ,s%as%rog Jﬁéqgvgbﬁoﬁl Wil become
appareat tsltmsselskilédrig thetdre frohethis idetailedb description.
BRIEF DESCRIPTION OF THE DRAWINGS

Further disclosure, improvements, advantages, featureé and aspects of the
present invention may be better understood by those skilled in the relevant art by
reference to the following description of preferred embodiments taken in
conjunction with the accompanying drawings, which are given by Way of
illustration only, and thus are not limiting to the scope of the present invention,
and in which: | | o

Figure 1 illustrates a related art multiple access wireless communication
system; '
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Enbodi nents of the present invention are based on
interference cancell ation where previous estinmates of

wo b@soulieg user received signals are subtract eBCT/ATR004/001036
the received signal to cancel the interference they
cause. Accordingly, theseenbodi ments do not suffer the
di sadvant ages and coaneX|t|é§;cﬁ using tree search
met hodol ogi es for mul ti user ST gnal s which woul d

ThdSE 2 ustieR i eRanote e 3, PSC R Pedin & shfefie wireless

comrilinR2EBnusRtem mmh?@fsé@bmwmsibheir Forward Error
Correcti on encodin hi s use of strong error contr

cdigues Bulamics pebintederense i WHANGSINOrkiha POBtES art wireless
comﬁﬁﬁﬁ%kloﬁ%y#ﬁﬁgs resulting in superior interference

tes in turn allows support for
sH-'ggufe dahepigtsh aggenenic itbeativeo feasivesstriotwei insageordance with a
ﬁfst E g 658 it invention do not require synchronised
GfoRpPYY nabl e i nproved nmulti user reception.

Ermgdrérard@pncfs treetranefisdion Byetdrnanodel fortaaisd S DMA;

use decqder outcomes as .traini ngn érrbola rat her than

rﬁelg rtgemetﬁalﬂwcamt%m WHYSAE dgesdersy, |
hi"@ﬁ’%&})ﬁtﬁ&' 8R! %Jr@ﬁv@%tﬁfé@r”ﬂe%&e?ehwth Imﬁ:ear multiuser

rntned transmtter i1 nteraction

eStlmﬁ@rbm @lmdanceuvttbraeﬁrst embegdiowntthannel esti nat es

al L.ows atee i mati on .of jred be Qr.m
o duBtTe "B dsPicts” dhebtnantaive; HSen BN creds i, Wih a firs
present i nventl on, snoothing of channel estimte taps (=)

embodinisit| for e 'lrthbhiﬁ putt G¥ rORARe FoRS: ¥eiHe ﬁrﬁpdtmgnal is x:
time domain. Further to this, enbodi nents of the

and- present i nvention al | ow decodi ng of synbols nore than

| i g P\i‘;e; l@d‘éBﬁﬁQ Wit %%?? QRrSES RIRBHS edrOo1d) t|4§erat|c.1ns, N=8, Eb

IS I nprove Ing In I'Nncr eased recel
No = $etiBiin iagicoydance witr aé”trspembbdarppht.cabl lity of the :

present i tion,w.ll cone_ apparent fr . . |
rRERS JOLMEAMEH bty SRR ARl add SR regeiver high level
structlnejl d be underst ood that the detailed description and

speci fic exanples, while indicafing ferred
orpa R Llusrates amadapiagion af ey ﬂ‘}&e@a%p%w receiver high

level sthb?hl‘@blf A8y lﬁ' rdéﬁd:é’%ﬂt: %?nb%dlment to faclhtate

I cati svmt sp|r|t and scope O
:teratlvaem@marwahnqiegm apparent to those skilled in the

i3 SR SR oS, B e o

use inditenstizgdRecéivet strectuss th aspedancelwitha seeendtembodlment
el CaTahie U bGbud LRSIy HOESeRide Tk secone
embé@pashPti on of preferred embodi ments taken in
- Figure 14 shows a Hard Decode and Re-Modulate for OFDM Soft/Hard
Decode and Re-transmit structure in accordance with a second embodiment;
Figure 15 shows a Soft Decode and Re-Modulate for OFDM Soft/Hard
Decode and Re-transmit structure in accordance with a second embodiment;

Figure 16 shows a structure for time domain channel application process in

- accordance with a second embodiment;

Figure 17 shows a structure for frequency domain channel appllcatlon‘
process in accordance with a second embodlment and
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conjunction with the acconpanying draw ngs, which are

given by way of illustration only, and thus are not
wo RovsHiTgs t o t he scope of the present inventi oPCT/AnZ00#N01036
which: Figure 1 illustrates a related art nultiple

.access w reless conmuni cati on system Figure 2
illustrates an exanple of a,MAC failure in a related
Wi rel ess comruni cati on syst I nvol vi ng an access

CRlbisl 9B b T & S ASp Bl Seselly ik SRR B s Wildical tayer

ForméV§h&'£n B §06iStel ﬂzﬁﬂhﬁres(eang@mﬁhge iterative receiver

structure in accordance with frrst enbodi nent;
Friguress19apand 19t @hpvaﬁsm'@!ﬁsﬁw mgdemninesueerating a baseband
i i v
rcerfi Bl SRt Bchriarca, R frrehen ldd a8 the presert
inventioht i user decoder with |inear rrul tiuser estl mation in

© FAGHTECRl Bfiated aupagkef SREGURET, acbhtiiiee iflictéted art

e'ﬁ?@ﬂ*eﬂ?ﬂllﬁéﬁa’t@saﬁlekamdl@ Pefatsd QﬂadimessynoMTbhiséth decnsmn
he” i nput signal is X nd Figqure 9 depicts

Rzﬁl@‘-l fge?d ghoweiriangle é’ﬂtemqefff&tamsefﬁg a feqeiver *" itter mQa%cordance
with Qﬁ-..weﬁ{@,ﬂ@égﬁ hiNndehiiést enbodi ment; Fi gure 10

at ed art 'single pass C]:DM receiver
hiFigutee 28| slmwacam exanmplguviea filtered dedisioss statistic in accordance

S OFDM receiver high |evel
Wfth %ﬂ?&?hﬁ@&%ﬁ{qﬁgﬁtéqul’gﬂﬁ%icordance wth a second
ﬂldrm reprfsenits i dmtactudlefreguency edemaim of a related art radio
tec nol ogi es; Figure 12 shows a OFDM Soft/Hard Decode
chang@ll Re-transmit structure for use in Iterative Receive

SijgGie! 2% irBp ?éééﬁtgaﬂf@ Rgbdblﬁ: V6 eepisine BhoRtuRN 24 after receiver
Figure 13 shovvs a brid trapsmt in accordance

”r

. phasgjand &egéeﬁﬁHOéfWé@PﬁiﬂﬂfionFl gure 14 shows a Hard

Re- gransm th ruc %?ééﬁl%ﬁgzgaﬂggﬁg@?ﬁ?’e‘?%%%gﬁﬁﬁéessmg of 2
receieat)odi nent ; ‘
Figure 27 represents a radio channel estimate after smoothing across
OFDM symbois in accordance with a fourth embadiment of the invenfion;
Figure 28 represents an error pattem for a fourth embodiment of the

“invention using perfect training symbols;

Figure 29 represents a raw radio channel estimate or channel estimate
database in accordance with a fourth embodiment of the invention;

Figure 30 is an example of a WLAN packet format in accordance with
related art; .

Figure 31 is an OFDM symbol sub-carrier matrix structure in accordance
with a fifth embodiment of the invention;

- Figure 32 is a representation of channel power (amplitude)' over a sub-
carrier and OFDM symbol resulting from application of a fifth embodiment of the
invention; ‘ '
‘ Figure 33 is a representation of channel phase correspondlng to the
waveform represented in ﬁgure 32;
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Fi gure 15 shows a Soft Decode and Re-Mdul ate for OFDM

Soft/Hard Decode and Re-transmt structure in
waewsndaece with a second enbodi ment; Figure 1BCHAUM®4/201036

structure for time donmain channel application process

in accordance with a second enbodi nent; Figure 17 .

shows- a structure for frequ y domai n channel

appl i cation process in accordance with a second

enpodi t,, andFi 8 sh :
 CHsHTEn RS Srpbresertplipnro F%?%E{]Chgﬂ'a'sghga&p&?w%é Yut-carter

nd d#ﬂbM BYRIRY iRieebPdands ltrea filthcermbadiriénsbpthetinvention.
wi rel eSs nodem i ncor porati ng a baseband recei ver

DETML(ERé%BsQRlPJdQN dance with preferred enmbodi ments of

Systél?i invention; Figure 20 illustrates a packet
ruc ure n accor dance - with related art; Figure 21

i Ihh isirebdsss networles emgaalarembmed ai e network device comprises
nchr n| sat i on decj si 0 22 shows tr| an
commaarts 1B ol EBLLrABSTUtP RS o 1 T8e: PPTRENANS, Aidng with noise,

~ add @g@m&ammg lin athéfverdéwﬁmbrrmntln%ombecawsnbnmne of these

I'gure 23 shows an exanpl e of a filtered decisian

 compariaiita: COTaRPEFBAI N & PRI HRNSIERDOM inintBrestne In other

caseé ”¥8@II- h'd'a Fé&if’ﬁt?or?‘étrﬁ cﬁ:‘és@%&@t fsé@@k@”&ﬁ’the recsived

ted art raloc annel gure
compmmrﬂsmes of rnatenestb,uehtwntlmmcas@fthe. preserxe aoft the other 3ignal

come i . B3 iy AR 136 <R BARPY By aven

transﬁilﬁédsﬁghel of intgresti Ver actogianee2witheprimtahitrierds rcafdthe present

v AR AR 15 P Pdehed siona

compﬂﬁlﬁgtd@er MdHer Rotive® BidHA tompon @itsFromrdifirant eandmitters is
f h enbodi ment of the 1nvention using, perfect

disclesed ergiy niibes provessiag 2ty pieglive sevidesain dher kaseband receiver
procg: 0 o e, BrrS PRV A T By ed JA°flits 1= and tb
The Ragliv &réquiescunTamsceiverointegiatéd| Qisckie(IC pistain analogue device
that m%er?ageasn %%We‘teﬂ th%l &tgletgl glrgtrfal processing components LLC, MAC, Rx,
Tx, and the antenna system of the transceiver. In receive mode IC amplifies an'd,
downconverts the received signal suitable for driving analogue to digital
converters. In fransmit mode it up converts and amplifies the signal for excitation
of the antenna.

' The baseband receiver is responsible for determining the existence of any
packets and then fo recover transmitted information estimates from the received
signal if packet(s) are deemed to exist.

A cananical baseband receiver processor Rx is shown in ﬁguré, 18b. The

received signals for each antenna are supplied as input by the Radio Frequency

Circuit IC.. These signals are then filtered 302 by filters 302a, 302b to remove any
out of band interference. The filtered signals 303 are then combined with the
current Received Signal Estimates 306, implementing an interference

~ cancellation function 304. Ideally, the interference cancellation module 304

removes the signal components ih the received signal pertaining to all packets
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Figure 31 is an OFDM synbol sub-carrier matrix

structure in accordance with a fifth enbodi nent of the
WO nwsoiile$; Figure 32 is a representation of chanA®R004/001036

power (anplitude) over a subcarrier and OFDM synbol
‘resulting fromapplication of a fifth enbodi nent of

the invention; Figure 33 is representation of

channel phase correspondi ng To the waveform :

oo R BB b o oty 3 RO B ffoced by

feedifiy rheInidHerentt aRcatd ButbdtidodteatsidyrePackét Phécessor 313.

vention. DETAI LED DESCRI PTI ON System Overview In, .
withs SingledPaskaProcasson 3 tetakasea Multiantepngmeceived signal as
a6 (BTHISRIER CARERII FEFUL S04 BEB produoes gn ostimato
of th¢ dgmismitted: informationrbitsh 8 1deard \artd estigrate . ofl thes veeeived symbols

<00 73Rt uiect L BRI 48 B FRLAIAL csimate

for i@ SPackaiueh iAferast, eaRPthER fid btk rortheadsiesRrencat cancellation
several of the received, conponents are of interest.

I
modue; 384 clizsame greselicls preferedingend dagk only the transmitted
symb?g WAPRFAYeS tb.“chbtrlﬁté h¥8%aHdatiohbBlisS3b4e

curate estimation of any given transmtted signal of ]
i nfkee &ingld PagkebRtagessor BA3emaydtondairs agdivanised or conventional

ol EREEL UL T MRS RS ABSGATRPefiirance o tre

. receiver ewllEcise v batter gifathes oSiglenPadket nPdoddssamtis of high - quality.

transmtters, i s disclosed herein. Theréﬁrocessi n,

Techpgyes Pefiainiaodias syRcimanisaion and cha helcssimatbesarg key to the
perfo?i;néhd@ 6f3ih%38iﬁ(§jlé'FS§c¢de\t¢‘roé8_Qséﬁ3"l3.| ustrated in

ures 19a and 19b. The Radi o Frequency Transceiver
| ntechriquescthaiuiimproey the arOMn@g@eotyjethecesmmmmsatlon and

At e et e.di g [ I 0 " ;
charhl Skt ERCH; HARRERE ' tbBlof 910" o CB8SBIDE, perpin. e
synchionisatios emiesaall ahtenrex sigralsninl ds|aperationf i Ese aldinnel estimation

downconverts the regeived signal syitahl e r L Vi

makss U it e sfasicsior it es @ or the Hhahre! asllihgtid pocuracy.
.COQER/ ipackets il fdues By Scitehef Ih BeCiinRirfaraneé cancellation
t he_antenna. The baseband receiver is responsible for :

modde 304 nf g F9REChRT dvartioates afy IjabrediataRiopabaengrated in the
modtplggggg.; dfﬁi@ﬁﬁ{@ﬁﬁé‘&iaté‘fsﬂ_;{dmé Me ¢2LENBUCSIghaPMihlE the estimated

received signal for all currently detected packets and is referred to as a noise
hypothésis since in ideal conditions all transmitter components are removed from
the received signal leaving behind only the random noise. |

In applicatioﬁs sensitive to latency the feedback loops, both inside 310 for
decoder outcome assisted channet estimation, and between 304, 310 and 312 for

- multi packet interference cancellation may be executed at a rate higher than the

packet rate. In OFDM based systems the preferred choice for the loop rates is

the OFDM symbol rate with decoding and interference cancellation occurring at
‘the OFDM symbol rate. '

in applications where packet based decoding and interference cancellation
may be performed at the packet rate additional packet-based techniques for the
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‘fthUQfg FRguTSIvR, feggkadks

signal if packet(s) are deened to exist. A canoni cal

baseband recei ver processor Rx is shown in figure 19b.
wdab@sioenes ved signals for each antenna are suppCT/at2ms/001036

i nput by the Radio Frequency Circuit IC These signals

are then filtered 302 by filters 302a, 302b to renove

any out of band interferenc The filtered signals 303

are then conbined with-the current Received Signal

Sl h TP ek RSkl TH 54 SO0 lrsge o ov

signat preedssing qatﬁmnab@#.rhearmm(iemg m@gl sbquenpee @ftsymbols.

fgptqr}ﬁérgé@e%? ?ngl naI et{ ésl B ?%sdpiéﬁe &qurﬁl(l‘étsﬁ%%éé between
the IﬁtBﬁBr@ﬁéé’@fndéﬂe?%%ﬂ' é‘ﬂdft Slﬁ% Pﬁbﬁépprﬁysﬁiﬂm are required.

output 309 to a Slgg rocessor 313
A corgrolipradetecminingrwbi smci@_t.ss takssupdated: mawtaslﬁﬁabe utilised.

c§’§’§ l?g?l%&?éﬁgd@étg%g § %%pﬁ%&g@@ﬁéﬁ%tgﬁfm{n the general

_ realizdtient that uvered nudbenradi iterdiicrss Asingniihear @itersrehea multiuser

o B3k HSED EDEIS, 1ohe P VGIEoAE, B fer cbucirs
convéfdéﬂ@oﬁfﬁuttdi‘letlﬁa@b@bd@fs ial® cepivergés dﬁéﬁ‘@v&ﬂﬂjally becomes

back to the interference cancell ati on nodul e. 304.

complefly cerelatad. e Uneer Biore,ot dha Mmuitkse dSaing cifcuit means

may TSR REAT SRS 1080t B 46036 mined rcurive

exprmomay contai n advanced or conventional single packet

2’?‘? bﬁﬁﬁ%go%f% lﬁélf{lﬂggﬁéfé@r\] &ﬁré ?g%n%@%}gﬁ%ﬂt ?ﬁ%closed herein is

to eﬁblonl thePaaketthat dafrawtiors mbvid@h byuahetdecJ@eﬂmu:q Liaitlally only

mar@p@ x?lggl' n tttegleg%%r Rr on) sat Ilg.] q‘%ﬂg Sﬁh %qtglépmﬁ(s each iteration
provnBéQW%f&ﬂr?atdeP cABitAESRnidiafe bBﬁ(/@l‘%%st Wﬁe rdihﬁﬁi Bﬁ’éﬁ“e decoders

synchroni sati on and channel mat i on enpl oyed
also mnuetgﬁaeand Byeatdalicbecomes camplatelyrerrrelated.

SYPEL ARRRAELO USSR ol 18 A oM ANchriud 15, yse al available

oper ation makes us
informhatiogeironuall gresidus itemtmms t Mais immplies that thfilten grows linearly

in sizt 6% o Gkt oL Bh B tsthar ot Ufbe s o 4 18 e, i Hapractical. Thus,

the disMeskuofiltesdasignm hriiaditadessbiNed vaenall a.h@damlém@ information
nmodul e 304. This i nt;rrredl ate signal is the recejve

the Eliter ptipyleaves Haeatians, V!ﬁ‘lthOUt requiring a
gro ypoﬁﬁtﬁfé of tﬁécfh@ﬁbg%f\bsthbeé&wéedlﬂ ©rdér fo achieve this,

€sis since In i condi ti ons
the ﬁdteamynthe siructurganaytbe designedorecprtingio the recursnve expressions

derived herein.

Related structures having lower complexity mplementa’uons are obtained
by modlfymg the specnflc fiters used in the structure. The general recursive
structure, however, is still fundamental for such modified filters. In these cases,
the individual filters are designed according to appropriately different strategies
using the brincipies disclosed herein.

The recursive filtering structure for iterative signal processing disclosed
herein is not limited to multiuser detection, but may also be directly applied within
systems and functionalities of the same structure. Examples .of such applications
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t he received signal |eaving behind only the random
noi se. In applications sensitive to latency the

wo e@dloanaks | oops, both inside 310 for decoder oPCT/ADIR004/001036
assi sted channel estimation, and between 304, 310 and
312 for nulti packet interference cancellation nmay be
executed at a rate higher t t he packet rate. In
OFDM based systens the preferred choice for the | oop

A

detedt@;ﬁdewumup iterativespavétinge pmdx@subgsadd deraﬂm gemmuulanon

interference cancell ati. rfor '
oaR e BTPEHCasIaR, PhUR oG RETRasTlAnt SopEAe Fgnal processing

| arran%;%‘ﬁ%ﬁ‘t%ﬁoﬁ?\ géﬁeféﬂ% ire333%B910 bﬂﬁboéﬁé orRR¥E pairs of first

echni ques eraget xtra si gnal prdocessing gain
and mnmsigmammocewagmmpgmmsm s2qthenpairs ¢ff eopnpenents bemg in

oraty, EONTSLOTRIE oAd T 56 3 SR S LEBHED fonys nawno oo

input36re agid rhdre YeogivedPaigieils Rispmwdant dpdnavrer exunor transmitted

A contro] |l er det in ich packet is to be updafed
signalin, WheIBin, 807, A SNV IPGRSHED PAMRISTBSPAT Be output of

said ﬁrstaslghbﬁtprSEBQth‘jer PERL 1T ANNBSHRAE B a characteristic of a

real | Zat1 on t hat nunber of i1terations using
seledted ctransmitted ssignak bagad @nethecgudirest andcene t @F O prewous
t r e:
siondif F8GHKB BY LAKCEA!4igar PlbodBl bbRent 1 UL input to
said aon‘espendum bgcond @@mlcpmpesma@cmupoaleat @cthaﬂpeowdes a further

| i.ne te s , of user_,decodi ng, ci,r ¢ . Jreans
estimptd G said bElened talrbisd Hidial 458, Pt ot Shid"8888nd signal
procéésﬁﬁ?t E6MpETbrte QU e/ PO ol saRd | Seeord | @ignan processing
the tilter design of a first enbodi nent djscl ose

comperents PF regPegiiveRaits are pput Het eﬁﬁho?ﬂ'ﬁ't figst signal processing
ccm;:%r%ﬁt? Wt iV sideodifS BISuckBeliNg 8ldtibroajaterar gi nal |y

corre over Iteratlons the Irst few
tleratfudher aspeetiaf dhatfirsh emlmdnmtnéve iterativeysigneal processmg

aﬂﬂ@#@%ﬁ%@*@ﬁ@" Koz pehot by afefy S2F fist signal

© processing cdragonehte dceniprived &t ldamst td&sllgear ﬂéﬁaﬁ\ﬁ@l fittera wherein a

first %fe%%n ue tgﬁeﬁiﬁ’@ﬁﬁke%ggﬂq%%r{sgs H}ﬁ ?gged characteristic

of a %@@&elﬂ' BRa’ by shi %ﬂ#ﬁnﬂﬁeﬁ $igfhbRy t@%éﬁdj éébdﬁ%? s eprocessing
users. This is clear &/rmn'practl cal . Thus, the

commlmfo%eand ia seeonidof gai @Nﬁtfltﬁfgd':amegttbewaunputs as said
first ﬁlfé”atrﬁﬁé‘:‘étweﬁlt%ﬂp%\{ﬁ%%gh IB? Jf‘ssé Lgvﬁrﬁgtérﬁ%@b&cg selected of
one pggmarentraasmitted sngnals and then de{lays by one iteration cycle said
estimate and outputs said delayed estimate to an input of said first linear iterative
filter. S | | |
This first embodiment is intended for application to any communication
system described by a generic linear channel model. The received signal at the
input to the receiver is described by a weighted sum of the transmitted signals
piué noise. . The set of weighting factors represents a set of linear constraints
imposed on the transmitted sighals. Other constraints could possibly have been
imposed on the signals. These other constraints are independent of the linear

constraints imposed by the linear channel.
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.abov

gromng filter. The size of the filter remains the

same. In order to achieve this, the filters in the
watedoiuee may be designed according to the rePOT/AUY®4/001036

expressions derived herein. Related structures, having

| ower conplexity inplenmentations, are obtained by

nmodi fying the specific filt used in the structure.

The general recursive structure, however, is stil

o, SR B0ty e anaren

signalPPEapjactite uilding ahpobed! caisigniats. USThs Bpproach is prohibitively
r|nC|pIes di scl osed herejn. The recur3|ve ilter

complex flet MastRraciicak easesok nierastp A asaliamative 8&%‘99"‘3 iterative
r t

receloﬁf %’tr‘&c‘t | ek P#p?/ﬁgaépsgﬁf tt@o”?é%?%iéy% t e#@ﬁbh%‘ (sCHIFigiYe 4). The

first mmponenm finds tbe opiimshestistatest onty sakjeglitosthef linear channel

consfdle RIS B PAFEENDYE. U] By, e Sbtatos ar

shufﬂécﬁbgrtnec&derihgeaédzdwmriy weaspr@@etendmddebadew ede-interleaved) and
denpdul ation, In a broad as

of t
usedea$JBPHER IO K1P Seepai GampP ﬁ&? ggstt'ﬂgs dfeanglimal estimates
subjedd Yy %”ﬁﬂ athbyotﬁérfécﬂﬁgtﬁ‘alﬁt@q%ﬂgnﬁ he0liResr haliRBF constraints.

palrs first and second cessing co onents
Thesg, egtlmaieSparesmoturmnpr@ﬁ Ykﬁhuf@eﬂnbaﬁlérmt@v e original order

'(mtefi%%bé L{'ﬁdcﬂ ng, tﬁ% gré) Pﬁé{!’ﬁl %ésrgpﬁ‘ﬁn%ﬁ@b g'i@cﬁg%anﬁs inputs to the

first m:irgpahenﬁeparthemuamdmm ﬁemtldmcmler ansmtted

'ﬁlgal 3 mﬁgh%'s{]g{}eg S’?sfg&')rg\ga r teugi%g%@bnﬁme linear channel
consﬂ‘bﬁﬁ@sﬁsn@ﬂ‘“e@m&@nt réhll:ﬁtl\fdl egbhibR. of T limit complexity, the
characteristic of a sel ect ed transmtted signal based

compgnemoesignditelhran hrecenstipinediiodbe dnsas pqsling to a linear signal
procéﬂﬁé?ﬁhv&ﬂnpbn%ﬂtd 'f'hé%ff %I"I Grahidl H§55§5 Cog?fg&%ﬁgﬁfg ¢omponent,

nput to sal rresp on
givepselesied igpuaismis thenmain tsh@;eqiraf\thwedisaldsmemith respect to the first

e SFBE 158 NGRS S BREN in t tnear

- signdihsroveisgins coinmd:rhemaiod signangrcdegaiig mmpo:sennm corresponding

to oQPBRSE il FIPUERCG] e SHREARINEGPBIY A Fguid Jis fefered to es

&gnét%rﬁc&égﬁ\@eéb dﬁe@ﬁ@tl on cycle. In a further aspect
first enmpbodinent, the iterative signal

peresfynﬁgoamfaﬁ@ehmr signat m@wmng &Qmapngggdrqsb@jseparate a

seleéiggp aM’Qﬁﬁﬁ%& ghgl {rbﬁ?btl‘?érg"?ﬁﬂerférr I? Eﬁ’ AiMis 1based on

Frses a near |ter

the rebeivexdnsignii mdiichfis aavdighted sum bélaﬂttramsrﬁ‘mﬂeabsegnal as described
outputs an esti.mate of a selected characteristic

The input to the linear signal processing component 1 are one or more
received signals and one or more estimates of the fransmitted signals, provided
by signal processing component 2. The output of the linear signal processing
component 1 is an estimate of the selected transmitted signal.

The linear signal processing component 1 combrises two linear filters. The
first filter provides as output estimates of the selected transmitted signal based on
inputs of one or more of the input signals to the linear signal processing
component, the outputbf this first filter delayed by one processing time period of |
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of a selected one or said transmtted signals to said

second si gnal processing conponent 2, and a second of
wa@aiod/oities ati ve filters having the sane i nput SPE@FAB200d/001036

first linear iterative filter provides an estimte of

a characteristic of a selected of one or nore

transnmitted signals and the el ays by one iterat i on

cycl e said estimate and out s said del ayed estimate

an input of said first near | filter
the itefatla FYEE. ash e oMipyeos thecaaeend Sitek defaved it opg processing
time 9EM03WQJ@5{|9@ cSgRd.em descri bed by a generic |i near

annel The“received signal- at the input to th
r ddw second filterqprovidesgs @umugﬁswaéemdfonew er more of the other

83T B SRBREPOB, e Soidbet Bl P BRI posed on

mputsnof hené rensmote edf shegniput étgnwls ctmnstheallmear ceighdl processing

 comBGrat BB DRSS e She " RS o313E Phebeing timo

penourmqﬁgqté}étlygwd@ear channel . The optimal recei ver
structure finds the estinmates of the transmtte

sigrlautputgf eﬂfle figstdfilter: isathenssdrdt ebiber %\“?ﬁ"s sugnﬂl Jrocessing
ompatEHt fach is prohibitively conplex for nost practical
cases ' of interest. As an alternative, a generic

i t&ped:lfmeenrm@@mntstofuﬂtaj ﬁestcenmochmrdfwﬂlmoseﬂm aescribed in

en see F| The firs f
sor JURGRF HEieNE AT Lokt ' B e I BRERACTY o S88Bimpanying
flguréélaﬁﬁﬁbe?@hﬁbdﬁh&iﬁﬁs ar@ isstragive] hndtﬁtﬁrmfelam to dentestrictive of the
SCOpE pr £ erqgg%et e%ulgzgél ngﬁée@-@f b?a,s?:% oagocgb Sther embodiments
may WMJ\E&E&W W%ﬁ@ﬂbéﬁllbéﬁé‘feﬁ irP thé ctRdrp nym? figures or

onponent 2 whic s the optinmal estimtes subj’e
aitermﬂn;ely dealturesn ef dhaecembosiment nnay berahowg inhthe figeses but not

I C%!Eﬁ%‘. These esti nat int ,

descgpgpgrﬁggéy S %‘?Afé}@'backsi ntz Itﬂg g?i Si“nea: norgeP
(1 Thisr égﬂ)mﬂMeninBodegcnrllﬂmfi wsng direan nmedtivser éstimmajors (MUES)
suitsBlS 5 53 ATt el i HlsS RABRIs a shebi qgplication of

the tebhﬁfqu?é)m’%@rﬁelé ofeﬂu‘rﬁbfdé& r'i% |h'é‘QﬁHn§ﬁ%%Rﬂ’1 system for coded
constraints is often al so prohibitivel

COMA e pryiiprexHaprovate ssonisied reuieuehh e serchim opghe filter and
the ﬁméfﬁ PECe4RdPErd ARAGE irl gv"i‘%ﬁry‘g%tﬁgh%gbfage&f 15& %@h"numcatlons

processi ng conponent e de I'near sigha
field pridwss iengmisogimanttproyideshsbheuldenetibe rgansidetad akdimiting in any
wa mai n subj ect of this disclosure with respect to the
Y£irst embodi ment. For the follow ng description, the

fiThé epbeificationh linclades thiworetioabrconsiderations expressed in an
appropriately precise fashion and uses mathematical analysis to prove the
correctness of the approach uéing assumptions as required. Not all proofs of
theorems used are provided herein. A disclosure such as that contained herein
has directed correlation to practical devices and configurations of filter elements
of performing the functions described. Furthermore the disclosure provided
herein would be readily understood by those skilled in the art. The disclosure is
such. that a person skilled in the art can readily translate the theoretical
configurations of elements disclosed herein into a variety of devices to solve
problems or improve the performance of devices and algorithm in a variety of -
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signal processing conponent, or signal processing

conponent 1, corresponding to conponent 1 in Figure 4.
wab@soermas ni ng part of Figure 4 is referred toPE@FAU2004/001036

si gnal processing conponent 2. The function of the

| i near signal -processing conponent 1 is to separate a

selected transmtted signal é omother "interfering"

transmtted S|gnals based on"the received signa

applBlsn drdal S508 Sb hve tiser HRFhed FpdicRl oRd that wil be

desclbeddssyeily conponent 1 are on€é or nore received
skgﬂals and one or nore estinmm @s of the transmtted

ig embpdirpent és itesdgddor egﬁvﬂgomsﬁmmuglcatlon system
descfleq) & ol e iy iglol PRETSLEN RO YA tho nput o
the receiver isdgsaribpddyeaswaightedrsone of the transinmitted signals plus noise.

