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| mprovi ng recei ver performance in a conmunication
network Field of the Invention The present invention

WO 00aie®ss 0 comuni cati on systens and, in partPCIAERG07/001506

to enhancing the performance of receivers in a

conmuni cati on networ k. Background of the Invention
Conmuni cati on systens may be nodelled in terns of a
transmtter 10 and receiver 30, separated by a channel
20, [ j A Atmunicati
tr.aﬁﬁiefﬁé?"ﬁﬁef%é?%ﬁlf%e@%m’. e ImAgeunication
transm ssion over the cha 90K The channel may
distort the transmitted signal in sone way. The

Fiald ofithe nwentiorno renove the effects of the

'flﬁ ° & iﬁﬁeﬁﬁo‘i’l%&@?& dof@Bnichensl9ard ana/if ph@icilidShidnbing the

Ignal into an estimate of the original data. The
pesfoniapes ofreriverdn § QENBUBHERRBFYERt | nat or. The Channel
Esti mat or may observe a received signal that has been
di storted by transm ssion over the channel, and

%b%@g‘?}'g‘rﬁ 'fﬁ(ﬁﬁﬁm‘ based upon this

anne stortions may i.nclude anplitude
distortions, frequency offsets, phase offsets, Doppler
ebh8ediSatioR sydlérsd afal i enBodetisdiid tedgs fof @amransmiteen i@l andi sedeiver 30,

menor suc s . Ray| ei gh _f adi Ri ci an f.adin .
EFEFDAY hEEHEI & SO RAdt D oTieoroangy FHrarpait gra o o
s:f%ﬁl §BGHIE Y& e istiGeovich tiechaneedo, ekbichmine thay digmote transmitted
the effect of jhe channel .an ener gt e i N
1781 Bt PHCTPRE LR, STVAR® Reap OF LledRie tstortons
fém Kne@ignal 458 0 1matotte thersimaliinte b)) eftiveteatf #eneigivebdatarat e

woul d be perfect, and the estinate of the transmtted

data woul d be optinmal. However, in practice channel
Bd tedBiv@SmBRYachdt HEhpmef BEgimatwo Thee ChameinEstonatdr whe observe 2

t i.tted dat b - opt . el :

R S S ey B SRl Rlon GHE ASHIRIS, e
Eange esfmdad Bavee upbry s obskfvatidne s€haned elistetignsamey awinde rplitude
ecej dat a t itted t . .
e e g Y e
ERyndD &vitiomembivk ehop 4soRagpdeigh ddinge Ridave fdingc b nmmdiipath channels, or

ti mat t: o ' . i Qi .

SRR S RO B P 8 TR0SR e S oo o

bfthé Hramkel peipeacrate an estimate of the data that was transmitted.

In an ideal receiver (a.k.a. a Genie-aided receiver) the channel estimate would be perfect, and
the estimate of the fransmitted data would be optimal, However, in practice channel estimates
may not be i)erfecft, so the estimate of the transmitted data may be sub-optimal, Furthermore,
many receivers are designed for operation over a narrow range of channel types. If these
receivers are used to receive data transmitted over types of channels they were not designed

for, then their channel estimators may be more likely to generate erroneous channel estimates,

" thereby degrading performancs,

The Digital Video Broadcast Handheld (DVB-H) standard, published by the European
Telecommunications Standard Institute (ETSI), extends the terrestrial standard (DVB-T).
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Tel econmuni cati ons Standard Institute (ETSI), extends

the terrestrial standard (DvVB-T).DVB-H ains to specify
w@eoosf4ioss ent means for broadcasting nul ti nedi BCT/AU2007/001506

services to batterypowered handheld term nals. DvB-H

I.s backward conpatible with bts terrestri al

predecessor. The standards are published as follows:

TRt Bins gﬁe@ﬁp L9 ETRST Bghs ((BMR) adchdtiap TliBsdatN seByes dorbaticry-

for handheld term nals (DVBH), ETSI EN 3 04
pppopd bangeld kpagla R Vet ﬁle%mﬂsﬁsﬂg@ g%f %lpfedemsc’f

Institute; and Digital video broadcasting (DVB)

fram ng structure, channel coding and nodul ati on for
Thie glenderdsiaey publisher a3 ©lleWsyi si on, ETSI EN 300 744 V1.5.1

( Zpoﬁ%rl]aj wd@ﬁﬂ%%n%%@%%%ﬁ%‘s Of&m %raﬁﬁ’cﬁfeﬁﬂ&mnmals (DVB-

Instit Al ns of H st andard i ncl ude: Robu

mobi F BBHNBN1302i 306, VL AAXRMAZ I Brrorsen dsireqragaaicatippy Standards

pOV\Eil}sﬁﬁlEbShﬂ'H)tl on; Mtigation of inpulse
interference;, and User roam ng between cells.

Wth
t hes Bigifahiden bivadrsting KB VB AFRIHPLISTUTEY & ab@n?lr?@dmg and modulation
Corrp e d Degheliiod 28re EN 3601784 IvDYB- (H004-11), European
Speci |c%§%n%%%§é¢1ts \7\7‘11e3 ngg ity Is present dtjhe DVB
wav e TeleenneraynieatipisaftandaidpduBiiier - Carrier I nterference
(1Cl) where, due to nobility-induced Doppler,
subcarriers interfere with each other.To address this

Amsiof SmViEHDEBded &achiéfar d ext ends DVB-T by addi ti on
of , apLBist mgﬁgéa 2K and 8K nodes. The nunber here
refersﬂ‘{é(t) t he (ﬁ%{?c{eﬁr}@%f subcarriers in the FFT used to
genememlzmnmfmwg@,t ed DVB waveform For a given
band g,th %‘lﬂﬁ’ £ subcarriers neans cl oser

suBc rri ers an er vulnerability to Doppler. The
8Ke mﬂﬁganﬁnnputsuimﬁfGyeHVQJMr abl e to Doppler. The 4K
node_j S seen Siov2arCQ rom se between w der

subc i '8FEIPE 38 WS‘?“f%ﬂgd by the 2K node, and the |onger
cyclic prefix offered by the 8K node. DVB al so has a

Vs g 2 m 5 AR ALY B BB BRfiPR A £

denodul ation at a |lower data rate and the other is

O@figonent | Layer | Mandatory/ | Stated Aim
Optional ) .
Time-Shicing | Link | Mandatory Reduce average power consumption and allow
geamless handover.
DVB-H | PHY | Mandatory Fast service discovery and handover.
Signalling
MPE-FEC Link | Optional Inprove C/N and Doppler performance in
mobile channels, and improve tolerance to
‘ impulse interferepce.
4K. Mode PHY | Optional Trade-off mobility and SFN size.
In-depth PHY | Optional Improved robustness for 2K, 4K. modes.
Symbol
Interleaver

Table 1 -DVB-H Specific Components

When mobility is present the DVB waveform may suffer from Inter-Carrier Interference (ICT)
where, due to mobility-induced Doppler, subcatriers interfere with sach other.
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difficult to denodul ate but results in higher data

rates. An ability to denodul ate in higher data rate
woreaes408f er s i nproved service to end users. PPCDAU2007/001506

synbols are inserted in the transmtted waveformin

order to enable channel estimation for coherent

denodul ati on and decodi ng at- the receiver.

Approxi mately 1/9th of the subcarriers, in any given

Ort hogonal Frequen \%BD vision Ml ti I exj ng %é Dgp AR mode to
TEoyaddesss thisrmsohlene theflRYB-Fhitandandresioads 1P topypd a “4K" mode
thd % by 8 oAU TRORAREALIDRIH foMhd xhﬁat%pbff dubc)é.nﬂffrs A the FFT used to

receiver, using these pilots alone, t

d
seoeate dbe remaniiid DYB WAt Fo G@Y%‘n‘n’sg‘éﬁl%r I siul dpre spgarien

Iﬁ% Qfolscq u@ffa}ne&'sn addNR 18R Qinklability BNDéPIAOThe 8K dncﬂh Q$J bahicularly
be taken as, an acknow edgenent or, anx f or

@&r@geébttp Stopplen {The HiKempge ip secaef BTN s 2 Subcarriers, as
&&F&Zﬁg HEREMBle, Mﬁﬂ%& b &licAesHx Aeted b9 theBRYmeddrer
jurisdiction of that this prior art could reasonably

be expected to b e ascertai ned, understood and

| IB@E i aek @Eefa?éhfc‘éﬂﬁ&d&)ﬁhe@e Q%ﬁ%}nﬁﬂﬁhﬂ' b&genhddulzhta idtwo ways. One
Summary of the Invention It is an_obje ﬁ of the

BrBab IR GRLDL QSRR 8) F OB AR, ath tgother is more

4iBRN: 1 AR R b8 rofNE iPRighER (R teaol Abilifae Sedbdulate in higher data
exi sting arrangenents. According to a first aspect of

Pleangds %WW"%F%‘“F%“;S’P@W"*&SM a pre-processor for
operation in conjunction wth a commrunications
recei ver, the pre-processor  conprisi

n
B&%F%boéﬁ qrg Insgrged; ip dheFADsH] 5&9{1 wayelprg oy %g%rq? §na%ije channel estimation
fok ada ekttt &dnoduRiticn GRAMENIbERE 120 Nthe Hagnet.; Approkiaturdbt 1/9th of the

estinmatqQr operable to i mat e t..ane f

FUREATRS Pty ﬁﬁ(:&ffﬁbﬂﬂh%ﬁﬁe‘fre%‘a%@ %ﬁmflﬁ@“lf*ﬁﬁ’f}f*g E‘?‘ﬁg‘ﬁ\ﬂf W‘%""l are
S R i Pehbse ui?DVBIO a allEnits@f oty abd@obilityihe saﬂg;a af a Teceiver,
dep endealﬁot¥ the | east one, est.i matgd feature:

wFREdpRsh SemeptoclFrivs FeperHES SuRel el b 7D B5e
conmuni cations receiver. According to a second aspect

f the invention ther i .ded nmet hod. of
BB Poloctd: Hiprarnt Mt STepegy o i S Aprd ot be taken as, an
£RAGI1Bd gebhtOdt Sank oA VL Euggﬁﬂiod thee tthio ghrico ap forsis rygrt of the common
; e(ﬁ:% geldg ‘g\%ﬁt SI Oth%rh_]%}'lsdléio}l %xaﬁlg{rﬁl}stp%%r % Suft reasonably

be expected to be ascertained, unde:rstood and regarded as relevant by a person skilled in the

art,

Summary of the Invention

It is an object of the present invention to substantially overcome, or at least ameliorate, one or

more disadvantages of existing arrangements.

According to a first aspect of the invention there is provided a pre-processor for operation in.

conjunction with a commmumications receiver, the pre-processor comprising:
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estimating at | east one feature of the comrunication
channel based on the input signal; nodifying the input

w@ae@nakoosependent on the at | east one esti nat eBICT/AU2007/001506

feature; and providing the nodified signal to the

conmuni cations receiver. Accarding to a further aspect

of the invention there is provided a conputer program

Pr odye tnpGOsRdbE dGcsBReinapt epdalhe iphaghatedcase communication
recorded on a machi ne-readabl e recordi ng nmedium for

#Wekol 1ing the operation of a data processing

appag ahitmelstiMatos bptiie RS QMRS KOSt exE Gafves of e communication
cSerf orm a net hod o? pre-processing a signal faor

F@\?‘%’*ﬁiﬁ’r?“tt%eiép‘&téiﬁﬁ‘ﬂhi cations receiver, said nethod
CONPE isfnBdnodiB&Cbpétab 18 inddip ke SipGiNdgnal BéfendeBt on the at least one
transmtted via a comuni cati on channel; estimating at
qs%%tt’d%f’%ref@gt ure of the conmunication channel based
on t BRohtPRYEr pRdGMak the FRAIFY kigghl td e botttniStigatceiver.
dependent on the at | east one estimated feature; and
providing the nodified signal to the comuni cations

ARBRINESH a sbeob® BIPR oF Hiel iDVERLGY BiERMB pracided fodthod gf pro@rocessing a

pr e-fgr ocessor is al sp described. ,(ﬁcctgr‘fl ng to a -
sigipk HeproyeipR iy @ OMIRYRSAioN; SH5ETV B S HBF 80 € HFEVEded a
et hagdeiofnode Gl dgnaBiheysBalsmitRd &ia i tothmdicaticdrchannel,
conmunj cati ons system c ri sing: .a) .,recejvi n. N
enc o At EAdrast g featre ?fgtggm}wgcaf‘?%mei ETSSﬂ gfbﬁs iR signal;
i Nt ERdEEARtRingat {9 deusdeanan thy atdabt ona bitigicd frandelandf
the tra SmtﬁSi 0@ %a&gﬂ, sai d npdel cha%acteri sing an
ef f eE1OVEng the RPdrd fignal o bt rEr IR f°4Y % east one
carrier in the nmulticarrier systemandc) decoding the

ived s

S R T o5} S P BT s
RERAsiNE Rgachhededinit Nebgran padt eforddde on v emdchioshdalirbice recording

i S,.provide hod of inptercarrier interference

pRisfidbt Siinafiod M trmon 5F b P8 Higofineg BpEAhEOE Wi the program
owtid tdxeaqitasi & paifored es snattednuhigapiocsssing ystsggmpl for provision to a
including, estinmati ntgod':\oofi rrfg.t snmoot hed di rect channel
B BRI TRy s S8 “FEESEFng a recei ved symbol

usi neectifimghah it §pmbthhidsltraisméet vialaomalmist annchtrmel; o

prod tnatid .tat lgarép onré%a L LARS Eglﬁrhﬁgcaﬁgm%c? g&s‘e&@ﬁ 2 input signal;

modifying the input signal dependent on the at least one estimated feature; and

providing the modified signal to the communications receiver.
A communications system incorporating the pre-processor is also described.

According to a further aspect of the invention there is provided a method of decoding a
symbol in a2 multicarrier communications system, comprising;

a) receiving an emcoded symbol transmitted over a transmission chanmel in the
communications system;

b) estimating a model of the transmission channel, said model characterising an effect

of intercarrier interference on at least one carrier in the mmlticarrier system and
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estimati ng a second snoot hed direct channel using

pilots and first hard transmtted synbol estinates;
waele@smigs t he recei ved synbol using the secondPGaviw/do1506

di rect channel estimate to produce first soft and

second hard transmtted synbgl estimates; estimating

a third snoothed direct channel using pilot synbols

and secon d_transni . : ' . icted

oot RgRiee R hhARRbr b BB Ruiakd HRLAT Be o pred
efiha nfi gk cdtr imerfdramast t he adj acent subcarriers having
first renoved the current estimate of direct channe
interference fromthe observation using first soft ,
Accondingi tbt e thrdymippkot of ttherinventiopr thére in boyided Hemainph 9§ intercarrier
..ncl udes  .cance] i -Of ] r : Efshunicati
iR EeElig axseray Sad RbloaH 18 AR a TR Wit Ehunictions
sgeemdndergliddie i nt erf erence cancel |l ed subcarriers to.

return, infor i on..bi.t,. ' . .na
Lt Eroanes SRRt RS bR St LGSR T
chanaelodipgtd sdkiesd sythioli wingr the rfisic anmdindediteet channtlopsimate to

bef ore .decodi ng. The od i nclude one or nore

addi PT"&H%?ISC”? %cg‘i‘eﬁr‘% ?@ﬁglﬁgeps t@ﬁ#&@#&ﬁ’g a new snoot hed -

di & eeitinphiag Belecangisn@othied direcs yhdnnbisusingopiotsr andnfirsthiard transmitted
decoder. outcones; estimating the snoothed

i nt els%’él?q??sé’fnaiteﬁt erference channels for at |east the

adp a@ednting URC aksiver Smibalidig the sedond emoothal ditvet chunmed mttimate to
estimate of direci channel interfer e.fromthe

obse MP?E)&% Stlf’g’}% ﬁ‘@‘* ﬁ?ﬁﬂﬂgé‘ﬁﬁ% W&# %ﬂ@ﬁfﬁ‘%‘a“’%y nbol

est i E@ingiting ANgLY| sidofvd firettnilaniet reing epifor aymiadls laadistcond hard
one subcarrier according to the channel estimates,;
deco&@ﬁﬂ“ﬁﬁénggéﬁVEﬂa% ol using the snoothed direct
chan @&ima@iﬁ% iﬂ@%ﬁodﬂ&dﬁh&?ﬂdﬁﬁr lilﬁWféiﬁfc?] cﬁﬂiﬂlclfb &bﬁ at lczrl]st the Iadjacent
transmtted synbol estinmgtes; Snoot hi .the.c n

est | ﬁ’é‘%ﬁéﬂ%;ﬁ%m& %@me’é‘@g% *ﬁ% icH’a@”éi"f?*H%E’?g Ogéﬁ%l"ﬁﬁ‘}’%ﬂ‘ Ryference.
a | owoRAsSYskivhi®nusing first soft transmitted symbol estimate. -

Preferably, the method includes
o cancellation of interference from at least one subcarrier according to the chanmel
estimates;

¢ decoding the interference cancelled subcarriers to return information bit estimates.

The method may additionally include combining, according to smooth channel estimates, the
interference cancelled symbols before decoding.

