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METHOD AND SYSTEM FOR COVMUNI CATI ON I N A W RELESS
NETWORK FI ELD OF | NVENTI ON The present invention

wWo edoanezsed o the field of wirel ess conmuni cati oPeT/auine/001201

as may be utilised in conmputer networks. In one
particular formthe present invention relates to

| nproved nultiple access co ni cati ons. | n anot her
particular form the invention relates to an inproved

signal pro ' mul tiple
access comﬁalwg%FgWﬁ%@&m&&@nl ent to
herei nafter descriibeA WIRELESSINHETWORK rel ation to the

e lLi.i-Hser packet based wirel ess OFDM
%‘Ewﬁ%a%é%“ﬁbﬁfequency Di vi si on Ml tipl exi ng)
comrihe qae&sgohfr?wsﬂcﬁmaldmm\t&é fieldtof 9ineldse communications such
appr.eci at that the present invention may not he
P Rebas MEReHOR cromSd i Oikey A¥ESonariFHEr doin despsnert
inmlﬁqrg hrelatest lm; Sin'ﬁm@idf intittipieo @cge;%@eeombﬂhtga%_t ant &gother
[ € tion,of the inveptor and/or the identificatio
el faumh R averip THRS) Br BYPTPYRS FIPanpRessng method
arldrappgiatug fot hirsullpe l@aicﬁdas?&“bhﬁmumdmﬂoml S?Sk’{éifn. tlh@ill\/\&fy dbnvenient
"inventor” in.singular. . form e taken as reference
tp SRITHEL etk PRt TRV S enunps ohdlh Shgrbaciet
nased;enmirélmenor%ﬁgw Ti@ethogoment 'lcﬂrehla@]dydemdiéibrgd Nidiiiplexing)

' r t art. | jcant's co- i,n

cofralelh o Rbcs vy o S, 52" Bl RBids SioBe prasert
IRENT@00Y 008 Emibed tv thathlsestrég under W PO publicati on
ﬂmﬁ% 03/ 094037 and WD 2005/11128 (respectively),
a nu

er of background art systens have been
i denThd idistussibat thrgighoutpthis ispediftuatibn sdmed edsut due to the

Y 340 B R B R B s Pros
thenidvetdora are communi cated. The speci fication of WO
e TR R ST N T R
meychy takeadad heferanhe tpembosimgales af mardVijiiiudad) inventors of the
present invention. | '

The inventor has identified the following related art.

in  Applicant's  co-pending  International  (PCT) Applications,
PCT/AU03/00502 and PCT/2004/001036 both published under WIPO publication
Numbers ‘WO 03/094037 and WO 2005/11128 (respectively), a number of
background art systems have been identified relating in particular to wireless
communications systems based on so-called multiple access techniques in

which, information such as voice and data are communicated. The specification

of ‘ - .
WO 03/094037 and WO 2005/11128 are incorporated herein by reference

_in their entirety.

The inventor has recdgnised that the performance of a Mobile
Communications System may be heavily dependent on the quality of the Physical
Layer (PHY) ‘processing. The PHY may provide for delivering coverage and
robustness to radio links between nodes that move through hostile propagation
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Communi cations System may be heavily dependent on the
quality of the Physical Layer (PHY) processing. The

wordd70Bp6pr ovi de for delivering coverage and rpPOUAUZ®S901201

to radio |links between nodes that nove through hostile
propagati oncondi ti ons such as urban canyons, and areas
of high interference. Mbility, and in particular high
speed terrestrial nnblllty,znay i nduce yet another set
difficylties for the PHY as the reflections off the
%‘IJ“FF'BU%H? apHUME; ‘i?é‘éfonsvéﬁﬂ @ress offuotoinirsterensgi ddohiify, and

inopdtic@ar Righ ta[bé@i \télfééltm BIRG, mdynlr{dhéeﬁ?é‘feetxrfbftheg set of
sensj ti vi

@@QW? %ﬁqfﬂ’ntg%@?*ﬁaﬁ Ryl ?%’gR@?nS%Emff@kﬂﬂspuaﬂhe rbuigings ayphicies

érﬁi @hérdie rﬁ@,ned)rﬂmnewa eMR8ARJINEMAEMEN In #a (RblothPrivate
ksl- op 8vv|reless net wor ks are energi ng

*5 '?Péf%% aﬁwoawe $itiiiydp castrand e densiigs of Hesrs may
myﬁ Y SadrdRIdtiE X0 ROAIPIEX AtelpeRivd e Qﬁ@@@b@Q!ﬂJlar etworks.

nlcatlons The flexibility may be afforded
'@%’MPWP&W{& e§a NGMEricY arerRINsTginAGE i@ %ﬁﬁwowgpqiw of %eacmfor

PMR! Okingé tthey nepayor E d‘l@iéesmem:vw I SAES Slexible broadband
vendors have rolled | egacy | EEE

Cguﬁilzﬁl'ﬂca? 55% gg’h%g%ﬁ@?%\@éb? Atfesaeg By Fh%%fi feﬁﬁmg 8’@?2"‘& f the

et At Ehe malcmlfg&bmt@@n&%ﬂ@w@sf or stati pnar y
eir use

i ndo ro ion,environments an

o0t QSBrRrBARES TR MO SentArk ety Ol (gecy IEEE

a‘oquiﬁded:ofteamoaogi@cim fhalr etfe&@ecsoz\/ﬂ racliciiay B ZRhkigBred
6e and 802. 20 Physi ca

ffort the |
RS Yo G Ly PHP=GEIRe GBYETES GRGLBAY e i
qmtdmr dhdg)ge &oh?ﬁ@?ﬁéﬁ@hé QetWdrRs) $iEySbé G’Jﬂ fz?t{h@bdlfﬁ)m a technical
L e nmun| al |l en
FRAFREN e, SRMATg G e o tbp ke 88 anaanaBo 20 Physical
Lizyg mk;hg gisupaahappe corisrdérn@a\eé f@)cﬂ@é‘cﬁdm’ Bro¥idintgd Svaveform for
t r SiI N na S S
dEaREReD 6 S FEPTLHGTY Be EomHaAEED ASTIbnees Goog e
tmee:Mgemtdb@ermdpt@ga E@aﬁdarmgtybhaufw n{o:t gbécwyrho}w fotehs%gﬁe
n net Wo es Cl a an
Bl e BE L U sBrtisahadae s " thevendors ars
trmmne:sd@fkam? n’? tlaserbaew&hect]mmt AGetGoy Shal PHY fidtatin M{?n@!ess
0 ellverin rell e cess (0]
iR BPufs, MR 55, ghardaly daePriam, SI0G ophasees and a
dBavde of b&MRhuNeE \pRsvided Witsidsshs t hose enpl oyed by Public

A e UL A o

' acmsndemﬂ:lé sbs aiayugglex@gmptlﬁedrmxepnua@r M&Bﬂ@fﬂhdloTMBMR

o St S50 ot by RS b 20 by
that may be currently empfoyed in PMR networks, such as TETRA and GPRS, is
considered to be struggling to meet user demand. The inventor recognises a
strong market pull for reliable mobile broadband access, in order to meet the
requirements 6f applications such as remote databases and the delivery of real-
time video, Third genefaﬁon (3G) maobile systems may be considered as an
alternative, as they offer increased throughput and reliability. However, such
networks were designed primarily with circuit switched voice communications in
mind. In contrast, modern applications often call for high speed packet data
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alternative, as they offer increased throughput and
reliability. However, such networks were designed
primarily with circuit switched voi ce conmuni cati ons

in mind. In contrast, noder® applications often cal

for high speed packet dat atransfer. The heavy

tremptesist rhﬁd”telﬁlMé infragtrugtgreradnlifensivg sosts A aeterissmanyplso
RAEANERAEsS ARRIESS AldibRRtNY/C as an alternative. |t
has recently been proposed that wireless multi-hopping
pack Et hagarecenty heeR Prerosed dhat sirclnr ruelwwwagtpac ¢t data
RArke Bk used mmﬁﬁd@agfrhemw EonifR% 1P E@ﬁ@mch refies

station t opo ,
080 R ub3%en StAtign ct@miwss dhe cpBAIBEY eraﬁ"B mumém@m naletion may

c&?x%%@e NQYES! el Wrélé% RELYOT le‘iéHeoH&!ibs""ﬂ*al‘}/hfo%t & network

pac kets are passe froma sender to a si ngl e receiver,
tiypuph gdirhaeatat Rackels tarp Inassast BPiyed Sesierulor aséngls rageiver, or

b%ﬁ?ﬂaé'{ tﬁ%mélg ragolverE SMIﬁRé&Jsr =28 En Q%e%&xnﬁip 5&hbb¥ to

when nodes enter or exit t S em
regonfigrei Jenangsallipyhere Kofen nigii eh exlt 1taey srrgn@m anglgag shem

 MRIRRY B agdlicaiohs A él%qpmf)@ﬂé §sér§erl\/|&l%8vé}eﬁvép§rﬁ%!§%de

remai n oper ational, which stands in cont rast

fails fhen dbe ek rephianainioparationsl, whisksatandsin eentragh {han
ekgb@:téﬂi khtasiheHd f&ur‘éeéf\@bgsﬁ%%n | Rpyif {Hé mhl‘fifhr Epi&%@%ﬁ‘&k

a cl ear reg uirenment for a wirel ess nodem wh
nagebinsraindy '@Preafw@rr@ﬁ G taauterean forvaqu@e%ﬁ)@pﬂ@ﬂ whigh is

abRI to fRFPEIRDIABOHARM KRUsJ %}m%%ob@% if5V 8nfle, an urban
caonsi ders that Othogonal lfrequegh%l Vi si on

SR Ige( EBPT | onpisiers dhwtt opgloftasEaRcy Division
mtrpqéxe@s (OFDVHINIsC ¥l Of!lﬁted H@W%vc%bah@l @lréls@h rebmnmaﬁons

have been hi storically lied to the probl em of

HewgMermithis i teghniiieaman f@vgtb&@ndﬂﬁpycaﬂﬁmlre@m.% gradiam of

trahamiaigdeata W t@nstéiﬁﬁhﬁyomﬂli éfﬁ/)foﬁ:ﬂaﬁta' nTﬁ@rBﬁtdoor urban
ohstacles for the radio SI% such as buil dings and
epyiRgment Aiayeogtain Mankobsces fasthel ragioesignabraskms buildings

akd Er@b@%té@@l’&n@f&ﬂ%ﬁ tB‘Béé H6tb| Bebht Hifeidsshb&hology may be
throu%hput onl expense of receiver

allgtep R/h'wfhrmét ?’lbéat:ﬂhat%ﬁ?'é‘& efrrperivassensibyiehencedhe

clLi®&edt GrbBR EnVirOHIABAD fhay Mebd NBT BB5E coteigyd. 8! Alrinéemore, the
mobi | | t%@betv\een the transmtter and receiver may

relafiye anp Ran e ransgutes Andaracelyet RayeaNge the iropass of
thbbe rbbtsﬂa%le%f foeﬁﬁafhg@f in nﬁ?ﬁé' '\M’)eﬁ‘r’(ﬂe Cdtlctsebr ﬁ%ﬁty” 8nd [Rter

resul tj ngevm rel ess channel present a si ficant

i <hg B S noirlestHIATIE 13 oSyt ecianiicantgsiienge to the

communications system designer.

With further reference to related art identified by the inventor, attaining
mobility and receiver sensitivity requires high quality tracking of parameters
necessary for improved demodulation. There are parameters which are
considered important for the estimation of the radio channel leading to accurate
demodulation increasing the sensitivity of the receiver. In OFDM systems the
frequency domain channel mbde} required for-the demodulation of the received
signal is predominately characterised by the following six parameters.
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Wth further reference to related art identified by
the inventor, attaining nobility and receiver

W@ engieisei ty requires high quality tracki ng of PCT/AU2006/001201

par anet ers necessary for inproved denodul ati on. There
are paraneters which are considered inportant for the
estimation of the radio channel |eading to accurate
denodul ati on i ncreasi ng t hé sensiti vi ty of the
receiver. In OFDM systens the fregﬁsncy domai n channel

mde1/Q@WE¥&Baﬂ@ﬁ|WtU§@ﬁ%LﬂUQF? of the received
Si 9N pra3 e%@r@gp{;grmg fharacteri sed by the foll owi ng

Si X paraneters. Conpl 'ex Channel Anplitude (per
subc¥raigg Poger Phase of fset per OFDM synbol 3/ Noise

‘Pomeg,d#olg}%§le%g&fsg{ror/offset 5/ Channel Coherence

6/ Channel' Coherence frequency. The conpl ex
chanﬁe@ha&wﬁl Celrrenteelimde nodel | ed as the comnbinati on

of t f@gﬁ@rengé)ﬁeq%ﬁwal e, 1, 2, 4, as above. The
conp ex channel i tude variation

cor r B 6aupley| %habée’rﬁmé'ltqd@dméX aeuﬁpﬁﬂleﬁh%@eﬁ?ww
ﬂyeg‘eﬁgc@f fo?eéx%wp@ rq, Q:Wagx HpeRs.r iTe Sdrhfiex thatee ﬁmplztude

omal n receive nal may be exg gsse in tngEEOQ\@
van@lonrr@ammayswgw be Hdelled sty igaAnage ap §rging
ﬁgél Lok 'dlf[)Moéd&ér{lbb H%b)fféﬁ(xbbxcy*‘ﬂérhhmﬁ@ﬁezﬁed/‘é'ghal may be
erence to figure 1, which shows the ci &f’ E
expigpsesl Brieros Oﬁgw flequepey dQraRiR ransRyied %‘Q’@g% llows in Eqn
qsubcarrier m sn(t), is inpacted by three effects
represented as nultiplication by conp nynbers.

Wt hout any part md()l—aﬁ(m%ﬂlémiﬁﬁdé“t"éf)t heéﬁ” drder, the

f I h f f

vary P raiee e LR o E W o RR 1S BRb dqtfathE i Bn 1. the
ssgnarbteénsmmmm sblycaFrft%T , @m is-mopectad Oy tres effagys mpregenied
SRS B R RS AP o
oBdEvC thet firet of ﬂsaserafmbisaﬁ(rm)wapreaentmtf‘@cﬂgwb! \@Ffing phase shift

mbol Th d effect f
apties eubbaIereds podar R cregHBted ST g Foligr i ddm)

QirgdsTdets aln fefhs af h‘to&éﬂhﬁ@érﬂeﬁk@t anethnendedd it may be
effects such as frequency offset

h
cepunat e Brassnhit so0es Srbeeriars &t DuBaAl Wy LES ssross OFPM
sw\bbré ehé @6tort efiddt )o(§ 06 tircéiswiyhearfing lpbase altift gotuss OFDM

symbols This phase shift is assumed identical for all subcarriers and models
effects such as frequency offsets between the transmitter and receiver RF stages
and phase noise. A third effect 4,(r) collects the higher rate phase and

amplitude variations such as those induced by frequency selective fading and
moblllty where the Doppler frequency is a significant fraction of the OFDM symbol
rate. This third muitiplicative value may vary with time and subcarrier.

Each of the above parameters may either change rapidly with time and/or
frequency and/or are very important for accurate demodulation qf the received
signal. The inventor has identified that those conventional approaches to tracking

these parameters typically:
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OFDM synbol rate. This third nmultiplicative value my
vary with time and subcarrier. Each of the above
paraneters may either change rapidly with tinme and/or
frequency and/or are very iffportant for accurate

denodul ati.on, of t recei ved signal ., The jnventor has
i dent®i i e@P pra?'g?rﬂg@éﬁ%cgﬂ'\%‘?ﬁ P%%%”eda rFiioRey ¢ryironments,

tracki ng the treisppsretee @bsbdanipireasiby for/élpﬂéﬁhg parameters.
desi gned for stationery

algorith /tec ues
envi rfonme &ﬁdgi“ﬁu%’there has not been provision
for uypdat U@Q ﬂﬂa’?ﬁﬁ:"@ﬁefe%hmqu&n%@cﬁrﬁs 'ﬁf%i‘ée wﬁ{cr\ lh’(%ﬁ data

inefficient techniques, such as pifots,
data t hr iRt Aflse thevegredimitedimithectpte ﬁf P‘B@gﬁatﬂeth@ﬁ'me

change, i Qndlbﬁfrédd&cﬁﬂ%éiﬁ dcfrtl%lH&‘é%té*Q mﬁt Ban BE sﬂé}gmed

paraneters that can be sustai ned. Gener al
consiGfoeERIVt Rde conedered dhal theredisi s napd dm W’W&\“ @é@@@led data

r@%s&e!j@ie%ﬂofv@ﬂlﬁte’n@? db&YMg. | @B morde s RédHidered there is h h
it is considered there is high conplexit

Furth
W'W F?mtbﬁ'ﬁﬁn%ﬁ%‘eﬂuéﬁmﬁm this eMiren@RY4 r onment . The
CO”D'Tﬂélddm Wéxifyher tHt 8&tBInIRAtIocRNoOthet ﬁrﬁetéf”?m%l é‘l* &1 ket
cket shoul d be kept | ow in practical systens
%\OH@éPet M@éﬁg@dwg' %yaqu;edh@ PFAFSES isyrunning continuously.
AEBRIHI Oindcolra@ies UK agk afmd ftABvAI Sudf R BEddhted for in

%‘Eoul d Ee accqunted for_in subse%@ ent processing 4
APENERIOCESI Hagts bl is desieble Heatdne acarseyst “i"ﬁ stage be

aat ﬁlgﬁ depossitié gﬁhlﬁsmﬂmﬁi‘ém@'&)m{ﬁl@h@ ”CBh\VBrﬁleﬂ 8 stems may
syst ens may

co nvent i onal

e&*ﬁfgg ﬁ?@aﬁ’éo "W@Pévheﬁ%theer@ew%s'en@nemqft@hed by a
d’éldybd Netsish bf/,t@mekoau@dmmed and Porhalkel foPfthg a metric. A -

l%nul atlet (‘i}?ﬂ%l sed, formng a metric. A packet

PAFKeh ATV s m)/ theBrbe deaniassiiay iy qieekHy the glermalised
rhdtac RBOV@ pedetmhmea tARENGJ.2 NERFALAION BEthd mbaﬁegha is
I\(g n?llsatlpﬁﬂ] ' t he {:)Fgut signaf is ordinarily

OFURITY dBIYFRE 130ds tfhjSERECY & |'%{9@eﬂ¥<r%mat INofeceived. signals

eneaemze@ .rsmngﬂ@drewmrcbmﬁm@anéh@ut door wireless
properties to the

ni catians, nals, wth simlar
o conBNSe o Sigaley HPeRIRor B gRreRRPla B BVGRALSS SRR
Cantbr D@a(k f @tmedst 864 DOEfdelefettst Ry CIRIPEeN the0 Bahventional
stens resultin é zcce ptable | evel s of

}s%?‘?"afﬁ%lﬂw M U%ﬁ%ﬁép glje develsaf) RUITUPGNFS it PR cass. | Balae .
atquisiisrisetaly 6680 Y& WasledCREGEIproBSEHING RssoaRes RNGMRkaYy
feading to reduced throughput, and therefore should also be minimised, again
while keeping complexity low.