Thertl B be' bl BerkiveR obbehERet SRR BubB sgme symool
internal is,thefreceivert sigmat cah bea vetiot ofreieiVed obseheables,
| i near signal processing conponent the output of this

first filter delayed by 0 el?sn ng tinme period 6D
ofthe iterative cycle, and o &7out put of the second
filter delayed by one processing time period of the -
i twhare adotgloX sigrrils aredoanisrmittadsrs, s te weaighting Liapﬁ«ms for signal
esti mates of one or nore of the other transmtted

%, agfdgnds @ NPIFLE’Pl-ng with the selected transnmitted

o SRR 0118 SR o5 WelbitiSp Fasiors, dossorty CBRIIRIE 2 st of linear
constrAmiSUhids oh%éﬁ%ﬁ@ﬂ}lﬁ%%%?g?qﬂg | a%8thPYo Cll‘?&?al?ﬁs could possibly

processi'ng erio rative Ccy

haveo bieent mbokbd cfmrth‘e kigriats k$xi, h@x?utmht asfetrbe dontesir encoding,
si gnal processing conponent. Specitic enbodi nents of

-cha fading efgpodineae ofher copstreintacare independenirérom the linear

consftﬁéﬁﬁgq dg{fgga bx%%hm@gﬁ.%%ﬁgl to and as illustrated in

accadnpanyi ures ese enbodi nents are .
| IThet optimal, remiveotstmautetﬁndlﬁ cihee sistimatiose off thenetransmitted

. of .t odi.ment ions a descr t
signg” Bilrot Ko Al Reh BHiSeth GOnTERi ey BAVS GRYORE. Ropronibitively
complex for vabsepetttical Bsea&f MHierast. nﬂsfdrgdﬁéﬁ*lélrve. a %enenc iterative

alternatively features of the enbodi nent may

recejver (HEIGtHER [Complises af W@%w&ta ﬁomp@r@ﬂ@wﬁa@aﬁwe 4). The
first component 1 finds the optimal estimates, only subject to the linear channel

constraints, ignoring all other constraints. “These estimates are inputs to the
second component 2 which finds the optimal estimates subject oniy to all the
other constraints, ignoring the linear channel constraints. These estimates are in
turn, provided as inputs to the first component 1 in the following iteration cycle.

' The optimal design of the first component 1, enforcing the linear channel
constraints is often also prohibitively complex. To limit complexity, the -

- component 1 design itself can be constrained to be linear, leading to a linear filter.

The design of this linear filter, given selected inputs to the filter, is disclosed
herein, Thé function of the filter is to separate a selected signal from other
“interfering” signals, based on the received signal which is a weighted sum of all
transmitted signal as described in (1). All the references provided in this
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Thi s enbodi nent is described using linear multiuser
estimators (MJES) suitable for use as part of an

wo b@satilee nul tiuser decoder. A specific appliPel/AUz008001036
the technique in the field of turbo-decoding in a
transm ssion system for coded CDVA is provided.
However, "as stated previously, the structure of the
filter and the principles reveal ed are ‘useful in many

| r areas_of the c ni.cationg field,_ Th the
speclicafitnnat PROwAIES TRR b TBierehks: ApFclPr &t purposes. An
innovatidn inftgel ﬁltéﬁﬁ’esﬁgh digtiesed Qrérélmﬁttb%kpmnlthé gact that information
theoretical considerations expresse

DmVldﬁﬁr%Fh%ﬂ@FS?dBF%!ﬁ initialis by Marginaly Somalataseves fterations, i.e.,

in thé“?i‘?‘étyﬁw itb Pty Cod 8 |t‘é?éﬁcﬁ?gi°&ﬁge9f efvt? ﬁi?’?’fé?cﬁﬁ'h The disclosed
aSSUHDtIOHS as require proors

filter tdemgnens basedaor priechoiglento dise al avatableuinfosmation from all

J{at contai ned herein has directed correlation to
preprg raliPN¥evi ces and configurations of filter

el Eweningplds Beat mmﬂﬁr@ewgiméamﬁn @zérbyo@lfactor equal fo the
ereln

Furt her nore i sclosure proyi
number, gf Itgseuﬁdeﬁ‘m%ga ¥1H§‘@?§qu?edTFHst tae !5‘?0'0?95 filter design
makéd $PESRIBR t u§é°§ll e availBsleSPlofkatio s dhidudi fedifsive feedback

can readily translate the theoretical configurations
of theffiltarcouipud wardtergélonnemtheut reguisingagi gEawWinE fider.cdde size of

" the ﬁc!férsi%éﬁgg& : +gor| Y RS tdé%g{/?? $ épﬁaélaég)trpftwo linear iterative

hmin a varle 1 on ar
filters,onhend thvdificdt lireear mtmfrprdmtas ae dspimateoisthe dedired aaignal based

on ttyé, Fecglied &Ghah ths st BurRlh celTHRS Sl HEFE TS Jrom signal

procééisnﬁﬂgwﬁfpcﬁléﬁt@aénahm%‘ut;ﬁﬂdé’f thd f&’e&cﬁﬁﬁll“{@érsﬂllﬂﬂﬂﬁvhlch is a
at the input to the receiver is described by

veotqie0f RatmBten OF alhdisarasionals SesedRnl gl PIRviaWs SBputs fo signal
procggﬁﬁg dH?HbSnQﬁt ul-fhdhfo r!iﬁ%‘ér' ‘ﬁﬁgrs"QlS@FHSWrﬁéx%hcmy in Figure 8.,

Ining to the sane s nt er na
refbevime@ jeeativenfiliess anagcapproprnatalyebeedesngned based on the

tineaf PRABKARE Smelerl | abydflR] Soflal PherBh? nBEBeRliRg; 4n,th recursive

expramonslcbrwswtmeuﬁctor Here, the set of wei ghti ng

 coRbRISnnog IR, sbipTiss 1R SEIeR SestrSee py Sitknageneric linear
charf@l ShbaeNt Sndowhdreoss | iklrative iecenrst é@peé§&ll9édt£@ove is to be

signal s 1,x2,. x such as error control encod |n?
applied. Examples of 'such appllcatlons include (but are not limited to) the

following:

. Decoding of coded transmission in a linear multiple access system.

.. Decoding of coded transmission over an inter-symbol interference
channel. ‘

L Joint channel estlmation and detectionldecodmg of coded
transmission over unknown channels.

. Decoding of space-time coded transmlssion.

. Decoding of coded transmission with higher order modulation

formats.
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channel fading etc. These other constraints are
i ndependent fromthe |inear constraints inposed by the

wo owsariiehannel . The optimal recei ver structurkCT/ADR®4/001036
the estinmates of the transmtted signals, subject to
all the inposed constraints: This approach is
prohibitively conplex for nogs pr actical cases of
interest. As an alternative, a generic iterative

Eiﬁﬁb\égfﬂ‘@t r.§§éﬁ{._‘?e : égiéeiq{ﬁgp%&%{eséﬁﬁﬁém%sgr peﬁggmg for a
gene?élqln@%ﬁ'lm@ltlp@bbaaég% s@ithy subject to the linear

channel constraints, ignoring all other constraints,

TMG%MQM@%WI@SQ@MQE@; SW¥8nd conponent 2
the oP % Eﬁé{;ﬁ?‘thgﬁ& %’?gr I'ng %ngsjtnear&iann&?ﬁﬁdenﬂy with

respaxintet the naaouﬁmmtedntsmnpesedeom ithe neceiyad sigral. adhe overall

tstothe r,St, ,Con ent, 1 in.the
constrafit 4f o estatei 5 TRy haehind Bxuas i ffigmation between
the iREVRARENHedoders.or ForGturbe b(bcﬂ@@,r tiedwn dnsteisty arot the parallel
i s often al so prohi b tivel

m
concgignated;gades: hé;QfofMS feafu lsaagﬁgtﬁemr@ kh%%'aa@e' code and the

‘memgz&g%tfrtﬁériﬁférléylﬂﬁd fﬁl@ﬁbre#@?@h&ﬁnéP ‘Fdr'rﬂ%ﬁfug | §&oding, there

desi gn of I near gl ven sel ecte
are wnﬂra;nta)dueetmmeemulitlple&ascesﬁ;ezham|andm@e to the individual

of the filter is to separate a sel ected
user%;égﬁwf‘bm other "interfering" signals, based on the
r daethie cermbodirnent)i ahthevrativali fahssverkmiof tlaél dernvatlon of linear

multqt.léggs@,egt,ltot&%etgﬁ mgﬁl q»rufqiﬁg Sﬁggﬁe; (?((ﬁll)paxf éqfean |terat|ve muliiuser

decotief 9 RsAbeedhevgh nccmsnﬂ@f f wssnp@ﬂnﬁ@ér hiniPWnRasean squared
An innovation in the filter design disclosed herein is

errort MM} testivaatarc whisht inspires neur snai sepuliq the drevation of a
I I

reculfEPBESsich bBnatol, THE oroPRE NG iSkS' SAfs basod or

the receivaed sighgl @ndiall thewsucdesgies mnhputﬁhpraiudedds;ecﬂwe error contral

fi,l ter desi based on a.technigue to us
code,YabSdafs Svir aIf pfeufte BaktohSy, 1S APhrbaRn s, motivated by an
obsefaffor fhatithgsé fwtmﬁ@@sfadet lebse ryowrrélemdmngnmm Qtéwtlons

a factor %p%rﬁto t he nunber of_users. This is

i petatiane b2 Sﬁﬁ?@ af supbakiity ﬂrv%@foa%élwtﬁa%ego?/\ -negative
vectdr% 2% Huthao! ‘P “ ded}ﬁn @%’&bhs”@f%‘ T}Po LQQ the expectation,

rough recurs v t over
i Mo [ g chL,t( TQ > = “|
varx g(f,} Hﬁr‘e ?blbtligr r%?&%nsEEﬂ%ﬂsa% e Ee}; deglygn lxy j
| W%@Hsr&rtfy@ k-nsérméa%rrﬁu;q@efddcbggssy%ﬁa ®ft Bjure 5. User
first 1 nea | ter provides an estimate of
ki =b8i.c o anapdds itasizidammfbemauomsmencgmk [7] usingres tate R code
current estimates of all user sigpals fromsignal -
C, to produce the coded binary sequence d, ﬂ] .
Consider transmission of 2L code’ bits per user. Each user independently
pemutes their encoded sequence with ‘an interleaver z,. Denote the sequence
output from the interleaver of user & as uk_[l],l =12,.2L. Pairs of interleaved

code bits », [I] are memorylessly mapped ontd the quaternary phase-shift keyed

(QPSK) signal constellation, Q = {+1/42+j/4J2}, giving sequences of

modulated code symbols x, [i], where i=1,2,...,L is the symbol time index. We |
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processi ng conponent 2, and the output of the second

linear filter which is a vector of estinmates of ai
was@s/osiighal s based on all previous inputs to BCTAER004/001036

processi ng conponent 1. The two linear filters are

shown explicitly in Figure 8. The linear iterative

filters may appropriately bqgsesigned based on the

l'i near n1n|nun1nean squar ed ror criterion, according

e TR LG 0 S o s en

symtﬂﬁﬁ‘ﬁée ab%@énssr@gf@bogg% in 8ferfler e an iterative
- recelver as described above, 1S to bi EE plied.
u

Exinsyrebobfineech eanh usar iteansmite syl theuraulliplication of xk[]
limted to) the follow ng Decodi ng of code -
with theumeal 9¢rehipi w@adlm@aequﬁnqepla[zgedeﬁ} sysWaenmodel the use of
Decodi ng of coded transm ssion over an jhter-sy
spreaqimarre%qtmtae%naﬁheeno Jeugh l@nsﬁﬁéha'ééher%a%%w@%@' duration by

Iett(ngeé&‘}‘ F?é%gﬁe cfng’(; 06? ‘iﬁéi‘&ﬂehgéﬁ‘éghaj %H'El@é{le&lsﬂ%unt%f'over users

hanne space-tinme Co ransm SssSi on

" and @&%Jd'm EBnEQSﬁféltéé’é@'B o@?et\ﬁ hfe @y%l%l Qi/ﬁ@ﬁromsed transmit

lation formats.ln the oW ng nis
over mddltwatwbrted‘ﬁauaswm@nsed@w&mbchannal e5e received at the

samd PSR L PhEcaSHEOTONaN Tl A Shobleg, it e i

matchuilisredaeceivegl vectop 1fefode anspmbotitinid y=id,h. Leagect
to the various constraints i nposed on the recei ved

signal. The overall const r@]ag[z]xf]aﬁ[i mrodat ed by (2)

iteratively passing_extrinsic intornmati on between the :

i nheralusfi sddaag], Foglifuriso xodsk thakix with the spreading

constraints are the parall el concatenated codes. For
SGQU%IFEJDEQ@ﬂﬂSaRS @mwm;k aridia s¥mbeh fhdppeerrntg e srt of comp!ex

it veslo e o Hive el el ST hd Bl Ract L1 <o is 2
samijiég §9°§Wﬁ§8§¥®rﬁ?ﬁ”°?ﬁig Gl hoes phsks Wt coval]=o°
Tho sfPRAR 1o flasets Mk sETPEPRPbie IERiERY Sfitdle. o0 aPsic.

| tiqeAEEfRtHTUL Id H8EFequired to identify specific symbol intervals and these
indices will be omitted. For later use, we deﬁne S, = (5,15 55000s 54y »8 41508 ) @Nd

x; = (%, %, s B %) to indicate deletion of user k from S or x.

Recursive Filter from Multiuser Estimation

Application of the turbo-principle to the coded linear multiple-access
system, where for each uéer.. we freat the error control code as one constraint
and the multiuser channel (2) as the other“co"nstraint. results in the canonical
receiver structure of Figure 6[1]. '

An iteration #,, the multiuser APP takes an input r and the set of extrinsic

probabilities "™ from user ¥=1,2,...,K calculated in the previous iteration »-1.

q?[]e P is the extrinsic probability distribution on the transmitted symbols

x.[ile © of user k. The set Q ié the set of all possible modulated symbols at the

transmitter. The multiuser APP calculates the updated extrinsic (probability vector
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decoder is disclosed. W consider a two-input |inear
m ni mum nmean squared error (LMVSE) estinmator which
WO p®piorEass our main result, the derivation of aPCT/AU2004/001036
recursive Bayes an estimtor. The proposed esti mator
yi el ds estinmates based on the received signal and all
t he successive out puts provi d% by the error control
code decoders over all previouS-iterations. This
(n)giproach is notivated by an-observation that these o
p:’ B fORESEs &r Aftebappyopiatecdatieteriaaving, the extinsics pi” are used
iteratians. Notatiqgn. P,is the space of probabiljty - ]
as pyigisatosIBdEPERgeRt ARR derading o (ie:eare & it Sagh deer. producing
; VEC Bd i i
(a5 BB e 60 it e g pHors . e subsequens
iteration.keThaenfy(nalishfion*in/ the FHultiisel AMP GRBBIES" sbRfmation over
KK— use |inear nultiple- access system of Figure 5. User
|0|"K, Kermb. 2 Maayc ansr-comphexity \aliathatives i five ssBsngsroposed while
bk[ ] using a rate R code C, to produce the coded
retainingrthe s=qne hesiclar¢hitect@omsi der transnmission of | L
co bi.t.s r user.. FEach pser jndependentl|y_perpgutes, .
hdromkiasiBh Wkt st ahPNroR Biwe 7k Thamoissa bank of
line&P filt e et : .
ine& F' {%f&qg’@f,?’,fqr?é’zt[@#gaﬁﬁ%%ﬁ. TH ?55%‘@&3355 g]%t%rse ﬁE@F may be re

alrs of Interleave

| con{ddteérfﬁfﬁpﬁi%'ﬁ%gﬁ'(régg%i@efﬁs?ﬁfef’aﬂm ALR, SSFhdyt to AP is just r.

phase- eye si gnal const el

For Subséguient iterallongind 2)3,..S elieimpRss O kha vtk fdreds6Pdeis r and a set
synbol's xk[i] , where i =1,2,..., Z. i-s the synbol tine

of isignal. eslimetes @pSKatinl the oothenplisers yfromd npreviobst iterations,
~o8ll ffefent code constraints and synbol Aacross
G s SRR M U2 ane (e sehibtniRg the memary order of

4L ansAl L. [ tgpllcatign - k\ | |
the YRFEUBRE" el ol e, AT LA SRS Yl poonty w -
{n;-l,rv\éz[mﬁf@ébbbﬁ cHifsi@breaPfgadi ng sequences with period
much nger than the data synbol duration by letting

eadheebafutiofthesiitdr] AbE id adaRRRes scRUGriceest &Sfitnates 2 of the

di stributed over users and tinme. For conceptual ease
correspondinge ceder syrabobfdr ayect orTisesh dstiavstebtaey aiagped from the

o4 4 e iod 5B A 3, v o
T T Ve d L O IG IR B Bt bkl VBB eS8 as prors

. for ievigual /APP (dE00&Rb &F the &dda id. ’Thgsé‘ Apsie H@EBEérs can output

20

25

Wi th the spreadi ng Sequence for user as col umm
eithehepestesior ©rr @xtinsiat probabilitiesofq Pdbpttexapprdmstses have been
.~ The vector 1 has elements xk\i] and the vector n[! ]
investigated in the literature). The sequence of probability vectors '™ is in turn

mapped back onto the signal s‘pace by a symbol-wise function U:P® 0,

Typically, T calculates the vectors p.” assuming that £ is Gaussian distributed

‘with known mean and variance, £”: N(Z™,5). Likewise, a common choice

for U is the conditional mean.
The following easily proved lemma provides a useful general framework for
the derivation of filters A,
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sanpled circularly symetric i.i.d. Gaussi an noise
process, with cova[i] = 21 . The synbol Q represents

wo b@sseti2of possi bl e nodul ated synbol s, e.g. QRSKAU2004/001036
Henceforth, it is not required to identify specific
synmbol intervals and these indices will be omtted.

For |ater use, we define S :éfil,sZ ..... 8t _1,s +i
,...,b) and = (xi x2 ... x = i ,...,xkyto

in(iii cate deletion of user k fromS or x . .. Recursive
Fi 4%P™A0dm Mul tiuser Estimation Application of the

t Urdighibd I CErUte P &h%a‘?éﬁ%@elf' ReaeMidyieP| e 0RRAS observation
system where for each user, we treat the error

¢ = @bty ol theo doneateyrationovéttwa veciord cbiserrafionsiseiand b, The LSE
channel (2) as the other constraint, results in the, :
canoni cal receiver structure of Figure 6[1], An €stimate of x

_iterati-on 1, the multijus PP takes an ippui-gya ;
the set of extrins¥c gh80dp?li® T"é@ﬁh‘ %’s@)&a Bﬁn%lepﬂlen ¢S
=1,2 Kcalculated in the previous iteration -\ . qj {3)
f eis the extrinsic probability distribution on the
transmtted synbols [ | =Q USQG "TheSq Qtne s 0 a
poSsghéle nodul ated synbols at the transmtter. The
mul ti user APP cal cul ates the updated extrinsic 1

m ko B0S L & ¥, wsetapn Brhea i) >Ham, bser < Bfd 82 agppropa;ias§

- de-interleaving, the extrinsics are used as_priors for
i ndAecse that(3) ahecbel wrijterf asHe —cgale ni(Ha~ bdcwheser |
producing (after interleaving) the extrinsics q n) .
whi mh= §e by >as <nF, hor<sa,acs ™ khebsufsh st <ibl goadd,am" < a,b >)
The narginq%ésation in the nulti'user APP requires
summation over | | 1 ternms. Many | ower-conplexity

 al tBr=naobjaes ahawe' been proposed while retaining the
sane basic architecture. Consider the receiver .
structure dRdwn in Figure 7. There is a bank of |inear
filters A, _one for each user. The coefficients of
t he8 & TP ET 2y be re conputed every iteration. For.
the first kbzration, "=1, the input to L(l) is just r
. For subsequent iterations "=2,3,..., the input to L
t heSbifar én thetiteratures linear fitteds A¥eforahultiugealestimation in iterative -
estimates for all the other users from previous

decodingthayies bepn designgdnhased onwiiee serrived signal” r- and the most
CUrtE) ia X qt §€I${$Q{I‘ 'ﬁ%&ﬁq@%?ﬁ?gﬁé%ﬁor Qenrngo{,esépsﬁﬁg‘? f %%%%rﬁ%‘ iterations, we
have hSWavhr s gewéngé o%}sdqc%segﬁﬁw%tgg Wai %EFeo,l lLE%Il’fely 20 8@ g
together with r. [t has been observed that the estimates are not strongly

correlated during the initial iterations [2]. . A
Consider the following recursively defined version of observables as input

to the filter AY,

. {r n=1
) _ (a-1) '
oM =4df¢ {7
X;

Direct . application of the LMMSE criterion results  in
AP =< x, e ><eP e > Ut s clear however that A® grows:in dimension

with » which is impractical.
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The output of the filter L is an updated sequence of
estimates of the correspondi ng code synbol for user k

WO 2008@sH2®8st i mat es are mapped fromthe signal BEEAE2004/001036
onto the probability vector space using a synbol -w se
mapping T : - "G . The resulting sequence of
probability vectors p are us as priors for
i'ndi vi dual APP decodi ng of t code C. These APP
decoders can output either posterior o.r _extrinsic

pr dpapired; bzsre\wrswebaauea@ar gatimation, (BBEgel3l, we can prove the
folldvﬂ‘t‘ngsﬁﬁiﬁ'{a?ﬁ thBif' %Bﬁlég {,}ﬂé %lH&?Sloﬁé\ﬁcg &%gﬁ%\%efg? giving a recursive

y vec turn

form hfbrﬁlﬁf%tsméwd)&enamymrmwomheﬁnm signal):" 0 .

Typi ca T calcul ates the vectors pj. ) assum ng
t haThgotemi t Gaussi an distributed with known nean and

varl a V n> . Likew se, a commbn choice
! o MaREheToiloli aBbicictRns, The Tol | ow ng easily
proxes TRewace@d gigmat russkyln JpNGestribédeevdrdingdo (2) where n
the. derivation of filters Lcf t ) .Lemmm 1 Suppose
is mtmdamo [SysnpetdaetamplexvSatssian heith e covn —oiékr vad on’and s are

Kkno ré t he concatenati on of two vector observations
¥hnd b. The LSE estimate of x.. . = (*a)(a,a} =~la +

M ba2: ( '?'h@c ﬁﬁé}lea)f?§ ol Syhibdl %stm&fe% BY Thé <inter?enn§ users ¥

a ><a, a> ,b >> <b,a x aba >~1< a, b >)

conX)ﬁgSSSt UZ%e( §?ng‘ié‘rb§é? APF beBoddrs c@ﬂ”ﬂé':@rﬂteh) as 7 =x + v""
b >7- <x ><a, a>~ <a, b>) (<T, b>- b, ax a, a>
whér D%} is urfbbriiatecPiniheg aﬁé‘_‘)alﬁoim%bn%léiédlo(/@) time and iterations,
but not over users at a g:ven fteration, i.e. <x, 3 >=0,<?{, P >=0 for
n#=mand <P, >=q,,.
Define Q\” =< ﬁ,ﬁ“’,ﬁ‘"’ >, with elements determmed as shown above

Let ¢ be according to (7). Under AT and A2, the LMMSE estimate of x,

given ¢ is given by the output of the recursive filter shown in Figure 8.

. The update for the estimate is

FM =F00 4 mﬁ"’(:'-‘tg‘“) - ;{?-x))

Thé filters in the figure are defined as follows:
m® = —wf(+QP =W’

M = (I W XI + QU W‘”’)

with the recursive update equations for n=34,..
we =w - ) - we)

W = WD+ (- W NEEO T (- W)
HY™D —I+QY2 Wi
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So far in the literature, linear filters L( > for

mul tiuser estimation in iterative decodi ng have been
wale®sgnaads based o n the received signal r and pOIEFADR®Y/001036

current code synbol estimates of the interfering users

S . After n iterations, we have however a sequence of
such estimtes available, naggly x .. } together with
r , It has been observed that'the estimates are not .

strongly correlated during the initial iterations Lé]s )
Comhk dgtitiahecdrditions ngithe SfP’s+ Oaingd ¥ i=nBczreanfi o1, S’ +o 1)
observables as input to the filter L(C , r n -1 K (7)

(Dn ' 1€Cl 2apDl t hE_ teri@re mgss' +c%1 S; -
5 @s; L5 hgra hgjnnja%& ls'\/(@ﬂ) s, W‘ 25! T
forrpg ver that Lc grows in di rrenS| on vvlth n \Nhl chis
[ rrpractl cal . I nspired by recursive Bayesian estimatio
(RBB)‘n[J(B]er vﬁrmﬂatl@ms)vélawae esn owsed tieorvaAlLetat the proposed

oA ) Rof RERSE Y, STt b8 1t o mavimun e
distdifoes i taté convallittondl modes nghak)ly riﬁhppedrmdtol\@RSKheEach user is

therefpre; aneadingod BEGS AN (35. PiERLy FHTBaditg Sefbiences with
N =°8' gfél’baééﬁ l%'tgHEit.i.Cﬁ &t@@éﬁéyﬁﬂi&ﬂ%ﬂ%&\ﬂﬁ 0sépVMrandission is chip

Z an s are known. : i nterl eaved code
syndyohohs@lﬁﬂﬂsusa’rsmg reﬁeweﬂeatl thg sprapPpoventavel out

Rt T L B P 5. e s o
shoWRCOPIE! il itk peralleli inberfextriceecancaliatiohmethod of ¢6]. IPIC is the
S e ﬂn Herance \Z}I@I"%%\)gﬁbg'oﬁgﬁf X:h%Ean tﬂﬁiﬁf&ﬁo\é\e)‘é recursive

Bay! és% B&tlﬁ#étibrﬁf&ﬁi’ﬂéﬁe detgeHron etle &ﬁjrﬁBQ\Mbgih@\fer shedll aumbers of
be accordin Under Ay and A2, th

useess at rtlaeesmg%cwsgr neay bﬂvenAﬁye@% r@e?mf Ef)'i‘f‘? tgrconverge, its
curl] o85S HOfh SURSESHI K PIC 8 BpBursTRe Mgl 3 cror 1P, e
limitis @25 end for RBE 1.875. The performance benefit of IPIC over PIC is
reported in [2]. The recursive Bayesian technlqug supports even higher loads. In
fact, further numerical investigations (for smaller systems) have shown that RBE
supports almost the same load as using the multiuser APP.

Described herein is a computationally efficient recursive filier for use in ’
iterative multiuser decoding. This filter uses the entire history of outputs from the
s'mglle user decoders in order to accelerate convergence and io support greater
loads.