The method may include one or more additional repetitions of
s estimating a new smoothed direct chanmel using pilot symbols and current hard
decoder oufcotnes; 4
o estimating the smoothed intercarrier interference chanmels for at least the adjacent
subcarriers having first removed the current estimate of direct channel interference

from the obsetvation using current soft transmitted symbol estimate;
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transformation via an FFT, w ndow ng and | FFT

Ceneralisation to nultiple receiver antenna may be
w@edsewess by defining a set of channels for eaRtI/AU2007/001506

antenna and vectorising the denodul ati on stage of the

decodi ng process. The ICl present in the output of the

FFT may al so be reduced by feedi ng back | ocal

freque .Of f i e: : : t

cof v Sepe of Mo Gl ot Rl leltsblE Bk 1 e channel

f r equemneyespf f set. This correction may be done in a

forwgrd.onl.y manner of .retr ect l.vel (=3 '
OB TR P RRl R TR gireq s Taptptm e {5 Produce
mul t hed soft dndeard tfantrhieted syedpabestimated; f set estimate
changes during application of the receiver. The use of
soft out put decodi ng of the convolutional code (e.qg.
SvhcathiagRasieathbmore] esBmalaatay bt ychdeddiimgpithamy be used to
al | OWthﬁpux;@éolf erasure prediction ahead of any.
subs EFEHREEY VISP OMh decodi ng t hereby i nprovi ng
t he @hds@rmein B T, eiqdatvidgiahy IRFT t he system
Accordi ng to another aspect of the invention there is
provi ded a nethod of intercarrier interference
rmediigtibo @idple esm@ivel anteAnamegbeichizred By dedfining a set of channels for

[ ti [ i.r.el [ ti {
eheh iRt Rt EF g BRp e ol BEAEASIERE e nannel
- based on pilot synbols; decoding a received synbol
[ t he fi.rst h di t . chanr L] t
T SR PR B [T RS et B CymR Y Rerh Phfkdbdh foquency
offstticatirhatengo a preRET swnit thedeodiecte tdie ticleatonein ssgieng: for the tueasured
nbol t he hard t i t.t timates: .
RSl e P A S P BB i @il o

| irrer ertrere
aap givaie DEDMgymii] hewbd traspanetbrosgiotbaFFT endiplquimedséf the fryquency

Vi fir,st remved the c ent .estimate of direct
Ogﬁgr?%g?at ﬂ}agg?sgg%%agpﬁ?ag%z %t{ée% %‘Ze?'vati on using the

soft transmtted synbol estimate. Preferably, the

’fﬁ%t\:\g? g»f isor}% k%g&sdec&ﬂlgc §% tlhg toé%gl%%%a{l ?zhcg ie%ﬁ%gﬁ—gogtgﬁarﬁﬁ‘robaiﬁty

["eas one supcarrier accor ‘
desidimgh trey be veddo dilewg thehse phHtresufecpredictonchersiedf] agyl subsequent Reed-

ra] ) o | Q0: i & st ESvstelgr 1 f
SR DL ) TP
According to another aspect of the inveniion there is provided a method of intercarrier
interference prediction and removal in a receiver for a multicarrier wireless cormmunications

system; including;

. estim&ting a first stoothed direct channel based on pilot symbols; &

« decoding a received symbol using the first smoothed direct chammel estimate to
produce soft and hard transmitted symbol estimates;

¢ estimating a next smoothed direct channel using pilot symbols and the hard transmitted
symbo] estimates; and '



5

10

13

20

25

30

Enbodi nents of the present invention will now be
described with reference to the draw ngs, in which:

wOor@eneo0ds is a schematic drawi ng of a comuni PEL/ATZB7/001506

system Figure 2 is a schematic drawi ng of a
comuni cations systemincorposating a Pre-Processor;
Figure 3. is a schematic drawing of a'tine-donain
Pre-Processor str re. Figure 4. | [ . :
i o STToRE ot st Belep B Bl IR bE sent sdjocent
Fi gursebcarriesh pueterably hedjue ficy reloosst] nhiPrerdt estlasaoof direct channel
structure W th xL.oum Rat j I NEE el QU e
o: | SHORETE ot o oA e S Bl esk Vo el

wi th denodul ation; Figure 7: shows a frequency domain

re- Processqr .st ture with Forward Error Correction
%ﬁ%@ﬁfydégggﬁlﬁgfmh%%sure 8: Is a schematic diagram of a :
sab elchiceiatioh aririederferentel frodfri ajUesst Bne mwbearisc henmifngcio the channel
di agr am (%f .a conventional |EEE 802.11a receiver

i npl é’%ﬁﬁﬁti on; Figure 10: is a schematic diagram of a

Pr - Be@aagIey ineitalhedal celidd sibckmierslia réiaaénfomiation bit estimates,

i npl enmentation; Figure 11: is a schematic di agram of

part of a conmunication network that includes Pre-

rocessor enabl ed FE 802. 1.1a receivers and receivers
%r! ﬁﬁéﬁﬁ@ﬁf%e@tﬁ?& 3@&&@%2: shows a schenatic
Brhoakmetitasfitmmprekatnfentict willEe® B0Rsctibel Witerefrace sy drawings, in
Miﬁkguency domai n enbodi nent; Figure 13: shows a

scheémati c diagram of a FEC bl ock consisting of LLR
Kigire 0] iath ochepatik dfavimgbf 2 chegoubratibersysiem; i n t he

- B¢ r..0f  [Fi - E: : :
e T
Kigire 31 iat ochemntit ERPing o€ othne-démain FeweProgpston structure;

AlE - Of-, Fl el  PrdcbdsiShah8s
P tRs iR et B A b st
Kige Seshd s a fikqugney domein Rrn@rdcBEs SOSLE Rty Mexipe Ratio Combiner

cture; Figure 17: is a schematic diagramof a

ecand | EEE 802. 11a Pre-Processor frequency domain
Rigiye di shewe a Wequendyoiearain Rye-Braggasor structure with demodulation;

Tigure 7: shows a frequency domain Pre-Processor structure with Forward Emor Cosrection
(FEC) decoding;

Figure &: iz a schematic diagram of a satellite channel model;

Figure 9: is a schematic diagram of a convenﬁoﬁal IEEE 202.11a receiver implementation;
Figure 10: is a schematic diagram of a Pre-Processor enabled IEEE 802.11a receiver
implementation;

Figure 11: is a schematic diagram of part of a communication network that includes Pre-
Processor enabled IEEE 802.11a receivers and receivers without pre-processors;

Figure 12: shows a schematic block diagram of a first IEEE 802.11a Pre-Processor frequency
domain embodiment;

Figure 13: shows a schematic diagram of a FEC block consisting of LLR calculator and
Viterbi decoder for use in the pre-processor of Figure 13;
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Figure 18: is a schematic diagramof a third | EEE
802. 11a Pre-Processor that uses tine domain
wEe@ses®ssg; Figure 19: is a schematic di agr anP@f/AE2007/001506
further | EEE 802.1 la Pre-Processor using frequency
domai n processing with hard gy soft decision
re-nodul ation; Figure 20: shows a schematic di agram of

BolEt4-Canet @dh%aﬁ@@!i %rgmtoh abﬂamocﬂ%omﬁ% bALLA Ralculator and APP
c?redl ction and renova Inter-Carrier Tnterference

opedey foppsedn the preEprgegseor 1 Figaisdds a schenati ¢ di agr am of

gﬁ@whm&&ag IEWSOQQ 148 R P8 R3:854dg¥Bin f)ﬂ&@es@hé ,ect
nponent of a Channel Estinmate; Figure 22: . shows

51&‘?5‘9 henllgsagiss the SFER BE-Jlapreamble skpiHe and Trai ni ng
ﬁg&i@ 1S Qéohteﬂﬁm%agf% ofhanned 1HEH 30@%9&&%&&9 [ cy domain

rgure 23: shows a schematic diagram of a nodul e
Wﬁm@@%ﬁwﬁdﬁ“’w&ponent of the Channel Estlrrate

Ii:l_gtgb' ng: Z4s salRpWRc delall oPh hiREIRER S6ANGEPlLirREbeRBH that uses time

i ning aspects of the ICl Channel Estimator of
GO REOERINE-| gur e 25: shows a schenatic di agram of an

Ihg!:e o @ om0 G b8 FurthbOGIERURR 14 Prd-MBedsdefe using frequency
nodul e of Figure 2 Figure 26: illustrates a schedul e

JogpanprRessing UH“%‘H"F% piogre-pefulgionng t he nodul es of

ﬁg&y hESsidds Bclanthib AR SPEE c&%‘&ﬁﬁﬂhﬁﬂﬁl@ Biat Fia/ W6 @sed in the
- 1l lustrat es a schedul e for g%fl on and renoval

27;
Rpdigtion apd ey Ve W@%&ﬁ‘%‘?{%ﬁﬁ”@ 486 and based on

2Redmadyhabi o df fgﬂﬂf 8F 2Biodiild tHdMaRAbEselMo estimate the Direct
a ternatlve schedul e for prediction and renoval of |Cl

Crenpgent REe HardStBReE gures 2 1-26 ; and Figure 29:
Fikir Sb1 SRR Rrchdd’ déﬁeﬁlf ofthk G0 @lahosHing CARe dTthi@inf dspects of the Direct

(%{edl étl on azg% val of I Cl using the nodul es of
gtimaforsys Figlreye X od descri ption of the enbodi ments

rnglﬁe PB-0dO6S @lsciemyae idiRRtofod madé GrnpEiaRfis ah IGI Component of the
gha%é:erl%gggaé’hat may be placed before a comTunl cations

Figure 24: shows detail of the ICI Cancelling and Training aspects of the ICI Channel
Estimator of Figure 24;

Figure 25: shows a schematic diagram of an ICI Cancellér and Combiner block vsed in the
FEC module of Figure 21; .

Figure 26: illustrates a schedule for prediction and removal of ICI using the modules of
Figures 21-26 and based on Soft Remodulation; '

Figure 27: illustrates a schedule for prediction and removal of ICI using the modules of
Figures 21-26 and based on Hard Remodulation ; ‘

Figure 28:. illustrates an altemative schedule for prediction and removal of ICI uwsing the
modules of Figures 21-26 ; and

Figure 29: illustrates a further alternative schedule for predmtlon and removal of ICT using the -

modules of Figures 21-26,
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receiver in a comrmunications network to inprove the
performance of the receiver. The preprocessor nodifies

wao b@soessini cati on channel observed by the reckPCWaD2@00/001506

better match the capability of the receiver. The
descri bed pre-processor has peotential application to:
Wrel ess communi cati ons systens, e.g. DVB-T, DVB-H,

Paifed Séscrefioition tie SBOdniate . = cati ons

8t Eg o ADSL HomePl ug. The descri bed
E‘ye- 8gssors may be paired with a range of existing
comuni cations receivers to inprove receiver

BSibB&ifn'éEt@ GEa é)he lsfo&%r At REGHHEE Hat mha} Be PlaBed 6@ S @mmunications
may. paire an existing | EEE 8 11 rgcel ver

feﬁéii."efv%a§ C@E’é@”@ﬁ’é@”ﬁ Seirey ‘é’tiélpmcéh%f%ﬁﬁﬁw gt thefefgiyer- The pre-
ERBESE miREGNAD b@ndliRediBe Shanfsl doSerRAesyahe r@8ivar WRitdranatch the
out door channel. The pre-processors may be used to
ﬁ%\”ﬁ?’qfl’?@%‘?eﬁﬁ%\l input to the receiver in order to
| rrprove system performance. This is illustrated in

gure_2. The Pre- Processoﬁ@io t akes the signal that -
Wb%d%@@?’?dﬁ}‘eﬁ%‘f"’éﬂrwppﬁén i6&Ion3% and processes the
Si gnabvu@wmohmchﬁ&m%?@md, gupmm v e rREE 80y £r, 1BEE 802.16,
appears to have been affected by a di fferent channel,
wher &% channel is matched to the capabilities of

the r ©f&IHY s mBAnicalBhs $88mefani he Pre-Processor 40
expands the range of channel s that an exi st i ng

r ecei Wited eamingpestionseysiEmn o8| ADPhlUnddE. wher e t he

wﬁé HedcBbed PEEIrYELsofPRAG beP BaifBSivitY m ot | e SiE fboéﬁmmcauons
en the existing receiver is an appli cat i on specif

raseisegs 40 énpreve Eagpyer(pRsbryance. theone @EFQFWHW P@TPFO%OT may be

PRRl el eré;mﬁg m@%ﬂ [ erEsse tl%‘ wal aéyy.oc tcb@ﬁé@z{ig of b Son-mobile,

capabl [ities n these cases the Pre essor can
soerrhetmelpebla e e veke dreraRen erehilpeputdeor élié‘ﬁé‘ﬂd t he

range of channels the receiver 30 can operate wth.

- The Pre-Processor 40 nmakes an estinmate of the channel

The PEPERFCHpIS mayhe vpldampddy diegieapl inpyt tg fhe fecgiyeisin e to improve

oﬁ§§n'c£mhﬁs £ ARV R Ffurd D OTRPrbPeocafsbenttalfl tlelRfmal that
oal of thePre-Processor, 40 is

HoleH 09 s DrE) 21 HAPRSERERS B0 FighPh e bl hicsignal utput o the
%&Gﬁt 30/ gpelanbelavd Badn hifRiel S5Lh \Ber@R SBEMRE vWiferdMbla bihunel is
%}Qg{%hédatggtaﬁ}wgg%hé%gﬁgﬁgr%%ﬁ\{%g QI 3[1‘;@ g.gq?ﬁfe tBOf 0 gée?éolr gg expands the
Fainge b @eR&HOhattd dxiiithe FREvEtah Bpérlk® wiilhB1 he FRHeB where the existing

receiver cannot be easily modified (such as when the existing receiver is an application

channel

specific integrated circuit (ASIC)), the receiver may fail to meet performance requirements on
channels beyond its capabilities. In these cases the Pre-Processor 40 can be added prior to the

existing receiver to expand the range of chapmels the receiver 30 can operate with.

The Pre-Processor 40 makes an estimate of the channel 20 based wpon the received signal, It
then uses this channel estimate to remove or modify the effect of the channel. A goal of the
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Inputs to the pre-processor 40 are provided to a

channel estimator 42 and a filter 41. Here the channe
w@2aos/ess 42 takes inputs that are in the tineCOATAI0N001506

and the estimator output is used by nodule 39 to

calculate the filter coefficigents for a tinme domain

filter 4 1 that nodifies the received signal such that

PhLPBRRERYSE i © NS iRReR B F8aIadntbYudh ok ehemk effective channel
channel than the actual channel in the con

ct ] nupi cat.i oo

they the sqpeivarRbsavRspUV iR t&éﬁ@%ﬁﬂ#@@f@&@lﬂf@ﬁl%@ﬂ@?@@? afigg with.
the receiver 30. Figure 4 shows a general block :
di agram for anot her Pre-Processor 40 |n?lene te%guﬂnedmndn

Figiee 3 skayisen Bycly eagrn. forihed re-Rpoopssuel \ implaegieq
ngﬂu'isstB el R pEREARA0 FOPRLIAE ol aBBadeN@Yifhalop 41 B a filter 41. Here the

requency domain. A mapper, bj ock 43 nodifjes the )
ch*"@glfémwﬂi‘ﬁﬁkﬁ o ARt e farng Eae dorpan gl estimpiqr qytgut is used

b9 SERRI 086 Laduby vie Slid kesratns hannle doham ke sackdialodifies the
channel 20 in the conmunications s gten] and .t hen this

regeiyadiziel such ke FEPRREE t heve s atfvateq Prra diffiat champgythan the actual

oR4HPUL the [RGB ARARSs sGfibth NBleQutph2of 456 SltaSt11i8 Prokided © the receiver
received signal 44 in the tine domain, or the received

38i gnal 45 in the frequency domain, or the received
signal in both the tinme domain and the frequency

domai n_44, 45. The chgnnel estimatqr 42 nm ptionally.
Figio 4 FRes R o R aerahagiam Sioeqomet pee-Fpeioh 40, mmisminisd in the
ﬁ%ﬁu@nbﬁd&_ﬂ@ﬂe iﬁ[cﬁ:i tﬁﬂfﬂcgiﬁ&l éi@‘l&% iﬁeﬁxitihﬁﬁf&gﬁﬂ iffom the éitﬂ@elomain fo the
mapped signal in botih the frequen omai,n and.the ,
RERHBCUGARRR. o5 ToR7e itk HepBTRG: BEFOITED Dpapiriem such et i
afpdaReto Hdg@gkeﬁﬁfﬁeaemﬁadm&h eheﬁzbﬂélnﬁﬁi tieSidiuBtcBannel 20 in the
gener at e channe| estinmator 42. Fi e:5 sho a .
CRRBERHCEy S o1 4 DB 1% iR o dOg Somein ad
obipat. PIIRCHRSER! edilfatde YD IiJ?aslh@ inpliethe rdchieed ¢igml d«ghﬂiha titn® domain, or
frequency domai n transfornat.ion.is perfor ' a .
O EEEN e el BCToBRE] Ry 48 TR S i B o domain
MO Reduendyl dmaaﬂo?@,i 43. t Tho shannelestinatod 42 pay foptionedly also use the
usi ng.an, jhvers ast _Fourier, transfar FEI) ..49.. The
PR Rl A e OB e EPRS S i B R ot or e
peeghbalibigodl ih etc the nikglieres tdofmainoandbthe aknmed omiedn g, 47. The mapping
[ ratio conbi ne 50,. The channel est] - Or
TR 8 e T AT 0o I PRSP e

eslbm@mbmy2. or the received signal in the frequency

domai n, or the received signal in both the tine domain

and the frequency domai n. The channel estimator may

Figuire B stadvisye bdkodiapsen bhe viviaGooft thel freqiegpyalomiain Rrbr@rocessor structure

4@2 %ﬁ%‘% ?ﬁ%trlr%? @}ngin t%rfrgq%femc%m%t Qﬁltsfo%ingl%%l is ip@rf&pn%d tu'sﬂE a fast
Fourier iransform (FFT) 48, and the frequency domain to time domain tfransformation is
performed using an inverse fast Fourier transform (IFFT) 49. The frequency domain received
signal is combined with the output of the channel estimator block 42 using a mazimum ratio
combiner (MRC) 50. The channe! estimator 42 uses as input the received signal in the time
domain, or the received signal in the frequency domain, or the received signal in both the time
domain and the frequency domain. The channel estimator may optionally also use the MRC
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IMRC out put signal in both the frequency domain and the
time domain. Figure 6 shows a bl ock di agram of anot her

wao 2008a8m080f t he frequency domai n Pre- ProcessorPCT/AU2007/001506

structure. Here the nodified input signal output by
the MRC 50 in the frequency demain is first
denndulated and t hen renodul at ed, before bei ng used to

u%gfgmhhﬁ &h@qtaelcﬁ%&wa&o&m fhc I # Qf‘ﬁ'm@ﬁ&é EBhRR, or the

uses as in e recel ved si in the tinme
MBfreuiput §ena ﬁ@qﬂb@e fro@gnay; dgpgin afng thepigaerdog@iiency
domain, or the received signal in both the tinme domain
and the fregrenc domai n. The channel estimator ma

Bpwe ndiory adtleds dagsam 96 anedhes digriantod thy Hemenayrdomsim Fre-Processor
Jtﬁ]eﬂi-ee e ﬁﬁ%dﬂﬁe&c’iﬁp& @@ﬁ%%%yahewc %% tﬂenfréq{?&cy domain is

tinme onaln he T enodul ated S|gna
Frstedenodelpted élﬁéaﬂlﬁn senedelped. thefse bripamsad t@w tée vha@ms Wtirgator 42.
ﬂe%&net AR 93 udEhs ﬁ?&ttﬁ@xrecé(%'s%h 19fthctt[?§e éanew BPHY recejved

domai n Pre-Processor structure. Here th

signaliin Hegieguensiyt damraing o1 MiCreived sigpgd ip rb@auéwctyn@ 6‘P|lﬁ’f‘1ﬁ and the
fr&u&c&%%m%”%‘élcﬁﬁﬁgl estiddSt0r Q@ Qﬂﬁﬂalﬁnﬂsd' @se%&%@ulht@d signal in

forward error control (F bl ock

th%%‘t}\%%ftd@ﬁ’aﬂbé‘f e empdplaigd ee@vé 1 e He éemmflmf ﬂemmﬁ@lated signal
8 SbinRd $4 ué‘:?eydyﬂﬁn%ﬁd%@ﬁhm%ﬁxhlﬂmor 42 uses as input

t he recelved signal in the time donain, or the

recei ved signal in the frequency donaln or the

Fig&e 7 WBelysSi ma& dikgharh OF Vet bh@hdrviRand OBE fre ﬂc;t (hﬁnam Pre-Processor
frequency domai h, . The channel esti

Spetsn Al thg macgitied dmmoh gepal e bé’tl\éfg%sﬁodﬁ e fqipaq domain s firs

deiReblend, thehodmRbdid 08 rd-GRodRTR el PR sir@NBhtrd TFEGEblock 51, and
r‘Ellrredmaun rtherermdlated S|gnal in both t

DA AR RRh eI gyt capmael ctimator

. BewR 1%1;: fhe gebeRred s@lﬂcﬂi inhtfid 11¢h8 dénsln | Jr bk ré&n%&)ﬁgﬁﬁ in the frequency

, ({?e L ace

eyl Vet S e v s A B GG aieg foman. The
chegRE&tindRt ¥2 may Sftidniy MCusd @Jeff&ﬁodi@atéda@élﬁpﬁdh@ﬂeqaa%y domain,

RS TASD S STBLISE ", B S LTV T, SUSEE oy

doraifing teftinge daafnel 20 that the Pre-Processor 40
could be applied to is a frequency offset channel. A

frequency of fset channel introduces a frequency offset
Ih Figubees, Figyred, Figuad 7 the FFT ak sid IFFEdD mal bk F@lamr\eith/wy femiof time
estimate the frequ ffset then th

t .
o8 PR oS ST B o B P, SR AT AR ERgstvely, Also
mm@ﬁo aaydeecieplaced 3y ddyaforh a$ sipesircotd® e tach hoa minimum mean

sq i ?nor (MMSE) combiner, or zero forcing combiner.