Delay and Correlate algorithms may ordinarily employ a peak search to
determine the timing instant. When these algorithms are implemented in low
complexity binary signal processors there may be several timing instants with the
same maximum value. This may cause uncertainty in the timing instant.

Fine Time synchronisation may be required in receivers. that implement
coherent demodulation. Typically a known preamble is transmitted enabling the
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| eadi ng to reduced throughput, and therefore shoul d
al so be mnimsed, again while keeping conplexity |ow

w®edoap22l Correl ate al gorithns may ordinari | yPENaUROP6/801201

peak search to determne the timng instant. Wen
these algorithnms are inplenented in | ow conplexity
bi nary signal processors tI%ere may be several timng
instants with the sane maxi“mum val ue. This may cause
uncertainty in the timng instant

By

Fi ne Ti ne .
repeiyeh FOPRIEHAtE dor thanpen nGednithe regelved sidha. | Gprrelation
cé%%@ﬁéns@fé{‘%@ﬁtthﬁfﬂ?@hﬁig Qéhgﬂ?r)r/]iﬁi loA | ginae leacwrsample

reanble is transm enabl in ereceiver to

aborARIas crENeS o CRRNGK SBIMAYIRG 1ot hd Nisw SN may be
eRhHRsdted WREA RluRlcOMiGRBcBe eXiDRIIRU e rodeRR thdisignal since the
correlation length is |on I nce eapE anpl e o the
carEelatinn Beyder gwiprated fior A i I@larnﬁtge@?e%. UpRf &
C@,ﬁgfg&@ﬂgm‘fbme e_xacerﬁat ed when nul ti pLe antenlnae_ are
enpl oyed to receive the signal since the correlatio
e TPOCRARERS, PERSICRA Rafaw B B LR o B dhe
céﬁﬁ&g’cidrrﬁ?&‘é?gﬁbr@é% b)ée’g §fbd\79rrfe(dttidns aiﬂf_eretriti?tﬁngayienmmafgbﬁmt, In
arrival tine is found by deternining t.he pea , .
theopee el bl O CiErDbeloaP ! BIOKar PG CRERpAG Mo Liing
nilitfid 8LARYE hakeshdl nfust bl degined f $iwever thieshalds eret siagedt to

1s desired to terni nate cket processj d on
SToPA AR RO EHE S5 PR PESIOT B Tee a0

def i 9igdals HaWEWREd abike Fholidsesy mediabn@che subjedt gniitquency
vari ations a%it can . be _difficult to

selppiBplatinge Do JPtrs §f drarrarsrve, ik BB A op. ¢iprenes
frdhidickses nmedi a may be subject to frequency selective

exi SN, if GFENA IS5 SR BUCRER RAGTTY B R apRyele

’pvéf&?hags%e@igmwdc:@t ﬂnﬂgaﬁaymb_e&if&acas ofedﬂnma?r? delgekpread on a

refix may be enp] o to mtigate the effe of .

slet | GatpauEny PLsPaaPbA 4 (e SRAFmIseEn Sy ek sides o

LS AmEhisRioFuAhert dd@trbLBBSoispraadingathd cosTminidatey! sigrkds on
i butes to spreading

of the communi catign fu'ﬁt% r cont{l
tqm@ttﬁ%ﬁﬂ"&ﬁ?"E?%F%‘éseQ&terﬁF PHR PIYF98¥° ' he spr eadi ng
causrEmbl Adithl PeSJurdesOfiag albimnparResfobied disgist dh distributed
resources that faqr art . of and assist.. i I.SE L e
comRping R3¢ HEUAIAN catstae )€ at Ml piaden B Sfhay
s@ﬁ@ﬁ&ﬁn ﬁmké@féﬁaummg in tﬁimvgf righthgiviemi the dlemsdmntm/ pcedon
their own right given e demands n p : SWein
Sg%t‘“’é’ﬁ?ﬂ’slcor'g‘gxﬁ’?ﬁw@?' #*P?é'?emﬁﬁyg e‘"ﬁ%}gr% 'e Sg%nglgf}ii ng &
rERIIRd% available for embedded systems. Such digital resources may comprise
entities either software or hardware for Debugging & Development of a complex

~ system consisting of multiple devices such as for example, digital signal

processors (DSPs) and field programmable gate arrays (FPGAs).

In wireless communications systems the received signal power may
fluctuate beyond the dynamic range supported with Analogue to Digital
Conversion devices by up to severéf orders of magnitude. With reference to
figure 25A, in conventional systems, this problem may be solved by placing a
variable gain amplifier (VGA) in the Radio Frequency receive path between the
receive antenna and the ADC circuits. Digital control systems typically control the
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wha00d02ase4 f or

resources avail abl e for enbedded systens. Such digital
resources may conprise entities either software or

system consi sting of nultiple devices such as for
exanpl e, digital signal processors (DSPs) and field
progranmmabl e gate arrays (FPGAs). In wreless
comuni cat i ons systerrs the received signal power nay

%ﬁéﬁsﬁ%g Rt el Pl Sp IR BRY G s datam

mvemt&inaDRHele&ceﬁ rmgnltude Wth refer ence to figure

25A n conve i on ste em
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Wwitere Radhande eﬂ&l&ﬂ&‘/ﬁN gaiei i\seomﬁtmadtneifWBe retdiesd sigealvpower
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SRt 57 epermen QYR b ond Potsksh abmlhe I or o

dJeeoRd VadsisolgTEl,, & iesgtds pridydcdadiragorREEIVGat dhy may differ

R Foby BAear eyl e 70 FrolRareStTREe Tnfftdn o

ia W%ei of d \heak\ieh stibfiuctiasing signafytiter thé idfegaie seftingsddo not

[ we ceeds a fir pr.edet.er d
Gsfﬁ Thgﬁ‘gaﬂv‘é or; rg;cwegj‘%sQ? bT'Ote(1j on%rekg’v s{ég%ﬁgn:%g the
thiesheld aletiermies, rete)vélesesatavta{s ‘Eherefor eecep@ir nenditbuty isha very

Ve Etef S0l FRuPlo D iy Ll for

ednmplejetikthbuthrasholdl iSf Isatttmmtlowgcm»@nmnal tdyetentsh &iggen and

ko5 RS bR s Uy SRR e
R tdewices &5 gaiacahange rmnmeanvthaytheﬂm:esrém%h ig eostehlerfor a

sen a very inportant performance criterion
S f?cght é%ﬁ?ﬁ ‘be conprom sed ff possible. For

ex arrmany wirelebe cohmasticdtidni systems troay lkeowlayodivesitidoomaiision
st ens er and unne st at.e ¢changes resuj "

R eromat e Re. PBEG V5 THuconal ot fafed RVECR TR o s
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It is typically recommended that when not receiving a signal, the RF
receiver be operated in this WHPF mode, and that once a signal is detected.
(typically by separate RF signal power measure exceeding some threshold) the
WHPF is switched off, returning the device to the DC-coupled mode. This
change of mode may induce large DC offsets in the | and Q baseband signals.
Operating the modem and receiver in this way may also result in significant

Debuggi ng & Devel opnent of a conpdBEAU2006/001201
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centre of the received signal, nmaking its use
unsui tabl e when a valid burst is present on the
channel . It is typically regonmended that when not
receiving a signal, the RF receiver be operated-in
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5,—@]‘@5.&1@%@;5 i ncluded to explain the context of the

I nvent shoul d
SUMMARY OF INVENTION

It is an object of the present invention to overcome or mitigate at least one
of the disadvantages of related art systems. ,

In one aspect of invention, a method of tracking time varying channels in a
wireless packet based communication network is provided comprising the steps
of tracking at least one channel parameter in the time domain in accordance with

an auto regression algorithm.
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w@enanzlseknowl edge in the relevant art

not be taken as an admi ssion that any of the materi al
forns a part of the prior art base or the conmon

the United States of Anerica or el sewhere on or before
the priority date of the disclosure and clains herein.
SUVMARY OF I NVENTION It is S%an obj ect of the present

invention to overcome or mtigate at | east one of the

di sadvanta es of r ted art syste c
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the invention, a nmethod of tracking ting (?rsiq%gand then
a30aFRTBPNES; 1ea oGt ¥Tels paranehH 88 e AT SHN
ROARIEK al Jeddt Wted esbdb@nptidrivien Patdinetst epih ah autactegregsion
at | east one channel paraneter in the tinme domain in

Bance with an auto regression algorithm
Pref gy afdtiier dshectrer tikvestied, %Oméﬁ'tﬁﬁ\o@iirat:ihmg & evatyirgf chtaningls

par anet er the received s nal . and .t hen. est
1 Gueroee Padke RasEh aAmETsaP P b 0, ATRITED e the
A 65 Pravidind GO IORDBNUpkiateanotier aadpe dIE® decoge fundion in
a met hod of tra Ki n%&tl ne var%éng channels in a

QHP?@F’B%%W%@I?W SSIIAIATEAM on network s

pr ovirflg dirthempspent Bgnt/érmoat & prethafd girspnciaomigng pOERREs arriving
updat e function a FEC. dagcode fu

C
85& SPCRNEE N\ t\Aﬁre sa (‘F?énrp%c 18 Cré%tglo glsaﬁ{}&gfrdlgyhm wlhlch the
rhsthbdn esonasRest thef sicpy eoft Ir@cm,lvnag reetsaoplaf p{apmih lrmmt Zigng!;

ackets arriving at a.recei in ‘
e aerinletdensrentr &I shiflo B Il GR8, ang verformine
él@étw aﬁ@ﬁoﬁeh@te%ta&p&t:mﬁ to feaa |avfirstg:iwmnpbmd f(prai:kmket arrival
S termnin [, ation of
bR portet oo S ST P RBERREAT, e
COT r ﬁ1 at gtillcrattser! @dpeonof mvéntiom, @ Methet! afexyinshronizingt packets
f qQr, acket .,arrjval tinme such t r, i:
ing 1k Taeaaran A v FEPEbREbed Hevfk [ Fblifde, the
rhethbd &bpsiping tthefstdps vefnidrioming afrﬁtdhcadmoé segorcheaeilationgin
ackets arrivin a Leg elve i n i . ; .
Laianee Hithon Moo 855 herelh, i idkefifino  fference
Wﬂ Siefisttdrel sicons calbulpiorfsaorfomy assetond tecisidn aetric for a
Eond C %culation in
pac et arrival time.

In yet another aspect of invention, a method of synchronizing packets
arriving at a receiver in a wireless communication network is provided comprising
the steps of accumulating a set of decision metrics in accardance with a method
as disclosed herein such that each decision metric of the accumulated set
exceeds a predetermined threshold value, determining the earliest and latest
decision metrics that are equal to a maximum value, and determining a packet
arrival time corresponding to the midpoint between the earliest and latest decision
metrics.

In a still further aspect of invention, a method of correlating a received

signal in a wireless packet based communication network is provided comprising

i n AustPGI/AH2006/001201
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accordance with a nethod as discl osed herein, and
determning a difference between the first and second

w@ 2a00c022864 ons to form a second deci si on netri cPEDAU2006/001201

packet arrival tinme. In yet another aspect of

i nvention, a nmethod of synchronizing packets arriving
at a receiver in a wireless comuni cation network is
provi ded conprising the st é%s of accunul ating a set of
decision netrics in accordance with a nmethod as
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ré%SrE??\Eé'@ ning a packet arrival tinme corresponding to the
polr nt between the earliest and | atest decision
rret r A durtharraspestt off inventionheliovidep éc meliod; ¢fveammihcating in a

el EQ? gltetq') E&PLAhhtHicatid e fREtWLAE crhBriig !h@ s@ep’ﬂ SehBREY a
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s are r&presente first and second one,
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erences her asp ect o i nvention
ten oD P! GFovineTa rra@latdaﬁg Sydicalp figkldesa 6@6& Bé’g% packet
m}F\QFE?NfHe 4 0481d Re} MEH-KorkBié StriRg disidufddemeubs dafewara@eta

signal for transm ssion on the network into at

two Aifathei@spedted U@‘f%‘yo%zﬁﬁ&}%d%soa getios o ’89”%”%9'9‘%%'&&{3
# %ﬁg'?ééyu&%%%n'fdn@ﬂ@e{ﬁé'&éﬁ &7 proliging N Higipradtive dhell for

I nvéntion provides a

commuNTELE bOeE 8 GvaEided SYBIEPNPRHA 7 & TADRIEEC Wherein

tﬁé%'f&breﬁéé §ﬁ’eu0re56@1 Ué&ahb&méﬂ@taw f‘ﬂﬁe@%f@ l’sbiﬂl Lﬁi@l‘ trin;et aatapn
providing a redundant cyclic data fie

ther SPRIAKY Pled RIGITAMTHRK dANGMIER 61t 3¢ He lafsffacer P@rta' fstryctions

b%ﬂ{be‘ﬁocﬂé legHhRHSeP bydtdte diVRE draUkhe derﬂb@bﬁ’C %o gadlfle pIRC ketote
urt her asp ect of invention pr ovi des a

PRaieageipgate |aqqu%9” dlaihg Py coBsing resouEsss é%@c&%vm fghe

eHB%déé&Qy%téPﬁ devigyiding an interpretive shell for
communi cat 1. ng between an enbedded s stem deV| ce and

r enof efuririagnest Of tMEntine dpYides de ofy ErogY |q983r31gnal
traRABM et ahaa %%Iéé%t Sécﬂ(e@tlﬁaséa' &nﬂﬁ@ﬁlcétl@ﬂuhetd/atl@ the rhbtod
cont ext of pr ogr amm ng Uﬁrge SQ as, to terface. 4
camgrising th%gtﬁp%@imﬁﬁ%f"tge FResivar e adks "é%@?'é'}ﬂ receive
SRPYI ERaraEridties 16 AUSRIrMifCwhethen s g:ghaleorraemémcs exceed a
predetermined threshold condition, and switching the receiver to a second mode
if the predetermined threshold condition is exceeded.
A further aspect of invention provides a method of receiving a signal
transmitted in a multiple access packet based communication network, the

~ method comprising the steps of operating a RF receiver device in a substantially

DC coupled mode, tracking baseband DC offsets in the received signal, and
initiating at least one DC offset removal strategy if the magnitude of DC offset
exceeds a predetermined threshold.
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wo eoovhzaseaspect  of

PC to delegate a portion of the PC conputing resources
to the functions of the enbedded system device. A

receiving a-signal transmtted in a wrel ess packet
based communi cati on network, the nethod conprising the
steps of operating a receiver in a first node,
nonitoring received signal 1ghar acteristics to

det ermi ne whet her the sj gnal cpar acteristics exceed a
pr ed St fuihgeasresieey I‘fbfﬁﬂt"gbrr‘?&ﬂt? GFPPASFIYS S0F/PEFRTAIGURIARHONS
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At sdErhE@th tR Spdubéd Plagn@deesifg RapXebf BRséskeription of the
.conmmmuni cation network, the method conprising the steps
iferdper ati ng a RF receiver device in a substantially

DC caugl sdigmef ephybicackpsr kapalkans Semefiidg dio ithet present
received signal, and jnitiating at |east ane DC.offsetd
invanyor mayiheditlisga for d%‘%ﬂ%@ﬁi link Rbustnese ape PERTIIVIY (afre
i6r RiRARLeMuItORMPPINGT REiRO Indtwrirks.  frushibebinfsRe &ff sthef present
Jdnvention relate twga}r t us and/ or conmuni cations
inanien KBesmieeniaHes Py 18FIHA% scl osed. Further aspects

and prAE ef HedrEsRRed 8rré ribcEen asdith, iely. Taebo codes;
specification and/or defined,in ‘té{h(g?rg{')&gqﬁled cl ai

\na. ) ns, ...
f or nFAGCEYep &RRICIEHIOR N §RACH 9a"Y BVt {Chnmultiple
ahfghradi te of Physical Layer techniques stenming from.
the present |

e e oYL R S RS SRl B

o¥mt ess nul ti-hopping radi o networks. | n enbodi nents
of the present inventio

. , these chni S may,,
Cnei Gaees feging ok We 13 FEIEL BOEPRNOfEs PEnPYmove e
spedi ﬂﬂgu@o@ntaEMﬁbtﬁd@@@?ag%Efe‘aect i ]\C/e eIXItO! o: tation of
space diversity through. t mul t i pl e, ant ennas:
1 £ edP VS Tt Gravabs Brrisriaty ARficuit, igr—ihisy® WitioHy Sichcanty
c{ilﬁﬁﬂﬂ 'ﬂhgltfsfn%mit{éﬂ GignBlsobig Fepliciid a peportehef useathd detaslmbols
era

b o e o bR ooedete B 1B BB Be TP REY o
ARYofligte Rt td e likkssl of Pdbfid Bafetyteridusaedi eve wi t hout

S| gn'TLcle %?gsteln}/ invention provides a number of advantages and benefits such
as but not limited to the following:

A 10dB gain in receiver sensitivity and;

effective packet throughput provided beyond 200 mph.