With reference to figures 10 to 18 a second embodiment is described
where there are a number. of specific solutions offered which fall out from the
general solution of (or realization that) adapting related art single pass OFDM
receivers to iteratively receive signals at the sampling level allows the receiver to
differentiate a desired packet from an observation of an interference (collision)

. s:gnal at the receiver input. These solutions are as follows:

. An-overall system solution - lterative Receiver Structure |tself
. Additional solution aspect — Samples Estimates list.
. Additional solution aspect — information Bit Estimates list.
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m_wl+Q- W' M) (I Wn) Xl +Q 1-W)vviththe
recursi ve update equatlonsfor n = 3,4, w=) [- (H

wo poop/o1 (ks W 1))] 1 w=W- + ( _ W" D(H - g PBCT/AW2004/001036
)The initial conditions with 50() =0 and x = 0 arem
s (s§ +21 )" , M =Si(sS + 2 1_for n \andw S SS
+H)TIS, W>=S S§ +Cr2l)- 1%8 . Conmput er
simul ations have been used t eval uate t he proposed
technirque. For the purposes of sinulation eact}_,use
used t h\duitionahsohdlencaspesiceMultiplexing:ghTdngfT isxency Domain

code natwyr-al | ser is
therefordéh??'&%ggagf?%b&?%n%ﬁgeﬁs Eﬁgﬁénéél use. .Bi nary
Sp(e dichdspeat enecsecdrid eMbccBmmrtqargvaaaewstem gnd method of
at eachBManbor for each, usg? P M{Lsm ssion is chip
reCBWﬂQtQB pagkets compising e QUOWNGey at the same
' fé@gplér@'réééivé? inpY sigh&AncoRsieting of sighalenfrom one or
| gu

hree curves are shown. PIC Is the
moraaﬂrdéhaa interference cancellation nmethod of [4]. IPIC

3Pl R SA) BSOS aNbEgrrvsie recened

pack§p§&mmee esﬁmhé‘teeftotdmemmeea placeh sarrg:lemqmﬁgiﬁber S
of users at the sin S R n
reci verd ?fﬁr@”?@@gﬂwlon d %ﬁ?’?’é‘%&é‘?'& eseg gﬁ}ﬁle hypotheSIs

‘for?tbf’%@1rﬁ§ﬁﬁnfcﬁ%a%r¢bltté§tﬁnét%urs$ at K//\v=1.125. For

limt 1s 625 and for
perd)or medetermiiner ap ypdaisdcresgiyed) '@é‘&etr ﬁ;ﬁm'{?%oe?tﬁnate from the

sl BAARAEE T MEREEPUAP A0 r spov et

' n\@)5t I gaﬂbtrﬂet therupdaistsampla estimaiacorn s sample hypofheS'S
o LR i AR S FLBERI A 08 BB Tt st receher

mp@{fé,{gﬁhﬁnt recur3| ve filter for use in iterative

i user decod ter us s _the enti
i sBory GpPeRt BiERe 4 ) e "s?‘n'&?é 08Ty TmRamplgte packets are
acc%%?létéd’u?ﬂf@trﬁ’bﬁh%ﬂéﬁ%éﬁﬁiﬂ@%@f@t .t 0 support greater
' In another aspect, the second embodiment provides a system and method

~of providing a sample estimates list in an OFDM receiver comprising the

following:

a)  sample a receiver input signal;

b) determine a packet sample estimate from the sampled receiver
input signal,

c) stare the packet sample estimate;

d) determine a packet sample hypothesis by addlng the receiver mput
with a selected prewously stored packet sample estimate;

e) determine an updated packet sample estimate by decoding and re-
transmission modelling the packet sample hypothesis;

) update the selected previously stored packet sample estlmate with
the updated packet sample estimate.

~In yet another aspect the second embodiment provides a system and

method of providing a packet information bit estimates list in an OFDM receiver
comprising the following:
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| oads. Wth reference to figures 10 to 18 a second

enbodi nent i s described where there are a nunber of
wa@p@sioiiles sol uti ons offered which fall out froPCT/AB2004/001036

general solution of (or realization that) adapting

related art single pass OFDM receivers to iteratively

recei ve signals at the Sanpligg | evel allows the

receiver to differentiate a deSired packet fron1an :

obsgy vat i f. an_interferenc ol Lisi.on at
t he eceldgg?r?ﬁ"ﬂﬁu? P %’&pfﬁ g'@/ fgﬁ‘gsa%y ﬁﬂgﬂp gQsa receiver inpu
withAa selecteld prexdidsTy Stbidd pécketléaﬁhﬁld setikaes ver -

itself. Additional solution aspect -

gfa#ﬁ:t s termings an gﬂforrmai-mn ihagstironte i by depeding the packet
S o R Wi Sl i e fa ikl WSBRUIRP 1¥e4 g and a sof

decmsmg rahngueanp) e Estimates. In one aspect, the

7 ecdivi e Bl k. RS e RS b SFTRE Mot i or mpore previously

deteanipled iafdrl!m‘ﬁi'oﬂﬁ!:)ltlétﬁhhhat@s&;iinal consi sting of signals
fro one_or ntenna, b) add the input signal wth
of af§ied E?Rﬁ ahiq "é)r uatlloa sempleta padkghisiaccumulated.

Saﬂﬁ' ﬁllﬁ%ﬂd’fﬁé?saéﬁédieﬂ?é B® o%ﬁ@%ﬁ%’%ﬁ%‘{“’ﬁat% system and

hesj s; ? determ ne an. in
methpgmqfhé’%ﬁm ningy potdwrics OFDMt seegivedn packet sample estimate

_comﬂ}c?@ﬁgggéggeelpbtf estimates list; d) determine an

recéi ved packet sanple estimate fromthe
s arrpu Kplaxing he dinse fdomaird ghianget hppl@d:zhli(ﬁ’a lréte%dpééﬁfple estimate

h ds
iS4 TR B85 Bt o bt SRS ol Sotimate, such e
the nmlhplelmummsdérrﬁﬂﬁ sl@nﬁ’ylbd&ﬂrﬁété‘@ ﬁ—%ﬂﬁﬁm@%‘rﬁes@%m to one or

ef recei ver input signal; ) repeat steps a)
morg at | east one or nore corrpl ete packets are

acgﬁmmmcg,gﬁa; J‘aﬁc"&ﬁ,gf&atl on bit estimates list. In

anot her aspect seconl enbodi nent provides a
syﬂ"e@F fﬁdtﬂﬂfﬂomapdbw ding a sanple estimtes 1i st

Qfﬂw onprising the a) sanple a
rece| ver r%"&fr‘a %ﬁ%{? b) determ ne a packet sanple
eswheaein themuhiplewd fredjuesrei dGhain sample estimate is mapped to

cerrespond to one or mora of;

an OFDM signal preamble and;

an OFDM payload data symbol.

In another aspect the second embodiment provides an iterative sample
estimation method for OFDM packst based network communication comprising
the following steps:

a) selecting either the windowed matched re‘c'eived samples or the
noise hypothesis as the input signal; , ‘

b) adding an empty packet estimate to a samples estimate list
containing packet sample estimates; ‘

c) selecting one of said list entries;

d)  adding said packet samples estimate to said input signal to create a

‘ packet received samples hypothesis;
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i nput signal; c) store the packet sanple estimte; d)
determ ne a packet sanpl e hypothesis by adding the
w0 e@siovaes i nput with a sel ected previously stoP€AU2004/001036
packet sanple estinate; e) determ ne an updated packet
sanpl e estimate by decoding and re transm ssion
model 1'i ng the packet sanple hypothesis; f) update the
sel ected previously stored &ket sarrpl e estimate with
the updat ed packet sanpl e estl ma In, yet ano

te.
asplect dREOdnm ANt MHdiRREMISSIPRINeEsilings vt §ﬁ&¢£ﬂ?°k€t received

* e g1 B kel ecBl S s nc new

inforpetienbitestimstespt. sanpl e hypot hesi s by addi ng a ~

recei ver input wt

palket é'Qﬁiﬁ Qge§?\‘ﬂﬁﬁgrmﬁ oﬂ&%%ﬁ? ‘éf/tn\ﬁ'j}ﬂnﬁew mformatlon bit
est"ﬁéfeﬁestl mat e by decodi ng the packet sarrpl e hypot hesi s

with one or nore of a hard decodin echni gue, a

soﬁ) de@@gtrﬁ@ﬂngeﬁﬁmu@%)p@q ﬁ@ﬁﬁfé g Ay ppid packet
recef &4 hipOiedis 0RISai ﬁﬁb%@h Ypoiieaialiaies

orrra | on

est| mat es; repeat’ ng steps a) to c)
unh)I a updiaing saidcsamples, estionateatield entry svith |said new packet

ot her aspect, the second enbodi nent provides a
Samg(}sﬁ%ﬁf gé)met hod of determining a hybrid OFDM

r egRiswity st&%ﬁélr@med%ﬂIle@ét&)rwfm@cﬂgpabbest ep

el P Birther BB Sck HhAReSOR, AMPCLBERL AT Vil i Herative sample
stnrﬁ ﬁaﬁerheﬁ&&? | fctor@m ﬁf@hé‘gﬂ'e%m 9aﬁ§§rbiﬁht @heFBiN step e) further
t tipl exe

time domai n sanple estimate is
comnapped to correspond to one or nore of; an OFDM signal

O B e 1M s Sl o ot on

enc@c&&d)ltﬁtseahdnndaw packed iFdrrnationrbit sstimites imrerecmsmbtoez into said
mfonnétion bit estimates list;

i) soft modulating said soft encoded bits to create a transmitted
symbol estimate,

k) . constructing the time domain channel estimate from sald packet
received samples hypothesis and said transmntted symbol estimates;

) - constructing the packet transmit sample estimate from said
transmitted symbol estimate; |

m) convolving said time packet transmit sample estimate with said time
domain channel estimate to create the time domain channel applied received
samples estlmate and in parallel with steps k) and m);

n) constructing the frequency domain channel estlmate from said
packet received samples hypothesis and said transmitted symbol estimates;

o)  muitiplying said frequency domain channel estimate with said

transmitted symbol estimates to create packet received symbol estimates; then

p) constructing the frequency domain channel applied received
samples estimate from the packet received symbol estimates; and ‘

q) multiplexing the time domain channel applled received samples
estimate with the frequency domain channel applied received samples estimate
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an OFDM si gnal preanble and; an OFDM payl oad dat a
synbol . In another aspect the second enbodi nent
w@er@3iotHass an iterative sanpl e estinmati on net hoPCT/an2004/001036
OFDM packet based network communi cation conprising the
followi ng steps: a) selecting either the w ndowed
mat ched received sanples or the noi se hypothesis as
the input signal; b) adding aﬁ1errpty packet estinate
to a sanples estimate |ist containing packet sanP .
for reinsediorsinte sald isamples estimate listi wherein steps 810 @) are repeated

for BRENTIFOR ByBREI T LAIRKGE  Coei ved sampi o5 hypot hesi s;

e) kectilli agotimer rasgacinthes secondodribodimentt papvides an iterative

sarfale. e maLen /BRI ACOraLD, e BALPATERN RieAls g ihe preceding

parQbFaﬁWH@%éﬁﬁstefp) e}Jﬂﬁﬁ{éﬁﬁbrﬁﬁthé; nformation bit

new information bit estinates;

s u b't)r act hﬁg‘d %@dﬂ@ﬂv% iseleciaghpacked §ﬁmﬂ|§ee$ﬁ|mﬁ\t%)&@ @reate hard
Wheé%ﬁa %W&g%‘ﬁ%‘%ﬁﬁ bitaérp | ?%éé ?Oﬁagmﬁ%ertl?n into said

-mfcafn’tatpmbit estiniatesdist; packet sanples estimate; all said

st e%ft hehi@ %ﬁdal_{l%@'. ﬁgﬁgwgncecpgﬁd %#gackﬁe antransmltted

symny@]r@éﬂmgtegarrpl e estimation method according to the
preyi ous pargg_gr aph wherein step,e) further conprise

i) Yoft gepsiugingathe dne demapyghannel pstima o sald packet
recgﬂfe%é’rh ple esy?&mgnal ddid Qf%éﬂeﬂ?%}?ﬁb?l BhGiERbEON

estl reinsertion into sa ormati on
bi tukst | sanstructieg; the spacketodranamitg semhples ogstimate from  said

trarStEE MBI REEFREE: e omm ' channel estimte from

sai ¢) packenvolving said time packet transmit sample estimate with said time
domain channel estimate to create the time domain channel applied received
samples estim‘atej and in parallel with steps t) and u);

w) constructing the frequency domain channel estimate from said
packet received samples hypothesis and said transmitted symbol estimates;

X) multiplying said frequency domain channel estimate with said
transmitted symbol estimates to create packet received symbol estimates; then

RY)) ~ constructing the frequency domain channel applied received
samples estimate from the pabket' received symbol estimates; and

z) multiplexing the ﬂme.domain channel applied received samples
estimate for reinsertion into said list. !

With reference to figures 10 to 18, the following blocks are used for
receiver signal processing techniques in accordance with the second
embodiment; ' |

'« OFDM Soft Output Decode 288

. OFDM Hard Output Decode 222

. Encode 224 | '

. Soft Modulate 230



recei ved sanpl es hypothesis and said transmtted
synbol estimates; |) constructing the packet transmt

waamploeliesti mate fromsaid transmtted synbol BGT/ADRi0€/001036
nm convolving said tinme packet transmt sanple
estimate with said tinme domain channel estimate to
create the time domain chann appl i ed received

- sanmples estimate; and in pardtlel with steps k) and
nM, n) constructing the frequency domai n- channe
est i mat Hard Medulate g2bket recei ved sanpl es hypot hesi s
and sai ransm d synbol estimates; o) nultiplying
sé(jfrgﬁégﬁﬁﬁﬂhgpgin channel estimate with said
t r@ansm fzpeh ey Hiedr 202i mates to create packet received
synbol estimates; then p) constructing the frequency
domai n SHEMROB applied received sanples estimte from
t he pac i«swed synbol estimates; and Q)

S mul t i pl gg""ﬁ{;a%??é\éﬁ me domai n-channel applied received

sadpl esCreiviols 236i th t he frequency domai n channel
applied recei ved sanples estimtefor reinsertion into
satd sanﬁﬁl&'e%‘Wrmte list, wherein steps n) to p) are
repeat edqfar fﬁ‘% t}&}}ﬁ) LRn2 (PEsdsda +Slgyktem standard
'an'gt herq—é@%egi tc@:e?ggzn er?tr)%ﬁpanént pro%?ﬂdggﬁtggbe )
dterati284sanpl e estimation nethod according to the

~ paragraph previous to the precedi ar agr aph wherein

10 st®p e) [ﬁQF“EHB ?%%%‘:@?tjmﬁ r?r;g‘%gcodi ng said

se} ect eg¢rpaGERby ERiTAbM CHaniel Estitatorade hard encoded
bits ‘and new packet information bit estimtes for
r e# nser fliime, Frequeacy DomaimMulidplesid2tst i mates i st ;

2t SRIP b BmEle LG ei BT atietd GokENen 200
dogai n ¢RRIMARItICISBitEBétimAfsyListiidcheling bssecizted Controller) 213

. sanpl es hypothesis and said trapnsnjtted synbol .
15 est RbIg ésgnq,)Ta,hj_ﬁsz PeYidgga ey &gglggtnqm;ﬁg ,ﬁlgnglgnﬁpg processv in

éacfiﬁﬁ%@éﬁd%@%ﬁ@feﬁc@ mﬂi@eeﬂ fflusypdig! estimte; v)

ving said tine pa t transmt sanple estimate
with said tinme donmain channel estimate to create the
ti me domai n channel applied received sanples estimate;
and in parallel with steps t ) and u);
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cpgtance v

‘Deco

&féxg@l&c@ﬁ#@?ﬁiw qu})e gg{'h% Encode

ZH4Gor t N
1/132 ve 2

i
tliﬁttor 2

tRatletRackivéth Samidiels Hypethisdes Acquisition

||hf ract 232
NewPacksty n@,m\athp E%“’P??&u ency

t 3@ o Eafifhhte’34 TINME
ne stimator 232 Frequency Doommin Channel

3NOISE H’gpoﬂfteewency Domai n _I\/UI tiplex 220

NiE

Il er)

GBI P T A EFrgtieies,

he¢qgodi ng

hle_2 nro

PP g eketeT RMsHINSYMbOEEstimatesTabl e 1 and - -

[ dée_a kpv for the nunmber sian

hddds rn

e Homab bl Anried et Saios Fetmate

31'22m :

OPFE rddueticy: Domam EE?hannel Applled Received Samples
Estlmate

| 126 - Hard Encoded information Bits
128 Soft Encoded Information Bits
130 Time Domain Channel Estimate
-[132 -Packet Transmit SamplesEstimate |
134 Frequency Domain Channel Estimate
136.

Packet Received Symbol Estimates

Table 1: Signals

SUBSTITUTE SHEET (RULE 26) RO/AU




1004 W ndowed Matched Recei ved Sanpl es 1006 Enpty

Sanpl e Estimates 108 Previ ous Packet Recei ved Sanpl es
wasdaosonaties 110 Packet Recei ved Sanpl es Hypot heseGT/AL2004/001036

New Packet Information Bit Estimates 114 New Packet

Recei ved Sanples Estimate 116 Noi se Hypothesis 118

Conpl eted Packet information Bit Estinmates 119 Packet

Transnit Symbol Estimates 120 4% ne Donmai n Channel

Appl i ed Received Sanpl es Estimate 122 Frequency Donai n

Channel Appl [ ed Recei ved Sanples Estimte 126 Hard

i tded—nformrmatton—DBt-s: 1 28—Snft=fKaco ’ T OT
S U R SR e R A S

waggsmt Samjl Lﬁﬁtlbﬁat e 134 Frequency Donui n. Channel
Estimate 136 1Pac Received Synbol Esti nrat_gs__'liahl e 1
E>|2Q|$al s202 p(t$ampﬁ1|a$ﬁlﬂﬂ'ﬁ»‘ Lisfriting Filter - l\/at‘ched
F 204—Aq CRRETOT 206—Sanptes—Estimate st 208
- /g 210 (]:Dl\llqgof PpHar d Decode and Re-transmit 212
10 - Subt.r aqtOEDM Sofidtiaw Decodi andRe-trahemitli st 214
O=BPM-S anf I I—Iard r\ecorle nnrl Re 'YYY\Pllll at-e-—215 H br: d
r&W ansmi t zlg(/‘fﬁﬁl’b HSte Dormi n Channel Appl i'cation
4P LA - Fr qaftﬁﬁ?éﬁdﬂoﬁﬁE%tuHa?f@EistApp' Fcation 220
NVUX - Tine, RHRrequency nal n t1pl ex

214 - | OFDM Soft/Hard Decode and Re-modulate
{215 Fybrid Re-transmit S

216 - TDCA — Time Domain Channel Appllcatlon

218 : FDCA - Frequency Domam Charnnel Appllcathn

220 'MUX = Time, Frequency Domain Multiplex

222 OFDM Hard Output Decode

224 Encode _
1226 Hard Modulate
1228 - OFDM Soft Output Decode

230 ’ Soft Modulate

232 .| Time Domain Channel Estimator

234 F-+T-802.11a Fsequen@yto Time Domam Conversmn .

236. Conyolve Llnear Convalution ‘

238 : Frequency Domain Channel Estimator

240 - Multiply

Table 2: Functlon Blocks .
The second embodlment of the invention is adapted for a Packet based
5 OFDM WLAN system (eg IEEE 802, 11a, IEEE 802. 119). A typical receiver for
: such a system performs processmg tasks in accordance W|th figure 10. The input
to the system is a comp]ex, oversampled baseband received signal 1002 for each
‘attached antenna. The signé} received on each antenna is passed through a
band I'imiting filter 202 which is ;then'followed by a packet detectibn and

SUBSTITUTE SHEET (RULE 26) RO/AU
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222 OFDM Hard Qut put Decode 224 Encode 226 Hard

Modul ate 228 OFDM Soft Qut put Decode 230 Soft Modul ate
wQ@3@s50irmes Domai n Channel Estimator 234 F-* T -pP8DAULMA/001036

Frequency to Tine Domai n Conversion 236 Convol ve -

Li near Convol ution 238 Frequency Domai n Channel

Estimator 240 Multiply Table 2: Function Bl ocks The

second embodi nent of the invefibion is adapted for a
. Packet based OFDM WLAN system (eg | EEE 802. 11a, | EEE
syngbronisatipn (Aaquisitian) peeeessing fijpcls (204 a This thequisition block uses

f ssi S i n Wi figure .
onei! RidFe, BF HGEPHiatnbd e BnBETRE BRES"1004  Xibfasa packet is
acquireebidrisl d_ﬁmeﬁe_dedsilaggeiﬁhe_rlﬁﬁﬂ a') rsoﬁﬁdéct?dmgmmques gnd passed

nt.enna. e signal, receive e antenpa i s, passe
on 1 cfier BIBeRSHG 1BVRE (ebr MRS GaTthn upIcAL resaNGT Structure figure
10 frly bead ' i ' ;
10 ) Dot et o5 P PG Py carcln

RI€d8Vehe or nore of the matched filter antenna

'terﬁti%qkécéﬁé%ﬁ%u?e @?F?‘t&é’&‘ acquired it is decoded

using eit or - so codi ng techni ques and
pasERe iput to thehigtaivepisoties eversdmpled digltal MSCbastbend samples

ror AP oSl % b SO SR s ool 102

ThecReceivdch§antplesel 00 als wisdeed 6WS@GESame gas;égat through a filter

St ruyct ur Function The input to the receiv
2023t fe dha Ryl Shape In-weien e radbesvindowashtatched received
0 t Ler : Ve . .
S 00 e Rl e OB ot Bhis g RChi rst eration

a
(h=1ty eForialepronregsting dteratiooadn>4),f thet Noistd Mypithesis 106 is provided

b BTBREIONG il e BB 5 MBSO 5 11 oy o

condifiomsiceswitch 8M,or the first iteration (n=1). For all
the Noi se Hypothesis 116.

PLF Herillan ' flel FGIUEE . 2osingie axecuibBr eheach of the following

procasgyed:. This is depicted Figure 11 by the n

L] Atternpt to acquire a new Packet in the Noise Hypothesis 116 using
the Acquisition 204 process.

® If 2 new packei is ‘F@uhd, add empty entries 1008 io the Samples
Estimate List 206 and Information Bit Estimates List 213. Each entry in the

Samples Estimates l__ist 206 has a corresponding entry in the Information Bit
Estimate List 213. '

. Determine, from the evolution of both Samples and Information Bit
estimates list, Completed Packets {y,...y,}, in the Information Bit Estimates List
2086.

. Release to higher layer (MAC) then Remove Completed Packets -
{ ..y, } from the Information Bit Estimates List 213, ‘

. Remove Completed Packets {y,...y, } from the Samples. Estimate
List 206. | o .

. Select a Packet  in the Samples Estimate List 206 to Process.
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PrOCEpg

conditioned switch SWh. An iteration of the receiver
is a single execution of each of the follow ng
w@e@sesHes: Attenpt to acquire a new Packet |PCT/AB2004/001036
Noi se Hypothesis 116 using the Acquisition 204
process. if a new packet is found, add enpty entries
1006 to the Sanples Estimate List 206 and | nformation
Bit Estinmates List 213. Each4§ntry in the Sanples
Estimates List 206 has a correspondlng entry in the
I né or matAdah m& tIEsthwiw&PacmlﬁecaiEeérsanml% riggtimate 208 of

‘.sele%tgﬁl evo%éjtt rtom §§W@Z%3%@$%eyﬂ'f?ﬁ {é) trﬁ%lse Hypothesis

116 tapRidEde me Pidckbs Raveivasd Sbﬁpl&@@ipypcﬂhb@iﬁiﬂoo hi gher
| ayer (MAC) then Renpbve Coérrapl et ed ckets

f rom t h&Senewmtpanewn Pecketfiecnived Banmples 1%stlma¥¢mw¥ and new

i RSS2 . 4 40 BECRRTE) Gonk i Pt Recohod

Sampled PYPotitedis oddos . usiigl QIFEDWeS@itMardusD@wdet and Re-transmlt
Rec% ved Sanpl es Estimate 208 of sel ected packet k

the Sanpl es Estimate List 206 to the Noise
- Hypot heqijsq AikbiHePsdieBilif BabkétsPac E?éwgﬁﬁ %fé?ﬁ\a‘@ﬁi%@ %stlmates in
Hypot hesi's 110. Cenerate new Packet Received Sanple
the inferatien BitEstimatesListiZidwithdhedlewdsfomaatien BlizEstbmates 112.

(18 oo bR S bR A FhuBER S S8 B et o e

Samifted Etinnate IQTGﬁQGSSNﬂiﬂ'\e Wﬂ@@ﬂéﬁlﬁéﬂ ShmpliscEstimate 114,
k previous information bit_estimtes in

| nPor mat$ehiract 212 thadiey Fta@tetﬁ@cwveﬁ $ﬂ@nl@§vEstlmate 114 from

“the PBEEémé gﬂtsﬁ'ﬁ?l%fﬁﬁp is % %rbBﬁcé%hECNBEjse Hypothesis

previou st mat e
116, Estl rmt e Li st 206 -with the New Packet Received Sarrpl es

SaltpRSnd i oM BAUA! fPr®E, DRt ERTETE R Been reteased

' frorri'bhwilﬁmmﬁbl"ﬂBﬁtoEﬁﬁnﬁw@ Ligte2t®) Wnbknhiherite HaA$ been reached, .

the lists 206, 213 are cleared, the time wmdow is updated and the entire process
repeated. _
lterative Interference Cancelling .

Interference cancelling af the sample level requires the generation of New
Packet Received Samples Estimate 114 for each antenna using the OFDM
Soft/Hard Decode and Re-transmit 210 process for every Packet found by the
Acquisition 204 process. Each packet's New Packet Received Samples Estimate
114 are stored in the Samples Estimate List 206. The interference cancélling
structure requires that each packet Adds 208 its Previous Packet Received
Samples Estimate 108 to the Noise Hypothesis 116 before the Soft/Hard Decode
and Re—transmlt 210 process to produce the Packet Received Sample Hypothesis
110 for each antenna. The New Packet Received Samples Estimate 114
produced by the SoftHard Decode and Re-trans}nit 210 process are then
Subtracted 212 from the Packet Received Sam pie Hypothesis 110 to generate an
updated Noise Hypothesis 116. The New Packet Received Samples Estimate
114 are also used to update the Samples Estimate List 206. The Noise
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Iterations are continually performed until ail packets
have been released fromthe Information Bit Estinmates

wh @023 Once this state has been reached, tPET/AUS103/001036
206, 213 are cleared, the tinme w ndow is updated and
‘the entire process repeated. iterative Interference
Cancelling . Interference caﬂfel ling at the sanple
-l evel reqU| res the generation of New Packet Received

S 4 f t
HyPOBRBI A 16 bbomrety fere th Eaah S STRRPS DR TRl estimated
contﬁ?&ﬁ@ﬁ ?é(waSI FddetisedopagRét) pprosidiag Rardtive interference
acket' w Packet

ecei ved Sanpl es Esti e 114 are
Can@elﬂm@d ﬁigutehé 1repides Fgraphical refefenegg for process.

cel l-ing structure requires that each
' Samgg%ggsmsﬂg?l ts Previous Packet Received Sanpl es

EsTheriSaraphy Estimateoi lSet 1300t tesiaing 1thebdlewe Hanket Received

Sampies SITRD Adker Sersrie Sl OFpR AR, epgre and Re-

trans?ﬂ&h% 210Thst RBeh Feclenle Beehna dobaeptiesPasketridund by the
roduced by the Soft/Hard Decode and Re-transnit

Acqlﬁsmlqmr%‘éwoﬁeesthen Subtracted 212 fromthe Packet

Upeat @le Samples
ol S5 bR o BbAGRIE e, BTs Bcfogtbd R 2he Samp
Est«rﬁ%ié mase 2044 e Befsttivied tdamib@abastabeoﬁamwhmous metncs eg.,
timate .Li st 206. The Noi seHypothesis 116 is., then '

Soﬂﬂsicnairmmntwe jRIRIm MBSt Oh Brogsea . Lia A aToThed, order
of argfs)/%‘ g'l?'lliln é’corf I%ed%?] t?:’t’écfH?'tHepk %‘cﬁﬁ?ﬁlbd’éﬁ)ﬁ%h)swk in Figure 11,

eratlve er ence Cancelling. Figure 11
whe GtVIsdme augeapbelm:lted eBekehce forthis process.

|nfog%l,$g{g?m§§€#§ te L| The Sa_n'pl es Estinate L! st 206

Recei ved Sanples Estimate 114 ‘
aST%%”ﬁﬁi@iﬁfét@h Biﬁ@ﬁmét@@f Listiz 13 Rxmdinsative Ratest New Packet

lnfo&ééﬁémméib imgtosn b Aee aSr R By RIS Beb el fecode and
t’{%ﬁé@t' ?&ﬁ“&r d4tH PEEREES o@ﬁkﬁ b¥ %héﬂcﬁﬁﬁ@iﬂoﬁfm process.
anp e The

st 204. sel ection k can
ba&adho itenatien q@rovidesr an soppeftunity te deleasm @om}\gﬁed Information

ot Bl TR R uBE1E3 MACTY 1 RBECP i fcn peckets or

orrpAtErie rhedesw bohluSikhgi @ ridigicrier BachwharietinitbetSamples Estimate
List (E?;lJOrﬁr eni_lorsglxg%p g, aigkme’cnc may be based on indicators such as signal

. power, the number of iterations performed and number of completed packets.

