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WD 2004/ 073218 PCT/ | B2004/ 000326 THE USE OF
PSEUDO- RANDOM FREQUENCY SEQUENCE TO REDUCE Pl CO NET

wO MDERFRRENCE | N A MULTI - BAND UWVB NETWORK 5 TheRCPIE29@11100326
invention relates to nmulti-band comruni cati on systens.
More particularly, the present invention relates to a

PHETRE 6P ?sﬁﬁbboﬂmgbm %&gw SEQU@NCE' 0 @ﬁw@ PRO-

Ina rhiNes Y
particu ar y, the present invention reI ates to the

use of a pseudo-random frequency sequence to reduce
pico-net interference in a nulti-band UAB network. 10

U t e V\érgfegﬁggvegﬁ@ﬁ)rel§t¥§ 4§ nﬁultlb[?gllhh' Gt HReAkiSE s‘%tems More

shock-excited, transmtter techniques in which an

paﬁlc‘ilfa?lgsﬁlg 3)tresglliltr 1§{fénggn RULEE o Q%%séérﬁ ahd %ﬁe%dl £br tr&ﬂélng ico-net

ton ew nanoseco uration is

of B ) it £ npﬁ;g%édeg%%@e% Lo S posn
ferre to,as

i é?lateé“f%bﬂs Brt exeptaraieh pe IR St ez
) stens _are d 15 zero-carrier
migét\/\gﬁﬂ %&P“lwﬁm%%i on systens operate across a
wi de_range  of ectrumrel ative to the center. .
f r eddiEpidshand r{Ugg) U BtEmp.y UiAS) Do, o tsﬁgﬁg?‘ﬁcft?c} > pgRnsmitter
pul ses. of short duration, typicall é@lo 1000

M@@&bﬂ@g aiculipsshort duigtiempilsasthati I%Eméléﬁf piggigepnds to a
and 10GHz. The radi ated energ occupyi ng a

fowl nangsogprsls ip ARaEHPR isrdiretly @ 67 20 CREUICERANS erl?he&la% gengls its
(typically neasured in GHz), is _often made so

cherrcferisticsimtpiulpe saspgrise.t Fetthis reasory UPHR ivsomeiimss refiried 1o enigppulse
devi ces wi thout causing harnful interference to them

radidv divrthgre sinof the ereitation pVIES ismot ewdvintad LUK sysiemiee also termed
| ow-cost, |lowpower, and resilience to nulti-path

rdrotariteteehmbogy IVBWE: sorsmanicaion systtes wpérate- -qotutsh aefidegenge of
derives from the fact that inpulse radio signals are

spdttvira eglative tb itherceniat frequendyawhicin isfuseajlyecbigvahly transmitting pulses
related effects, such as multi-path interference can

oD ehdie @arafbe dypicalBUll 0-10@) ipftobeovmts. aCertagfe@enpiosesnga rigttween

hi gher reliability for a given power |evel. Such
stapehihd S0GL Therhdiakd ¥ndrgl8c@byihfen ultra-wide bandwidth of 100+% of
the center frequency (typically measured in GHz), is often made so sufficiently small that it

can co-exist with other devices without causing harmful interference to them.
Advantages of current UWB implementations include low-cost, low-power, and
resilience to multi-path interference. UWB resistance to the multi-path effect derives from
the fact that impulse radio signals are divided in time rather than in frequency and time-

related effects, such as multi-path interference can be separated, resulting in lower average

power and higher reliability for a given power level. Such benefits are typically true of the
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current relatively | ow data-rate applications where

wo b@4pransm tted short pul ses are suffici ent|PCT/IB2004/000326

separated in tinme. Wth the adoption by the FCC of the

3.1-10.6 Gz band for UAB communi cation, researchers
curet pelatively ilowedata-tatey @piiegtionst @hat Uty tﬂﬁ&nﬂ?@ﬂ $HoBtN pulses are

data-rate (>100wb/s) 5 wireless personal area network
suffipeidy seprpatedattioons and i n-bui | di ng appl i cations.