Further scope of applicability of the present invention wil become apparent
from the detailed description given hereinafter. However, it should be understood
that the detailed description and specific examples, while indicating preferred
embodiments of the invention, are given by way of illustration only, since various
changes and modifications within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Further disclosure, improvements, advantages, features and aspects of the

present invention may be better understood by those skilled in the relevant art by

i nvention provides a met hodP@f/AU2006/001201
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diluting the transmtted signals, by replacing a
proportion of useable data synbols with wasteful pil ot

W@ 09022564 €. g. i n accordance with | EEE 802. 16BCT/AL21®6/001201

may be also of interest to the |likes of Public Safety
end users. The present invention provides a nunber of
advant ages and benefits such as but not limted to the
foilowing: A 10dB gain in t2ceiver sensitivity and;

ef fective packet throughput provided beyond 200 h.
rdferehbee rtos thep doltvivirgp slescrintioni of rseferre gm@g@ments taken in
| nventi o a e way of
CQpULIIGH {5 WM the D&% ?iﬂg Br%ﬂﬁngr_bovmr&fhearg giged 9@ 2y

tion grven wever, it shoul
illusteatios t ety anldathus Bee d@ft lanmmutcdtf@cwqﬁ@.th%ﬁtﬁ%ﬁte@i’?ﬁﬂe“-
aeﬁ n@hl , While indicating preferred enbodi nents of
& WilVeéntion, are given by way of illustration onlgy,
si nciigwrarl isagepieaenietorzoic: Festiensy-demainseeaiver OF R signal;

Spi rf'-'uég%'&?lﬁa%%?e% é#no&%leof 5H ﬁc{;&)? Pltelks bhé}%pne appar ent

to th e art omthis detail
des cFan‘preHbrilusthE% DR oNdopr StPE)r@F%W'ﬁ@S eORRNEE I

géﬁ posflég?t?%m[oggenents advant ages, featur es and

€ preésent invention may be bett
Undeﬁisltlmoctilllb#rettma enaglel pf anl opidoph@opig \-W%!ﬁ?S slannel in near

"‘Q%Bséﬁﬁ"%ﬁ&“{”%&% rfﬂﬁl“ owi ng description of preferred

en in conjunction with the accorrp% # ng
dr avFiggrs, 5 ilusteatearcemgiieledf a5y ouislpon ptatipnars mirgless GhemIg) In

nggﬂ,ntef’gf%ﬁ{gorgﬂongl mf;l ng to the scope of the present

Figure 1 is a representa

of aFipureci Brstyatem Aumorel et an puidoormPYs Yialess @“c”gjlﬁ‘ﬁfgmzﬂeaf
héé-oﬁ’éﬁtg:toﬁ@tl@né% ,13 .an indoor wireless channel;

l'Ustrates a nodel of an outdoor st at| ona 0)()'
wi r eFigare G Hdustretes «'ﬁCtH@afFaHtlFrﬁ@ -Ghpnagl gREALBHAFHE Jaa mobile

cﬁérq"‘%rg é’On’nhh“S”at es a nodel of an outdoor nobile

e€ss channel in near |ine-of-sight conditi ong é
70 nigurers guns@a@s.thangelrra@@%lr%m%aéw 3rsingle BapggbANd two

aﬁ{e thé@r%r%w%ﬁa}pﬁchannel in near |ine-of-sight

condrtions illustrates a nodel of an % ?é’é
nobi Figusi ¢ @u@@e&@&ﬁ%symw Hispensiqnsdn gecalfigjife wit E

Sggqq Stténg,g%at 135 mph; Figure 7 illustrates actual
capture annel neasurenents in a nmpbile

Figure 10 illustrates a conventional OFDM PhySIcai Layer system model;

Figure 11 illustrates a generalised OFDM Physical Layer system model
using multiple antennae in accordance with a preferred embodiment of the
present invention; |

Figure 12 illustrates a |EEE 812.16a OFDM downlink Pilot and Preamble
structure;

Figure 13 is a chart illustration of packet error rate in accordance with
conventional pilot assisted phase tracking;

Figure 14 is a further chart illustration of packet error rate in accordance
with conventional pilot assisted channel! tracking;

Figure 15 illustrates a resultant packet error rate in accordance with

embodiments of the present invention;
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channel at 60 nph; Figure 8 illustrates channel
nmeasurenents for a single transmt and two antenna
Figure 9 illustrates OFDMBXIRWL/001201
di mensions in accordance with the | EEE 802,1 1
standard; Figure 10 illustrates a conventi onal OFDM
Physi cal Layer system nodel;_ Figure 1 1 illustrates a
general i sed OFDM Physi cal L3§.er syst em nodel using

enbod WA b INE et PASEREN F0eTedbR el GlBeSufSless mobie
coinmihicatias aystériEin8a&cctancer-ith do\pnéfenéd Rinisddiment of the
Preamhl e structure; Figure 13 is a chart illustration
BFESEUYREUr or rate in accordance with conventional
pi | otFigasi B didspditas eaxermpldey nYverayg Wfea B4AMbPs awifalédshmiobile
chart Jillustration of packet error rate in accprdanc
SPURGATRER PRI 151 PETOTIRGRS P % RrTRERY (SRqmgaY o the
pregentanvidbtion;| ustrates a resultant packet error rate in
e BE b oL ERe TRt o BBl S B A B v
atdoed2s with inbihec prfarredcarhbadkdesty st em i n accor dance

ith f i, t,.of th t i tion; .
el S RS Rl o' 0Bl B e
atgoedass with lai grefecedeutiodiérans system i n accor dance

ith d ' t of t t i At i o
Fi gurﬁg%e{fiééf%m e TRing aetrof o 16 poeshél Mo Rlan,

asdEmce with @rfuitiosr prefeared endbadioenti t h th f d
gmrrbog;. . tz;ﬁFi reﬂrﬁgjfl ¢ tlgﬁ chﬁrdt aijnlol ugtrrgéie. oo .
met had® b7 2113 el gt iR ERTIGR e eoa et endon i
acoefdance ditb eboitienenefgrdd gubedi@énta f 1 ow chart
il i h h t, ] ti i S
accor i 220 & Pt Aluetdfra PR HE Hreftht iheption
Zccbhrdamcawith anothbaprefartddishbatimerd; a nmet hod of t he

D1 eSG ol XR0L Qe Qi GEGIIPBF Sncthdr brifARLE SR e

present invention;

Figure 24 is a schematic diagram of a prior art packet and a packet in
accordance with another preferred embodiment of theApresent invention;

~ Figure 25A is an illustration of a fluctuating received signal and a prior art

method of receiving a signal. ‘ h

Figure 25B is a schematic biock diagram of a receiver system selectively
operating in two modes in accordance with another preferred embodiment of the
present invention.
DETAILED DESCRIPTION

To provide an understanding of embodiments of the present invention, a
wireless channel model is presented for several 'combinations of clutter and
mobility. In order to represent mobile communication in a realistic urban
environment, a model is provided which combines heavy clutter and high mobility,
and this model is supported empirically. An introduction to current Physical Layer

. technology and OFDM based standards is presented, and common approaches

which are used to estimate‘the channel characteristics are discussed. The
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Figure 22 is a flow chart iilustrating a method of the
present invention in accordance wth another preferred

wepodasent ; Figure 23 is a schematic di agr am BET/AU2006/001201

anot her preferred enbodi ment of the present invention;
Figure 24 is a schematic diagramof a prior art packet
and a packet in accordance wth another preferred
enbodi ment of the present ?‘ernti on; Figure 25A is an
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ggg;mrﬁoﬂﬁﬁﬁrﬂt’éé?ﬁﬁué\{fbﬁ Frapsrittiethidrmated iisTed endhé onto the
ne carcersu;sar SC

e o B B e FRBLR R B coseon
ofMokitdoB B rhdbilen @Mm@f@aibﬂélslybstm ishthepingzenof thé pedpagation

oSG TR O e B8 P iAbpoT R G ik ot the

trbh%rﬁkt@ﬂ' s nH!JﬂJy?lhlté?iﬁlg iEheagniepetidad ptasemtdrgiatharesulting in
iva

tinlaimal oarR (150 e Sl oD R MRRR e sional
Qw sétf/\fé@ﬁ thd\tr@ﬁ@ﬁuttet wey reseitér siay reefen tof hipsicali obstacles.
0 ar es t
NQ&%WG&&F%WV&%E@R&% el B e T obiding the path gnd
tl’%lrsg% gﬂrgﬁtggmdu&]t/\bf sihesigefidutipaetin ca'd;]teasltm ’Ifhe signal travels
TS AT 113 7 100 TP OO 3 (1 5fH3G B tienuated or

d{(mm%d ? Ft@ﬂ@jlﬁdr’l@bf ﬂhb@ginad)fna& dledtams frgmathe sOmeunding hietter,
e | lcultie

tr&’@nﬁ?ﬁﬂ?”&%ﬂ geyer §1gpglt ql rrlam%fsg% LGP3 Wﬂw%bét tfie receiver
aPfHRPSGS ti@s. In this multipath case, each component of the sum may have

‘experienced a different path delay and effects on magnitude and phase. Such
characteristics of the wireless channel are further described in [1].

Wireless channels associated with several physical environments are now
described and the effects arising from mobility and the presence of clutter are
illustrated. The channel effects that are described result from the physical
environment and/c;r relative motion between the transmitter and receiver. Effects

arising from noise, and. interference from other devices, are ignored in this
discussion. Such effects propose a further éhallenge to the system designer.
However, it is important to note that the wireless channel alone has the potential
to significantly distort the radio signal, even in the absence of noise and

interfering equipment.
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wo @70 t ude and/ or phase,

envi ronnent, ie channel, on the radio signal. The
channel may distort the transmtted signal by altering

the loss of information. In the case of iine-of-sight
(LOS) transm ssion, the signal path between the
transmtter and receiver may be free of physica
obstacl es. Mreover, there 'ay be a linit to the
prOX|n1ty of cIutter surroundi ng the path and thus
da afidnady aming signal reflection. In
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ffrﬂp '&ggcrfb%sthtéﬁr ﬁMﬁb@tﬁ‘ (%e BRIcHBRE -coRIMBMED thé fredefved signal.

ant to note wi rel ess channel al one has
“t‘rreeP@Bt gssprigtest » leyvehal mtansity ty eavfsﬂslave@ Reulpgdh gomponent,

g%@@ﬁtmge\’s?_ﬂ/efgﬁt gj n?rgﬁigaﬁ?o te HRIrapsand THY Shdrpbl xﬁ*ﬁy be

=)

tionary Environnment Consider .
furtberm@@om@e@ by e dgtaatapm@dr wh@b\ﬁ asinglaoyalvmeeried 'zsmsﬁhe

Ib' Wee&’iéggﬁ'%ﬁﬁj nac%@ur‘;t@ Q&oéll Sf‘{Her @é]?_ﬁé’b‘ muﬁlbﬁih &ﬁn@nents

reless e radio sig

anggrding foethair reéaoq'ai%mht%t é mmefsdeéﬁwsmeﬁ‘é @C&ﬁ?ﬁefse‘ihat the
éﬁﬁﬂ@"‘é &Wﬁ%a@ﬁ aast:foﬁééﬂ dffect éwmers.gwavt ter may al S0

resu ections and hHence nmultip

ef f edhe. comn@mce Hengdwidthe of ée shamnal é“@bh@l%?@@ﬁ'f"%ted by the
ﬁ@e&&e‘?ﬂ\sﬁé ﬁ‘&é ¥&e?€n??écﬂueﬁél§s reRb lshe@Rim QRichHrb isBgdrhted by

I ng I ndoor stationary channel
mpiiec Bhans tb@memcphéa@mthsﬁm Gepaideratfio " hes apREMRtRlY

ihd %Mn@el% &ﬁv&géi? CfreéJ@zEae% hé’ep%ﬁ?ﬁ‘éﬁ‘u ; 188y tlﬁh’hV €he°80here nce

nal phase and rated in figure

ar e
@@dwm Ebhfbnf é@ﬂi@tt@({%@ 9r0fﬂ1eﬁe Ihisghgrefera\passiier fﬁéa wideband
SO RPhe SiHj&GES108HMg in only an isolated section of the spectrum. in this

example, such frequency selective fading may be observed approximately 3MHz
from the centre of the spectrum. A resultant deep fade in the magnitude and
distortion of the phase profile are shown in figure 2b and 2a, respectively. This
indoor channel has a short delay spread, and hence high coherence bandwidth.
Thus only one dominant deep fade is observed, in combination with some shallow

fading.

potentially resul PCTUR006/001201
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wheoof7ioxsed and hence the channel

across the frequency spectrum and in the tinme domain.
In this exanple the physical environnent is assuned to

over tinme. The power delay profile (PDP) for the
channel, shown in figure 2c describes how nultipath
conmponents contribute to the received signal. The PDP
associ ates a level of intend$ ty to each del ayed
nul t| pat h, conponent representl ng its weighted

erfPutdenr: Stal g LinNegikOSThe channel may be
f U” h?"th@ %Eﬁ&{ e Zfﬁl%d@iy W!ﬁeﬁesgeé@hn§lpfsemesﬁ@&|t@ uhderathe
single value derived fromthe PDP. The del a &?\8
WEHBBHANOk B ﬁtaépﬂa'b’fprtyﬁ'@ﬂo%’}‘/ﬁ?’éfﬂewp t”ieB%I{"PF Egﬁ'ﬁgtn ons.

“BRCHEH BO200 MB8KiEd aesREtRNSd (VR triedeh ublegﬁ;abyesaljefowh:s

spread indicates that the channel is likely to have\ﬁgﬁo

RHpRsRgak %ﬁ@@tcwnﬁh@%.egﬁhwhewaeet&wg} BRERNEHAG
&hnéd %eﬁé}awiﬁmdm% viREa ﬁ'l?@lé@éqfrfk&ir%eh)rﬁlef‘&uttéwﬂsrégemﬁn the

Its delay_spread. Frequencies in gectrum

HVEORIBR AT J@@d)owr RE1aY Areiis far fais &’Hﬁ@?%ﬁ rt&‘éf?owown fHoe

FONsdveRd ﬁ@lﬂp‘étrp&r&ﬁmfﬁ@ﬁé H%t;ﬁ‘bMdédﬁﬁl&ﬁ&QMbn as the channel is
requenci es separ at ed | ess

Conver se R/
S RETEHCS M HERPH B ATLs AP 5 mﬁafasgg to the

ddmnha?nttL'ﬁ% PE’GW eHBRES ltHnJ 8elbp %p@an&etmwmoaema*enatmeNoehort
j ect ed fading.in on|

}1 Iat%(isecmno %
E*ﬁe@tﬁsﬁrﬁ”dfrﬂagf}ﬁﬁugeé‘k‘éfﬁﬂ%'s SUEHhie chate &° sapwR i ire sa
drdam greﬁ,@éﬁt.b@yob/se ra %&uﬁﬂﬂftﬁéld’fﬁﬂ eie&eﬁwéaar and thbace high
centreo thesectrum res

RgEE BRNHAGPEY AT grobel 5%@8%?@??% g Oours.
IAsevieri ihefﬂagmg Qn%bb@%ﬁalﬁm ahe SRgstioy &) the aﬂuss pmsfd@csrnght

A s S

p@s;@a%ﬁw&%emmeam@bm BaiiedRvatiahicieang. shal | ow
f ad n Q,I oor Stat| onar nvi ronnent in Near LGS

raemenkinear b o ess channel is
I nVeEthé‘érelﬂeLU@@@rwﬁd?rﬁa mmbh@mems amaméaf Gefveen mobile

hysi ¢ envi r onnent C iti.on
SR> ey LDEPER L Fopaiens 1 foraapln e PR b aken
tiySa &R smeesl tHeopotehiia fors w.QBEccErﬁl]sctl(ﬁJbétwaeﬁ kageede ompoard
recti onal, anten ed.,to

CAEN I R E T T R N
nﬁéts%deethe IEERT BREP0 Mddilﬂeb PRy AN~ Txlmedeldmmpdﬁba,yat

LS PRmIoT Thd 5 B BE b PR e D e
dh@ﬁh@@hbr@ﬁtern@@c fof&ha@bam@ tich& a8@howntin figrg 4.G8s for the case
qf(;hq ﬁtg‘glona%a% anne? d%gclz%eg %%% I'the pol:vlére H Iay'prl]’of‘l“lg ri?gomma{éd
by the LOS component. However, here the dynamic physical environment
causes shadowing and multipath contributions to vary randomly with time, and
hence the PDP is also dynamic. As an example, the PDP is shown for the start
and end of the time frame, in figure 4c and 4d, respectively. The limited intensity
of the multipath contribution results in some shallow frequency selective fading.