These metrics are then compared to a target value. All packets that meet their
target are marked for release from the Information Bit Estimates List 213.

For éach packet acquired there is an entry in both the Sampies Estimaie
List 208 and the Information Bit Estimates List 213. The selection of completed
packets is depicted by the {y,..y,} controlled switch SW, in Eigure 11, where

{y,...y,} is the list of Completed Packet Information Bit Estimates. A feature of

the iterative receiver structure is that the packet's Packet Received Samples
Estimate 114 remain subtracted from the Noise Hypothesis 116 even after it is
released and its corresponding entries in both lists removed. |
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Information Bit Estimates List The Information Bit
Estimates List 213 contains the | atest New Packet

wo ndosiomees on Bit Estimates 112 as generated byP€Trau@ipbib1036
Sof t/Hard Decode and Re-transmit 215 process for each
Packet found by the Acquisition 204 process. Each
iteration provides an opport glty to rel ease Conpl et ed
Inforrrat|on Blt Estimates 1187to higher layers (e.g.

‘ e of which packets are conplete is nmade
Hybgé%%trﬂ g"?retrl c for each packet in the Sanples
ESThé‘J‘H?thSReZ%nsﬁﬂﬁs@ﬁamSeprddfés% 'i?tdépﬁcw u‘Pq:lgure 12 and
based on indicators such as signha ower, the nunbe
Figueg 13 eltatisessbethr Times@omain fa ene Anpbﬁptlenem and Frequency
ih
Do eSicnpdl BERIGRI 21p%BckSFis 18G5 3 RelpPREket Received

Samples risstimate f 1o t Both npmomtsesn uBet thHes tPaskets Recsived Samples
i S an

Hypdhsie 110 SBF b3 bt aht et S e B SPhbY Etimates 119 to

creafd Cr@inélﬁAﬁféhéd SRe@éﬁedTSQnﬁﬁé§CEstﬁﬁaté 120701 22 §6r each receive

packets is depicte y } controll ed switch
anteevm nT peglinae ﬁommédhanmh/\palmtm 216 priResst pgpduces a Time

-Dompa%‘? k@hahﬁ%?ﬂ%@?llé’&‘ Bitefvel! @atrﬁﬁtesAEfsQﬁﬁéifee 1@‘0 t hGr‘he Frequency

terative r ver structure 1s that the packet'
Dchk@hammh mplsahpnem&tpmslmoduoawasmw Domain

chadR@TAGSIAP REcHNS! el CElzaal 180 'L i | Chagnel Applied -

Recelvad\sdnim@a; IEtstRﬁater anemwsl are ten hvlitiplbxed 220 together to form

the Qﬁ ag;j{gés égnMZe%ﬁ CessE% |ﬁ@?%oﬁ§3‘olcﬂ%%fg|an enna. Each of

theséib‘?bbé@éé@i’s déScAbEd i RerusscetadBEIBwChannel
ication 218 processes to generate a New Packet
Tlmez@fcvw

8@1%“@&%‘!%!@1 {IBCADt h processes use the

t .

- aﬁ?‘éﬁnaﬁi‘l&n?é@c PR ARI3Eh T2 16 Prodéeg Mllyther expanded in
Figuoe dét eTﬂeaill'maE PppiaindCRaneéel Edtifmtpr @32Fprodudes 420ime Domain
h t Th Dapmi n, Ch I .

Cafh R A5 Soheadh SHiBnel s SR ST R er oo
SymBDD Esﬁmﬁé%eﬂ ‘79 drénambecORDII SafttHar) Deﬂwd:éﬁatﬁé%odulate 214

Appl i cation 218 process produces

pfacﬁs%q(ﬁ@r% m. ﬂ%@aﬁinéﬁlgw@pn@d anek dhee & askiah| Bacsived Sample

Hyp%@tbibrr@;:‘ gol ° % are t en rru‘zt&gfée?&ég %mt ogebﬁérsmn 234 then
produces 2 IRackst PranemitrEawiples! Estimates 182t usinge tha Pdaket Transmit

SymB8f B <& 1 1528 h& Packet Transmit Samples Estimate 132 and Time
Domain Channel Estimate 130 for each antenna are then linearly convolved via

.the Convolve 236 process to produce the Time Domain Applied Received

Samples Estimates 120 for each antenna.
Frequency Domain Channel Application (FDCA)
The Frequency Domain Channel Application 218 process is further

" expanded in Figure 17. The Frequency Domain Channe! Estimator 238 produces

a Frequency Domain Channel Estimate 134 for each antenna using the Packet
Transmit Symbol Estimates 119 from the OFDM Soft/Hard Decode and Re-
modulate 214 process and the Packet Received Sample Hypothésis 110 for each
antenna. The Packet Transmit Symbol Estimates 119 are then multiplied, one
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these processes is described in further detail bel ow

Ti me Domai n Channel Application (TDCA) The Ti ne Donai n
w@b@snoel128ppl i cati on 216 process is further experdeehon01036

Figure 16. The Tine Domai n Channel Estimator 232

produces a Tinme Domai n Channel Estinmate 130 for each

recei ve antenna using the Pagget Transmt Synbol

Estimates 119 fromthe OFDM 3o0ft/ Hard Decode and

Re- nmodul ate 214 process..(see Figure 14 and F|

‘OF%A@YW‘F@&(SW%%WQEFSE%T‘%Y afeGhanneh %v"%*&ch?‘* via the

Multgﬂ%?lfﬁ’ grbrlﬂ%ag rkt(;B?B G cd Thél PEc@l”R%’cﬂu\PéH ﬁlﬂbﬁ? Estimates 136.

nsmt Sanples. Esti nat usi ng .
The t Racket kBec@ivads rﬁynwphbﬁstumesmu 36 a9 then cranwted into the

Froal RS bR ore KBS RBoRF A S TBEEEBISRAS 22 wsing e

Frecﬁ_@nv;g'r/@.q'lmga ptdtiodesoP84) ve 236 process to produce t he -
Domai n pli.ed Received Sa nat for
T-meaErews@ﬁwAgmaéa&hapn'eimﬁ @tﬁm f&ifﬂewis

( FRefrritef 5 Qﬂﬁﬁr@‘%'ﬁaggeCﬂﬂﬂﬂiﬁﬁéxaﬁﬁ@?@%rb@@s@]tﬁkes the Time

process I's urt er—expanded in Frgure 1

- Donmair dabaopebdnpliedoReeivedSamples Extinalecod26cend the Frequency

Do 145553 BP0 BRSNS EXFAR 122 A0 RadBRces o

togetiher tGF;E?Md&mEt a H'kybdldjdemdlésaektlet I&mﬂeﬂﬁanﬂﬂé% ﬁfmmate 1h 14.
an e Packet Recei a sis 11 or -
SnOEDH " Hadialies, sherear SUSHbSs RODBRarUsed Sgn adgis second
embbﬁﬁﬁeﬁ’d'édrﬁrntﬁﬁiy %QQWW%reﬁk td dorfBat P ultibgath lnterference
s

Frequency Domai n Channel mate 134 via the Miultip

Alsop glnenfoy tisee dispprsien charpstenistins toffeeil treea reglmaehanney and band
|Imltilfl§t 'f'ﬁ@rses arle thRc kRt th%et‘iﬁg‘f@ﬁiin% o n;iclifﬁil?é New Packet

en converted Into
Rece]vadnsan'tmes&stmetean\ﬂdd NempPe&kEhRenﬂmedﬁamleg Estimate 114

comb SR8 E e G el e Jont] Ko (RN RORYthe Frequency
Donfn gg?saﬁ?em O)prﬁg&[nﬁlfe&[)l\ée?m Shém an tEgd,iAmﬁtr@ gdzgice)c eT[?/% d remaining
SamB[ﬁﬁpl%§1%ﬂ¢Wa+%°@oRﬁﬁa'Vﬁﬁesﬁﬁmi%%c%"%’%u  4caenFaiten from the
Tlmé‘pBlo'rﬁ‘é%n ?ﬁéﬁﬁ@l KPS ﬁébe %ﬁp‘i’é@ EEhﬁ‘ieﬂeedgg in this

hem toget her to produce a Packet Receiv

' embedrmeettrme gamples congmine thﬁjgy@ltq preficanddal omtians of the New

PackO8ECHREH $anfdibs EBERAAR 114,

An example of multiplexer mapping is shown in Figure 18.
Preferred Area of Application

The preferred areas of application for the second embodiment of the
present invention are OFDM receivers that may be used with IEEE 802.11a, [EEE
802.11g, IEEE 802.16 and HiperL,AN Wireless Local Area Network (WLAN)
standards. However, the invention disclosed is useable in any packed based

-OFDM communications system as would be understood by the person skilled in

the art. .

With reference to figures 19 to 23 a third ‘embodiment is described which
stems from the realization that reducing the distortions in one or more of the raw
signals arriving at a receiver used to provide a decision statistic leads to an
overall improvement in the decision statistic itself. Furthermore, appropriate
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enbodi ment, conmonly enploy a cyclic prefix to conbat

multi-path interference. Al so, due to tine dispersion
w@eb@sacties i stics of both the radi o channel andP@EAU2004/001036

limting filters, there are tails at the beginning and

end of the New Packet Received Sanples Estimte 114.

New Packet Received Sanpl es E timate 114 correspondi ng

to the OFDM portion of the s gnal are taken fromthe

Frequency Donai n annel i ed Received Sanples .
seleghion faf, e, TDSANREOF SRANFINAL Tiar AIOTIPTHJSREY g Eore reliable
114 are taken fromthe Tlme
dete%?ﬁéﬂ/&gﬁ?ﬁggkg E‘P} Sﬁ.ﬁgcel ved Sanples Estimate 12
| nin loine aspeck thmthltdr@@dbwmféspr@afiﬁﬂﬁ aemetiaod \and @pparafus for

comBbAuRE Bkl SBiolt SAoMHIEERFHCAoBRER ¥5evnahoniaing

pack@t@l@rﬂﬂmgsaﬁéwﬁeiv@rBogmpsmrﬁg Preferred Area of
Application Th referred reas of application for the
seé%?ﬁ!"@%dﬁ?&?ﬁ iUt §{@Nak esent i nvention are OFDM

SRR I 3ol g Lokttt

A
Nepmc&s( nuAh)a inpar candi cormedmtiane signals sushe Hratoat least one of the

inou st e 15 5GDMEr Sl aPERRERARGTS God by ¢ he

peidetermining er detigion statlsthVchoafﬂnmragca power geergponent of the
19 to. 23 a third,enbodi i s described

progassieek RETBLAHAS ISOR. WYL 5 SN gomDAAEy Bf (B Efgpssed mput.

srgn%!‘e or nore of the raw signals arriving at a receiver
used to prowdeadecrslon statlstlg{eias diti f
ovdlafninatens eeinteln time giverybyia ipsade A)igeg threghpld condition o

the Eagfsﬂﬁ{ t%hc%é%&b%@é@@t Cfﬁﬂval‘tnﬁr'ée means of

uci ng ese distortion to a nore reliable
detTd'renprat:eeamg‘ ofask deasgtr oheaof ttheeinput and eepelation 3'9"3'3 is

perffoglne n%? tha \&e%tg{f gﬁltgr g;%&gwgaacﬁgﬂgm 1 alf\'ﬁd{ﬁse response,

a roof rapeld @dsiﬁéfﬁlfﬁm@ Elanﬂmmﬂﬁﬂmafmraryarigammmg window filter, or a
recei ver conpr.isi rec | ac

compipge mrﬂﬁwgg/régmrgug , Wﬁ\ gﬂego i‘s‘&on egnﬁgéd threshold

conaﬂﬂhetmb?pﬁ% %r@%f tﬁéoﬁééfsrd}ﬂ $BGstie péfoﬁiﬁg the predetermined

relation signals such that at |east one of
threishpld  oF gimal maximure efr rthatd&mS@ﬂgrﬁﬁt'ﬁ?% quCtUé'f‘%% above the

predetermined threshold. The determination of the correlation srgnal may be

performed every Kth sample of a sampled packet input signal, where K is an
integer greater than or equal to 1. The third embodiment of the present invention
is described in more detail below.
Power averaging mask for FFT window synchronisation

Synchronisation of packets transmitted, especially over wireless media, is
ordinarily achieved by employing a preamble comprised of several repetitions of

the same signal and correlating the received signal with a delayed version of

itself. The delay may be chosen to equal the duration of the repeated signai
cemponent defining the preamble. The output power of this correlation process is
then usually normalised against the average power in the received signal. The
point at which the nornialised correlator output exceeds a threshold is selected as
the packet arrival time. This technique has a number of deficiencies. For
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determ ning a decision statistic by conbining a power

conponent of the processed correlation signal with a
w@oasniaesrponent of the processed i nput signal PCT/AU2004/001036

nom nate a point in tinme given by a predetermn ned

threshol d condition of the decision statistic as a

recei ved packet arrival time.gqfhe processing.of at

| east one of the input and correlation signals is

 exaBARCRTR DU SSRIE F ISt b GBRAB uputs anc

thug irmagrintraddaeniargen erow miardging, ira thiengerInvhatew of data packet

s 6 gy AR AT ot s St & e
acclifte dgstepmiatid tdfSairfval rti?ﬁé ' 6’!9 al 850 F]) SEREE rTHSQ synchronisation

threshold or a maxi num of decision stati
errose cinay; e J@@‘u@eﬁh@qﬂ,ea@neemmﬂyt bpackebllossThates are reduced.

Speggﬁ:?ﬂ?“ rrg? g@%{;ﬁp?ﬁ&%&s %Olf ﬁlﬁeiﬂéﬁ%ﬁ@c%x%ﬁ@ él?otemrﬁ the correlator

outputy rpfior Me}:rmﬂ#rs bemngictalematecgr ttigrebyt im;ﬂrdvt‘ nQCth@l quality of the
invention is

statfitie W5 o1 RafBPE SuBRA e, "Piads avaienge ey due o te

noisbosuphpreseiord propeity enidsatilien. SyRe WHYYS f A8 IfH ar fiter may be
opu#@ﬁke s transnitted, especially over wreless ne

Braesignen, againgt, the tﬁhaéﬁ@tasgﬁtlﬁg of gheapteamble and the radio
cham%lprAﬁ%Q(a‘Pﬁ I%GWSHH bbeap?ébtt {:s eﬂ?@lng)ésag%nmgmammmg

and correlatin e recelve
windaw dilten. @netmaferremrmmuamenhpf hee dhwanstion ds elueajse of a centre

welgil-ﬂéd dér{é%%ggnﬂi’élrh &%%ﬁ@%&%& n%ﬁﬁgé%gﬁesg ggpflca%on to the

corr@latm'eeutpwtsi hEhisufiltal bﬁamyﬁial‘éeéc@m@t@%céﬁﬁn%ﬁ@ﬁme of the
The point at_which t

5 the recei veg nal
P °'%’3ﬁ¥ﬁ}’? hoisraeligvepleaiisvise sae dasan eiampl emp@mentaﬂon It
is alsel pmmhws tbhes & aplee mankiriural céﬂrgi%tlo-ﬁhgédeﬁ"c c‘BJga threshold is

ha nunber of deficiencies. Forexa
exCH $ \thexgesision moist gathar tharbthe Hémeoat eWIalcbr the correlation

Powet IR CFodees 21\ TaSfid, CThaR b @iattin, 16 Bt Wl E@anife that this

- methaeh disrprotentiahmpplitaitiond ite chms ecbmbiwticatsn tpstenioihat - uses a

ropeBifY g anfi oF HRRkeR PuBbnBieatRin | THe e Preishs decognised tht
‘r‘lterarmhe widelgquest!| in g@n@@l appfisaticiardl $haL I S&ynchronisation of

eC|f|EalI8%/ the hod uses a linear filterin
Packggﬁ Sipeatedeas diitaring puhiemat Secartipglys the laventor proposes

to uﬁ@%wS cbﬁ'e‘l‘éko?%&ﬂﬂﬁé% of PRéBPed FREPHPEL ! MPndUHd 1f a centre

we|ghted (or other) filter on the correlator outputs prior to power calculation is
used as a measure of the arrival timing of a packet. Threshold testing of the
normalised power of the received signal correlated with a delayed version of itself
is also contemplated. The deléy is equal to the répetition size of the preamble.
The normalisation is achieved by dividing by the sliding window averaged power
of the received signal. In this third embodlment it is particularly advantageous to
provide a receiver with the following functions:

Filtering of raw correlator outputs; :

Centre weighted averaged fi lter preferably a tnangular filter which has an
efficient implementation;
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statistic used for packet synchronisation. This is
achieved primarily due to the noi se suppression
w@e@pertices of the filter. The shape of the | i PEBRAU2004/001036
filter may be optimally designed agai nst the
characteristics of the preanble and the radi o channel . -
An exanple would be a root raised cosine filter, or a
Hanpi ng/ Hamm ng wi ndow fi | t eP2 One preferred .
enbodi nent of the invention is the use of a centre
weildis adove allayes farlhasingia deeisian poind|car thenmaximum of correlator

oot AR B B v BB EU BBHPbaracigreaton o

packét ttivaingac ket aarord vphckétantraasnrdimenabbssmmmlm andThe third
an,efficient ,inplenentation is al so

Siment Py RARNE o FPerNer deohaviony B daelt e frgsmissions
wheké a%é?@ﬁﬁﬁ'e Fodsled i dol F%yéd)'wtdé@rﬁﬂie packdth@ata timing and

tine a h the correl a ower first crosses . a
allowinge S| adaptives dlgsigie 1 ot &iter rfoms againsii the r statighics eof the radio
chaﬁﬂi@lt this nmethod has potential application to any
conmmuni cati on systemthat uses a repetitive preanble
Field of pApplieatiomchr oni sation. The inventor has
niged,that filter wi dely used in genera
LAt SRoRiENt SoCyMIRaY Y SBPIoh dF pacieRt to point
comimyniBatibhe irdwhera tFandrissithd b IrABte ARGt Reveform structure
t he i nvent or proEoses to use raw correl ator outputs as

that hag & dreainblel pk(a ipgstieularnlypgse Spesifically theweregmble may be
formicdf @ﬁ r Hcﬁ'é étﬁ%r&ob'feé aﬁﬁéeoéi ?f S P ﬁéofuﬁrﬂllonal device

powe ation used as a neasu
embodying) thue teclm@lbgy pr@ferablwl'esidestm nged:fastehand receiver processor

e 8 BB BRIl A pF SIS 1 36588 5B, AN Brapociment

the ekxemiiargyform efiaatirdlessmodenet Qolamsﬁbm inffigdre 19, The relative

e_nornalisatjon i s achi eye dividin
logid OGRS RIS b FoBBIRE: Rt 1§ NGBl dgite 19 s the
“Basgbdil Rxtn this third enbodinment it is particularly
advant ageous to provide a receiver with the follow ng
f ult Meres detail, tiapaskeb based comnunicstions isystemsabet timing of the

a5 G e el BESHE Madr 100790860,y tming 1
detesairined thie mlionsnes of ﬂmr@namrml(@mlmﬂy& Oatarbeanng) @ortions of the
packElL LRI ARindS oG e INbueded Sy 6 Chagegt stuoture

Therdfota g ithout sektratacksteriimation of i pherst iimef pask&sifors may be
rise'a receiver

third enbodi ment, nay conp
PreV?Efﬂnvownmn &MHUGaETHPIQ%iﬁ to trgnsmih ar preamble at the start
of tHeePQEkéﬂ ﬁ‘ﬁn@hﬁéﬁeheth'a’ﬁ HiPh %{fé%lélostﬂ?éﬂ'@déﬁnﬂﬁﬁbebﬁiclent arrival

timng

- time determmatlon at the receiver 190. This structure requires the repetition of a

short signal several times in the preamble. The structure of a typical packet is
shown in fi igure 20 where the Sync Word (SW) is repeated several times at the.

_ beginmng of the transmission.

The' conventional time synchronisation technique correlates the received
signal with a delayed version of itself. This delay may be set to the length of the
Sync Word and the correlation length may be set to the number of SW repetitions
(L) minus one. This correlation is implemented every sample (or eve'ry K
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allowi ng for adaptive design of filter form agai nst
the statistics of the radio channel. Field of
wa\ppbkiocats on The third enbodi nent technol ogy ap@l/aE2008001036
a point to point comrunications |ink where
transm ssions are nmade using a waveform structure that
has a preanble of a particular type. Specifically the
preanbl e nay be formed by on€@2or nore repetitions of a
base signal. The functional device enbodying the
sampbcwhelregy ipserallaboy 4).e df the received sampleaaquenes vedrnr, i My,

rez, 1 SHTRE e Sopntr MERB G ARETRT i ne cRempl ary
form okv@g-oM rel ess nodem 190 as shown in figure 19.

The; rFel ifye+;{rogi cal location of the baseband receiver
Rx is skh8wn in figure 19 as the Baseband Rx". In nore

deffid | e t '

ti?ﬁﬂtr#g %‘#m? gagrhva a gacket 'S de erm%gl Eftthﬁ obser-ved
sequanost ver 190. Once thls timng is determ ned the

al i gnngpt._,pf the remaining (typically data bearing)

pot i-onS7ef,, t he packet may be determ ned using a-prior

know ed 6f’ t he packet structure. Therefore w thout

accurate determ nation of the packet tine packet

. er tofarmey deeision sidtistic |of| tofmdine atrivel dime diip| chasen when this

is to transnmt a preamble at the start of the packet

metria erceeds iaothresholdnas a special structure permtting

o Sl ko, Yk, SRR BT b BredC i ipe rocoivec

seqtﬁéuﬂiéﬂ rfsfs/ehhhpliﬂeﬁ%b nthée snueﬁﬁbl EproEbesstar:Ltt misgy otause the
pi ca i's shown in re

svnqmpélsew feﬁ\m ttEOP'%\fE?dPC‘PgﬁﬁE agiva H@nsegpiﬂﬁh%r than waiting

for tRE §tEﬂsﬁé QG%Fb§§'é3ﬂ1re§H8Id3 Qﬁéeéleﬂﬂﬁh raYebe adjusted to select the
synchroni sation techni que correlates the received

maxghgnastaﬂsth: by including 8 smaalbanpunt; efedecisinon delay. af his maximum

is cﬁ@#@efgéﬁ{ th séhgﬁlt%@% hat%v% rifﬂos ﬁ}%s\%irgg apd frﬁ@@\per of statistics

I'on Teng y be he nunber " o
crossa'rgealgwmshr(ds)'now isishowe. inTlgwe@t.rel ation is

ed every sanple (or every K hsanple where K
Pfe‘!egp%m th Qg 4). If the received sanpl e sequence is

w thM raethocu dedoi@ingt & 1RBI fiFRIMbedirRuht Jf ﬂidl”'m\ientlon the
*k This correlation value is conpared
mvemqnqexﬁ@lq@om piefile, oF Jhecpyiqeorrelation of the preamble in order o .

mitigate the negative effects of noise of the time synchronisation performance.
This may be achieved by filtering the sequences p;, and o; by a centre weighted

low pass filter. Note that this filter is applied prior to the subsequent squaring of
the sequences for decision statistic generation. Any noise presence will be better
suppressed by filtering prior to squaring. The filter may be designed against the
autocorrelation properties of the preamble but in a preferred embodied a triangle
filter is employed.

A ftriangle filter has an impulse response that is triangular in nature,
specifically the coefficients (taps) of the (discrete time) filter are

N
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sequence Mto forma decision statistic |pf|/ . The
arrival tinme / is chosen when this netric exceeds a
wo boossiabgl. The inventor has identified that aPgT/AUL®e/001036
present in the received sequence is anplified by the
squaring process and may cause the synchroni sation
technique to pick the incorrect arrival tine. Rather
than waiting for the statistPd to cross a threshol d,
the algorithmmay be adjusted to sel ect the maxi num
st asi stiownbin ifiguired22g df ghal filterndescribéd daboveé ois applred o the
del ay. This maxi mumis chosen fromthose stati st

- undefhdng seruenras ke dand quidBenA typigal sepuld Wa@'s PR% shown in
* ngufl A BRcken Bt o e o SR5 B e Bog bbrted from.

the éb?lubéﬂtﬁmdfolhet fiRet, ¥iRBEROI i HWI dl6séh o thel MaXiwiunt s seen by
ocorrel ati on of 'the preanble in order to mti

inspegtion &j figure 4%+ cthe eﬁecﬁ@,f dbe sroise has aiso been r%duced therefore
enh@ﬁ{i@rmhsl?ﬁeﬂ{éﬁﬁﬂrﬁrdmf‘ﬁﬁ'egﬁafdsg ﬁ%nt %\ r%\eﬁ%g b?‘lae preferred

rmn sequences

methowip s apprly thee filthiote burlavawrsemjena&ar Qamapta thm metric using the
terBi, Bohah b SHAFE R S5 AR, o el SBIBEC TnlCls bove the

thre$ifoliet ieivaiitageoasks Pymbrd bebunﬂepé rwhrb@ugéﬂtar igficarrival tlme is
The fi I%er nay be esi gned gal nst the autocorrel ati on

achigyeg & Tikering afHBepramsiBle ouputand BoverNEasuryaNLBrocessing
prioPtd He%"%lbﬁ dtaikBe dénéﬁﬁbﬁ}’%mgb‘at Méi!?ﬁ'hﬁnfééér%h WRAIn a window

an | se response that 1Is trlangu ar I n nature,

defmbwfa Hueshol endbefdeml@ntaiamt@?) of the (discrete
g matnd i SR et e 4 nertrs e

bacmmumm erurber andpacRett deocodingyfailunds rmalyl bevrsrglmf damtly reduced. -
re.23. It_can be, se

Apat ot ierdving 306 pHasion oF fesayatingc i MB%E PeYiaRd #s has flow on

effecRAb et AeRverk Uddrsfdihtebotls indtRork cohtraPanel skl Tﬂé@kets are now
t he _maxi num as seen by inspection of figure 23.

mOTQFPE%P'YdBCPN@r%l se has aI so been reduced therefore

i thr
tec nﬁqﬁ%%%ett%?e rret ﬁgdgrf?{i‘g’l appPgatﬁhgﬁt of the present
invehtibnde desdrined mwhnﬁqﬂmselsrironmfﬁered stensfrom ¢he sealization that

receth?e?r sensitivity may be improved by improving channel estimates using

~ symbol estimates from the encoded portion of a packet and iteratively updating

these channel estimates based on recently received ‘data symbol channel
estimates. A further aspect of the fourth embodiment resides in transforming
each received data symbol to the frequency domain to enable the release of time
smoothed channel estimates for improved decoding.

Advantageously, in the fourth embodiment, each OFDM symbol may be
decoded more than once by obtaining a channel estimate for Symbol n, decoding
symbol n, updating the channel estimate for symbol n, updating the channel
estimate for sy‘mbol n-1 (by time domain smoothing from the new channel
estimate for symbol n), decoding symbol n-1, updating channel estimate n-1.



10

15

20

25

30

filtered sequence and to use the maxi num of the

statistic that is above the threshol d. Advantageously,
wa@20s/e11aecur at e synchroni sation of arrival tiPEI/AF2004/001036

achieved by filtering of the correl ator output and

power neasurenent processing prior to decision

statistic generation; using a nmaxi numsearch within a

wi ndow defined by a thresholﬁ5on t he deci si on

statistic. By accurately estimating the arrival tine

ofInt aecqmamlel withaa dourtlr embodimeat plae lpresent inventidre provides a

ottt L Sy of Sra b Gine ard A8 1 Yo prgiet based

cominimicktion spteptéohipisings flow on effects to the
net work users since both network control and dat

be@Xot s Iniielizing ayshannel PEGMALP FefEnse bagedk on an initial channel
estm‘ift@edéﬂfé’d B W&W&fg&%escr@bafr@b‘b th enmbodi nment  of

resent I nvention | fh which the
SdD)Jt i onpdetingethe channel @stimmater taference dasddthon a packet data

symic ihafihel Hiirbe i, A¥agie oFRBHTRL e’ PRt En o previous

receivedaikste gymbblsj of a packet and iteratively updati ng

t hese channel based recently recei
e oy FOOPS UG SHeP BYEY i SRVl R SHRIUIS FAGKES data symbols.
f OPhé methayl gfﬁférabﬁﬁ cHRforides! éﬂﬁ‘@?’fﬁ& %a‘?ﬁ‘ﬁe‘i‘ estimate reference

recei ved data synbol” to the frequ domain to enabl e
in at gbaneekLafirpate | detas hasened mrrmel\mu mathes method preferably

combfBSE BangRARtha0 sl BACKEEAUE) Yool MK Betimates to the

frequiermoy dpnedina prion gtoa Lmhialhngl thststmdcb dhanr®l néslimate reference to

provlES 8 i YRR uR BRBNEP Aol ARG T o aio
prefdrablyt comphivay fors &ﬁ@h@dt&bédtmﬁttrb%ewéd @@Mmeol within step b),
estimate for sy decodi ng. synbol n-

pinolfinantls aPRabE Semokialing, THIZtRon and Jupdaing e channel
estinRAERPicd WRpRHETERhk S9! PEPEBKYRY.2 oL hod and

system o time varyin anne packet
bakethecourrent etaw(mf thﬁaﬂnhtghmmmlltygmgh)bamdwmhitnagnission of

o RRLB 84 B BT BB o hifiuos or motnocs

to trgckagt@ ¢imbé) vag;lna.gh naturbeof:ithenﬁd@smaﬁnhel raf@riencgffect on the
ased, on a, packet data_s chan estinate i

tran%@tg@i slgngl &n ‘}c()f St‘f‘i@"%ﬁ?f" nt' NiiSe rela e%l@@lséfﬁg'?‘écfé’ir Jugh mobility

trang#dissicty 80Bpdit only low data rates. In this fourth embodiment, a receiver

. technique that exploits OFDM signal structures is disclosed and the fact that

these OFDM signals are error control coded. Thus high mobility, high bandwidth
data transmission is permitted. Additionally, the technique also benefits fixed
communication radio netWorks. by improving receiver sensitivity. Specifically, the

fourth embodiment has been achieved by developing an algorithm that permits

the reliable decoding of OFDM modulated packets of information that have been
distorted by a rapidly varying radio channel, but without the need for
compromising data rate by the excessive use of pilot or training signals.

