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WO 2005/ 074150 PCT/1B2004/003798 -1 5 Robust
Non- Coherent Receiver for PAMPPM Signals Field of
wOnvEsr#em The present invention relates to a PODUB1004/003798
recei ver schene for conmunicating via ultra-w deband
(UWB) radio transm ssion Si g‘nal s over multi-path
channels with a 10 very broad range of del ay spread.
The scheme enabl es the construction of particularly
Robust Nos-CohédrentyReceiver farmBAMoPRM .Stgnals
over the UWB (or inpulse) radio channel, for exanple,
in the frequency band between 3.1 GHz and 10.6 GHz.
15 Background Short-range wirel ess technol ogies in the
wirel ess | ocal area network (VWEAN) space as well as
Fleldg\”n%ﬁﬁgn personal and body area networks (WPAN and
continue to proliferate rapidly. Simlarly,
The p\ﬁeﬁ@r@t mndnm?n ebkses &5 awgi/ldusase(zjmmeg schemaofdescdnnmkinfgpting via
a [ of _sensors and/qr identificatio
uttra-Pidebar{ HINBIg o885 Fonaeiempn syierisi et L Bipedt clefpelg with 2
very THbHE ErdRJK@F Mabgnéprabd. T Ghleyne tdisiftes the constructlon of

conventional systens operate |license-free wthi
partigyariowobust tresivaiatien syskarns a@ﬁb@ﬁF\Uﬁf‘fﬁaﬁ%rat“F‘tﬂ over the UWB

(or m’\i}ﬁﬂﬁé\%\/gg%gd@)%a%ﬂﬁ?gf)r ehah ﬁlé‘t i & R g@%@%& B&Evdch 3.1 GHz

he rapi grow ng user and device

and 1@opudkt.i on and to enabl e new applications based on

Wi rel ess data transm ssion as well as asset

| ocal i zation and tracking, 25 additional radio

spectrumin the formof the ultra-w deband (UWB) radio
Backgroandel was recently nade avail able for use in the

USA in the range 3.1 GHz, - 10.6_GHz. A rel evant
Shortasgnga Wirelese taehveglagieentn §he firgiesswio@l eaigas BREYPrk (WLAN)
spaces}égt\ﬁ?"? aléSWﬂglesEg%rEM%Irﬁr% B0 gl?/aHH@é netwbhigs (RGN @hdSWBAN)

ness I n propagation conditions 30 where severe

contimug tto- pmliﬁembamaplcbws Siméedy] wired tand ydneless ms, well as mixed

netw?rﬁ(\gel}n% P\?%rger%:guip%gbpsaéh q%}ébﬁﬁéa@ﬁﬂ %gs 'gﬂr@ [Fétzﬁeglnnmg

dwer ed
to bebyeplat/barwiels. adﬁ&ﬁf&%@ﬂﬂé&mﬂaﬁé/ mlmémpom% Tymcaﬂy, these

con GG S SRS BB M RO GRSl aggianatedt rac
spectr@@nbahd$atd Atigate the threat of a future spectrum shortage in view of
the rapidly growing user and device population and to enable new applications
based on wireless data transmission as well as asset localization and tracking,
additional radio spectrum in the form of the ultra-wideband (UWB) radio channel

was recently made available for use in the USA in the range 3.1 GHz - 10.6 GHz.

A relevant aspect in the development of future wireless sensor systems using
the UWB radio channel is the receiver’s robustness in propagation conditions
where severe multi-path conditions prevail. At the same time, however, these
communication devices should minimize their power consumption, since often

they are powered by batteries.
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| ocali zati on systens based on ultra-w deband radio
technol ogy (UWB-RT) are faced with the probl em of
wohosa7aigot he best possi bl e desi gn approach i nPCIEB2004/003798
sense that it is cost effective, provides robust
per formance and operates onfy on 10 batteries over an
extended tinme, up to several years. A key design
Prior Artiansk Prbjem D@§§'ﬂl°’{/\ﬁ>'i‘el ess transceivers are thus the

choi ce af the i on _sche and the [resp .
DeS'QP@ESePEé(Y'rEAFENjF?éE:FE rqrbsrceg(e c&rgwﬁwéﬁoc f He ghcé;clon or
|ocanﬂ°cvc5rf% BRiths Hawed Bhoblt%nwélbar(d nday )teesmmb?yil(wws RT) are

c annels is posed by the rather large range o del c¥1
facedswﬂéabhq Wé@b@@h Qfec%%fé'ﬁgeﬂi‘el ﬁ%%@oéﬁﬁmﬂéﬁsﬁg@sﬁﬁﬁg@ in the
i
sens AP LSRRI ghpuFRcO BBk ENerl Sl g ol on
batteries anve:rnam eextended daheony f seeeral eyaqaust A- ey hlesign criteria in

v DR e (oL AL MM R ke an en

correﬁmcﬂlhgmelvﬂﬁear%h&étmretm dagiven Smmﬁi@atlbhoammment The
to derive a receiver's architecture: 6&3 20 coh
problenws(iadern) UWEhrrda channelscirarssd |thecré§h@fn'@age range of
delay%‘ﬂ?@é&%at SO EHEEUCR BRAhRIEl PESFIHER, l?blh?fn@%bhf nearly
rat her conpl ex I nplenmentation, since of t en
zero ﬁ@leu Spoepe, Heling vésiatt situatigns: Ve largs; delay rsends @ﬁ up to 200
I | L ent
ns anr%e%:né’?géﬁs QL t|o‘1“1{§ﬁ<§n§%\</é§%ﬂg\ et'i g?’c:‘h g'FBg %&j&ﬁ{ A pract|cal receiver
shouldrizk ablesto ey wdﬂrrill'wlatrgebangd ofujmssmdmphamslecql‘sllmm
non- coherent 25 receivers generally suffer froma
substantial performance loss in conparison wth

Therénekist 8RB liHRe selpdpre FrormerBicketosderle befeeeRiertsherchitesture: a)
a need in the art for an inproved non-c

e
coheregg epGMes c ABfre DY hACNAEMHIGEGRS SFSMeS: arVU%ﬁ ggggned coherent
scherR€% bebvine JTdUdTBé}‘?Srrﬁﬁnc@bgt reduif® BaaeRNdr cABpRAfmplementation,

) recelver o | ow order The non-coherent receiver
since @ftsm thavt need s bel desigoed wdtht adaptorr &ataresko mateh all possible

chanlpeqréoc”é:ﬁﬁgﬁf ﬂ¥ﬁrco%elr€ﬁtg? 2&%’% I‘?%vénﬂhé' a?@lo‘?ol?emg much

COndi trons Wi t Nout any adaptatTon
smplke;armysmmnlw acmtpéex tonburidzf,srim\s:emm‘omsm iagtheharoreicoherent

ecen S RO B Y A BRSPS Lh: cTfparison

with REtidsefidd esharght abtaivéry. the UVB radl o channel and
the reception of pulse anplitude nmodul ation (PAM
and/ or pul se position nodul ation (PPM signals have

Therd?6RD GR1e Rl byndegahi BRd drb rbP&nNindPOwdd Hbkhoherent receiver
PCT/'1 B2004/ 003798 -3 5 recent literature. For

scherag ghpt @chlayeste sirgie puleveoieteer patfPimance @s, thg., @ coherent
RAKE receiver of low order. The non-coherent receiver architecture should

provide for robust error rate performance over a large range of multi-path delay
spread conditions without need of any adaptation of key system parameters in

response to varying channel delay spread or slowly drifting transmitter clock.

Certain coherent and non-coherent receiver architectures suitable for the UWB
radio channel and the reception of pulse amplitude modulation (PAM) and/or

pulse position modulation (PPM) signals have been generally described in the
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achi evable rates of ultra-w deband PPM w th
non- coherent detection in nmulti- path environnents,"
woypo0s/078a0i | M and R Knopp, the authors descr PO®1B2004/003798
theoretical results on achigvable data rates of UWB
systens using mary (m slots per PPMsynbol) PPMw th
non- coherent receivers in nulti-path fading 10
recengnlitgrebirent S0r HewRw@le, tihe theptEER oégbh@ﬂt'Qﬂ sentgded "On the

achieﬁ%@%af%%ﬁr&c%ityﬁr widbhied Wk Wiy Jgorrp%oﬂgfeﬁjcoﬁéte{c%ongm multi-

ow such a recei ver woul ecover the
path péadeonraéntde btyah’sn”SbUémhl PENHSlena{nop}mmhedgetMﬁrst ldescribe

recei ved si gnal e |s ortant to
theorgtfgle (RS U iSo ne??mﬁv?tg]?e&?)t% %Ie (L,J \f?ie%scg?\?&”kary (m
slots q%raPﬁﬂt e¢indol) PPMOWith %n'fb@hél@ﬁ@frelééh)é@hlﬂd multitgeeh fading
E Journal on Sel ected Areas in Conmuni cati ons,

envnrcvramenlzs) However, thedearssrdaasonot disalosprwhatethe regeiver structure
wouloera%'fsdcfgs it! e?p‘ﬂﬂnjdow Eucf?ﬁq"egéﬁ/%?w&ﬂd X \'7(% the timing phase

rfornmance o radi o ace and
of the]trahsmnt’x’edaﬂ?é\mmgrmdidl(mwmigerﬁ mememgmeelcsgeays siming phase is

mpo’phL 5 BRSO LOPERRRbrfFE 3B TAERR B 8 tector

outputhderstood to be the same as (pulsed) UWB radio. The
aut hors show that coherent receivers wth an
early-late gate tracker are very sensitive, even to

The dﬂiﬁ‘?sﬁuﬁlis%HQnefHéJIEEE (ld)ultrfa‘Pro)n- SERIcRY AdEBstiR ddrni@idations,
narrow pul ses sent the transmitter. The paper

b
. Advlpach ReEeMb&H , o) essitiedlat Tfﬁ%@fﬁq«:éﬁm timing %ltter and
trackfngs Bﬂnﬁ'ﬁi y%r@%c%oof n%p%f%er ?&ﬁhv’e% Ofy L PRt LdJelS@N AR I, K.
cura mat ed

est OWever Annel esti nati on
Townsend; addreseepliex tisnigg a’ecw«myeaml iitter rpmokmnctﬁthleoéﬂ‘mganail 4-ary

o S50 45805, SBket 8 4P Pule s YT 1033 B2 BBeriood o

be thehedmenss apuiled) WVAB radfd. ITﬁ@bﬁJ@lﬁmcghcﬁm/Uhlaommhetent receivers
Moreover, there is a need for non-coherent

with @ qasly-EERAaLR HHCkeE RIELY LYo R YR £ %tmeﬁest timing errors

(Jltter‘)p‘?ﬁéihlypaué“%@%h@%vw&i%wtﬁuﬂé@%éﬁ thé GRSl TBe paper
arge set of UWB (or inpulse) radio channels. Fromthe

by Loar@bar@ and flwnraend asgunpeeiteal e chpnngl FREPENSA is HeEox to the
recel\\/léi‘ir 831%:@% qued be3§cdg.99€e‘ﬁzgl?itﬁﬂ{ateroecﬁb\)(/@(leﬁ,c Bﬁé'??nel estimation

or eXanple, rely on any cHannel
requiresspampkexesighabpramassipgrticularly in the case where
the channel is the UAB (or inpulse) radio channel. WO
2005/ 074150 PCT/ | B2004/ 003798

Known coherent and non-coherent receivers, typically are based on some
automatic gain control (AGC) function, particularly when operating in an
interference environment. Moreover, there is a need for non-coherent receivers
of low complexity, capable of providing robust operation when receiving

transmission signals over a large set of UWB (or impulse) radio channels.