The frequencies at which fading occurs vary as the PDP changes in time, as

shown in figure 4b.

properties do POI/AERG0E001201
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dom nant LOS path. Hence the delay spread for this
nodel is relatively short. The phase and magnitude

and 3b, respectively. As a result of the short del ay
spread, and hence hi gh coherence bandw dth, only a
limted anmount of frequency sel ective fading occurs.
Moreover, the fading may be 18hal | ow, and distortion to

t he phase profile is light, due to the relatively
smal | Distoriianpeft Frhaésrﬁcmswhﬁ dieguensyt dranaips alppdime varying, as

shélvh ue @Qyﬂo%lveremé' Ibﬂlﬂﬁiﬁﬁ&tyr rﬁ@lHﬂ)éiﬁ cbﬂtn%uﬁdr@%gam lead
i nvari ant channel door i e Environnent
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@ﬁ@b@M&Qr S Waeen FRBed ﬁon%ntﬂefrelé@ﬂs ﬁ’ﬁ%r‘? %émééﬂCiﬁé tidAgmitter
condi tions. For exanpl e fixed route taken by

@ntf regaivest figvweveRdn p&% i prwl@rr indugedsphassrddWiich occurs

*é%r"ﬁﬁé‘ ifsifaN ﬁ?a@ﬂe&?@kﬁéeﬁﬁﬁwéép%bﬁurﬁncfhfé Q%Sﬁ’déf\ihrc%h@&% fo
routers mounted at intervals al ong its path. In

t hi
ithes fande, frequensyselegiity 5 fNemhﬁsealwmm%mAy ariss from
Ngqjgemhl},pém@ﬁgctgs enpl oyed, at a velocity of 70 nph
. The rel atlve m)tlon between the two devices
d g Luddqon st 3] SN ¢ to change over tine,

as ShmV\{ﬂxsl ﬁstfahgé”afh éxa:ﬁéie i9 é)ré\hﬁaocﬂﬁearpbufda@r channel model
stationary channel -describ above, the power

ppgen the asgumpiarat éoﬁfwn@wepm(@eabeweﬁm%f 'rHBW%v'B? of sight

Rerdtidriae THE NRRE GORPYSTYRRIal BFENT(CASEN) m@déf@sserﬁbl@géd/\loﬂ ¢his
and nultipath contributions to vary rando

PHEpEse &ild %‘éﬁﬁ‘c% RBENPOPAY $Xis] E’Be’d)?ﬁBWPEe ﬂd\{% or stationary

eé@a‘@é are &delied thﬁaugh(amnmhmbhtewﬁmré c@&@re@l’lﬁitrpfreési"@nd
me frane, |nf|%/ure 4c afd'? , respectiv
|

PthbéEF“”Qﬁ ehB? APWET delRy RAATIE Rals WERIERS (5 ?X’Efr‘n is'Shown in

ﬁ@r@'d&s iR c@ﬁﬁﬁﬁnm{d i ﬁéeﬁq}GE‘@é(séS eh&st mwﬂnpfaﬂtﬂcdiﬁrubutuons
frequenci es fadlng urs var

a
RPOTaeq T8, elietBRolIR A LR oA E el B (e raetted

Bi@ﬂél@ @srs%ﬁg,t aed hesssieasy nslofipati cbariblitsP hbtsfﬁ%much greater
varyi ng, wn in figure 4a. However

IS t]}h'?nﬂ‘?st“ R ihe BfPﬁ’}”ieb beYiesha lopggr ﬁqiaé’aﬁorﬁ?#vy‘at“othﬁse
gbddibed besle. A further effect on the phase profile

over tinme is proyided by the Doppler shift
o s ctner Pstree RUSYQE KERHGT AERY BREAEARch fberance bandwidth

Infda%@tb@dtﬁéteﬁare%%@ dhaBeély ¥hichHRWwe V&iger ualay@ﬁretahe aE@ Fidr& likely

| hauce occurs ove

k" AR M et iogh B e et SPRENG, Eackneh rMSFRper, in this

SheineB tHeNstEdhigt fewatvetmumb@mr@ﬁﬂmmémseawe maeiy 36! resmi W tiyep
hase di stortion ari se

h
T%g;r{grg encgs ﬁl@gtgwanne! ex%lts sever}e:l in tances ofm deep frequency

selective fading and phase distortion, as shown in figures 3b and 3a, respectively.

As the physical environment is assumed to be fixed, the channel characteristic
may not vary over time. ' |
The Qutdoor Mobile Environment in NLOS

| In this instance a model is presented for the mobile wireless channel when

operating In non line of sight conditions. Vehicles may travel at high speed
through the urban environment, and in contrast to the link requirements of a train,
they may not be assumed {o follow a predetermined LOS admitting path, This

are shown i n PCAD2008801201



The Qutdoor Stationary Environnment in NLOS In this
i nstance an exanple is provided for an outdoor channel
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environment in non line of sight conditions. The | EEE
802. 20 Typi cal Urban (Case-1V) .nodel is enployed for
this purpose [3]. Such a chgﬁnel may exi st when
separate buildings or statiohary vehicles are

ted thr a envirqgnment, which is cluttered
%Qg’ﬁs@r e%O"Hﬁ%gEﬂ%SP %ﬁ??ﬂg?fgéfﬁiewwdﬁme? effgstiyp combination
of nfoblllity drof envhp:smmmtraed:letfl@r. dhia e bomBinSHEWWhich ridk88 R task
.ln.c iLson to t. near |.OS case, nan o
af deiehind BRBRbRGS Gotiet el MBI pr BT B ent significantly
nm;re{; emuegging thanaddingiéd Rreee otﬂtHéaéhC\i/ﬁ‘ﬁNMéﬁ@ 'E%Heh ntetiRBove. ]
re ct Sl gna) S..ar r . hence eac rm|t|pat .
cont re'inb Soﬁ"%'ﬁd‘*ﬁ%ﬁ%r@% arir;/ﬁ\c?héjﬁl&%? ?G?'Pﬁ% Y §tadek is
bmptdysd,cdgaan nebcityaxyrﬁh@ ﬁlthﬁEeThtfi@itw@m@ﬁét%@%f:tmg'&héM @re
ri (0) . e nverse rela on I.p et ween
SRR e L el BN Balniiad b oot BE 4 dusarein £DP and
Ropgibe feluctiphass sty dastrived fop tIge caske lodths PESAIOSABbile
ibit multiple insta of frequencg

ikely to e pl Ce LI €
éﬁgi{ng'gl' :W/@‘ %gdﬁ%%?( b Byvad ,a'ﬁ%nStf%gsm&‘E'Qﬁ efoninfuticng Bﬁé"e
stafiariziry dNLQS tdhpaml_ﬁ. cOhe rrebult ii@ﬂ@a@lr @hha’h&e{is&bm&m LA Udllésely
. ce, this chanpnel exhipits severa
bl ek il SHr Ao sBRB T WS AP ngnife i ees
giastroint figong 6asand Biwwmespechivelyur Bsie 36 tanHaBa, and highly dynamic

e | t.he, physi cal, enviroppent |s assuned
RS os AR SRNGL Rl oS H PRI el S geton
dnmigestipnmese ThL OBt etvionivbhis | reayEby istgpificantly nbre\eSAIER than

i S lg i resented for t nobil e
dgha sb.15+ ARG LODAE Pad LG Rvisrindie  (Nirooyers Fegipment
winellhas been dagidriad fos usmin thesy etheatnogmedfiendy b LAKE@HY to

I irgnaent ., and . in contrast to the |ink
éég@ﬂﬁr@?r%ﬁﬁ @H(g'%&éﬂﬁna? Kue figbal epdiPnasthe assumed to
Meadupsd Wipleesi€henmilmed LOS adnmitting path.
Thi s i rast, to thos res ed earlier,
ool 0L oA a8 B PR feviofih FiepSaimons have
bervitakemrefibevelitiatspeed fértthese thpteresond apiroamawy 60~mph,
kes 1.1 ~of yvering broadband connectivity in
R S PRy o kG "o TR ahep g RBRo tme o7 fow
reiliaddomdgi dipanhels withimanysdifferentdylapbpichds eavd HRBARASS and
o . i hi X | e the ] EEE 802. 20,
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and|7dc i Riguref7ali@Semples [tilg 80706 Qusas avdded bAd figereOfb febémbles
t"864186 CAEEI model [3]. Change in magnitude with time s evident in both
cases.
Prerequisite Technologies

The current state-of-the-art, considered by the inventor, for bandwidth
efficient, highly sensitive Physical Layer systems in hostile mobile radio
environments may embody several specific technigues. Naturally, there is more
to the system than just the Physical Layer. Advances in the Network Protocol,
Medium Access Control (MAC) and Application Layer areas are also leading to
end user benefits. Nonetheless, the key Physical Layer technologies in the state-
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wa bkdof7m22seéescri bed for the case of the near

shown in figure 6. The channel nodel conbines the
effect of a dynam c PDP and Doppl er induced phase

channel, with the |ong delay spread and strong
nultlpath contributions of the stationary NLOS

channel. The result is heavy phase distortion and

cl osely spaced deep frequeﬁéy sel ective fading, both

of which-also vary over tinme, as shown in figure 6a
oitie-®b, mae dpelede \agivgncepiorwasd t BTEOT SPIESEHIOR N ER) gpadjng and
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%&quﬂgﬁ,ofnq{ergobl le LOS or fixed NLOS environnents. o

reover, equi pnment which has been designed for use in
PRowedfel fEGer environnments nmay be unlikely to perform
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Measur e anne In"order to validate t
cndefe hes e*ﬁpmltgdem lamjwerformaéw app@aghiagehe sth ﬁ%r%c%él@ws [4].-
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e%&dér}%ﬁ%derqjﬂg&s@&wg gYéi tt{f‘;ﬂ&@@éd&‘l' ddvBr£ab 16 Bhallink margin,

sprea were dis a'selection are presented
lmr@ toTlseeatap ranaedatdian Halpsraig. e HolArative fﬂaaﬁﬁézf oding

| S eb
BP0 cF ol 1St e s oo

pcmﬁgrag,u thatiwgriei nal aeaiigblers fevyears2®yi dent in both
A éﬁverﬂ:%f&!ﬂbﬁbﬁe Technol ogi es The current
e-ar consi dered by the inventor
bandWS diseussad abeves radig g*ﬂﬁrgmemgy indpse pnijge éa‘-tpet%%?f the
tr%ﬁ%&ﬁf@ﬁ gighal O‘Fﬁésleede'mb h&rsioRdioP RGN ﬁ@rﬂeﬁcdﬁﬁhﬂered to be

several specific techniques. Natura th
mtgrfef@n@e t d‘*@\MéVeiyﬁteé{nﬁnﬁﬁ é’ﬁ“ﬁaﬁ'st“f?rmat@ﬁy%'fdc énefejagﬁe fﬂusf be

C%é@én 1 rH:o? ¥ the) réd%ﬁ/e[‘\lﬂ AP Effedht {/@?rﬁﬁxﬁbr Waslbalp aARARESrecelver (for

MAC) and (Sllcatlon Layer areas are al

QLA eiga pmcl@rmeﬁs@iw felpd [1d.dis e AP &30Vet &2 "1%'89 energy
a@ﬁ%%:ﬁl@'fr&n@ﬁ%an?&BM%b@%c%ﬁreH%udnBﬁ stat eof -t he-art rray
i ncl ude advanced forward error correctlon§ E\% (ﬁ n(%
and Ehe ayelio, erafixctesnialsae@ployed T @FRRN dpay cgliect all of the
ﬁ#k%&ﬂ%%t%é@@'d&éy@&’s RfrC MRS ERE qﬁe@ aeﬁn@:ﬁl émpesct/ery

nost nodern day communi cations s (}
%%hfsymbcﬂ is prepen ed to

sinRlen Ad thectransraiet 3 gmalhaection of each O

the symbol prior to transmission. At the receiver, this cyclic prefix is discarded,
with all of the multipath being collected optimally in the remainder of the signal.
However, since the cyclic prefix is discarded at the receiver, an energy per bit
penalty may be incurred (often of the order of -1 dB). This technigue does not
require any form of channel estimation. For CDMA, the RAKE receiver may
require channel estimation, and not all of the multipaths can be collected, since

complexity grows linearly with the number of paths collected. Moreover, in mobile
applications the RAKE coefficients must be tracked with time.

LOSP@mAiT2®6/001201



Power ful FEC The advent of iterative decodi ng
al gorithns for powerful error correcting codes has

WO e®alexsed i n | i nk performance approachi ng t he PCT/AU2006/001201

10

16

20

25

30

theoretical limts [4]. Turbo (iteratively decoded)
codes of various types may now be found in nost
Physi cal. Layer standards for_broadband digital
comuni cati ons syst ens. The<@ encoder and decoder
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Candidate Physical Layers
The Physical Layer processing in wireless communications systems may

be responsible for delivering some of the key system performance indicators.
Link robustness, range, and support for mobility are all established by the
Physical Layer system. The base set of technologies identified above may be
included in all of the systems to be discussed hereafter. In this instance, the
focus is on the ability of the Physical Layer to accommodate the hostile mobile
broadband channel.
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of spatial diversity is to exploit the fact that when
one of the channels may be bad", others nay be "good".

wabh@7otannel s between a single transmt ant ennBCEHAU2106001201

recei ve antennas were neasured, and are shown in

figure 8. The antennas were 1 neter apart and the

wavel ength was 2.46GHz. For this short delay spread
case there may be a signifizant fade for Antenna 2

that does not exist for Antenna 1. Receivers that

expl chlthotph ORIIM iea qopelab etodekition femat gjnarh&iem&)broadband it
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[ . 1S S on ..
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Ppl.o with this technique in nobile applications.

, due to changes In the power with tine, the
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APk P il SBYT Fhmseon BhAROG . uh o B DA e o
802e1 ethreiaydicpaeikeit 0 8~msr1mtg lag shadh &gure 1o rithienis aidequate for
t Qur, th cket .

Q0 R AR e SR PRaRGHR e et Sef BT ctprepes

@pbseednoutpeas.esThagpwt tiensmhit Ipotvgrsobf ttihm anapeient rty;bioaliy
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gPhpyidoat enago@nmnfhmd?hmsmdl pdveyerarpriomessidntp ithe limits of

i [ es bl e .f
St g QY B ARl A e e Tt Bepialiah the pfotedon
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. aver
Db iehke el Aid pASLPISH PIEE tesst S MERT i Bl starce
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popu 0 t L, WM

Pas HEhyBpBha AR T, MR FedR SR plPach ey
limitipgsanigte: efrardvedl ané deparbure. The usy of hlghprrobrfemortaéahnenqa@for :
b8 TdphiidiS e RS Q8aRP PYsi. O \6 R S B RS! LY CodsE bR i Yixed
wireless backhaul but reduce the self healing capability of the system.

Small coverage areas per node: Keeping the transmit powers low reduces
delay spread since the long delay paths disappear into the noise. The problem
with this approach is the increased node density and handover frequency.
Increased node density leads to increased cost. Increased handover frequency
places additional strain on the network, as it is forced to adapt more rapidly to

new routes to/from mobile nodes.
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of energy fromnultipath radi o channels. However,

anot her significant inpact of Jong delay spreads is
and conseqRErnAU2106/001201

This, coupled with nobility, results in a hostile

radi o channel, as shown in figures 6 and 7. 802,1 | a
The | EEE 802.11 a and g [5, 8% standards describe a MAC
and PHY suitable for indoor stationary propagation’

condi VB8R sthe | Rarione abriopticrb deenasps siop convartienalyddd. t1 based
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?/Uﬁd ;ﬁ}gﬂﬁl%tt?fblbéll@tdtébﬁrde%%%& Hé%%lv@F E J|5 t ag éﬁfd%)or

4% W | owi ng rare cases
R ﬁwa&#asﬁrgwdaﬂa@a@éﬁﬁ%ﬁozz aﬁ@m |36ﬁ§0&r1@e-2005 [8], and
!EE&I $@hbe [9]Hasd eSSl IH‘;%?MF\W alrhégal &aH@eﬁds ghﬁﬁ‘%lfﬂﬂ:&ﬂ%ﬂ%d
el a read by limting a arrival an
WEEEEPED Do Hiea o yrRveTaaR, JBGiomEpd fhreentien Rdett o
th® behdorapithiecainbaios OFDMI F&%lcﬁi La(}f %?do@lsﬁng 8439{2 is shown in
structures are possiple for fixed w reless

'f@er P (Shall kg reierad i 19g agaihsbi coRyerEenalh ée%ﬁy‘éﬁfem'rhe

cSrmplohenievassaiatedr Wis fraflk RRASE rdt8eaY %dt (ﬁ\é{aﬁe’daﬂérﬁ‘ng have
Wer s, Igwar educes del ay spread since

R itip Qe JHBPoF FRr ProSRSSG] Esentiall Invasis) GG emitiont The
fmppr eagh Ss&ichh&nd)dwé eansemeade (RS faquaRey han@'mé%pntude
reased node density leads to increased ,
SX‘ES °”‘F‘?%%”eag§8f aawaé@@P*"?g éﬂ@e%&ﬁ prefix gemawali theosignal is
cohvericd mntﬁehﬁemwrdtsmaasm biokfes Eﬂfc@%dt & ﬁ:@a@FDw&ﬁnbol

i dl ew rouytes to/from nobil e nodes. G ven
TeBPoi rPente SV PPETARPoc PSRt deuBden By then

lrbﬁserén%treﬁ@nné heyurary fr@@uél@uﬂ&rﬁgihecﬁ@heﬂ eBERNMIEPNT De-
mter!eav%%narpc{ dé/c%%lng (dehvglnr|19e frgage%%?f%ﬁ]\%rsr:@g \gﬁé dgscramblmg then
complete the Physical Layer processing.