- In a preferred aspect of the fourth embodiment of the invention, an

-algorithm has been devised that may operate on a per OFDM symbol basis in

order to avoid increased decoding latency and complexity. Coirespondingly, in
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C) repeating step b) at the arrival of subsequent
packet data synbols. The nethod preferably conprises
wa@t@siong2g he channel estimate reference in a chernABk004/001036
estimte data base at the receiver. The nethod
preferably conprises transform ng the packet data
synbol channel estimates to the frequency donain prior
. to updating the stored chanrs§ estimate reference to
provide a tinme snoot hed channel estimate reference.

this Jrh@oﬂﬁ‘héﬁﬂ tAté® spétﬁtﬁfsa@#a/explﬁﬁwsm fieiquery domain statistics of
uent recei ved data sggn‘gm W .t hin ste

the ng}SbPhﬁﬂﬁg b dhe @E@Mfssae te tinge qﬁmafra##&twgnaf the radio

| chankilJIr taﬁiw r88s tb?[ﬂ?l Eg@{bd;ﬂ; A& hé etf)ﬁ?@ﬁi‘@s it Balche decoded OFDM

er ste I ng current state of
symhdle Theseh stﬁtlaimlsl are yzsladgto tﬁﬂﬁlmfet the radigricharnel grom OFDM

eyt 8L BB oo AL 5 QBERY ol o Y channet anc

datavﬁéumﬂgaélaéw atéhelfmladge cbnrespb?dmy isysnboOF aard oemme small
the transmtte nal an its waveform
number of \orexiaus &V"H?‘gﬁ nbithist WWS%Q‘%QE&@pMOﬁ s decoded

~ mordiHah bﬂﬁ’e%&ﬁ éﬁhﬁﬁr%\!rébl bhbﬁnépééﬁﬁma%%rﬂﬁme Prediction of the

recel ver tec OFDM si
radics thaonet émmstha seceived agaat Badf &aowtme tafethe (BI@M“b'e of the

packt L, 8 VS0 Y r6RdEE, TFM B ubb o satits of

the vutiot cloamhely, Rheill dJﬂlmWﬁmtat(scthbseeprastldedau the art that this -

embSdiapRt bRpHS et peBlYe wecoriy s OROM b, Mrpidly varving

radid® R[VirdRIENEI  brhasVie! sférs ObeRefilsOM itehfist bﬁfsdehg increased
the reliabl e decodi ng of OFDM npdul at ed packe

mobnhnf 8t mreaﬁe@lh%ne%a@leefﬁgmcaﬁset Hraghjeygs dh @Wt increasing the
impldAlehtaion & @a R f@r IaEéHcWWHﬁ’é‘%n%ﬁaﬂ%%sﬁP‘inc;reasmg receiver

comprom si ng he excessive use oOf g :
sensitivity: ai ni ugssregmﬁs ntmasa Retentialr il bathebighofmenility and in fixed

| wnrelfgggﬁ{eg\@(ﬂ?gom @étg%éfr ﬁ’t@@t %ﬁ Aﬁngggc@%e {ngg’tﬁfjssembodlment

mayh@élaﬁnplﬁdomi@nyt widy cua:hd rmidlﬂaﬂdn dechricque lthalesharwa common

underivikg chadialr B1adel SRIAT 1q ke rhiaerRdy Sidlent B65ve. Some
exarﬁb%% é"é %&@Oéd&i%ﬁ’ 6@“rﬁuﬁlwé‘ﬁ*§éeﬁb éh&rﬁ%@\ﬂ §iNRRarrier OFDM or

domain statistics of the radio channel
multacan’&'@MAsynbol s and; the outconmes of each decoded

esd | St Al estimate the
RSBy Rl BRI R ot e
new OF Divtermtibe! cleanrielesnd lita hestineatiom dvidetebye thé rinitial estimates
are updated for tge Qorrdea?g gecﬁ’ec nbol and some

smal | are improved using nlques |
. Frequency domain smoothing stored across OFDM  symbols
enabling release of time smoothed channel estimates for improved
. decoding. '
. ,D.ecoder outcomes derive channel esﬁma'tes stored in “CEDB”

'(channel estimate data base) described in more detail, below.

) Prediction of channel from CEDB to start up OFDM symbol loop
based processing.

L Consequent low latency, high bandwidth hlgh moblllty data.
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nunber of previous synbols. In this manner each OFDM

synbol is decoded nore than once with an inproved
w@eb@snelizesti mat e each tinme. Prediction of theP€EHAU2004/001036

channel fromthe received signal and know edge of the

preanbl e of the packet is deployed to initialise the

process. That prediction uses the statistics of the

radio channel. It will be e®@ent to those practiced

in the art that this enbodi nent permts the effective

ddnothis gfoairttObivbpdirkent d rbassbiaridy digitali receiver dechnology that

* enanlZ s R, FRSEalin ! i, 505 T s B B, robie cvie

traveﬁfrfq GteRRIHeSspddd ashiirerisdd)l sSAWbties uperfforrmansenanalysis is also
I npl enmentati on conplexity, or latency, while
presentedl t aneously i ncreasing receiver sensitivity. In
. ' it has potential in both high nmobility
le&aﬁgi\lﬂrﬁ |xtg%lnvm rel ess networks. Those practiced in the
arThisi tdchredogy i agplidsatot ai poistiiodpaintt comynwaicaiipnselink where

o e, RS VB o, G Aty Bivion Mt
(OFONVASS @ Rfepah @dideRNOFTIM teandrissicheare formasd byhe

addition of nultiple receiv tennas, nulti-carr '
OFbM or ToRWard. eEpF CaTechion. &égbﬁn&gdm| ger; fBe; (I PM) symbol
embodi MaRa i thihiormdtRibityapehannel and dat a

estimation ereby the initial estimates are inproved

us2ng deoaventiedat @fiMgnedulatidnequency domai n ‘

o7 POk oS ShRliad S7an e EROBL MMl AR 0 HB6E e or the

codinlg andiyn gontiflasoderossumoltipte (@FDM symbots bedt pert@EDM symbol
deco@ést@gor ﬁgﬁéaiquﬁsnmL@CEDB Qﬁ%@%&laﬁ@.g _ teeﬁdcgefj?%f ?\aﬁ)eaﬁploit the coding on

the ORBM YyniBAgHETABrode petfdrmande-DM symbol | oop based
procesSing. Consequent |ow | atenc hi bandw dt h

; h J :
hi &8 wat [they thitda embediments uthen féheionakeewice embodying the
Y A :
tech@@@%@ﬁe@rﬂbﬁ nq'éﬁc!% "tﬁr 6@@8@ tS’éJrYdtltéﬁfela Sti:#r%&e‘s,QSr RX of a

ve Tecepti a rate sign roma L
recelvasi 180 ife the @xerapkry ifogmant &ivreless edodemi 199 as sthown in figure

19. | ﬁr{e&%ﬂ% rgr{gé]clgcgﬂgrli %%itﬁa ib%s%b%ﬂd%%%%re&x i& is%gvno{n ﬁgure 19

" as the “Baseband Rx".

Latency and OFDM Symbol based Processing Loops

In packet based communications systems it is important to implement the
réceiver processing with as little delay between the arrival of signals and the -
decoding of the bits contained in the sig.nal as posSibie. This is important since
the turn-around time for acknowledgements is a significant driver in the network
performance. In OFDM modulated systems this requirement typically forces the

"use of per OFDM symbol processing. That is, when a new OFDM Symbols worth

of signal amrives the Baseband Rx should release an OFDM symbols worth of

_information bits. The delay ‘betwgen the information enabling the decoding of an

OFDM Symbol and the outcomes of decoding the Symbol must be of the order of
a few OFDM Symbols duration.
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This technol ogy applies to a point to point

comruni cations |ink where transm ssions are nade usi ng
wa@owsd1@es hogonal Frequency Division Miltipl exP¢1&DR04/001036

In general, coded OFDM transm ssions are forned by 1.

forward error correction (FEC) encoding, over one

(OFDM synbol duration, the information bits, then 2.

conventi onal OFDM nodul ati on88The FEC codi ng over one

OFDM synbol nmay be bl ock coded or the ‘codi ng may

' bOFDwmhanmlaEstimaﬁmhunmnebﬂlémmﬂrmentmt per OFDM

ynbol COdI t echni ques..nust b I

B e Saa, SR HES TS G EBBbny TBsper desions
typlcbﬂy 'réﬁ’u P& he Qféébﬂﬁﬂéﬁratéfchﬁr{dbl idatimdtiorf nvsthodisriarthe baseband

the functional device enbodying the t echpol ogy

receiyesf ckhe chansgl de de ﬁstlﬁ‘@tﬁﬁéﬁk?aﬁ?au lfipg fﬁé?‘ms changlrinduced by

. motng% ééfdezgﬁﬁo&?e §irbéﬁ8 ﬁélﬁ tREY u%%émt éhannel estimate is

as s igure 1 e relative
emplogrgldcw dtiee dhe cFrE@fdectmderaaemtmal raspeict of the reseibeswin the case

of OEP flodisiac Fgbal i ERABRS! finpaly Thkedlfed inthe frequency

domt‘a‘ﬁfgﬁrﬁeléggﬂ{éei’%eﬁéat sighal hadtszblaéﬁloélw uSOllntmﬂt))EmntSymbol sized
i ver processing w as

piecene i Maglle egnyngnmag%msmnaee'a% | GhpISh st rich the signal

travéié’%ﬂ% With! i?ﬁ\eslaﬂ ﬁﬁ:lé"sﬁeeahibshﬂgh EABAghathe channel

Sl nce turn- aroun tl ne ?OI‘ acknow edgenents is a

may shgnige daring dneveceptionf ashpagkek bbid%ﬁﬁ%ﬂﬁé’ecpwquigm\mques it
s asBpEMb 2158, AESER Bl EhBREBLS 1 YBhgALbYot 6 Packat enabing
the oreavofirédtirhation|cf therdhamde! it dhalstant Gf tee namaaga baost standards
(0.0 L YL 118) SRl R MR b Sl AP or exacty

this g‘g%eng of an OFDM Synbol and the outcones of
decodi ng the Synbol nust be of the order of a few OFDM
Prefsymwbetm@bu on. OFDM Channel Est i rratl on in Mobile

Kﬂe:t@i’r%?ﬁ{gtﬁ otiNg E@cg;‘ ﬁ%rBdé"f ’p@ﬁitlonmg of the

recerver ns typicall y reqU|re t he
receazaw rswgmalcfurn@ﬁDMstm rmowuha raemndeniamttmumwmﬂ trackmg time

recel ver. The channel ti e
VI SRl o SIS by Hrorrsnianosthele Hasndeh from OFDM
Sywi!d@ﬁf b @FDM ARnBobt Mie prsferrddembiaiivment edéd radpoits the fact that
the OFDM symbol is encoded, enabling the use of decoded data as training
information for the channel estimator. The statistics of the way that the channel

~ changes with time and frequency are also exploited here.

An estimate of the channel in the frequency domain is obtained. The
inventor defines the CEDB as a Channel Estimate Data Base containing channe!
estimates for each OFDM‘symbOI. smoothed in the frequency dimension (across

. sub-carriers), but not in the time dimension. The method comprises the following

steps, as set out below, for a packet with N OFDM symbols. Steps required for
OFDM window synchronization occur prior to the processing shown here. The

inner loop (3.4) is of length, L, OFDM Symbols and enables iterative channel and

data estimation.
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enpl oyed to drive the FEC decoder, a critical aspect
of the receiver. In the case of OFDM nodul ated signal s

wo b@sohaesiel is normally nmeasured in the frequR@/)U2004/001036
domai n, after the received signal has been sliced up
into OFDM Synbol sized pieces. In nobile

~ communi cati ons systens the channel over which the
signal travels changes with $8ne and, if the vehicle
speed i s high enough, the channel nmay change _during

Reftherﬁ?égg‘“ on of a packet. In related art receiver

t eg ?'ﬁt i s assuned that t he mJItipath,fadi ng
ch

o Simate 11 S Erouiancy Dfers Heserion FIRampe, ne

1

2 paCKI?ﬁtialis% CEDB b v Préanble! EEE 802. 1 1a) a

nr |e is transmtted at the start of a packet for .

3 éxacﬁﬁy%ﬁhﬁﬁwmbﬂﬁﬁe‘twd I\/Et hod . In this

BT ok (AR Bl R P

1ieneyDemain (apply FFT)

3.2 provi d€HTESHRRMEDM Wffﬂerém Fré@uéhﬁ? offsets

\/a_[yl ha—ch loited. The
3.3 change ?wm@@nmmlbésﬂmt@ﬁgm%ﬁﬂ%ﬁymhel Br By girediption from

enmbodi @% pal so exploits the fact that the OFDM synbol
is len¢o enabling the use of decoded data as

3.4 traini lﬁ-'nglEﬁch mentrDFaMtSwnbbh@neh -¢31{.)ft or . The
34.7 .i Tnal Propiae o "B4Sig Sihe

3.4.2st| mpt ef PEQ Mecadd OFDM $Wﬁbfoll Q@U&I&Meﬂoﬂébnréléased to upper
: obtlai med} The i nventor defines the CEDB as a Channel

Estli njt e Base containing channel estimates for

AT v
3.4.2 acroiz SUE-carrl erés‘?‘. 93 ?rﬁg}dﬁﬂﬁa{nﬁi t1ne 3. nensi on.

3.4.4Thel ngt hptlpdate GEPE usingfDidiningrand Cepsscted ReORDM Symbol
£

hal

VAL e oo naonleat aaa th NN vy aol-c St aoanc
338 e 1 o] P CE RISV HeREAY S o SYedan Br] gom CEDB
f0 [Fh¢yp[ ocessi ng shown here. The 1nner Toop (3.4) 1S
of length, 1, OFDM Synhols and enables jterative

chatheI hnd data estinmation. Ref' Function 1 Estimate

b l - P 4 " i) =l D ol la)
e arfd T TyuctiLy U'T 5SS Udstu Ul TTTaifrc <2

| nTheathaengEpedictien (stefPr33antbeve) Bod FaoeratEDiannel estimate

(ste@%%%néﬂgg\%g%oﬁh ?%égﬂy{,%%r riﬂan %n%%lm%’é%%!otljﬂ%o across OFDM

- symbols in their implementation. The strength of the smoothing (across Sub-
- Carrier and OFDM Symbol dimensions) are independently controlled . by a

process not described here.
Advantageously, the fourth embodlment provides: ‘

1. lterative Channel and Data Estimation whereby the initial estimates
(resembling those that would be obtained conventionally) are improved (step 3.'4)
using data aided techniques. '

2.  Frequency Domain Smoothing stored across OFDM Symbols
enabling release of time smoothed channel estimates for improved decoding
(steps 2, 3.4.4).

3. Decoder outcomes drive channel estimates stored in CEDB (steps '
3.4.3, 3.4.4). '
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3.2 Correct Rx OFDM Synbol for Time and Frequency

of fsets 3.3 CGenerate Channel Estimate for OFDM Synbol
wo2dpg/opriesli cti on from CEDB 3.4 For Each recent PQF7BNR004/001036

Synmbol (me/t:-1:n-L) { 3.4.1 Denodul ate OFDM Synbol m

usi ng Channel Estimate 3.4.2 FEC Decode OFDM Synbol

(outcones al so rel eased to upper layer) 3.4.3 Generate

Trai ning by renodul ati ng FECeDecoder Qutcones 3.4.4

Updat e CEDB using Trai ning and Corrected Rx OFDM

Sy4‘oo| Prodictiem ef CharFm fieh CEDBR gtatreanEBM &w&w brocessing
from CEDB } } The channel prediction (step 3

(ste Q ). and generate channel estimate (step 3.4. 5

abPé?éllélfﬁrﬁ HBYY veFBSIbiBd I95R ﬁnél@?@%ﬁtd@ﬂmaﬁ;sx?@%gfes by two

DM synbols in"their 1'np errentatlo stre
Pf0°@ﬁ§9§lﬂ§6t1m91@1 pallet comylrisingyr r | er and OFDM Syrrbol

ot dos JerhefufatidtS RERRAMON G, SanGs, BetmAlion Siges (steps
3.4.&rihdd3 r@.ﬂt.4|&634.5):sandl lterati ve Channel “and Darr‘:)?'
. e |G 4 . i et in
ChBse t HECWIGrading (56 Prikd) convent | onal 1y) are
| MV RYE Proskes ﬁié%dﬁﬁ;h@%ﬁ?ﬁ%‘%ﬁnbﬁ? RNipgH DMS%SS% ls working on

Freq uencly Domai n Snoot hi'n ross OF
OF DI symial n-@. e 1 bis ofifset, musmdmamredmmm Reft3. Bﬁodeok ahead one

r‘fﬁféz decoding (steps 2, 3.4.4). 3. Decoder
e)(tréogjlf:%%sgdrl Ve channel . estimates stored in CEDB (steps

3. The, benefity obtaiReddbytuse off thambbdfiment' €EBBhhology are now

d r(% up | oop based processing (step 3.3). Parallelism
es%iga/e e exploited for inplenentation purposes by two '

m(etyses running parallel conprising. 1.
ul a i.on, npdul ation and channel estimtion stages .

gg(pgxp oiting pipelining of the FEC decoder function the most difficult
aspect of the receiver device is fully explonted while maintaining a highly adaptive
capability in terms of the propagation environment.
Sensitivity

By accurately estimaﬁng the channel, the performance of the decoder
stage may be significantly improved (fypically in excess of 1 dB increase in
receiver sensitivity). This has been found to be the case even for time-invariant
channels and is realized by exploiting data symbols for training purposes. In the
case where mobiliiy exists the ability of the receiver to track the channel in time
allows the receiver to operate effectively where conventional systems may fail. At

~ the same time, the benefits of iterative (multi-visit) estimation of the data symbols

are realized.
Latency - ‘

By employing per OFDM symbol processing and pipelining the FEC
decoder the inventor has obtained the earliest possible release of high quality
data estimates. Therefore the receiver operates withdut' increasing  latency
relative to conventional techniques. It should be noted that conventional
techniques may fail in high speed mobile conditions.Performance Analysis

In this section an example of the data and channel estimates that are
obtained using conventional, idealised and the proposed receiver processing



3.4.1, 3.4.3, 3.4.4 & 3.4.5), and 2. FEC Decodi ng
(step 3.4.2) Wile Process 1 is working on OFDM Synbol
W 200B00028S 2 is worki ng on OFDM synbol n-2. ThCBAU2004/001036

of fset requires the predictor in Rgf 3.3 to | ook ahead

one extra OFDM synbol The benefits obtained by use of

this enbodi ment’'s technol ogy sre now described. .

Conpl exity By exploiting pip@lining of the FEC decoder

function the nost difficult aspect of -the receiver
techniquieseares pfwadpdexWhel attribwies| af thee communicadiomsglinly used in the

aptiv | erns of the propagation

exa"éﬂ@@'@rﬁﬁ?] éh %P(ﬁnt? §l0M) accurately estinating the

chapner, t.ne performance of (|ne decoder [St aﬂe may - be

si gnyRBHLY y i mproved (typi claVAiHen ex¢dd@itof 17 dB

i nciease_in receiver sensitiMity) Thislhas been found

to )3&“@”'@53e even for tine i H0& i ant ¢MhiFel s and i s
rea g dataS ts—for Ty

pur )gfa@ev#ﬁggﬁh%ase wher e nn%%:qu ty exi ?gkt he

abi  NumbkrSubCariiryer to trg2k6t he charBuwbCarridrisne
al | W@@W o eoti-valy-—where

con DivhSymial Rustio, 1ai 1| 1§t t he scri'@tima, t he

ben#.bp%%p RBOR P ICPRERET T - VE8T T)_eSTI|TOEDM SYmbois

datf s§ gare real |zeg Latency By ern I‘?ovi ng ner

OF Um’t'delm:aiyng and p| b30i ni ng t HGNBEC decoder
t he H=pve obtarred—the est i—pte

rel ¢ &@%PW&GGHQFWy dat a ESU mat es. ffﬂ ef ore the
I ec¢BiRy PePSuHCarildrt hout 1 ncygasi ng | at|emigy rel ative

t o ¢onventional .techni gues. | should be noteod that
con &Ilqt(ﬁwbcﬁ@?ﬂfrﬁ%@ggnay faB2 in hi gl SpRearips | e
Conx.pq Performance ATalrys T thrs TTom an
exa the data and channgl estimatgs that are
obt iFEQ F@Jatmg conventional, | d&alised dnd the
pro T CacAmacas hrocess'““*“”bn.qubs -e—provi-eded
The iMEMRYof the comuni ERtions Iirdk used in t he
exaffl & 8Lg Snown 1n the tapl = BeT oW, Q@antity Value
Uni t

Channel Coherence | 48.0 SubCarriers

Frequency

Channel Coherence Trme G2.5 OFDM Symbols

Packet Length 640.0 lus

Doppler Frequency - 0.5 kHz

The actual radio channel (measured after FFT application in the receiver)
is shown in Figure 24. The rapid phase rotations in the Phase plot result from
FFT -window misalignment’ and residual intermediate frequency in the down-

- conversion step. These are both real-world impaifments.- The receiver estimates
both of these parameters and may be compensated for them on a symbol by
symbol basis. The resuit of this correction is shown in Figure 25. Note that this
figure represents the actual radio channel corrected by an estimated quantity and
is shown here for assessment purposes. An objective of the receiver is to
accurately estimate this corrected channel. |
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Bandw dth 16.0 MHz Carrier Fregency 5.0 GHz Nunber
SubCarriers 256 SubCarriers OFDM Synbol Duration 16 us
woEDMoBmMedol s Per Packet 38 OFDM Synbol s Mobi | BCTJAUR004/001036

Vel ocity 30 ns"1 CoherepceFrequency 3.0 MHz Bits Per
SubCarrier 2 Bits Pilot SubCarrier Spacing 32
SubCarriers Eb/No 8.0 dB FEC Rate 1/2 FEC Menory 5 er
Vecf Channel Coherence 48.0 §dbCarriers Frequency
Channel Coherence.Tine 62.5 OFDM Synbol s Packet Length

- Congéntionad Phogessingrequency 0.5 kHz The actual radio

channel red af t.er T a atlo in_th

Fc EPGuphBast RiRRSr 45 B £38R. SRADNBL P exiftated based on the
preaﬁﬂilétdrﬂvs Tlﬁetdﬁau’t’h@@tﬁcﬁbﬁtwmtﬁhilsta;ﬁpjmadﬂ:ié tHatdpe radio channel

m sal i ghment and r esi dual |nterm=:gr iate frequency,

(aftef RRITESHABY ANFlsPR iNArant apfese the hAseahowarln'cflgure 25 this is
not thERGdd BN thEle l%‘%%gh‘égé cg'ﬁésdg@g?%g@& ﬁ @#Dﬁ\ﬁ‘%?ﬁ;/t?%oi?o in some

paraneters an emon a S
of th;ay ssiprGaiiriesasi dt lsrﬁé\erefgnetexpectadsthair decoden fagures. starting at

arouff 0RO SYT S of i PReRot ML BobPan TR RRER the case as

shom&nfgme 2gd i s shown here for assessmant pur poses. An
he re elver urately estimte
P"Ef?FFl &lﬁ"e‘%{é 'Efﬁ&ﬁ Hvém%dﬂﬁﬁ Processing In

Cpﬁwatwenbw&r Haan{ah&e bﬁ%ﬁaﬁn pBaeH dyxtent isnaidwn with the

basSed on prea e on restriction wt
possilpility aﬁpﬁmﬁer failuigs faretraining symbekiggngration elrmlnated The

de rrcﬁfﬁ:bﬂﬁs %‘Faggae %@3\%@% &l Pé&ar‘d%%i hEABE- thE€Serrors in figure

own I n gure
28. Thus represents the best possible case for data aided radio channel

estimation. It is possible to compare this result with that obtained using decoder
outcomes for training in the following section. Note that the number of errors has
dramatically reduced relative to the conventional technique.

 Preferred Method

In this section the performance of the proposed method is evaluated. The
CEDB is shown in figure 29 and répresents a good estimate of the radio channel
even though smoothing across OFDM symbols has not been employed. The
smoothihg across sub-carriers is however evident. Once the smoothing across
OFDM symbols is employed a very good match to the actual radio channel is
observed, as shown in figure 28. As can be seen in figure 28 and figure 29 the
error obtained using the proposed method results in the same error pattem as the
idealised method. The error performance is vastly superior to the conventional
method as shown in figure 26. |

With reference to figures 30 to 34 a fifth embodiment is described, which
stems from the realization that receiver sensitivity may be improved by use of the -
outputs of a receiver's decoder as additional pilot or training symbols and
updating these iteratively with each symbol received for the recalculation of a
channel estimate, and frequency and time offsets as they vary throughout a
packet.
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not the case since there is a phase change at around
OFDM synbol 30 in sone of the sub-carriers. It is
wo b@seinee expected that decoder failures starPCHgui04/001036
around OFDM Synbol 30 of the packet will occur. This
is indeed the case as shown in figure 26. Preferred
Met hod (Perfect Training Synmbols) Figure 28 shows the
per formance of the proposed §§stem is showmn with the

.possi-bility of decoder failures for tralnlng ynbo
gelrecne @speict rithwa figh. emmdjmeprqyud%@r@ssyﬁenum method of

om0 3% Sk HECARE FASREE B Pk ] g e

varyinigd ethairndl 0|mbaiimi=bnts$twhalt|$ whanel i enpaismichits t:oglpnse channel
.compare this result at tal sSin gcoder

varigioh signaltrausiey: pfget Aot Abnd e s o MpRing: o
thaj thenieiBag af sef b?rél'ldiﬂﬁal dﬁﬂjmhhéat lastingdieeeBased on initial

relative to thé& conventional technique. Preferred

pilot mdwpwamblewszn‘@@és inlude iparreseivescradket he proposed

angpggpl sen?'J"Hgt goo esflgﬁa%ﬁ%? a{Fﬁ brﬁ?é)ﬁ Cc aﬁﬁé?essmg the set

of cleanemelt Mhnmmmﬂlmgtescandsth@:l@delmdm@cahate determine a set of

been e d. The snDothlng across sub-carriers is
tra"ﬂ&&eﬁ)’é‘? %\%%5}? ®nce the snoot hing across OFDM

sygpol s upding ﬂ#geﬁoﬂ@ﬁa‘nmqmﬂﬁﬁrﬁbnt estifraités thugh use of the
radi o channel 1s observed, as shown in figure 28. ‘As

detegminest sgbehsymbal @stinatgs and racqivad packet err or
oba i ne e?ééﬂﬂg §Rgrﬂag:g§1e method results-in the sane

error pattern I'Sed- met hod. The error
peln anotinercaspectithe fifthupmbiodimeot pievidesvamysteal and method of

: comﬁﬁbﬂ?%gr?@ﬁ ?Oﬁp@g'i;geé%g éﬁegggygntg&ttfrﬁéﬁoajg@ﬁ %@annel estimation in

a regdivehictreceiving rtran’imnrtmi paa(etencnbnrmnstmg:el ver

- o821 setmalinf sudre B e abased oo ol iAlicRy incidded in a

,-ecewgg)ggékargré&ﬁg[é ng these i ter atively with each
recei ved for the recal cul ati on of a channel

esz ﬁﬁt’f@c'ﬂaloﬁ re@%fued@glaaimalngéh@ersyma:,tedsfrw@n%pﬁset

th t fily di

oS0 eswg@y o8 2l RS, b, iR Eiea in e
cearblEgcket based network by estimating

t :TBS var gagnﬂng%@n%?:éqn&auetnsde rtﬁecpeaggived signhal into the -
frequency domaln such that the sample sequence includes OFDM symbols and

intervening cyclic prefixes; .

e) performing a decoding operation which comprises processing the
determined channel estimate and received packet; ‘ ) '

f) generating a transmission sémple sequence using the decoding results
and information in the received packet preamble;

g) transforming the transmission sample sequence into the ;ﬂl’equency

domain;

h) Dpdating the determined channel estimate by combining the received
sample sequence and the transmission sample sequence in the frequency
domain; '

i) repeating steps e) to h).
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vari ation, signal frequency offset and signal tine
of fset, conprising: a) initializing a set of channel
WO paionmesit esti mates based on initial pilot apdI/AU2004/001036
preanbl e synbols included in a received packet; b)
perform ng a decoder .operation which conprises
processing the set of channel inpairnent estinmates and
the received packet to deter@#ne a set of transmit
synbol estimates * . c) updating the set of channel .
| Mpparfarher espesttiee it énﬂibdimémfprbhﬂeéeé @yﬁmﬂaﬁdtmethod of
of synpol ‘esti mat ?s and receiv acket; I{J eg 4
com tg}g e r@yltl gagﬁgﬁﬁé\ehggglgg tlm%vpirylpgc annel stimation in
a re@éib@?“fé‘fefgcéﬂ/iﬁb' f}ﬁﬁsﬁrlﬁéﬁt[ﬁ&@ﬂé’ Wﬁbi’é’%éfrecelver retrieves OFDM
comuni cating ©'n access network by ti
symbelsy from cmameivmistmgmh andu transfaroes \tbe feiruewgdesymhg:ls to the

.conprising: a) estinating a
freq#é@%f%%&g‘fviﬂ?@@h%ﬁl%d on information included in a
rea)euée@ima%atmmmwltmmbig spmbexs icomprised aifveinbol estimates
Si g using (he estinmated frequency of fset; c¢)
deru@é PH i &hannel estimate using information

| Np) HeRfmiiNeld MmAtAKVMRSY Woﬂaﬁ@?@&é&veé)OFDM symbols.
“transform ng a sanple sea%uence of the received s al

A s .
i N€Db dﬁh@rmir@qaanwetmﬁdl es¢hannegstimate anptrix by multiplying the

OF M YRRSS b6 3nGAMGHAL AN LMLV IO Jnstrfl 1 ©

prefixes, formn I'ng op
codbrd@ennm@msntqméthatbammmeﬂ tediainge | weighitsretaemprising the

n ecel v, acket : ner Ii ng a transm ssi on
abscggfppy%ugegﬁ‘g\g WQ@ @B‘r ng results and .
i ngpr o | B tSmcotisint ve@bmeibnt & eddth € intBrmediate matrices

trans m ng the transm ssion sanpl e sequence into the
CompFig 6’9“'@%\?&9 Keri¥dat i ng the determined channel

o) ST U8 BhERnENodBhBle! ) Bl B8ORS cham
estlmatmhmtnxwltreﬁ'@snmtbedptwlamg weightimatriX.ur t her

aspeekt LNBthd! LosBPAfl FRR'erbAYINISS Aroidls ™D 8)%em and method
of communicating in a multiple access network by estimating offsets in a receiver
for receiving transmitted packets, comprising:

a) determine a mairix of reéeived OFDM syrnbols;

- b) determine a matrix of conjugated data symbols wherein the data
symbols comprise one or more of preamble, training and estimated symbals;

c) determine a 2 dimensional Fourier transform matrix comprised of the
received symbol matrix multiplied with the conjugated symbol matrix;

d) filter the Fourier transform matrix; - ,

e) determine time and frequency offsets by locating peak power
occurrences within the fi ltered Fourier transform.