An example of a channe] 20 that the Pre-Processor 40 could be applied to is a frequency offset
chamnel. A frequency offset channel introduces a frequency offset to the signal that is
transmitted, If the receiver can acourately estimate the frequency offset then the effect of the
channel can be removed. Consider the case of a receiver 30 that has been designed to operate
with frequency offsets up to 10 kHz.  If the frequency offset is, say, 100 kHz then the
performance is likely to be very poor. If instead a channel estimator 42 is used in the Pre-
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with frequency offsets up to 10 kHz. If the frequency
offset is, say, 100 kHz then the performance is likely

W 2008040088 y poor. |f instead a channel esti matPCT/AB2G03/001506
used in the PreProcessor 40 that can cope with a
frequency offset of 100 kHz, 4 hen the Pre-Processor
could renove the effects of t"he channel . This would

PR 2008 Mo B Rl SRRy SRR s HRudr cou

reﬁmcexqmlemfgectsfo&‘ﬂm ghagfel. UBhit wodldAllkwzan 3&13‘@133119931‘@)( peeh gdnnaply cope
B0 R0 Halor QR0 Be L0 ISR LIRS OPUER 6 10

thieraby I@nmémg e rdre vﬁehadndbeethd@m xisting wedieer sars@ewkd Withe
channel . Satellite channels are characterised by

Rician fading wwth path delay, as illustrated in
Aptper exagiple/oftaygianel 22t thie Pee-Piocessor i cpuldze applied to is satellite

RS g Deo2 R5SBI 93061, B0 B 88 S

Figuve $iz A opialanpiite Gel dypsof e emnmynicating wiala geostationary Sﬂfelllte)

f\

A BB 8 ol ey o

Ha I&r typical eropfutizgl @8, planes mcthngfr bemmwiieiting ola almstaﬁonmafmﬂtelhte)
sagmﬁet Gafie) a%q ;gl&velé Knﬁctoonf 2L 8k ff‘adﬁi@%aﬂcﬂﬁg?f&ﬁ 00 Hz, and a pah

eration mariti satellite chann
delepef 1 ph Hivecevsr é%@nechﬁx oneefiancwith & medtigng ﬁ%dhﬁﬂrﬁhwlsmay not

GRNRARE E%-%fei- Q&S&aﬁ%&l &Qelﬁt@”lﬂﬁs %&@%@r@ﬁﬁo@&s&ﬁo%an be added prior

recel ver desi for maritine satellite channel
1q & regkiverpQ drsicped mnﬂ@e sptgllifseqhpmsiclh touallow Ehe raepiver 30 % perform

m@ﬁ%ﬁﬁﬁ‘&&bﬁaﬁhc&?&t&L bich&nghannel . Yet another exanple

channel 24 that the Pre-Processor 40 could be applied
to is the channel experienced by |EEE 802.1la radi os,

YRESitP 8thrds ckﬁﬁﬁ’éﬂ@h Shat thel HrbPro8&dor b MBd velabfifed0% the Shannel

Wr el ess Local Area Networks (

ererigaced fw olFFEr §a2eld 2 ardisy ﬁmﬁ‘%@ds@z/%%mwle i IR FEh1 | Off@ “IEEE
sszﬁﬁw%Q}%sleJ@altmm@Mo}@rmm«)w?;g?%% Qe bfé/#&;ﬁs@bﬁ@'l/

in Figure 9. The transmitter I erren s a sequence of
operations on the input data, ie scramble, FEC encode,

Al BSREMRANCIERE HON, flaCtranksinlttbr 2AdGecoiel b an@d‘nlaf@a in Figure 9. The
upsanpl.e and filter. The resultant

S|
ﬁ%%ﬁ%%lwﬂé@%éﬁe@wmﬁ@ﬁvw% At éh?dﬂlﬁg ﬂa% sgramble, FEC encode,

GSTERYS FRsAuRey IR dy Q-JSrclﬁ,C 1%k, Qupbdrhf1€ an@ fiflerd WD SRR signal is
the .recei ved signal, i S synchroni zed has the

tragsEitted vk EASENEVR FhAG! b SPEPIFEEnPY f@ﬁ@vqrraé&fuf@n’é&wr and
dePNIRInple e adeivbdl sigddlwRibh RUSynEHroriR Hak Thd Sychs 9¥dﬁ§i&9{n&*@3d and
B‘ﬁ’%hannel eﬁél mat or, and a denodul at or, :AAA}I&E?

QLRI MR BY AT Thheier B provided 10 a
ciginfs] 3é8tnh§t01d gidd eehenved, whiceveeché otipanet He sEdmadids@tlator. The
demodulated signal is deinterleaved, FEC decoded and descrambled.

These receivers are designed for multipath chanmels, Conventional IEEE 802.11a receivers
are designed for indoor, low mobility channels characterised by low RMS delay spread (e.g. <
200 ns) and low Doppler frequency (e.g. < 300 Hz), When these receivers experience outdoor,
high mobility channels they may fail. However, channel estimators and signal processors can
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These receivers are designed for nultipath channels.
Conventional | EEE 802. 11a receivers are designed for

w0 040088 ow nobi l ity channel s characteri sed bRCT/aW2M@MBI1506

del ay spread (e.g. < 200 ns) and | ow Doppl er frequency
(e.g. < 300 Hz). Wien these rigcei vers experience
outdoor, high nobility channels they nmay fail.

t@i@@p\tﬁﬁanteenﬁﬁ%é aﬁ%ttb WBhO &L A high 308 dBkP @ﬁx@&pﬁiﬁi hlgh Doppler
canbe i nplenented that are able to cope wth the high

mewoég%ut%@&éwﬂsﬁéﬁnﬁwh Doppl er frequency of
out door, nobile channels. If such a channel esti mator

and si gnal processor is_incorporated into a
by heesl BTAE A0 FEnabPROCBEICE FSPOTHE) iR @ e ipopRgsor then the

Fxfafﬁ&!esself e Ge B RRELFLL of PR dBehdR] (MM SRid %e&?(th%tdxﬁﬁng IEEE

| EEE 802. 11a receiver can cope wWith it. Such
MRl preseigisan capd Bilb ifc O At T REeszptionp gony pafions) TBEE 802.11a

Agﬁﬂc\é%&s H{aamamy&n RReEnedent SHRek, 164 noBIRP khank@Wto be used on
channel s to be used on outdoor, highly nobile

@H@?ﬁ@%‘lymle&%ﬁ'ﬁary embodi ment s descri bed bel ow
are all | EEE 802.11a Pre-Processors. However, these

techn| ues may. al so be applied to her co ni cation
e S Bl e 8 2 G 8 A W,
ﬁl@mwlﬂn&a&§ @5%5 als& 66 a8 té bbr tddehuilRtidnsRaste@s, The described pre-

Frequency circuit,, a Medium Access nt

PPFEITRY araﬁalewwg?%}wewé% X that r"am% éﬁ%? %&%P%‘“’Y (RF)

%%bg %Wbdiﬁﬁ_rh dﬂﬂaﬁ"ﬁﬁbﬁm (ll\/ﬂ&d?)ugiﬁcuit% 8 Oy di6al Al ed ﬁﬁ-ﬁi) circuit.

e, descri ro

Pce 4, B DR H MG FeBue TR AOEed RERRpBT THe desorived

e Bejceds6ils emgrmsoamhseeaﬁ IDOVES-H dhdt DVBYT ctmxtsh &hich contain RF/PHY,

gre- rocessors h as ADSL and Horre onI om 1
fie et PRl Gafions el ma b e R AR R SF g Homeptug

bﬂrph@lmpmzwmchar dware, for exanple

application-specific integrated circuits (ASICs).

O her hardware inplenentations include, but are not

ﬂdﬂpfﬁﬁfote@som‘ ideécﬁbm Q@i‘eﬁmmiyl be gadplenahtedyn (hBP@As,) for example

&8&%8{[1] rggqg ?I:}tggsl‘ t?k%%dcg) aﬂheg %gﬁ%&r%?%ﬁlg%g%?mﬁ%mclude but
ztre nbtiixhipederat fudd- pﬁ:gﬂm‘rﬁamr @Ie amgrh (BPSG A estroctured S ICs, digital signal

B o BT I AL, Beliytiftao” SIS mplemented a5

mﬁmmt sich pe@etalp Inmrmmihcaﬁna pﬂb giamslema;dmtﬂe iwithin sconguieosyetem. The

A Y N A ——
fmﬂlthmdsmpumg-eaiablampemmn for e@mmnnrb.{scdmdmhpmer isysténs A& computer
r%gc[ggfétn%diﬂ 8%%”91 191 et program recorded on it is a computer program product.
Examples of such media include, but are not limited to CD-ROMs, hard disk drives, a ROM or
integrated circuit. Program code may also be transmiited via computer-readable ttansmission
media, for example a radio tramsmission channel or a networked comnection to another

computer or networked device,

In one embodiment, the Pre-Processor 40 1s designed to remove the effects of multipath and
mobility from IEEE 802.11a channels and present the modified signal to an JEEE 802.11a
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Exanpl es of such nedia include, but are not limted to

CD- ROVs, hard disk drives, aROMor integrated circuit.
woe@mgnaesgode may al so be transmitted via PCT/AU2007/001506

conput er -readabl e transm ssion nedia, for exanple a

radi o transm ssion channel of4 a networked connection

to anot her conputer or networked device. In one

reemdﬁofremcquﬁgtm%mé’méfoa @msssﬁg LA@@Q@&[' &?e eheuon of an IEEE

renmove ects of froml

S6i0b1 1ade Shindhahe arizws ds cHese Weombis HFIETTEN AL (65 ARIC 55
dbirhdon Bl ﬂléﬁ%?a? ?écé’i%d &%e %hk@ﬁﬁ%ecﬂtba%m%h? ARebnal 10 an

processi ngE pi cal | ement ati on of EEE 802.711

Offcfh‘es@ﬁ" IE @Qéwih PHY /MA@A@@ 36, Fidieh pracesyep thengignph endr outputs the
déﬁ%ﬂéqger"%a B ué@ér%fﬁ&ﬁ&%&&%@é tg nEJA@J f%& SNPEEE 802.1 111 node 60

receive he antenna 54 to baseband passes t

ingorpazting en A6 fmpleaentativa jof theE’EEPsJ@@squ‘lOPquonA‘%@ 10 {other
ntﬁﬁemwm RE& 5&%&@; he SiWQNadk. ﬂﬁ:fb‘ﬂcl? UIEEE” @ztﬁeRﬁ %&ﬁc& %3, 64

e user via possi ble I nterfaces.
dpwrcogyery hEpiead 2ecEived 68 éwcssﬁpmwﬁwaatﬁln@z @&aﬁéa@ and pass these

sfgml; Q4TREY el p}aw@sfor be Dhe PRIAS &SSP 404 Qi bnes hﬂé)ﬁ@ £ mgnals and

ure 10 (other 1 nplementations are possible
I‘Wﬁﬁ’% g Weallsqféhef effectef e phapnel froopthe cesulimt signal before Passmg the

pRRUREONEA to Erhgff—%ﬁegéﬂ@ilf Ilﬁl?ﬁ %02’ WPH"?/M)&@ ﬁfﬁ@a%atw%ch processes the

antennas 61 to baseba pass these signals to

SighRL APl e 4 Bhe G EPABEELE e T PSRBT Dses signals

FofhAS/8 ahitéBnas 68H2l Bur ANBulIAEB \L8SorR RN or@hdre Bhn tiPantennas. Other
effect of the_channel fromthe resultant si.gnal . before

eiphedimeys mRBPHRsRaaEER shegion as apaligratiys osigpal cawpingEEE
802. 11 PHY/ MAC ASI C 56, which processes the signal as
before and_outputs it. The depicted enbodi nent, of the

Arpogsible sebedimentas 2 sxgen of Bk 8021 gefes igeosprrating e Rre-Processor is

sAvm QW gukd 1 10 wﬂlsdﬁ@k&&o% haPPe Pt RbNehaPIEd RENeS 7@ &motem in an
aat ennas. mbodj me ‘

nts may performante
Nt B wwwﬁgk ifh SFRLEr g .%—Pf%y@r;ﬁﬁpéleﬂ%’&)%mf
possi bl e embodi ment of a system of |EEE 802.11 nodes

|nco orating the_Pre-Process in Figure

I Gt O JIEPRRSTIRE: P U5roat ABPE dnf Gigds 7 flowever
t}féﬁfhr@&v&ﬁi&kerlnﬁer@d&cbﬁﬁﬁﬂﬁ@s? 1 1 network with st andard

. Pre Pr oces%grH enabl ed) nodes 72. 1In
ar'ra]ﬁ’é%?

cemiigt he KA ASG FiAPTHHR BRYAGAC ASIC

| NPUksye aigitam&dah&tﬁmeﬁsw\be Extérif8al861R-16-8168Hahd Agh@ko-analogue
i nterface possi RI lities: Digital baseband signals.

Thi sCPEFHTTELPat the RF ASIC and/or the PHY/ MAC ASIC
hav epdét-gdqheinoi@ %ﬁ@@@ﬂ%gnﬁl%em(iﬂﬁﬂd REniexher thabPIY/MAC ASIC can

anal ogue-to-digital and i tal -tao-anal ogue
have the PHY acquisition functlon ty bypassed.

» Post PHY demodulated signals, This would require that the PHY/MAC ASIC can
. have its PHY bypassed. It would also be possible ‘to use a MAC only ASIC in this
configuration.
« PHY Bridge. In this configuration the Pre-Processor would incorporate a MAC and
transtnitter, and would retransmit data to the PHY/MAC ASIC.
o RF input. In this configuration the functionality of the RF ASIC would be
incorporated into the Pre-Processor ASIC.
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converters are used. Post-acquisition baseband
signals. This would require that the PHY/ MAC ASI C can

waoos/04does PHY acqui sition, functionality bypasBedAU2007/001506

Post PHY denodul ated signals. This would require that

t he PHYMAC ASI C can have itsi#HY bypassed. It would

al so be possible to use a MAC only ASIC in this

copfi Ut this Edfﬁ{grﬁ{iﬁdilxglﬁc Pf@PrB&'s&r@@T(ﬁ'r&ﬂéfv@i h@&e&dﬂr& signal

Pre ocessor would i'ncorporate a MAC and transmitte

and. fiom atamdtloanRIPETCARA Ovians o RPISRIE AT e MA C/PHY
I nputygrkn this configuration the functionality of the

RF Aé&'woul d be incorporated into the Pre-Processo

ASt CRFREPOANSRE - ontgyut hiThis configugsioatwos waek with off- ho-sbelf [EEE

Pre- F’bf?re&%&é v@g} gmé sresana MAGARANA it GBR! bebh Bofated. The

stan one out puts an RF signal to an
i nt e@‘rearre@bsmmmmw TASIE, sxgnrds at R direclydromrths grisuracs), process

Thi s t f h d
Soo. TP Pl hih U KRN AT R 3B | e to do in
been thintesgisaneds thittbe RF ippseod %@ﬁWASIO@W‘F'HfOP@é@ iAMC do not

si gn | t ( b R&ES! Tow,
AR oA T Sy RGeS B o o

i mpo mﬂmbwm@ng @e@csnmmmamlﬁer@&%amgl te wg&b@mplﬁﬁfd thﬁée input.
R ihi2Ries o %@E Ry &a&-r%oésm 1Ry Qe icAICRRISRAL ARt RF AEICs and

not |nter?ere is could be achi éved, by keeping the
BﬁﬁﬁbuﬂﬁéﬁK%ﬁherﬁW@@bPMw@W?mﬁ%ﬁﬁsﬁwaﬂ%r by outputting

the signal on a different channel to the channel used

on the input. The interfaces of the | EEE 802§1
ThecPrPPEnsesent0 way pPas sumal diaeshstidient medifigpioadpregpiypsghaps some

YY) Mo ARlsise feb@Rer30Y efidd hyRRUhadt dlsELifowaltBe o emuon of the Pre-

supported. The Pre-Processor 40 ma pass

Rmpswg rrdiachute ol Pr SHIFOFCENE G JRHpE ‘Kifdie. a mon-Pre-

ﬂ%@%}eﬁeglearﬁgd.g)ygstr ng receiver 30. Thrs bypass node
al so allows thé operation of the Pre- Processor

enabl ed node 70 to be indistinguishable froma

%@@%réﬂo@m& fricfefied AmBONMEXLER0 bY MHEEEERI02ak IP@@lPlﬁeﬁa))c This
ure 12 shows tgg preferred L?d | ment 8q

qx@eﬁm@@yusm}gwﬂ Sop hoge,fiefined
182004/0264561 “Filter structure for iterative signal processmg” published on 30 December

2004, Australian provisional patent application 2005904528 filed 22 August 2005 and related
PCT application PCT/AU2006/001201, PCT application PCT/AU2007/000231 “Method and
system for communication in a wireless network”? filed 27 February 2007 and
PCT/AU2007/000722 “Meﬂmd and apparatus for multicatrier communications” filed 24 May
2007, the contents of which are incorporated herein by cross-reference.

SA patent application pughcamn

Pre-processor 80 takes the baseband signals from two RF ASICs (eg 63, 64) and performs
automatic gain control (AGC), DC offset removal, and filtering in block 81. The filtered
signal is output to the acquisition block 82, which identifics the beginning of the valid
transmitted frame. If the frame is valid, it is converted from the time domain to the frequency
domain using a fast Fourier transform (FFT) 48. The outputs from the FFT block 48 go to
both the Channel Estimator block 42, and a linear combiner block 83, which i the depicted
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enbodi ment uses al gorithnms derived fromthose defined
in USA patent application publication US2004/ 0264561

w0 EioBpewsstructure for iterative signal procesBCTigt2007/001506
publ i shed on 30 Decenber 2004. Australian provisional '
patent application 200590452& filed 22 August 2005 and
related PCT application PCT/ AU2006/ 001201, PCT
aARRIcEAE 2 hakimb{ éﬁ@@&ﬂﬁ]&@ RRE) bivBE hﬁfé n?astﬁnaﬁx yaio%ahmer block 83

communi catron in a wreless network™ filed 27 February

combipesihel owrnts Ao BFT biyglyshandyhs theanch adinwfsy losk 43 Tlafroutputs of
R RIcoAs A Sgraréf‘éﬁ%iﬁb SHvhe@ RSror édrﬂeﬁsbn%ﬁﬁ@pmoapw THeRBtputs of the

contents of which are incorporated hereln

FEfolladk: & e dhea asedpp girpyt heceRe SRR WY@&%@M?&M to the
IR {FEM g RRRa ﬁéy (GROcoBorted hhcioRth B8 mam, and the

autonati c gain control DC of fset renoval and
cwlmmﬁw&l’?msm%c R"hequtpurﬁ‘éb ¢l 3 s dilfered dnlpck; 8 andopippt from the

PhQpioR&s@&EUi si tion bl ock 82, which identifies the
begi nning of the valid transmtted frame. If the frame
is valid, it is converted fromthe tinme domain to the

he %?léh% BEbIHQTTR R sysraaws@a 1 BShuT b QfiuadeloRBS NMSE FETbm, or a
romthe FFT bl.ock 4 to both t

48. Th t put
Z@‘?:fﬁ‘i‘i@% a%gflﬂ‘;h;é? algpative ipahe margmal an%@g?nﬂ&’Bﬂbi ner

bl ock 83, which in the depictedarrangenent is a

maxi mal rati o conbi ner I\/RC bl o The |

TR A hck b G 65 R DT (88 IS Shone R block, and an

ph?ﬁk%ﬂﬁ c?&gatbhmcmﬁ%a@l 13R et hﬂ@};&‘ﬁeri@h@:@&baﬂﬁ? Hre) (éecodcr block,

out put's o 0 e forwar

aé?‘ie{’ﬁo ?,réi“ﬂ’@?ﬁ? Qfﬁf/RC Ee1t) “é[g‘%wag’lilat"f&é ﬁ‘gut s of the

FEC bl ock 84 are then used to direct the Channel '

Esti mat or al so sed t er.s

I Pt Sihodiient oL e o PREEar B & GRion FEL SRSOter i pisay fefore re-

chédBned cuar?m%lwnarud %dwmy@dmoowzefwm&( G&%):mk g 6rlﬁmrh5eCfromThzeustral1an
ut. o ocC [ e C a out.put.