From the above it follows that there is still a need in the art for an improved
non-coherent receiver scheme which, for example, does not rely on any channel
response estimation, particularly in the case where the channel is the UWB (or

impulse) radio channel.
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-4- 5 Summary and Advant ages of the Invention The
present invention provides a robust schene for
woansisisat i ng via ultra- w deband (UWB) radi oPCT/IB2004/003798

transm ssion signals over nglti-path channels with a

very broad range of delay spread. In general, the

schene conprises a non-coherent 10 receiver structure

Summary and Advasitages of thadnysstiont i al |y very | ow power

consunption, while offering robust error rate

The Bl%rsfeﬁfqﬁ{?@@clcﬂﬁrprévWegea vabust ¥chémdNbrmdbinmuriaéting via ultra-
channels. Use of proposed. transm ssi on. si s

na
widebasic (WP ) trdhe tenshiindan sma PPVE( fav§ispg %”thiifmfés with a very
t jcQ ) ¢
oroaBgHR ey BHHE% PEEVLAGR B LI AB) BB non-conerr
receivet biwdcaurd afdowi cmnphazv(e:y]aﬁcbpp’terrtwtblweveny lamyp oW consumptlon,

., CO ni ca ent.i flctlon nsaor or | at _
e SRR R e b RPoes TO0 S b MR AL mute
path %'H@Wn@l@%é‘é @)*frﬂrb@dsed\ﬂtt‘d”lﬁmﬁlssllbﬂuglg&mﬁ erefgeed dmrrasm@mbmed

adat i on. parti cuI ar, tim ng phase recov
tﬁn[n% signals,

PAM‘QVEL HPYiez émﬁiﬁuﬁ@t medsilatian entisd itipR r M9y
toget%%?'v*wosegﬁe enagbgé{a aﬁﬁg-c@ﬁel%Dr\%PPé@eﬁétg "lﬁb@no%f @nd receiver are

construction of
appligablei dul amyt WW@ommmeamaw@ns rﬁ@nt@y@tlgfm S§ﬂ§0heqrmd@@lzatlon

systeglﬁ %{%e r%%w%fl?rvﬁﬁ%? %étfé}‘yt ﬁ%&gP%shW}?% lofd be minimized

exanp I'n requency bet wee
witholitlun@tle systedD.perfdrmankec dedradption. aIrﬂlpzﬂtlcaamed:tmo‘fg phase

the inyention, there i ovi ded thod for,.. 25
recovaly T Y e TONARLINSEERRSs Bhd e BoTin e ot P FRp AREM (also
abbréagted (aLéV\@PZP'PM)n§|g$1afspraredats€lﬁslealg Q@élﬂmgﬁ&hb Cdfl@&’cﬂ@(ttlon of

conprising a set of nulti-path conponents and eac

partighlpEly -eRURt ERFMBYRIEHOT iISHFIUBR GNFgNatW @ IQF?erfﬁt'BgtOV@rr rige ultra-
wideb&h & (Ul %Tg%haﬁﬁélhqgr EQngp'lesei% EH@fr%b@@ﬁcyoBahd)between 3.1

receivin e transm ssion signal TS via a first
GHz aeddiOvedsidd.gnal path (al so abbreviated as FRSP), ii.)
integrating an output of the 30 first received signal
path during an integration tine T, to obtain an
Accordihggrateofirstsagpedt bSthanidvention, [thecedsi pryvidesl a method for
rator s rt her for det ctln

recely o TR i AN S FS Ag st dt BTP E e o' [Ewg) shgpnels for

dete&id) datal @atifdHipimee dbhﬂmﬁnﬁ% E@fﬁe@foff aﬁlﬂtléﬁﬂ) codpomhkats and
step of integrating can furt

er conprise the ste gE h

eachd@ttémmaxhngorap@@fe@htmﬂhﬁmwof-h r\ﬁ(svitm 1% {857 ﬁ@tpetﬁ R). The

t be Gt off €F FhePdng | 1BRAraRat s BighRe TS via a first
methggl %H dg\t/]\lg?gh p%%?mﬁfl on n? toro btain a prgo duct
receigedségndPathr(@ldonalelienidtag as FRSP), ii.) integrating an output of the
first received signal path during an integration time T; to obtain an integrator
signal IS, and iii.) processing the integrator signal IS further for detecting the
(transmitted) data. The integration time T; is chosen such as to influence the bit

error rate (BER).

The step of integrating can further comprise the steps of determining a weight
function w(t), multiplying the output of the first received signal path with the
determined weight function w(t) to obtain a product signal PS, and integrating

the product signal PS during the determined integration time T; to obtain a
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the product signal PS during the determ ned

integration tinme Tr to obtain a WO 2005/ 074150
weCHslB2G04/ 003798 -5 5 wei ghted integrator spPgmaB2004/003798

w S. The weighted integrator signal WS can then be

used for further processing-and detecting the data.

The determ nation of the weight function W(tﬁl can

weighfedpintegraios sloset MaR. Jhet WeighsrgHptaaiAt gana( wiS G@ngthen be
used L@kn@%ﬁéﬁoc‘%&siﬂgfﬁ cﬁ?rc[eeﬁgcﬁf\ﬁé Q{H% Iﬂé‘tré‘?t'l;l‘?é‘ AR Anirtion of the

e an a e wel ght function
weigh( findtiondegendemcenmridehe gedsctidrs 0bfthe haaigat fliction w(t), e.g.

form SR ST P T O e O P54 B0l oL 40 e

of tieé IRRlightt MRIRtbne@5 it BepBREEn&ANoRE ther rB&lilts of channel
reduced and the senS|t|V|t€ of the receiver
5

can be )
measunemeatedBy Meisbtieg the muitprb sigtal @f dbedfyshgeeriver path with an

nri h i
appr e AR a1 B bRl A R B S ey s duped and
the s@AStivipyarfttheinegeivee cas depineceas®al. og si gnal SAS to

signal sanples SS, using the signal sanples SS for
data detection decisions, and controlling the sanpling

of t i ntegrator signal | I n dependence on th .
MoregygindestiifI L Be SRR Gan G I GROH Hobbeergy O sampling the
integB@©SEiQRSI IEOKo t bty Plasepledt bAAlgoBIgNSANPAS NG RIntRing the

certain nmulti (the multiple 20 depends on the

| e h
Samm%l@natqgoﬁigﬁéEéﬁé)tooﬁgwe‘;a@%&Sﬁ,alﬂ%'ng shg signal segples SS for
data ?%Eé&r gé&@'ongfe.taﬁgtdoﬂﬁ*ollﬁ&?l’cﬁé‘@%r‘rﬁﬁﬁi@' @@tl@%t@?ra&%?@ignal IS

o performthe tine synbol tlock estimation (if o
in degesterce oal & sighat semotes S8 aydrivsInacthue Kaks diefegtiasnylecisions

ync-_ sequ. sear. tim i.n 5 :
for ﬁl‘ﬂﬁ1 iFEs}é soeseeglg'ﬁﬁ(;bﬁ?ocndhgra éﬂf’ r céetg?ﬂl odﬁ?gégﬁeh{eﬁggfgv%g% multiple
depehds$ onhoihiestnobiutatiomr suhenad eof (HBERympel faenmnseble/er parform data

cere LE TSN ! BB RN BPea 03T cymbol cloc

estinftRire if CReiRid, HsPF6RRBE &icdirsd byhESHOCI6€K tedtivedtydriy the sync-
channel delay spread or slowy drifting transmtter

sequener Rearch) JehtheHmiRG Erackinet * channel is the UWB radio
channel, it is proposed to use a 30 nodul ati on schene
based on conbi ni ng PAM (pul se anplitude nodul ati on)

The @8fos E'\ﬁ&rﬂ%hﬁ@reﬁ%@%‘%&%@b%%éﬁ{é EFB\/'idé@ fOaFSHh G [k -error rate
In a prererred enbodinent it 1Is roposed to use
(BERDi petfarmamey ¢\BP2RPMrasi gargs, ofmrenlsi-path pisilay i sgreafl channel

con RhsPB6 B8 Rk SRR oS, BT ghlion aPtimerers
in resporigantc varyirg chbhaguésiay)spreadsen sieivbyn dsifidred teemsiitieer clock.
Given that the target channel is the UWB radio channel, it is proposed to use a
modulation scheme based on combining PAM (pulse amplitude modulation) and
PPM (pulse position modulation); in particular, in a preferred embodiment it is
proposed to use bipolar 2PPM (BP2PPM) signals, where the polarity of the pulses
does not carry any information but is used to achieve a whitened and DC-free
(DC = *“direct current” = =zero frequency) transmission spectrum. The
transmission signal TS can be selected to be a combined PAM-PPM transmission
signal, preferably combined as a BP2PPM signal. 2PPM allows transmitting of 1

bit per symbol. Binary PAM in combination with 2PPM allows to choose the sign



10

15

20

25

30

35

35 transm ssion signal TS can be selected to be a
conbi ned PAM PPM transm ssion signal, preferably
woandsiniedo as a BP2PPM si gnal . 2PPM al | ows trangaiiBiong003798

of 1 bit per synbol. Bi nary PAM in conbination with

2PPM al | ows to choose the Si'gn WO 2005/ 074150

PCT/ 1 B2004/ 003798 -6 5 of the pul se at random and
of the ipydse at EaRdOM aad: fhsdei ebtaimyadrangrois signsdweith epeewerspectral

y t ai Oy c [ 4 3

densig ek e tin<y B SRR IIRRC TR g RSRd AT PR Feceiving
methmlstamchleamﬂ;gduw@rits saret patticalartyr aedinswibdd fiots kigprensission signals

ei VngV? U\/\% radio channels. 10 It is also
rece%% SV6 rag@‘fvﬁ?r@@nal sanpl es SS per bipol ar 2PPM
synbol in order to provide maxi mum|ikelihood
deci sions for the data detection decisions. This