The fifth embodiment provides reliable estimation of channel impairments.
in the related art, that is, in the theoretical rather than practical context, decoder
oufcomes are employed to assist with the estimation of channé! coefficients and
synchronisation of received signals in radio communications systems and radio
networks. The difficulties encountered with these present theoretical approaches

‘to decoder outcomes include the appropriate treatment of the uncertainty of these
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communicating in a nmultiple access network by tine
varyi ng channel estinmation in a receiver for receiving
wo e@ssnmieg ed packets, where the receiver retriPUPAUSIKDIN1036
synbols froma received signal and transforns the
retrieved synbols to the frequency domain, conprising:
a) determne a matrix of training synbols conprised of
synbol estimates derived frd®a decoder; b) deternine
a matrix of frequency domain received OFDNIsynboIs C)
decodet uttomeanin whatmydult ethervise beconventionat ehanpg! estimation

and SRR, 5eRRRY R B et RS S ling ono-
shot b?tpﬁéﬁﬁiﬂlé-t(ﬁ\lv%bhhwbstlhﬁtwm@dm5@§§oﬁ prpcessing tohen iterative
absol ute val ue of the trainjing mat ri ')A? d
process fkeadsa tomieesi ﬁfjlqmtr Anch o8 b(ﬁqq’ufﬁfleeréfﬁﬂ le estimate an
yncﬂﬁ%ﬂl?ﬁﬁén Hrrﬁé nnel {ﬁﬂ% AN#lind,| iht s @%%cﬁdl}nent the use of a

m ne mat € by dlvdln
charmaboekmadlaubanrmd estsyrmm‘oniaa’tm \t.eclmnlqu@ dhebt employ an entire

‘packer? fofl ShrAehodt biFome?, 6,2 FIbATh ¥ Risehitie) is described.

Whilé GYHEF S8R0 Ravé Bdvosktéd Hhie sprreach ifat Iuzst ihygeneral terms), in the
estimating offsets in,a receiver for recéivi

present pshadimeradhe speciimpietbodgio Wﬂ?&%PﬂPﬁE&w%'ﬂr fhe decoder

A outc@@rﬁr ugayVﬁ%dgch ngﬁfée% \Mg{ﬁi gfﬁtcﬁﬁm%\ﬁ?geggfrbm( tRé related art by

.'the featpres edeseritad nime dielpweantn dhig remhpdigngnt in estlmatlng the

e e
remaduiatad mmdemmcg??; uar":l(!a Ppiéra;?]b?;jaagdr?trmlmg mepimbols. Then
comutes thendPaquancyh fatrain st | 88oaks. frouh: i, “aining symool

SeqUEHER! aPfel oS RES fréigliehyt 88nidin WairSidneerthiy the received signal.
transform The fifth enb0odi ment praovides reliable

Thisemaynbe Gehisvash i @ItHarGMFER 6T A TTIRETILT JMgAN, §quare error

estlrﬁgﬁ{) X@r gﬂacg dee'i'hégﬁﬁ{dtfbﬁ' té@ﬁrﬂ_gpéga” Rh$Cbhitis in the decoder

I out cones t o assi st
outcbhteeadll betdispesed sianitar todhefddsecoban sntergaver and not have direct
nc r nlsatlon ogFrec |ved signals in radio

impagkiaR AieeR| reelon ahiel xpate.

Ii should be noted that the channel estimation approach of the fifth
embodiment is able to track the channel as it varies across the packet by slicing
the packet up into segments that are assumed invariant. Thus the practical
impact of this embodiment is that more reliable channel estimates provide the
opportunity for significantly improved information packet. recovery in radio
communications. :

In another aspect, the synchronisation technique, the inventor employs the
preamble and decoder outcomes to remove the effects of data modulation on the

_received signal and then applies a 2 dlmensmnal Fast Fourier Transform. By '

then executing a peak power search estimates of both the residual time and
frequency offsets are obtained. These may then be employed to enable effective
synchronisation,

. In another aspect a channel estimator has been provided., This aspect
employs the outcomes of soft FEC Decoding (e.g. SOVA) to improve ‘the quality



networks. The difficulties encountered with these
present theoretical approaches to decoder outcones
WO p@boda28 he appropriate treatnment of the unceptEHADRYW4/001036

of thesedecoder outconmes in what woul d otherw se be
conventional channel estimation and synchroni sation
techniques. In other words , the difficulty of
appl yi ng oneshot or preaaneB@nIy channel estimtion
techni ques or processing to an iterative process |eads

of theoradie chenned iestimatedse dhat tapaatingethendacedings stamtusing the new

cnarl YRR TRFBH HReRSELS: SREenr Tl Sl sty B ueoo t

generats hgofibi teainirag éwnboisqueFitwst mpiply tive eecievied OFDM Symbol -
matfy B sOTRIS o BeqSolh Faéﬁﬁgéyéb <1 g an termhediate raw
5 charﬁ%%ﬁﬁﬁé’té ”'rﬁeﬁFtEHrﬁPG’Eé é%rﬁm@?%te'n‘?«e@l%@%‘atﬁiﬁbﬁbaanung weights

present enb the specific neth ,
equaiawagte ahselute viale, rort al@scelute) ue sayaned, @ﬁdhe each of the soft

i S9EHSE, PHOEEE a8t AR A O g e basec

on dﬂémanstaﬁshest The ehanhnel igsfinidte ishtnerelgbtaireed by dividing the

i pventor fjrst L oys. the frequen omaj n_versi of ,. .
smopfhed sy ghanbel At By tisemonied, Bainnd Weldh Matrix in an
10  eleniért WiskOfzaHi®R! SThd hapaee o whie éémétrmhﬁqwmd@mw rhigh data rate
channel estimate fromthis traini n%g seguence
n

comgHNIEatANS hBeRWErEnedl domniavidants ten thesenipractigsd In the art.
Accécf‘fﬁﬁ%lye‘?o\ﬁéﬂ Eﬂckeﬁ&ﬁs Yo fn g‘ét}f SR ool bﬁ%‘mtg The method

on or m ni nmum nean square error est
‘ alsoanpreassesnthmrahalwl ﬁcaacoonunodaieqmdlymhaegmg sadlio channels and

mor FEfy kBT TR HarshsSiotbe GRPWRS, inBlasst, REodi%&r sensiivty

15 Ieadbctoa’edueedcpad{etﬂd?@s gatesrad Rﬁirea%@ rahgeS‘br)U)FtDM based systems
: channel estimtion approach of the

W'thﬂ'gli'ﬁ'ei,ﬁ‘ﬁiéfd? #% is able to track the channel as it
vamphes AbRASg %r@ﬁft‘ﬁ%t 6 Shs&d Neh't E}ﬁsp%“é‘ﬁrldiﬁlﬁ NHP the ﬁfth

segnents that™ are assunmed invariant. Thus t
embgdiental i npact of this enbodinment is that m)re

reliable M for
significantly inprope ?#&“ﬁﬁ"?gﬁbﬁ'ﬁkwpﬂégvéii in

radi o conmD&iRcat | onsmngutdlrsngnammcmct the
Synchroni tion techni aue he 1 nuvent.ar anﬁl n\/c % lre
preanbl e BCecode} F@ﬂi’%%gw&(?ré‘ﬁ%t he effectls .of
data nod '

2-

applies 2..di mensi ona?{ | OlrJrI er iransform By

then execjulfi ng a pealntp[medlateiirequeﬂcynat es of bath -
the resi duge e aR s FFT

OFDM | Orthogonal Frequency Division
| | MuHliplex

RF Radio Frequency
SOVA Soft Qutput Viterbi Algorithm

This fifth embodiment of the invention provides a suite of baseband digital
20 receiver technologies that enables the effective reception of high data rate signals
from a mobile device travelling at high speed.
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frequency offsets are obtained. These may then be
enpl oyed to enabl e effective synchronisation. In
wa@p@sherizaspect a channel estimator has been prOW/AU24/001036

Thi s aspect enploys the outcomes of soft FEC Decodi ng

(e.g. SOVA) to inprove the ‘qualityof tie radi o channel

estimate so that repeating the decoding step, using

the new channel estimte, off&rs inproved outcones.

These soft outputs are used to generate soft training
Fieldsgfhidpplicationt |y, nultiply the recei ved OFDM Synbol

rix hy the conjpgate of & he, Soft Traini P
t o isr sulfe ot ieERBRIEfeS ARpistai enicld Rapiogifihieations tink
wherBOfiitisPnigsiond ke nidde nesingt eodedr iOrtiebgonali requency Division
weights equal to the absolute v k »,0r absol ute va%ue db
Multiplexa(QGDMY.  Assatedphave, ﬁ@d%‘ffs mitmﬁnﬁm gre tormed by

Bogh ©f 1650 JRLF bBfiRefibR (FIRE) SAROIME SRmEnt ((AFDR) symbol

based on nnel “statistlc estinate 1 s
t hen obdaratésh,thednicrdiatiprt bidgs,stiweot hed raw channel

estimate by the s d traj ni ng wei ght rmtrixinén

el®tnent °QF§%“E%‘%#B%H§HB°?’H%’A‘@P' of this aspect on

h!'Fdl?enPEU idoding| Sferdaha ORDVE eymtbicaidyo e Méserdeded or the
Wi

o be evident  to those practiced in the zrt. :
coding geayi AgNtiNue cagiossaoratiple QFPM aymbglec DU nPeeQBPM symbol

coccERRI IR AFRTAAAIE! 5oy Bl o codng on
the Ql’élDMbymdhiﬂswmﬁwwe pedogmagsieons.. Li kewi se,
ecei yer, sensi Livit.
| oLiPiEaiE S i hTRIBE ekl hE bRpeRrnd HEBR AR itEbssor of 2
wireleks inbd e, VIHio todatiorpiteshowh dn figiure viongs s Buseband Rx”

.used in this description of the fifth enbodi nen APP
- IPoRRBKeLPaRPd ERMIMUTCRGR YR EmS & SHIIPPRSILE SrPlement the

receﬁ@?f%%éﬁ}gfwmf dP YR deply Hetwean! tHe Wriital of signals and the
Transform I F I nternmedi ate Friequency | FFT Inverse FFT

decodimyiohthadgits sontaingd dndhessignel as pessiblel. o hig- iRi@pertant since
the {OHEAYS06Y time for acknowledgements is a significant driver in the network
performance. In OFDM modulated systems this requirement typically forces the

use of pet OFDM symbol processing. However as signal processing capabilities

improve it is envisaged that another, more powerful option, will become available
to system designers. The more powerful technique will employ the entire

. observation in making decisions about every bit transmitted (e.g. Turbo Codes).

In current techniques only a portion of the received signal is employed to assist
with the decoding of any particular information bit. Typicaily; a local phannel
estimate may be formed using a portion of the observation and then decoding for
that portion may be executed. - The benefit of employing the observétions, to
follow, to assist with channel (or any other unknown parameter) estimation is
currently not realised due to implementation complexity and performance of

‘currently available DSP technology. Here the fifth embodiment provides

techniques that employ the entire observation to improve the channel estimation
and hence reduce decoder errors. In addition, the transmitted wayeform is often
structured to permit per OFDM symbol processing at the receiver. if this
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SOVA Soft CQutput Viterbi Algorithm This fifth

enbodi nent of the invention provides a suite of
whamslhbanads di gi tal receiver technol ogi es that eP&bAE2004/001036

the effective reception of high data rate signals from

a mobile device travelling at high speed. Field of

Application This suite of te"c|61nol ogies applies to

point to point communications $i nks where

transm ssions are made usi ng coded O thogonal
reqwemmtclﬁ eilaxed,olfame baped chaors)codiag Aechaiquas/may be applied
f ro
RREE REMVELR Batofiind® o (e Eontppittis Ik’ ©Examples of
thesi rtachniquelshare thie uset obpabkelslevbhmeﬁeavmgeahuoBmck (e.g. Turbo)
ul at i codi er one OFDM synbol ‘

OFDM
°°dﬂ&g/%m%|"8%¥ 0%5&(9&'3?%%"%89 é’ it&ont i nue across
OFDM CHirtnéFEMtinyatioh InMbbie ERYIPMriieAes decodi ng

technlques shoul d be ayai] able. The receiver may
ex phnompb@ ReagkiR CRBHNIGANoDSsigmsFahergnt ﬁ@@@ver designs require

the'%%r @g ﬁg@g@(@ew 'Ib\étlH%eElohe@&ﬂﬂ \ﬁlﬁ/ﬁ frPﬁiéjﬁaséBaf}ﬁ%cewer The

Iver processor o
chalrmebtwche estisiaded |s|a Mullipathifading chanhehirducet By relative motion

a“qoﬁﬁf@%ﬁ%{%%@%%& @%t %&W@@éﬁﬁ}%wﬁrﬁm'ﬁg ANt ? "H&%E}Ieefra@pd residual
errdret deen tbharansimitiRecbive gadics miinbien. deqtp@_ neharndlhestimate is

bits .contained . in the sigpal as possible. This is
employed, Amorg ,&ge—[ msesy 1o Avsy e %Eg degoder, a critical aspect of the

recéi%éﬁowlﬁdﬂ%‘fﬁfﬂs‘é io¥ emmngﬁ?mgiﬁcﬂféigﬁéls' ri?l'u%h@hﬁnnel is normally
~network perfornance. ate stens this
mefr\%léflﬁdr fregpienaydemains afteritbeuesebtedhsignaikibis been separated

e R, SRR SBUEY S S4Bl BPAaton ofan 1

In mobdepoumrhui;loambnsnsysﬁehis lhiee otvaraveli bebt evitichsitas &iggnal travels
The nor

ok R aal SRR RS il SSSEa. Gl boe SR ot el may

chahgérweﬁﬂﬁddﬂmtmn dfalpackede Jhis 'tt%r@lété@rlb &%ﬁhﬂ#@%xpenenced
ortion of the received si npl oyed t

at the §¥§lft diithe PWWBQ@W%@%gﬁa@Ut that, wmrm‘m at the end

of thE! pa@{é{' Wﬂény vne%géc?‘??dm%%”\lﬁé‘#ellgﬁf ag&%ﬁé@yad@?gg%f\)&dtechmques

using a port he obser
assuore tinai ﬁ@MMMpaﬁhj@@mgeMM@ldts ifivariaeh avar ible pacl{eﬁ enabling

the SRRAIEHOH 478 PGB ERRNART ealiale e, stRetHf i Pkt to decode
the entire packet. In most standards that use OFDM transmission schemes (e.g.
IEEE 802.11a) a preamble is transmitted at the start of each OFDM symbol in
order to permit estimation of the radio channel at the start of the packet;

However, the quality of the communications link may be increased by

-employing the use of data aided techniques in the estimation of the radio channel.

ln‘ this case, the result of applying the FEC decoder on the received signal
generates an estimate of the transmitted symbols which, while not absolutely

_accurate, are suitable for explontatlon as addmonal pilot symbols. Typical

examples of data aided channel estimation for OFDM are implemented in the
frequency domain and therefore suffer power losses due to discarding lof the
cyclic prefix from each received OFDM syrhbol. The discarded cyclic prefix is
theoretically useful for. channel estimation and typically accounts for 10-50
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currently not realised due to inplenentation
conpl exity and performance of currently avail abl e DSP
wo e@looliey)y. Here the fifth enbodi ment provi deRBCT/AU2004/001036
techni ques that enploy the entire observation to
i nprove the channel estimation and hence reduce
decoder errors. In addition, the transmtted waveform.
is often structured to permi t8er OFDM synbo
processing at the receiver. If thisrequirenent is
percehbméme feceived signhldreergy! &ndertgettearlmmtttmtsymbd@ determining

d to_furth f
e CBIRING, PEe% ey, AR SEIARGL S dha FRCOuPEC AP RReTay s potentialy

use‘ﬂfﬂe aéSifluSfraias b@lowemi‘ihé ééﬁh'a%h' Sthe FadibWHarirfel®nd should not
Turbo) codi ng whi ch' may offer |arge performance :

be disgarded. OFDM Channel Estimation In Mobile
Freggl\#g{%?ﬁraéﬁié{ﬂggﬂg& BstRfihfiohoMmuni-cati ons systens

esigns require the use of accurate
c hdniresjueratyi mdfsetbnaﬂMrduwde thve timprieaiseb aioivn conversxon of the
o be esti mul ti

rechSf3i5haLARE TR MHaE Aoy aFePahay ch e et R Porphenly caused

by mﬁ@ms-abiw ﬁatHi‘é pathite ardiid hﬁ@sé%ﬂrhaﬂoﬁnduée@@'w impact of
residual errors due to TransmtfReceive radio

mulﬁP@%tfeﬁlngrmm rNd gaQiBfat Mukipai) deﬁlm%r@ﬁgerswe. channels
r v
resuglg EQC {ﬁl%ﬁﬁ{ehe Pg%% Ic\?}‘eﬁm‘? tFé;%e Cas‘gfactlé&%'@l nrlf)% at_the, receiver at

diffesiegit dinees hbemade@reaangdhmewaunaamuwum of errlval of the packet.

Coi\éegrgrﬂé‘i% ﬁéﬁ@ﬁ%}%tf}SQ{@@g&"ﬁe@%i@ﬂg f08% BFE nitially made

using ﬁmzboeauﬂ:leloﬂ thé maitmplt iatalt iaintaineh ubEFngild)hswa& inserted by

thegommmttlcq?; i\ﬁéﬂgglgs c?(ﬁfkanne&cqgaﬁg) %@gﬁmlg of thl? packet

orrﬁ@lemaﬁ H‘ﬂghs%ﬂm’ﬂm freCh@nnel may change over the
durati on of a packet. is translates to the channel

expaeaMensy affset ,r@@!alfQSfoaStlnéerpaakr@r etesfgrence and a constant

| b i f t ' d
ohaSHORBR sckols | OBEY' S 3loit 8Nl 1908 ofscld SygPefl ao phase
rotartiemsu aenosscten CftiaM Ssbu@arridrat The m@htqnabbstﬂmmwat fine Inter-

roc RS R i PGB B Pl pror ater o

inifiall ftspigmsk effebt coescion. hThenphesePoffkls iMdud®Stin the received
éyr’qt ndar dégt hat use OFDM transm ssion schenes

a¥o e rcommbined sfieptenohitbeedata nwéulgg ign; transmission
acr&és Qﬁéhrag: Wﬁﬁi’?&' / r€&R[n N 1 p%r ﬁehu%ﬁ:&"&yl"l_@‘i‘ro%tsatton during

t he radi-o channel he start o
dowm@oquarswy and umremmm‘aaoi aligniiemit crfatyuebé)FDM symbols during

e WBEESE-REGOMETRSHAIRRE® |75y 51 i i gpcio chames, e

effect of the data symbols (be it preamble, pilot or unknown) on the received
signal must first be removed, thereby leaving only the effect of the radio channel
and time/frequency offsets. In the case of preambles and pilots the symbols are
known a-priori and hence their removal is possible at the receiver. Using related
art methods, the paris of the observation that are effected by data are not
available to aide in the estimation of the frequency and time offsets since the data’
symbols are not known at the receiver. The fifth embodirhent. however, employs -
data aided techniques to significantly improve the pérformance of the estimation
by making many more symbols available.to the estimation pracess.
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in this case, the result of applying the FEC decoder
on the received signal generates an estinmate of the
wo c@ssnieg ed synbol s which, while not absol ut ePgT/AU2004/001036

accurate, are suitable for exploitation as additiona

pil ot synmbols. Typical exanples of data aided channe
estimation for OFDM are inplenented in the frequency
domai n and therefore suffer p@®er |osses due to

di scarding of the cyclic prefix fromeach received

.PrWdNéﬂiodThe di scarded cyclic prefix is

thezf, etic useful for chann estinmation | :
ty o BEERod ATRBOSed Hore 18 b Hewiive bragass: Bk uss the outputs of
theSdeiwd!eleagfaﬁﬂltléhQPPlléi"ﬁyﬁrb%lbsfﬁrt feshiguIERBhSof tcpe chaRneI estimate

(?etermnln th € CcycC relxma be estimate
an eﬁh%fec wlgtl@nafgtize gequﬁrmyt aad time offsets aasthey vary across the

paéltanne fe%glvgﬁlom@ge rgiv&%%h%ﬂ;}éar g tgn e&%&g{] gﬁc g%ultlpath channel

combinedOvithe t thies fretptarmy effsgteingucdd sby the RE drlelFt @ baseband
nversi on e recel ved si

corbBARaE e 8 GRENRLH 200 ) Mok SR the time o

freqearsBchbiveRIes l&@éhéﬁnéﬁn‘ié‘@rrﬁéﬁ’@t OH thef ?ﬂrsf itéfation, the channel
estimation due to the inpact of nultipath

impaiEneats am Q%i@%ted\/uﬁﬂ%ﬁim P"@? anﬂwgreeambte §ymi?ols nominated by
theqpé\iglﬁls%lér‘? %k':hbrr‘lé‘ Pﬁﬂés'eoé&rﬁaféseéré’tnﬁaaeton{j Fi\/né %é §ifitlar execution

B‘I%? ket arriving at the recerver a
of r@qodﬂcaedsgeglara’e dbet&shttyamsrmmsymbm ebtimates. Iterations

tnofia g Ind WarRii SR AEPAAR 1 e ST Eeilon s now it

symlsmlagot aiel m‘lésilmétrérh@fﬁhékcﬂiarﬁm inspaiFmenes. UAd%hew channel
ot S}égtxol S |nserﬁ bg/ éme transmtter, throughout

tc n'(@ea aeg,) 4t §A JySeq\1o ckesrht dhef dgﬁpgepémgegenerate new

synﬁl&&lf@étirﬁatesgoa‘ his Frob8s$ ey He”rélﬁ&{éa ﬁ@me%“ﬁﬂ%?é‘ﬂs the number

of fsets manifest as inter carrier I nterference .and
of “@csﬂ%@fa%ﬁnmﬁ@ indeger areater than eqDREI By EBM.S and Ti rre

of f t
3, 5766 MBS O ho Shlifio sl hRAARHP BRbikoRE B be descrived
in tlnafcdiciwmgmm;onn‘fset estimation is required :
; nsjstent with the residual errors after an initial
Gh%‘? Lgﬁgﬁnﬂgpget .correction. The phase offsets induced
i n The mesiebde drs)Raloblfs: BYniafichhst mé&%dchannel One may

effects of the data nodul ation, transm ssi on acros

-be pged wiaep theararip chapnel ds siaié torbe tisvariaguoner the duratlon of the

pac‘kéf“a?rﬂﬁbftlélg Qﬁbgééqgé}g tﬂg%o?}‘ngra ity %ngﬁgﬂgé@%' ﬁ/ﬁgn the radio

time of nment rrbo s dur i
chappet vades wyer tbeduration of the pad!tet to estimate the

Seddéhde BRI Chdrlifel Estimation for OFDM

The sequence based channel estimator described here applies when the
channel is invariant over a packet or, any substantial fraction thereof. This
technique exploits all of the available received energy and is implemented pridr to
the OFDM symbol slicing conventionally employed in receivers for OFDM signals.
The steps executed are as follows
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effect of the data synbols (be it preanble, pilot or
unknown) on the received signal nust first be renopved,
wo b@sebnm28 eavi ng only the effect of the radi o ptiErATI04/001036

and tinme/frequency offsets. In the case of preanbles

and pilots the symbols are known a-priori and hence

their renoval is possible at the receiver. Using

rel'ated art nethods, the part&lof the observation that

are effected by data are not -avai'lable to aide in the
estimation of the frequency and tinme offsets since the

dat cvihal e ara naot  lenao A—at tho-rocol Thao-f i fth
oot Oy TTioYUTTo CAT T TIOC INTTU UV U LBLLAYS LA >A YA Vbl. LM A IFILII

Recrrbnﬁjmmonhomever enpl oys data ai ded techni ques to
sighificantly inprove the performance of the

- est| matintite PrafUenty OFSEt (5ing PiEMble aval lable to

thelestimati on rocess Pr nnnqu Met hod The net had

pr opEsstecidRecevedrSianal fon E@que@@y@ﬁsabt uses the

1
2
outpet f—t4 ' ! ' onmat—prtot—symbots—or
3 rech %ﬁp};ﬁte ‘Eﬁéﬁﬁ?ﬁggm Hggeltl mate and for the
4 rec abvﬁmms&mme sémmm:tp Breiqdenw Dbhswihs as

5,1C0Mpl %\ba@ F‘é&ét%@)ﬁéﬁmgﬁﬁ%f@y the K-

seband sion _and the tine sets

5.2caused (Bgnerate n xalSampent Seiquenice tusiBgt d)eceqermaptcomes &
conyershon aﬁ 9Eﬂ el inmpairments. On the first :
ite atlo'i?anf'l? Bthel i npai rments are estimated using

5.3t he| pill@bnaed T samble Syience I Frégl @scpDdMAaiIn

trahsm ssion schene. These estimtes. are used to drive

5.4 ho| | f|iESUNaER &hanael BY PividipgcBebamriegand  Bx Samples in Freq |

first Ithapsht synbol estimates. Iterations thereafter
uselthe transmt_synbol estinmates of -the previous.

iter }1t|on as new pilot symbols to aid in the

act nat af it bhaoachbhannal nt o Tlf\f\ ey oh ARe

parg of

o
Col Cl' U|| Ul CIre CITATITICI | II’JuT ] II\,IIL . 'I\,V\l \Jllul LI

i mﬁleq:merlt tmmlgmeearermmhmn wpegations epasrtﬁormbd in typlcal QOFDM

rooSFARLS, Sl 8" 308, T, PRl e TR 18 oM rcoter

c.;m\ie?ﬂﬁidanps'awdec&wu Isacﬁ@efceg Lafiggdt bpn:rﬂauahélp OFDM Symbol
zero. The details of the specjfic channel inpairne

periodsi sapsrated by @xcla:e&ref :@é'egm& whichyere Wisearded. "Each of these

~ OFB%Ft %i}”@s I thé‘“ﬂ R%gﬁ difiaiy by ¢ an FFT for

ava [ on the ra
probesmsgc[chaanel aetmwmcm dmdmg,letc)sas dntsiep . nn\/&tapamconverts all

& B el defrale SpRAEAES Plan i RESHIR A S8 packet or

selected portion thereof, including the cyclic prefix regions into the frequency
domain to enable frequency domain channel estimate at the sequence level. This
requires the other steps (5.2 and 5.3) which praduces a hypothesis of the entire
packet's frequency domain transmitted éignal. In the frequency domain the
received signal is equal to the transmitted signal multiplfed by the channel plus
any noise. This fact is exploited in step 5.4. The step in 5.4 could be replaced

‘with an optimal linear estimator based on the Minimum Mean Squared Error

criterion.
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channel varies over the duration of the packet.
Sequence Based Channel Estimation for OFDM The

waegsenaes based channel estimator described heP€T/AU2004/001036
appl i es when the channel is invariant over a packet

. or, any substantial fraction thereof. This technique.
exploits all of the available received energy and is
i npl emented prior to the OFDVsynbol sl i cing
conventional ly enployed in receivers for OFDM signals.