Market forecasters are also forecasting mllions of

UVB With eleb slpptientsy the FACTof theyR BN 6.6 (GHEbanVBStUWB doRBnunication,

UVB-rel ated prior art inplenentations and research

resaapubktssanidaptectitiendts hb@y B&dufl do tstudy OWVBRER HigH Bata-rate (>100Mb/s)
applications. Such |lowdata rate systens are genera

witeldsgiafdnal Wdahelvditk PNPAR) B@ﬂﬁﬁtﬁ&nb QR fn%u?ldlr@% ﬁ‘hcraﬁér%l. El)\garket
er-

the pul se anplitude and in pul se di stance can

forRegerk @re*%%oﬁbﬁ@bshﬂ@inﬁh&ﬁ%’fm biseli E}fsté@ﬁ‘sl tha gga% time.

benefit of UAB, nanely, resilience |nte rence

suchvias ofulettrwbaleltdd Pt 5 frgél&ﬁent%ﬁ)}ﬁﬁs lecplle'se{’:@cth ggo%s have been

such as mul ti-nedi a video stri on ne

[ e
taf; O%H th ?v@ d%g %{,}% z Il%arl]tg > glgl fomaéa %aorsygt% are %etngrr%lly designed

wite R Lﬂsel'yegé?ltlgﬁl ls¢ A?Pleetsﬁl{ Itﬁ)e F})u;ls%ta%%htrlﬁ? grlljcg\hnpeg pH,G?( gls{aﬁcee can

dlsta tween successi ve Sés

beMERN T 21?‘%“ sty Rl il togied Seicht ﬂti;%ﬁémpsm resilience to
infe PR ol ol il R et B RIS 6P, T6h i E-media video
f. the cost of the UWB
dl%éwéo mgr%?&%@%&eilﬁe Ao oy VB, Syt LMt S00Mbs
nodul ati on schene . where the total
C?I}Vsﬁt%lﬁ@v GH§s £ syl Sygiean TeAvi bgh prlse eepstifipnstates, reducing the
corres onding ippulse is 20 then transmtted in each
digfancg beigjesp é“‘t%%“’? ulsesy rBiig Mill makanie LOVBispse drdngrto guiti-path

in_a WPAN envi ronnent, a straightforward nulti-band

intepfgreBese ) WBsypiems plio nopdde betasreost i fsprare to compete well with other

narrow band systems. The prior art technique of using equalizers to mitigate multi-path
interference increases the cost of the UWB system.

One proposed approach for UWB systems is a multi-band modulation scheme
where the total frequency band is divided into multiple bands. A corresponding impulse is
then transmitted in each band. Since UWB is currently being considered for use in a
WPAN environment, a straightforward multi-band approach results in interference from
one pico-net to another.

Thus, there is a need for an approach to UWB communications systems that

avoids multiple pico-net interference.
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one pico-net to another. Thus, there is a need for an
approach to UAB communi cations systens that avoids

woredotiopd2e8 pi co-net interference. 2 WO 2004/ 0732AB1B2004/000326

PCT/ 1 B2004/ 000326 The system and net hod of the
present invention provides a UAB conmuni cati ons system
t hat This egstem paeiu dethiodndd rthd rREHIRN Sy eHRHU PRSAIek Oa eV e
pico-net interference in a nulti-band UWB network from
canmupicatdng efstend (AN 0deh @rpseudotoB e Se@lefcyl §eqh&ith td dutd

a random sequence such that the probability of overlap

pleo-{nePinterBteary inkeivREtind @' WRBAREW D RIS WRI Hio-hét Y 8hdfther.
small. FIG la illustrates a wirel ess network of UWB

THGRUIEEY RteCidnksRitted iRk k@BSm sBtfenceCRBR AL ﬁl@tplﬁ‘ott)}au' lity of overlap

peer-to-peer comuni cations only; FIG il l"ustrates

(RIMInE b&FSeRiMBbHnSRbRRkE SRET f control I ed by a
I n

control point i ch communi cation stations

' h C [ : .
(6" S MBSt QAN oPURE, Dol Sl o
ShAgkEm b{{ Féé?—tt&?ée'r E&nﬁxﬂﬁr?rfoﬁ%‘bﬁl cture of a B

conmuni ca on s atlon, | ustra |ng an exenplary

trangg tl{)?ﬁusB?t[eé 5 Wﬂﬂele\é\@fert\gér% gﬁt%ﬁ?sggé gr,'%lnct@%tr editbgfeaacontrol point

present 1 nvention are to _

. S| ified block. diagramil.lystrati th rchitectyre
b h g P b heictiE e tet ¥l bl PR A Vift'af on o
exe | ary .receiver portion, whereto enbodi nents of
P?eﬁ‘e‘g]‘g?eéﬁésﬁ% invention are to be applied; and FIG 3

il rafes nulti.- seudo-random frequency
sequence U ﬁﬂ%ﬁiﬁfggﬂ’g‘%& g‘&%%’i“d% graige ttﬁ% aphitectpre of a UWB
i nvention. In the_follow ng description,