It is ér%érb%s"s}M’e %@'EBEQ%VO%@nHFS%B%S Sy HRlbipsar ePPM E@Whol in order
for ‘designing an inproved data detector that provides

to pravidavnadimerndiketihoed (dsEiionswier h&«tasa rdetecken decisions. This
Ase r | c g
mearfs TIRE SRR BFE | e R eT R pEn R BNENSD B fasioning an
lmprmweld\aw Cfe(D(ECtOI" ebet pirogdas tar &ove tiils erem sitg(@ER)S vdnileakeeping
the t % Ee radio (UMB) channels for detecting
€ Eiad}sgelvgg ClUFRTTHES SEBRISt i sing a set of multi-path
conmponents and each nulti-path conponent influencing
aresulting bit error rate (BER). The 20 recei

r .
Accordiftgriose seaond rasperk of i thed yegHan, Hagte Fppw'%%/fi@yrecelver for
rece@fngoa %Pﬁ{ﬁﬁﬂséfo%ds@ﬁal T af dfﬁ?r%Méé‘GaHi&%UWB) channels for

nsm SSi1 on Si gna S, an i nt egr ator for in egr at i ng
deteciing clatpueach aranel comprisieg v desi gnaIuPrathdaempgngnts and

eachI %fu‘?lgﬁ%ttgo{f' #Jﬁge;ﬂ IFI\QU@IP&I na% utmlge%rltateﬁlltms'rgféalgBER) The

processin rocessin

receivet egnygirises aifgealretSvédrdideal paxrh dprcemnmwsig aso abhrhwated as
'eaoni of the .integrator. 25 being chqgsen...

PRSP Jor ThE BT Hid s tnbnesibnel 75 P oo aey fos {fR8Rsting an

outpl e ttietrdtaeebNet sigfaldpatdnd @ohE BenhtdEeeionet| m@n'ﬂI teasbtain an
t he advant e that any channel estipation can

Integhaior tAEn ok M BTN EESIPE Uy dPT PHOESRTGShe gtegrator
5|gna¢°f$eﬁ*§ﬂheF %?'d&é&mg WattB 3R APBEQRIIOAL an’?@eﬁIC@F &he tiRegrator

Integration tinme T1, of the Teceived sign
being:alessn sgcfcagttgrléﬂuwcq H“@ bitesgerataie, (Biiis Thel m@é/td%éecelver

is a @gﬂ ‘ﬁepéﬁ# @%\@1 $¢aq{a%' I{I'Yey.ggsf%rya?gr SthdtYad dy%hgrgﬁgﬁs&t.mauon

e exp I Cl én ecovere
can ¢ ockitted fornihigynphasiheestti nedeier ier contrast & Icokhetdarltcrecelvers
With %% aspl)pgr%ipfrlja%g%lo%e fgth%rlngegratcigiwstinqgnﬂ, most of the received signal
energy is captured by the integrator, thus, almost the entire multi-path diversity
offered by the channel can be exploited efficiently. The recovered symbol clock’s
timing phase estimation error is allowed to be significantly higher for this non-

coherent receiver compared to coherent receivers.

In an embodiment, the integrator is a weighting integrator that comprises a
generator for providing a weight function w(t), a multiplier for multiplying the
output of the first received signal path with the weight function w(f) to obtain a

product signal PS, and an integrator for integrating the product signal PS during
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coherent receiver conpared to coherent receivers. In
an enbodi nent, the integrator is a weighting
wonv@sgratser t hat conprises a 35 generator for PCT/IB2004/003798
provi di ng a wei ght function7m(t), a nmultiplier for
mul tiplying the output of "'the first received signa
path with the weight function w(t) to obtain a ]
the infiegdaiden $irgadl tPobtainde areightesginie@ietebpigna vgbatyeighting the

T

to a adifuried Gt werarhtatd (BERG @ifaherreseiyealorviioSan ibirghsed gensiivity of
out_{:/)ut signal of the first received signal path with
the re¢RiVelei ght function w(t) leads to a reduced bit error
rate (BER) of the receiver or to an increased
sensitivity of the receiver. 10 The further )
The furbrerspraggseingt Urihrragorpmipsisead sanpler feiosagpiipgi g weighted
; I ght | ot r.si b -
inteot ey SORIIRE tuASHAR o S5 Tioth AL FRBRRLRR fpp auantizing
the ssanpleddaralal aigsalghab ®ASIgnal sagaes SEypd ekatgS)etactat fr data

etectar. for _data . detectipon decisj.on d a. tim
detedifi Apriondnp g FA e eV B e 0 Sap SRGuAc i fébendence
on thd&ignANsdmPpEISEs ah8 el ddie dieteatidet eedisions deei Mg phase
. for timng phase 15 estinmation. The timng unit can
estimaildher conprise a tining acquisition & data
synchroni zation wunit that includes a coarse synbol

clock estimation unit, a fine synbol clock estimation
The timing uaitdcan Synieerr eempaisEehtisga evgeisiden & daim synchronization
unit S HHdided %ecggrsﬁy%bolclcfbcéﬁ E']sﬂ?hrégloﬁh@ﬁﬁ eSHhEBYRBol clock

step 1nto coarse and fine synbol cloc estimati on
estinsttieps wlit,0wsd depgndhronizatidrnesdqueneae seatahonynitt oSplitting  the

redyc r eanbl | engt h_and to i.nprove the estimati
Symbgh it cl HRAIE, ROPABrBLTERAOR (TR Lhi oEsh Gy e oviBol clock
estinmRIEN EHsaalldws Ngepérfdiky Ngh tiné timpierhengdtidm clousetucenpreamble

early-zero-late tinme generator or an early-late tine
'engtaemc{m HPProve themagtna%glep &Y t he proposed

non- coherent receiver includes generally a nodified

early-late gate timng schene in the formof a .
Furthenmese s tthe elimif) i sthite 68N sfiidras, comerisafa dimiy fi@gking unit that

e84 o R5E03Rh oAb P TLEE ehi SERE e generator I
this disebsuries thetpraposatnonedhineireit racei\ertineludeagsinerdly a modified
carty SBI4 KR St SRR s et St bnere,
heredfégh @allé@nsitlys 2ér@nlasy JESM) tidinQcbheves Ia sotesémbodiments it
might be preferable that the zero state is not active, reducing it to the classic
early-late scheme. The combination of this scheme with efficient non-coherent
data detection leads to an UWB radio transmission system that achieves a robust
performance over a wide range of channel conditions (delay spread), even in the
presence of some timing phase errors due to jitter and/or frequency offset
between transmitter and receiver time bases (symbol clocks). The mentioned
paper by Lovelace and Townsend assumes that the channel response is known
to the receiver or that it can be accurately estimated; however, channel
estimation requires complex signal processing. The proposed non-coherent

receiver does not rely on any channel response estimation.
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performance over a w de range of channel conditions

(delay spread), even in the presence of sone timng
wohes@7ersoors due to jitter and/ or frequency oPETEB2004/003798

between transmitter and recejver tine bases (synbol

cl ocks). The nentioned 35 paper by Lovel ace and

Townsend assunes that the channel response is known

to the receiver or that it can be accurately

[ ; C I ' j 7 [ N .
prerel TR B IR g 06 IR SALES symping ime
correcEoRi yeit wWhieh abbws oy impraning hlaenerforespaes ef timing-tracking

e?]ti mati on, WO %005/ 074150 PCT/ | 82004/%0 798 -8- 5 |
algorph@sTesHFingG RENET M g ONSERFRGVERSENY H%Vi%reg higher tolerance
agairff@Ci SdARLEF ' SRR chIbrhii®R  &Ri/oeClrieediveRi tsyMib@h clock)
_ allows for inproving the performance of
Impre¢isiong-tracking algorithnms, resulting either in a

hi gher receiver sensitivity or a higher tol erance

agai nst oscillator frequency (transmtter and/or
The tiededg warit sgnbmmptise keh intégiatpr/saimplencortitel thiti ingcombination

.. unit can ¢ ri se. an_jntegrator/sa er. contrql, uni )
with iSRRG T WHIcreLOVLE % BFetich CHBU IR RT &) Sl réset signal
and Bi@alsSight Wdlé& bigh@l Proideldheo rieeinteggitat armhd)t tlee sampling
. weight select signal provided to the integrator and b)
signgl pEoigeg toridre 9aMBl&gnal provi ded to the sanpl er.

Moreover, the received transm ssion signal TS can be
processed by several integrators arranged as a set of
Morepuenl the reseived hiprismisgeat sigsal TiesaneAenhpreqasegd abyrseveral

. ' r el e [ jhpu i I ' a
el 558" B ERGLACSE £oSRESH MR Ypds R ByRUEO Srhen, ac
integratoegirstegoatesi teir Eaedpdctivegirgiuir sgpmalal dwringea f predetermined
. a \weighting integrator. |n other rds, _.the .

Inteo YA FoRT of 't RUST e M EHELIORed T ohPE R pggor can also
perforAf 8k Ve heidiginag ipaighatr. anSdthet evordb e gi@timiegpation of the signal

wei ghtin integrator is expandable to jnclude several .

obtaiggd oy g’@ﬁ ek seer!Yeth gianaAPathsly ao?'“glf‘afrhtﬁ%?tor or weighting

_ N , . . . !
mtegfﬁt‘g{r% XPahdbBR & ﬂ{c‘fudeggéheﬂamts%ﬁ%Eé_’grbf&{rﬁg{r%ﬁgﬂj as a set o

r respective input signals durin ) L
paraljs| eegretingnisdearatars, Leachbindegrateq iRtegoriing veeir Jigspegtive input
: r [y d i L |
sondl B BLESURHAin LERBRIBALI LS hierglcn o parae
integratwirngriangekiard. offets (@dditiorsal Bdvageges, efgateskelraguired time

cerniy R e B R G918 Gr R fro R e ©bent of an

leaky integrator can be chosen to be unity); more precise information about the
timing error TE provided by the decision-directed sampling time correction unit is
obtainable, thereby increasing the accuracy of the timing error TE estimate;
improved robustness against clock frequency offset between transmitter symbol
clock and receiver symbol clock is achievable; and a shorter preamble sequence

can be used for obtaining a faster acquisition time.

