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Throughout this specification the use of the word “inventor” in singular form
may be taken as reference to one (singular) or more (plural) inventors of the
present invention.

20 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

25 communications systems based on so-called multiple access fechniques 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.

30 The inventor has recognised 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



robustness to radi o |links between nodes that nove through hostile
propagation 2 conditions such as urban canyons, and areas of high
interference. Mobility, and in particular high speed terrestrial
nobility, may induce yet another set of2 difficulties for the PHY as
the reflections off the surrounding buildings, vehicles and other
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multi-hopping networks may be especially important since local access and a

degree of backhaul are provided wirelessly.
The inventor considers that the problems of delivering reliable high speed
access to mobile users may be exemplified in Private Mobile Radio (PMR)
25 networks, such as those employed by Public Safety end users. The technology
that may be currently employed 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 of applications such as remote databases and the delivery of real-
30 time video. Third generation (3G) mobile 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



net wor ks were designed primarily with circuit swi tched voice

comruni cations in mnd. In contrast, nodern applications often call
for high speed packet data 3 transfer. The heavy infrastructure and
| i censing costs of 3G networks nmay al so3 make them | ess attractive as
an alternative. It has recently been proposed that wrel ess
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t 0 acqQQ atsd trees, which are referred to as clutter. Present wireless technology may be

able to offer high throughput only at the expense of receiver sensitivity, hence the

cluttered urban environment may lead to poor coverage. Furthermore, the

relative mobility between the transmitter and receiver may cause the impact of

these obstacles to change in time. When the effects of mobility and clutter

25 combine, the resuiting wireless channel may present a significant challenge to the
communications system designer.

With further reference to related art identified by the inventor, attaining
mobility and receiver sensitivity requires high quality fracking of parameters
necessary for improved demodulation. There are parameters which are

30 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 model required for the demodulation of the received

signal is predominately characterised by the following six parameters.



denodul ation increasing the sensitivity of the receiver. In OFDM
systens the frequency domain channel nodel required for the

denodul ati on of the received signal is predom nately characterised
by the follow ng six paraneters. 4 1/ 4Lonpl ex Channel Anplitude (per
subcarrier) 2/ Phase offset per OFDM synbol 3/ Noi se Power 4/ OFDM

timng error/off@ghplex é{]a%mgﬁn%hitg@ggﬁmda}ﬁ@) 6/ Channel Coherence

frequency The conpl ex channel itude may be nbdell ed as the

conbi nati on of 2/ Phaseoisdteer HFPMrsywexipl e, 1, 2, 4, as above. The
conpl ex channe%/ rgngl iiude variation may correspondi ngly be nodelled
excl udi ng phas¥? '3dRG°® tining 10 offsets. For OFDM subcarrier mthe
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subcarriefss and nodels effects such as frequency offsets between the
transmitter and receiver RF stages and phase noise. A third effect

h,,,(t) collects the higherrjat=efphageh 404, 26+ airpl i tiode lvari ati ons

such as those induced by frequency sel ective fadin% and nmobility
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denodul ation of the received . ,
order, the first of these effects 9(m) represents the slowly varying phase shift

across subcarriers in an OFDM symbol induced by FFT (Fast Fourier Transform)
window timing offsets. In terms of modelling a packet channel model it may be
20 assumed the phase shift across subcarriers is invariant with time across OFDM

symbols. The second effect #(¢) is the slowly varying phase shift across 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 % (r) collects the higher rate phase and

25 amplitude variations such as those induced by frequency selective fading and
mobility where the Doppler frequency is a significant fraction of the OFDM symbol
rate. This third multiplicative 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 of the received

30 signal. The inventor has identified that those conventional approaches to tracking

these parameters typically:



30 signal. The inventor has identified that those conventional
approaches to tracking these paraneters typically: 5 Apply
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20 experienced in outdoor wireless communications.

Signals with similar properties to the preamble of a desired packet eg,
Carrier Wave Jammers and DC Offset effects may impact the conventional
systems resulting in unacceptable levels of performance in some cases. False
acquisitions may lead to wasted receiver processing resources and eventually

25 leading fo 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

30 same maximum value. This may cause uncertainty in the timing instan{.
Fine Time synchronisation may be required in receivers that implement

coherent demodulation. Typically a known preamble is transmitted enabling the



Fine Tinme synchroni sation nmay be required in receivers that inplenent
coherent denodul ation. Typically a known preanble is transmtted
enabling the 6 receiver to correlate for the known sequence in the
received signal. Correlation can be expensive when the correlation
length is long since each sanple accumulated requires a conplex
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20 Remote digital resources that form part of and assist in distributed
computing and communication systems such as multi access networks may
suffer from limited resourcing in their own right given the demands now placed on
such systems. For example, there may be limited computing & memory
resources available for embedded systems. Such digital resources may comprise

25 entities either software or hardware for Debugging & Development of a complex
system consisting of muiltiple 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

30 Conversion devices by up to several 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 fypically control the



figure 25A, in conventional systens, this problem my be sol ved by
placing a variable gain amplifier (VGA) in the Radio Frequency
recei ve path between the receive antenna and the ADC circuits.
Digital control systens typically contrd@ the 7 gain of the VGA by
sensing the received signal strength provided as RSSI data in
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20 processes internal to the RF receiver device. In such devices, a wide high-pass
filter (WHPF) may be present that can be enabled to remove this DC offset so
that baseband signal power measurement can be performed. However the width
of the filter may be such that it filters away a significant portion of the centre of the
received signal, making its use unsuitable when a valid burst is present on the

25 channel.

[t 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

30 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



30 change of node may i nduce |arge DC offsets in the | and Q baseband
signals. Operating the nodem and receiver in this way may al so
result in significant 8 distortion at the start of a received burst,
and if the signal power is very low (ir8the case of weak signals)
potentially for the entire burst. Conventional autonmatic gain control

(ACC) al 99idHrE ot fSrtidiaRReNEd &ﬁﬁegng’{?ﬁg sﬁ]@%gﬁ%ﬁi%véﬁg%\ﬁﬁinsthe

devi ce gain, and nore S|gn|f|cantly di sa
only nadecade mﬁweaieelgnab()l pstegttially foribe eaticebdista predet ermi ned

threshold. If th | i
Sonal 9) the CHPSHERG) ABPTRGHS BeCrtudit SRy rRa e Mienor
active fopaddipwHEfAd cRBNg@in mp@@v@k amléadmor@%.gwﬂt%mya@bgbzﬁrﬁg the

the resulting distortion may further dge rade the possi bil
rel i abdy ‘GdiRcmods, amanenedealifdhergeeited ysaﬂﬂaépowr%@@maunres}e’femhmed

vot orm nereai.o 3F ol lonal pbRle? 1€ 336y 1R 1R (18D b dreah e fhe
synchr oni heddrid and; denpd exabéded, feaving the WHPRericleesdivedor $he Elirdtion
| ow, conventl onal syst ens nay tI‘I ger on noi se and unnhecessary state

changes n%fy her aagiat. m“érrnavézzse an@%rqbl@r?é thec@sydingadisktian dnay yrther
Fur t her, Bﬁet@: d%s‘f’cﬁmg%? %IEQBI:){I Td%‘f@&ﬂ@ T fa%ﬂ%&&h&j@ hcﬁgl Rap ket

receive pa I'S unst S g cant “tine perio cor
the i m&emtmcebamily ecagm smdarltdnatreo:@gms@sartha’sennsthﬁs \oas¢, |mfartumtgly, the

| ort ant er nce criteriqn and S ot Om sSe
posel bi 6. RO oRHENGieSof e RIS vk rAI88r Theps OBlerk Asardager | te
this 20 SPRAKIHiISRIAD Bnd®HbRRHUMON Brddi@s! e 1 thRisholPee! detCRil R

or, nmateril al 1 ncorporate her el n Yy reference is I nclude to exp ai I’l
t he cont esanvehtiohal systems inoay trigges lopuheise red renacsissanastatan chandess imay

t hat any a _part pf the rior ase or the
common skl PoRBLAERoHsiR! The teBib Reseiihd SioRiaLs s Eurte notoshpL B
St at es5 of deViddd GA (2iin edhegiae heayOm&din kBEDMBe t ReeRi @Bt Yis datgtable Fhea
di sclosure 25 and clains herein. SUWARY OF INVENTION It is an

obj ect of SIGHECHMetBAL pf?rmxb ntAcasa@rtﬁlagkyvéfﬂ% deerser hinsi gapanised | tak recsier
of the d'é&%ﬁﬁﬂ ages,, of, ﬂ'}p%qte?‘ﬁ ng@?fé?ner'gﬁce |t8”8na§980t5h8g61 not be
Erackifnvg a

i nvention, hod of varying channel's in
Wi rel ess @Hﬁ[kl@tmlbaﬂi,aﬂpOMTBnl cation network is provided conprising
the steps Any discussion of documents, devices, acts or knowledge in this
20 specification, either within the text of this specification or, material incorporated
herein by reference is included to explain the context of the invention. It should
not be taken as an admission that any of the material forms a part of the prior art
base or the common general knowledge in the relevant art in Australia, the United
States of America or elsewhere on or before the priority date of the disclosure
25 and claims herein.
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
30 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.



of tracking at |east one channel paraneter in the tinme domain in
accordance wwth an auto regression algorithm 9 |In another aspect
of the invention, a nethod of tracking tine varying channels in a
wi rel ess packet based conmunication net@rk is provided conprising
the steps of tracking at |east one channel paraneter in the tine

domai n in accorgagssht td%pé@t @Wtﬁerﬁ%% 08 @le8yd to"ﬂrﬂ’a(ﬁd‘lﬂ%%@@'\bé’rying
the method 5 al so renmpves the effect of this paraneter on the

recei ved s:il'@nae!smal ahavirelesst inasket kasede pommdeicetienaeiralini provided