Chahinel Estimaticacwithl Sofé Txairing SymwkersFuncti on 1

Estj mate F O fset . Usj . .

e d BRI BRSO EXRiE, R GBEMEIeR i e ddency domain of
a c%?ﬁgﬁgﬁ%g%hﬁ’rrég@y@. gltCi@nsesdimBﬂ fratplhe Seceivedesipoal has be

in
slicash SriidniEh ROV By bl « £ QY orots dRGatgH said tne resulting
n X c i

OFTS SR 348K AT o s, 06 ngmass: of an FFT.
TheSe eprovespeboars fobind s tdanvestionah QFDR) meceiveey Rhe proposed

eGSR0 1SR BRIeb 15158, SR DS el Hstcihe symbo

esti%@%@i/:%ﬂiéts of ﬁ%rgec w?@derlats m::]mtiahalypmd@mm:s or 480oft Training
celver, nvent | on ' IS,

Squl?%w agerestinatian of em%%éaﬁaéfféﬁlqeO'géﬁ%yi@é@e Sipting these
symﬁ?g ggﬁ@eg%l d;%iﬁ,glg?gﬁ:?‘g nef i prRictse) theadstiflatdaf thefradio channel is

. transformed into the fr uency .
improverd sutly that arsubisequeicsautign Chbnderodst Pﬁﬁgaﬁéﬁvﬁ improved

codi ' p 5.1 . Step 4 converts all’
res@ﬁpygrﬂ% Pﬁée‘ﬁ%‘é%%’é\?ggﬁéghpl e sequence that represents . :
an Mahyr differeietypes ofl‘soft eoutpat’t decodies care available presently,

it SRk Vi St SR S bR T BBy aeP)

‘ Dedgib%@%ﬂié?idt@%}pesmifsr Uirpau Codest hTheiseesoflt eptputs. &re used to

and 5.3) which produces a hypothesis of the entir :
gengsatectoft tralping:RYaRimaceordingdr eobaiayem Ehat ey hg found in the

relatd S RBFYAI8 RCH Would be understood by the person skilled in the art. It
is the use of these soft training symbols which requires careful consideration and

.an improved technique is proposed here.

_ in the absence of noise, and other impairmenis, a recsived OFDM Symbol
is equal to the multiplication of the transmitted OFDM Symbol and the frequency
domain channel. If an OFDM system has N sub-carriers (frequency bins) then we -
may define vectors of length N to represent the transmitted data d; and radio .
channel h; for some OFDM Symbol period /. The received CFDM symbol in this
case is r, = d; .* h;, where the operator ‘* corresponds to element-wise
multiplication of the vectors. In the case where d; is known perfectly at the
receiver (e.g. if it were a pilot symbol) then the channel could be recovered
perfectly in this ideal noise free case as

hy=r.dd,=H
where, similar to the '.* operator, the ./' operator éorresponds to an
element-wise division of the vector elements. In data aided techniques the

decoder outcome, d, is used instead of the actual transmitted data. This
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received signal is equal to the transmtted signal

multiplied by the channel plus any noise. This fact is
wepboitiesl in step 5.4. The step in 5.4 coul d PEI/AU2004/001036

replaced with an optimal linear estimator based on the

M ni mum Mean Squared Error criterion.Channel

Estimation with Soft training_Symbols The channel

esti mator described here operé8es in the frequency

domai n of a conventional OFDMreceiver. It is assumed
estirhate (heubjecti toedermrgnalTHmfftbeeMbodeMem inmolyesrBMechnique that

2caHNP SphBVS HARTIAORY I AT IO ARG fm 11 hetiod may be

em éé%rquém/aﬁnﬁ INRvAriRh? eagideshatrels afrﬂJlakesna shghtly different
vent i onal receivers. The _Froposed nmet h

fomrhdependtmgeﬁﬁdhermﬂnngl aariaﬁ@? at The Tolewing is r%tfi)%@tmn of the

es%ﬂ%ﬁﬂfgﬁg*" %m?‘?gﬁts or t§o}‘theTIr:inCnid(ne;ogﬂfoglss" in

a rAseat‘na‘rﬁteﬁDilomnghspn'adld@dchannél By doing so

l'e noting.th ol ‘
brodi ce) AENUE pagkEpeTPh Rl S TN SRl R, i
such, t hatgrpcntibs gsaeits anertt ofosoft Reaidimp dgmbwledDcesome may be
an inproved result overthe previ ous execut i1 on. Many

“hagd} plelesimpolids of "soft output" decoders are
avahl |§%€S§’(§I§g§”§ﬂr¥%dﬁo%ﬁgbr’tﬂfos%b %h?%aiﬁé@é B shown in ﬂgure

steriori Prob
31 Decddesm-aammr abdsMNt QEBNbSymmie. shiere. E/hmégwsS are sub-carriers

ofte BY chlengVRe) AnfaRel Qi e OF ISy OB fime).

reI #Firetlgy tmlitipty athe arecebreth @FDINM Sqm!miematmmd Ug»y the conjugate

?Be oo of ﬁbe%o-"%%'aﬁ%c%m 1'829%2% usm ermedlaet% raw channell

esﬁrﬂﬁ?é dﬁaaklw et hat e s Eovd PEdTHI Gi8p i ( asmw above) would
here. I n the absence of noi se, and ot her | ai rnen

pr%sqr@@eav@mmwngyrﬁomult@h@aw t them Sampute @ Mh%mtermed'a‘fe
agﬁxté’fetrh ﬁ'ﬂv&fq@ﬁsq:w %@P'otﬁ’é}d ﬁ Eﬂcﬁs absolution value

orai n c S stem -carriers
sql(lérmueﬁl'd}emlappwt MnOMIngytmjeboﬂte ofedhese ofatrisegt lusing a two

b rbEF RSP g7 ek cabet, sBNErdaE g, apg rocuoncy

Thid Diiltsy Merltcdsict hivercase | appraxitiated Yy Wepternkating smoothmg'
operator '.*' corresponds to el enent-w se

indapendsintlyatn &lnedfmphendeﬁeawency Hamains, fewsh dhengpolugnns or vice
ve#é%ﬁv‘{b %}%&/‘% ﬁh‘%ﬁﬁ%&l erﬁﬁcéé gf\été %fgthe' timd Vi channel is then’

ann coul be recovere

denved as

H, = f@)./ f(T)= f(R*D)/f(]DI)

“The uncertainty in the decoder outcomes is accounted for in the step
where the absolute value of the training symbols was obtained. Small training
symbols result from uncertain soft output from the FEC decoder step. A soft
output FEC decoder will output a zero when a reliable estimate cannot be
determined. Multiplication (in the R.*D' step) by a zero effectively excludes that
symbol estimate from the channel estimation process. Note that in the next
iteration the symbol estimata may have firmed up, due to improved statistics
driving the FEC decoder, increasing its reliability and therefore it may now be



10

15

20

25

perfectly in this ideal noise free case as Jd h where,

simlar to the '.*'" operator, the './' operator
wa@orsespends to an el ement-w se division of theC/at2@e/001036

el enents. In data aided techniques the decoder

outconme, d{ is used instead of the actual transmtted

data. Thisestimate is subject_to errors. The fifth

enbodi ment i nvol ves a technqu@ that accounts for this

uncertainty in the "training" synbols. The nethod nay

incluglesiin dye cshiannel i estimation rigrosessny lir thentdealrase the’ decoder wil

' outgp?rk%ﬁjré% an%rﬁe'{daia%%'é 85! anhéﬂl dy t]faem?mbglngIp%rée%d?ﬂ as perfect

varla 1on

traidigrto ptelabla mmatmwate channef eshmatea varying radio

h | s he f II ded
ent 7 &3 Seich roRATnelrls SetieBiEg duptant Agrgss the packet
thezﬁltéﬁhgf’ftﬁl'\éﬁhrpéﬁﬁﬁlyﬁaﬁéétdp the %@fdmhra'ﬁ& t@@lﬁh@ﬂﬁ' 8 dalumn that is
(sonme Tay pi | ot 'synbol s). I's possible to

aS%tmedomly I&é@é ﬂﬂ@v@nélﬁ? Packehs natr | ces as shown in
f ' giﬂ Softe I:Qﬁeé" Qﬁ'% ébl‘? Wﬂ&%ﬁywhgﬁw &\Q@ﬁélénaﬁ\ﬁéﬁf applled to

rows are sub-ca ones-or frequency

' thearaimtcb’rlammllmtﬂnatea aﬂé)hbﬁylngmvelgmlmu}lffel?emismay be warranted. In

[ tipl th i ved by t '
theBi s e rﬁi\?ﬁi'@f”r&fla?nvﬁﬁ%'iﬁv?term B8 sumeol s to
t t te V=R*D.
ngt ?’?hlf ﬁLWd@ﬁ | onal qr)peg Zsl ggsirl bed above) _
voUlhhe 55 Bhie n%p!’éﬁﬁbﬁte erBAt filer! ti plication. Then

CcO ute a fur er |nterms late matri x of tralnlng
Joipdi m% and BrequencyOifsah &stungtiwcusm 2bsbFdt i on

o 1 479 Gt oFR, P e ISaM AN Bl 18 SHRERDS the data on
thet phase dlﬂfaraamle belvmmnmijamem' syrdbbisemy&msaFDm Beceived matrix as
st o SR R 4 Bl AaSinal Frah g fomoval may be

acﬁléﬂ@df‘rﬁ/ u?ﬂ@xtr@fh& ebg&Rfed® OFDRESYAIA)mEEHEMIR a corresponding
nmpl exi t e estimate of the tinme varying chann

el
maﬁrsx Pﬁé’@%@ﬁtﬁédd%f@ sYmbolsy b@mey(meambleg \t'ralmmgn@r estimated. The
FEYGRpLR I8 et TiteiB ) €F SBPrelt RO any B paURUETor o peak power

acrgﬁsﬁhegemﬁlr@ﬁdlbln&hsnmal Spa@aoﬁm@'ncs is executed. The fi Iterlng will
have an impact on the maximum offsets thai may be measured and it is thersfore

recommended that only very weak filtering be employed. The location of the

peak, in-terms of relative position in the rectangle of figure 31, determines the

. lime and frequency offsets.

The granularity and range of the estimation is limited as follows. If there
are M Sub Carriers and N OFDM Symbols then the range and resolution
available from this technique is as shown in the following ' '

| Resolution Limit
Frequency OFDM - Symbol | OFDM Symbol
Offset Frequency /N Frequency ‘
Time Offset | OFDM Symbol Duration | OFDM Symboi
I M Duration
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synbols result fromuncertain soft output fromthe FEC

decoder step. A soft output FEC decoder will output a
wa@egs/owtiesy a reliable estinmate cannot be det erP@€Tau2004/001036

Multiplication (in the R *D* step) by a zero

effectively excludes that synbol estimate fromthe

channel estimation process. Note.that in the next

iteration the synbol estinmate7®ay have firmed up, due

to inproved statistics driving the FEC decoder,

I ncAzesxample forriblel systent parntletdriveef by s nbvmgiyenow

be| nC] uded | n & hn r\hnnnnl est | nrnfl on Jnr ocess—tn the

i deal case the Rigepaeresn | | out put ,vdmgt hard
deci sions and|all data synbols will|be used as |perfect

training to yiiN@nBer O pTenes' al € CpaBgel estinate. In

the case that |the channel is assuned tjinme invarfi ant
across the pag INalﬂmbﬁEOf$ymbblﬁg f ung@0on SI rrpl y| adds

up the col um e —a—¢€ —that—i-s assune
tg appl y over R@%‘%ﬁ'&? %@%i IU ggrre cases,| an
appr oach V\herek{yoﬁémmW| ona 5b| [ter f a\‘ppl i ed
to the raw chgnnel-—estinmate and training weight! is

di fferent nay |Hectial Feaq Qfsetn t hespOddBes the tine
' h ' | W MR *D
;/?;y: \n%\;: %Qr'e’“?ﬁégmﬁ? m%tgngﬁt HEI fferent fiflters.
- Joi D] L F D
e Yt 5 oA 1 B, arif bRt odfE ' BBl 32 and igure

33 U\haaget thes mefrict steowntia figurée 1331 forgseakl defaotiong el\mé\maﬂthe peak is

in 5 S5 e e e S S D e DM Symbol

d:mmﬁlam fRectiRINORY S0alon o et d -t Rtet a'@n@rﬁahv ethese estimates
Synbol matrix with-a corresponding matriXx of

ma&hjtbga@waéatilaes%gofrgqﬁent:}ﬁeqﬁintﬁawsbowm admthe apove table of

,Par%ﬁﬁétlé?t@ sTn‘?tH:é:%h put is-then filtered to suppress

noi se, a sear or -t he peak power across the
r esBVtacnyrat&w restishatig thpehannél, e merformarme of thel FEC decoder

o b b S PGS R B s i recoer
serrsdthy:renm“ht*s tlbaﬁruenéVeNef@r ﬂﬁ@‘lrf\ﬁdriamlﬂ?ar‘iﬁelgnhhw & .realized by

ation t he in terms of relative
eX fa'g'f‘ @%fa ﬁyffﬁp@ deK ﬁ'ﬁg}l@go@umeﬁe i theyepspnwvhete tmebthty exists
t | :ar ks
il e ookl s, TSGR o P ocever
opesatesitantivelie vwhened relaterbDiarspybtams tiay fdile tntie @adne time, the
berldtits ot 'itefitive estimation of the data symbols are realized.
In a sixth embodiment the present invention provides a solution predicated

on the use of firstly correlating the received signal at each antenna of a multiple

' access communication network with a known signal preamble and then
. statistically combining the correlated signal sequence of each antenna based on’

estimated antenna signal strength. It should be noted that in order to determine
the coefficients for combining an initial timing estimate must be determined. The
calculation of these coefficients will require, in practice, initial coarse timing and
frequency offset estimation by other means. The quality of the initial timing
estimate rriay be worse than that desired ultimately. The inventor considers

. further processing on the combined signal will lead to a timing estimate of high

quality.
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avai |l able fromthis technique is as shown in the

follow ng Resolution Limt Frequency OFDM Synbol OFDM
webol11e% f set Frequency / N Frequency Tine O PGEAUDBDMI1036

Synbol Duration OFDM Synbol | M Durati onAn exanpl e for

the system paraneterised by is now given. Paraneter

Val ue Number OF Tones 256 Number OF Symbols 20

Coher ence Tones 40 Coherence %@nbols 50 Actual Freq

Offset 0.05 Actual Tine Offset 0.20 Wth the actual

chahna fiestphspectethen dixtih arabetimnent prdi\'ngesea Systerd and method of

comiriiigatiaa s mulipe Breesst REoRER pefeort ByaiieikBhizing a received

s:ghﬁi ﬂtéYﬁJlﬁcémbhﬁ% re'ceﬁ;er%d?ﬁ@ﬁ&h?n of 0.05 al ong the
di mrensi on and fraction of 0.2 al ong

subceereiatmg ai ieseivash siona ebsesvatinn a eaehof am,lurallty of antennae
yv-tﬁ%‘ Hﬁé %napﬂréérﬁﬂté%c rogééé %técgﬁhﬁ%%l Beghsnce

above anet er ues in
ac cdet&mhmea pomerisignalnef edcn redeived esngmlfssqtmnn@ of

ty promBifS e daititad Bods” Hanaig i 26roMBagie fith a time averaged

we ﬁ'igtbéiséd onTééxtﬁnaﬁed hHEerRESighei strefgth fyreeadtnbntenna;
annels and is realized by exploiti n%ﬂdata ynbol s

for deteiminggaptimso ot arryal QTeﬂ'teaﬁcW eSigps |mt§pcordance W'th a
pre%@téﬁﬁ r{é&[ﬂtrﬁgghbwﬁ;éﬁdlﬁg recei ver to track the

canne In tinme OV\Bt recelveg to operate J .
ef f &gt preferredraspediafibe csoahtemp@dmnha th@lnventtpnt epMmprises.

dat Bels i Spoefinpi afing et Hhel AR ArBRy e, Seficients of

a recavmychauaetfwreavmammw sol ution predicated on

the use .of firstly rreI e receiyved.si |
cacROTRIBIEh Sorecter 9ignal wile b estiipiecbepsiiciontS to provide a
com bgﬂélg@héh a known signal preanble and then
atistically conbining the correl ated signal seguenc
of sg&rna\ﬁig@]r@ fimecaf @rival of the received signal by correlatmg the

composite signal with a delayed version of itself.

In related art, metrics used for synchronisation are based on outputs of
correlators for the preamble of a packet. In the case of multlple receive
aniennae, a method for either combining or deriving a new meathod of mefric
genei'ation for synchronisation is desirable. Related art schemes propose making
decisions' per antenna and then majority voting or adding the metrics prior to
decision. Neither of these approaches addresses sufficiently the variation of the
signal statistics across antennae. The net result of this is degraded
synchronisation accuracy and increased packet loss rates. A further issue relates
to the effective use of multiple antennae for data carriage but poor use of multiple
antennae for synchronisation. In this case packets that could otherwise be
decoded may be missed by the synchronisation module.

In this snxth embodiment, we disclose a method for determmmg per
antenna metrics and for subsequent combining across antennae in order to
generate a metric for time of arrival estimation. The method involves essentially
two steps. The per anténna metrit:s are derived by correlating the received signal
with a known preamble in a first step. The power of the sequences for each
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~to Minksdm;

esti mated antenna signal strength. It should be noted
that in order to determ ne the coefficients for
w@ooskionilizgy an initial timng estimte nmust be PCT/AU2004/001036

determ ned. The cal cul ati on of these coefficients wll

require, in practice, initial coarse timng and

frequency offset estimation by other neans. The

quality of the initial tining/@sti-mate may be worse

than that desired ultimately. The inventor considers

anténiid hedetsratiaesl and exldedeacrossiamdensagesiording ta thegtime averaged

.atijmng estinmate of high quality fir : :
weid, b oot a8l Kirbubeh & fEIfid 4en apoies
in oF@éF‘EMé@rhﬁﬁeitﬂeQirﬁé'dfia@ﬁ@a]acce_ss packet network by

synchroni zing a received signal in a nulti, ant

r edki fustheromspest y: ﬂlﬁ)rﬁiWaﬁmﬁoqm%er‘%'@EP%itéﬂggtaini“g a rapid

B B e

thes etplecombintet theni meeivgibveignal @rgording:deh thec eppiugate of these

. gna)J seguence; conbi ne t eter.p P ' e
cosHel, TR Ribes e el HEh RS PRI, Big TRkged art witn
corthiieR (GTthis) cenigosite) Bigna twith gf Helay versionaof itselfi; Application of

determne a time of arrival for, the receiv

i _
thisa@speginet the isidthprapbedimentds: it oY X gh%g@ﬂ.nl of wireless
c:or\:elﬁw\yg{i1 tfidd ﬁﬂk@?ﬂ@&bir%tﬂé‘Eiﬁﬁﬁéﬁbﬁl@%b@ﬂﬁnmﬁplbh‘éceive antennae

I'on conprises: "determning an estimate of the :
wherel dhevenphiple antenngs i aneddiseskertp dnegasepithg robustness of the

corpEiRieais AR AT meY AT HePaSed SRISIVLD 2 | -
pr oivi dduthep@speict,chei gonsls fietreeatinismjeanaiare aiimbined according
arri val 8}" the_recei \rgd Si g

QAR FAVEI FEeH 4 J@%b\&gggé gﬁgg%bﬁ'&ééﬁ cpefficients are

de ﬁﬁdﬁdoﬁré' baBkiRmd 7efbd Mhesynehopnieseh antaiea as well as the
ased on outputs of correlators for the preanbl e

of
recpivedesignah energyaJbeopraagssing would dhel RIPCERFLES 1R the related art
et h : e s i i . i vd : ,

witf Eoagatclh of thisHorfRERHE shdl ilFh deiBg verfey RteRE

Rel #tiedparticudaihe racbrantageces rthat tige dudxtns eokogiment provides for: a

ant enna a t.hen j ori vatin i.n LLCS :
comPprgnd ; weaaaes ofas, ek dnetnlss' el fatloriigs: oduirg iy o6& snot require
OFeRd" ass@fcsBharadientlios,t SRV & hversion ofith I@FBRnepacificity may be

statistics across antennae. The net result of this is -

- definegt faragarity.

It will be appreciated by those skilled in the art, that the invention is not
restricted in its use to this particular application described, neither is the
present invention restricted to its prefém‘ad embodiment with regards to fthe
particular elements and/or features described or depicted herein. ' It will be
appreciated that various modifications can be .mad'e without departing from the
principles of the invention. Therefore, the invention should be understood to
include all such modifications within its scope. ) :

While this invention has been described in connection with specific

‘embodiments thereof, it will be understood that it is capable of further

modification(s). This‘application is intended to cover any variations uses or
adaptations of the invention following in general, the principles of the invention
and comprising .such departures from the present disclosure as come within
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synchroni sati on accuracy and i ncreased packet |oss
rates. A further issue relates to the effective use of
woriosioplies ant ennae for data carriage but poor PGEAUL004/001036
mul ti ple antennae for synchronisation. In this case
packets that could otherw se be decoded may be m ssed
by the synchronisation nodule. In this sixth
enbodi ment, we disclose a netffbd for deterni ni ng per
ant enna netrlcs and for subsequent conbining across
Known @hms.tqrnam peactios withinr thecart toswvhich the invensiosf pertains and as

may b 'l T SgfenITaRE e B aSE S0 G D)

corAs|thei pyesent rinvention siaynble \ambod:émdnmsavemtbfcn'ms without
depgiTo, o0 10| P LT Rsaenlie SRR TR, Ob Hi% ngention. it should
be GEASIA that #12°abbUB du6efiBaa‘eiBoaltheRs 8fc Pibt to limit the present

esti mated ant enna signal strength.

inveition soless otherwise soesifiachcbuh gathercsooulst rba/a:onsbrued broadly

wrthft‘r”tfgaeéplﬂf R s pégc?fi %{Lﬂc@wég‘;@% r{ié\}%%haségg%nded claims.

ni'ng a. rapl
Variomsl madifecaﬂonmamequadalmﬁ agahgenmentisar@nihtehdedtio be included

., CO ne.the recei ved nal according to th Qnj u e
witjf st But Sl Keosr ot thel fienfion At Hbrghdel! chils: $ThErefore, the
spemﬂ@oaa&oaanemé aee tel R aAdardtobtitth E@il[ﬁt@ﬂ\l@ﬂoﬁfhé Many ways in
osite S|gnal with a delay version of itsel

Wh% Eﬁe dH!’PCBH e of tha piepert inventipa Kam he@r@@apﬁem In the following
claims, t Fﬁe; LY QRSP Nl eérﬁssinfé?{ﬂgff‘ £ E8Pet ! Eh‘ﬁctures as

I NVO e sinultanéous use of e recCélve
perfanming dbewidefinech function @red aateonbe sanmtun!aldequwalents but also

A Shyblesc i Gt BoGRGRE' S8l H0E f BBt may ot be

struetlp'abtethalmtgnm théat Q:mriaaﬂcferﬂpbgsné eyindaodl r:b@ndface to secure
' acord 0 m Mean uar e. Error Cl‘lte[l(’:} r?
wo %M@&e%%rﬁaﬁtg TEW, BFPIgURL adielical surface to secure

| wod%f#?kﬁéﬂémé éﬂieﬁeWﬂi’ééhﬁlr@ﬁnﬁﬁ'&f ?é%t%ﬂﬂ'?%%d’ﬂﬁﬂ p8fts, a nail and a

t he recelved Si energy. The processihg wou
CY'QW@E'@&!JL&@IBNS elcf.lme& ed art with correlation of this

ComER s SRR A T Bkl R o o sy

the presedes @ﬁrata‘@d:@aﬁumeag mtegbr.sj $izpst be embhpotentsy dsut does not

pre @i IBESSENCE o HdREh, B bng Phirofe iBeF SReRIPRCIntggers. steps.
commé?ﬁsdﬁ-fqmsfm@r%ﬁfl ty. It will be appreciated by '

those skilled in the art, that the invention is not
eferences
M M.C. Reed, CB. Schlegel, P.D. Alexander.,and J. Asenstorfer,
“lterative multiuserdetection for CDMA with FEC: Near-single-user performance,”
IEEE Trans. Commun., pp. 1693-1699, Dec. 1998,

(2] S. Marinkovic, B.S. Vucetic, and J. Evans, “Improved iterative
Parallel interference cancellation for coded CDMA systems,” in the Proc. IEEE
Int. Symp. Info. Theory, (Washington D.C.), p.34, July 2001.

[8] D.E. Callin, Estimation, Control, and the Dlscrete Kalman Filter,

Springer Verlag, 1989.



restricted inits use to this particular application
descri bed, neither is the present invention restricted
wo e0os5s11ps ef erred enbodi nent with regards to tPET/AU2004/001036
particul ar el enents and/or features described or
depicted herein. It will be appreciated that various
nodi fi cati ons can be nade w thout departing fromthe
principles of the invention. TRerefore, the invention
shoul d be understood to include all such nodifications
wi t Bn i tRDsoblexander) A.d.nGsanthand ME. HReedgeéiterative detection on

dshed jn.con 1.00,:.aM peci.fi,c quodj nt s ,
cod INHBR rukiRraG et bk el o408, Fifiplesy Transactions
“on Teietwmnrmicétions ) wol( 9) ppThi 9-428) ISt iGdt. H9gsnt ended -

to cover any variations uses or adaptations of the
invention following in general, the principles of the
i nvention and conprising such departures fromthe
present disclosure as conme w thi nknown or customary
practice within the art to which the invention
pertains and as may be applied to the essentia
features herei nbefore set forth. As the present

i nvention may be enbodied in several forms w thout
departing fromthe spirit of the essentia
characteristics of the invention, it should be

under stood that the above descri bed enbodi nents are
not to limt the present invention unless otherw se
specified, but rather should be construed broadly
wWthin the spirit and scope of the invention as
defined in the appended cl ainms. Various nodifications
and equi val ent arrangenents are intended to be
included within the spirit and scope of the invention
and appended clainms. Therefore, the specific

enbodi nents are to be understood to be illustrative of
the many ways in which the principles of the present

i nvention may be practiced. In the follow ng clains,
rneans-plus-functi sn clauses are intended to cover
structures as perform ng the defined function and not
only structural equivalents, but al so equival ent
structures. For exanple, although a nail and a screw
may not be structural equivalents in that a nai

enpl oys a cylindrical surface to secure wooden parts
t oget her, whereas a screw enploys a helical surface to
secure wooden parts together, in the environnment of
fasteni ng wooden parts, a nail and a screw are
equi val ent structures. "Conprises/conprising * when
used in this specification is taken to specify the
presence of stated features, integers, steps or
conponents but does not
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preclude the presence or addition of one or nore other
features, integers, steps, conponents or groups
wo bh@smpofi28 References [1] M C Reed, CB. Schl epet/AURI0D001036
Al exander, and J. Asenstorfer, "lterative
- mul tiuserdetecti.on for CDMA with FEC:.. Near - si ngl e-user
performance," | EEE Trans. Commun., pp. 1693-1699, Dec.
1998. [2] S. Marinkovic, B.S.gyucetic, and J. Evans,
"I nproved iterative Par aI lel interference cancellation
CLAﬁF gcoded CDMA systens,” in the Proc. |EEE Int. Synp.
Theory, (Washington D.C.), p.34, July 2001 [ 3]
D. E. Catl in, Estimation, Control, and the D screte

. Kal g tutv%’dqsfogin er.é/S.rK/: %9' ﬁeggl%lé# E&RIV%GT communications

recdebecbnqmsmgcode di vision nmultiple-access with error
control codi E&rgﬁEuro pean Transacti ons on

Tela &gt $igna §Ssipg| megnsyier re¢giving at é@ﬁﬁt opg; received signal,
. | ;
saic\i}mﬁ’?g gg@'amréceéé‘in g higdrid b&ﬁ'l%fﬁ.‘sﬁ?@ dt9eakt tWo! lih@ar Rerative filters

t1user “conmmuni cat | ecel ver conpri sing:
such that:st signal processing neans for receiving at |east

. . - . B . | ; - :
o e St e A0S Bt PigRbeS AT Ui L I Relagted received
sigrsaldb amestmﬁu?dfsrgm dutmiutwmdteragI ive fi I ter provides -
an esti1 nat 0 a cte recel ve Sl
coid R IDear Beite. HNEE PRovides aShRYAES o at depst one ofher
recé;'vbaeélgﬁfaPth@%/éﬁ‘by”Bhéslt@fatféin b?é!%t t@nénoirﬁ\ﬁ[t of said first linear

received signal’, del'ayed by one iteration cycle, to an

.ltera'ih\(ﬁjfltgf. said first linear iterative fil ter; a second

51 Lot 35HAP WTERBSSHY SRS YEPIdAyRE B! Bimared signai
outpubef dhegfiestf lincae iterathes \fidtbrsand gprovidingeaefurtheheeceived 5|gnal
estipfifsodhagnpet Pl e T RnnBL Rt Bifaty kY payiqeeesing terstion
cycl@oftlwaéca@m@e@iﬂﬂjmg circuit according to-claim1,

.wherein the linear filters function in accordance vvlth
at | east one predeterm ned recursive Bayesian

2. ©XPARSfrafive decoding circuit according to claim 1; wherein the linear filters
function in accordance with at least one predetermined recursive Bayesian
expression.