The integration time T;, as determinable by a sampler control unit, can be made
adjustable in response to the prevailing channel conditions, particularly in
response to the channel’s actual power delay profile as measured at the output
of the first received signal path. Thus, if a delay element of duration Tz is made
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timng error TE provided by the decision-directed
sanpling tine correction unit is 30 obtainable,
wOhers@ayiso ncr easi ng the accuracy of the tim ngPerTABI00AEH3798
estimate; inproved robustngfs agai nst cl ock frequency
of fset between transmtter synbol clock and receiver
synbol clock is achievable; and a shorter preanble
adjusiableentteen dhe beccﬂgerdsf@cﬁhlemtdenblﬁgeraora@ter(BER) can also be

mpr%\??éej h§idd %‘ﬁdtebgg oﬁ%eTB?evﬁﬁ %hﬂ@lg b&%el! %%Igzapd‘é)ﬁle and/or

rmn a sanpler co unit, can
the radewetabélgnauqtd—aemsaam @SNR9. phoiae/athht mtge ghaasgled power delay

condi t t I I [ to th
oron Soaa Fist P3 B4 SE ek o SERLE o A SR Bicton weo
Whlclﬁ’fcahh:ﬁa fricopporaRegiiv €¢He SAHRING A V\%rérﬂ@hﬂs if a delay

el ement of duration TlI, isS made 2005/ 074150

PCT/ | 82004/ 003_798 -9 5_ adj ust abl e, then t he
ACCOFCﬂﬁgove %hﬁlg %@’ | &¢ Qh% iRVERoH, a{ | ng ?rﬁ@ﬂe@' §0sPRem for

ndence of the prev hannel
transmmnng déhtaa/ \paohi ket aafdﬁmpulseheadlecéUV\éB)’ ghannels. The system

comiHl RIS bR L B8 4 M o PG5 pgnat, on

the rdeftiveed@ eIV eNfdr neeepiig budaddtectivg the data.ch can be
i ncorporated in the weighting integrator. 10 Accordi ng

to a third aspect of the invention, there is provided

Furtl‘%rsé’cﬁ Uvgé’é of EH@W’@ﬁﬂdd"Qréj@t@d\He%\@ set of inpulse
radi o channel s. The system conprises a

transmtter for sending the data as a conbi ned PAM PPM

- s e R SRRSO RS, et 5 e el bav-pov
(pulsenavmpﬂltm anadulasbrd- lpelllsmposmtmeﬂodultahlenprm@myedtogether with
the cﬁ%ﬁ gegg %ﬁb?&%@nﬁ&aﬁe@% grgler ggfﬁon g%éé)'g??%ﬁge a%'gll EBMe in any
UWBNMe&dilbaicofihhupicatiahs . idedtifitiiesn Wiskhsor2 rt ecatizatibossystem and

netwgglg| ?vgnggeg igﬁwrrgfﬁ%%ﬁéc%hﬁgggﬁ%@ﬁﬂﬁkggﬁmlmuzed without undue

systdrAPUrFdrintatdfegeRA®RH, or | ocal i zation system and
networ k, where %attery power consunption should be

m nim zed wi t hout undue system perfornmance
<o GERAAE OBy £ GuABRR bF Mol MBIy, P8 Al signa
path andt! far tlmmg ngcoeeny eny sa,mmhswmcmmwid:tlpcalﬁrcﬁPPM p(blpﬂiar two-
slot % W (czpsdp b%rewwcc)ed as BP2PPM) signals are disclosed, enabling the
construction of particularly robust receivers for systems and networks operating
over a broad set of ultra-wideband (UWB) radio channels, for example, UWB

channels in the frequency band between 3.1 GHz and 10.6 GHz.

- Non-coherent receivers have the advantage of being much simpler and thus
less complex to build; the compromise is that non-coherent receivers generally
suffer from some performance loss in comparison with well-designed coherent
receivers. The non-coherent receiver scheme as disclosed in here enable to
reduce such performance losses; this disclosure describes a non-coherent
receiver that achieves a similar performance as a coherent RAKE receiver of low

order.
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slot PPM al so abbreviated as BP2PPM signals are
di scl osed, enabling the <construction of particularly
woahsgr4isecei vers for systens and net wor ks opePariiBz)04/003798

over a broad set of ultra- Mﬁgeband (UWB) radio

channel s, for exanple, 0 channels in the

frequency band between 3.1 GHz and 10.6 GHz. -

Non- coherent receivers have the advantage of being

Wayel I [

- 1n RS Bt Bhe LERSvETTRERbBRY b bEBf shown to be
robustuihfttie fresense s traifgpphase erloos oriaodoirpgueson offsets up to 20

| | -desi gned coherent, 35 recei vers. ,The non-,coh
ppm {BeESyesT SO, Ber L B Daten Cres WEEHTE fetetayesupplied
with SWeh SRR HI8E NBEE ipOIas e2PPY hs‘ﬁmeSQboﬁw\ﬂddefcﬁtﬁr’ﬁ% Fhaximum-
non- coherent receiver that achieves a sinlar

likelileed gedigifis-as a coherent RAKE receiver of low order
WD 2005/ 074150 PCT/1B2004/003798 -10- 5 - In a
preferred enbodi nent the receiver's performance has
been shown to be robust in the presence of timng

has 0 | ock frequency offsets up to 20 ppm
DescﬁB@?'?S?Bierb?ﬁv?m% particularly in the case where

the detector is suppl ied wth two sanpl es per bipolar
Prefezml\/éawdmmenbs of dlae devémixtn aeé Xdesesitbediim dedail below, by way of

|keI|hoo de i S ons S ption,of t i NgS
examslE GBS AR S BF PHen e Srerta A B bed
in detail beI ow by way of 15 exanple only, wth
reference to the follow ng schenmgtic _dravvin?. Fig., 1
Fig. 5pBQWs £ Baglﬁé@aéﬁarfpatrfaasrw ta ViRge &3?% vpdioLhappels.
of radio channels. Fig. 2 shows a preferred
enbodi ment of a non-coherent receiver structure for
Fig. 20shaves Bepegfernssl embgslitsient ©fFANOPPROREGNE receiveg stgicture for

the rSOMLROPLORIHIALAPARTEB Soflala, detector compri sing 3

adder a a threshold detector. 25
Fig. 4 shows a t|n1ng ach|S|t|on & data

chroni zatiaon unit vvs a bI
Fig. $¥BBRerD Hoc1aaietnPr @ g, derteh atgPith B R Yethent, an
addeptind aStWe%hBRﬁEIEt”Efttblhat is part of an
i ntegrator/sanpler control unit.

Fig. 4 shows a timing acquisition & data synchronization unit.
Fig. 5 shows a block diagram of a timing tracking unit.

Fig. 6 shows a basic diagram of a state machine that is part of an

integrator/sampler control unit.

Fig. 7a shows a basic symbol sampler control unit as included in the

integrator/sampler control unit.

Fig. 7b shows the general relation between the various signals provided by the

basic symbol sampler control unit.
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Fig. 7a shows a basic synbol sanpler control unit as

included in the integrator/sanpler control unit. 35
weizgns7bisshows the general relation between thecvaBioous37s

signals provided by the c synbol sanpler contro

unit. WD 2005/ 074150 PCT/IBZBO4/003798 -11 5 Fi'g. 8a

~ shows an enbodi ment of an integrator as i ghting
Fig. 8slkgwatasr emibiogimsbt ioh@ndatedsates a%\@W@@hHﬁgéR%ﬁ%ﬁ@"
UAB radi o channel, that the optimal integration tine

Tr al so depends on the prevailing signal-to-noise
Fig. Batlhd:jdagé{fl:i) b\;atwavrtsf aneoseia\nemle weVHEhradir ahbngel, ahet the optimal
rovi de or |II t|ve ose on
integheiden dpe Iy ale  PREY T uSd e e ReiRg ratio (SNR) at
the rRE&SEAt 1 nvention to scale Descrlptlon of Preferred
Enmbodi ments 15 The enbodi nents are described with the
focus put on applications to wireless systens, using

i I di j ' h i
The YERAE S bRalaRS et PSRRI R PO PG5 a5 g Rocessarly
reprebesib practicd asdiacnslesmdithe fresers isywsheionftorscaleansmi tti ng

data via a set of radio channels, i.e. a set of

i mpul se radio (UMB) channels 3. For the sake of

simplicity, only one radio channel 3 is indicated.
Desdciliptibingof Preférsid Endsodimehts one hand a transmitter

1 with atransnmt antenna 9 and on the other hand a

non- coherent receiver 2 with a reception antenna 10.

The gﬂﬁ:}ddqrwe?]ﬁé eder A QinciiaRas! EI‘?E V\g 'p%@%r?%gﬁlic%ﬁor%f to wireless

conponents 3a, ere a transm ssion
systemgnalmn@Sim;suIseemelna/@dﬂm it hemmoankyotipdestoad teibgethepsame as

(puiskel et P FRRRS i cgh{,iﬁékty 3.t hat

includes a reflection on a wall S. In general each
radio channel 3 is Paracterlz

Fig. 1 1580M5I 3 PABik FFEEGRISOH0E S8 & Thasmif biategwq%%se‘%fof radio

chan \é%f |% %Osé“ﬂ gejhpase Ruid (OWB)NERiIS 3( del ae %Ek@@ﬂ)&mphaty,
I'ti-path conponent influences a resultin

only eqmoraqhat@ﬂa(mrmp is ingigatash-duhéigere iHexiertesron tgﬁrrfé“e hand a
tran%ngﬁg%eae\?gﬁfg lrtrgatcr{g{f’i’\i)ig: ESﬁhelrg;gEtHr& YRE &thet PahBea non-coherent
, er
receiver 2 with a reception antenna 10. The indicated radio channel 3 comprises
a set of multi-path components 3a, 3b, where a transmission signal TS is
received at the non-coherent receiver 2 via one multi-path component 3a
directly and is received via another multi-path component 3b that includes a
reflection on a wall 5. In general, each radio channel 3 is characterized by a
large number of the multi-path components 3a, 3b that can be spread over a
wide range of time intervals (delay spread). Each multi-path component
influences a resulting bit error rate (BER) in the non-coherent receiver 2. The
further description refers in more detail to the non-coherent receiver 2, hereafter
also referred to as receiver 2. The same reference numbers and signs are used

within the description to denote the same parts or the like.