Poventi on ol dHE SEPEE ettty Rest dite: KR PHaRRBEH dhesime
packet basthaiamTARCoRianes Wit werts seqresyivAefdg®iiny. i Prafgrdthg thd Onethod
steps of providing a CEDB update function and a FEC decode function

in  accor @rdemavesathg sierhef phisc dasamgtesl gorihenrgcaived signalhapd then
aspect of JAMERLL oL | JTEEA0 % lonaY RAGLMAN éé%&@?k\ﬁ&@eﬁﬁr%%b mg?gcr%&suan

receiver in a wreless comunicatl on hetwo 'S provi
the nmethadgardhpri ses the steps of receiving a sarrpl ed packet input

signal; 15 determ ning a conplex r resentatio t he, sanpl ed i pput
S e eTh Bt Aok VRS oa Fikitoe O 4Peihg: iros vBb 1 aaNels

first deC';ﬁ'éJWu@?ésrs' Baktidt, i?as%lcl’f%ﬁﬁlrﬁéé’[%'n néM’Eﬁ’k%‘%ﬂo%ﬁ@H éf{fﬁpns:ng the

correlation conprises a first arithmetic operation.
furt het0 aspers obf pioviding | rICERBnepHate c&ﬁncsiyamclandnazFE@ piachéesfunctm in
arriving at a receiv. [ | .gngg:ation network is

in a wWreless comu
provi ded, AR %er}aé’ﬁhﬁc?'%e&?ﬁrmgf’%%s"? of performng a first

and a second C@h%%ﬂhé@ﬁsbébt&ﬁ@@iémﬂﬁea%éﬂhoﬁ dTRiyRBBroRzieky %ébl@@t@(émvmg
herein, and determ ning a difference between the first and second

cal cul at i Giisa treceiyemina & edmiast eonynynicaten inetverk &s ppsgw@@ i vyRieh the

tine. %@é’thgapﬁgﬂ r@?geme Ogte[{)/QV@tré(?é”ivm et A8l ﬁ%@g«{{ ﬂﬂjtﬁ' Bfnal;

packets in"a’ w Feless cofmu

net worts i slegrminithgch compldxsiepgesdniiatiot eftheaanasied patsigreal cargkpedbrming
deci si on é@ cS in ac ordanc W th met hod = as  di scl osggr herei n
such that & ﬁy@@&%ﬂr teetalcWatian ionferaica fimidecisipr letrie iy dopacket arrival

predet er mygpeds iy @%%@cﬂﬁél‘éﬁo A8 ZLe i st Qﬁthfr‘?éﬂc' cﬁ%&aﬁ&ﬁj | at est

decision netrics t areeua to a maxi mum va determ ning a
packet 30 arriVala stihdudber aspmtdmmglventlmmea mndihoidnof beteteenizirge packets
earliest %nlgvnl'lg?taetsg gggen?eropn a wireless communication network is provided, the
20 method comprising the steps of performing a first and a second calculation in
accordance with a method as disclosed herein, and determining a difference
between the first and second calculations to form a second decision metric for a
packet arrival time.
In yet another aspect of invention, a method of synchronizing packets
25 arriving at a receiver in a wireless communication network is provided comprising
the steps of accumulating a set of decision metrics in accordance 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
30 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



metrics. In a still further aspect of invention, a nethod of
correlating a received signal in a wreless packet based

communi cation network is provided conprising 10 the steps of
guantising at least a first and a second signal conponent such that
t he signal conponents are represented by a first and second one bit

ref erencepe ét@@@%?tq'g‘éﬁ{ié’in%?éﬂegﬁré RIENT 5%@&85@%@%; Q;gg{ ecéeﬂ(E;%uEIﬁ‘ that

the first and second one t references. fur
i nvent i onther sighalesorapomeritedarefrepmaentect by ianfirst mnd sedonel @ss bijaekaence,

based icati t K . i si.ng the st f mxi ' l .
o SorTRSBe B RSB B BT B S et 55l B 40 o B
bands sorefsrebgerovi de at | east two transm ssion frequencies for the

one signal. A further aspect of invention provides a nethod of
comundcat i on Arfughen @speelep vveotiom pravidegl 2 raeibedsohbaereunieaiing in a

cyclic aarhoRsBRatRE( DESE EhBi it R ILERR coPRRE) B Sl oMo
field is ggnainfoeaminsalistion ohrthathativeit inutagdeadiawo distisdtafraaiel.bahds
further aspect of invention provides a nethod of managi ng digital

data pro¥edsingrevide at least enispnamisgianHesqiansiesdor froponelsiggahn
interpretive s I Wé.' ting phet : e
device and a r'g%hgggésa%%r gf)n trﬁggﬁréljérglgfggt%g&gﬁgl ?FP@& S d(zéeltr%tn i a
i nput 10latwireleds IOFRKpnealtiplsaccessseckeh pased abmmunicdtios metnbek tompriging

rogr anmm | anguage so as to interface digit i nstructi,on et wee
Phe enbedecrte) HlapuEnc e BAUnTad P thEelb A ABSITIEs) SAtR pocka
to del egajReiPMHd i fRid Fshﬁngﬁ'-c%%ﬂgb't?thé‘ ri'iewgﬁﬁétﬁsﬁt%dtébddi% cﬁé’cﬁg%]a'c?%

of the 20 enbedded system devi ce. urt aspect of 1nventi
provi des a metAddrtbér aspedt\wifigventiingpedvidas amethodeof nanaginior digigslsdata

packet based co nication network, the nethaod .conprising the s
b oper acT RGeS PR ABFORPSF ol T AP PG b ELrpstve, Fasibfor
char agt er dgrhintMidating iedwBbn anbRbBaded RYssing dalice @i atrerdié IRG wherein
exceed a 25 predeterm ned threshold condition, and sw tching the

receiver e intesp@divg shellaeads L{Sﬁé.ifﬂ}tédfé’ﬁ@laﬁﬁriéifrp'fﬂ*%§ﬁi§i gsefoRaut datg in

| SocxSeedl okl bPS RsnsEimlh GRUERLE O Rl UAeA IR nprons

communi cabetarendhamribedda systbinodevioaandsihegenitie @ s eviableptireatamote

a RF rece[!)(\éetro c?é\e/g:;gt% é%o?tic?nug? E:r?en}:’iCach%puting resources to the functions of the
20 embedded system device.

A further aspect of invention provides 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, monitering received
signal characteristics to determine whether the signal characteristics exceed a

25 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
tfransmitted in a multiple access packet based communication network, the
method comprising the steps of operating a RF receiver device in a substantially

30 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.



30 DC coupl ed node, tracking baseband DC offsets in the received
signal, and initiating at | east one DC offset renpval strategy if
the magni tude of DC offset exceeds a predeterm ned threshold. 11
Still further aspects of invention relatt to apparatus and/or
comuni cati ons networks which are herein disclosed. Further aspects

and preferred aspeetherbSpsits of PRAMALILA réBR &PESHArhRAARTor HARINications
defined in the appended clains, formng a part of the description of

the 5 inv@twpds. whinh aseineeciofdigeiggsdcal Layer techni ques stenm ng
fromthe prese i nvention y. be utilised for delivering.the |ink..

r obust ness and%ugﬂgqrtqgﬂetcgs ?gﬁd?'?g%’redf gﬁp_?\ﬁgtfse?r&&'sﬁhﬁ?p-'ﬁo Si ?‘Fbe_cﬁfg:@it'Bn
net wor ks. driti/@Maehdteit thedhppSeddd eremt, farivedtd part dfipseddReibibAuUFIhe
may include: 10 State of the art forward error correction coding,

e.g. Turbo"des: Effective exploitation of space diversity through

t he use of nul t «ant.en il L\, d Ltation. of ]

diversity, bei r?:;r@r :Séjll I 3t9?ar?$isr|%§d L?ﬁ%%l}gﬁﬁ%%%%/l %gﬂﬁ'ggu;@t@eﬁhfaagﬁsn%nt
of the radnertivannal bealtiveed fovodidiveaag tihelinkrpssustihessspae denditidtigrouired
a cluttered coverage area. The | ast point may be particul arl

. [ S . y
di fficult TP VHENPEY eWIUCHRRRING | T§RIG ineWerkp-  din @mbrfinests ointhe pregent
signal s, ag ; i seabl e data synbols wth
wast ef ul E’?{Y%'ﬁ%y%é(%%st,@‘:@ﬁ'gg% hﬁaﬁ@gg@gghce with | EEE 802.16e. This
may bel0 20 al sdtate dfitherasstorverd éimot cdreaction dauling,e.Gal ety eudsusers.

Ihe P esent | SRR, BRSELSR S RReE SheRRySRRNER IS OIS b

sensi ti vi tantéihs; ef f ective packet throughput provided beyond 200 nph.
25 Further scope of applicability of the present invention wll

become appar entEffefotiven exploifriian oé dtimes divepsityonbejng e reashly e ffarcedr through
However , i@;@@ful d be understood that the detailed description and
specific exanples, while indicating preferred enbodinments of the

i nventi®n, ar e Agicvedtebyasting @f thelradio ahaamelofdivecdi NGdey ki E$ move at
changes and nodifications wthin the spirit and scope of the
i nvent i on SReef thssighgaut a cluttered coverage area.

The last point may be particularly difficult to achieve without significantly
diluting the transmitted signals, by replacing a proportion of useable data symbols
with wasteful pilot symbols, e.g. in accordance with IEEE 802.16e. This may be

20 also of interest to the likes of Public Safety end users.

The present 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.