. In some cases selection diversity is employed but in order to exploit two or
more antennas effectively, madifications to the conventional receiver are
required. The model applicable for generalized frequency domain space-time
receiver proeessing is shown in figure 11. In this model the demodulation and
decoding of the signals from each antenna are integrated. Additionally,
synchronization would typically involve a joint assessment of the signals arriving
at each antenna. This structure may offer the potential for significant
performance improvements over the conventional receiver. The frequency

domain channel that each antenna path delivers to the receiver, at the FFT
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Qut door OFDM The | EEE 802. 11 standard specifies
systens intended for use in indoor environnments. This

were specifically designed for outdoor application.
These standards are characterized by an increased
cyclic prefix length, as shown in figure 9. This
forces | onger OFDM synbol def ations in order to

preserve spectral_ efficienc nce the C refjx
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@F?ﬂeﬂvmﬁ rbm&rn'srhd\@][rdmrovteﬂtrrﬁé.pl oit two or m)re antennas
effectiv ifications to t conventiona
Fecoraneat ke ior BResE fBatAmuBRe B g rih tme, isthe
gneforlall Zregudrickguency domai n space-tinme receiver
process [ t hi s..nodel

h in fi 1.

P omodin SHS of A e s’ BhSiafias udhriadiny3ffearlSs. with
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rd equency crﬁiseac1 estrmatron an(g:correcr[ or% e{ngr ep toscénrwggtuae#ergnéje%qna local
oscillator frequencies. These assumptions do not hold in environments with even

modest multipath and mobility. In these cases the phase change with time may

‘not be the same for all frequencies. In addition, the magnitude may vary

differently for different frequencies. Receivers that only employ phase tracking,
after an initial magnitude and phase estimatien, may fail.

Simulation results are presented for several Outdoor OFDM receivers,
operating under combinations of mobility and/or clutter. Each ploi shows how the
packet error rate changes in the given environment, as the signal to noise ratio is



wWQ ba70za5ed ver .

10

15

20

25

30

channel may describe the |ink between the input to the
IFFT in the transmtter and the output of the FFT in

transmtted information at the receiver, the frequency
domai n radi o channel should be estimated. Certain
assunptions are often nade | n receivers about the

variation of the frequency mai n channel . The
hase in the frequency and

d
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I n tnethis casesiot hds pdimlmedhmagaqe/\/lrédm\lerﬂ§ arme/ tdattadR€both -
In a

AR Bl LSRRI B ot sy
absielgd erhened . esRoationer Bhd patanbid Js emplogyd Rbased the channel
L TN I TN T
efrploysé e uptiat@ihatozhanGEDbtinee | inethis, experiment there is one pilot
every 20 subcarriers. - Note that in the. 802.16a specification there is one pilot
every 24 subcarriers. The performance of pilot symbol assisted channel

estimation is shown in figure 14. 'As clutter and ‘mobility increase, the coherence

frequency of the channel becomes smaller than the pilot spacing. The
conventional receiver may then no longer be able to track the channel, and
packet failures may dominate. Additionally, at the limits of coverage where
signals are weak the quality of the channel estimated from the preamble may be
poor irrespective of any mobility.
Advanced Channel Estimation and Tracking

In this scenario it is assumed that the receiver is able to track both

magnitude and phase, as they vary across frequency and time, to a very high

In order to effectively recoverP@tiaU2006/001201
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operati ng under conbi nations of nobility and/or
clutter. Each plot shows how the packet error rate

wWEhb@ngexsed n t he gi ven environment, as the si gneCT/ATG2006/001201

noi se ratio isvaried. The ievel of clutter, and hence
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Each network was subjected {o a constant bit rate stream of UDP/IP
packets, each containing 850 Bytes of data. The rate of transmission was 5

packets per second.

Propagation Environment

The radio environment may be categorized as urban. Delay spreads of
several microseconds have been measured. Most of the test region consists of
1-3 storey residences and 2-4 storey office blocks. The north eastern region

consists of clear field line of sight conditions.
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poor irrespective of any nobility. Advanced Channe
Estimati on and Tracking In this scenario it is assuned

WO b@w/oedse4 recei ver is able to track both magni pemav2006/001201
phase, as they vary across frequency and tine, to a
very hi ghdegree of accuracy. The results presented in
figure 15 are based on a techni que inplenmented by the
i nventor that does not req@Bre any pilot synbols,
ot her than those typically included in the packet
mxﬁ/aaé!b;laeerlvﬁrhhwt@%erence to figure 12, OFDM synbol s

beyo e first two t
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Only through the Tuseewef advanded channel est Mrat i on
and tracking i s jtdyelicRrpfxarehgibf] genuBne nob®liivey iin
clutter provi ded.ReMdndetitrer t gchni @hgs faité {dr&n{wi th
moder at e nul ti patdentr Fregiknky t 124181}l cEen Mtgses t he
802. 20 Case-1V d in packet 2frors, even
when the signal at hi gh [power? | Thes

advanced techni ques an h V|de er f.or mance
whi ch di spl ays onf§® fi %\%’é T%SSEEWPQFEWS %%T %' t he
LOS case. The resulting receiver sensitivity gain over
Ot hen‘h@fm]mmg tsiysteki irg gtven hai sigreficans muoveasr pér tnécnmamn bit

e
HoonE Busld Bhn R Il TP e i
deaipaterhasiplogsa sistses sedary c&apm&bm a Frariet igzding suwpher
i mul at on In this exarrpl e, the coverage afforded by
m@% the inventor's present networks is
conpapitek dokemgghplotelfer Bni akample GuidgercOibMersysiem with
rticul.ar 65 4@ tw
Bt oS BEohTo A B8N Wiy B RRafl D 4 o
rbceifd botenhad) amiaioe‘ thar80Z dhsystaimars, shfve mﬁ@a@atﬁ%wd 17,
f t & 8deb, 2 id
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FIRENLE RSN In contrast,
tﬁ%{’a\%\l\%sve\?g ec et !ﬁ%&gp %ﬁgt‘%m {‘? Vr at gﬁs t r eam of
thd doRidoP @%@Mesﬁterpalcha@omaapwvw@ 880 pa'fﬁeé'é inyentipi ¥ith its
alVEndH aBheltFBRBT oPelALL WRF effectively in clutter, at ranges up to and
beyond 1 km. This is due to the effective use of two antennas, which is made
possible by the accurate estimation of the radio channels to these antennas. An
additional experiment involved fitting a video camera to the vehicle, with a live
MPEG-4 video camera stream being sent from the vehicle to the fixed station.
The 802.11g equipment provided a link for approximately 1 minute out of 20
minutes, whereas the Outdoor OFDM system of the embodiment of the present
invention provided continuous coverage.
it has been shown that the outdoor mobile radio channel presents a

difficult problem to designers of broadband wireless receivers. The particular
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the test region consists of 1-3 storey residences and
2-4 storey office blocks. The north eastern region
consists of clear field line of sight

condi ti ons. Physi cal Layer F&taneters The Physica

Layer settings were configured to the advantage of the
sudbination efyseliiy and strepareflestivns beesentsitbe oast Firpseiul lcase,

5}33’ 139 Radt iRPYRLRIS: MAYE "Sa%'ﬁ; @ﬁ@h@ér@ H@or nmy&cei'ﬁ;ayer

emls given a significant power
ﬁfsfena%vmwwéﬂmemwapleh@temea@eej snﬂd!@hndv\p@tlmlamdand a

@@Hﬁguéjﬁ{a@ r&ifes Jﬁk?reg&l%n dé%r@%n%rige{g\/ﬁ@nfﬁlt%%@st difficult

state-of -t e art chipset ftr
gluppensarvas pissentade %wmtto@a!uppelvm tedmmeaqmlhm to ¢roerging

AENEIATRLEN EuBESAE, \% ) e%ﬁ/ﬁﬁqn 2 tSQP{é?}Pﬁ:»gglht‘gqg%&lrately

estimation i n accor Wt present 1nv
i thaubostde ém%ieafﬁdI@mhlagnelar'f@eftmneﬁﬂsemeZum1ersys¢fecﬁnm fair

RIE raNOWhekd af| E@% %9 Hﬂ‘ t ane ﬁéd’ Sgéc’r gﬁge. The

results were co ecte |n or
daigidthg-ant 8P giswsleny @ﬂ@n@ep@vlﬁﬁ @pmmge quHHOWall 10% of

BEUERBRRE bi%aor\hlyleemee%&é/se ﬁ‘i‘{ﬂl@&eﬁ&%rﬁ | Pie en’égéﬁ(t mventlon

strong iine o conponent I'n the fecei
ﬂrﬂv‘ﬁ%ﬁiqoa/sﬁov?fﬁ@e out door OFDM systemin accor dance

Wi thif % Bretsea emewmegg %éﬂ@ﬂe@eﬁtﬁﬁv@%ﬁ%&ﬂd&h@%ﬁlm of

tracklng operates ver%ﬂ i vel y Inc utte
tfagkigestimp YayRadohayshid in a wirelprs spacketilhased eamamunication

@H,&gbbmgngﬁgﬁgstgypmantennas whi ch is nmade possible
the accurate estimation of the radio channels to

by
t hesBagineahaast oie guanelinsrametexivehe dige domain iy aecordance

vithtdnl 180 /e dgfég},ﬁg, £86Mh&. t o the vehicle, with a live
MPEG- 4 vi deo canera stream being sent fromthe vehicle

to tABY PPI& & CarPBRtioTRBMEOY maregPaguIsire maybe vacked in

aRcordBkce ifth é@ﬁﬂ@*b@i@%ﬁbﬂa@oﬁhmﬂe out of 20 m nutes,
wher eas the Qutdoor OFDM System of the enbodi nent of

t he ';ﬂrf&ee%am%etﬁ?.%%f@mmeb%mte m&aaeweﬁiaegeecewer
tfaeks PRANpFBMMES thelth® &Hﬁé’ﬁ%mg‘é@ Aiko Ff % (ghoad

presents a difficult problemto i gners
rel ess receivers. The particul arconbi nati on of

mobi ’l/lGdfn@élﬁ'Cﬁbﬁl@é]&ﬁf;ﬁfdd@%éf%@%&ﬁ@éem s the nost
Str eéc?sF]’chase o%set per OFDM symbol
3/ Noise Power
4/ OFDM timing errorfoffset
5/ Coherence time
6/ Coherence frequency
Preferably at least, comblex channel amplitude, phase offset, and noise
power are tracked. | _ ‘
Generally, a packet consists of a sequence of OFDM symbols in time.
The auto-regression algorithm retains a CEDB state. A CEDB state
comprises estimates of complex channel amplitude, phase offset & noise power
as noted above. This state is updated upon decoding of a received symbol by



and yet is the nost inportant for Public Safety end
users. OFDM Physical Layer systens incorporating

wordoriopdse4 ant ennas were studi ed in particul ar, PEraAU2006/001201
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techni que that provides unprecedented performance .
levels in the nost difficult situations was presented.
Conventional receiver techniques applied to energing
standards, such as 802.16, ##®re found wanting due to
their inability to accurately track the hostile nobile
teditligea Tidionedf theTtierdne red estimate raddfaddingethat tulsat tc{(rh;ﬂ@inéﬂary
f il an I\/PEG4 vid upl in S

PR e Slictie, MR BN SRR A SRRl S Garent
regeivyd t@FDMasyineo! tand pa:lb(/orda subyEr oY prévsusToassrhitied sibo!
‘?trrﬁzﬂg coverage area, while the nodes inplenented by

e present i nvention provi ded 100% coverage. In one

pr ef dieqthaserbiisht (reptesentivg nydswequavsntsional mreqwrdﬁ&ff@et

A5 Qe B S DS e

1stLBpS t@thatBrthee: KRR sttitd. eBtsd rotaited clude rredy then Beebebined with

' . n_Jn accordance with an auto regression
t@?@%ﬂ‘{ﬁﬁ%’(‘j&%ﬁ{y"ﬂ%"ﬁe or, a conbination of two or nore
par arWéitrereaﬁeraage efigurad Re prefarably, cmedmnqﬂem:ftdmnaharapltt@de is

RS Bel AL S BT BRI R, B sy be

qanricstoyi @ Snssperae compdreents, methdotiman iin cetated) aseatqies which

ES535L B30 DRy SHEBMG OB R e

- Wil @rePyarying4d vebrRiDvg tduei tngthermoblr tyf dopetraibls iBother appdieation

ann
fpkamarhﬂ@temacmm tr@ﬂmrah'ieyars ahpacked ircansibi¢ sndfonanent.

A0SR 860U HTRIEBI, AT LAY, Bl AR

singularly fracked, rather than -the conventional systems estimating the
parameters all fogether. Typically these transmitted symbol estimates are

égg%ﬁl@ént(ﬁqﬁé 'r]é‘s%n n?/gH’(gﬂ\f:y fg? g@%&% tltaig crgﬁgiﬁ%r;eg ethat the

derived from FEC decoder generated outcomes.

‘These fractions may change with OFDM sequence number and may be
different for each parameter.

The CEDB generates a channel estimate for any received OFDM symbol
to be decoded. In general the symbol to be decoded can be any prewously
received OFDM symbol.

The CEDB generates a channel estimate by predicting the channel based
on the current state and the requested symbol number. The channel estimate is -
frequency smoothed using a bidirectional auto regression in the frequency
domain. The regression factor is obtained from the CEDB and may change with
OFDM symbol number and subcarrier. .

In the case of multiple receive antennas a CEDB state is retained
independently for each antenna. Each channel is estimated independently with
antenna diversity exploited upon demodulation.
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conprises estimtes of conplex channel anplitude,
phase of fset & noi se power as noted above. This state

wo gooapzkased upon decodi ng of a received synbol POKAERI0RG01201

a fraction of the current raw estimate and addi ng t hat
to a conplenentary fraction of the state. The current
raw estimates are derived omthe current received
OFDM synbol and all (or a subset of) previous
transmtie | T i@ froGties a method
(r eppe é’ﬁl&ﬁé*%% ?@@v&@g@ﬁg}? cglrgrg%@iq@%gf'&i éréq ugncy. .
obtitasidhg dinee tvarvingechemnelp i0od rvdtal¢ssn pesked haseth ¢pMUpiegden
noi se) is.t. arately and is used to rotate the
n é‘?'g%é."qiﬁé%?e&i’g’?ed state may then be conbined
wi t hprohidingew €iEDEhelpdetst ifunstien #tid he i @r dasede t ignction in

Cf] . f . h | litud
e A e T e e Pt

1, 2wah Wiesnomytobiiguwar 18, etheopipedipe 3proepssingt @lgorithm may
conmpongnt r. .than in related art techni ques

Cﬂmg@%e %nieéé%og\grg%&%%&st ationery theory/algorithms and ,

* t husprosidingta firseddcotiing @od piae afre tre¢aivathsyetboh whilgargdiaing a

Ver ti . et o |0 4 he
T balal sy eb e pecbie BBORAT IR O 1
ot heprowidingsa $dcond deondingeansd ustiaaf symebal dl whiled PEgdicting a
. ph:a nobil e
G G e el T e
~ f ounthavpercessing ppeethel begeasiversinay eanFipasechk tpelining of
a i ystens estinmating the
t eaég%t@gg%a%ﬁ%g%{%g%.f&%w%al ly these transmtted
synbol zesneimad esf dragkider fivied vanée Fbenges odigplosed in WO

2%5_%&5 ML @éf&t%%gﬁiere Egﬁ@%rgg;é}%t fhgp@ém febtRas Qva‘é’igtﬁherally

sequence n er -an erent for eac
irpaccandztnee wilhike OHOBNg &iePpat es a channel estimate for

i Ve d d. | | th
1oy B A e o sl ) Focel ved
20FDMisgpdieslymb®he CEDB generates a channel estimate by

di,cti t d
£ UL B R P e a e

the reque ' annel estimate is
4 r eqBeanitny aseoorchednoglisstimatedpasyrealingieXll aut o

regr ' ' .he frequency domain. The regression
5f actggcadgrggh{&glined fromthe CEDB and may change with

60F DMJs§ ribedden auisemesifiemstarcastater .
The present invention is an improvement over the above technique of WO

2005/11128. As shown above, the present invention now pipelines the CEDB
update and decode functions for 2 iterations as follows.

1. providing a first decoding of a received symbol i while predicting a
channel estimate for symbol i using a second decoding of symbol i-1; -

2. providing a second decoding of symbol i while predicting a channel -
estimate for symbol i+1 using the first decoding of symbol i. ‘

where using a decoding of symbo!l i means the updating of a Channel
Estimate database using transmitted symbol estimates for symbol i that were
derived by decoding symbol i. The Channel Estimate database is preferentially
saved in the step of the first decoding but not in the step of the second decoding.
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is retained i ndependently for each antenna. Each
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di versity expl oited upon denodul ati on.ln anot her
preferred enbodi nent, the present invention provides a
nmet hod of tracking tinme varying channels in a wireless

packet based conmunication #@twork conprising the
steps of: providing a CEDB update function and a FEC

decode acoereanemwit i wafanféfee plesentanysingien itiieepossible to start
Bfe%ﬁ.‘aﬁﬁ laNhaRhg0d k{30 oy\!atrl?;ﬁ]ﬁ{n%o? 'B‘é%ré (ﬂaef flrgﬁy%b]o? had D&n

? I'i he processi ng nprise
C@mpéﬁﬂﬂlﬁb daceged. pr/bvl‘eallsﬁgloa of rﬂse d@outﬂmngeramidyanisen ofhis

BmbESRIHE % sﬂé‘mﬁb t‘1e Yﬁﬁééh%d Ql(pg)ghg’& A”gn@c&ﬂg%%'a Matiab code

estimate for deco
lisfing oed iOlfeS“ﬂ?ﬁ@JQOdthﬁg a second decodi ng and use of

syan‘,‘ deciflizhge Wlﬁdél’&) TLeN dd?gﬂgﬂte hegﬁ%‘% rg\fen?on Provides

synmbol 1+1 using the I Tst
pr etwsl vf sxr@lad)mzﬁng hneckeﬂseamelngrmy éaerebewasrec‘mse@l \Weless

t FEC d d
unc%'g%@g”?g me[h?n °§f"%{§19§8'33%9 Fpﬁsg gr§| ng
chanme¢%vedasamo@dcpacketmuﬂﬁlgﬁdlll 128, 2 iterations
[
" S GRERDHE Cofbilx [qhfeceb Bl forapi o el ot " 7
f i r stretfommadlelasandeireldio calsylatiot to forhea ﬂrst%ec&eﬂndetrfc for
' t f {, dat e,
R cartaL i, SEP A, EORRie BIRHER ZobRraabichc
apsratiopnbol i ndex i 5. decode synbol i 6. Use decoder
t t j
pr oesie e 16 MotheSe S Socb Rl 8 el abisBpetch 8 o
pEP g maybe Bevamplisbedysinghe lgw egepiexityDeay aomCopelate process

B8 58D ARl S 560050 DTl . o

awvalm&teqietemsmgbme icombliek eplpﬂaedlaod i digcardinhatheelamplitude

L e ﬁggp eco

SRR T nphER Stage, 0 MR rbGRE S AR TS o hen
Qe rapliaped yyrfb@h mhsmtrdiytﬂn’aMaeaddltion Simple lookup tables may then
be used prior to accumulating the metric. Complexity may therefore be reduced

relative to conventional techniques. Normalisation is naturally provided by
sending the received samples onto the complex unit circle. The resulting metric
is inherently normalised. With reference to figure 21, robustness to large signal
variations may be delivered. Robustness against Jammers and DC offset effects
may be provided via a second parallel, shorter delay, delay and correlate
process. The second delay and correlate metric may be subtracted from the first
yielding a metric insensitive to similar signals, Jammers and DC offset effacts.