Fig. 2 shows a non-coherent receiver structure of the receiver 2 for the reception

of combined PAM-PPM signals. The receiver 2 comprises a first received signal
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also referred to as receiver 2. The sane reference

nunbers and signs are used wthin the descriptionto
wdemstog4tshe sane parts or the like. 35 Fig. 2 BO0MB2084/003798

non- coherent receiver struc zre of the receiver 2 for

the reception of conbi ned”PAM PPM signal s. The

receiver 2 conprises a first received signal

path EBBSPMMWQ?@Tse@mbw@msignai@ash KaR&P) FﬁQSPPOﬁJ’Id a timing
& con?ﬁgm ﬂa&e@’@oﬁ{ ﬁcﬁefgﬁﬂgpsﬂfgggltirﬁﬁ'@h P?Pl%:a A0 Tlrgcore"i‘:'éﬂ/e%l signal

ani erred to as ti
path Umtitdd®Mh aTdignal pmcesemgl d‘&dnsthgrrabeptpm Ianteslmajdiasthah receives

e <y ESTSLS, s SE L SPRL ENg vrs o
its ar%?:llhrll?é la'lmfvt BoiskSaRiplipek (ENQJ)aiO ' 5‘ Bef d?sgfﬁltért 50 that passes

anpl it a low noise anplifier a bandpass
the rfaCIetV@d mrtsﬁlaussmsgmaio éndeaéwefr%smﬂgﬁ%ﬁmd received

SIgnai:pgaﬁgil rﬁ ‘2@9 gh Hi ?}gfortsg o g?rgi?ﬁegn%r‘écguéﬁftﬁ;zrer%a’nalog—to—

conprlse an i ntegr 0, a's
digitad wamtaﬁrsq,aami agddta- deliegtera®0 cOhe eirming usi, 1Qihdelates to the
dat a _det ect ar

The [ 00 | 5 .
COm REBIAA ISP SR NS B (97<PRE SE0NRT PR Vatinal bt Tt receives

SIQna‘P@Wbm suchadorhpoh &I 8@S90 Sdr%‘@k/&lefsrs]gmasctb stlmhipmmpments 60,
90 or provides si nals to such congonents 3]

70. TG sampesanpi Hhe AgantiRer §Qaitbe Aataglptesios ffitand the Biming unit
100 &t Réth atd ré\@?re‘rdh'ﬁo 5§ FiRlekBrécessify @R Jeerein al so

referre to as processing unit 99. The
integrator 60 integrates an output of the first

The i 8&%@,1%8,9’ gﬁ' 19{?%@ orgngéﬁﬂ ﬂ? ol?ghgrfﬂ%?aé@etlw—?@ gfdn%? pafh Wring an

integiratiegrttner T, 20 slbmlralarwlnﬁizegﬁamrsslgnal sISaone a mhlglaleédlntegrator
. int figure respecti er 70 anpl es the
signay eisy B 9Bl AT FaIcAterh{a thel Ta BaeeReadr Lo

signal WS to provide a sanpl ed anal og si gnal SAS. The

quanti zi ser 80 quantizes the sanp|ed anal og signal, .
The spmpler off @am@ggn@e é@t}@@r@gorsgg\%gl dk grgh@hwlﬁgtgg integrator

ggna@@v@’t& Eﬁ'o@l@ﬂeaa gﬁﬁﬁﬁé@%n%%q Qfgngiﬂéﬁsdqfk%céué’ﬁhmser 80 quantizes

ecisio timng & unit 100 conprises
the slalnnplﬁg amajggﬁngnair%scmt@tagyﬁmabﬁamle@ﬁsjwmchza@ then used

o i T 0GAAGHL 00 P e B AR oL 2
functlonallty of a state 30 machine. The timng

e S6HAS L ORofd B Y D ABLERE P St o ame
syncRRShizatlo &M 200} Betifiing teadkihg WHIO300, and an integrator/sampler
control & state machine unit 400 that includes the functionality of a state
machine. The timing acquisition & data synchronization unit 200 is also referred
to as acquisition & synchronization unit 200. In general the timing unit 100
controls the sampling in dependence on the signal samples SS and the data
detection decisions for obtaining a timing phase estimate. The timing unit 100
outputs a “Reset” and “Weight Select” signal, which are both used to control the
integrator 60, and further outputs a “Sample” signal that is used by the sampler
70 for precise sampling of the integrator signal IS or the weighted integrator

sighal wiS.
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controls the sanpling in dependence on the signal
sanples SS and the data detection decisions for
woho@ion#1sg a ti m ng phase estimate. The ti m ngPAMiIB2020M3798
outputs a "Reset” and "Weight Select” signal, which
are both used to control thé335 int egrator 60, and
further outputs a "Sanple" signal that is used by the
The tenipyek cattrélounpr 0Dspravdades ithg die t'Resetit signat othe "Sample”

. i gnal, | S,,0r ' [ ' I .
oA Sy SR B SO 40 3,808 bl R ).
The “9&%@@? Selatt” dighapioprdesablyeisshed ettt begirgiag oftdheeception
cycle: HROadeRIREE GG Vedos) dskepdpr e . N Erag ifneral, the
“Wei efdlect®l GRRkI | GRS %Tec@f@b)!ebdl ?@HSQ e treeeleBi HridicB¥ses some

~areception cycle, e.g. before a new data packet
transiwissionesigodl Thoweken then Resest aignal isbangegisiiie, Seg efom some

Si al £ t . i ’
ow (Z5RE 2oTFRHE Gk 65 &b R E RS R CE e iR Barator's 6o
outpLs @lnﬁét ?aengFmtteeh@m. inktammh sibeee thevinegra)r's 60 output is
anplitu val. ue to a_hi ljtud X .th
st @ ggbache s Sy OB, AR S o Sl e aer e
integ FASSRHMBNES & thE dathpak at®r whidiD gerbpitesi $ newebalpled analog
~ ~zero, the timng unit 100 provides the "Sanpl e" si gnal .
signahiGAS. Im@ prefesmdaemhpdimest T sueh sagmples @re generated within

each ‘gél}brﬁB?Q%{t%?@éle%s aF%‘r’]"{ﬁ g fﬁ&ﬁhp%égi@i(ﬂn@ie 88Rerd| relation

eferred enbddi two such sanpl es are genérated
betwaenihe sigaals pyodided iyt ithan the. tifing & lsoptrehsinftul PRer Further

det ajl s nf .t he L.r [ ' o
snow§e LTS by e PERSTRLs 714D SARPHERBc RSFyaIaha, whicn is
contrBMEﬁth Itf$dﬂCtW?|Fre1§gg d%ic@.isiﬁﬂlani & thta racehvenizatiorcavier 280 during

S ol cloc .S , _Which i Il by t
preartl S ES T SaRbeatm e o PR o Egb bohBBiea by
the tiHHIAd Oraf iy %@B@O%ﬁhﬁd@é‘ﬁé@?ﬁ@ﬁ FerRpgieaUamMeetiming & control

~reception and is further controlled,b the timn
unit 1 QadkPNislagnaisohE derh Artadasimatemapx ,ewatfﬁ #i¢ dabigered by the
i taal ' j i
date HEFLA8r SO PRI o QSN LSS b stpk ke dt aco
detector 90 via the integrator/sanpler control & state

o, TIE 2"Blbs 084D Bt s ReFMRR SRR e o deley
elem@it I addsdd&29andnd & hhesstuld deteebdro®393heTkatal atedector 90
ecenlE BPEoLigh shRTeY S I B B Ha e to the
addelg?ozsi)égggt@igsﬂéla%eleﬁ@ﬂf9P.2A§dbﬁ 02CE$HtrHets atlePolitput provided by
the delay element 91 from the signal sample SS and provides the result,
obtainable at its output, to the threshold detector 93 for the generation of the
data estimates {&,}. Therefore, the threshold detector 93 provides data
estimates based on the difference between a first and a second signal sample SS
generated during the same received symbol interval. In a preferred embodiment

the transmitted and thus received symbols are bipolar 2PPM (BP2PPM) symbols.

Fig. 4 shows the timing acquisition & data synchronization unit 200 comprising a
course symbol clock estimation unit 210 that is also referred to as course

sampling time estimation unit 210, a fine symbol clock estimation unit 220 that
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the delay elenent 91 fromthe signal sanple SS and
provides the result, 30 obtainable at its output, to
woheostonssshol d detector 93 for the generati on BETHB®04/003798
data estimates {a"k}. Therefore, the threshold
detector 93 provides data - L&fi mates based on the
di fference between a first and a second signal sanmple =
is aIsSS’efgIEmérfait ed fihe sagpling dateesbrativadusiind], a synchronization

scud e, Wy B LB LR B OSB8I 230, and

the sx?ry@‘eehsencéﬁstﬁr@geﬂusdum.t he ti m ng acquisition &
data synchroni zation unit 200 conprising a course
synbol clock estimation unit 210 that is also referred

Wlthlﬁochéstlﬁﬁ’l*i‘é %%qu?s*?ﬂm*u iRNGatd BPn&FonmRitioPNusiti 200284k signal samples

fine synbol clock estimation unit 220 that WO
SS pzoereersm@cquargmwﬁoavesfed- ta boths thpseoyrseepym@ol clock

estlm%?loﬁsumtnflﬁaa'ml 'ﬁﬂg rHBoFéIto' §t9ﬂa#8§t%r%@9’203 where they are

chroni za ence search uni t ha
used rtefga&rre&dte mhaseswereslewmboUnlloth@C laranwmféleWdih the signal

nce ora nit 240. Wthin the ti
detecHERL PRG0N &-ddnk SOREHEGRY Rt AR 200 Y SPyeg; Symbol
clock S&sHth88ion10ni®S 1 @¥hded Hasetihen W‘SUKebIeSQIg@mhifnGHnbw within
both the course synbol clock estinmation unit