25 Further scope of applicability of the present invention will 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

30 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



30 apparent to those skilled in the art fromthis detailed
description. BRI EF DESCRI PTI ON OF THE DRAW NGS Furt her discl osure,
i nprovenents, advantages, features and aspects of the present
invention may be better understood by those skilled in the rel evant
art by 12 reference to the follow ng description of preferred

enbodi Tenfefolchle! 14 Minco 9BIARY! ARsUidibrt N, AFERIBANKIAHBHDdSKen In

whi ch are given ustration only, t hus are no

limti ng cmjuwdrcmcorpéw ahet hecpmpsaryingi diewvingsn, whralmdaren g/mtrerr:rby Sway of
Figure 1 js are tion of a fregue domanr

i onat; - WisfetsDofY GBS e dhdintng G ine rder o T deseghisation,
Figure 3 g,hdj wslvhhes a nodel of an outdoor stationary wireless

channel in near line-of-sight conditions; Figure 4 illustrates a
model Bf an ouFigers 1rieBireprasentationof chiemieendyriareain received KF BV sigrit

condi tions at out door
stationary w r%@ggé)aélﬁg'r‘\%gés ?%n&#]eé;&f%mﬁg@orw: g "%Cﬁ%ﬁ rltr ons; Figure
6 illustrates Rigorsig illobtratesoalingedy! ofodn loditdddredtationarpaninglbss rhaaas! in
| i ne-of -sight conditions at 135 nph; 15 Figure 7 illustrates actual

capt ured RPRIREroNEERLGAIAIANS in a nobile channel at 60 nph; Figure
8 illustrates ﬁrgﬂ[‘giﬂlnrillg%gaﬁ% %g{ﬁ%éi 505n 3 ?dd?:glrﬁof)ﬁéé‘]@@%}etss?%nhwpin near

ant enna receive ire” o PHUSTT
di mren$doniing- uf—argbbcmmsw'atmtﬁm | EEE 20 802.11 standard; Figure 10

illustrates a ,onve tj onal DM Physi cal L er s stem rmdel

11 11 ot r at oo QUG AcHPTEied DPTSHSDIR < QUG g G idaes chagifign
mul tipl e Q848NaA6- é[ghmmce wth a preferred enbodi ment of the
present invention; 25 Figure 12 illustrates a | EEE 812. 16a OFDM

downl i nk Pi | ot Fignte Bribusttates asmodet off & oBtdparenatild wiralessattannel in near
Ip: : gtst ;?L'ﬁ@%‘gpgigﬁﬁ(éﬁ?@iﬁiﬁbﬂﬂﬂ%ﬁi n accordance with conventional
15 Figure 7 illustrates actual captured channel measurements in a mobile
channel at 60 mph;
Figure 8 illustrates channel measurements for a single transmit and two
antenna receivers 1 m apart;
Figure 9 illustrates OFDM symbol dimensions in accordance with the IEEE
20 802.11 standard;
Figure 10 illustrates a conventional OFDM Physical 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;
25 Figure 12 illustrates a IEEE 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
30 with conventional pilot assisted channel tracking;
Figure 15 illustrates a resultant packet error rate in accordance with

embodiments of the present invention;



Figure 14 is a further chart illustration of packet error rate in
accordance 30 with conventional pilot assisted channel tracking;
Figure 15 illustrates a resultant packet error rate in accordance
with enbodinents of the present inventi®n; 13 Figure 16 illustrates
exenpl ary coverage of a 10 Mops wirel ess nobile comuni cati ons system

i n accordance vgiglred 1Br ffiSf4ed SEIRNLREBbV&agknst aPI®IRBbs WINGEd Pibbile
Figure 17 illustrates exenplary coverdge of a 6 Mips wrel ess nobile
5 communi cEMBREiIcslienensysterac doradentdanget with gr ofeferred embodiment obfthe

the prese Lnvention:. Figure 18 is a flow chart illustrating a
met hod of é}%géﬁylﬁg%%tfo 'nvention in accordance with another preferred

enbodi ment ; Fi grigerel97i Blustrileevegdiaplary | dovetdgd iohta & nESprviledshenobile
present_invention in 10 accordance with a preferred enbodi nent;

Fi gure 20 GPrpmaiicelians systerst iratacegrdanest Mild 6f preferrpde savodimerinof dhe

In accor ] .urther preferred enbodinent; Figure 21 is a
fl ow char ﬂﬂ'?%?ﬁt\g’{’l%%’gtﬁ)ﬁ% a nethod of the present invention in

accor dance wit IFigoet heris pr #idwrahedt dlobodiimeat melifod-of tie plesdrs iavdrtiow in
chart illustrating a nmethod of the present invention in accordance
wi th anot h?é%cobcﬁ W@Haﬁﬁ@@ﬁpﬁgﬁfrﬁdlﬁr@féﬁ@”@@ti s a schematic diagram

of anot her prefrﬁ{;ﬂn%dwﬁ?%dﬂmrﬁha?ﬂ‘ LS8 ati %Sﬁ%ifaddgﬁﬁg%cig[%sieﬁnitg%%ﬂ%ﬂ in

is a schematic agram of a prior art packet an

accor dthceaosptdarmeovitie s prefefedrerdbedibeitent of the present
i nvention; Figy.e 25A.is an illystration of a fluctuating receive .
signal and a p'FEi'S'frea?P aﬁ&%&ha&f ﬁ'@%@ﬂﬂ ﬁg@?tg‘?cgr?élut CHPEEFRL ﬁ@ﬁ%gna‘”
schemat i ¢ fcpedarfeagitRBfafithar prefsteEembralgensel ectivel y operating

in two nodes in accordance with another preferred enbodi ment of the

25 present invenguens1 DEpAllowDheESHRsPalimNaTefhash ptigheapresent invention in

upder <t and o TR RTERS pPrchBE aSabrb ooty 2 e
15 Figure 22 is a flow chart illustrating a method of the present invention in
accordance with another preferred embodiment;
Figure 23 is a schematic diagram of another preferred embodiment of the
present invention;
Figure 24 is a schematic diagram of a prior art packet and a packet in
20 accordance with another preferred embodiment of the present invention;
Figure 25A is an illustration of a fluctuating received signal and a prior art
method of receiving a signal.
Figure 25B is a schematic block diagram of a receiver system selectively
operating in two modes in accordance with another preferred embodiment of the
25 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
30 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 fo estimate the channel characteristics are discussed. The



mobility. In order to represent nobile comunication in a realistic
urban 30 environnent, a nodel is provided which conbi nes heavy
clutter and high nobility, and this nodel is supported enpirically.
An introduction to current Physical Laygr technology and OFDM based
standards is presented, and common approaches whi ch are used to

estimat e henRaPBRLISAATAEE of | Bt ligeatcd dhacuanetediifadds Y

consi ders I's expected that ni gues w | erform
sati sfacts utlafactonlytlheh@pemme affeitbet blettec butrtodilitp bubmbi |h| thg dresemoat of
in the pre

both. . Th t at be
ot 11 cal B9t i BEEh SEPRGRIONOTEVE AL SURBRIES &t B ciReb ity simulaton.
not i vat edThES: | dRpRBIRS erWbQ&éJgr%V@f nidi®aRAIMENFOENPAANGhe use of the

estimation and tracking algorithns described hereafter. A case study
is first pdemwededharaaiestinktom eodrptaa@@ng redg@itbesntesentma hereadied. A

its application to.Physica er. t nog to,that of. a

Stat e of e SERY P AETEReSter BEEn WY RaBhac e Blashht Ryantion and its
Channel 18hhlica@snom PRGSBENUaYEOtedHRlsgY td itREt oRfPisimbidIRheairt Wirdhdss
it onto the nagnitude and/or phase of a radio signal. One of the key

di fficul t¢RiBS€th the design of outdoor nobile communications systens

is the |mp M aHBQH@%td'iooﬁh aRY| ronment, ie channel, on the

radi o si g'ngé—ccﬁ'rejgﬁemmﬂ—my—mw‘?m“%— the transmitted si gnal by

alteridg its nAgasumuﬂm m'uﬂmmaofms&anmttm@n@‘blrmatuezsuhttbnmapnutl@qtbhkhe

| oss of inform ase of |ine-of-si g@; transm ssj on,
k%ﬁdl

(ﬁé on. In the c1;

the si gnaMagpiiy aegmmaﬁﬁ@ arafionsignal Q@ne of Haltigsanithe degian
physi cal r I

RISl ot oI Blfttcf amob® e BlnichlSAS JRrE 18 thbMindd? 8 e TpdBdbn
si gnal re¢mdicninuent, lia @ftmmeason the tdubo s$ignall tTrweihsnnehmm;gmizstort the

clutter |nannI|ne NLOS K be atte te

di ffract d@" %ﬁﬁgcﬁ'%ﬂ Yof"lt‘?rﬁég ?éﬁ%‘?ﬁ“‘{‘rﬁ{% %”@8%%@%?%@%@ reSUﬂ'”g in
surroyndi hg [664/bf Riformatitiss el ddsBbfi liheSERv tﬁ?lﬁ' (}E}.@S‘B)W?érﬁsn%é@ﬁ the S|gnal
superinposed and arriving at the receiver e same time. In this

mul ti pat hp@tbsbew@@@htf@oﬁpaﬁ@ﬁteroand leceives may haveee eaip@inymﬁieqbséac!es

di fferent d

char act or L0 onee B4y PR ARY o, AN e AR e e petp e
25 Wr el epsisairyaeliraites aawuited sigridd refiveion.  physhieadt, asvthe ayrantisivels
are now described and the effects arl Si ng frommobility and the

presence Browdiutdidteraie a inanudineAfeightTRICORAN I Tefmayt e tianuated or
descrppedyifipsibd. RACEOSs BPUR SBhal may also come from the surrounding clutter,

thus resulting in several signals being superimposed and arriving at the receiver
at the same time. [n 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].

25 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/or relative motion between the transmitter and receiver. Effects
arising from noise, and interference from other devices, are ignored in this

30 discussion. Such effects propose a further challenge 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.



environment and/or relative notion between the transmtter and
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The coherence bandwidth of the channel may be approximated by the

inverse of its delay spread. Frequencies in the spectrum which are separated by
more than the coherence bandwidth are considered to be approximately
independent. Conversely, frequencies separated by less than the coherence
25  bandwidth exhibit similar fading profiles. It is therefore possible for a wideband
signal to be subjected to fading 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
30 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.
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20 by a train offers the potential for a LOS connection between a device on board

the train and fixed wireless routers mounted at intervals along its path. In this
instance, the IEEE 802.20 Modified Pedestrian-A (Case-l) model is employed, at
a velocity of 70 mph [3]. The relative motion between the two devices causes the
channel characteristic to change over time, as shown in figure 4. As for the case
25 of the stationary channel described above, the power delay profile is dominated
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
30 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.
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The inverse relationship between delay spread and coherence bandwidth
indicates that wireless channels which have longer delay spreads are more likely
to exhibit multiple instances of frequency selective fading. Moreover, in this
channel the strong relative multipath contributions are likely to result in deep

25 fading. Hence, this channel exhibits several instances of 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 Mabile Environment in NLOS

30 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 conirast to the link requirements of a train,

they may not be assumed to follow a predetermined LOS admitting path. This
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20 been taken. The vehicle speed for these captures was approximately 60~mph,

with a carrier frequency of 2.4~GHz, resulting in a coherence time of a few
milliseconds. Channels with many different delay spreads were discovered, and
a selection are presented here. The captured channels are shown in figures 7a
and 7b. Figure 7a resembles the 802.20 Case-l model and figure 7b resembles

25 the 802.20 Case-lll model [3]. Change in magnitude with time is 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

30 environments may embody several specific techniques. Naturally, there is more
to the system than just the Physical Layer. Advances in the Network Protocol,
Medium Access Conirol (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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collected by the receiver in an effective manner. Typically a RAKE receiver (for

CDMA) or a cyclic prefix (for OFDM) [1], is employed to recover as much energy
20 as possible from the compromised received signal.