PF‘}"&‘ER“% Butprt B ron cpelsnd 2, s nBaR S Riren BfeoRy OB Smereases

se a mni mum nmean square error (MVSE)
aI gorlthm or a zero forcing algorithmas an
alternative to the maximal ratio algorithm The FEC
Tk QRdfeBd moduﬁm of tHeclEER S011¢4 Bie-Rlecede 180hiser k method of initial
and

re-e er bl ock ~opt i.,onal
oBE ey R e e gien st B TR o ot preambe word
sﬂe Qbaabﬁ lsaﬂiples( ABHMH:&&:M! @6). Amdier m&ou‘oa*ekaﬁmodﬁdaydmdr equal to 8
Q ul at F re
ﬂ‘b*glt&tlf"ﬁ‘gﬁtﬁ' I%lﬁe %&5? %geusolél gt:rJ %rﬁaiﬁg secon(c]l DC offset
réj&ﬁoﬂedmdeﬁmmmqﬁadmbsfdueeted éaertmmmtmgthaaumlmwf desvenders from a
pﬁ\u S¥a|1 26) lgucl)'g ??)2 "The peﬁc va 1.|lea1|nuné§ b tﬁedeﬁgeta] threshold before the

descender count is incremented, Once the number of descenders exceeds a threshold then

acquisition iy deemed to have occurred. If we assume there is minimal lateticy in the
implementation and latency is due to constraints of receiving the samples only, then the
latency for the short preamble initial acquisiﬁon decision is 32 samples (@ 20MHz into the
Long Preamble. This delay is 1.6 ps after the start of the short preamble or 9.6 ps after the
start of the Packet. '
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provi si onal patent application 2006902812. This

i ntroduces nore | atency, but increases decodi ng gain.
wah@spsmser red enbodi nent of the | EEE 802. 11a PCT/AU2007/001506

Pre-Processor 80 uses a nethod of initial acquisition

that involves an autocorrel atyon of delay |ength equa

to the short preanble word size (i.e. 16 sanples at

Iﬁ%ﬁ’ﬁ erergdu%mmmﬁg%@ ﬁEEa%G,’ZOJq 9 PEEh B RP 30 §tofle|pembles are used

les I1s then subtracted fromthis

tpirpduce latenere Staresbartianhions P{?PI@W%I@@ etoved inthedats pprgasly and are output
iich 8 Pmrﬁ&;&%r g0 fak Bl el Uhs ifdoRihel Srchigt emse%egys that the Pre-

countin e nunber of “descenders from a peak val ue
Rrgeeesorﬁ@ cinestarBppuitive thraaremply wish seficed glavabove a
predefined threshold before the descender count is

i ncremented. Once the nunber of descenders exceeds. a

Tornethtrembodiment of i iEEES08A 1 iPre-Rraeasiog 3P Srermaspamblss ceppivedifrom the
f ¥§ DB L in the

#ﬁp eﬁgﬁégtionh§%§t%i?@%@gﬁ?spﬁﬁgggﬁ%gonstra|nts of
receiving the sanples only, then the latency for the

ﬁnhﬁofhep @ﬁ%&tl&ﬁ thi qbﬁﬁ%@sﬂ i1$4 &»feonoéé%k %@E‘tcfeﬁ 032passed through
sanpl es 20Miz into the Lon

mregnhies ax mréfws‘%eﬁ &n enderip opre 49 ’gr%ﬁlt thy P@éﬁﬂlﬂ@% g l\éAé/Pﬁ%’ ASIC
ﬁ@g eﬁméehﬁe M/PH?nglbejépﬁﬁlﬁﬁFfOM ikshBmRhefRl E@fhate and removal on

nmbodi ment of the | EEE 802.°11a Pre-Processor 80 stor
*b? signyll the ASIE ﬁfs@av 8 Pfeé@}}%demﬂétae%%’f}] whigh dt SRofamogRae ithout
peeRemARceREdl es are stored in the data store 87 and are
out put once the Pre-Processor 80 has acquired the
i ncom ng packet This nmeans that the Pre- Processor 80
Gk SibRfrbd QhbdRitidnt Btkhé (EREPERANTE bR-Mbddbsof £0l14€REy 1 eddaled by only
In another enbodlnent of the | EEE 802. 11 Pre-Proces

WG aoEismat dhe shet erepabies PotbisEransemenhe Pf&“ﬁé“ﬁ%%%’s@o"“‘wts 3

feficRY ehnb® of %ﬂ%ﬁz@ﬁﬁle afh-wéres, Bﬂﬁreﬁn@gﬁm@émnbms RBAIAEEA of 10
enbodi nent of the | EEE 802. ééﬁﬁﬁre Pr ocessor

1EpRitigns rth “pﬁ@é"é‘&dt R TS et bP&*@@Eﬁﬁéa shogym in Figure

w. der to ensure continuity in the channel that the

MAC/ PHY ASI C sees. Since the MAC/ PHY ASIC 56 still

perfornms its own channel estinmate and renoval on the

1528 6t8ér, endbbEmAS oF (ROERE\R 0D 1 PPre Pesrieor 30 th acuisitgAdblay is reduced

mcgg]ﬂlg{gecfn dgﬁ%d%oat e?a\tlrmtl}ie ?}ﬁt@ B&é&%gﬁlﬁgﬁlsg mncélately that a

fRcle:t By @e@sd0rTheA) dmte maynmg haLbben @dteﬁx)inﬁﬂfr@’m altt Yotig bi‘eﬁhgble the
l% ?cgpségxgﬁ(gf ! he g%%t& g{an‘t&g& preamb s%ar{ &a:gm['{g ng the stored

long preamble. The transnnssmn ¢an commence in one of two ways. Firstly it can commence

on the boundary of a short preamble sub-word. Secondly sub-word boundaries ate ignored
allowing the long preamble to begin transmission at the correct position as indicated by the
timing of the received packet irrespeetive of the short preamble sub-word.

In another embodiment of the IEEE 802.11 Pre-Processor 80 the acquisition delay is reduced
by continuously transmitting a stored short preamble 10 MAC/PHY ASIC 56 even when there
18 no packet present. Then, once the actual packet is detected the short preamble is stopped at

1
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reduced nunber of short preanble sub-words, where the
short preanble is constructed of 10 repetitions of the

waesss The structure of the | EEE 802. 11a pPEHADLR®7/001506

is shown in Figure 16. In another enbodi ment of the

| EEE 802.1 la Pre-Processor §§ the acquisition delay

I's reduced by beginning to output the short preanble

étloaptpkb?m%gog) 600 Awl edbnd %ﬁ%l@taﬁh Yerhddder Bf BRCKREet itfnsmitted to
detected. "Then, once the tim ng has been determ ned
¥a6RH e | ong preanble the Pre-Processor 80 can stop

transmtting the short preanble and start transn1tt|ng

the stored long preanble. The transm ssion ca

Bighrerbh sovsrangiernale empedipaytd0 ofjep JEKE 893 1iadie Bm‘%?ﬁé%éhat has low
19@11Jyh DAY MRt 80 BROGTpUR SPIFRAKIRHER RS Qambcﬁ?e? QRBAHY passed

sub-word boundaries are | nored al l owi ng the |ong
Greethirior wia e dufryiothe FAR ke §§ﬁ dherehy redysing grocessing gejay-t i on
as indicated by the timng of the received packet
|rrespect|ve of the short preanble sub-word

Hisperésherpsoimmate e@bo‘iiwgutée*éo‘éwmﬁ Sﬁ?élqa?reé’mw 1B has low

by G WiSéhib R e Hﬁ)éffe&s 6884 886nd? meqemkwm%ﬁfated usmg a time
stored short preanble to MAC/ PHY A

transmtting . a
aéxléﬁermegnter@e@‘iw@mn@f Bvacwt dospada dilter 194 aff s@w@@d by filter
doeﬁcaﬁ%géaémﬂaawwoﬁ &tk E Akt Bom iR 6haﬁ{eea§ﬁma@ar 4. The output

stoppe at an apﬁgfprlate position and the ]3
Reien domsinfilies 197 1aaredip e nutnyhebdhs PrP‘ﬁ’%fﬁ%fﬁ?‘t Bd to

NM&YPFN’ Figure 17 shows an alternate enbodlnent 90 of
an | EEE 802.1%lE Pre-P ocessor t hat _has | ow | at

e 12580 e dea%&?% °§%FE1’F%§?M% Gsor Slructore
VIGEDp & ermS itk Qoﬂ&ﬁ&ﬁﬂi firi@Rlativn 6/l pl\blc@sﬁg *iwft}feefr ubity domain

e | FFT hlock 8 t ereb reduci n oce sin
hefge fereTEnG e daie- ANGATLEE EHb TS gt (SFo e block
ﬁ@&h% TeceRee ?:Pbﬁﬁft?ﬁ:aﬁ tﬁefmf tc“a@cldhw m:t ®R6der i ﬂletsgscs FRC block
e i me e ects o e ¢ are r e
GRS ey S S pecrorh fhs BTN §RPpCHEpghm (VRS o &P decoder

THeefufpu€ b tHess100 RE® 214 BEpréteBmd Byfthd §cﬁ1!7ha1cﬁaeowi<ﬁ1 re-modulator 214,
lter oeff|C| 104,

enerated. b ener at
AR w5 i GGG ThelRaroueet aforogduion pid is aso
rasiep ot the fFRT o dki SSETIdqyreinibldsiatet a6 ceda@ by Slias 6,6 effivichtd €or which
Qut or 100. Figure 19 shows an
i ?E‘Pﬁ%‘&e‘f %ﬁ%ﬁiﬁéﬁw%g ‘of an | EEE 802. 11a
Pre-Processor structure which performs either soft or
ar e- I at | and. SS t he u
B SR bR B, 305ePh R Pl (ACEY B, cqmaneoce
trasesisstors ofthin ionp Whors fdrfraomng gpuate (STFSQSF tEdEéﬁdbd»itxhk corresponding data
frame being received. The SIFS time is defined to be 16 s, The IEEE 802.11j modification
of the IEEE 802.11a standard introduced Coverage Classes, which are a mechanism to
compensate for ajr propagation time of sigual. In the described embodimernts of the IEEE

802.11a Pre-Processor, if there exists any delay in excess of the SIFS time, such a delay 15
compensated for by increasing the Coverage Class by an amount at east equal to the delay.

Several IEEE 802.11 MAC/PHY ASICs 56 have a programmable SIFS time, and can have

their STFS time reduced to a value less than 16 ps. In the described embodiments of the IEEE
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212 that receives an output fromthe MRC bl ock 83. The
decoder in the SI SO FEC bl ock coul d be any SI SO

waele@smengs such as a soft-output Viterbi al goriP@mmu2007/001506

(SOVA) or APP decoder. The output of the SISO FEC 212
i s processed by the soft/harggdeci sion re-nodul ator
214, which in turn directs the channel estimator 42.

i ! . LProcessor
e
ASICtapd MACQPHYOSSIC] combingigonf then wwrh@riclay er parhérdefdis ggmpdnsated by

| o 2 dard
e S B el e s T 2 S ommence
transm ssion within one short interframe space (SIFS)
Y . :
e 50 4999l SRS ORI\, Q0P8 16 o
thE B §0Re prejyionoffinid. Clovonr, op ofiise trEmitesOmd contyplafdadigributed
@gﬁp@%&% O WS AGORS chathl SR EF R SBENAGLATOE, 34 ps)

ensate Tor air propagation tine o ‘
afles the plreidue frivoeli Tevis 4o diowt trrasthite ugd2 catepl of a point control function

Gl § QUSRS IS Guf oL o ALY gl B2 Bl i

P isoms hevg i s repuosk thgo 101 e 8515 56l larfberrocessor e exists any
' S .

Eh ot der' i @lhome, SRR B it Hbfeok Lol G0 B liaRing HES

ve a progranmma can have their

 Bnelr theCly &8uged to a value less than 16 ns. In the

descri bed enbodi nents of the | EEEB02. 11a Pre-Processor
if there exists any delay in excess of the SIFS ti

me
Bre TERB 5041 Fotendand sapporseyersh BENELTIstes AGI9C12, 18, 24, 36, 48, ond 54
lglg ! 'Tx?iﬂe%glboﬁiﬂﬁﬂt FURD EErOR)2aM 2 Ve BRELssdrREE @O In Fib&e 12 it is not

ensated by reducing the progranmmable SIFES tine of
neessAtiaptiy reereedins andrisanpping of Qutputivignsl i Fhe game data rate as the

ﬁg%%ir%%ﬂ? %}9&19 3 e Glayf mANERs 8 tBe BIFANSRE thiyPlh dWnbBhsBte by Sutputting

fg of the end of the previous frame. However, no
¢ Helpyor roxipsheignab pis> HighRs (d2ig GHe b Fuche wycRsde FRTR 18g) the end of the

£ %:t%e S o e PedBilobeckirlid ad 81802 Ipbssie fohtRe GI¥AITIR frame ot the

until DCF interfrane space (DIFS, 34 ns) after the

iBpet g9 BOETFRIEPASOTThi s is to allow transmitters under
control of a point control function (PCF) to transmt
PCF interfrane space (PIFS, 25 ns) after the previous

Inroages for-elpt fmingrmeshgnisng i, ge TREE 07 413 b Rovaie cometl, the
{ehhr bk HehiBlel tEB&edB . phohdncB L addiiRs 885 Dia.signhl Wift( e clear channel

LR R X T8
gozne Mac/Hihe ARG i@&l%ﬁuse‘ﬁh@cdiﬁﬁ&i@@ﬁsmbi@hsﬁcmmr(ﬂssn from an
I%%’%pg}%f%ﬁg VAegI%l topperfom{il tCaCJ{.at edc’ne( gxﬁbo%ﬁnc:r[ﬁz 'of ]thse’ IEZE% 8&§Ila Pre-
Processor forces the CCA_busy state in the MAC/PEY ASIC 56 by setting this RSST input to
a level above the CCA_power threshold (the standard requires that any signal greater than -
62dBm should generate a CCA_busy state). This means that the CCA circvit of the

MAC/PHY ASIC 56 is not affected by the delay of the Pre-Processor.

In the preferred embodiment of the IEEE 802.’1 1a Pre-Processor the status and control signals
(such as the RSSI signal) from the IEEE 802.11 RF ASIC (eg 63, 64) are input to the Pre-



10

15

20

25

30

Mops). In the enbodi nent of the | EEE 802. 11a

Pre-Processor shown in Figure 12 it is not necessary
W@ bas/osdoss r e- encodi ng and re-mappi ng of out put PGI/an2107/001506

is at the sane data rate as the input signal. Some of

the delay in. excess of the FS time may be

conpensated by outputting the del ayed out put signal at
PoddlsGNESICOAS Ryl Such e I gmggg%g 16 bRpBIHE oMk processor
4Py apd Priputds $orIBEE 8621161 MAE/FAEr p8KSI%l e to the end of

the frame at the input to the Pre-Processor. In order

for the slot timng mechanismin the | EEE 802.1 la

Tt andaeassooawogkngdy deegivkd hertthprovdeei ver nust be abl e

to detect the presence of another 802.1l1la signal

within the clear channel assessnent (CCA) tine

( GCAAI mehod Fawing EPE:-BO2esdot plactieprobe tees toronurti¢ations rscedvenin order

. | EEE. 802 11 P | ically use a received
Si gni‘aﬁ mﬁ%?’%ﬁi‘gtp%/}%%n&:ﬁ%a@e%ﬁgéﬁ) froman | EEE 802. 11

RFe ASIfetical gfekibg b PréfiAcestin eleabmib em toradbutitetiohFiEdeiver in order

802. 11a Pre-. Progcessor rces.t . at e, ] :
e BrEeeiy DOERERaRS of B RRAY R SRRy B, BBt alelne roatver
| evebbsatyessje t he CCA power threshold (the standard

requires. t an ignal greater.than - -62d Ld . :
genorianed B gd et Bk ok IR o AiRE Bl in o
Ci r ctti dxpaid thdenddAE RN IABCGhSGcticer nad ofdeeiled by t he

del ay of . the, Pre-Processor. .In the.preferred. . o
err'boéi W@h‘?‘{] ot “ﬁi‘}ff’e‘lﬁ’ OFFT 1) SPFEIPL BB LB Spishf communications
St at pgeigddn 6dat tb dhpsvathabafdrmueh ofithe kdreiveS8Y twéxpaal the range of
fromthe. |l Et 802..11 RF ASIC (.eg 63, 64) are input to

the PROBPORESGFORE P2 Yy ed such that they are

al ¢ gnedudiod e iU me-pPratssal i henpmetidu adths war [FEE  802.11

and output. to the |l EEE 802, 1 1a C/PHY ASIC 56. The

pr e- FYHERLAGPISHEP A G AhEHES o EPE R B PREPORSe 3? Hiiggiver and t
A nekfpatd Bk rangé ofchandelsahdPrieaasder caplopasd withj or to a
commuyni cations yeceiver,.in order to inprove the
pe«r,f&Pﬁg—ﬁ@gesa?rt{lqﬁgpc;r@%%t}me ‘%% hod of using a

Pré- Br oe essRsoPtaf 6br@td B the Gindt da¥ BihdCadeb @MNime-dormain. filter to
receiver. in order, to inproye the perfornmance of the