0_and
the aff. n’éheyfmﬁnsymtzs&kcle@f eFHMaserunNit 228, Makes é’rﬁé@b@pese of an
early Ufe%ﬂ (60 QEEE&@&@&% ﬁg tﬁ@%ﬁ%ﬁ&gt&%’ﬁ?@.' clock RSC in

on| URCE i on detection threshold vy,.
The cl ock recovery nmechani smused by course synbol

e SIS RERLTL 330 S d0 e S PR RRY. AN B o son
detectbp ok aEEErlealete’mounAtsoZQGetmjtelsacldeftbe aabhglluulsiesm‘t t'hﬂ sampling
ot G B iR ) AL 00 LT SRR T ren e

sync @%E]G@h@é it dsuePeY B e $Ofifd. ﬂe(ﬂl*ﬁﬁél.ﬂty or tAihatethod is to derive
detector. A soft detector adds the anpl |tude at t

the opkimuinn(pdanivelsiupshald ale® vhch Q@B?W%Qns % %WEEB&F&E of the
receifed n%@élnahg ﬂf&%hﬂ'eV%%{H%e@sﬂﬁ%ti%ﬁan $REUSPRSI-t>noise ratio

assu iculty of this method is to
(SNRdleri ve the opti num (adaptive) threshold val ue, which
depends on the anplitude of the received signal and
t heref ore demands estimation of the signal-to-noise
In a pedferred &NBodirRBnt, hard detection for the sync sequence search is used

based on a symbol-wise detection method to produce a resulting detected
symbol sequence; a determined sync sequence {S,} provided by the sync
sequence (storage) unit 240 is then searched in this detected symbol sequence.
As symbol detection errors may occur, the sequence is assumed to be found as
soon as a certain number of symbols correspond to symbols determined by the
sync sequence. As a reference, the determined sync sequence is stored in the
sync sequence (storage) unit 240 and recalled as needed by the sync search unit
230. This method is in principle less reliable than the soft detection method;
however, this drawback can be compensated by elongating the sync sequence, if
desired. The advantage of this scheme over the soft detection method is that no
adaptive threshold value is needed. The required length of the sync sequence

can be determined by the maximum number of tolerated erroneously detected
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In a preferred enbodi nent, hard detection for the sync
sequence search is used based on a synbol-w se
wdebwsmr4ien met hod to produce a resulting det ecPed1B2004/003798
synbol sequence; a deterninﬁg sync sequence {S"}
provi ded by the sync sequente (storage) unit 240 is
then searched in this detected synbol sequence.
symbsignipotheddetstiedrns g seauense. ddwusyne ﬁ@qgea@%ﬁbeuwsbe designed

suen SRR S5E S5 APap e R L RIS oot e

least SRGUBDNE avitthsaay reifited nearsidrhefdidtee lsvmcl ezécslﬁnces éltqlolenn dbe sync

is stored in. the seguence it 2 and
sequw@dmf@&e‘a@%‘é@eaa%yf?ﬂéﬁ%%s;éﬁi i B8 b ol are
deterﬂﬁﬁ@@dA'p?efe'?faB'Ié §9h@%§qu@i’$€e [tdradizenpleanet hifappbéquence {S,}
det ecti on net hod however, this drawback can bhe

= {1compedsd €d By Oellori@acolm@stlng afytie @@@u@fmgols, fWhen preceding
this sggﬁgﬁ gWIEPepﬁgd’anl b?lfs ttﬂé% Ftcll?ﬁ?‘%f J?:%rrsé?étlﬁon function

c i on a tive t res old va
is obtiatheteasi€d., 3The, Beqw5r éd 3 e?192,h4pﬂ Bhd 05y mhesedherioteger values

indic%%:]g%gdﬁg% eragle{plé %c thezg%gl rrumbo(grrbp@l%g Z%Oélgegg%ggsrequwed

minimald nBnfYEeFSs match dﬁ‘tse% egighy ngs sésteemitad Tine &yensequence
sequence shoul d be eS| such that reced

detec@'@ﬂa’chs'?fﬁﬂfﬂﬁsys( previded da s Iees\§]ﬁrﬁ%?r i 205  hifeg wo symbol
(bit) Eﬂ%rs it L B ?\b’% Eyﬂ\%gggégﬁcét&bﬁtﬁéitéf%rrﬂe@ Phed Ft@e sequence

ync sequence sequence I s det ect ed
is dettehtaedsefnm mogre tEeraiwe bﬁuertthm the ten Bilt sequesicetargyerbeneous. A

false M&%@Eﬁ%ﬁfﬂ%ﬂﬁa@t gég% §WV?’SR§H'§H§§C%?§&%%S iref %’[ro&eous or if
four dut &, siR nob-migtchimsbits iang epfoteusdat a synbol s. When

preceding this sequence with '0" data synbols, the
left half of its autocorrelation function is obtained

Fig. ?%héws -a bibck3diagrath obithé tiRindtratkiryg uhit 300 lﬁ}at comprises an
where the integer values indicate the nunber

earlyrz@r@ﬂat@(%hsgmﬁg@gstlm ggl)leraAobﬁépe,ar ggaﬁlgaugl,rggged sampling
time r&)ﬂjegﬁ n %@%fszaglzgé%ém nl?detgﬁaﬁo‘-‘r fﬂt&hBBQSTHStdﬂd‘glé‘%lrec’ced

e sequence'1l etection threshold ys provided to
sampﬂnhg sy copmatioruninit 320; phevides atwdtsspRbpIt apbesiimate of the

sampi gté hgrrtgggu gﬁ%%té’lﬁ glsﬁygglhfae glﬁ%ﬁﬁeeﬁ%P (%t),thglag%@to%dthe data

no nore
estimfités provibed By ehé efathidetecpued® andr theesampéalisignal SS provided

oy S ST Ry BheboBt o526 ad e by egns of o
leakyN AVebBSiRRI PEOBEES A SMRLEREEOUSKSIAY of the sampling time error,
hereafter denoted by SE. The smoothed error signal SE is simultaneously fed to
the input of a delay element 331 of duration nTs that outputs a delayed
smoothed error signal, hereafter abbreviated as dSE; the length of the delay
time nTs, where n > 1 is and commonly understood to be an integer value, may
vary for different receiver embodiments. The leaky integrator filter 330
computes the smoothed sampling time error SE according to the equation: SE =
[(1 - @)dSE + 4TE], where a is a determined positive number less than unity.
The resulting smoothed timing error SE is fed to the early-late-zero time
generator 310 which outputs the early-zero-late signal, herein also abbreviated

as EZL signal, to control the recovered symbol clock (RSC) signal provided by a
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Fig. 5 shows a block diagramof the timng tracking
unit 300 that conprises an early-zero-late (EZL)
weanploraigot i me generator 310, a deci si on-di r ecPe®1B2004/003798
sanpling time correction unit 320, and a | eaky
integrator filter 330. The” 4&ci si on-di rect ed sanpl i ng
time correction unit 320 provides at its output an
symbek clogkt @enératdie compsiagsl Witgin ithe istegsptonisamalaregontrelb® state
hcal I ﬁ% {P@] ng error (TE), based on the data estimates
mac H}GOV ed by the data detector 90 and the sanpl ed
signal SS provided by the quantizer 80. The | eaky

o, At LIt o0 gt B s sieac LSt o
integFétHF/sSH;ﬂErlcoggr’o?% eatedpiRhatE byitSkooThe thrpaghed the ellipses

error signa is sinmultaneously fed to 30 the input

desigoateaspetifiy whtarent tigstete machinoandTde paRNeAiiNsRE oS define
[aye r ' I t b i ;

th S8R SRR gl 300 cor B ot b g o <

respettive arghtctimatowily duivdetisd coatet maohira intot Hyercovedsponding next

vary for diffferent receiver enbodi nents. Th .
state] T4 pgieH iy QISP 74 Grats3nant BB Tea. e Laria Al reception of
a datﬁ?fﬁﬁk'eﬁ@{tﬁdr{ﬁni%ibﬂrsi FaPTSPicdim@pbadt e tgusiioning SEqaence in
) 35 [(1 - a)dSE + aTE[], where a is a determ ned
time:positive nunber less than unity. The resulting

snoothed timng error SEis fed to the early-|late-zero
time generator 310 which outputs the early-zero-late
- A stamynaksethesignnal drivesdisr statatwaching Etp tiegatate tcgurse symbol

cock S BUAS SEE SHREEY e I S PHAIAD: oy for the
preardplbsénic bockegeaginainy of @nplaies pecket bhd where the course symbol
i nt egr.at otlsarrgllﬁair control & state nachine unit 400.

clock gsymafian &geReieAc di agram of the state machine

i npl enented within the integrator/sanpler control &

state machine unit 400, In this figure, the ellipses )
- aftap thiesisignale (Riganbled fouaLEseEINt: RES sRERUE Srhc Hith Stalsy machine

entertghﬁ]ecgfbﬁ}%c{‘ijiﬁ@ %HWCI@@f(i&‘Eirﬁé‘@o@O%Htheréhétr% there until the

ransi tions, whére the connecting arrows are | abel ed
symbwi tlock is iseispessfille revevarethat will drive the state
machi ne into the correspondi ng next state. In
particular, the desired state transition sequence
- thedagvémd'syheboledepk ireaovéred flatvargadket sifateamschssl o the state

“ signal TS) corresponds to t.he foll.ow ng segquence in "
synciseaRge Sealchr RO BEaIBr gl i GYRT YT dyience found
has o®BGReRe into the state "course symbol

- the state machine then enters the state “data detection & timing tracking” and

remains there until the entire packet has been received (“packet received”);

- after this latter event, the state machine enters again the start state (“course
symbol clock estimation & signal detection”), waiting for the preamble signal of

the next data packet to occur.

Note that all other events (“signal not found” ; “signal lost” ; “sync sequence not

found” ; and “packet lost”) drive the state machine into the “course symbol clock



10

15

20

25

30

35

clock estimation & signal detection,” where it waits
("signal not found") for the preanble sent at the
woegisrnirsg of a data packet and where the cour BETARUH0003798

20 clock estimation is gene{7at ed; - after the "signal

(preanbl e) found" event has ccurred the state

machi ne enters the state "fine syrrbol cl ock
estimetiphrfatsigne! detectian”r statensherebhyeenakling the resgivesito search for
anev{élpﬁmk is successfully recovered; 25 - the even "synbol

<l 'recovered" forwards the state machine to the
state "sync sequence search" where it remains until

Fig. F8nSwar SHRTA 1@ IR Gtor sk S o SAfier IS0 called symbol
sampﬂeert$§(§' 28 Sl L8 NatHiRagld fite ?ét@r/s[a‘?ﬂplleﬂscdrhﬁﬂe&tﬁﬁéﬂel machine

he entire packet has been recelved
unit 4QQ;eT|V@($’V)nb0| sehper Lt 458 c@rmpéks@ﬁta SVﬁévc?dt%@léy (Ts) element

452 ma gg?QF nit igg &Iggﬁla%b%{l e{cﬁ%tnfﬁsw’&tlsﬁ%isﬁwe Sa)HHé?lumt 451

clo Ion wai ting for
couldpdileartd ebtaigedlfrarh a 369td1@Rngate c\dtha tpaclkogic 1Stgr@¢aumuts in the
orrn 2480 Kby Bl SHAGY YRt Rl fled WPMaplttainea at the
outputRﬁFﬂ%ﬂby'eﬂ’éﬁeht dEQ)’E’FhB%cﬁi@tseoUﬁﬁJtl dfirigdt thd PReset” signal that
course synbol clock WO 2005/074150 PCT/IBZOO4/ 003798

is fed g tBee'§‘ti¢9fﬁ¥(Proﬁ0&T§?gﬁQF‘eEfétféttPiUBdS ditdieE, cqriigciey to a delay
elem%ﬂaﬁ"j%ng c?w\}?&n"g;%%l'u}‘&ﬁohoco?r?@éﬁhcﬁﬁ? toatHéemtég'ﬂal'tﬁin time Tr. The

a synb sanpl er con uni t
outputeo’eathteedelat,fselemnte@5§ynb@\wdes,atm eequised SEampleusignal that

t t:
contr% ﬂ'!e Fé&%&ém%ﬁg&gé %g@;n%l s gitqgﬁb%é |ﬁté@‘%%|n§|gnal IS,
supplﬁclhbvl mt@_:]r‘ay(l)r( 68) oeltleasewmgﬁlrﬂ:édandegmtatdd@nahnmls 45bvided by a
wlal, FRIBKLSE!do, bhe ineLicn.of he edist UL d8kor cetton
betwé&gtﬁe Yhabas si Bréviidedeby tias @Vﬂ‘ﬁbdl%nﬁ@l@ﬁa\lﬁheml unit 450. In
synbol clock RSC and its del ayed version

partiqUier, Fan faifliustrades fatePer fpe 45gpet” Tﬂ%“%'d@'éﬁs thes g@mﬁle” signal
derlvgqﬁdrﬂ%etl%% 8%%6§ym§ggﬁﬁickt(ﬁgcﬂglgn%l besvibedt\ea symbol clock