The cyclic prefix technique employed for OFDM may collect all of the
multipaths that have a delay less than the cyclic prefix duration, and is very
simple. At the transmitter a small section of each OFDM symboil is prepended to
the symbol prior fo transmission. At the receiver, this cyclic prefix is discarded,

25 with all of the multipath being coliected 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 technique 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

30 complexity grows linearly with the number of paths collected. Moreover, in mobile

applications the RAKE coefficients must be tracked with time.
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20 antenna to decode the entire packet. In mobile radic environments Antenna 2
may fade during the course of the packet. Secondly, when only one of the
antennas is employed in subsequent processing, the ability of the receiver to
reject interference may be compromised, relative to the case where all antennas
are employed.

25 Candidate Physical Layers

The Physical Layer processing in wireless communications systems may
be resbonsib!e 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

30 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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spreads experiericed are nuch | arger than the protection offered by
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Such st r udtterferereeaepolis ahtl packet rbssedteszmmbsels@sf;dmnwhal'ws bﬂerference

reduce t h%oa dI pc:ntgﬁfil al| lg'e re lﬁg\%cli Iuts%goéqt}atﬁgatign Eechnlques at the receiver. Inthe

20 following rare cases 802.11 may be suitable if near line of sight propagation
conditions are available.

Highly directional antennas: These antennas reduce delay spread by
limiting angle of arrival and departure. The use of highly directional antennas for
mobile applications is clearly infeasible. Such structures are possible for fixed

25 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

30 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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synchronization. After down-sampling and cyclic prefix removal, the signal is

20 converted to the frequency domain in blocks processed at the OFDM symbol
frequency. In order to deliver high performance, coherent demodulation is then
implemented, requiring accurate frequency domain channel estimation. De-
interleaving and decoding (delivering frequency diversity) and descrambling then
complete the Physical Layer processing.

25 In some cases selection diversity is employed but in order to exploit two or
more antennas effectively, modifications to the conventional receiver are
required. The model applicable for generalized frequency domain space-time
receiver processing is shown in figure 11. In this model the demodulation and
decoding of the signals from each antenna are integrated. Additionally,

30 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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for data rriage, hence resutlng in data rate.
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or mul tipath not both, it is possible to make the foll ow ng
assunptio Tﬁcge(iﬂ@@r iag%t power with tine: The magni tude of each

frequency m@ysbﬁ]bdﬂw‘sg@,[@ﬁphgyé EsgR@itag | nvari ant overtine. Constant
vari ation of phase wth tine: Any phase change, with tine, is the

sane for all frdgeerbeesis pithexamoplidy o raulingin amidrotbpirigtnassivle to
under nobi 20 only small multipath effects,
was shown rM‘}E(%ltHeﬁfcﬂg\&”ng%verse y, an exanple channel with strong

nmul tipit h in alsvatanmnesyere it gnrenTheamaphitvdelesf each ifesquency. mélyebe
t hese assupptions hol d, conventional frequency offset estinmation
t echni queSigrent %‘éﬁrﬁﬁlﬁéns YIVREENHORT tiRed mobility in near LOS

conditions is |\RiatibR o di: fagglbﬁﬂ%m%f fA% ha%\éeéh Wﬁtt[rﬁérﬂ'tﬁe

receivers require frequency "of f set estlnat n and correéction
order to cammafordilfffeguenciEs. i n | ocal

An example of a radio channel operating under mobility in near LOS, with
20 only small multipath effects, was shown in figure 4. Conversely, an example
channel with strong multipath in a stationary environment was provided in figure
5. When these assumptions hold, conventional frequency offset estimation
techniques will suffice, since high speed mobility in near LOS conditions is
equivalent to a frequency offset. Even the most simple receivers require
25 frequency offset estimation and caorrection, in order to combat differences in 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,

30 after an initial magnitude and phase estimation, may fail.
Simulation results are presented for several Outdoor OFDM receivers,
operating under combinations of mobility and/or clutter. Each plot shows how the

packet error rate changes in the given environment, as the signal to noise ratio is
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channgd assisted channel estimation. The preamble is employed to seed the channel
estimation process and then, throughout the packet, pilots at fixed subcarriers are
employed to update that channel estimate. In this 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
25 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

30 poor irrespective of any mobility.

Advanced Channel Estimation and Tracking

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

magnitude and phase, as they vary across frequency and time, to a very high
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20 field trlais in urban clutter. Of particular concern is the ability of the networks to

provide coverage to vehicles in motion for network traffic with real-time
constraints. The propagation environment reflects that typically encountered by
network operators in metropolitan areas. The speed of the vehicle in this study
varied between 0 and 50 mph and was 30 mph on average.
25 Traffic Profile

Each network was subjected to 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

30 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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order to avoid different |ﬂ§ e&@%gggeﬁésy% sq&?i_aifg}epaﬁgﬁeéésgof

equi pment is only effectlve ron
si ght conponent in the recelved signal. In contrast, 15 the outdoor
OFDM system i nTIwcﬁﬁZiamgeswnftem isheyiyare se rdignificaeTit powewi par irtffsrmation bit

advanced channel 129K 91 WPEL PRFYSIAHESL Slar ddla LI ' Phe oBb.11g

equipment employs a state-of-the-art chipset from a market leading supplier.

Coverage Results

Uplink coverage plots for an example Outdoor OFDM system with

10 advanced channel estimation in accordance with the present invention and two

receive antennas, and for the 802.11 system are shown in Figures 16 and 17,

respectively. These results were collected simultaneously in order to avoid

different interference situations. The 802.11g equipment is only effective when

there is a very strong line of sight component in the received signal. In contrast,

15 the outdoor OFDM system in accordance with the present invention with ifs

advanced channel tracking operates very 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

20 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

25 difficult problem to designers of broadband wireless receivers. The particular
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uplink was transmtte 0 a base state e-art
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invention provifemeprEthed ephbodimekitRe ﬁrbgﬁntVlﬁWht!’th pRaSd & rh@th%d of
W rel ess packet based communi cation network conprising the steps of

15 tracki Hgpcking dime waryinghahasnelaimnet wireiasst hecketmbadedrmtemmunication

conti nat e P eARRhG SRR, £ D5y be tracked i n - hccor dance

Wi th aff aut o regickisj anleaktonk idhannéNpanendasanine timBedddRaR it GvrbRRINce
Esti mat e Dat aBase In the recejver, 20 tracks three paranmeters in

the tinme dYHBAR aY F@"ﬁ?ﬁ'ﬁ'&@&qfkfe@messi on. These may be 1/ Conpl ex
Channel  Anpli t yde, GRETrS HRGHbihGLidn of twBN&ESHoPE TePimBRIrs TrMoEY R Xed in

accordance with an auto regression algorithm.
In one example, the CEDB (Channel Estimate DataBase), in the receiver,
20 tracks three parameters in the time domain using an auto regression. These may
be
1/ Complex Channel Amplitude (per subcarrier)
2/ Phase offset per OFDM symbol
3/ Noise Power
25 4/ OFDM timing error/offset
5/ Coherence time
6/ Coherence frequency
Preferably at least, complex channel amplitude, phase offset, and noise
power are tracked.
30 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



3/ Noise Power 25 4/ OFDMtimng error/offset 5/ Coherence tinme 6/
Coherence frequency Preferably at |east, conplex channel anplitude,
phase of fset, and noise power are tracked. 30 Cenerally, a packet
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conpl enent ar f ion of the state. The cyrrent raw estimtes are
dor vea 1 iegaiere CR M eRribol A8 vAG (Savp Gy ilof f dhravie “FansaEa, Subol
of ) previ gtinbtegansm tted synbol estimates. 5 The phase of fset
(representing any | ow frequency residual frequency offset due to
frequebcy cor r Bt pbase pffsek(repigsentinhany lawiregpensy residial drespipacn oEbet

and is u r ( a . h b
o nea 37 PeH AR RSOt L i Bhpg D) 2
pr ef er abl i, udduetoc@teeiie DRDBedtaIPThe UoRItES staltl ehdrebe adnitlifed With
of 3 effects, nanely paraneters 1, 2 & 4. This nmay be carried out as
3 separ at@edinpehantel estigiaier than in related art techni ques which
are based on s ir%@?rr ligor.i t ]

par anmet ers vvh\?vé'!%l areeég%;}lsﬁ%%gr@’ lp:rﬁ‘gp%dgnﬁg %tﬂ@p%%bl | n&ef %%IMHee%
const 1@i ninedeled lze thepsurcadf 8reffesii mtamelnpamindtbes pr @s&nd. i Thismhape
In other words, it i.s consjdered that the 15 relate rt systens .
cannot 1 rRHER G RIS PRI RSB PTS e 2158 PenaRJP RAar ST TigUg which
been foungcthpded Wé&Yi%%WtﬁeéFﬁalE@H@ﬁ'né"@ﬁ@ _tﬁtﬁte?é’r%&'ipé&rtﬁre@ Sarameters
singularly tracked, rather than the conventional systens estimating
the par awbichr greavantingeveetimdydiectd tige trhekilityt camstrdintseith Hyarspplication

estimates_are deriv from FEC decoder, gener at ed out.cones. . 20 es
Fract; once ety fer ReBRBRERiEncaneBE Melar IS WERiasfeq g fhe
for eash pRuitadeiresystding dRRBt Ga0KE hatffers DARRelsRBin ABidhilkEnV@dYiment.

recei ved OFDM synbol _
It has been found that improvements are found when the parameters are

singularly tracked, rather than the conventional systems estimating the
parameters all together. Typically these transmitted symbol estimates are
derived from FEC decoder generated outcomes.

20 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 previously
received OFDM symbol.

25 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.