With reference to figure 22, given a set of metrics that exceed a threshold
the timing instant may be determined by the following steps:

1/ determining the earliest and latest times that are equal to the maximum,
and

2/ taking the midpoint of the earliest and latest times.
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estimate for synmbol i+1 using the first decodi ng of

synbol i. where using a decodi ng of synbol i neans the
wapwaneases of a Channel Estimate dat abase usi ngPCT/AU2006/001201

transmtted synbol estimates for synbol i that were

derived by decodi ng synbol i . The Channel Estimate

dat abase is preferentially _saved in the step of the
first decoding but not in Bhe step of the second
decodi ng. I n_accordance with this aspect of the present
| nvehts BidRoiT pEinsAeaitEIes is Epastieraicyried ushey audand A

oBekdtiBRL ernbOdcclrad®ek tisy fivfly Efihene nidyebd improved rdatainbabe
been (conpletely) decoded. A realisation of the hi
PRITGGRANCRITPRASTRSTION e $HESSRASE AMIAEheStrReten AIgPTITNS, nlhis

if‘ﬁ‘r‘ipﬁﬂ%ﬁ%&%ﬂ@é‘ tHoke AuBSEhueRMBIGOMRBMSs 2rd/bltbiabf & edmplex nature
Isting used to test the al orlrth@&#n a?c r(fiance thn

28d AT POTBRIBNH ATt #E HPRIRIMARRINAT | dh Vi) eagPs the

iR QB RhicyS MNRTHR VR ZIN EradRg Kt Saraples \h Rg4abversarepled wase
Ina wreless communication network the method

usWPERE804- {1 ECPRIBS of 1 recei ve a sanpl ed packet

| Npuyssi @nalsecslft BrdN fealR] Gerl &xcorrutegrotasi nedfwith a

t he sanpl ed i nput signal; rforma delay and ,
it ey SISMEUNaISGIO 61 PR AR TP CeleTias BE - e
thd indhd RIS ofdhé bsadaut iIMBe Settivet e siidie isomt ertariied then a

conprises a first @r :Lrt hlgeti C .og ration. Wth reference
negkatirgan ke SR3emirRbNRITIgNgYe a"¥8%r se synchroni sati on of

a pagKgécordihch avithCaRiNr firdirnsitng the Ipesseod mprtiont there is

Del ay and Correl ate process .based on. proj.ecti
RO, SR SOBRED S AGSERH SYM L2 Sl baghet based
RpH AR histwabek wm@ﬂﬁin’g}théb?p@@ﬁ:pt! ex p_fllﬁse and

i nfor i.on. e

di scardi ng the anplitude . [t

st ag@uwt'sg’gc%ﬁg%sﬁtq Brﬁﬁ@naa 5?”2??08'%@] rcgmpgg%éyﬁb ﬁré%t the

s‘%ﬁhaf RBhP6RshiNidrd raprebbmba@rty alfiryt ahdseesndadde thibreference,
| npl.e | ookup tables nay then be used prior to

rgRReGHYRNt i ng the metric. Conplexity may therefore be

r edugggorfricat dovieldtion Copatatdrisorval theclivef canels second one  bit
Normal i sation is naturally provided by sending the

refeEAICPRd sanpl es onto the conplex unit circle. The

r esul izaBordBidd Giths this henmfirhgntn dineatimsgd covéletion may be
reference to fi

iRy 0Bl deantoad LBSY rnfies be ey R, i

SHRIABR lsfend oo fdsigitioal Jf eatimhgroayreladiop lengtidfed represamtation
o B! B et 2y %6 B P oBRC P HRLF e
issrBadiRstredtofretivn Reglh, r st |

Accordingly, the test signal and received signal | and Q arms may be
quantised to one bit {sign info only) prior to correlation for the purpose of
determining fine time synchronisation. The complex multiply required between
the signals is then three valued (-0,+) for | and three valued (-,0,+) for Q and may
be efficiently implemented using low level logic gates. This embodiment has the
added benefit of removing signal normalisation when threshold testing is required.

The resulting performance may be consistent with the optimal full
complexity while the complexity is reduced by at least an order of magnitude.
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yielding a netric insensitive to simlar signals,
Jammers and DC of fset effects. Wth reference to

wo p@anzsgl, given a set of netrics that exceedP@I/AU2006/001201

threshold, the timng instant nay be determ ned by the
followi ng steps: 1/ determning the earliest and
| atest tines that are equal to the maxi rum and 2/
takl ng the m dpoint of the ®arliest and | atest

The mde nt of the two tines is readily

éaqﬁE%'l gensiit J& theg the, Saaee AReded nplere 8@@5@@@% angh geceived

agRalia@iutdd diiefidantiy.ng estimate may be inproved
reduci ng the performance requirenents on the

subs d@FERYdanGs WY asetharemBadiEegbel themsesertinyention there is

hraRIAES @Wheth@@ af §&nﬁﬂﬁ%§tn@%%%s phaak bbb c@hiBunication
often of a conplex nature and any conplexity savi ngs

REtwOfONHTSing t%ﬁﬁ?? pled. In typical exanples the

ti M RExing @Jélgﬁé& fbStrhAEhIONEH oh)’th@rr%w&k 380 AL $wb Ridinct
4x overs%{% case using | EEE 802.1 1 preanbles. Use
f5auene bR serfg t%&F%qe&NOd@”QT'%'%WP&Q'@S 1oF ecane signal.

t unedrhatd Bre?dﬂéﬁtfaw Riige %le%yof%hﬁw%nh hﬁek%ahlv%ut?foﬁ@red

lateau to determne "timng , and return tine in the
i Bemsnigng the spnatsing!. ff ei‘fHBP‘Peaﬁh v frefiypnciasel the sase of
tﬁ@tfre%%@@@&ﬁ@wthta’kﬁﬂerﬂlapﬂﬁ ke ofPordes dedcribad Ned ilHTretPence

%ve arrived. In accordance w th anot her enbodi nent of
PRigU 25 ent i nvention there is provided a nethod of

corr Fﬂh@i’é BE: PeRGeRINCe dysing Fﬁ@'bé Rad By trehSRiRingawie iversity
‘?ffl nicati nnetvvor rrgrlsm the steps of:
%@é P%Pﬁ e MEgEUPLor] P"g?’"e& GUede¥ HApd sf\@ﬂ‘@ receiver wo
dureonestersal behakd! By uﬁd@éﬁbeﬁmﬂﬁ\%nﬁfﬁhe two signals
rep esen I I st and ecog Egne bit ref erence
BT lerRlahgs aqogeR s ae TP lop e oo T

| cﬁ\l'ér&ty xaaﬁo@e@ ongs mm mcterétsé@frﬁnq@m démooamr@hdmﬁ@context

hlse ne timn rrelati on ma
o5 v SRR Tors b e GERD PRy o BB el
dafifded eagi wdnfe? nddtRsticsl hi sog&amétﬁ ﬂh@@elz %Q{éﬁtéﬂ&@ Nthé NRatistical
(0] radl n | On en

I RE TR M R TN A ——
ttaPisiitibdc eymbm Gleg Nymboe RrS /M. orrhtéhuérﬁodzmro@agrm:,zbty

correl th JAccordin e test si
Q?\‘g(’}fse%in() sgqnakg d npise @)\g@rn%s% Héyeso&)tamed from g IE‘,hannel
Estimate database for each receiving antenna.

In one embodiment the two frequencies are transmitted on two antennae
and réceived on separate antenna at the receiver. According to this embodiment,
added advantage of space diversity is afforded.

In the preferred embodiment the transmitted baseband signal may be
identical but in another embodiment the signal may be space time encoded with a
matching space time decoder in operation at the receiver.

In accordance with another embodiment of the present invention there is
provided a method of communication in a wireless OFDM multiple access packet
based communication network comprising the step of:

providing a redundant cyclic data field for a transmitied data packet where
the data field is a noh-contiguous string distributed about a data packet.
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quantised to one bit (sign info only) prior to
correlation for the purpose of determning fine tine

w@ ke sati on. The conplex nultiply requireRChaUa®en01201

the signals is then three valued (-,0,+) for | and
three valued (-,0,+) for Qand may be efficiently

i npl ement ed usi ng | ow | evel logic gates. This

enbodi nent has the added béRefit of renoving si gnal
normai i sati on when threshold testing is required feeld

res quihngef@”eméb tarfiswe HayPnsierakins thet @eundgnt (Fyelifedata i
0891 Lioad L;%i’lx 8(?}2@4 ?’ﬂe} Yok ke tHRe 08Pk EitidF ¥ dy8nbol, eg an

uced an order of magnitude. Anot her
Cb"é?MfSNmbpls A hagket (RK)SPRICEOTRISESHINTBDG Q) SECh Higbols. A suffix

(ﬁgétﬂ)?r[ﬁﬁﬁ I@Plgcécfgteché/ Bl ot r8R3dT d SyrhisAUGEehis way, no time offset

sIg n accordance w t'’h anot her enbodi nent
cofnpeheatpnee efﬁQUIfeﬁv@Snthﬁ gaceivRT keqaseyr By ictaur's: e Rgading

?@%@LS@E 'sﬂ'&llér’boﬁldﬂ Jr%&rﬁ@%f Ragket based communic at ion

conprising the stéps of: m xing Wgnal or
t r ankmhessirdance rWl’thh@Oﬁ‘@l’f\ﬁ(ﬁ"r‘h@deﬁ?ré ftthe @%‘5@”& enjiosttheretis

{(5\??(%689 Wetwgﬁnéﬁag% diQtap BQ’&é\' S8 cd ot e FEaSSdriiitising the

requencies for thé one signal. There are potentially
stepsgd: | evel s of fading and interferer diversi ty

Of f e&oﬁﬁi/ dfg Bh %é{‘ﬁ}étﬁle '%Heﬁ A& &ﬁﬁfﬂuﬁnbﬁtﬂ@' betfu@én e %fﬁﬂ)@ided
re uencli es. The case of freque eswg
sastsm éwrpelancﬁ grremete BP whseln e "at@%?ﬁwﬁeﬂ'eﬂ %3 ¥ '“pUt
(%E'I ﬁﬁ@ﬂ?&pk@s $diQUSS irddt dé&laem ﬂ'zeaécfhtéi@ of & r@mﬁmg@ lmgaage
ad transmttin |ver5|%xy? fered

soras 19 'ﬁt&ﬂfa% dichalingiruchens e?Seh%tWPP@ doR A e%%??dsysiﬁm dguics and
tﬁ@ géh%?é HVQo AMABROMEE FrRHtE F‘BYtob@felééQ!é aByortion of the PC

endent |y downconvertin % gqal s .and then
qomm ing reserEEs fathp Agetionsselg ‘?Pf"@&ﬁ?eq %‘*(? m geVi¢d- e quency

and it arhRiaBEe e thist )én'lb‘bdﬁﬁérﬂr C@ébugétngl @indi 0 dbelopment

understood that "joint denodul ation” int %

Renidopelts grmy kempaitibARREn KEBBTEn BORER BN GFRTAB G The
?ng)t fhg FEIRRS df‘iﬁfee'PC' SretRhi® efaiiptd) i UsingBih &fbbugging and

Istics. Together these characterise the
d@vabp@ﬁnbé?re@é'ﬁéﬁdence of the observations (i.e

sy e BEAbHES! D Pt AeRNOR) ard tsieiive aheMirtfeadio a
ynbol ‘transmtted). The dermgul ation

Sp%/f\efﬁ@r WA Aty T ingel ek R B SS N YR O liigr and
r?é?‘dré'@ttﬁémoiﬁttﬁé REAtek! 6 Fivanamagtankaing Tahdiadal alras %Ilows
or each receilving antenna. In one cg%?odl qlgﬂ (e v¥o
intee glidnesripgn@riaterachye SPARIBE Hif CARIrAR' i &ERerged systems
Je@i%@' Ycﬁde%p‘?@ AR6Rre p%lb%@%eﬂ&w&r@e allewial Wasre powerful and

According to this enbodi
flexible debugging and to have a TCP/!P interface to low level hardware on target
device via a register intetface on the target CPU. As would be understood by the
person skilled in the ar, the term “embedded system device” refers to any
number of electronic devices which may include an embedded system per se or,
a component of an embedded system where, without limitation an embedded
system may comprise a special-purpose computer system, which may be partially
or completely encapsulated by the device it controls. Further, an embedded
system may have specific requirements and may perform pre-defined tasks,

unlike a general-purpose personal computer, PC.



added advant age of space diversity is afforded. In the
preferred enbodi nent the transmtted baseband si gnal

woregp7hz2ssgdent i cal but in anot her enbodi nent theCHAY2MbL/001201
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may be space tinme encoded with a matching space tine
decoder in operation at the receiver. In accordance

W t h anot her enbodi nent of the present invention there
is provided a nethod of con®inication in a wirel ess
OFDM nul t.i pl e access packet based conmuni cati on

net worhe eeigredsimerprative sshef iof impiaroaritell nging thedopetasturce’

RYghade SRRl o 8 BACTREIHEE IRbRCRAL < Bhicklflditec
BIPgAMMIngdeagyssckictelavailablef Bomnittp: fvoriipgihoe.ofg). With this
m;ﬁérﬁ%ﬁg idh, lttlgg) 5%@ (?%Q{f glgh%\?eﬁtcg?ﬁéoé?l d rﬁ?rgg{%l%%fand

i X porti
@P@&/ﬁ@\(ﬂlopn&ﬂjﬁ @ﬁVl((FlDMrﬁyamm thah yaite torhpling andigownloading,

foP BRA S, 6%5%3%8 of such synbols, A suffix (Post)
portlonls ace é:at the tail or rear of a synbol. In

t hi s Fwatper t‘POthlel preblemssiiscusserp et atsmmot tefigied@sAeth atdirect
&d?ﬁefs%e'r\‘ffrrewus evnfcgrth(éx W& pEOSaRR r?g?él dg¥perlep%es

effects act on a smaller ion or strin
sgritieans Réeofifiet Huatmvarious @n@msmmems to Itfm RF esaiter device. -

t h
'hnéé.ﬁ?a?é"(}f?agr%’%@@“ AL Bler IREFER, Sorl BRAGM B pan be
ablagh igvieaiong ﬂam DGltoé‘mir@t thak besedland fsignat pmﬁmmea&urmgent
c%t%eﬁé?fo?tﬂec?m@\%@@ﬁthé%ﬁdtﬁgﬁﬁﬁvﬂlt@ﬁsgjéqal éu%ﬂ%a‘% jtTifers away

wherein the interpretive _
apianifigard ppitien of thei agntie of therrpmrvemlmal,rmaw@ (tanS@Mnstmbble

el 20603 R ARIHRIR RS to interface digital

i nstructions between tﬁe enbedded system devi ce and

t he Melsotveicaly recosiagndedt thet mérept rotPEcevindeh etigriad the RF
rBQ8ildrOs Bbelalf RANROWHEH Mbde®SAUMRES ol b\orlal I bLABRG
of the e system devi ce. [n accordance { 'S
(yrisaltiv héﬁﬁpar@@oﬁﬁgﬁlgf@l ape@eesyp raxaesdinnseme tadeshald) the
WﬁPFb@s@PAHeH o?teFéfﬁﬁl?’l qr?élﬁla\ﬂeé'fﬂ 'ﬁ\ﬁlﬁég@&l ) .rﬁﬁ@&%nge

he co tl n OUTCGS

mdﬁamtt@eﬁ Seﬁ i rugayichg baﬁebam!\ﬁwr@ﬂmeaweratmmthe
SR hRd réc@uv%hﬁ tﬁ@%a%‘an%s&:ﬁﬁ s‘?%r?ﬁ%%m dikBMRA e A ?]tQTQ ofa
i nter retlves refers to a s program

reGeiNes tpqrﬁtegn@ﬁf th@){stgnahp@meras &8t loweljn tmp@serofe*maérmgmds)'
pbf&nﬁélﬂfﬁﬁ fheldnar Bd?stt he context of a given progranmm ng ,
| anguage. This allo

In accordance with yet another embodiment of the present invention there
is provided a method of receiving a signal transmitted in a wireless packet based
communication network, the method comprising the steps of:

operating a receiver in a first mode;

monitoring received signal characteristics to determine whether the signal
characteristics exceed a predetermined threshold condition;

switching the receiver to a second (preferably remedial action) mode if the
predetermined threshold condition is exceeded.