3. An iterative decoding circuit according to claim 2, wherein the
predetermined recursive expression comprises the following recursive BayeSIan
estimation using the following assumptions:

A1: The received signal is described as r=8x+n, where S is
the constraint matrix, containing all the linear channel constraihts, X is a vector
containing all transmifted information symbols and n is circularly symmetric
complex Gaussian with covariance matrix covm = o*l, and where the . noise
variance o* and the constraint matrix S are known.

A2: The interleaved code symbol estimates of the interfering

users % which is a vector containing all the signal estimates at iteration n for all

users except userk , coming out of said corresponding signal processing
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3. An iterative decoding circuit according to claim 2,
wherein the predeterm ned recursive expression
w@orsiibges the foll ow ng recursive Bayesi an esPCTAUR@®A/001036
using the follow ng assunptions: Al: The received
signal is-described asr =S + n, where Sis the
constraint matrix, containing all the linear channe
constraints, x is a vector cog§aining all transmtted
informati on synbols and n is circularly synnetrlc

confR QP SRR AT P41, IO BB e ranstea

syrrggaq:ll-r Xtugg?{ﬁ qrﬁg v nt.AﬁPS rt.{]q{&é{]}oz{éﬁg\é%glﬁ?ﬁ%% ﬁé‘g%%amp!e which is

: unc‘b?FéIQ ed:ﬂﬁ{ha nipg cl‘ﬁ Is EheecibP Bahté?ﬁﬁwp“meeﬁ'aﬁsmltted symbols for all

ron n dr al'l” users except use com ng out
usesai,dand adspwmh:mgelatgd aWEp‘r tiwesand gtamponsmbuz matnower users at a
model | ed as jC = ck + v } where ¢k is $ transntted d
gives niseratios iHad i Y2 et 3 $§kt|‘f poiditngWnere n ana m

deriipitont Wauaiah Hmbal s A Hi %?ﬁéﬂ?éﬁba*i%ge%ﬁ fégon for user k

amf pht ﬁ‘é)’aﬂéﬁeﬁs’s’déﬁ}fb@b§o<gm@["“ eLajed over time and

erat i ons, but not over uséré at & 'given iteration,

- that is ﬁdé?’ e e}he> tlﬁ’:aYee? ridis€) c3 gl@ﬁé’a daﬁ’ﬁe@“m"@ﬂd’ 9 >, with

mdenote ren I'teration nu ers,

'e!eﬁnq;ﬁfg%‘é?gnﬁme%ea!}%hb@hﬁébaoef or user k and} at

Iteration n.is defined as <v sv.n) >=- Define the
est i mat ed efai{8 che themaxdiaryaecior tQa#confam:s all srgnwi& received from
el enent s determ ned as shown above. Let cjj.n be t

usefuki it allgratioen &t antht all daexiowus artqrago@ﬁa@qosd@g/ e!a the following

recL?Q%lf'ﬁéf’ :lfe@tve'c?@f 8f b ﬁ]a?ﬂgs ?JP fz?Yb He said I1nyear iterative filter

erati ons, accor recursive

deméur@dmeg:tor of observabl es as |nput to the said
Iinear |terat|vef|Iter denoted by A, fr n | ct">= (
n = .UﬂerAlrﬂ:BdAZ thellnearmnlrrumrrean

square errgr e of sai d signal xk given said
si gnal c‘?ks‘g utput Xj;a of thqg
" recursive-fil ("vkh ch |s an updated estimate of the

transmtted si gnal for user k at iteration n, defined
as Unldeovd? and A2, the linear minimum mean square error esfimate of said

elgnel X glven said signal ¢ is given by the output X of the recursive- filter

which is an updated estimate of the transmi{ted signal for user k at - iteration n,
defined as follows. '

0 = FOD L m (ﬁ(zn-i) _igz-l))
) =+ M (R %)

m{ =-w{({[+Q¥™ - W,ﬁ“’i '

1\1(") ( W(n) XI"‘Q('H) w(n))

where for user k at iteration n m{” is the said first linear iterative filter,
M s the said second linear iterative filter, T is an identity matrix with ones on

the diagonal and zeros everywhere else, w s a recursive, complex auxiliary
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5- - nmx"(>f 1 - Sf ->) x >x tM(xjfi>- S - ) M
=(i- Wi>XI Q- W)) where for user k at iteration n m
w0 go0sherigai d first linear iterative filter, M PEI/ALZ004/001036

said second linear iterative filter, | is an identity
matri x with ones on the diagonal and zeros everywhere
else, j } is a recursive, co X auxiliaryvector and
WM is afirst recursive, cg‘gﬁeex auxiliary matrix,

respeg}lv%!)y, t he recursi ve update equaons for =
veefoy an e afs gﬁqsémcuq@lgebﬁon{pje{ [Quxiliary mabyx.)raspsgtively, the

W XH |- W - / d
rocusbp R et o w3 i Tl S0

condi tjons w ' 0 are m= s'k(ss' + 2!
) 1w #‘%é’[isﬁﬂ{”“’ég &&Wéﬁ?’){ "w2=s(sS+ ) ' s
, W § (sS +32I )" 1S for = , I es s | e [lnear
CONSWERI=AWFOF 4 (5o W e H(ﬁ-')gé(g wgrtje conpl ex

conj ugate transpose of Said tor's 'Sis the
con®H{d AL@ETPx- Wi col um k dbf et ed and S-.

denotes the conplex conjugate transpose of vector S .

4 . wheret H§ttVols gosetond aecDESIVE, aomf!lék RIkirgiseRfairix. The initial
net wor k by iteratively receiving multi user signals

coridifiofit hod Comppgsing the steps oo Wﬂ@éﬁe%uﬁ—s (ss’ +o21),
first set of signal estimtds for ekaf usef ‘
&l gpafS..basedh-on | i near n nstr _nts

M*de'fg tﬁ%‘m g g) sef%’nd"‘§e‘t“"€€l H?g'n*atr st asEE g +021) S;
non- |n ar chann%ﬁc nstral nts and the fi rst set of

for i g Pl &3 108 RN RgnslkaInd Jes sesdt, & Q‘ﬁ@?(&ls the complex

corﬁaéé{giglg?)sgﬁs'gn&%?!f Fﬁ’x{ts %;% % p&ﬁt SO {}ﬁg%a{pggréx with column k

coitols, HeLE e R A r s,

signal processing conponent for determning a first
set of signal estimates for the nulti user signals

4. basAdmmthbineficoafaontdating s rRiMililiple access network by |terat|vely :
receiving multi user signals the method comprising the steps of: '
| determining a first set of signal estimates for the multi user signals'based
on linear channel constraints; | |
determining a second set of signal estimates based on non-linear channel
constraints and the first set of signal estimates:
providing the second set of signal estimates as inpuf to the step of
determining the first set of signal estimates; '
repeating the above steps at least once.

5. An lterative receiver for receiving multi user signals comprising:

a first signal processing component for determining a flrst set of signal
estimates for the multi user signals based on linear channel constralnts

a second signal processing component for receiving the first set of signal
estimates and determining a second set of sngnal estimates based on non- Imear
channel constraints;
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a second signal processing conponent for receiving the

first set of signal estimtes and determ ning a second
w@edaso0i1188 gnal estinmates based on non-1linear chernABk004/001036

constraints;wherein the signal processing conponents

are operatively connected so as to provide the second
“set of signal estimates as input to the first signa

processi ng conmponent in a sucd®ding iteration cycle.

6. A nethod of comrunicating in a nultiple access

net wehidrelry theemghav phycésﬁslngvmﬂﬁp%@Ms)é@éﬁmer@ﬁ?eiy connected so

asn@tc%?&gg'%%nﬁ'b% Qﬂfgfsegg slgn ggt§ "T!ﬁt%aﬂi% mputnt@nthe first signal
prﬁeé@ﬁ@cémmt iRa N&éé@ggel vegéga et'Wlth Pne of @ '

~plurality of prior stored r sanpl.e
" estimates to determ ne a packet sanple hypothesis; c)

S Cordl B o et ERuAY o B il BERE Smark by eratively

reasivinggDEDM packe@ th@hwthnde:canpﬂsii@tm foaewwg dteps:

packet sanple,estinate from% a‘orrgg pot hesi s for

upd&@i ng THAPIR & ZeFelyersinprt Gigral,repsis anﬁf &ignals from one or
margldntaphat he updated sanple estimate fromthe sanple

hypothesi's to determ ne a noi se hypothesis and provide

t he Moi s@%ﬁb@ﬁﬁﬁué signal hwith e ofa plyralitysofypaior stoyed received

pagBeimpBEAGE ol pLeqst sBBIE Pl

bi t Cdst i migtegmineatan mfomhbhoultcésmnammtthbgsamme hypothesis

for Sotadd 86 IRl bl smaBhlbkoce vor 't he et hod |
cormlr)l si I‘d}atéhmn?é s Ui!fdatéb! RRE & DAcRBE seihp Ié"@é‘ttmate from the
acket sanpl e estimte from

m ne
sa@ ﬂ%ﬁg@ up U@g @,pg,arah’m ofpieesiored ;mtmtes
e i o, SPEHS S0 6 3 Yy samvle rypotess
to @%ﬂeéﬁll% qon@laedqut ty atid prokisle thenpoiseckypathiesis ab the receiver

jne an updat ed packet sanple estimte by
lnpg cgﬁgng and re

repeat steps a) {o e) until at Ieast one or more complete packets are
accumulated in the information bit estimates list.

7. A method of communicating in a multiple access network by iteraiively
providing a -sample estimates list in an OFDM recelver the method comprising
the steps of:

a) sample a receiver input signal;

b) determine a paéket sample estimate from the sampled receiver
input signal; '

c) store the packet samble estimate; . ,

d) determine a packet sample hypothesis by adding the receiver input
with a selected previously stored packet sample estimate;

e) determine an updated packet sample estimate by decoding and re-
transmission modelhng the packet sample hypothesis;

) update the selected previously stored packet sample estlmate with
the updated packet sample estimate.



transm ssion nodel ling the packet sanple hypothesis;

f) update the selected previously stored packet sanple
we@sdosonties Wt h t he updat ed packet sanpl e esti NBCEAB200A001036

nmet hod of communicating in a nultiple access network

by iteratively providing a packet information bit

estimates list in an OFDM recei ver the nethod
~conprising.the steps of: a) d8#erm ne a packet sanple

hypot hesi s by. adding a receiver input with a selected

8. Prepi avsthvdsbp comimaeliitirepie| 2 meltipletaccass detveorh by iteratively

B proSE:«r'ps?Ea%%'éis{aﬂEgB'@%aﬁéh hesjmistes it ininORH Eebiver the metnod
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mrﬂ?ﬁ@ﬂ#‘%e& gre and a soft decodi ng technique c)

ori elnformatlon bit estinate with one or nore
pr ed) ous|cgetegnmemnpackaf samgle dypsinesist byeaddingog receiver inpui

with SLERHL BB S miPreh pHE ke sl e R

rrul b pl e dtﬁéﬂ'ﬁmweémnmrorimailowi byl detierate nbyg decbying dthe packet
recei ved packet sanple es

te t
SampiR YRR TIRAVER N8 Of TRATE, ot ARG H&aaMIng drehpiaue and a sof
deddHiRgtEcRRRUeCat i on received sanple estimte with a
requency domai n channel application received sa
/ estc)mt e, st@rjag theatinforeation: bif @ﬁﬁm&ten\é"thoﬁﬁﬁn%dﬁ‘ﬁl"@ previously
pond to one or nore of:

el P aRBARY RuARALESPONT (2 2N Portion.

andd) an GEpWatingrstepsr)dd c)amtil sheoraplete tpaaket is pceumulated

frequency domain sanple estimate is mapped to

correspond to one or nore of: an OFDM si gnal preanble

g. andA anetidd/ Bﬂymmtﬂﬂbétuﬁ?nbﬂa &letlﬁenﬁd@eésofnetwork including
comuni cat i n%yl n an. OFDM nu] tipl e ess

detesmining @ B |c§,tg§w reeeivedniRAPkel| BRC %res imate the method
cohg},grﬁ§{@§%§3p0e| l'ing which conprises adapting a

multiplexing a time domain channel application received sample estlmate

* with a frequency domain channel application received sample estimate, such that

the multiplexed time domain' sample estimate is mapped to correspond to one or
more of: ‘
- an OFDM signal cyclic prefix;

an OFDM tail portion, and;

an'OFDM guard period,

and wherein the hiultiplexed frequency domain sample ‘éstimate is mapped
to correspond to one or more of:

~ an OFDM signal preamble and;
an OFDM payload data symbol.

- 10. A method of communicating in an OFDM multlple access network

comprising the step of:

 performing multi-user interference cancellmg whlch ‘comprises adapting a
single pass OFDM receiver fo iteratively receive signals at the sampling level so
as to allow the receiver to differentiate a desired packet from an observation of an
interference signal at the receiver input.
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single pass OFDM receiver to iteratively receive
signals at the sanpling level so as to allow the

wo ewsiovaes t o differentiate a desired packet frpoT/an2004/001036
observation of an interference signal at the receiver

. input.11. A nmethod of communicating in a nmultiple '
access communi cati on network by synchronizi ng packets
arriving at a receiver the met88d conprising the steps
of : receiving a packet input signal; determning a

11cor rRl metiiod BfIEFNNAHICEENS 79 iaﬂ@n@lﬁpl@ 8cBask %rﬁﬁg\‘t‘fication network

Si na}{ ;-Es)r_ocessi n% the input and correlation signals ‘
b-ys%)gFP rRRiZigg packats AEVED aha raseiversthenmethnd eoraprising the steps

ofcorrelation signal are filtered; deternining a

deci sion statistic by combining a power conponent of
t he neceivingalpacketingut sigreilgnal with a power

co . t ssed i nput_ signal; noninate a . o
 por ReBing S BoBERE Slanel Botresphbainio. e v packet input signal;
congirbicessiig tie ineGl 8h@ coialktiohi SigAalssh8R ThEE%t least one of the
tinme. 12. A nethod according to claim

. cket arrival
'”@@,5'9’3@?@5‘9‘ tﬁﬁ&@i@ﬁﬁ% signal @reifilgrad; | east one of the

inp i r gl ddi S| S 4 ne of:
"DerBONING 8 BBy LBIRNE 17 BRI BolSpSlroonent o e
Preeesssek #oreclation signabavithvsd mowet tcempandian oif e processed input

sigMgpdow filter; a Hamming wi ndow filter; a conbined
“Har’m ng/ Hamri ng wi ndow filter. 13. A nethod according

to slaninaté apddi invintegivn Byns §tabetsrmAtdt thr&sheldcondition of

candi tion i.s one of: the decision statistic crossing
the ﬁgcﬁ'%ﬁ%ﬁlsﬁ‘%ﬂ & IRCe pagket arivablimeaum of the

deci sion statistic occurring above the predeterm ned

threshold. 14. A nmethod according to claim 11, 12 or
1243 Aueethad eseording tof claimet i whegeirhthe stepaft pvessing at least

i if s ‘ e_of sanpl ed
on iR inpub Bhd Rl e 12 BERlcFritet By SGRef
t ha@ eentafveeighted filtsr hﬁvma}mmn@wa@ ﬁfrﬂanisf‘eaféétﬂ)r%é;
tra yar.yi channel s in a nultiple access
pac%é#d?%d@es?dcgﬂﬁ%ﬁiﬁfﬁri on network the nethod
comar Hanning WndowFiter;
" “a Hamming window filter;

a combined Hanning/Hamming window filter.

13, A method according to claim 11 or 12, wherein 'the predetermined

threshold condition is cne of:
the decision statistic crossing the predetermined threshold and:

a maximum of the decision statistic occurring above the predetermined
threshold.

14, AA method according to claim 11, 12 or 13, wherein the step of 'determining
the.correlation signal is performed every Kth sample of a sampled packet input
signal, where K is an integer greater than or equal to 1.
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of: a) initializing a channel estimate reference based

on an initial channel estimate derived froma received
w@awkmi11ps eanbl e; b) updating the channel estiPEr/au2004/001036

ref erence based on a packet data synbol channel

estimate in a coded portion of the current and all

previously received data synbols; c) repeating step b)

at the arrival of subsequent PB@icket data synbols. 16.

A nmet hod according to claim15, further conprising the :
15.5t ep wiethod @fidmntriwuc’é“t&@by teskingtime ebeyingahammeds in a multiple

annel i mate data base at the receiver 7. A .. ;

ac??é”tshﬁacﬁ%'cb?&ﬁﬁgc?@'%\%méﬁ%"d?et&{ elgﬁeém%s?omp"smg the steps
of: further conprising the step of: transfornmng the

packet data synbol channel estimates to the frequency

don@) n prinializing,gdhanigl iestinater ietenaam basediomnaneinitial channel

estjip QRiEel Tt eforlal BERPEBRATEIE ol m 15 wher ei n
t hebyret hcubdatmgweheodmneleesﬁmetesu'eﬁfrente baseeamh a packet data
SYBPEEERATAG! (FRBR AN F CriRsh fotiPR PEARe HBHTRak ARG, a1 previously

receifld 4agREYRbdI®e channel estimate reference wth the
further step of FEC decoding. 19. A nethod of

confilini cdePREPG Hepi heatithg arrival oﬁwbﬁ@qw&ﬁmwa data symbols.
~inmpairnents in a nultiple access packet based
communi cation network, where channel inpairnents _
16.conﬁrmrméhod aaumlrdmﬁoamlawn 15 ifgrther Comprising thé istep of:

' 2{] 2 ﬁorﬁ{‘a P& q?%rﬂegfq%ilméggr cierﬁ%% ﬁgmﬂqﬁpzﬁ?ﬁ%ﬁ data base at‘
theaiceiwdres . based on initial pilot and preanble synbols

included in a received packet;b) performng a decoder
operati on which conprises processing the set of \

17¢h aWHethBH%éé@rﬂﬁnﬁ $6 d?? &ite Qﬁ%l&ﬁ%’s Mer 8t e fﬂﬁtﬁb?bompnsmg the

to determne a set Of smt synmb esti mat es;
steppefat i ng the set of channel i npai rrrent esti mates W|th

t hetransformmg the packet data symbol channel estimates to the frequency
domain prior to updating the stored channel estirhate reference to provide a time
smoothed channel estimate reference.

18. A method according fo claim 15, wherein the method further comprises the
steps of:

- for each subsequent received data symbol within step b), pipelining the
steps of demodulating and modulating, and; ‘
updating the channel. estimate reference with the further step of FEC
decoding. ' ‘

19. A method of comn‘iunicating by estimating time varying channel
impairments in a multiple access packet based communication network, where
channel impairments comprise channel variation, signal frequency offset and
signal time offset, the method comprising the steps of:

a) initializing a set of channel impairment estimates based on initial
pilot and preamble symbols included in a received packet;
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determ ned set of synbol estinmates and the received
packet; d) repeating steps b) and c). 20. A nethod of
w@ormsnileat ing in a multiple access network byP€T/AB2004/001036
varyi ng channel estimation in a receiver for receiving
“transm tted packets, the nethod conprising the steps
of: a) estimating a frequency offset based on
i nfformation included in a rec87ved packet preanble; b)
correcting a received signal using the estinmated
frelguen cpemfdrming &):iededer operatiprawdticin cemprisesrprecessing the set

of %’?%’2{%!:15;6)%1 n ' nc e%ég 'dQQﬁpl%grégc ved g%g%e@%termme a set of

traﬁgaﬁmsymbalmﬂhatego t he frequency donain such t hat
t he sanpl e sei?aen e includes OFDM synbol s -an

i nt@ ven &r 80t xek; C@"er'mﬁﬁ'ﬁgeﬁ'tdgﬂiﬂ?ﬂﬁs with the

d
detBRAlib S0 Mgl BRiass \%{e"g’cﬁpl%saclll?gﬁ“}%w PRkt i ng a
tradbn ssepaatiogsiteps &g @edca). usi ng the decodi ng

results and information in the received packet .
preanbl e; g) transform ng the transm ssion sanple

20.seqaanethddtof ¢dranurmigating in ¢omiltiplehictesanetgoidy time varying
det er m_ped channel esti rra%e by ¢onbi ni ng the recei ved
Ch%?Zl%s tpalience aneeqaier foin %‘ﬁFSnt@HgB’!'Eegeaﬁ%’F%@ the method

‘ corhﬁnélhﬁ theestapacof: doni n; repeating steps e) to h).

A" nmet hod of communi cat| ina nmultiple access
netﬁbrEkStWatlnﬁeavsﬁ%ﬂWWh t kasedwenoinfofmation included in a

recé%%l %%ékét&%rera?ﬁﬂ' VI ng transmtted packets, where the

rieves’ OFDM synbol's from a recei ved si gnal
an db) camsttings tédueived signad disingrtind estimatbd ffequerecic pifset,

ot HeEPEiREr &, GRTHEL’ Rfmals n5FE dSirshlation dpoluded in the

. recéw@aqbaa@tlmbﬁerl ved from a decoder, b) determ ne

a matrix of frequency domain received OFDM synbol s;
det @} HFARSIAMING e AmFGTARIE EPANRECe i Hig ereraived §ggnal info the

fredﬂér{dyphﬁlﬁﬁn such that the sample sequence includes OFDM symbols and
intervening cyclic prefixes;

e) performing a decoding operation which comprises processing the
détermined channel estimate and recsived paé;ket;

f) generating a transmission sample sequence using the decoding results
and information in the received packet preamble;

g) transforming the transmission sample sequence'into the frequency
domain; '

h) updating the determined channel estimate by combining the received .
sample sequence and the transmission sample sequence in the frequency

~domain;

i) repeating steps e) to h).

21. A method of Qom'muniéating in a multiple access network by time varying

_channel estimation in a receiver for receiving transmitted packets, where the

receiver retrieves OFDM symbols from a received signal and fransforms the
retrieved symbols to the frequency domain, the method comprising the steps of: _
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the OFDM synbol matrix by the conjugate of the
training synbol matrix; d) determ ne an internedi ate
woradosioxtie$ trai ni ng wei ghts conprising the abspCTIAB2004/001036
val ue of the training synbol matrix; e) performa
snoot hi ng operation on both internmediate matrices
conpri.sing 2 dinensional filtering; f) determne the
channel estimate by dividing t8 snoot hed channel
estimate matrix with the snoothed training weight
matra)x. 2detexmieehal nfatdrmotintrairtingg symisolgulcoinbrésed of symbol

 oshBRRS AR, ol eldtecliket's. 1 he et hod conpri oi ng.

t he [sx edeefenﬁhed@hﬁtﬁkW f?ecm%!rf 3?<cti&fnaﬁﬁ ?Sés‘%& (OFDM symbols; -

domai .n recei ved OFDM sy ermne a nat
conj ‘?)gat egetﬁ'i"'&"?yﬁﬂol%eﬂm%ﬁféif& Qh@ﬂﬁt%ﬁtﬂ?ﬁt@lmatnx by multlplymg

thg QDN Syt Siatel 5y Hp BORREAS or 58 RS Minool matrix

Fourder t detesfuinm mumtexmednqiel meatro bf tisningcedsigitts comprising the |

| t.iplied he conjugated synbol
ab%ém{?g I@é fl"’?glFa"P WPLP#‘P”&nsf ormmatrix; e)
det ani neperfnsnmraj émﬁﬁﬁy élcrtég?lgd%oﬁg&gt '|ﬁ‘&rﬁﬁ§ﬂ1ate matrices
i uri

ower. ogcysrrences wWi.thin the
co W@?%%‘Ws'ﬁnﬁyf KedNgs communicating in a mul tiple
accgys pa&éﬁimﬁﬁ&‘% ER hﬁ@l BSfifh& tggg?\)égﬁl;{ ﬁgléznéerﬁ%%@wd channel

recel ved sign Ina nmultl antenna r

ostigiaieimsatibs derth@I smoathed training sceightmatrimbser vat i on
at each of a plurality of antennae with a known signal
preanbl e to provide a received signal sequence;

22det ¢k meathad piveomsngriehting inag hnUﬁRﬂeV@&bésst m¥twork by estimating
wer si gna s in

u conbi t he, determ ne
O3B i eeS e 108 repaiinic, ERRgIof Ritrkert, ieseetBd comprising the
stegsd dfrat ed antenna signal strength for each antenna;
determne a time of arrival for the received si gnal in

acc@r)danc@eﬁ'mﬁnﬁ matdx of amrlcmdﬁmaim received iQRDM symbols;

24 b, ToLBSMeAff" o AR of ructd Uekd SRR Wil the date
symb@@camprmqmnemenowa poeambie, ctfaiamgaaad\esmnated symbols; -

changel 1 8LietRihe 3'F Uiansional Fourler transform matrix comprised of

the received symbol mairix multiplied with the conjugated symbal matrix;
d) filter the Fourier transform matrix; ‘

e}  determine time and frequency offsets by locating peak power

occurrences within the filtered Fourier transform.

23. A method of communicating in a multiple access packet communication
network by synchronizing a received signal in a multi antenna receiver the
method comprising: |
~ correlating .a received signal observatlon at-each of a plurality of antennae

with a known signal preamble to provide a received signal sequence;

determine a power signal of each received signal sequence;

combine the determined power signals in accordance with a time averaged
weighting based on estimated antenna signal strength for each antenna,
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conmbining a received signal with the estimated
coefficients to provide a conposite signal;

waedsomizg ng a tine of arrival of the recei vedreT/gunad04/001036
by correlating the conposite signal with a del ayed
version of itself. 26, Apparatus adapted to
conmuni cate in a multiple access conmunication
net work, said apparatus conprB8ing: processor nmeans
adapt ed to operate in accordance with a predetermn ned
i nstetertmine adimesef drmmiafomttm receiced; sigoal im adaordance with a

d i,nstructio set erng adapted to performa

pre %?{HH"QE’J OBne of clains 4, 6 to 24. 26.

A conput er program product conprising: a conputer

usabl e nedi um havi n% conput er readabl e program code
24, andAdBﬁtﬁ!ﬂGé AceerdingIte doin &8, futkerrmmprisiiothe sfeps of:

commnr caf' n&?gﬂ;{:{& i’;eP gf;f @%ﬁgtl% gﬂ%@gi%rﬁgmphtgde coeffrcrents of
a rm"'gsmh@m@idﬂpm antetoBl e code within said

ccoBPHEIREC 3 Sl ofie R 1 gbfipialfa EHaRSHETD provide

corpbsmg sighalf anti al Iy as herein described with
reference to the, accoppan drawi ngs, 28. . afat us .
subdetarmining, sydirper ef raraﬁeC%f b rpgﬁl\/ﬁéf a@%e[wocorrelatmg the
corhpP8sié SRIRAWItA @ déRYeBd%rsion of itself.

i25. Apparatus adapted to communicate in a multiple access communication

network, said apparatus comprising:

processor means adapted to operate in accordance wrth a predetermrned
instruction set,

said apparatus, in conjunction with said instruction set, being adapted to
perform a method according to any one of claims 4,6 to 24. |

26. A computer program product comprrsrng

a cormputer usable madrum having compuier readable program code and
computer readable system code embodied on said medium for communrcatrng in
a multiple access communication network, said computer program product
comprising: | |

computer readable code within said computer usable medium for
performing the method steps according to any one of claims 4, 6 to 24.

27. A. method substantially as herein described with . reference io the
accompanyrng drawings.

28. Apparatus suostantially as herein described with reference to the
accompanying drawings.