. by way of
CUMIRHFAIORN F1AGE | HIHAPE 0D SHERPlRYC ‘E?é’ﬁ@if%/% portion, whereto

embodiments of the present invention are to be applied;

FIG. 2b is a simplified block diagram illustrating the architecture of a UWB
communication stations, illustrating an exemplary receiver portion, whereto embodiments
of the present invention are to be applied; and

FIG. 3 illustrates multi-band pseudo-random frequency sequence UWB modulation
according to the present invention.

In the following description, by way of example and not limitation, specific details
are set forth such as the particular architecture, interfaces, techniques, etc., in order to
provide a thorough understanding of the present invention. However, it will be apparent to
one of ordinary skill in the art that the present invention may be practiced in other
embodiments that depart from these specific details.

In order to communicate, UWB systems employ pulse trains as opposed to single

pulses. A train (or sequence) of pulses is output for each bit of information and the pulse
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20 are set forth such as the particular architecture,
i nterfaces, techniques, etc., in order to provide a
wa b@rotgs under st andi ng of the present inventiPCI/IB2004/000326
However, it will be apparent to one of ordinary skill
in‘the art that the present invention may be practiced
train st edulatedrizodihaent EWHh agstel@péednt cdiminite s@tas petildel osition
details. In order to communi cate, UWB systens enpl oy
mpthilsidor fsasuiablasndppengd the piise Gémtitidd ietvEesy sl‘hfﬂir[gaﬂ}@ pulse
(or sequence) of pulses is output for each bit of
positicdr iNetirh® foratd drit@ckhudrder ndt YR 00D fddhftion schemes involve
PCT/ 1 B2004/ 000326 train is nodul ated so that a UW\B

digitSltRERCASIIAITH N vhith @hdlfllaBe of b $@nPREEd WQ\beorm is changed with
nodul ation is suitable and changes the pul se

tHeQP@itelhedd dhitig8s iﬁé@feséﬁﬁng Bigﬁtﬁl g th %nﬁﬂj Iﬁﬁse sﬁl‘i’ﬁ k& HBEPIK) a

time forward or backwar not at al

phRE HloahhRA waASLEHE Bavikh/ @Jovc%anéé:ls g%{)@se I%av q}ﬁ Aldaf Depresent

in which the phase of the transnitte orn1|s

W%ﬂ%%ﬂg" é{fhm%nﬁ 3€ Wi c;hﬁdlaﬁ?iﬁ%agb ggﬁ@ﬁ@%@ althnege are

di gital |nary p ase s
DGR AL O WAL, B
?\%@g&% er e(WlafrZ 8#2& c ﬁr{;g@r& %ﬁu%ﬂlgglédmg@ﬁh Frequency
ol TR b oR BB e rduidecruiefiee ok ies
(GO O‘a’r‘“ﬁﬁé&%&?@q“e”f%vﬁ RSl ad e P ative
gustratlon and not |imtation, FIG la

Wﬁ’?ﬁ%iﬁsw‘é{?f wherete cmbodimentsi Qfethe present duveniien wisri teshaplied As

enbodi ments of the present invention are to be
shosim G- As, cosmpuipcatian ppts 19% cormpmieais OB BAST-tmpaes bage only
conmmuni cate on a_peer-to-peer basis only through
thipuel| waeless; fipks 119, FIG lgbﬂlmttamt # gepeseatative nefwork whereto
representative netmork wheret o 15 enbodi nents of the
etpb@kiaeits jof ienpresant drventigns aret dschty bpppplied. As shévowin FEG. 1b,
FIG |b, conmunication units 100 conmuni cate not only
cqmmgnippéi@n upigs plegonipawiisatd hotambphomb pedréepeer basis through wireless
links 110 but through wireless links 120 to/from a control point 130 that originally
established the pico-net. A key principle of the present invention is to provide a
mechanism whereby both types of UWB pico-nets of communication units 100 minimally
interfere with one another when they are in proximity to one another.
FIGs. 2a-b provide an exemplary transmitter and receiver architecture, each
employing an antenna. The antenna is included by way of illustration only and not in any
limiting sense. Signals may be sent and received by any means, such as, via cable or an