30 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.



to be decoded. In general the synbol to be decoded can be any
previously received OFDM synbol. 25 The CEDB generates a channel
estimate by predicting the channel based on the current state and
t he requested synmbol nunber. The channef9estinate is frequency
snoot hed using a bidirectional auto regression in the frequency

domai n. The reqregwmiisr drafdrfd &mbeBiremethd pRIBehh viERtEh R6VIABY a method
change with OFDM synbol nunber and subcarrier. 30 In the case of

mul tipl e rafcaskingriirednesyiagCEmBIstiatia & swirgless meatket mdspdnaemmupidasion
each antenna. h_chapnel is estimated i ndependently with antenna
diversity %%P%%%’H%%Bﬂ%&%ﬁﬁ%&l%i on. 29 In another preferred
enbodi ment, t hexrprigarnta | OEDE | Qitlae Oflird@snaanBt ROFEE Heésdd Mantlidf® in

varying channel's in a wrel ess packet based communi cation network
conpr i st nacREdasicepkitha PiRRlnG RIPAESHENCEIIIEYdat e function and a FEC
decode functi oni rdan i i ' i ng .

al gori thm w o Ve IsTeRERR; 87 ce. i, Y B, RGBS daiggrihm may
al gor i t hmovmypriszoimeriokevinhestémd:| owi ng steps: providing a first

decodi ng and use of_ a received synbol i while predicting, a _channel
estimate for syHBYAINI & &I FesodEEo H%%@&ﬁﬁscgwegﬁyﬁmogawﬂ"emedlctmga
provi di ng : f f - i kgting a
channel escﬁaﬁgtgfe) gﬁ%ﬁﬁ%%ﬁ“?@% usil%g %eﬁéwﬁfg?d?g@cdgéyﬁ{g&ﬂ;q’synbol i
The prttessi ng mpedihgoa sheomed aisopeingr@ndoeisencl egsdl by whilpepredicligg a

f the CE t FEC decode functions, |n.a method pf tracki

U1 ire: varyeRenERLaEr e RmEEG s ey PBEaas e 8T S9Belk at 1 one

vere perforned @A ptdtesbing! SiidatE oP HAS PESeVES n3§N6E hdrsased ACEIPERRAL Sf
?OI‘

with the follow ng steps: 1. predict a first channel estimfe
synbol i ndes GEDB updetsrard sirthdecedesfungiiensiecoder out cones from step

For “synbol i nadh P anetiBEoc! s (b8 oML BRIt SlselEbpah wo

step 315t A0W5/11128, 2 iterations were performed and the iterative process was generally
in accordance with the following steps:

predict a first channel estimate for symbol index i

decode symbol i

Use decoder outcomes from step 2 to update the CEDB state

20 Predict a second channel estimate for symbol index i

decode symbol i

U T

Use decoder cutcomes from step 5 state
The present invention is an improvement over the above technique of WO
2005/11128. As shown above, the present invention now pipelines the CEDB
25 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.
30 where using a decoding of symbol 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.



The present invention is an inprovenent over the above techni que of
WO 2005/11128. As shown above, the present invention now pipelines
the CEDB 25 update and decode functions for 2 iterations as foll ows.
1. providing a first decoding of a recgpved synbol i while predicting
a channel estimate for synbol i using a second decodi ng of synbol

i-1; 2. providj gﬁ@;@, j i+ i o
channel esti rr'an?%%?)(gé Sy gﬁ%ﬁg%sgg?%f ttﬁ %gp ?JlserﬁsttiM@eﬁ@&'%%ﬁ@‘s@%ﬁftaﬂ
i . 30 whepreditingga ahdeneldistinadé foyatraixt symbahbefdne tog detti sygnlmfl has been

symbol i (PR eBPReEa 0" deeldtRg rins” AUCHHET oRiRigyed T this
Est i mat e gabalRsent s oafenemel aldchedsaYSEhdin A Bd oA Riestd Widiiabstode

decoding but not in the step of the second decodi ng.
accor danclstingtusedipdesisipeaigoithihe present invention it is possible

frret synbor - hisaBSuRaREE IR aRBMTBrbH et R aeER BB a Vites
al gori t hny epdtRY& dof %ﬁﬁ&hﬁoniﬂﬁo%iaﬂﬁ&ts iafrighewat i 8 taigdrt a8hgd wireless

Appendi x A and conprises a Matl'ab code 5 lisSting used to test the
al gori t hneommuaessiodarateom thie matdokderonapisiod tenstepi@ipr esent

i nvention provides a _nethod of nchroni zi ng packets arriving at a
receiver in a chmee%gamggqgﬂ%%ql@gﬁpéﬁ Smrk the method conpri sing
the stgps of ! g&eehiRe &compRhedphssdfritiometihesda0mnsibd idgLtdairenm ne a

conpl ex representation of the sanpled input signal; performa del ay
and-correl at e R&lfein atdelay epdicoriplaterqaleatimtiosfasm adirstidedigen metric for

packet argi i oe t c e {1 Q). £0 i 1L LSt . :
R I S A R
coar se sympdmationsati on of a 15 packet may be acconplished using a

| ow conpl exity, | ay. and Correl ate _process based on projecting, the
recei ved sanpl ‘@Et?'ol:%%mﬂ% @ohﬁw@xsgpia@‘é'ﬁd{“&g%, ao?oaréapﬁwﬁa?w ion of a
det er g ni ﬁ‘@c%ef}mﬁntg?tbiﬁg?fﬂﬁﬁ&?ecﬁungng'asﬁw &irﬁﬁl_e&ﬁFP%@ Ahd'e®rrelate process

i nformation. y stage of "a conventiona ay and correl ate
may t hen based epl pregjdcivg Hha sdesteahtsaaiplgs sintpl the addipléxruniSiangles or

LooKD. € Bl 5 et RS 3B, B SR S ruce
t echni quepforhitizhl | $Ré inPMtiply Nage!odld YomrentiodaddBidy and correlate may then
be replaced with a substantially simpler addition. Simple lookup tables may then
20 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
25 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 effects.
With reference to figure 22, given a set of metrics that exceed a threshold,
the timing instant may be determined by the following steps:
30 1/ determining the earliest and latest times that are equal to the maximum,
and

2/ taking the midpoint of the earliest and latest times.



sending the received sanples onto the conplex unit circle. The
resulting netric is inherently normalised. Wth reference to figure
21, robustness to large signal variations nmay be delivered.

Robust ness agai nst Janmers and DC of fseBieffects 25 may be provided
via a second parallel, shorter delay, delay and correlate process.

The second del ayh&RfldSARt 6f RESWERIMES iTRAIAP caldldias Lathd 498Ul RRd a shift
first yielding a netric insensitive to sinilar signals,” Janmers and

DC of f set @fdrater. Me Bcewpey eidbettinihggestinate, mgyven impreyedofeducing the

ot er m ned P RECP SPAURPRENG, B d0é BE0SradR PR Ry bnedepiogys. o s
| atest ti ﬂESmEbﬂbnﬁb@ce&!ﬁéaﬂheb@ M@eﬂ@éﬁt@@brith&mﬂﬁ% oftékoh@ ddMeplex nature

m dpoint of the earliest and |atest times. 31 The m dpoint of the

two tines ad pEXEAYPleity waxings e Heraferadaagniied- sh typiegepamples the
The accur - of L P F [ | e e '

perfor man?g%'rn q%é%%%@sﬂgﬁ%gngﬁ%égﬁﬁ%%@ %?mnéj%\é g]sgai %yat%iklg%'amed case

al gori t hneusidhiBEE i892i Mpprdaamislebecause t hese subsequent al gorithns
are often of a conplex nature 5 and any conplexity savings are .
therefore rragni@%cﬂf  rPeGpprcand e&%rﬁﬁ%gellawe& EPHPIRE étfeg@?a%wead with a

i nproved I i 4 Vi e i I
505, 11 pr GO HEAaRAIDIES lochirref 2 (FaRAIPL dokRRhe, $HIAG, shbtretum
procesH0 t uimee inthehmididlel of ther piateade | [Ajhaatdopivedttheegdhotrhisi rent eafeeded, then a

plateau to determne timng' , return_. 10 time in the mddl e of
the plat eaﬁﬁ&ﬁfmﬁﬂ ey‘é%ﬁ?f%%"r'ﬁﬁ’@?‘ﬁdﬁd’%%”ﬁ% - exceeded, then a

packet may be datRicBrdateNWith thdiRdCebbUiRént ditRCERISAANARiON there is
anot her enbodi nent of the present invention there is provided a

met hod of Rievidedaa ingthadraefceorelating gnegcaived signadlire s wWigtiest paetked dased

conmmuni cat | i sing.t . 15 quantising at | east
a first andgﬂgnggfg\éﬁéﬁgfé%{k Cc%(gﬁ%é)%ﬁﬁﬁés%%ﬁsﬁgat the signal
conponet s ar e quaptiegnatetbaly aafifst rfid anskcopeosidnaneombbnésf sucnegat the
respectively; performng correlation operations on the first and
second on&'@ial corapeneiiEeare pepregeniedoprandiushvand 8ernde RRBdPERference,
fine tim r‘r@sﬁ@étf\@ tion may be inplenmented using a 1 bit quantised
(test) reference and received signals. This

performing correlation operations on the first and second one bit

references.

20 In accordance with this embodiment, fine timing correlation may be
implemented using a 1 bit quantised (test) reference and received signals. This
solution stems from the realisation of trading correlation length for representation
bit widths since it is more efficient to reduce the signal representation while
increasing the correlation length.

25 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

30 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.



solution stens fromthe realisation of trading correlation |length for
representation bit widths since it is nore efficient to reduce the
signal representation while increasing the correlation |length. 25
Accordingly, the test signal and receiggd signal I and Q arns may be
guantised to one bit (sign info only) prior to correlation for the

rpose o j | t LSat| I :
PO, o8l SR 10 Rl LR KBELQ o581y [9BSR oo
for | andsighalde redlasedsignifidamtly.f or Q and nmay be efficiently

i npl ted i | | l,, | ogi tes. . Thi di .has the 30 .
added benet i 181 SeeSERTR MG RO ST EPTOR ToRIoRe SHGTEOD dagienis
s requi1iyideTE il o nARGARAIRSP aRYelbSs HABRASEEN bbibihu @it

optimal fu exity while the conplexity is reduced by at |eas
an or der rftwergndmpdeing3be stenstdfer benefit is that the space needed

I acoordance P19 ArgPHar EAGOIREHEN Gl ihe RUSRRETS o) ot el Rl

i's provifgsheh g of a£ RPN Ao BahdmRsMn fed RishcRcise tharée dignal.
conmmuni cati on network conprising the Stecﬁg of: mxing a signal for
transm ssi on ohhe@ReargeRatenitaliynlesoatevedsof fadipg dnst interferer divgiivibcgffered

bands so @5 LA NG Fe ts‘éﬁh% %@H?ﬂ“ for ieﬁ)(gvmf&ri%a%ﬁf[ﬂ?/ég’len L%E%:Le@? ?RE case of

si gnal . ere are potentia darge nterferer

di ver $0 t yiwef frequeshdins twitns potdritiagfdrive-2samaoss g dbscriittsd kxanpitiereference
two frequencies. The case of 10 two frequencies (wth a potenti al
for n=2 JP i@ @¥3i s described here with reference to figure 23.