Reference is now made fo flgure 26B schematically Illustrating in block
diagram form the selective operation of a receiver system in two modes fo

overcome the above described problems in a direct conversion RF receiver.
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wore@enessot ot ype har dwar e,

inter alia, scripting, interactive scripting and
control of the enbedded systens device, for exanple,

fl exi bl e debuggi ng and to have a TCP/IP interface to

| ow | evel hardware on target device via a register
interface on the target CPg As woul d .be understood by
the person skilled in the Pt, the term "enbedded

S R R PR DO e LB s

mode af coprpEtioenandfthansemonddoede sigst eBCwhiisat, ranavabunode.

imtati dded ' .
Al 50 00 AR s SRR aCsbena mose s
vidatandlnhodeor conpl etely encapsul ated by the device it

trols. .Furth . dd t -
specls Baricilfl PEhesFenE IR e Y Rk P o8 ncgp when i
i$ %@tf'fim nemth}ake pacal@gb natebeéwhg mm_e'wed;,qohrgfe;whl_a firsd mwie;e r,
PC. The pr rred Lnterpretive s . | e ;
s nb PRSTG h el By E e Rt o Byt REbcBtnen s
dirstted [to ep&diing ah RFaeteiver; dolijentthe ﬂ@mwtbdpno@e.arwﬁimgally
DB PR B oI oho e s s e
high-peess nolde  whepebdsebendii BB ofisets bamomeoltod nargenoere when
fl exi bl ' i t th th
iy o BB PR SR e, Porexarpl o0
enbetioe preSenFembhdimant aldve pmvisies eminediat of seagiving la signal

‘o fi. . di . N

BRI, 3 UGS, RO R LABEIEIRERAUPR. o motnos
cerpesing tteedeps afni fi cant DC of f set due to various :

. . _ _ h

Gevi gaading i R Bbalkl ddeerts pREEP L FEif S| Epimbti

pr eswadkirghdtte demsebande | effbetss amhunitiatingi ®DETsEF gemoval
t, j

TR R FENEIPBNY (g 0P e b pome

tisnaslimld.hat it filters away a significant portion of the

cent 2| ' . ' it

oo los oSSR OGS TR Blbld oD Bt om0

ang inlfjgdingRF gignalomatimgathechaniyas ifthe sighalt paveas dallsi eigside of an

U%h%qﬁafﬁ"?&’&?fm%rw’ﬁ?i ver be operated in this WHPF node,
at o

ce a signal is detected (typically by
s epacatcer®rlysegimting dhe DCrefsetr andesigeal diomgr dodke baseband

. = mLtched of f, returning the
Ifgj;%/’&i%é)tr%)‘t@%ﬁ%@éﬁéﬁ?gg'%nbde-. Thi s change of node '
i nduBrederbialy gbe DTetbod Sethericomphises thensteob inhétitingithe above
- _ : ) 0 L hieSin _
RABFE erfES O 28 e RARTII R deRheRly, B s
recelving a valid packet.

The present invention in one embodiment, continually make estimates of
the DC offset present on the baseband VQ signals, and concurrently, the
baseband signal power. DC offset can cause large errors in the baseband signal
power, so the signal power measurement should be adjusted to remove the

effects of DC offsst.

al | owi ng nore powerPCI/AH2®6/001201
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received burst, and if the signal power is very |ow

(in the case of weak signals) potentially for the
In accordance with yet another PCT/AU2006/001201

enbodi ment of the present invention there is provided
a nmethod of receiving a signal transmtted in a

wirel ess packet based connunlcatlon network, the

nmet hod conprising the steps 3&f : operating a receiver
ina first node; nonitoring received signa
char d& the megnituge of the Dy fﬁﬁg ) mﬁ%ﬁomﬁgh@s@mw then the RF

fé&@fv@ﬁbl@ddi@bé GRacBd A8 DOPERAR LSRN GthdeNERS ﬂ'@ndreturned to
tion; switching the receiver to a secon
%‘ﬁ%‘#é’%@?@/“}oéﬁedl al action) node if the predeternined

t hr esheledo£epshd bigRall SovR¥ G885l hakel BHEN E&Nérsﬁh%%‘ﬂoma%? is

ure 25B schematically illustrating in

to fi
Palst TN 87 APR PN QORI iREn 166 G 6l PRELE R hould be
&I GH8END FetdMaOndTPARD R sRIMET SEWE tb %encﬁﬁﬁy@d @@ﬁ&&hmmn the

problens in a direct conversion RF receiver.
PRASF AN i WeriRoMerdresholds  The (Rifngain iaéluatn@mbsxr@qﬂssaashoyld

@@ue@ufat ewle rr@ai%eﬁihgqnethétwogamg sfueﬁ t!%“sﬁt?%ls”@@? rdshitdn a

renpval node. Alternately els

%ﬂSﬁE?? \RP‘B%"nW"‘%&’ée HPRE @y@esmwa%a@d mits willle®taeault in

dPilgesdith ﬁltmﬁlfﬁelf'@mh%%lv%ﬁbom ment the receiver is
| ocked in a nmode when it is determ ned that a

packét fige- iﬁ’ei%ﬁd”?‘éct@l {egProgeess Ve Wwhendnsariest prygats the

di:m;v@méﬁﬁdrféwRﬁgﬁﬁﬁheﬁc—bﬂtﬂolhg\f\%ﬂé &ﬁn@% Crfhiy iRButli® abBdriad
0 directed to operating receiver

‘@?ﬁn ﬂ@ng ?@tﬁd‘%aﬁﬁe@@ n‘t‘ﬂije's E?GﬁWi”HLPaI\’PHﬂ purgh KD (Ryder to

dvor @uaﬁ)ﬁbami tm&,&f\f&@@:gﬁﬁﬂ Hdviel, iD QWRE. sitBRbrRNI ¥he signal
ass node when baseband

hing to th
S%Pf‘@@k é%%élgfe‘kﬁfvemantf\'r &@%erzs@"m@ﬁ f@dmgmtﬁﬁmngoﬁigﬂﬁbmmh

waalid pgaiens v@rdereb@;@tiﬁnr 6the Th@sPHERE mécewéa? & B thealisGul to
row des receiving a signal transmtted in

Bt e e RpigTh B e IR e SRR e . ¢ he

met hoanearept iestirigionsr 1He S ofbet ARES D%ﬁél%\n}éh%v@:a block of
device in cl ose-to cou

e ver DC&?A\
YTDkI 7 B GBS BoPYPPEROIS A AR ¥ $9RS i optsin an
eema@ off e ffsdt! BY BIbRIird thet Megrittdd %\ﬁb%ﬁ defthé Neand Q

sugngps ttéj preod%e [a)aci"a(\?vf E)gv%r ees)%lcmeaetg SC)S %Egtrécr'z:{‘ug Sthe effect of the DC
offset from the raw power estimate to produce the true signal power estimate.

Subsequent removal and tracking of the DC offset from the baseband 1
and Q signals is required before its use in further stages of modem processing.
This can be achieved by using a simple high-pass digital filter with a very narrow
stop-band around DC. This filter should be re-seeded/initialised whenever a step
change in the DC offset occurs (when disabling the WHPF mode).

it will be appreciated by those skilled in the art, that the invention is not .
restricted in its use to this‘particular application described, neither is the present
invention restricted to its preferred embodiment with regards to the particular
elements and/or features described or depicted herein. It will be appreciated that
various modifications can be made without departing from the principles of the
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tracki ng the baseband signal power (wth the effects
of DC offset renoved) and initiating RF signhal path
power falls outsi deCDAU2006/001201
upper and | ower power linmit. concurrently estinmating
the DC of fset and signal power in the baseband 1/Q
signals fromthe RF receiver device. Preferably, the
met hod further conprises thé7step of inhibiting the
above nmentioned changes in RF device state if the

dvepen-at dierstag dha dventien sheuld der saddrstond) ta inelided all such

PesdiRiatiord Witk RS 8&pel NVeNtion in one enbodi ment,
cont i nual I% make estimates of the DC offset pr esent on

the bRedBalRls Inventianyhap sheem deseinedr inesbhygctihewith specific
@mh&%@@t@%f PRV b@CéMH]%r%%fodCﬂ{étCﬁ’“i%ec&@Jb‘?& of further

errors in the baseband ower, so the 'sigha
jcatigriglr divisn epRiigatinnd ish intentied stoeebven angnvaratioms uses or

@Bé;ﬁﬁﬁéﬁwsoéf e ifehist fc!l!f:w&{%‘;g WF lliﬂjl chle HGn8fi %\%@ on

éeeds some threshol d e| ver shoul
Nd SoMRrising sHohclereriyess fremothgl prigseid, diagldsurtieas come within

RI%WHE Bﬁ&s&&né@%r&@cé %Hﬂnetqe %ﬁ% wrhlicfh thb %\}%ﬂﬁ‘&p ﬁ&?aéns and as

S|%na power is less t ower
éﬁlp&?d Pﬁaﬁeaﬁﬂnayﬁe@tumemw@@m tortht hen t he RF

si gnatks I@Iﬁ’é fbr&s’%inﬂ iSeAHbE tﬁ&y ) H%S&g&s t_@é\}éﬁﬂ fmﬂﬁ? without

ase g naI ower to nom na
’Eﬁ) ¢ %l spiguRfrthg @ﬁﬁﬁmﬁh@f&mr@ycs mﬁ@empwamom it should
D&l uHGArEBY tikt WLV %@Er@o&f@%&%ﬁ@ﬁ% aﬁ‘@n ﬁ?tf tb 'ﬁﬁ* it the present

settjng of the RF gain i s such

'Pé%ﬁ'ﬂof" Hess BH@@H% SPeeiied. bttt mithert fﬁ@ugb bercanstiugd eradly
witvie thd ap#it bhdistSpanbf iheﬂﬁ%erﬁi%ﬁ Wt déﬂﬂe& QRS éﬁéémieﬁ claims.

age-1 nhi bi t i nput

thin th&?ﬁ F recei ver
%r&@égom tigRs fRe savivalent @@anmg@ ipteedet ¢y e included

1# sserted denodul at or has det ect
F&"ﬁ’é’g@“%ﬂt%@featom Lﬂﬂﬂiefﬁj%q to henillgstepdive pbthevioaaly ways in
wimsﬁ e paritigds b Ber R éﬁén‘t’ﬁﬂ/eﬁh&{‘ﬁ‘tlaﬁ HEQWaNRled. 1R 5@ Biowing

@%tuatlons if the signal strength increases

'Ri freanTplys-iysstiuhtdlasey aree 'ﬂ@nﬁﬁ?ﬂ i ot @pFer istyctures as
Fﬁiri@ﬁﬁﬂngVYﬁthH‘eﬂh@G”fdncﬂbﬁV% n\éﬁ'oh@ 5&?&?&! @8UI9£§6F&$ but also

burs ei ng recejved) it rmé1 be "use to can
SAUPPER SBUrtutes, e%%”p?’faéﬁple»aﬂ opgh énapl end eserge may not be

spﬂ@t@r@ Sequiv@INsH e ﬁﬁate§themabh19lby9f YfindreaPrbliisde #'decure

\mam tmﬁﬁnt%d%oﬂe éﬂfﬂ'ne[?ﬁ:véﬁ?ik’lﬁ laha %pBQﬁd’edCaéﬁ%esr he. é?!&r% the

~ ver a bl ock
woo%en pa@tsmggetﬁer whereas a screw employs a helical surface to secure
- wooden parts together, in the environment of fastening wooden parts, a nail and a

screw are equivalent structures.

“Comprises/comprising” when used in this specification is taken to specify
the presence of stated features, integers, steps or components but does not
preciude the presence or addition of one or more other features, integers, steps,
components or groups thereof.”



synbol s can be perfornmed by: A) Averaging the | and Q
signals to obtain an estinmate of the DC offset. B)
wo\r@ragpsnyg t he magni t ude squared of the | and BLT/AU2006/001201
signals, to produce a raw power estimte. O
Subtracting the effect of the DC offset fromthe raw
power estimate to produce the true signal power
esti mate. Subsequent removalB8and tracki ng of the DC
offset fromthe baseband i and Q signals is required
Refesenéssuse in further stages of nodem processing.
Thi s can be achi eved by using a sinple high-pass
diﬂi tal filter with _a very narrow stop-band around DC.
hilsAf5qiqsarthsWiatess Gemmevisationad/Gamtridas Daiversibhemeesy @00%

ﬂ[{'g F’{Eﬁg’?&%@%abiﬁi @%?&‘egg &@Egﬁ;ﬂ&ﬂ@t e?g%g&'ﬂﬁxﬂl Sa?te%ical spec-

skill in the art,” that the invention is not
r é@tlEEEMkmme@ 80801 ‘Chiaimes mpawts foe IHEE 820l MBWAIsgstem sim-
des cHatigesl; Reedd, H\é?v 280% he present Invention restricted

t odi nent wi,th
B PR Rl *ﬁg? ERTBI Al b e e 5 e
dep| cte ere n be appreciated that various
nodi fications can be rrade wi t hout departing fromthe
pli AEFpPEST bVG NEER A BP DA 1a-THEK IR Patthid: Wirelers LAN Medium
s homCHE%é?OaHa'éMM aad Poysicatlavers PHIY) spsgtibatione Hidheswek o Rysical
Wit I#F’Y‘Ffl"’c@‘?@éb‘ﬁ%%%l le this i nvent| on has been
des ns{a Wby? les% LA{K? R/gl TRN03 e Controt
ﬁe”@ﬂé)ﬂfgﬂ’ n' u? IL. erﬁﬂ e((),% ttIon F@nntﬁﬂq egr gf&er Data
to cover any variations uses or adapt ations of the
i [RY &FHE 802 fedNGo\AEEfg StdrBOgelSet0al, Parties: pirimetdek &8 Fokd BRRdband
i nvé\ﬁrteie@w\ams@ﬁpméi ng such departures fromthe
sent dlg €8S £QITE wi t hin known or customa
APhe 16 g N

fh % héVphily WisfessMAN
pertalﬁr@@r eel'gerr%org O%ﬁéﬁéﬁg qn ??‘i‘é’“@éggntlal '

f[eptaﬂsewztmwenbata 1802.36 Vb Bulazad&%dtvhi?el&fs%%&s (MBWA)." [On-

| nviERglitpo/grapehisecolaphed/son2several fornms w thou
departi n?qfromthe spirit of the essenti al
N

i § c¥WQf Chanmshy Madelen, foi t FisetbuMdrelses  Applications;”
. undm'i?%@ AP 158° RETYRURRAIET BB e CaivEn1E7e-81 891 pdf.
not to limt the present invention unless otherw se

specified, but rather should be construed broadly
within the spirit and scope of the invention as
defined in the appended cl ains. Various nodifications
and equi val ent arrangenents are intended to be
included within the spirit and scope of the invention
and appended cl ai ns. Therefore, the specific

. enbodi nents are to be understood to be illustrative of
the many ways in

[On-
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whi ch the principles of the present invention may be
practiced. In the foll ow ng clains,
wore@n®235bus-f uncti on cl auses are intended to CPUEAU2006/001201

structures as. perform ng the defined function and not
only structural equival ents, but al so equival ent
structures. For exanple, although a nail and a screw
may not be structural eqU|@QIents in that a nai

| oys a lindrical surface to secure wooden parts:
Th SLANS DRFVIBES THE SUVENTEN ARFSAS FOULAWT sur face to
secure wooden parts together, in the environnent of
fasteni ng wooden parts, a nail and a screw are
equi Pamethod i tiaekig dime Venins Fassplsost MIPIRsS RARKSH based
dé%ﬁﬁuduéhtnbﬁhfétm%ﬁ@@drﬁbﬁé%g @8 steépsigrken to speci fy the

presence of stated features, integers, steps
conpéaeisaaest gpeshaprel pasmelgeinthe t'meé%%%e ﬂb?ccordance
WAL AQ8 rQfred® Morilhe other features, integers,

steps, components or groups thereof." Ref erences [1] A
Goldsmth, Wreless Conmmuni cat i ons. Canbri dge

i varskhyq Bs %%ﬁnedzppéam{ 2wt any 55@6?’%&51@&'&6?\ of two

access networks (BRAN); H PERLAN type 2 technic spec
qarf MOAR | RATRMERIES i8¢ rg cF‘“IEW) indiyjcsally ‘ﬂu@ccoidﬁme F PEERHO
%(egélg,ga@,mm, 802. 20, "Channel nodels for | EEE 802. 20
WA system simul ations - Rev 03," Nov. 2003. [4]
"Special issue on codes on graphs and iterative

Al gorAl rhé‘tﬂ‘éd blEﬁ%dﬂhQﬁbﬁm‘ NE10F WherEtEBE Eara\hﬁétersdgre tradkedin
| EEE 802,11 W5 "I E

l E Std 80 1&%
q@E@@w@m%@w atpagyt three owneépmnqmawetﬁrw% gd

Cont e@hp(mnﬁadxrﬁam&@ier bapeRfrierPHY) speci fi cations
Hi gh- speed Physi cal inthe 5 Gz Band." [6] ,

" | EEEhagepigbder Q2 M@dé’bobart 11: Wrel ess LAN Medi um

AccespisEdativee! (I\/AC) and Physical Layer (PHY)
speci fications, Angndnent 4: Further H gher Data Rate

Ext eREDHRIMRGERBIIoNSet Gy Band. * [7] | EEE 802. 16 WG

" | EEEoRbi@dn&OEnd 6- 2004. Part 16: AT Interface for

Fi xed Broadband Wrel ess Access Systens." [8] , "IEEE
802. $6hara8se BB (Mbbile Wrel essMAN), " [ Onl i ne]
http /' grouper.ieee.org/groups/ 802/ 1 6/tge/index.htm .
[9] I EEE 802.20 W5, "I EEE 802. 20 h/bbl | e Broadb ah
4Wreﬁé@@th%\@@éw'mﬁﬁmﬁa‘mﬂdl qrn%}rv erein tracking each parameter

comprises the steps of:
modeiling the parameter as a sum of three other parameters.