integrated circuit that can function as an antenna. The architectures of FIGs. 2a-b are

included to aid in discussing and describing the present invention.
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l'inks 110 but through wireless links 120 to/froma
control point 130 that originally established the
wEr@enret8 A key principle of the present i nveP€T/IBR0042000326
to provide a mechani sm whereby both types of U\B
pi co-nets of communication units 100 mnimally 20
| nt eRéferimgwiewh tonéheamahdusitterWseiRydtdiey(235)2 of NFRY.0%h Mt Wireless
to one another. FIGs. 2a-b provide an exenplary
cemmmsipdtion emnit 400 of GedIWBr new&Riof BRG Uator 16384y lngl'imé 2YhRAhitter
an antenna. The antenna is included by way of
subsystisi (236) with @ntayismitter fokitekfrePddYilludibafEt tih 13 b‘i@d’llstﬁatgr%m of FIG.
Signals may be sent and received by any neans

2g syhewetertladdifer®y ofahe prlefdnC Rk alitRE afd tb GH 'af)plkaatAS%ﬁ&xm in FIG. 2a,
function as an antenna. The architectures of

a 2emmudtRAion 2hit ha¢ intUe” ah Onidiesde b0, @bﬁ%bggﬁg@g‘?i?o a UWB

describing the present invention. 4 WO 2

wht€ltés| B0 08825 coﬂﬁflféf r2L16‘ Oa QQW ﬁ«?}nc;rg & sh! Qll;]san%en?a 2%0 and a

subsystem (235) of FIG 2a, a wre cohnun I'ca
p3efddrantBR Rfiset d38rcEMBo. nqth\éy% }ftrcﬁ er EA@%%‘?S eﬁlggn? an information
include a transmtter sys t

siffa Mstf ke ﬁﬁffe?rﬁb' %rﬁic{h\%#rebag d 6111 nat fllgmeg]c cﬁtéons, getermines

di agram of Kl G

tilé eﬁﬁﬁlftudené(lﬁlng]ﬁagg n?cfd%lattlgn ?o € %FWEOIY‘&% é'm%l 1ﬁa(t%91i, ‘Exgg(lge%rmined

communi cat| on Unl |
ol WS S U S
d urce
T%%ﬁ? Spiiaren5t AosEREbed Enn Jobp mnomhssimadion

.nto the buffer 210, and then, based on
ihg geﬁ 4% A et JPETGRsSubsNsteat nhds of t Fie, 2b, a wireless
| i.tude and nmodul ati ons to be enpl oyed and
oo RHET iR BtrePa TOR rovaret KiGwriett oy Heclude a recciver
r 220. The exenpl ary systen1of FIG 2ais for
S“E\%é@?‘i {8??)&‘%“1 a PR veNARShjipstete as dlusiratedsimithe Bloclo@iBgram of FIG. 2b,
coupl ed to antenna 260 to transmt desired data.
Wlﬁé?t% FRPpmgRwof thetmiesentapeintion arsib by spdind( 265howh iFFIG. 2b, a
2b, a wireless communication unit 100 of the UWB
comqmakoxbflm]:p@g ingludeh anrdnteriface 1200lea hufferc2ioy ardemodulator 280, a

UWB wireless receiver 290, a controller 240, a data memory 250, an antenna 260 and a
pseudorandom noise source 270. The antenna 260 is coupled to a UWB wireless receiver
290 for receiving a propagated impulse radio signal. The controller 240 detects the receipt
of a transmitted signal by the receiver 290, and then, based on sub-band channel
conditions, determines time, amplitude and phase modulations that were employed and
indicates the determined modulations to the demodulator 280. The exemplary system of
FIG. 2b is for description purposes.