Irere (e PETSRANISR, SUEATAR Brskr RIS UIRn) )R

of fered by each one mxed up to a er ent
recei ver a¢ffered dyvweacinoee nerksd mpytobe difteent ByquerdypeardenAl yhe receiver two

d ti the t i s, 1 th jjeintly d dul ati .
Si gni {1 cIRVIRIVENEES MaldiaHast Ry NApepFas iy dopesruering Do it sigaals
It is140 A% Hﬁ&?g_@#ﬂ?ddélhaauléiiﬁb,ma dRMATEEnAtIE0R " of ArdiRnePNdrRK tintefbrer

the present enbodinent refers to a nethod whereby a vector channel
model i s divemsitnégalipndededt israthsdurdersiond; tbet “jgivgdemadulaiese in the context

e s S PR Pl o AL e
synbol t rdufiedt (vftl) estirmatedie statistios.] oMogeticertheby cleampbryBectniedtistical
S B &S aapandancs of e Gbservations {.e_Syrbols recaived bn 6ach antenna) on the
20 transmitted symbol (i.e. symbol transmitted). The demodulation preferably
employs channel estimates and noise power estimates obtained from a Channel
Estimate database for each receiving antenna.
In one embodiment the two frequencies are transmitted on two antennae
and received on separate antenna at the receiver. According to this embodiment,
25 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
30 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 non-contiguous string distributed about a data packet.



Esti mat e dat abase for each receiving antenna. In one enbodi nent the
two frequencies are transmtted on two antennae and received on
separate antenna at the receiver. According to this enbodi nent, 25
added advant age of space diversity is ag$orded. In the preferred
enbodi ment the transmtted baseband signal may be identical but in

anot her enbodi gk {dherepbeNAl fiEe bg ?)‘Pé‘i%%ﬁfi/,”ﬁwee%@@%ﬁ@’i (%’}r?"@ data field

mat chi ng space tinme decoder in operation at the receiver.

accor danceomprisesnatoiielix patiom (Rye) placedhat theebead o ikaitaf gn symépk d@gan

30 provid h of ¢cq hcation in a wrel ess nmul tipl ,
sccess. packepMBULES. A naaRrH K TheR de iy Bo b hIrBET ALSTL LnbpBoh sufix
provi di ng (RosBGHoMieNis sekd &t did aaif betdhrfioda yrhbaNSIA thisofladat @ tifRC B et
where the data field is a non-contiguous string distributed about a

dat a pdtkéompensalipn s rrefidiredc the racgives [erauseef@r axample; Hae spreading

r edundant ' | ri | Xx portion (Pre) placed

at the hefgﬁé%#é %?ton ggﬁaggg{}é@gﬁdr}gﬁ%@op%\ﬂ synbol . A packet (Pkt)
may conprise a lnudserdariceswith asyitied embadsudriti of théRasbentpievEheh tisere is
pl aced at the tgil or rear of a synbol. In this way, no tinme offset 5
conpensat iRAVifsd Aeqgthstonmanagindkdigitvliatsfuacrsing msaskemrenpiipiag the
spr eadi ngst@ﬂg cts act on a snmaller portion or string of data. In
accordance wth anot her enbodi nent of the present invention there is
provi déd a net oavidingmam dgiengretivgishell foatcanpmoniessng dpetwsenaneembedded

commun; caty R ERIER %) % ablrol C WP e el Sheleees Beer nout
wher ei n t ktd BhMeAirekes 58 skr rPRM Slatts BY thetitttext S BB MAIRY Riglage

said user input data in the context of a progranmm ng |anguage ~ so~as
t o i nt er f 80easligintarface digiat insdiuctipes hebreemn éhe ehumdisedssysiem dimidec and

fhe pc 187ERREBE, Batidbie s’ BRI 8, S8l & Hifbhed v Po
syst emsdeconputihg rese@icdsns ehavunttibhs of Brebafbaetéd siktbrogévige.and

devel opnment functionality ma_t){l be split between_devel opment hardware
and renote PC. Ifrhaccigppaei mithr dBisurerekodimarntie iPebuggingnaad a@gvelppment

Lo o "SRRI ) ool nENaLEe A8 b e
computing resources of the PC are made available for using in debugging and
development, for example.

20 In the context of the present invention, an interpretive shell refers to a
software program that reads lines of text which a user may type or enter and
interprets them in the context of a given programming language. This allows,
inter alia, scripting, interactive scripting and control of the embedded systems
device, for example, modem prototype hardware, allowing more powerful and

25 flexible debugging and to have a TCP/IP interface to low level hardware on target
device via a register interface on the target CPU. As would be understood by the
person skilled in the art, 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

30 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.



software programthat reads |lines of text which a user may type or
enter and interprets themin the context of a given progranmm ng

| anguage. This allows, inter alia, scripting, interactive scripting
and control of the enbedded systens dgyice, for exanple, nodem

prot otype hardware, allow ng nore powerful and 25 fl exi ble debuggi ng

and to have a &/ drgférfgaerirﬁtg Cefi\% 'sﬁ%lgl t@,‘éﬁg%@ﬁ{w %S%Ltﬁ%g(g%en—source

device via a register Inter e on
under st oddngyagde “pyibogon(FRkihdn eds | ant hietegpreied, henteeastiveenbej@dedriented

Vel nde QB SyLBaR e RbE SO ABABR Y Sbeadai s
syst em whiffemhidioH! it s HoSableot BB AP 3P coNFOE ATbré TERILIS &nd

speci al - purpose conputer system ich may be partial | _
conpl e? el iapihdapslapaesd ehyironmetb vatber tharcwiiting! sompilinghand dawnloading,

enbedded may fa ecific requirenments and may perform

pre-defi nfgﬁ%%é@@g,. L}%ﬁ{%gs‘g general - purpose personal conputer, PC.

34 The pref erF@thdrmicetngr gtobikans iddusked VI esditicedo YWiguRg 2BIAE in a direct

open-source | anguaag "python" (Python is an interpreted, interactive,
gre

obj ect - or §EWEERION p FRiverg | dayaagthe reeeiyeabasebanct signah experiences

http:// : r A j ' ' Pt o ' :
per for m o g Faay Coarses gl ] Veols SriPee birhae thk i BT Riod
envi r tdimeint sueit ervicebam widd ihigh-passnfiiter 10¢/HPE) tooftenastiesgnt tHatrcan be
B AReS T gD S e S e gL hent
recei ve bagehandrsidedln rtREGRdth otita8 iftbFRNisually QUES Blatdiitdr® away
vari ous processes Internal to the RF receiver device. 10 In such

devi ces, asignificant pbrtipasy e beeire PWHRF)edeived signalp mekéng it's st wsnitblle
enabl ed to, remgve t.his DC off]s_let so that baseband signal power

neasurene\ﬁlaen r tésﬁé??f%ﬁr?&nt, © 5\%@{78 the width of the filter is

usual 45 such thas typichily treEsmaAYENedd tRatIWhENC ABE r@@éimhgnaOéighél,e the RF
centre of the received signal, making it's use unsuitable when a
burst is geeyentdeoarerased harthisl WHBF mos, epdi ibat 1opceez siignalde dlatheled

when not v i (= ¢ i i i
woen oot SAIEN A8 cRaR B e sy Tyl SHERES BRBIELATe Aridichy e
RF si gnalWihiRtels sweicchadeotéxetedingghs alsvidehioethbddC)cduipéed MBBE. This change
switched of f, returni Eg tgba d%vﬁiece_ to the DC-couBI ed node. This |
change dff rﬁ%%_lriqli@@é rgeP GoTisetontthed andQiasepagd ¢ignaln s Opgraiing the
Si gnay@. BBER AMPrdddver in this way can result in significant distortion at the start of a
received burst, and if the signal power is very low (in the case of weak signals)
potentially for the entire burst.
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
25 communication network, the method comprising the steps of:
operating a receiver in a first mode;
monitoring received signal characieristics to determine whether the signal
characteristics exceed a predetermined threshold condition;
switching the receiver to a second (preferably remedial action) mode if the
30 predetermined threshold condition is exceeded.
Reference is now made to figure 25B schematically illustrating in block
diagram form the selective operation of a receiver system in two modes to

overcome the above described problems in a direct conversion RF receiver.



20 nmodem and receiver in this way can result in significant
distortion at the start of a received burst, and if the signal power
is very low (in the case of weak signals) potentially for the entire
burst. In accordance with yet another egpodi nent of the present
invention there is provided a nethod of receiving a signal
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aseband DO of fas: B b Eatiter IS prtlides & o Fe g o e
pat h gai néreaseniftedyunr adwirgless ppeciait basssb diomemunigbion preiwodestte method

nmet hod of [ iVl ignal transmtted in a wirel ess packet based
PRI A EpRET 5

conmmuni cat’ met hod conprising the steps of:

operatigg the Bperfarj HerREeyddIeer devi¥e rODCAbesRsbGoM)) 6QURNES thatmde.

tracking the baseband DC offsets, and initiating DC offset renoval

strategi es (intiaskingr theypasgband e rifgalst irrd dnitiptingf PSetoftset eeamgoval
sone  thrgghplfles (in the RF device) if the magnitude of DC offset exceeds some
threshold.

tracking the baseband signal power (with the effects of DC offset removed)

20 and initiating RF signal path gain changes if the signal power falls outside of an
upper and lower power limit.

concurrently estimating the DC offset and signal power in the baseband
I/Q signals from the RF receiver device.

Preferably, the method further comprises the step of inhibiting the above

25 mentioned changes in RF device state if the demodulator indicates that it is
receiving a valid packet.