AR S e

r ecePAPRdnafhe elgng estn t he receiver

0bs e WV8&Prochsthdl @ferftbs M Shd¥ebqlenty orltiipcessor pl aced
prior to_a conmuni catlons recelver In orger to_ex nd

t ht AdieRrosessenibm npraiet Mibe Fqaonca denya pPod ks ghi hind an IFFT to

with perform the time domain to frequency domain transformation, and frequency domain

to time domain transformation, respectively;

s A Pre-Processor that operates in the frequency domain and uses a MRC to combine the
channel estimate with the received signal;

s A PreProcessor that operates in the frequency domain and drives the channel
estimator with output of the MRC;

e A Pre-Processor that operates in the frequency domain and drives the channel
estimator with the demodulated, and remodulated output of the MRC;
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A method of using a Pre-Processor in conjunction wth
an exi sting communi cations receiver in order to

w0 pgsow®sg he performance of the receiver and tPCEAP200@001506

the range of channels that the receiver can operate
w th; A nmethod of using a Psge-Processor in exjunction
with an | EEE 802. 11 communi cati ons recei.ver in order

to, | x%gvlﬁmééa&r Rl BLRACE, Be hBREACAINE AR0ads the chennel

ex pand Fie “Fange of recei ver_ can

oper astanatart With tlﬁ% WWM@E&@ rdeﬁ%’a@ Bige rereragdedy apch gemodulated
tine, Haof'?he Pre-Processor that operates in the

time? Uses a tinme-domain, filter to conbine

t he @l‘lhﬁ-ﬂ?edceﬁsi thatdpeinpmt ﬁronnh)ee prgoee egenmes.gnal A

Pre-P t th i R

A r & Bedeaeissr oh a3 Bese i LS FRUEREN SORLE 5 notwonk
and uﬁm&oMrd:ﬁ%amem’mlcﬂEﬁwm performthe tine domain

to fre

intr rmatl uen
dof‘raiphg‘le%”? e?ﬁ?r ?féif’h’ paﬁ éoahn mgespeg}lve?{%/IEEEAgozu
Pr e- RIFOFGESSAC tdoaterepeninat es |n the frequency donai n
and. uses conbi ne the _gha I |rrate
the PelEr Ef@ﬁ?sgqrgtﬁ%n incorporglps, ab, R S0g | (FiL OTRHG i b e placed
t he hfbéﬁ#&bif:‘me }ahfatéﬁﬁ&hdl arodxektielg BRSSO NE Pemmﬂhxeeem manm;
with output of th e- Processor that.o
e Mo PreEhesavE JoRG G P PR ST B % e Hop e (R #0211 =P
e?tl h@ﬁ&%‘d"aﬁ@mﬁﬁl@ IEBHBOQJilaREHHYh aidCrerpdidiaiied out put
of the : A Pre-Processaor, that operat ' .
f r 8queRETTeRsHRT Rethm Dl beivtren hEvRine 1og ?@a’i‘g& Frpit and an
t he %ﬁml Jﬂgdg;:@dz 1FE@gﬂqﬁgd&NészﬁaAﬂtpe encoded,. and
renodul ated out of the re
hae iAnPratPEoqessgninahren & Phesddetieen ?m%?%mgi\'%f ggﬁp}l&‘p Qe and an
that oshEER 271 FERTRAIC AR eFci Rt VRbsel Die @aRisiRh circuit
in a network with non-Pre-Processor enabl ed receivers;

A Pr of egristingFHY fisfUiean be pl aced between the antenna
and aNpRrsdebAPihhEdsE b8 BRccdlbbivieh RIHiMAE TEEK @02/ BIr RF circuit and an

circuit;
existing IEEE 802.11 PHY/MAC receiver circuit, that bypasses the existing PHY

(_LJ)

circuit;

s A Pre-Processor that can be placed between an existing IEEE 802.11 RF circuit and an
existing IEEE 802.11 PHY/MAC receiver circuit, that acts as a bridge;

» A Pre-Pracessor that supports the interfaces of more than one manufacturer of IEEE
802.11 radio components;

e A Pre-Processor that has a bypass mode that passes input signals through to the output
with little or no modification;

s A Pre-Processor that outputs a signal derived from a hard decision output of an FEC
decoder cirounit;

. A Pre-Prc;oessor that outputs a signal derived from a soft decision output of an MRC
circuit;

s A Pre-Processor that outputs a signal derived from a time domain filter cireuit;

e A Pre-Processor that uses a Viterbi decoder;
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- acts as a

A Pre-Processor that incorporates an | EEE 802.11 RF
circuit and can be placed between the antenna and in

we@xoosoiaogs | EEE 802. 11 PHY/ MAC recei ver circui tPCT/AU2007/001506

Pre- Processor that can. be placed between one or nore
existing | EEE 802.11 RF circgft and.an existing | EEE
802.1 1 RF/ PHYMAC receiver circuit; A Pre-Processor

t hat n_be pl ac n xi sting | EEE 802. 11 RF

ci'r cﬁiﬁ’?&’é%“g%%ﬁgﬁ%m&?gz 11 PHY/ MAC recei ver

Cio CHiPré-ProfeskirébdPuge s ABP dedodér; can be pl aced bet ween

an existing | EEE 802. 11 RF circui n existing

I EEEAé’G?b?P%eW@W"?’@@ fere ?Droé’ﬁitFtE,%%?%a bypasses

t he ACENIPSddeisONthal fiehlinh abfuidithd @uciis tha gtilRely neo etuéoirelations of
A Pre-Processor that can be placed between an existing

| EEEdigtszent lgneth§ circuit and an existing | EEE 802.1 1

PHY/ NAGe PRk 8is¥8hat Gkds Glotdd prdehidles BP@&S 8@putf he exi sting
PHY circuit; A Pre-Processor. that can be pl aced

bet vvééﬁe*ﬁwcé%?@hat@gssﬁm ."IEEO%hFQ_P:ﬂ’@i"P?E‘Ft and an
exy sk ﬁ&Plﬁ%Es'éngg%pﬁo&és B (L REEIMRED frlohfbed;, T hat

Ji Bre- Procéssor t hat supports the

i t eAfRre@mcessonthatdeletenprronidbamaerd&t urer of | EEE ,

802. [ adi ! Abik YaaRRLy tHaes siB@Pis@etected in
bypa%ﬂéP renggfggstsﬁrg?ag)ggg%?eiS]r%@ltjfrreé}ﬂgnaI st m_rgugh ?g&?hec

out piite inyivt,hand then pupws the dongpeiampleanpafiming i acquired; .
Pre- Processor_ t s %51&[1 dekihyRGy! LRMhéa outputs the
har dAdg]r ﬁ% cgﬁso%&%kﬁw%tglﬂ%ns@ﬁéﬁr ecoeder 1c“:{r cal t; A ®

Pr e- Ringpesssible onbatiming ispudwired; si gnal derived from a

brh o Gebte 37 PRt I £ psplbene e ot o e
t i me SO Mehatwnk by éncransing thie CoverggeMilassPr ocessor t hat uses
a Viterbj, decoder; A Pre-Proces SESL1d A 1ERE
detode® o% 0%1’}8@%%%1 sfgrr d‘tﬂﬁgfn agéesrf)%gési\%P&ggcoger; "R
Pr e- BontEsanorkbiydbcreasing SHRS tateof tholFEELS92.4 1 PAC/EER ASIC;

P 2% method of compensating for delay in a Pre-Processor ensbled node in an [EEE

802.11 network by increasing SIFS time to PIFS time;

s A method of compensating for delay in a Pre-Processor enabled node in an IREE
802.11 network by outputting signals at a higher data rate from the Pre-Processor than
that received from the channel,

« A method of compensating for delay in a Pre-Processor enabled node in an JEEE
802.11 network by asserting the CCA. signal of the IEEE 802.11 MAC/PHY cizeuit
early; and ‘

» A Pre-Processor that processes the status and control signals input from the TEEE
$02.11 RF circuits before outputting them to the IEEE 802.11 MAC/PHY circuit.

Prediction and Removal of ICl
The receiver performance may be improved by predicting and removing Inter-Carrier

Interference (ICI), as described below.
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A Pre-Processor that uses an acquisition circuit that
utilises two autocorrelations of different lengths;, A

wor@sPseessor that uses stored preanbl es thatP@r/au2007/001506

output; A Pre-Processor that passes preanbles through
to the output; A Pre-Procesggr that processes stored
or passed through preanbles; A Pre-Processor that

19%{ ef&et%éed%g%mﬁ% al dGRl B %h?fgonmrgslr c{u@nd?f GRS @&ulﬁﬂiaﬁng (OFDM)

pr ea that a si g nal
af&ctdia be i¢leay be mnéellmh peing 2 mattin megel W@prs@ﬂsntmﬁ@encé Frgirix models

t?% f?’gﬁalnﬁ erfa% ‘LE@ sf{rﬁbo‘i’é:ﬂ 2 Rivaledt sB G ER68 §3§1%01s When the
out put's or rea conti nuously,
mmmpmssmnhaolocﬁfa@agmelar{@ﬂ @S’dﬁc@ TppFirRyistnges Hisi é%lﬂant Wel‘feﬂng

o
FRLIPES® pofr SRadla iy MEAR Pkl E&Eyﬂﬁ‘ T s g Ve
whem@duwamigategiornes from theeadfrsent shbewiepethe esylieg Festor model of the
essor enabl ed node in an | EEE 802.1
%&%@&@ﬁ%@bﬁéglﬁggm ng SIFS tinme of the I EEE 802.1 1
MAC/ PHY ASIC, A net hod of corrpensat| ng for delay in a

Pr.e- P n an | EEE 802.1 1 network
‘EW = L?e"géﬁ g]lf%] td’[zlil FS tine; A nethod of
conpensati ng for delay in a Pre-Processor enabl ed node

in an | EEE 802.1 1 network by -outputting signals at a
%her data rate fromthe Pre-Processor than that

rege E\’[ﬂqs £ Qe teae &5 BRHARY interforéRE BRMIxQhat CRARBATA! thd\@irect effect
for in. a Pre-Processor enabled_node [n a

| EE
802. fiﬂﬁ@bweﬁlwnape SESRROP Y AEE FECTESSYEogheontagyng o dppfEsymbol
802.11 MAC/PHY circuit early; and A Pre-Processor
t hat processes the status and control signpals in

f r ombiHkis pEegorgom. the chynngl; 1?@6??@6%@“&1}%%&?&59 interference
t hemcluge& '%? tbé’éﬁacel%{%%r it MAG! BEY 16k rikdi the SRpREieE tdf Aferest (the

Renova he receiver perfornance may be

| n‘pr SuheaTists app indrxet indgoramentel Srasy poress tisterdcar ri er

bfi] is a vector from the channel interference matrix that characterises the

interference caused by the subcarrier with index one more than the subcarrier of
interest; .

o d[i] is a vectot of transmitted frequency domain symbols for DFDM symbol i;

v d4[i] is derived from d[i] by moving values to new locations having index one less
than their original positions (The treatment of the subcarrier with lowest index is
arbitrary),

o du[i] is a cyclic rotation of d[i] moving values to new locations having index one more
than there original positions (The treatment of the subcarrier with highest index is
arbitrary);and

» The operator » represents element-wise multiplication of equal-sized vectors.

Note that although d.;[i], d+1[i] and d[i] are all shifted versions of each other the same is not
true of the vectors h.[i], hui[i] and by[i]. Estimates of these parameters at the receiver are

identified using a caret ("} or explicitly stated as an estimate,
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Interference (ICl), as described below In the
frequency domain a channel for Othogonal Frequency
woroos®#88 Mul ti pl exing (OFDM) affected by |1 Cl PEIAD2007/001506
nodel | ed using a matri x nodel where aai nterference
matri x nodels the transformaf the transmtted synbols
to an equival ent set of received synbols. Wen the
matri x has non-zero off-diagonals, I1Cl results. In
most circumstances the dominant interferi ng terns are
Sﬁ@aﬁﬁ ol ip sty be fefatied goheatis auidisrot ehishned edtintates fEstimateeof h.(i) and
}Qﬁg only
@ ﬁgﬁglgédftﬁggnﬁt e ad?%%ent QS%%‘(’:%?H er%gegthe
resultl ng vector nodel of the received OFDM synbol

e ;eyr #eﬁl afﬂpﬁ{eﬁlo? rflglg( I'[(thh ge?no@ﬁvﬁgt cnfbéc? W hl%fe% n%@ QC? Ithree modular

erence nm aracteri ses

\eﬂﬂegtbmks,tdfremmeﬂul@m wodule @rpxﬁrmndul@ﬁ: mhzeotneb/eﬂ'hte thodules

4781 AL 08 ) STl b i s

@ﬁm@@m l@&bvwm@plm@menssn@edecuummmtﬁeto, field-programmable

h iy €f- .
%Qant g?éilt (t%g)s ugggg'%l ers dr nde % rﬁééégogge&ngﬁ@ %gte logic.
Altageativelps the motwles ianby anldmnttsﬁha}; s¢fovaze, waaht a5 ron¢, pompiepplication
RASRACL- Bk WERENE SodlRLT Lol Fhe SHRIRELED b3 SEeld'S & computer-

erference caused subcarrier Wt

TRskelle pred i and be lasded mtoare@iver syserefeam the @pml}mt@rge?alable medmm for
e‘k@&h@ﬁ b9fthet {ee{i\emé;s&e%? 4 AR ?ié’a\t}glgg'ﬁe Jfﬁgeg% éoﬁfguter grogram
rm@ém@%wmmmw BdpaigERanmpler oénveohl Toaslip mhlad:e but are not
Hrhfkirto @5-BORA ha‘?&’%isfc aRnS, ﬁEbJﬁ/.[ b f r?cgfﬁ?éatcn@ﬁn %(ng[c? e may also

subcarrier wth lowest index IS arbitrary)

hegtragsmaifted iVie qompater-tnadeble agmsmissloy megiay fir ssmple anedio transmission
hAERE AR AV BB %&h&@ﬁﬁp&&%n&as{k@d &’Jv'i&' nal
positions (The treatnent of the subcarrier wth

hi ghest index is arbitrary);and The operator

THRCESARLA By BER W o8 inTUbddRE Ligbd m ;9& 1%9&&@& aegoéﬁeid with a
vectors. Note that although d- 1[i], ] dl +]
&Rt shi ft ed versions of each ot her the sane i s not
true of the vectors h- 1[i], h+ 1[i] and hO[i].

Estimates of .these paraneters at the receiver are
Fig 21 shows a functional block diagram of a module 300 (designated Module A) that operates

to apply FEC constraints, The inputs to the FEC module 300 are a transmitted symbol estimate

dli] 270, a set of channel estimates I?O[i], ﬁ_l[z‘] and ];H[i] 260 and the received signal 1fi].
* The output of FEC meodule 300 is an information bit sequence and (optionally) transmitted
symbol estimates, The FEC module 300 includes a functional block 310 (the ICI Cancel and
Combine block). In block 310 the symbol estimate used for demodulation, is derived by first
cancelling the interference from adjacent subcarriers and then combining the ICI free energy

pertaining to the symbol of interest as follows:
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identified using a caret (~) or explicitly stated as
an estimate. Estimates of hO[i] nay be referred to
wheeoeio#oss direct channel estinmates. Esti mat esPOf/AL2007/001506
1[i] and h+ 1[i] may be referred to as intercarrier
: interference channel estimategs. The system and net hod
for renoval are described with reference to three
m)dul ar yi I di ng bl acks,. desi ted nodule A nodule B
il nddtre it d(rhkdeféldo[%ilel [l]dnﬁ'g) gd'dul es may be
i mpl enent.gd , ~for
appl i cat fidhle (s’;ﬁ'écfh‘x lﬁiq I T%dﬂé»tu@}m rcuits (ASICs). (Bg 1y
O her har ons ude, but are not
li it edfEidh ‘ﬂ'l’ éi’b"’fgi‘yg[l‘]a‘ Méz]lqaic)e arrays (FPGAs),
structured ASICs, digital signal processors and
e stifiGiny fragjios exeapies ‘i%ﬁ gydlig eqtgtiontof e vpeion kym figys dsecribed above, *
mmterae&hﬁg 18 TraiBbdeV\BY Gic G J;ﬂ RAspsQAiRie0tn FRfifn i to position | where
appl 1 cation programns execut e wthin a receive
Jslyzgt ¥ iris mepetive of ggmtp@thmaye et dex ¢f the input vector ‘then no action i3
BRAPUIES BaRERRbE RS R 36 R%, | 0aded into a recei ver
system from the conputer readable mediumfor execution
by the receiver system A conputer readabl e nedi um

HRY R Bafe GRHRWNIBHmRh FGKi8 DofPafef Qﬁﬁoa@ﬁ‘ ﬂh&ugh&h@umgxﬂn Eql.
rogram product. Exanples of such nedia includ

@ Veégntingsayy ue%sise@ﬂdw depaied eererdingdp py MEVISE critesg. or
integrated circuit. Program code nay al so be

transm tted via conputer-reada {)Pe transm ssi on, nedi
Thgch war%geest&mcaah@@vfrcaﬁ’@ﬂﬁleém | axfeRainiad is palovlstod o

prrke her conputer or networked
@ e[h [gﬂlr}{gﬁﬁrheﬂovél &Jbe carried out in a

Opeiordllyethe @it tand thiddlings of Bg. prmqelsesnbp;&s 3o edva tcemplekitsh 1avmg the
receiver unit ig 2 1 shows a_fupctional block

obtseagptiony il = %[r}n@hﬂehﬁ@@_lbhdai[@m&] andvixoheositeghatseht
operates to apply FEC constraints, The inputs to the
EEC=ndull® 230D are a transmtted synbol estimate 270,

a set of channel estimtes 260 and the received signal

Thp €T cappelleroand sombiger iremessingrRltreent Bty foga given Qfa%wbew is shown
ibiiept@guence and (optionally) transmitted synbol

esti mates. The FEC nodul e 300 includes a functional

bl ock 310 (the ICl Cancel and Conbi ne bl ock). In block

T84 QuipbEosHetiol castll /B tnibiRtbIb 31088DH R | It@meinscimauon module
derived by first cancelli qt;?z,ét he interference fro

330 HhedihC Renoding 3P pees ot 41 demslitos §2¢ FroS9nExater rfggmation bit

e?ﬁalﬁtlft&y Ifﬂl%] 220 %&clf??n% ;0 éiﬁi)fl@}hé@@@butﬁxit nhdﬂidtﬂé esd. ﬁ@ﬁostenlon Probability
0] OWs e.s un | O exec e C I.C

(hBR o tpetah b g oot s Ggemited symbal

ekﬂiﬁdt&&h@sb@gﬁ%ie& gahg h&:ﬂ ans PErs ﬁme@ﬂﬁioi‘sﬁStlIOOIf&Iaid)ahmsﬁiﬂ RiScoding

entrie osi tion i 0sition
(such as V1terlm de%ogmg) was used m e FEC decodér 330 thcn hard remodulation may be

applied in block 340 to generate a hard estimate of the transmitted symbol. In any case pilot

“symbols (known a priori) should be inserted in the estimate.

It is also possible to ignore the FEC constraints and apply a “slicer” to the received symbols
1[i] to generate an estimate of the transmitted symbols d[i]. The slicer may produce hard or
soft decisions. Hard decisions from a “slicer” can be generated by computing the constellation

point with miniveum distance to the received point given the channel model. Soft decisions
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j i-m If j is negative or greater than the maximm
i ndex of the input vector then no action is taken.

wo/2008/08008hat are not witten to are set to zerpPCT/AE2@®7/001506

we have used a Maxi num Rati o Conbi ner approach through
the use of in Eq 1. QO her weightings may be used such
as those derived according to an MVSE criteria. The

ﬁ'&ﬁrhn%lhcé‘@ %hﬂ‘%& g@ﬁ&eﬁ{h 134 @oxﬂﬁa‘ﬂn%)%@ﬂl?c‘h?:?ods ?J%chhf éoﬁgt{aﬂation point

denodul ated i s Cal cul at’ed as

&iren thehagndl meddl apd ﬂﬁqmmm&thbevqjag@pmblolt 0 save

conplexity, leaving the observation and conposite

channel The I Cl cancell er and conbi ner processing

Bigwrer shanpa fnctienay blpeh diepmm of \Bigéct iChamnek Reiingatar #00 (designated

o8 By Fivonit e o ten i bl CPOES1y AR CORRING o et
Sfnd Mé@?ho&ﬁaatnﬂzm%s SRt Bl STRAHL B AP0 hhvea oo

generate In
feewdi ng 330 enpl oys soft output nethods (e.g.