Although the description may refer to terms commonly used in describe particular

transceiver systems, the description and concepts equally apply to other processing
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subsystem (295) with a receiver architecture as
illustrated in the block diagramof FIG 2b, 15
wob@reraienbodi ments of the present invention BCEIR2004180326
applied. As shown in FIG 2b, a communication unit nay
include an interface 200, a buffer 210, a denodul ator
Systrans, dcluding sysitened lmyingrashéeotess ASMnila t6 hat sholings FRAD 2ad,
data nenory 250, an antenna 260 and a pseudorandom
noi séssywa g theA0WBTdhenizeh isalivide 266 W Dasiditletsdn i t&tal ¥ uency
wirel ess receiver 290 for receiving a propagated
bindgedisied o hesi bards. EhepreRiibd Efbd @herRADc AR SRR e iflfulse of
receipt 20 of a transmtted signal by the receiver
th29@in iarienttesmitted sechch Basd itk tARAAREI M s&{ﬁ_@gdetdf guencies,
determines tinme, anplitude and phase nodul ati ons that

Lewrstngenpbelpetndditnunmbte satRs td REcOBE 8 dHRESF the N bands.
nodul at i our?)sb to the denodul at or 28CO. The egerrpfar{?l s

SystimeRimplt] Bithetb ateSs bHdsIERE bkt MO RYPESPS £3 £4 . then the
Al t hough the description may refer to ternms’ comonl’y

i hhe: i L, VeI t ens., .
se;qﬁgﬁg gglélgi&%ﬁagﬁﬁlﬁ‘gﬁg gﬁéélé%{vgrkgcgﬁ gF ?f; Sf%gf'& ? t%ﬁ’o@%eﬁ geighboring
ndWOKQRS g traﬁsr}m)ugigg ﬂ,qg,?’t%,lﬁ Pl%ﬂ én%l%r%%ﬁ{ag %?Lﬁ?iaggmum overlap is
systens, including systenms’ having grcbl Cetures

D . . | = . A

VEHEP T e T o Akt B i JRBHET of i o

: i vided i ) o

LY R RS s
EATEHIENE NEE S PR

seudo-r andom sequeé Cor Lhe braerm
o R s R RReRc Al 1  ppsiigy-a echymisaarsase resuls in
b ted as fl, f2, f3 f4 , then the
reg‘%%%*}?%gl%o‘%%ﬁ?@@ ¥p%ekni t t ed by one network can be
fl, 3, f4, 2. Another neighboring network can then
tranS Rrefigﬁi Gmbgdiment, data is pnveyed &y ewasiulagiog tehelt pulle Pulse
ximumoverlap is limted to only one band, naryel Y,
PoRItoRg piapy hRase shift kevipg JBBBK), i qupduture ybhseowlsft| kagyink0 (QPSK),

collision) is very small. The other bands do not
O‘%‘QP@PlllaépFﬁﬂ“eé!c}’. Divigion t Meltiplsaingn(OBRM), and quadrature amplitude

modulation (QAM) are among the various modulation techniques possible.

In a preferred embodiment, the order of the transmitted frequencies is known by the
receiver in advance. The sequence is determined by the UWB communication unit 100
that establishes the pico-net and is communicated to each UWB communication unit 100
that joins the pico-net. It really does not matter if there is a control point, just that there is a
means for each communication unit 100 to know the sequence and how to synchronize.
The receiver then has knowledge of the expected frequency at a particular time. At any
given moment, the receiver demodulates the signal that was sent through the known sub-

band and ignores the other bands.
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approach, the sequence of frequencies for al
pico-nets is fixed and identical to one- another. As a

wo eaulori218 nterference in all bands is a possi bPCT/AB2004/000326

Such interference results in reduced capacity of the
overal|l network. In a preferred enbodinent, data is
convelred iBystratssl LVEB ipnyeewindte fiislosder oPtHesenter Hedv@idytdfalb pulse
_binary phase shift keying (BPSK), quadrature phase

issfibj B.t ¢ @y! Ageigrsiap, netviark heg a dafferfrt SEHRAGYo P hstcRB to reduce
Mul tiplexing (OFDM, and quadrature anplitude
mawdwina¢dllomon Qv piroeneTONGeigbOriNBhdtRbk JEREHeSS t88om sequence
techni ques possible. In a preferred enbodi ment, the
obNdewmigds thae id nanileitichBeh ffyeoUeNFicESets sdefaoe, BY adilihine the
recei ver in advance. The sequence is determ ned by the

sdquiicaprofiits baladsi vith éspett td RON 1BBad hat est ablishes the
pi co-net and is conmuni cated to each UWB comruni cati on