I nt egrator The adder’s output i's further connected
genetaton latetey w1’é1neﬁ’emntmatcpﬁ/san‘mlq:rgcwtdgk &tstake machine unit 400,

Wherégh Si%lﬂid' Pgh% %%%%'4§§§pr o@h% IébleTQ?&s‘éHtWtan early-

el ay e reqU|re
zero-dban(ElZe) tsniggagdhaskaidjustment scheme

Fig. 7b further demonstrates that within each symbol interval of duration Ts,
there are two “Reset” signal pulses and two “Sample” signal pulses. As indicated
in the figure, the time differences between the positive transitions of the “"Reset”
pulses and the positive transitions of the “Sample” pulses are identical with the
integration time T;. Provided that the integration time T; is chosen to be smaller
than the radio channel’s multi-path delay spread, it will be possible to determine

a numerical value for T; that minimizes the receiver’s bit error rate (BER).

In a further embodiment of the symbol sampler control unit 450 shown in Fig. 7a,
either the symbol delay element 452 of duration A7, e.g. as determined by the
transmitter 1 based on channel state feedback from the receiver 2, or the delay
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control s the sanpler 70. The sanpler's input is either
the integrator signal 1S, supplied by integrator 60,
wonodshessei ght ed i ntegrator signal W S, provi dedThB2084/003798
20 weighted integrator 60. Fig. 7b shows in nore
detail the general relatiol 8 bet ween the vari ous
signal s provided by the synbol sanpler control unit
elemerB0 45Bnof Wﬁtlolml'&f orFbgth melay | eletmentes4bRatd Tbtdant he made

acjustalger Bdserin L5ae P aIig ciey nerERgihg, Y ghele. i the

delayS¥diabne 148X ofgeneadbar Th oeaneadev adjustdtie, then the receiver’s
integrator/sanmpler control & state Ia_rlnneu

achieyEbIRrEEE PR pIEREYRA NI ARSI BE LTS ParURling cheinnel delay
sprea@déﬁ’@fo?ghg réSeivees sf@’naﬂftoeﬁbislé ra%i%r@SNlIQI eNéteZbsotihifg7b that
ase adj ustnent schene. further denonstrates

it is advamtwetdusrtOe@tmseymtlmmt@emal f aauv%i{ aér’ihﬁ?stlme interval (Ts

t her S S 'S I
- ok UERG By B8 ol e AL B AR 6, HARASSRAE conaions
will h’elp’nto Cﬁvbfcelr&msa,snﬂv@lt Wﬁ:enferhlec@QB]t)l lvetvtee&nadjamﬂ; gyfmbols and
h set" uI ses and th ositive transitions of the
thus r@iﬁ;ﬁl € T5GH EESQFQ"?‘G%?{? “with the integration
time Tr. Provided that the integration tine Tr S
chosen to be smaller than the radio channel'

Fig. §rupbewpanhedbpeimemi @gahe|lptq,qrpporbéol[ﬁj%glvb@ghp@g integrator 60.

The ﬂ&gﬂflﬂgqﬁtegg‘?wgﬁ %%Q{gé%%&l{@fghﬂn# hﬂ{ctmrf‘ E’hél%iofr 520, also

refermmunaﬂfgm%atwrﬁa?CSynm)!ldmplcé&!tecmfrdﬂw&mh’t f%@lon w(t). The
Ei 7 e

meoR0 i o SRR RSBt BBl e oo

opera‘til@ﬁmdgﬂlanchs\gfg?btéfa&i@cfwﬁﬂbmheﬁTmrﬂrt beeratien,vEre Multiplier
or the dela 200 74150 PCT/ | B2004/ 00379

610 gryhBlies ZFE@ BHERHGr 8? %he %lrsBrre&Sf“r?ddél'%(‘fqu@ﬁ%n%@g%g with  the

dete%ﬁe@aﬁ‘e@ﬁt ﬁﬂ%lonaﬂd(@ﬁ Akl figure saeee aIsOatvti@ght SIgnaI wS, to
prevai l % channel conditions., For exanple, if th

obtalaeaapr@d AignabPof URAmtiesRIvingi 3 ﬁ%@@tadjrnewa‘ﬁv the weight
mteghé’c%g r%ﬁ“?)ﬁtl'{e%cfffté(ﬁratés tﬂ%%l%%l@: %lﬁfﬁ FRRURRg R ﬂ%@@ré’d‘bn time

ce o e prevailing ch del ay
T, to abtialora weighted éntegrasos signal WIS Huitsie DFQMCECK ENH)\E sampler 70.

rhe RfAGeBb SR ool ab RSP BRRERRS e by tne
integhatoefsadpléd sontroAR) sttatre gaachin@nutibetGtaditee CWaeiglet Select” signal
s B B Al DTS L i PR o i s
to seg%ﬁ?g%g%vlegg\ﬁi'@bﬁalaﬂ@ subyged esl ¢Bet WEighe CRIN¢EIbhSgenerator 620.
The weight function generator 620 can typically store in memory a number of
weight functions w(t). For example, to cover a wide range of possible channel
delay profiles, such as defined by the IEEE 802.15.3a channel modeling group
for the UWB radio channels CM1 to CM4, a number of representative channel
power delay profiles (PDPs) could be stored in memory, whereby any particular
weight function can be recalled by the weighting function generator 620. Such a
scheme could be made adaptive to provide the best possible match between the

power delay profile and the prevailing power delay profile.
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15 Fig. 8a shows an enbodi nent of the integrator 60 as
a weighting integrator 60. The weighting integrator
weQoesempisises a wei ghting function generator 6ROT/IBI080003798
referred to as generator 620 provi di ng a determn ned
wei ght function w(t). The - %Tegrator 60 further
conprises a multiplier 610 and a wei ght integrator
Alternativiehg3the opeugatufmgwqumm(zm cauid epe atieaiy- detgymined by the

ece G Mo IRERR) Rhpch O U B 1120 1YL fhiieriang

the cmﬁﬁél’shﬁ)w@lﬁcﬂﬁémmeﬁIe/vesg‘héaémcltatmmmm) put nf the first received

ure | abel ed_as_a wei
sone b TRk oo RSP dnbesd Al pher 2 drdme provices
mforrﬁQE?oH"Pdngme at’é‘l}a@%%h‘?fel &3 heternid 09 f’cﬁbeﬁnu‘l%a@h Qdieponents’
during the integration tine to obtain a
ampllt‘l@d@:‘ntéﬂf@ |d|eiae,grtan@s, sthimainfoungatierat cars %M%cﬁot gopglguct an
h l;
optimPh L By PR B L g Buhnssshebrotor co.
MatchlﬁngéaNeigh’sﬁnTpitmn Qo) t@:th&c:aaanel smcd(ejwagbrggmqwmo@elay profile
; al s ovi de
enab'ﬁﬁttaarrs@ v¢r§ e aporeoued Bt RoR TR ber T mnced BER).
used to sel ect the wei ght signal wS supplied by the
ght function generator 620. The wejght functian

Note g}éﬁbr’ch@dﬂt@‘@tléantlﬂﬁl-rcalwwc‘ét'6r% key sBREASFeHSHamiethe weight

mtegl%ft ?%n‘(ﬁi@@t érﬂ”ﬂn%té%?ed"'(lta ue 5@§| ﬁéarﬁélrerobhgt ‘Pé’(\!@f/elaoperatlon
de ? possi bl'e channel 8e lay profiles, such

over aswd:ba‘ rmagb oy ql1wnEEEEI8W25pr5a@ o(fhgrqaeq bﬁoa@qengd]ustable, for

exam P HE g LRGP VHE RN S BB nitRst 8 i 8o prps)

could be stored in nmenory, mhereby any particul ar

i ght function can_be reg d ightin .
In Figy &t foff GEREPAERA 636 S&itve e S8 alona B ST HategBER) s a
functﬁ)‘#naﬁf b%eh tRe hRgrEBohhanfe T, apestidlrecivet’s SRt (t@eimdlcated by
power delay profile and the Ereval i ng powe

the ‘éréera@l/ bn@f)u | & > @UBIONE1 5 PCRERBARMICS0Foo@ ipglas 2PPM
transﬁ" §5E?5Ha§| ¥al ¥s 6 ﬁ@bahﬁ BWEh@@tVWr%EI|E%r¢ dfethe IEEE UWB
tIy det er fi'ne receiver 2 based on
radio nela@une nenods| pféMﬂorErmdi feceivieg r écéi \iBe pon-coherent receiver as
cha acterl zing the channel's power delay profile as
W-at the out put of the first received signal
pat h (FRSP) 10-50. The neasured channel's power del ay
profile provides information on the actual channel
state in ternms of the nmulti-path conponents' 10
anpl i tudes and delay tines; this information can be
used to construct an optinmally matched wei ght
function w(t) for use in the weighting integrator 60.

discl
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Mat chi ng the weight function w(t) to the channel's
prevailing power delay profile enables the receiver 2
woQo@missve an i nproved bit error rate perfor nRATAB2004/003798

(BER). 15 Note that the |nt89rat|on time TI, which is
a key characteristic of t he Wei ght |ntegrator uni t
630, can be a fixed val ue designed for robust receiver
operation over a w de range of channel delay spreads
Clainas: it can be nmade adjustable, for exanple as a
function of the receiver's SNR as indicated in Fig.
1. A Baetha@d fon recgivir@pai trahsmsis'mm sigimal (T echi setlifdmpulse radio

i ni mal | bi rrqr ER) function .of bot .
wel} et Fon derdedhg ddfg et hadirédrRBrBinglg st of mul
paH1'@ﬂhﬁ@ﬁ@ﬂszBatth)t&ﬁﬂdeédﬂenﬁun4mamhl@Mﬁpaﬁ@he infloencing a