The present invention in one embodiment, continually make estimates of
the DC offset present on the baseband I/Q signals, and concurrently, the
baseband signal power. DC offset can cause large errors in the baseband signal

30 power, so the signal power measurement should be adjusted to remove the
effects of DC offset.



tracki ng the baseband signal power (with the effects of DC offset
renmoved) 20 and initiating RF signal path gain changes if the signal
power falls outside of an wupper and | ower power |limt. concurrently
estimating the DC of fset and signal powgr in the baseband 1/Q
signals fromthe RF receiver device. Preferably, the nethod further

conprises the Zﬁlﬁ? n?%]%m@l?i‘ Db H?egD‘d‘% QPéfce&%qgi‘?r%' t%?@ﬁwo?cﬁ‘aﬂﬁ%ﬁsthb“RF

RF devi ce st at m)du at or |cat es recel vi
val i d pacheeeivel lshopldelse miadenlv i laoBCl offsetereerdyvad mmetd, ,andothtennmllmngd to

make esti mat of 't of fset present on the baseband 1/Q signals,
and conc Péﬁéﬁ?”p@“ &seband signal power. DC of fset can cause

l'arge errors ifp tﬁé‘%a@éﬁﬁmsﬁtﬂgrﬁﬂ Holerd 188BHan B00WaE PN ahrfPM. or is

measur enent shoul d be adju to renove the effects of DC of fset
36 |5t @eaﬁa;rthaudm upper‘naow tiresheoldedwretie Rbneighal eaﬂhlog@ln stoatd be

the RF houl d.b d,int DC of f set

then' et (TR0 TENGN 483 BBBPaL AGHE! PPISE b o iBbare STgha BREr e
i's | ess thibraah@IBivep PRbert hfr@§|4ﬂsw§l TRE RF gélrgraa ehh@ao@éssuaﬁ@wd
power threshold, then the RF Slgth@ ath gain shou justed t

return thRNS4E dbathtnes fieaiasetii rﬂﬁiﬁ iaseeh stl@@t y@nais khat tiesult rrea

upper an shal
Shoul d " arE B WG Eher o KR hO R TRt BUEREE oot in
si gnai® tdmahpressiohtwitiin ghe BEseleanvdrpower within the upper and | ower
power band limts will not result in 10 conpression within the RF

recei ver. An aife-a9ninBibit INpyhitoriger REOGEEBC MEUCh Wesh ingseied; mseYania, the
prevents éﬁlﬁren‘?é?ﬁ‘éﬁgﬁgilf%ﬁen Eﬁ CIcBuA nfba%o%o&@ri néﬂ@f&?és's%erted

This input 1s asserte e deno tor has tect e§
receivi ngfvlaervalhe dicuoditlator masr detectes! aad ok dedesing &i walidobutshein order to
recei ved si n soae situations, .if the
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received) it may be usefu cancel current burst reception, and
r e- enabl ewwid Rigyept valis secepdiopuet tha bessti being osceived hé Dayoe sisefidria

220 DOUSPAHof ) 8FScBhuo RATRESo Al e BB DRSIRE DY A
Concurrent estimation of the DC offset and signal power over a block of
symbols can be performed by: A) Averaging the | and Q signals to obtain an
20 estimate of the DC offset. B) Averaging the magnitude squared of the | and Q
signals, to produce a raw power estimate. C) Subfracting the 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 |
and Q signals is required before its use in further stages of modem processing.
25 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
30 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



20 estimate of the DC of fset. B) Averagi ng the magni tude squared of
the I and Q signals, to produce a raw power estimate. C) Subtracting
the effect of the DC offset fromthe raw power estimate to produce
the true signal power estimate. Subsegsent renoval and tracking of
the DC offset fromthe baseband I and Qsignals is required before
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equivalent structures. For example, although a nail and a screw may not be

structural equivalents in that a nail employs a cylindrical surface to secure

wooden parts together, whereas a screw employs a helical surface to secure

wooden parts together, in the environment of fastening wooden parts, a nail and a

25 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

preclude the presence or addition of one or more other features, integers, steps,

components or groups thereof.”



20 perform ng the defined function and not only structural

equi val ents, but also equivalent structures. For exanple, although a
nail and a screw may not be structural equivalents in that a nail
enploys a cylindrical surface to securgg wooden parts together,
whereas a screw enploys a helical surface to secure wooden parts
together, in the environnent of fastening wooden parts, a nail and a
25 screw Refexgmealsent structures. "Conprises/conprising” when used
in this specification is taken to specify the presence of stated

features, integers, steps or conponents but does not ﬁ’rére,cl ude the
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39 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOW 1. A nethod of
tracking tinme varying channels in a wrel ess packet based

communi cation network conprising the steps of: 5 tracking at | east
one channel paranmeter in the tinme domai®in accordance wth an auto
regression algorithm 2. A nethod as clainmed in claim21l wherein any
one or, a TYRIGINAMSDEFINING THE INVENTIONARERS POELOWEeked

i ndi vi dual ly in accordance with an auto 10 regression algorithm 3.
A nmethod as claimed in claim1 or 2 wherein the paraneters are

tracked i a n h t.hat. at |east three of the.foll ow

par anet er &-ar e 7 PRERRG: OF BRFRINE, R ARET0 AT Rl oo direlisscBpois ased
15 Phase Qfofmnn;@gnoﬁ)ﬁ@hw@mrﬁmﬂ}pngmgﬁﬂeﬁ@pgrofG:DM timng error/offset
Coherence tinme Coherence frequency. 20 4. A nmethod as clained in

claim 8 2 or 3dragkiiephlegshere s§asaehryamaiet sy theciinprdoseaintin@cspegsnce
of : nodel | um of three other paraneters. 25 5.
A net hod av{élﬂg?‘tz'ilgﬁ%dé%ﬁggélgﬁ aﬁorﬁ’l}:ﬁcl ainms 1 to 4 wherein the auto
regression algorithmconprises the steps of: updating a CEDB state

upon decodi ed Si such that a, fraction of a raw

recel
esti mate, OI7der| 81% P% ag %’%P%?htn clateilvwhesingay AdifdCa@ sersinaion of two
subset of preyiLusst4Aa t %gé@ ed t |I‘,ﬁﬁ.{1t y
fraction o 30r t gé(ir g%téﬁg.t?% G.qm%b%t%ﬂgdﬁj‘ofa%craacﬁl ng  Yauto
varyi ni chegresbmn algaritwm.el ess packet based conmunication networ k
conprising the steps of: providing a CEDB update function and a FEC
decode function in accordance with a pipeline processing algorithm

S 3. A method as claimed in claim 1 or 2 wherein the parameters are tracked in

a CEDB and such that at least three of the following parameters are tracked:
Complex Channel Amplitude (per subcarrier)
15 Phase offset per OFDM symbol
Noise Power
OFDM timing error/offset
Coherence time
Coherence frequency.
20
4. A method as claimed in claim 1, 2 or 3 wherein tracking each parameter
comprises the steps of:

modelling the parameter as a sum of three other parameters.

25 b, 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
30 the CEDB state.



7. A nethod as clainmed in claim®6 wherein the pipeline processing

al gorithm conprises the follow ng steps: providing a first decoding
of a received synbol i while predicting a channel estimate for

synbol i using a second decodi ng of symgbol i-1; 10 providing a second
decodi ng of synbol i while predicting a channel estimate for synbol

i +1 usinggthe Ai ingi~af i npé}#;p{r:\é}ﬁ{ [We d '
a symbol g%orrprlit\srgsé_{hl?égg?ﬁlﬁgglgg %ﬁéﬁan i(Qltg ¢ stlén%ﬁa%%%é%geﬁﬁgﬁg%sgd
t ransm t t Ginsymbstioastatwatkesorhprising éha grepsiofdet er m ned by decodi ng

the synbol. 15 8. A neth claimed in claim?7 ei,n the anpnel .
ot i mat e dat acpoudig g oG ndatie fidigRonBy GuiTdh i UPRaTY § dEhor in
decodi ng. aébordarR! WK a0pipSIHCprRBEEh BIgafkRL S arriving at a receiver
in awreless 20 conmunication network the nmethod conprising the

steps ®f : receiving a sanpl ed packet input signal; determning a

ol by andcor romae HoB P ROF AT B Gy Wi e MhetirB ik ChEY Y efbaripm

a packet @mhpiigds thieelieowial stégs: the correl ation conprises a first
arithmetic 25 operation. 10. A nethod as clainmed in claim9 wherein

the first arithREiding ajestdewdineehpreceivedsymgal t whie pariating a channel
met hod as.ghaiIngy & inGbAl B, 8lsetBndiBERg 'Sy RER 8L determ ning
the conplex representation tonprises e conpfex pnhase of the

sanpl €@ i nput previgied .a £kcohd. décodihgodf afyrmdyohchnbiile z pragligtargk et £hannel
arriving at, a rﬁcei veé in.a wreless  comunication network the

met hod cotiMAPAgr $HBPRkiEHLSEIY hediphieRHEN%H Ot $¥8P0lHNd a second

cal cul ation i ' 0. i ' -

haims 9 to 11 e eALIRTEPaddodhB dErRbol SRRARES hap B Ghannel
second cdEstimatei databage tising transeittod syddol sstmatast for thd eymbaopdetieenined
arrival tj e, ‘#ﬁ ?I,émet thE as claimed in claim 12 wherein the second
cal cul atit%)/n REHPPY §E6SYEPGe| ay and correl ate cal cul ati on where the

del ay15s | ess than the correspondi ng

8. A method as claimed in claim 7 wherein the Channel Estimate database is

updated in the step of providing the first decoding.

9. A method of synchronizing packets arriving at a receiver in a wireless
20 communication network the method comprising the steps of:
receiving a sampied packet input signal;
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 arithmetic

25 operation.

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

comprises an addition.

30 11. A method as claimed in claim 9 or 10 wherein the step of determining the
complex representation comprises the complex phase of the sampled input

signal.



10 delay of the first calculation. 14. A nmethod of synchroni zing
packets arriving at a receiver in a wireless comunication network
the nmethod conprising the steps of: accumulating a set of decision
metrics in accordance with a nmethod as 415 clainmed in claim9 or 12
such that each decision netric of the accunmul ated set exceeds a

predet er mqed tArgsfpeldol @W&roﬁ&fr@' Pabkéd él’?ﬁﬂrfqa%{ iz2 el [rPbeRreless

decision netrics that are equal to™a maxi mumyv determning a
packet ar rqomhunic:ﬁtqozwehle@hdh@nﬁ@hodcpmrmngotb]erﬁtep@oﬁ/een 20 the
earliest and | atest deci ij‘%n trics. 15|. 'Atrret hod of correé}atl ng, a4
received si gnalP9 P A" PEF saé“r%%éﬁ‘é?”%&%}ia'88%&8?%@??18%‘% QIR0 as
conpri si nglditedsihes cie ofitlaintd gittmg1at Ieast a first and a second

si gnal component such that the 25 s gnal ngonents are represented

by a fi¥st and desedraingne differencs be@vﬁ,@ ther shaptiseeppd opeauiafianisrig form
correl ati %n§%&3‘@5é02$8“%‘%}}9%'f éﬁ&ké}%qrs C[ﬁlﬁ'g one bit references.