A-Posteriori Probability (APP) decoding using the
£, wamabzhfaoK iy £| 1965 M - £ Jigd, ) d and Bypf t

transmtted sy estimates may b€ generated using
ARIc cand! H6d 4 10eaReHlsakors eéﬁh{ates iort8E fhoslesd @grﬁn[lgl as illustrated

odi ng.(such a dec g) was used 1n. t
PR 15 CSSE Pk AP B RO HE ot s Hisn it e
inverddl detle HAADestiBe@ERO(dH] Card thoduling slf mte&mnngfblldcla @20 is smoothed by
rans n any case pil0 ols no
i ARG Rlsed 40 irntite fa detineis PD eiShe FRD Somponted kg b
‘pms bineothtﬁgl @@t@eﬁ bRy %&ﬁ&nﬁl&lh&hgt&nﬁihﬁhoﬂﬂ@ ¥ l§w~pass filter.
cer' @P e| ved synbol.s r"éljd’f era gfr;
Adkithf Sheotife pRon £ 5 etopa SYibel FE i transform
amdyhepepdvaeIHFar d or soft deci si ons. Hard deci si ons
ner by
R 1elepet e itbedopAedien oLl AR g 499, HBS direct channel
esmnabwﬁdce}smngtdegiemema foe a dian eFDNMOgRIbol ﬁm; dhown in more detail in
onsf.r a..skicer' can be generated by conputing
Pdﬁxé?i?(m“ % Yor I}ﬁ:i{%ncé‘%ﬁogl | ation point given the
channel nodel and then conputing the average synbol.
2 sh .a cti;onal a
R ShBE Rt R Bk e ST e Btmalhy )Y ffsismaes
maelots G)khe dyptoto th<§ IQ1, Clantiel &Eatdmatdrt 300 sy thbabceded isymbiod 1[i] 250, a
270 and t he | CI channel estimtes and 260, .t he direct

¢ syabe} sstimate 'ﬂ {8 apyb dirpstchgane Bitllf%fﬁsko[’] 260. The ICI channel

estimator 500 generates estimates 200 of /_[] and A 1[11 as follows

ﬁ_l[z'] = smooth (im:(cf?_l [i]) . (r[i]— R} ]d [i]- h“[z] 1[1])) Eq. 3a

i li) = smooth {imv(d,, (1) e (rli) ~ RN, 111~ A 1514 [i])) Eq. 3b

Eqgs. 3a and 3b reflect the overall operation of functional blocks 510, 520 and 530 of the ICI
Channel Estimator 500, The ‘Direct Cancel’ block 510 implements the expression within
round brackets that subtracts the contribution of the direct channel and one of the ICI terms
from the received symbol r[i]. The training block 520 implements the element-by-clement
multiplication of the rcspectwg outputs of block 510 with an inverse of the symbol estimates d.
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An 1 Cl cancel block 410 subtracts the 1Cl estimtes
fromthe received signal r[i], as illustrated in

wo-e@aneo28. The training bl ock 420 gener at es tPEI/AU2007/001506

el ement-by-el ement nmultiplication with the inverse of

the hard estimate inv(d[i]), 2and the output of the

training block 420 i s snoot hed by the snoothi ng bl ock

lﬁﬁ S’ﬁﬂpﬁﬁc@' LS Y1oBRIR0 ?{éQ:st%atsm i &cd h+9mm@%bmed in
anne

arious_ snoot hi ng techni ques

Sroaing; b%ecrkuﬂqon ghe swoeh denction mpy abe| igplopsaisd g lth.ee*%me or frequency

dpRiNehe sHRAdM @&h@aﬁm{m% Riaf Be §ck ARSEM T HREcoBSEARHSency of
using an FFT, wi ndow the transform and then apply an

thedio chawigh i on 2 reflects the conbined operation of

bl ocks 410, 420 and 430. The direct channel estimator
rocessing el enment 400 for a given. OFDM synbol i is

Jon Tynstion PRSPy ohteingyig g loolomp i) @}Ellﬂﬁ‘{j’ﬁ?rﬁ)é the symbols. For
e'i.EEBﬂE hiir RISk fddRGireQ Mﬁﬁ onfd SBERFAwaNe scﬁ“r(i%}ﬁﬁ&d 80 Hhverse (that

ck di agram of _an | Cl _Channel Esti nator
f?’iﬁ%%tﬁﬁPF&ti‘é?@fW&W’és‘@( AKED nputs to the 1 Cl Channel
Estimator 500 are the received synbol r[i] 250, a
transmtted synbol estimate 270 and a direct. channe

el Cheand sgimatproprpesssinghel et S8Q frfagiim SHMymbPLt shown in

Bsird MRt endaP 1R spthidSiuhdibh 8Y¢ EdRe dofRtedNekadlmcRtl o€ Ghtimates
Jﬁ#}ef over al | op {atl on_of funct,i onal agggks 510, 520

TGP ERIBOIS RS NG AHEPUE GGk P 158 Bard ety i ied for the

thedihgEdlocidd20Cck 510 inplenments the expre33|on W t hin
round brackets that subtracts the contribution of the

di rect channel and one of the ICl terns fromthe
FigGiRi 266id aSiehdamiti crr[eﬁrkent&'ﬁtﬁx dsfrsaisdm:me b0k de2ing a recmved OFDM

l.e s the e ene l.Ltiplication.o

SYHBOL BEpliat FPEnSEhutes S SERbS A0 i 1B ot Gignecodine
mﬂaﬂeasmgtaﬁh nﬁﬁﬁlhﬁt&ls ﬁghditrala&mineﬂ IThe tchb[h]gﬂa gozﬂin[ey ;:aM;gemHmted at the
out uts tes o - 1] an +

AR éﬁa?ﬂﬁéﬁ%%?ﬁﬁaamﬁFock 520. The snooth
functl on rmy be inplemrented in the tine or frequency

i.n. The bandw dth of .the snoothi.n e ; .

AL BBl SRRt S GRS 0O 7Bty B P 0% R g Estimate
tenanited synibod citimatd aeciCil @hamelrmume& Inputs e tigi solseduiea702 include a

B AR 08,202, Lol

(1+J)/sqrt(10) then the inverse (that forces the
b n e B P b e Rl i
winglind rdceived sttpuins{i] 250, and the pilot symbols 704 The output r[i] may be a
frequency-domain version output from a fFT (not shown). The initial estimate of the direct
channel may be obtained in stage 710 by first: removmg the effect of the Transmitted pilots
704 on the corresponding subcarriers in the received OFDM symbol 230. This is typically
done, for Phase Shift Keyed (PSK) modulation, via multiplication with the conjugate of the
transmitted pilot. This may be implemented using the fraining block 420. The resulting raw
estimate of the direct chanmel may then be smoothed, for example using block 430 to obtain a
channel estimate for the data bearing subcarriers. Options for obtaining the channel estimate -

include:
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Fi gure 24, excluding the snoothing function 530. In
t he depicted arrangenent soft estimtes of the

wo canomoss ed synbol s are used as inputs to bl oPKI/AL07/001506

and hard estimtes are used for the training bl ock

520. Figure 26 is a schematiegrepresentati on of a

schedul e 702 for decoding a received OFDM synmbol 250.

t i g) aeplames thatchidhe ChlaMis¥inl pAe0 shiRa®idbioBCiet Qrounding
convol ut i onal .codéﬁr;g,_ i nterl eavi ng and nodul ati on at

t he e¥beABIFRE}he nHErie Aeware iygioseay be i npl enent ed

at t Bﬁcaﬁaﬁétﬁl?ra by biRIBGH RS fihe q@a@_@pbﬁog%g FleBRk-based
above. All estimate nenories are initialiséd to zero,

i ncl GeAnRE seteatey logcteoloh ghivesth Eantal rettie purmbe 08 fyhoersigrs and setting

Symb@le H&l oMb 186! The LRMMRRBSE MIREGmel BRUI s of an IFET.

the schedul e 702 i-nclude a recei ved OFDM synbol™ 250

and PRF devsrpeney Foms ipnthg fanpreseds degein7a Gea tsplgcted through

schegpliRatidZor b NBnARE CTHEHIRBNE Rectdt &1 thed tBhdiGRled back to the

channel estimate using the received output r[i] 250,

and ﬁﬁ@%?ﬁ@%ﬂ%n‘ool s 704. The output r[i] my be a

f r eqyeA Gy RPHRION M8 heltSh ﬂ?&ﬂe&lh? ahd B8 Rodebs bj.not

shown). The initial estimate of the direct channel may

be oBt ARG PRI fgl PEEByrPIEs ) Peddlemeping BidFetional auto

of t Brek&ionS Tt t 8dciiedOt %)r7%ax%5‘1e,t hﬁnlb ce&g@aﬁ@ndmﬁ application
0

subcarriers i e recei 50. 'This is

nth eived OFDM s hi 5
Cyor BG4 gHBo R GriiEun nrber WEYARGT 0L clatming prosty from
nodulsagtrAlign apiliRatidl AURI05SEELE MheMbduknis b8 whA] 448 dlclipBiated herein
t he i)r ansm tted pilot. This nay be inplenented using
the P¥SEOREHFYck 420. The resulting raw estimate of

THaR stepd B2 oftheBeedulsay2 ddeiduhes SADadch@d thd OFDRK &RIJoR 250 using

si.ng_bl ock 430 to obtain chann<=7l eﬂg mate for the .
tﬁ%ﬁﬁg Pass SEWmpte Pt %ﬁ‘fli%ﬁg 1O r ThEI A, OR gt2g 612 is @ first
telaiinel sysiol estiBtd (Rehidehe padt MRt dnf. g8 012 RRy GRamPlehented using
@M%ﬁ of the pilot subcarrier on the surroundi ng

%rs until the next pil ot subcarrier is closer.

b) Constructing a frequency donain estinmate of the

hannel b opyi,ng .t i | ot - based nne St | es
18 SR G 1 SF Koty 10 Bipa i G ook GRBEL gimats B0 Suput rom
smﬁb aur ﬁxidli‘ﬂzs fiedd thaspiittéd l@nibbEesd?ﬁt@ 270 &hi?}:hﬂﬂ&ﬁ tstip@ @ [?to generate a
The,resul ti ector.j.s tr r t hr ou use: of an
spoREd RS )b R OTen Chennbi R g ol B R S odue

B4®. t hen sel ected through application of a wi ndow. The
w ndowed vector is then transformed back to the

The direct channel estimate ontput from stage 714 is used as an input to the next stage 716 and
also to the subsequent stage 718. Stage 716 uses Module A 300 to demodulate and decode the
OFDM symbol 250 using the second Direct Chapnel Estimate 280 to obtain a second
transmitted symbol estimate (including pilot insertion). Stage 716 may output both a hard
frequency domain estimate and a soft frequency domain estimate of the transmitted symbol,

The next stage 718 of schedule 702 may be implemented using Module B 400 and Module C
500. Inputs to stage 718 include the second direct channel estimate from stage 714 and the
second transmiitted symbol estimate from stage 716. In stage 718 the second Direct Channel
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frequency domain. c) A further option is to perform
process a) and then process b). d) Another option is

Wa ooopesdoss m process a) and then apply a bi di r eRCT/an2007/001506
auto regression (as described, for exanple, in
co- pendi ng PCT application ng'/ AU2006/ 001201
(publication nunber WO 2007/022564) claimng priority

49?19% %’(ﬁ&{d%é &Gon%ﬁﬁhﬁﬁﬁ& b&%%gtg %@%@ rdyl¥€d %&\%cﬁﬂl& 8§ 400 to

are I'ncorporated-herein CT 0sSS-ref erence)
gehenie sthanesstinaioc of the Reeg Chagl 80702 denodul at es and

%g&géﬂﬁl% t&«;s]t . g‘@?é&tg%at@m{lﬂl s%réxo te43b R84 IhB gecghc{ §§nsnBt{e§ §§mbol estimate

m st a . The out put
¥0 atpeprqvideditg Mpdflie rC‘s‘iOOtt¢ mglmetatféétglé“&?h?éml esitraipedo8-

(including pilot insertion).” Stage 712 may b e

i npl emented usi ng Modul e A 300. The next stage 714 of
YegedB0 ees PERulege 300 withoft the retippsraigsionctagn ALD toglsmiofglpte and decode

2E05BH Bl e FAOIAN G, Hials S00RIS KA
eatug@te @he tegbiam &nglgafoppationbiDpstisate. Sand) veeFHbe saflpgequency
#%"I%?ﬁ GBRLESaSHBg Modul e B 400. The direct
ann estl mate ut put from stage 714 is used as an
input to the next stage 716 and also to the subsequent

L8986 Shews %@gﬁwgﬁé 7U§ e@mh@ ditsesoft @Ridhe HprPdidl RtL schematic
and decode nmbol 250 usi ng7the second Direct

ittmematien ofEs@cbmee'f@abattx@ sigaleiorschedgleciOR vt dosn B4 Yog seft decisions,
ﬁﬁ!&?&hlu@é{:ﬂd@inﬁb&é Al 4ad Itﬁ&e&weetopm eyrhibIR¥0. sBRIS2 grwldes an

out pu hard f requency domal n estimat'e and

%ﬁk eswin@ata QEthe giresd plhsnpel based %thé Pé?f spiole e e thé!aprowdes a first

SBebf thd BensheNda GG Qyriddl, S:tfl eS/58 Sk lp %VY&R estimate of the
I mpl ement ed . usi n%fil\/bdu e B 40 and l\/bd

direpfushanned aad sigge 7ASBPTONKIEy N EeORS SRR ai" &er%“iﬂPmb"Hé’ﬁﬁé’Iﬂ OFDM
s@ﬁﬂ:bl”?iage hEPpRosiiadeuAd Ritbath Bﬁth%%@&@ﬁdh@l%%&dﬂés an estimate -

estinate fromstacge 716. I n stage 718

%félafofﬁfa chopel charegispistien, Bdich preruscivgtags 46 WeCa‘é‘é‘%%‘ﬁ&CI effects and to .

duiﬁmmﬁxeglﬂnﬁé/m@ém&hm@@ J%baio are provided to Mdule
B 400 to generate a tiiird estimate of the Direct

Channel 280. In stage 7 18 the third Direot Channel.
ﬁ@tstdg&t 542885, F58l 76 @dSER @ach Tblands Hdidaad siywRblch of Modules A, B

}ql ({?;T@(% %pézj%e %hlgqr %ég%egra%rgor@ggg fl)peeracﬁogsor%q\}ﬂ%d %16 0} tge stages,
Stage 754 uses Module A 300, stage 756 uses Module B 400, stage 758 uses Module A. 300,
stage 760 uses modules B 400 and Module C 500, and stage 762 uses blocks from Module A
300. Schedules 702 and 750 may be summarised by the sequence ABABCA.

Altemative Schedules, Figure 28 & Figure 29

As the interfaces in Modules A, B, C are identical, i.e. they update a set of channel estimates
and a transmitted symbol estimate, other schedules are anticipated. (The module definitions
allow for zero inputs, which are encountered during the initial phases of processing).

Using the notation of a commeand sequence (where schedules 702 and 750 are ABABCA)
further schedules may be defined, including:
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Stage 720 uses nodule A 300 wi thout the retransm ssion
stage 340 to denodul ate and decode the OFDM synbol 250
wWa@giong4oBe third Direct Channel Estimte 280 apdI/Abizn07/001506

first 1Cl channel estimate 290 to obtain a fina
information bit estimate. Stgge 720 uses the soft
frequency domai n synbol estimte output in stage 716:
Aigure 26 shows the schedule 702, which uses soft
decisions. Figure 28 is a schematic illustration of a
M¥hedul e 750 that is similar to schedule 702 but does

use soft decisions. Inputs include pilot synbols
704 and the received OFDM synbol 250. Stage 752
Aidvhdes an initial estimate of the direct channel

on the pilot synbols. Stage 754 then provides a

first estimate of the transmtted OFDM synbol . Stage
756 then provides an updated estimte of the direct

Exhapiaelr Bl oPhad Sadail L gh\s{vﬁmlgme 9§ QMg Gshy Mt e of

the frequency domaln Stage~ 760 provides a
Figyre AR rillestateprat whedule ﬁ”éO it s G apERceaABASoTlaeditin from

sgq%Eﬁdaam Al 75-61&, the@'ﬂa&J@fén&L {dﬁgr(?%k%?gilgﬁel %@h&g are

used I n stage 7 to cancel ects an

Stage gt peeviden an l@galuemp@e@f thedirept chaane bessd onythipilot syimbols, as

dfsE%ﬁsmzl?fbferc?é@ to Zt§g% 73@08%97716363 2 30%%%%2% 'o;lf kR OFDM

sm‘gpl,b‘@hlah }SI wsg%ay ﬁf@gfp%?& toripdetn éheoiséma&mé‘ e diregliPheaetli Siage 778

at t t
i83cietl W80 o g e OO Sl g5 S

Finplly atage 752 jases thediol gsimates 00 stEk7H0v0d the d@&@@@m&h@mms from
sBEATR 1663ndeh B BERAES 16T FREYRW bRvife 306hal SERAAUAE: #BRmitted

and 750 may be summari sed by the sequence ABABCA
sEpky nat i ve Schedul es, Figure 28 & Figure 29 As t he
interfaces in Mbdules A, B, C are identical, i.e. they

- %fﬂ@§{et of ,channel estimates and a transntted

@@% ateped Bhedili 490 Sahews Msssegyeacn ABCH: Pire 792 Proyides an

et @dtinofted it diteoiGhadtlel Based ?{ thiZ Bl6 sihBys, f%s divkis&h v@ithference to
enc ere e initia es_of . processin

sl P11 Sre® o e SRS 2 B eirnt® e M BT lowhich 1§ used by

stagh®abulo apdate Thedddtimite Of @i&dﬂ%&“@@ﬁ)&l il hIbeto SHBRAUNSET estimate.

sggé' 75)6e us%gth/kondeupes | n% 8d§tage ﬁ) us&e the CI estimates and the direct channel
estimates from stage 796 to cancel the estimated ICI effects and provide a final estimate of the

transmitted symbol,

3: Soft and Hard Symbol Estimates from FEC Decoder

The FEC decoder 330 in Module A 300 may output soft estimates of the encoder output bits.
These soft output bits may be used to generate an estimate of the transmitted OFDM symbol.
The soft bits are soft modulated 340 by computing the average position on the constellation
map over the bit PDFs of the bits corresponding to the symbol. Pilot symbols (mown a priori)
are also inserted. The FEC decoder 330 may simultaneously output hard decisions.