5. A method as claimed in any one of claims 1 to 4 wherein the auto
regression algorithm comprises the steps of:

updating a CEDB state upon decoding a received signal such that a
fraction of a raw estimate, derived from a current received symbol and at least a
subset of previous transmitted symbols, is added to a complimentary fraction of
the CEDB state. '
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http://grouper.ieee.org/groups/802/20/. {10] |EEE
802.16 WG, "Channel Mbdels for Fixed Wreless

we\ppliozssd ons, " [Online] http; PCT/AU2006/001201

/' grouper.ieee.org/ groups/8&/ ' 16/tg3/contrib/ 8021
63c-01 _29r4. pdf. THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE
AS FOLLOW 1. A nethod of tracking tine varying .
channels in a wirel ess packét based communi cati on
network conprising the steps of: tracking at |east one
&hanemethodasfelragkinontim &/arying: Caaingis in a vekelass fucket based

A AR RIFAESHBHGR, fledadd m 2. A met hod as

ereln any one or, a combi nati on

of t wrvisingros CHIR andate sfuaption @@ékédFEﬁdﬂecqﬂ%ﬁwnpm, in
nalgorithm 3. A
ARG AP PRk R GaESTNSY, 7 001

wherein the
paraneters are tracked in a CEDB and such that at

+east Jnta{ 8 a%fcité.ﬁnpf;@bﬂawa%&@han@m@ma r%cé§sﬁf§;k£§onthm

Conpl ex Channe (per subcarrier) Phase
eofipsises fherfoloing sigatiol Noi se Power OFDM t | m ng

e”o d@f&ﬁge ﬁ%sém?ﬁé ra%esea%maaq vims%mmg a%haﬁnex

as C ailmed IncC wherein track |ng
@amtqa@r ayrebelf ugioarprseserd dm@dw@ﬁymbol itbdel 1ing the

par a%\ﬁ(ﬁn@% %e@d’%‘ abcddmE s °§ylﬂﬂ:fol ﬂa’sﬁ/ﬁﬂ@tp?i&otmé a Achannel

met hod as clainmed in any one | ai ns wherein

qstimataios syrabe! éssysng ﬁﬁeéﬁtheﬁﬁﬁ“ﬁ%%fmn@é‘ the steps of:
updawhage.@ u@ﬁ@% éé@dﬁ@@fva ssi%@ﬂwﬁpr@seg %aaf@dofsa mhner

such that a fraction of a raw estinate, derived f

féﬁsmaéwiaﬁaee@ Ve gnmpdited Ymea! eﬁ@agieséorénwé’f\b%fﬂetermmed

LA tﬁggm,tted synbols, is added to a
Hé{)n'pllrrgntary fraction of the CEDB state. 6. A nethod

of tracking tine varying channels in a wrel ess packet

Based ey bk GRlihedin Q5INPT LRI tHeSEMthnbNestmicR® Bavbase is
providing a CEDB update function and a FEC decode

yngatadi ip e ﬁe%@fﬂpﬂﬁ‘ﬁééh@\f"lshd%oﬂlnﬁel i ne processing
al gorithm

9. A method of synchronizing packets arriving at a receiver in a wireless
communication network the method comprising the steps of:

receiving a sampled packet input sighal;

determining a complex representation of the ‘sampled input signal

performing a delay and correlate calculation to form a first decision metric
for a packet arrival time such that the correlation comprises a first arithlmetic

operation.

10. A method as claimed in claim .9 wherein the first arithmetic operation

comprises an addition.

11. A method as claimed in claim 8 or 10 wherein the step of determining the
complex representation comprises the complex phase of the sampled input

signal.
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7. A nethod as clained in claim6 wherein the pipeline
processing al gorithmconprises the foll ow ng steps:
w@e@vioghsng a first decoding of a received synbPCT/AU2006/001201
while predicting a channei estimte for synbol i using
a second decodi ng of synbol i-1; providing a second
decodi ng of synbol i while predicting a channe
estimate for synbol i+1 using the first decodi ng of
synbol i. wherein using a decoding of a synbo
1eonpAi method pufatyinclgroofzing Eivketsehrrifisy i atea secaraabase wireless
~using.transmtted s j .he synbol
088}’%?’.'%1351%’& n%iyvo&%gdﬁ %@8‘{’ P}@ﬁé@ tﬁg Sge%/gtf'rret hod as
cl ai partbriningca fiistraid alsecaidrcatdugatioh imansiordagice mithe method as

dat abase jis u [ he step of providing the first
Cgaéf@‘aﬁgl'h%i“.y e ‘%%??ifsggéggﬁ synchroni zi ng packets
ar r i gétegniainga difeenue befween tive firet axb seamthoalcsiiativanto form

AR e o TR Yor SRRk AR M, 57 TP R o ol ex

representation of the sanpled input signal performng
del cQfr I I P ;
et STHPALES Perper no Rzt fhophl BaRubli T borperises
4 talaycand ebradlatercatminiionvdera te daday isrlesshihanitoe corresponding
er at.i . thod as clained in claim.9 wherein
(feﬁaé' o?liliegiﬂstacr]a?ci%éﬁr\gﬁfc operation conprises an addition.
11. A nmethod as clained in claim9 or 10 wherein the
tep,o el:m. ni ex. Lenras i i
Bonps 0elo} K LRcARalE SRS A RB AL Tt o wircless
cohgmmicalien n&woet thednethod peroprising thie stprsatket s arri vi ng
at a ' i D@ W 0 AT RO i hbdkbe
et 3t ERsRR o She By Pt SRR AR M g &2
chaimed ondaiced ol 2sidrihetreash decidian meti efithe apedhidated et

|.aiyjed i . ' 9 to 11; deternmining a
G%F%défae%ljgget%@f\ﬂggﬁw%hgﬁ ?érf% " and ‘secono_l cal cul ati ons
t o fdetmmainmgctbadeatirst sindriatest dedsionmedrigm adtararaguekio a
’}’ée’{m“'a]"%' A nethod as clained in claim 12 wherein the
S

cond ‘caltul ati on conprises a delay and correl ate
cal cadtatrnioingveh paeket lagivdbliong dogreb inchientheheidpoint between

FOELRER MG st decision metrics.

18. A method of cérreiating a received signal in a wireless packet based
communication network comprising the steps of: . '
quantising at least a first and a second signal component such that the
signal components are represented by a first and second one bit reference,
respectively; ' '
performirig correlation operations on the first and second. one Dbit

references.

16. A method as claimed in claim 15 wherein the first and second signal
components are, respectively, one of;

a) an | component of a test signal;

b) a @ component of a test ‘signal;



delay of the first calculation . 14. A nethod of

synchroni zi ng packets arriving at a receiver in a
woweelozass4 conmruni cati on network the met hod conpeT/aUne6/001201

the steps of: accunulating a set of decision netrics

in accordance with a nethod as clained in claim9 or

12 such that each deci sion getri c of the accunul at ed

set exceeds a predeterm ned?t hreshol d val ue;

determ ning the earg i.est and |latest decision netrics

t hat Chr e WFAMRCHERt HRAERIMTLEIMAY, deternining a

packea} arg Quampohert aferreespereijnag to the mi dpoint

between the earliest and | atest decision netrics. 15.

A nmethod of correlating a received signal in a

W. I e Aepisthpa adf edontrassicatihgimun ivrales o paniedtvigasied caompmirséatign

t he steps. of: uz%ntis'.ng at least a first and a second

%qt\/éq{gico 8%'&91%%19’%% ‘that the signal components are

repr gnany edidnal forf frargdimiseish sediondetonek bitd at édast eme distinct
respectively; perform correl ation _operations .on
LRy ATS oo b RIS ' B e SR e AR BF 4 e
deaigiafl in claim 15 wherein the first and second

signal conponents are, respectively, one of: a) an |
conponent of a test signal; b) a Q conponent of a test
9, gnAlmethodas clahoapiardain 10ffugher dobidiredthsistapadf;, d) a Q

t..of [ved. Si |, 17 f o
commiRatPaGR FES°he SioBal S nenbns, QEdor Sief lreogrisgin
fregjuamaykireo i riésst ngot drderstaepsheréin arcki agernss coraspohds to a
transm ssi on on ghe network into at |east two distinct
r{af,%eaﬁ\éen@@mgg?%@ LYY 0 provide at least two
transm ssion frequencies for the one signal. 18. A

t hQd | ai jn clai furt [ ' :
B R0 hebRhd A 7ot Je P SRS e ddt
one feeeivingodadhr wersmited eignélr@gueneyt & amecdivdraasiprising at
lggls n(p %Spa‘?@t raeﬂtgnn%%cvt\}hgrgﬁe&%ﬁ a%?ernrngsc%ﬁ)r%gﬁoﬁo% @ a respective

transmission frequency.

20. A method as claimed in claim 17, 18 or 19 further comprising the steps of:
receiving each transmitted signal component at a receiver. comprising at
least two independent downconverters wherein each downconverter corresponds

to a respeciive transmission frequency.

21. A method as claimed in claim 19 or 20 further comprising the step of:
combining the received signal components into a combined received
signal;
demodulating the combined received signal.
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respective transm ssion frequency. 19. A nethod as

clainmed in claim17 or 18 further conprising the steps
woReo7ozased vi ng each transmtted signal conmponePCT/aU2@6/001201

receiver conprising at |east two separate antennae

wherei n each antenna corresponds to a respective

transm ssion frequency. 20.. A nethod as clained in

claim17, 18 or 19 further4éorrpri sing the steps of:

recei ving each transmtted signal conponent at a .
22eceﬁv@pfc?'@gn§ﬁ icdqimgd o elainy 214 Wge'ieﬁbl r?geé‘nf’? demodulating
cHRpnsQaverters wherein each downconverter corresponds
to a respective transm ssion frequenc Egrg] a

. 1. A,
b CrRbRIGE e SIS AN B0REPORET CHBRTRS SRy,

CHaBRel Hstin R BAAbAYS HPBadEReENRE aptciinato GRNEmisingd rdcaived
a conbi ned received signal; denodul ati ng the conbi ned

sigséki ved signal .22. A nethod as claimed in claim2 1
wherein the step of denodul ating conprises: applying
channel estimtes and noi se power estinates ob%ained

26y orPameeings FTEfuiNe 2l REalk ClBRS HC P ec ¥gisiY each

t2RLRARRE dighal BEMESHEMN REFpFHSSES VaseinaNddnal 28mpénareinlithche
as clainmed in any one of clains 17 to 22 wherein each

C
sergrEaeredoseaphdrans BifRsRgna! EURRNe®Es a baseband
signal conponent with the sanme frequency for each
transmtted signal conponent. 24. A ne d .as clained
2t oy eHB0RS IATRE T/S0G 95 Gk Uadh 2 ahefi cagh
t5heMtled GRFBPERAoNeATRIMGRSs SPaGEtihé BRCERINPRIF neitdhing with a
mat ching with tching s a]ce ti %(fle o%er iLn
reiehing ﬁ%ﬁ}l%@%@ﬁaﬁ 'Q@P%%tfﬁeVﬁéSQﬁggg W&'P NeJECC e et hod

of conmunication in a wreless OFDM nul ti pl e access
packet based_communi cati on network risi t he st
2B Hroeas 9l CamHARIaR I B ureiessiat O muliple afcdfs Padket
bb%é@éé%?hﬁi@aﬁbﬂrﬂetm@fk@gjnﬁtbmggthe?stbbegdata fij e|t dis la(\
non-cont i guous string djstri about a c .
26, WOMEITo8 s RIa ey 1aia el 58 Qe Brityh o Pobket
WA g dats Helki€a dah-aohtigtlods iR distribaiiadl gvoet &xiafaqpacken
pl aced at the head or front of a packet and a suffix

portion placed at the tail or rear of a packet.
26. A method as claimed in claim 25 wherein the redundant cyclic data field

comprises a prefix portion placed at the head or front of a packet and a suffix
portion placed at the tail or rear of a packet.

27. A method of managing digital data processing resources comprising the
steps of:

providing an interpretive shell for communicating between an embedded
system device and a remote PC wherein the interpretive shell reads user input
data and interprets said user input data in the context of a programming language
so as to interface digital instructions between the embedded system device and
the remote PC to enable the remote PC to delegate a portion of the PC
computing resources to the functions of the embedded system device.
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27. A nethod of managing digital data processing
resources conprising the steps of: providing an

enbedded system device and a renpte PC wherein the
interpretive shell reads user input data and
interprets said user input data in the context of a
progranmm ng | anguage so as o interface digital

i nstructions between the en‘?edde, éystem_dg\éi ce qub d
Bre Pemstiodpe! fesedigh? SIGRE FRRTBIEI P ¢ §gErR PALECtPase

RRHRELBH nehforRGhe aEmYd daenprisimgttic seps of:t he functi ons

of the enbedded system device.28. A nethod of

r ecePREAENGASEERIE N 2 BistMPEed in a wirel ess packet

bas eghorReRAY Fealvied Righal dMkdcieristies tRtdtethine Wivetiwir tige Sibeal
steps of: operating,a recejyver ird a first node;
dharAciasielivigerceediaRsaieieginad Beshalg cariiietcs to

det egwidHngViiRt RsveivieR@o 8i @ohd elvaedie ties ipfddeasminedeticbshold
predeterm ne(get hreshol d condjtion; sw tching the

GopgifipR isrexcgedetecond node if the predetermn ned
threshold condition is exceeded. 29. A nethod as
claimed in claim?28 wherein the first node i.s a .
Bubs dRENaF 135 BRIMedURcRUN R qEhesRin 6{5%%‘553 mededn g ghatantially
SCeosledPRRId 5f apBiation bRethd esbtl nivddeis B0OC Affsatramdval
as clainmed in claim?28 or 29 wherein the first node is

"8o9%ar r ow band nmode and the second node is a wi deband
node. A nethod as clained in claim?28, 29 or 30

3 1.
wherein the receiver is |lqcked in one of .the first or.
Socofmabassarameai Fain 26 &F 4P et ot §/shQereis h glirow
R Mo deeifi the Becd médaiahaidelndndredd.vi ng a si gnal
transmtted in a nultiple access packet based
comruni cati on network, the nmethod conprising the steps

B . ppAsiabi g ciaifEd retginas, 20 ev 80 evhereia treubstiantis mkked in

DC coupl ed node. tracki ng baseband DC gffsets _in.the .
G YRS Gnsitcont e g L RS NEHen B JppRst,t Being
reedml strategy if the magnitude of DC of fset exceeds
a predeterm ned threshold. 33. A nmethod as clained in
claim32 further conprising the steps of: tracking the
FoecejvgdtHrasebandivirigoaalgnabtensmitted in a multiple access packet

based communication network, the method comprising the steps of:
operating a RF receiver device in a substantially DC coupled mode.
tracking basebénd DC offsets in the received signal; ‘
initiating at least one DC offset removal strategy If the magnitude of DC
offset exceeds a predetermined threshold.

33. A method as claimed in claim 32 further comprising the steps of:
tracking the received baseband signal power;
initiating at least one RF signal path gain change if the signal power falls

outside of an upper and lower power limit.

for conmuni cati ng bet ween BOT/AU2006/001201
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initiating at | east one RF signal path gain change if
the signal power falls outside of an upper and | ower
w@owe215641i t . 34. A nmethod as clained in clai mBGI/AU2006/001201
further conprising the steps of: concurrently
estimating the DC offset and signal power in the
baseband 1/ Q signals fromthe RF receiver device;
i nhi biting RF device stated46hanges when a denodul at or
of the receiver indicates that it is receiving a valid
JackAtmetB&d ad\claimdod chkdm SBdinted comptsiag thesstens @
wherei n ph ' t i
et noerBo RS e Ry i £ B3R ST BRAE Eivkr e Baseband
Kbsighaisl fraiaDBe 8Fatescivey degieki ned with a new channel
esti .3 r S 0 Leat e 4 ;
i r el BLng g E RS bl EEE: Bhehth SRHHONER & el réolver
indicgies thiahig s receideg sorlidrpacket.adapt ed to operate in
accordance with a predeterm ned instruction set, said
apparatus, in conjunction wth said instruction set,
%1 ng mdtptieas thainpet frockina Smet Bodvhergomiiaag offselaisytranked
of Clt ims 1 to 36. 38. A conmunications network
FPREPN ng t he apparatus as clained in claim37. 39. A
conmput er program product conprising: a conputer usable
di ym ' ; i
Bl 2 B Coiah e ST R R A R TRoD st i
doatbireaimwitima oaw chgnriehesgtimmte.el ess communi cati on net worKk,
sai d conmputer program product conprising: conputer
readabl e. code within said conputer usable nedi um for
Fer f Appamatystdvaptet thagmmusnicata rca Mirelegs comamipicsian getwork,
¢l al .40, A met hod, apparatus and/or network
S%Oa%%"r%é%%ég?rﬁ@?%@gd. 4 1. A nethod, apparatus and/or
net wprokceser aasisraddpted| to Dpdrale irhagaerdanen atht 3 preglgtermined

ASARIBRGI no dr awi ngs.
said apparatus, in conjunction with said instruction set, being adapted to

perform a method according to any one of claims 1 to 36.
38. A communications network including the apparatus as claimed in claim 37.

39. A computer program product comprising:
a computer usable medium having computer readable program code and
computer readable system code embodied on said medium for communicating in
a wireless communication network, said computer program product comprising:
computer readable code within said computer usable medium for

performing the method steps according to any one of claims 1 fo 36.
40. A method, apparatus and/or network as herein disclosed.

41. A method, apparatus and/or network as herein disclosed with reference to

the accompanying drawings.