30 16. A e alnmed rnc erein the first and second
si gnal corrponents are respectively, one of: a) an I conponent of a
t est S|gnal Q conmponent. of a test signal;

b
conponent | Ag BeiNQ @s Saimed:in cliimy] %}WBSH%JBrﬂ'é%ﬁe‘éf?n%c?@lé@i“%d?omD”Ses
signal . 1% @IaV?rlbOE‘or‘Pél Féjegﬁﬂlaﬁﬁﬁ'vﬂgf% nth@ éﬁélé)‘? seﬁﬁspcﬂﬁh%e%ﬁ%gfm?dmg
conmuni cat'i on net vvor conprising t m xi ng a signal for
t r ansriGs sidateyoof thdirsiatalouliatiomt o at Ieast tvvo d| stinct frequency
bands so as to provide at |east two transm ssion frequencies for the
one signal. 10 18. A nethod as clained in claim17 further including

the step gy twmﬁ@mbalms@ﬁcﬁr@ﬁ&hg pacﬁétgnaﬂrwrr@a%e%c%n@éleﬁ ar whaks
transm ssion frequency fromat |east two antennae wherein each

ant enna céenuBwoiggton oehvorkdee swethod comprisingsthiedienrs etuency.
accumulating a set of decision metrics in accordance with a method as

15 claimed in claim 9 or 12 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;
determining a packet arrival time corresponding fo the midpoint between

20 the earliest and latest decision metrics.

15. A method of correlating 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
25 signal components are represented by a first and second one bit reference,
respectively;
performing correlation operations on the first and second one bit

references.

30 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 Q component of a test signal;



15 19. A nethod as clainmed in claim17 or 18 further conprising the
steps of: receiving each transmtted signal conponent at a receiver
conprising at |east two separate antennae wherein each antenna
corresponds to a respective transm ssipn frequency. 20 20. A nethod
as claimed in claim17, 18 or 19 further conprising the steps of:
recei vi ng eachc)t r angm Eéﬁ’n‘ﬂ Sh9N 4 Féyweﬁgnat a receiver conprising
at |east two 1’'ndependent gownconverters erei n each downconverter
corresponds td) a raSpeanpurentrarmsracesiedrsifimaquency. 25 21. A net hod
as claimed in claim19 or 20 further conprising the step of:

conbi ning the received signal conponents into a conbined received

si gnal ; denodubahbitbdt BE cERMAIMBINEFE Y fitefiseNBhcket haskd: comRitOMion
as clainmed in claim21 wherein the step of denodul ating conprises:
appl yi g rétmenecompripingtibs stens ofoi se power estimates obtained froma
Channel Estimate.database for._each receiving antenna.tao, the, conbined
received 5 oGS SI00a RSBl RV Bie. 2 st I bipBc
to 22 whekgduerRgchands 80y {d pebidadlleaxp MABNEAisIAREBRN FEGUSHAIES BhaIne
signal conmponent with the sanme frequency for each transmtted signal
conponentone®igpal. A nethod as clainmed in any one of claims 17 to 22
wherein each transmtted signal conponent conprises space tinme
encoding for matching with a matching space tine decoder in
operaldvel§. asAosthbecswildimedia olsinet ¥ aurthekinélbding thetshemonhf

comuni cation in a wireless OFDM mul ti pl e access acl%et based o
communi cat i on FRASIIOL GhPeadi WP SHRNalt GPNBEReIs W%1iTaG each eliamsnission

cyclic daﬁ@%ﬁé dfr&ﬁrataleta@,@%ﬁaiéﬁtgﬁné*@_ 8rkehch ‘Mﬁ%‘érﬁié‘c&ﬁ@s@& 0,3

field is a non-Contiguous string distributed about a data pac

26. A netriespeditvectransreidsion fodcqpiamc®5 wherein the redundant cyclic data
field conprises 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.

t2z Agrettmd oh m@RegiaREIdh@d idlcl&lat €7 BF 98968h&TcdrREMIRG B9 SRIFIIFSI NG
e

receiving each transmitted signal component at a receiver comprising at

least two separate antennae wherein each antenna corresponds to a respective

transmission frequency.

20 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 respective transmission frequency.

25 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.



25 steps of: providing an interpretive shell for conmunicating

bet ween an enbedded system device and a renote PC wherein the
interpretive shell reads user input data and interprets said user
input data in the context of a programmi®ig | anguage so as to
interface digital instructions between the enbedded system devi ce and
30 the rengie FACrhetr%@alalseotahﬁeaesﬁotcﬁanﬁczﬁOM@taaatr% I dr QBmRbulRg
PC conputing resources to functions of the embedded system

devi ce. 44onggisea met hod of recel ving a si gnal transmtted in a

Wi rel ess packet b sed on_n tvvo t he thod c

the steps of - GRBNARY 5eBRPLeafiPaley ang HiFE polie e e fm
recei ved ﬁt@ﬂ?ﬁdef ehanté eataiidsesfor eaderecdIving aMt@zﬁﬁa?to tHecoBivRd reeeived
characteristics exceed a predeterm ned threshold condition; swtching
the redei Wdnalo a second node if the predet er m ned t hr eshol d

condition is exceeded. 29. A nethod as clained in claim28 wherein

the first node is a substantially 10 DC- coupl ed node of operation

and the se&3ond Amadethosl asDEaghégein meyovat ofretidms307 & et hatbralh each
clainmed in claim?28 or 29 wherein the first node |{s a narrow band
mode and tUFREOSTRERH GRS EOMPoneht &@B@ﬁ@eﬁtﬁdBaSQ@'ﬁS‘gﬂ%’é@ﬁ@&“%t with the

clained i is locked in one
of the fi %sﬁégfrrggeco gcl:f’@r Wgﬁﬁt?é&ls@ﬁgle%cgﬁ that a packet is
bei ng 1 ecei ved. 20 32. A nethod of receiving a SI gnal transmitted in

I tipl d t . t hod
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substant | Eﬁténﬁénﬁt%d’@%'a?éoﬂﬁ%ﬁent ErApHEADsBARSRARG RG] RRWtbAINGWith o
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received signal; initiating at |east one DC offset renoval strategy
if the rragmtt:hl@@ spfacedime gegbderdn apecaibly asgnaiatetovith theorechiveshol d.
33. A nethod as clained in claim32 further conprising the steps of:
tracki ng the recei ved baseband signal power; initiating at |east one

RF sigmal 23at h Agadeihethaigmmuhietishdna wiieds OFDM multiple access packet
based communication network comprising the step of:
providing a redundant cyclic data field for a transmitted data packet

wherein the data field is a non-contiguous string distributed about a data packet.

20 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

25 stepsof:
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
30 the remote PC fo enable the remote PC to delegate a portion of the PC

computing resources to the functions of the embedded system device.



30 outside of an upper and | ower power limt. 45 34. A nethod as
claimed in claim33 further conprising the steps of: concurrently
estimating the DC of fset and signal power in the baseband 1/Q
signals fromthe RF receiver device; inhibiting RF device state
changes when a denodul ator of the receiver 5 indicates that it is

recei vingo@t vahideRafeket - i i ' LN j
wherei n phegseq%frﬁget I gF tr?g%ﬁ‘lélgg %@@aﬁ?%mf?@e §w6'a %Eﬁs?ogagget%ased
cl ai ned iconoimainmadbsn ratwotke thavmetiedchcampdsiagdte GEDB oft ate i s

conbined with a new channel esti e. 37. Apparatus adapted to
communi cate i no%erﬂfy?%?égge'é’@m@m#’networ k, said apparatus

conpri sing: 15nBRRGHRP PEceMANSigRERBRAEcIisAPS @R tdrThiRE YHARSICH S iGRal
a predetermned instruction sét, said apparatus, In conjunction with

sai d i ;dstehsraciensicea exansidry peatigierstined thresheldraanditiet hod according to
any one of cl aj 1 36, 20 38 A cO ni cati.ans network .i ncl udi
the appar at us. Sty ot terdiprfaas SR MR I BR, ARu AT HiEa0Re

conpri si ngncitictrigk-eedegabl e nedi um havi ng conput er readabl e program
code and conputer readabl e system code enbodi ed on said nmedi um for

communicating in 25 a wireless conmunication network, said conputer
program duc %B Ik : . .t hi aj -
conput er IO%("ss)'abllse\ nﬁre I én% girglm%(féWgtaﬁr]ﬁn%&??(ﬁgpﬁgttﬁggﬁ%%%gbggCsaoj?‘%?sr’%nq%ly
any ot dDCedcaiphe] ndde 36.optbatich metihihe, seqpal atate & d/ DIC pffsebrémasal
herein disclosed. 30 41. A nmethod, apparatus and/or network as

herein di88f8sed with reference to the acconpanying draw ngs.

30. A method as claimed in claim 28 or 29 wherein the first mode is a narrow
band mode and the second mode is a wideband mode.

15
31. A method as claimed in claim 28, 29 or 30 wherein the receiver is locked in
one of the first or second modes when it is determined that a packet is being

received.

20 32. 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;
initiating at least one DC offset removal strategy if the magnitude of DC
25 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

30 outside of an upper and lower power limit.
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34. A method as claimed in claim 33 further comprising the steps of:
concurrently estimating the DC offset and signal power in the baseband
I/Q signals from the RF receiver device;
inhibiting RF device state changes when a demodulator of the receiver

indicates that it is receiving a valid packet.

35. A method as claimed in claim 5 or 6, wherein phase offset is tracked

separately.

36. A method as claimed in claim 35, further wherein a rotated CEDB state is

combined with a new channel estimate.

37. Apparatus adapted to communicate in a wireless communication network,
said apparatus comprising:

processor means adapted to operate in accordance with a predetermined
instruction set,

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 to 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.