Transmitted OFDM symbol estimates may be used in two ways in the receiver:
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ABACA ABCABCA Exanpl es of sone of these variants are

shown in Figure 28 & Figure 29. Figure 29 illustrates
wa:2@shedsd e 770 that uses the sequence ABACA. H¢I/a02007/001506

differs fromsequences 702 and 750 in that there one-

| ess update of the direct chapnel estinmate. Stage 772

provi des an initial estimate of the direct channel

e . di

rof B ol Cor SYERPohmelih, £ AEHARR I bnd 20, and
f | # stin msatﬁermteecancfellhm o8l ﬁie,ICI/\tmgéi andscomabén bisek 310.
stage 776 to update the estinmate of the direct
channel . Stage 778 then updates the synbol estinmate
Iarmie magema:aaog epebait ws used fesinrtem&teecco@anwﬂemmmd hard symbols for

7 es, cCshiBEES;

t? age ?’gt %ﬂ%%{l’%gﬁi ir ecﬂt%) X ne érgét |%Lﬁ1t es G?‘rgrrt]hat if the
ctab«aige 1s7ﬂzﬁ:ettmn,c‘an ceft sybolestei ama!ﬂedfhictilm%f fgoevs thmdecuracy of the

e a f t ]
Pfied® iR 5 TR S rthal AR RHERE Bekp by toverscs an
trogueic e 10dR@AabBtiate rét@®epr ovides an initial estimte
of the direct channel based on the pilot synbols, as
di scussed with reference to stage 710. Stage 794 then
4 (nffereieinl Hpdate efiintetrenratcenceliedtstée OFDM Synbol , which is
é&g&&&@%g&gﬂ&@ug%fmg@ﬁt} he estimate of the di rect

anne ate an 1 Cl estimate. Stage

A96- Ap3eh ,ﬂmqpyeﬁb[zﬁoppdzﬂmd $fjage 798 uses the I C

estimates and the direct channel estimates from stage
Wwhigh isothe anesivedt srabelsminys el of| thy sigpflceompopgits Pabee qaddglied. An
ik B8O Shatob® By DURRL khe BiecctSalpoddifl! estimate
JSB&% 0?3%4 ?ﬁpégsf(?ﬁna‘{ngg from "g@%{é Decod(g?QThe FEC decoder
%&@do[m tovitieh thesehesBf@tena]y] . dulypiitthe GCT teesd coabe gorsfatedhia 2 similar
encoder output bits. These soft output bits may be
BYEF-t 0 generate an estimate of the transmtted OFDM
synbol . The soft bits are soft nodul ated 340 by
computing the average position on the constell at,
Aapengets that Ragple TSt bey B B 52 @Sﬁerfe@geptswa?%ﬁdtbé' thygbset of
rs thil th@iodMORRInFodileAOWn a priori) are also
i nserted. The FEC decoder 330 may si nultaneously
out put hard decisions. Transmtted OFDM synbol
1EShd YA tc@scallRIoAtdpSRAdddro td® fidtySIAI Rerl3ahdre®i e estliBate can be

trajning s ols for channel estimation in training .
%{%lﬁ[@é“%g?;yﬂgﬁ&s 520, and
Alil=rli1- 3 Ay, ]

jeC

m

5: Use of Syne byte for FEC priors
The performance of the FEC Module (A) 300 may be improved through use of any known
encoder input bits. In the case of DVB SYNC Bytes are encoded. These will force the
Convolutional €ode into known states, For example, this information can be employed in both -
Viterbi and APP decoders of the Convolutional code. In the case of APP decoding the
information bit priors are set according to the SYNC Byte values. In the case of Viterbi
decoding the known bits can be used to execute terminated traceback.
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in interference cancellation, for exanple in the ICl
cancel and conbi ne bl ock 310. In one arrangenent soft

wamBol®sar e used for interference cancel | ati oOPCEHAU2007/001506

hard synbols for training. One advantage of using soft
synbols for interference canggllation is that if the
decoder is uncertain, the soft synbols are small,

Mt eI s SAERIR g t he accuracy of the |nterference
cancel | ation_st egwolf har d sgn‘ool S are us

Thed(-hpisgent Hethe SYRBOI anrifdr e @ﬁﬁ@éﬁ%ﬂbrfgﬁ eyegzlp FFT 48 is also
rbdifelsdmy feadh akﬂmdcm@rerq@&@y ¥ifet estimatebtd f [RE-BRT hdlduidtehdt Rrects the

Interference cancel |l ed state Several nodul es

m@lweawmﬁm@r B aetursd Harensy peset Hdiscarastion &lagyﬁ%mfomd n
wo%da@hlk, &g 1St BpRtivéeRTROME HifentdatM @mbmﬂ@l ﬁeaﬂmsfomed

estimate of the direct conpopent can oht ai ne
tbfs?u%w’@w RET e ey if therffsarrany 0wt pifEREE opaach gl gglicaton of

BStebd®re . Any of the I1Cl ternms can be generated in a
simlar manner. Any update that a nodul e makes may be
interns of a difference term caused by the subset of

TARIRIRS SerfeB@hs SduoraR ot tiasaiBksfimethn théduldaend, 300 (Modul&e
cancel | ati gn step needﬁd to g)%g%furthe ICl terns t

) ﬁ‘idéf’fr@ﬂ%”é( beapeda f (esiraate O@eew@flsqmeag gquannty
b T o BB A e RS i

own encoder cas
bﬁl}F@g (e 6"&@1% *ﬁg@ % Pq Eqﬁ%r%gm&% CyCc(S@ré;\‘f})I%Jvf,}]ﬂ(gonaqh ¢ phase
doatle penOEDMgmholgiedtdis, For exanple, this information
é[ﬁ mn{) ed. |n both Viterbi and APP decoders of
& code. In the case of APP decoding
t he |nforrrat|on b|t priors are set according to the

SYNC Byte values. In the case of Viterbi decoding the
Rephmselshinge wilh rheenersk dhange fixe OFDM syshel tocsymliol. In this case the time

c{om%%nh&g'% og A rﬁﬁfﬂ&ﬁ@xﬁ:&?%&%ﬁe ﬂa@éﬁ@n@ ik B8 otafidn cpf][ @?et&t a set of

e ou recel ver system
semglémbmﬁﬁﬁvdéﬁ adjsceal GH)Magimbdd Ihhif eedihe g-edpmnky foowhich the time

SRS e SRR e i SRR
frequency offset. Thl s correction may be per f ornmed in

7: Reed Solomon Erasure Marking

The soft output FEC decoder 330 may be used to mark erasures for an outer Reed Solomon
(R8) erasure decoder, and may improve the error correction capability of the Reed Sclomon
outer code. Soft outputs may be used to agsign reliability to RS codeword symbols, and some .
number of the least reliable symbols may then be marked for erasure at the input to the RS
decoder. The RS erasure decoder may run be for one or more iterations, where the number of
erasutes marked in each successive iteration is rg‘:duced, until some minimum value. In the
case where the minimum value is zero, operation is equivalent to that of an error-correcting
RS decoder. The iterative loop may be terminated ¢arly in the case when the decoder reports a
successful decode. The number of iterations emploved, and the number of symbols to be
marked for erasure at each iterative step, may either be fixed or dynamically updated

according to some system state metric.



a forward-only manner or retrospectively, i.e. any

gi ven OFDM synbol may be transforned through the FFT
woreiosiogloes ti mes if the frequency of fset esti naP@&I/AU2007/001506

changes during application of the receiver. The

quantities derived as part of, either of the channe

estimati on nodul es 400, 500 %Nbdules B and/or C) may

be used to forma frequency offset estimate. |In one

arrangenent the quantity or is conpared between two

I’swﬂld@sgidweto@i:@m thy iyehtsont dsclosedaml defingiuie gy spekifisgion extends to

gvgecogﬁﬁlatg@@%? :fr&‘ i Qa%regé;fg tp%nﬁ%ﬁ%@tluf 9% r%n l%r evident

fwnﬂ;g ftest of &y dirotings hllttl!nss dtf&s:et témbitatines chostiiitn various altemnative
t he frequency offset can be based on an
aﬁ%@%?g%%gﬁfgﬁhof g[i] for a set of sanple points
bet ween adj acent OFDM synbols. In this way the
t I N-.Si N .
R ook Bf e (05, oS8 Ty Bl o s bcd
tie anegﬁcatmn iRwgitvalen to ﬂmerEr amhrd@s Madighawdy it be tadsén as excluding the
¢y be used to mark erasures
p&%&ﬁghféﬁ§éﬂ%ﬁeegP%% ofron (RS) erasure decoder, and
may inprove the error correction capability of the
Reed Sol onon outer code. Soft outputs nmay be used to
assign reliability to RS codeword synbols, and sone
nunber of the |east reliable synbols may then be
mar ked for erasure at the input to the RS decoder. The
RS erasure decoder may run be for one or nore
iterations, where the nunmber of erasures marked in
each successive iteration is reduced, until sone
m ni mum val ue. In the case where the mnimumvalue is
zero, operation is equivalent to that of an
error-correcting RS decoder. The iterative |oop may be
term nated early in the case when the decoder reports
a successful decode. The nunber of iterations
enpl oyed, and the nunber of synbols to be marked for
erasure at each iterative step, may either be fixed or
dynam cal | y updated according to sone systemstate
metric.It wll be understood that the invention
di scl osed and defined in this specification extends to
all alternative conbinations of two or nore of the
i ndi vi dual features nmentioned or evident fromthe test
of the drawings. Al these different conbinations
constitute various alternative
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aspects of the invention. It will also be understood
that the term"conprises" and its grammatical variants

w@20080€d88 N this specification is equival ent tPCT/AB2007/001506

term "includes" and should not be taken as excl uding
the presence of other elenenigs or features.C ains: 1.
A pre-processor for operation in conj unction with a
arapRuni cations receiver, the preprocessor conprising:
an input operable to receive an input signal that is
1t 1 ana frd-$H106bsitr FordpSANTRUR bSilidcBth F R BRhruRc-GH 18Rt ver, the pre-
estimator operable to estimate at |east one feature of
PERESTSRIERTESL i on channel based on the input signal; a
Si gna inpm@bérhiNE todBRMBRh Siphisi GRS EhRmitRR Wa aSdoBiBRhication
dependent on the at |east one estimated feature; and :
utput for providing the nodified signal to the
co mTz}JéH_aﬁﬁéll oI B AIDIE T est%naté?ﬂéﬁta $Ho 6020 Of O Hhidifon
o cl ai )erein said signal nodifier conprises a
C]P‘inﬁﬂt%‘?fg}oﬂﬂfei‘{‘ﬁ“éﬁlgmﬁ A pre-processor according to
cl ai Mignaf toliRer opeRBRkb M thdinpRak Sdet3h G @18t one
og;&gb e to 8etern1ne one or nore coefficients of said
offs : YR ®fl ter based on an out put of said channel
est | apdufifut fof prodidRig@hd G REBRN 2P0 TR irthntciidhk dcBivdr.
wherein said signal nodifier nodifies the input signa
in the frequency domain. 5. A pre-processor according
21 0 CA @tefprécothde bexbidirgab dlaih OHBEreREIA fkipREl 0ATTRF biRfiscsh time-
dcorrblper operable to conbine the input signal and an
ﬂﬁ?ﬁﬁ “of said channel estimator. 6. A pr e- processor
~according to claim5 wherein said conbiner is selected
31 O LSRNl T Litth P i JRphiHET @t © combiner
a coefficient calculator operable to determine one or more coefficients of said time-

domain filter based on an output of said channel estimator. '

4, A pre-processor according to claim 1 wherein said signal modifier modifies the input
signal in the frequency domain.
5. A pre-processof according to claim 4 wherein said signal modifier comprises:

a combiner operable to combine the input signal and an output of said channel

estimator.

6. A pre-processor according to claim 5 wherein said combiner is selected from the group
consisting oft

a maximum ratio combiner (MRC)

a zero forcing combiﬁer and

a minimum mean square etror combiner.

7. A pre-processor according to claim 5 or 6 wherein said channel estimator estimates the

at least one featqre dependent on an output of said combiner.
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a zero forcing conbiner and a m ni num nmean square
error conbiner. 7. A pre-processor according to claim
G2@s/0@08her ei n sai d channel estimator esti natBGI/ANZ02001506
| east one feature dependent on an output of said
conbi ner.8. A pre-processor agcording to claim?
wherein said signal nodifier further conprises a
forward error correction (FEC) unit. 9. A~
i&e-processor according to any one of clains 5 to 8

er &i Ie-BWPepseiageesdingrigtein & wifersin taisysignehpediSedurther comprises a
OREA afdr efhrdéRbid (FRRglpher ei n said channel estimator is ‘
driven with an output of said conbiner that. is
denodul ated and re-nodul ated. 10. A pre-processor

gacco Ef&%@ﬁro‘:%s&l a@éa%iﬁg ﬁ%mffi SREFIRs PId ChRkd %.lmgn{affnadiﬁer

said channel estimator IS driven wi th_ an output of _
fartheq cqmmisesra wedritiog poit sk wheseiyesibdanes egimeoEs diyenbidhia
oE?Gt s8R NGRHRM: 8RCs b6 RS- mddiads. Pr €- processor
according to any one of the preceding clainms wherein

t he communi cations receiver is an RF/ PHY/ MAC fecei ver

101 I CUi dro BRELMRER,dng loRk1aitA 8 .25 d&eRdcRf SPIARESIRrein said channel
oper at.es bet ween an ant enna and t,he conmuni cat 1 ons

epigppnig friven Jvithan opiputnf seid Saesy corelivgr dhahls dewodipigied FEC gpcoded,
FHA BBcoled shdkOniddnikiagr conprising one or nore RF
circuits. 13. A pre-processor according to claim 12
wherein, in use, said pre-processor operates between

19N€e  AlpréPioestitabidndse: Ry Snd Ui\ ecHRABMM sGRctR e :
receiver. 14. A_pr%g?roc ssor accordi hg to any .one of

COTEIASPnE Frogigen iy B/ RH Y (MAG Seeeiveniiguih pudsihsredd di pse, said pre-

RREEsOE (eraRE bURREh @NBtddha MRITR ddmnkinichtibs $ecaivel. 2 PHY/ MAC
conmuni cations receiver. 15. A pre-processor according

to claim 14 wherein said pre-processor is operable as

12. br ixdgeplobabora6@RiiNeH ahii6nd JTRIAIMS] QNI furiticd BAINRARING bne or more
%ﬂég,RF circuits and retransnmts an output signal to
Riyfirepffy/ MAC cormuni cations receiver. 16. A

pre-processor according to claim 14 operable to bypass

an acquisition cirguit of e. communi cat.i ons
130 b ProbesSit adtordins 1 clhtm 1 VLGSR Tk, S A PSSP BOREFReS
bepetRiier Rrd3ms s ad R YQIACLdotnn@iniclifidhs receiver.

14, A pre-processor according to any one of claims 1 to 10 wherein, in use, said pre-
processor operates between one or more RF circuits and a PHY/MAC communications

receiver,

15. A pre-processor according to claim 14 wherein said pre-processor is operable as a
bridge that receives the input signal from one or more RF circuits and retransmits an output

signal to the PHY/MAC comrnunications receiver.

16. A pre-processor according to claima 14 operable to bypass an acquisition circuit of the

communications receiver.
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conmuni cations receiver. 18. A pre-processor according
to any one of the preceding clains wherein said output
wGepppostoss t he i nterfaces of conponents of a plRCEADR007/001506
of manufacturers. 19. A pre-processor according to any
one of the preceding clains wherein said input
supports the interfaces of conponents of a plurality
19 mrwé_gmg&@rr@mégg tofdjath §4 RAPSGRESR 0 BHRY MPHIY kit ihe
one of  the previous clains wherein the pre-processor
OBURBEREIRS ECHVETh | EEE 802. 11 conpliant receivers. 21.
. A pre-processor according to any one of the preceding

claims having a bypass node in mhich‘the_input_su%Pa
13as s AsPre-PEesse aeqrdipe o anp onfdhaiesstins et wherein said output

s ig&ﬁ& Abhditlods RofpidntsoRb pRRAitZA mafuRbifreRl OCEsSOr
according to any one of the preceding clains further
conprising: an acquisition circuit that utilises two

13Ut 060N E Bl REEGANScRlind tof A8 bEISF thSR8eBRg cRdas vherein said input
pre-processor according to any one of the preceding
suprarithefinferfaces olcomprieaispga P’é!é?{l&’ GEBIgESEor i ng at

| east one preanble for inclusion in the nodified

signal provided to_the comunjcatiaons receiver. 24. A

26k - PreRESEFOTACEBHAE MY BeathyheYIes ciaes Bheeia femge-processor
36 birdP- WMRSTFEIEB 021 1 lobASTanPeEiRE£aNDl e and optional 'y

some data synbols are passed fromsaid input to said

out put. 25. A pre-processor according to any one of

dihe prgeeticB8otdeairdBy totny bRE of iR REdeing Gladnd Haking & bisuss mode in
filtering a sjgnal pre%Hble fondlnclu3|on LN %ﬂe dificati
ieh o B gRLTestss Somded Myt osed SBRAUT L SbYigHigHy no modification.

receiver. 26. A pre-processor according to any one of

the precedi ng cl ai ns wherein art .of a preanble is. |
Rodi A B8 pioeden retna i by oy vt rsHne RS rpne
si gnah a?hisitidn RiEnPhACEESES twastbtiRfpnk of diffyreNengk. t he
precedi ng clains wherein said output outputs a short

preanble if the input signal is detected by said :

430 PUtA préProcéisd fRediding @Sm9 bnaafths stedbding @laivhsfinrtha? fomprising:

wherei n sai d out out put s l.on t eanl e a .

{1 m A6 goroeh e orpiesS ph e Spe i Pih 4 Bt TRt afna provid
P e Phafekains aeeieedi ng to clai'm 27 or 28 wherein said

out put outputs the short preanble repeatedly and then

out puts the | ong preanble once timng is acquired.

24, A pre-processor according to any one of the preceding claims wherein at least one

preamble and optionally some data symbols are passed from said input to said output.

¥
25. A pre-processor according to any one of the preceding claims further comprising a

filter for filtering a signal prearnble for inchusion in the modified signal provided to the

communications receiver.

26. A pre-processor according to any one of the preceding ¢laims wherein a part of a
preamble is modified or deleted before inclusion in the modified sighal.
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30. A pre-processor according to claim 14 wherein said
pre- processor processes a status and a control signal

wo casosdoss | EEE 802.1 1 RF circuit and sai d outPpi/AU2007/001506
out puts the processed status and control signals. 31.
A pre-processor according tozany one of the preceding
clains wherein said input is operable to receive a

Rl ural Gﬂr& ¥ro@£ssér%@é3rd1§%ﬂ%ﬁi 8ne ot 4he p%e(ﬁ& % BERGESARN Sald output
accor alm rlSln ect or Operab

oaawuwsé@r%p@wnblﬁ&fbe @pﬁﬁ@dﬂ%%ﬂﬁ%%éyg@@mam ty of input
signals. 33. A pre-processor according to claim 31
wherei n said channel estimator and sai d signal

Z%odi i 1P Poseratreceing kel a7 shpein s oippiey ghgspreamble
o%écaﬁnﬁ%%f@fe%%ﬁﬁ&ialﬁ%&ﬁﬁr@&ng to any one of the

preceding clarnms Wherein said signal nodifier is
arranged to nodify the input signal dependent on a

z@r edﬁfﬂrétﬁfémss@m@wr&hyto%ﬁm& R of STWHALE 3id ORFuticfHek WRTshort
pre processor accordlng to any one t he

tedlyanehen ppigvts e IQWTW&%‘E%%’@% 1y agagifedanged
to expand a range of conmuni cation channel s vvlth whi ch

t he conmuni cations _receiver is operable
Qo mmérire BEACEHY a8gesdiBg o1 Shaynaid IPé%\BfPC%?Pé processes a staus

Rl 8 RS 8850 FroRRRYIFEE 2000 € RE QI M RG o@pﬁroatpnfsmqﬁ@de@scd
accordl g to any one of claims 1 to 35; anda

| genglsy ecei ver that receives a nodified
S|gnal fromthe pre processor. 37. A communications

system accordin ) claim 36 further, co

Ileast REFTEIOREHY corfpgpRuE gre ﬁ%&ﬂf‘é‘ﬁdﬂ%a@’?’wﬁﬁfﬁ%ﬁa}ﬁj&ﬁm is
OPSEHE B adiVe \MukBGRY PGt siddals. r ecei ves an input signal
directly. 38. A conmunications system according to

claim36 or 37 wherein the communi cations systemis an
3|2EEEA§98-pﬂocéd@@taWr&ng foltmig B$ e GEpERIEY defebtoPopRraiizl tayelect an input

ens t hat..co ates for delay in a
@‘5?@’6 CRLARE TN ng“gﬁagﬁe by increasing the Coverage
CI ass 39. A cormunl catl ons system accor ding to cI aim
60r 37 wherein t tions..s m
020 hpenberT Roeriae EYTTEd SO SR e ot S sgaat
TedGER Dpehte bn the plurality of input signals.