BER applies to a bipolar 2PPM transm ssion si naI TS,
resul@m@),bgg%nr%gat@v(eE‘rER)héh%mﬁﬁhemq%@r'éwgo? § pleps

radi o channel nodel CWMA, and receiving it in_t
- FeCﬁMmgcti‘rfeFl’@mSn?'é%énv&é@nasls(TSQSV'é|asél"é%éécﬁéie@ﬁﬁgn‘%{?ath (10, 20,
30 480?ﬁ2074150 PCT/ | B2004/ 003798 -20- 5 Cains: 1. A

{/

d for receiving a transm ssion signal (TS) on a

- lntezgj'%g% eaiggﬁoL{l et o%d{h% ﬂ@mce%ng%ﬁal( B?atl{ Q&Odei(?cgbngﬂfo 50)

annel Fisin

duringmmmegﬂmiodﬂameS(dl)I) mdbmhnmntegramr Islgjm‘mi@ﬁ;eWtIS), and
influencing a resulting bit error rate (BER), the

- prot@isimptieomey&itog signal 6135 pelf furtlPer faredatiecting thealata,
transm ssion signal (TS) via a first received signal

whergiatthe(ih€egrdbion e @Q) isS€hdsen duetegs abiinfuanceuheltit efror rate
the first received signal path (10, 20, 30, 40, 50)
(BERYuring an integration tine (TI) to obtain an
integrator signal (1S, wWS); and - processing the
integrator signal (IS, wWS) further for detecting the
data, 15 wherein the integration time (Tl) is chosen

2. Thayerethed: aceardingieecled bi tvhereisr th étep( Bﬁﬂpte@atfﬂgefurther
Compt}}gggqqeggér‘pggf ng to claim 1 wherein the step of

I ntegrati urther conprises the steps of: 20 -
t - [tipl th
- aecEhATD BWAAgR MGA A (451 on (1)) - it i ying the
- mulgﬁ%z)ydﬁg)thyom%# ng))ﬂfﬁg%t&efzéﬁ%a's%é%é@ﬁ (1® ot 8hN48, 50) with

sign
the weight function (w(t)) to obtain a product signal (PS); and

- integrating the product signal (PS) during the integration time (T;) to obtain a
weighted integrator signal (wIS), the weighted integrator signal (wIS) being

further processed for detecting the data.

3. The method according to claim 1 or 2, wherein the step of processing further

comprises the steps of:
- sampling the integrator signal (IS, wiS) to a sampled analog signal (SAS);
- quantizing the sampled analog signal (SAS) to signal samples (SS);

- using the signal samples (SS) for data detection decisions; and



10

15

20

25

30

- integrating the product signal (PS) during the
integration tinme (Tl) to obtain a weighted integrator
weigsa4i5m S), the wei ghted integrator signal ear/a32004/003798
being 25 further processeglfor detecting the data. 3.
The met hod according to cl ilfi 1 or 2, wherein the step
of processing further conprises the steps of: -
- congoMid mhet e plinggn adenensiegaal o Itbe qigsp! tsampleanisi®dand the

data BBt Bigming SyrAr Banpl 09 (397" uei ng

the signal sanples (SS) for data detection decisions;
and WD 2005/ 074150 PCT/|1B2004/003798 -21 5 -

controlJing the sanpling in dependence on.the siqgnal. .
4. Thédnpired 2aByolSTRY PhEked U EETT GHhGraan Sh e g gpsion signal
(TS) tis NAdiecreat tdredd aN.cofnbihBe PRMPIPHMAGEMHIhREIONO sidhal, preferably

preceding claim wherein the transm ssion signa (TS)
combingdsas @deiedlar 2R aigeehbi ned PAM PPM t r ansni ssi on

signal, preferably 10 conbined as a bipol ar 2PPM

signal. 5. The nethod according to claim3 and 4,

wherein two signal sanples (SS) are used per bipolar
5. Th2ppktisydrBotordingtoviaim Feidndmwhaceln twedidgrali saronkes (SS) are

s 8 P AR SR R B IBR DB for e

data teteegioatdewsioasn out put of the first received signal
path (10, 20, 30, 40, 50) further conprises
integrating with a set of parallel operating
integrators, each integrator integrating their

6. TheGSREEdd ¥ecdradmy te beprecedingngapne wolerainptiedstetr of intdgrating

20 integration tinme and an djust%blgmteg;g)gt{j%‘g1 .
an oytpip of #he Arpteaseinad signal gelél (1%g-8: PPafOmifyhther comprises
integ?ésg{q?l withS)a 08e@ st pSalleMPebEtlRAl PitekdBis,Chashel Bitegrator

(3 or detecting data, each channel conprising a set ]
integftingul tHeir preshecvmoingntts sigda@ls 3g)ragd @thoimA t Presgtgrmined
. 0 Lt u ' ; LQg bit error rate
mtegf%E% ﬂ%%hgé‘é‘eu@g?{%ﬁ%ﬁ?u ﬁtg?w!tﬁ—g&fi rst received

signal path (10, 20, 30, 40, 50) for receiving the

transm ssion .signal (TS); .- ,_.an_i rator_(6Q). for .
7. A TetdYrta rnbecghv'%%taphtagaf'%%%nfsrlgg‘?l ﬁé%‘gf)\%e ss?’&goﬂﬁa'ln];gmse radio
(UWBRéMannels (3) for detecting data, each channel comprising a set of multi-
path components (3a, 3b) and each multi-path component influencing a

resulting bit error rate (BER), the receiver comprising:
- a first received signal path (10, 20, 30, 40, 50) for receiving the transmission
signal (TS);

-. an integrator (60) for integrating an output of the first received signal path
(10, 20, 30, 40, 50) during an integration time (T;) to obtain an integrator signal
(IS, wiS); and

- a further processing unit (99) for processing the integrator signal (IS, wIS)

further for detecting data,

wherein the integration time (T;) of the integrator (60) is chosen such as to

influence the bit error rate (BER).
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(10, 20, 30, 40, 50) during an integration tinme (TI)
to obtain an integrator signal 30 (IS WS); and - a
woéuodshes1spr ocessing unit (99) for processi ng t RET/IB2004/003798

integrator signal (1S, WiS)_ _further for detecting

data, wherein the integrat'i%zn‘tirre (TI) of the

integrator (60) is chosen such as to influence the

8. Thei teceivesr accardingBRRY!lairM 2008107 4h80rregrater d64) o 37 v&ighting

ejver according to claim7, wherein

integﬁ]té‘?i(ﬁﬁggpgqgﬁﬂ%géfs:i s a weighting integrator (60)
- 2 oGRSaNoT Fork oG ProNRHTS B welghk SRt GRApBLG) for®

mul ti plying,. the ou t. of the first_ received signal .
- a ity X618 gor gBultiying PPt HeF gHeTTERELFgrsianal path
(10, 00( 130, 4® 963 aith @"pslgrE reh@ (wilS )(FSbbt@Rda praduct signal
wei ght i ntegrator (630) for integrating the product
(PS);sémmal (PS) during the integration time (Tl) to
obtain a weighted integrator signal (WMS). 9. The )
- a weigbt vetegratar K3} for titegratthg whemspdudiesignak Bp) during the

oo SRR ke R, Sy O

sanpl ed analog signal (SAS); - a quantizer (80) for
guanti zi ng the sanpl ed anal og signal (SAS) to signal

9. qu@fggg%&}sl%%ggéé‘idin?%_ﬁg?clgﬁ%a&,d\ghgfqtﬁ #B%ﬁ%l{%%ﬁﬁ?&%%srmg unit (99)

compiyekr ol i ng the sanpling in dependence on the signal
sanples (SS) and the data detection decisions for

- a $4MbRG €30) WEt isafplHy tAbeantafatoresigreslo(IH,NyIE) & & Pampled
9, wherein the timng unit (100) further 25 conprises
analoghsigegli(8M®iion & synchroni zation unit (200) that
i ncludes a course sanpling tine estimation unit .
- a quamnyzera(30héos \amsatizEo ERE czaAMPELi BRAIRY (SIgPRISASY i signal
roni zati on sequence search unit (230). 11. The
samp?g%é?% r according to clains 9 or 10, wherein the

3 L_IT] I ) : i a timng
a d%ﬁﬁgu&ﬁg&uﬁ?@%g&@)tg%ﬁg tlwr?{g % ggﬁghgg]?rl y-zero-late
- a timing unit (100) for controlling the sampling in dependence on the signal

samples (SS) and the data detection decisions for timing estimation.

10. The receiver according to claim 9, wherein the timing unit (100) further
comprises an acquisition & synchronization unit (200) that includes a course
sampling time estimation unit (210), a fine symbol clock estimation unit (220),

and a synchronization sequence search unit (230).

11. The receiver according to claims 9 or 10, wherein the timing unit (100)
further comprises a timing tracking unit (300) that includes an early-zero-late

time generator (310).
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-23 5 12. The receiver according to one of clains 9 to
wa2poswhiersei n the timng tracking unit (300) ceapABEeH003798
a decision-directed sanpling time correction unit
(320). 13. The receiver accotding to one of clains 9
to 12, wherein the timng unit (100) conprises an
12. That@gemeora/cs@mm@to oot ofocladmstate Iinomhereinnhe {mdry tracking

unit (BB T esi <, g SoneRiR e bRuRG oA By fBR L 320

clains 7 to 13, wherein a plurality of the |ntegrator
(60) is provided as a set of paral | el operati ng
integrators eachlnte rat or

13. Thedf %‘B’FO@CF(H”SU}Q 8 @Hg c&.allm% v Lftl E‘%B in the timing unit (100)

compPTs@geér?ﬁr’\'ﬂe@?ﬁo‘rﬁaﬁ%léF 'c@Hthln@ s’t@@e &Haéﬂh@sﬁﬁ@' @100) exhibiting
integration tinme. 15. A systemfor transmtting data

the funciiomadiet obe Slt@ﬁ@l.lm@éhm@dl o (UWB) channels (3a, 3b)
conprising: - atransmtter (1) for sending the data
as a PAM PPM signal; and 20 - a receiver (2) according
to any of the clainms 6 to 14 for receiving and

14. Tihet eadteivey atdoedihgt B one of the preceding claims 7 to 13, wherein a

plurality of the integrator (60) is provided as a set of parallel operating
integrators, each integrator integrating their respective input signals during one

of a predetermined integration time and an adjustable integration time.

15. A system for transmitting data via a set of impulse radio (UWB) channels (3a,

3b) comprising:
- a transmitter (1) for sending the data as a PAM-PPM signal; and

- a receiver (2) according to any of the claims 6 to 14 for receiving and detecting

the data.
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