34. A pre-processor according to any one of the preceding claims wherein said signal
modifier is arranged to modify the input signal dependent on a predefined capability of the

commumications receiver.

35. A pre-processor according to any one of the preceding claims, wherein the pre-
processor is arranged to expand a range of communication channels with which the

commuuications receiver is operable.

36. A communications system comptising at Jeast one pre-processor-epabled node
comprising:

a pre-processor according to any one of claims 1 o 35; and
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conpensates for delay in a Pre-Processor enabl ed node
by decreasing SIFS tine of an | EEE 802.1 1

WOREEPHESI C. 40. A communi cati ons syst em accordi/Ay2a00/001506

claim 36 or 37 wherein the conmunications systemis an
| EEE 802. 11 network, the sysggm conprising a del ay
conpensat or that conpensates for del ay in a

Pre- E'&Qxﬁﬁﬁﬁﬁ@iﬁoﬁ@é@éﬁ& 1108 RN alrilifRASipNE fhiBe bieRodegor.
PIFS tinme. 41. communi cations system according to
clairm 36 or 37 mhereln t he conmuni cati ons systemis an

dvEEEAS&b%mHmdaﬁsm%m bOBrambas amnmmfm@caﬁp@sn@ge& st one nop-
conpensat or that conpensates for del ay

wewwsg@@e%@d ROSE SPBRISFTERSOBYRUBIGRHARE ch?fﬁ‘?%}i‘aé FRgpiYesgp input
Al ONGlecflat a rate fromthe Pre-Processor than a data

rate of the input signal received fromthe channel.

42. A communi cations system according to claim 36 or

3% WRELSinnkdABor QYA h&BIAIRINS cI8MS ISP 37 Swifid tEEESBRidtions
1 network, the syStem conprising a delay conpensator

wrar iviBERSAL. ékn‘ft‘é‘{Pfkd@P SXplemy PogIPEFiag pﬁ%}@é%oemene%&% d
c%’f\}/%@ns%s 855 385 InNPr8 Pidebiss BRMd e BYinkdebih 582 Cdverage Class.
IMAC PHY circuit early. 43. A method of pre-processing

a signal for provision to a comunications receiver,

fai d Anahhﬂdndaamrsya&rﬂ Becofdapab VieR@3 @8t ITNPhkreis ligrammiheitions
is transm it a_conmuni cat i an, ch rlnel est k)'rﬁ%tj[ ng
Eton i BRG0P AL el ko e B GRS AT By Comrny e

QaperkaRE fr B8lay ARUre Prd@BRbr REKII 10d8 By Udiesabin@ SIFSSingrudln [EEE

dependent on the at | east one estimated feature and a
YR HET AP 1ity of the communications receiver;
and providing the nDdlfled S|gnal to the
conmuni cati Qns recei ver

i 0d et E BTG A GHOHEER B B3 PRy QYA o fmunications
§yeen ﬁﬁiﬁfilEEB 8?%1 rraﬁétwnﬂx; the aﬁ&}}@ @uiptigap d delgy comgicnsator frmt
controllin eration o ocess
BB bR SRR SR S3h BBRARELRY g o Ps e
performa nethod of pre-processing a S|gnal for
g‘[\; :Afséq%&n? : osé’ i F‘TB Iﬁéﬁ%}m 5 flra%(l: g% faen? 085098 cations

dlyemﬁsmﬁ mm? 802, a1 ﬁct@fﬁtﬁ'ﬂhhﬁ byt @myprisiap o dblay estpenmtdr gt at

east on at of. t he co i cati an
e oL e B PTRM DY ARy e e o
dedradde Preoiotdasor diankhdata tat@ﬁfﬂhmplhtmm&decfe‘e'ad o theathazmel.

42. A communications system according to claim 36 or 37 wherein the communications
system is an [EEE 802.11 network, the system comprising a delay compensator that
compensates for delay in a Pre-Processor enabled node by asserting 2 CCA signal of an IEEE
802.11 MAC/PHY circuit early. ’

43. A method of pre-processing a signal for provision to a communications receiver, said
method comprising: ,
receiving an input signal that is transmitted via a communication channel;

estimating at 1east one feature of the communication channel based on the input signal;
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predefined capability of the conmunications receiver;
and providing the nodified signal to the

W@ ooosMiosst i ons receiver. 45. A conputer progrBCT/AU2007/001506
conpri si ng- machi ne-readabl e program code for :
controlling the operation ofss data processing
apparatus on which the program code executes to

per f ofmrn %@E Hﬁ} %@&&Mﬁ%ﬁe A%a b as@la{ateﬁ Fstuzo and a

provi si on ni cations recelver, said neth

Pé@ﬁfoqu%mﬂﬁ?@%bﬁ" COTTRPGTPIS SeRcIvST @Rl that i s
tran?m{a {20 M S RedCRIIANR Ao i DAR 8leaivESt | Mati ng at

| east one feature of the conmuni cati on channel based
on the input signal; nodifying the input signal

gependap ggtgpprf)%%nﬁ'ﬁ'odluaac?}np qgﬁg%@%&ﬂm@g@@%@%@aw on

predefin cap nmuni cat i oAs recei ver

agmhppwﬁ@}qlm@cqrﬁ@g m@p,um, 3V, c@}t@ﬁmg thepperption of a data processing
B%IH:HB é ToBaf! 068 exetes 6 pRES TP RERSEHpre- al
gu stanti ai: so descri B)Eed ﬁser in Wt referpéenlérgcets%ngamgn

formyodtien o wm@ugw@ms raspiver, wid methedseomprisigei n Fi gur es

2-7, rel:évmé z;%?tl sl%‘iaﬁﬁgt i@ttt ia AoRAIARH mRhhRES

system su as described herein with

r ef epHimetng %.t leghyong #‘@“’6? ofytheconppysinaienehsnsel baspd orthe inpulpignal;
I N FLQWrRSe fe ?npgttlmét\%l de]a%dl:g’t ARk 8eadQne dfimahtd TRIBOshaf

decodi ng a_synb in a multicarrier_comunications
rEspsieathcaRagHisY Pféh%@ma)m%@wwﬁfgf & encoded synbol

tr angAab R OMETifid dgRNR TheSDhMhnfafdRR eceiver. t he

comruni cat’i ons system b) estimating a nodel of the
transm ssion channel, said nodel characterising an

wf f e%co@x&mﬂeﬁ% 58RI chinffisihd tadhfrReliakle ibgntin dodfdr c@ﬂk@lhng the
carrier_in e rnulticarrier system and decodi ngdorma

Opﬁéﬁ?l’égé|d9fé@ff§9ﬁ%|apﬁ?§?wqmc £ PISTAELCORD EePUip o P

m@mvo? pR-RERNiH Lol fopfiloviglon B8 £EmRAlidi @Fionst@IVes 6aM@ethod
. ,An apparatus for decoding a synbol in a

WP’E’?“&%rrl er conmuni cations system conprising: a) an
I npui'ec&%g%ﬁ%hﬁ/dl@@ltﬁ&l@ﬁ@@ﬁﬁﬁd%ﬁ:ﬂmﬁﬁﬁdﬂcﬁhﬁﬂl over

a transm ssi Qn channel the co atl S

by aFPOEBHPRHEICH EToEELE PR RSP FOARHel PRE o e ot signal;

t r angiHiFEL©Me GpANGSkl depatddntiaded at least one estimated feature and a
predefined capability of the commumnications receiver; and

providing the modified signal to the communications receiver.

46. A pre-processor substantially as described herein with reference to any one of the
embodiments as illustrated in Figures 2-7, 11, 12, 13-15 and 18-20.

47." A comununications system substantially as deseribed herein with reference to any one
of the embodiments as illustrated in Figures 2-7, 11,12, 13-15 and 18-20.

48. A method of decoding a synibol in a multicatrier coprnunications system, comprising:
a) receiving an encoded symbol transmitted over a transmission chanmel in the

communications system;
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characterising an effect of intercarrier interference
on at least one carrier in the nulticarrier system and
w@ roogogdweder for decoding the recei ved synbol PCEALZN07/001506
the estinmated nodel to renove a predicted effect of
intercarrier interference. 54y A conputer program
product conprising machi ne-readabl e program code
r ecopdad 00 .3 AREN MR FARHRRbEH R0 6l RS dBRHktrisiran effect
controlling the operation of a data_processin
of pyrasanmion sntes Fereus ehatlenet IR SHFIEH QIR REL PBLem g
perf W&E@n{ﬁm@&%1@d sGR6QERE th eSithENd model B remove a predicted
mul ti'carrier conmuni cations system the method
effeetif ingareserier ipterfee®&-vi ng an encoded synbol transmitted
over a transm ssion channel in the conmunications
system b) estimating a rmfl.el of the transm %Ei on .
48hanAelappasipsfondsaedng Aot @3 RyHgEITLE, CRRPRRpatigps system,
c%ﬁgﬁgﬁ?rri er interference on at |east one carrier in
t multicarrier systemand c) decodjing the recejved .
sy ha) an s §rEeeeivigap fatoded sYBtrel ransatish BVE & FanimisHog chgpmel in
B bt d B tghGar ri erhi nterfer eglce. 51 A co(rjrpu]Eer
program conpri si ng nachi ne-readabl e program code, fo
Dot FOH S HIET ST GHEPERS SHOM oL PG SERPH Saap fgsed medel
RRASER NS0 Qe MOE fberddior RAQSTEI0L 6:04lGeabicm@ dirtisr ihshe multicarrier
performa method of decoding a synbol in a
SYFREshr ri er- comuni cati ons system conprising: a)
r eceicyd Modeh iR AeRARE tsretipled syratvs Milid e caieredanodel to remove a
transm ssign channel in the conmuni cati ons systen b)
naedisterbaferipl FFEHBE WEHRIER%t r ans i ssi on channel , said
nodel characterising an effiect of intercarrier ‘
interference on at | east one carrier | he. ‘
Wl ¢ Poserier PogERar GoP T e G Y bl ool pesgyded on
é&?&dﬁ&e&miﬂﬁ;& Eécﬂi_ﬂmgdne?ﬁﬂﬁ IfortcOntrogliﬁg\xhb @eﬁhgﬂ oA duth wbdessing
of- intercanier interference, . ne 0 : .
PR Sh VRek e AT G BP0 PETBH A0S hsoading g pypbol in 3
xhﬁﬁﬁirﬂ@fc?mﬁ?hicitﬁﬁs?wm, a;e_aiegma!oom;lmh@t ning synbols via
a chapnel, of a r ticarrier wyteless Ni,C
Syst GhEEBHEF PUreed symBel rapsmitid v Foelpiiiy dieinl e
®banaekics tysai;e based on pilot synbols;
b) estimating a model of the transmission channel, said model characterising an effect

of intercarrier interference on at least one carrier in the mvlticarrier system and
¢) decoding the received symbol using the estimated model to remove a predieted

effect of intercarrier interference.

51. A computer program comprising machinc—readaBIe program code for controlling the
opetation of & data processing apparatus on which the program code executes to perform a
method of decoding a symbol in a multicarrier communications system, comprising:

a) receiving an encoded éymbol transmitted over a fransmission channel in the
communications sysieni; .

b) estimating a model of the transmission channel, said model characterising an effect

of intercarrier interference on at least one carrier in the multicarrier system and
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b) decoding a received synbol using the first direct
channel estimate to produce a first hard estimate of a
wo cansmoss ed synbol ; c) generating a second di PEDAU2007/001506
channel estimate using the pilot synbols and the first
hard transmtted synbol estigpte; d) decoding the
recei ved synbol using the-second direct channel :
est i PRfeSodif tRE ﬁgéi% sfjrinﬁﬁtllsﬁgﬁlte c@%t&ﬁﬁ%gtoq@ﬁlgvc japredicted
ransm tted- eStimateS; e) generating a :
%?@éﬁ?m%ﬁﬁﬁﬁ@#mﬁﬁﬁmﬁate usi ng the pil ot synbols and
the second hard transmtted-synbol estimtes; and f)
enerating an intercarrier interference channe
Sgst i ﬁéléf‘éhog&f ggroqragrdRtersyency piedicdon and mseeya} inaredsiyei thet receives
a SRR \6&LaiRing YihBdls vi8 8 bha®d & f QB el wied 88 Rhmunications system,
interference froman observation of the receive f
“§9Wﬁﬁwvu5|ng the first soft transnitted synbol
est i fBkRoratR3 a-fird At Bﬁxﬁn@%&%ﬂé Bi8ed & filoRdyRbars;

conpy.i Si ng: cancel li ng(&r nterference fromat |east one

subclrdesadine s el s ugipgthe Hrshdigict unnohpstimate to p@duce a first

dec%@&uhﬁ%m%ﬁﬂﬁapﬁmg@ncel | ed subcarriers to
return information bit éstimtes. 54. A nethod

accoP dPifERting aspoand fisest ehspms! pimels using s niiohtymbalssadthe dirst
on skmEDkHRAiE0 3RAR] «fatddrat €S, the

i nterference-cancel | ed synbol s before decodin 55. A
met K desdingthn weeiYed S&‘H?‘ﬂaﬁég@*PS%CP’é‘i directchams] feite proguce

one mmwr&&@n&am&&a—sﬁmma&e a new snoot hed
di rect channel _est, rra e using pil.ot_ synbols and .

cur regeneraling add t hepnglsriBaty uring te pief sumble mddhe second

i nt ermm@meu@maegm @{aannel estimtes for at
Ieasé t he adé%cent subcarri er having first renoved
t he % BPEHRS YL iOeRarier Grerfrenscy a@rrérﬁtraratq oy 4 lqegtom pddacent

fro mubd‘mﬁ'leﬁi BS@hy adnidved b Siritglt GAHRe BE disdf Ehahked Bﬁ&fe%@éifmn an
celljn ference from

nb . t
D s abion AEABa FoP S BB TG She SR CARSEHA Soinbol esitmae,

esti mat es; decodlng the recelved synbol using the

noo irec stiymate to produce new soft
5San }h %‘ ? %H?g}lmglgﬁ mat es.

cancelling mtetference from at least one subcarrier according to the channel estimates;

and
decoding the interference-cancelled subcatriers to return information bit estimates.

54. A method according to claim 53 compriging:
combining, dependent on smoothed channel estimates, the interference-cancelled
symbols before decoding,

55. A method according to any ome of claims 52-55 comprising one or more repetitions of:
generating a new smoothed direct channel estimate using pilot symbols and current

hard decoder outcomes;
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56. A nethod according to any one of clains 52 to 55

wherein one or nore channel estinmates are snoot hed by
w@2@snetBs ng et hod sel ected from convol uti onP@HAE2000M01506

pass filter, and transformation via an FFT, w ndow ng

and | FFT. 57. A nethod accorgyng to any one of clains

52- 56 wherein the receiver receives signhals froma

Pl Ur @dret¥in® b RNNERarmi bt AR LR LS )R LD

a set@éﬂof ‘c%annvel S for eac anten%g@%g&@étg grr%ga%tgh%e%]acem

deno _é*lhcaﬂpré Ragngfet wmovaddharaceefiestinase ofstiwst dhammel interference

r eceyRtnSHIRkiRn Bie m&ﬂ%ﬁ%&ﬁﬁ&ﬁ%ﬁgﬁ difimiRy one of

claims 52 to 57 wherein a recelve
t r an§Pe gimterfioneaton atiwsitoaaibeatior acharding éothe tleyinel estimates;

do maiifﬂ:o&‘iﬁ% 08 r1aRivEEr fndfd hd B J208a GRER Eﬂa?%gép :r(esétIn%?_e?.tio rf)goduce

back | ocal frequency offset estinates to a
nodul® st and dard trapsmeified ymbolestimates. domai n sequence
dependent on a neasured frequency offset. 59. A nethod
according to claim58 wherein the correction of the
3P0 medatidecesdiiivaay pre af slsémy 17 ta 56 shwmindne ot morvehamel

cétfnated aFBDRGh-A6E R %&%%ﬁe&btﬁéeﬁggﬁ @éﬂ,@r ein an OFDM

symbol is . transforned throug mul tiple tines
i f t PREVeLRERR RN TdgW Pessdidier, aut | nat e changes duri ng

appl irgdloRitiod vial MFFTEGRINPH bt 1FR@, I ecei ved signal .
61. A nmethod according to any one of clainms 52 to 60

conprising the use of soft output decoding of the

52.0NVA mttodRador ahPortl df Mt ¥ 56 G hQfin BleASMERr rcé?ﬁ'cﬁ gsignals

ﬁ{“))redi ction_ ahead of asubsequent Reed- Sol onon deco

1B ARiEpEE of $iconesy theppthof coPEsNg ect i on capability of

t he &¥figingMset®? chaindlBioPodh ShtedBCARI Ng @ synbol in a
mul ticarrjer conmuynjcations system substanti al Ic?/ as
desc g &depadiation siags @rﬂé?%éc’f%% BIPSPSOPr Fepeived symbols.
enbodi ments as illustrated in Figures 21-29. 63. An

Sgpﬁ%at s.for decoding a_synbol in a nmulticarrier -
o ACBRE PERENg 10 pRAPe b Seme2 AP PT whaeinageqeived signal is
trivgfoaned fbrh khertieaioanaao tHe m%enef adrhn SFROA PN dR%nethod

illustrated in Figures 21-
comprises:
feeding back local frequency offset estimates o a pre-FFT module arranged to correct
a time-domain sequence dependent on 8 measured frequency offset.

59, Amethod according to claim 58 wherein the correction of the tine-domain sequence is

done in a forward-only manner.

60. A method according to claim 58 wherein an OFDM symbol is transformed thi'ough the
FFT multiple times if the frequency offset estimate changes during application of the receiver

to the received signal.

61. A method according to any one of claims 52 to 60 comprising the use of soft output
decoding of the convolutional code to allow the use of erasure prediction ahead of a
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subsequent Reed-Solomon decoding to thereby improve an error-cotrection capability of the

system.

62. A method of decoding a symbol in a multicarrier communications system substantially
as described herein with reference to any of the embodiments as illustrated in Figures 21-29.

63.  An apparatus for decoding a symbol in a multicarrier communications system
substantially as described herein with reference to any of the embodiments as illustrated in
Figures 21-29.