uni tTHQRaiprRtshpwh RSFINS di8& 115 imtd S0 g)?h{)%aoﬂgfﬁhﬁﬁﬁhe same

. ; S
matter if there is a control point, ju ere’is

fréqueiBRRGudnes iLRPEED MIHEIEAL A0 isuﬁ%];herlggid&ﬁ) 0 ap/%ste%he%ods for

sequence and how to synchroni ze. e recei ver

; e t f t .
ohes LSSt i, NGREL IR i i s
C(Q@ESDQEHA. aﬂ%ex’eﬁ%%é?(gﬁ %Lm(g(ﬂ?hues OS%X%%%E?aahlggﬁgg]g?W%gse wlélli] gg\@OOns

sub- 25 band an res er
o / 81 2(())L1/a00?§6 FI G il t UWB
%%Ul?lg'eg Zl\;:\tﬁ%rf (‘ft ?hréeth%r e‘flglfontﬁ et &r aﬂlhg%ﬂlié%%ngsmi’ (e vision
o f f2 4. j.ahbori t k
MRS eYORDI! 1o, s Sguld iy BEBTER! )" ctoce- nat mom

col I4,si.on_anon i co-nets. A neighboring network
gen ejih%tuévs? e Q%é E?TF@E‘H@ B gthep gpefitis dormsrveithortdeppring §om the
SE egtical.{o aQ% ot.her pico-net's sequence, to
PG ¥y TRt fharaderistics divesohg e prowided, |egbediments aredpyewty of
to jts. N bands. The exanple shown in FIG 3 divides
exXaRlg g 81@ BN @FqVirled B 9wy ligiingtsensse Bwraeopef ofcthe érvestion is
. sequence_is repeated. This 80ns tinme is further
lngﬂF%Per@a thgt @pronded ﬁ}élmsotjaéhef dhan by the foregoing description and all

modifications coming within the meaning and range of equivalency of the claims are

therefore intended to be included therein.



each individual frequency band. Wthin each 20ns
interval the pulse is nodulated to convey data.
wolonmewz218 t he 80ns period is just an exanpl e apdT/B0044000326
just as well be 300ns 10 or 20ns. Further, with other
nodul ati on schenes, e.g., Othogonal Frequency
Ghrigissi on  Multiplexing (OFDM, FIG 3 would likely be
different. The invention nay be enbodi ed in other

specjfic it eparting fro spirit, or
esseinti aI_A_lggh r gl\gdtlsef&lo&sllﬁilmg@% f {11 gflrrg%ypfiebﬁﬂé&g&gw unication
Systisb dPmemtieg:are by way of exanple only, and are not
provided in any linmting sense. The scope of the

i nv WalakH Lndi by the appended cl ai ns

r at ﬁﬂﬁérg%éthégégﬁggf%rﬁgg%ghg description and all

nodi fi cations comng within the neaning and range of

equi val erf®)? emirphigs cenfigumsl ta diyidetaHEWES dhasnd itenpeddd-ndom
be i ncl udg b Bty 2004/ 073218

PCT/ | B2004 5‘6%‘5@%%“% 1. An apparatus for a

mul ti-band ul tra-w deband (UWB) communi cation system
conpri si AB) 2 Bodyataseanfigeed toumenjda aveqeanp pf mbddatedpyla, and
a controller configured to divide a UAMB channel into a

pseudo-r Q@dﬁl’ﬁfnsﬁﬁﬁk’ @(ﬁﬁﬁm‘%ﬁ td\ratRit RIS oauidd Ise in said

nmodul ator configured to provide a sequence
nodul at edePignesdBroughene qfeyid sequerne it subibandsndridgur ed t o
transmt each nodul ated pulse in said sequence

10 thr cwg&bimeu&g,st&gicgmﬁﬁgﬁgence of N sub-bands, and 10 a
recei ver subsystem conprising (d) a receiver

confi gur to recei Vﬁs UB signals transmtted through
said N Z H-15SEAWRE contigured to receive UWB signals transmitted through said N

sub-bands

(e) a controller configured to combine into a sequence of modulated pulses

the signals received according to the pseudo-random sequence of said N
15 sub-bands, and

(f) a demodulator configured to demodulate the sequence of modulated

pulses.
2. The apparatus of claim 1, wherein:

said transmitter (c) further comprises means for sending selected from the group

20  consisting of an antenna, a cable, and an integrated circuit (IC) functioning as an antenna;

and

said receiver (d) further comprises means for receiving selected from the group

consisting of an antenna, a cable, and an integrated circuit (IC) functioning as an antenna.

3. The apparatus of claim 1, wherein the modulator (b) is further configured to



(e) a controller configured to conbine into a sequence
of nodul ated pul ses the signals received according to
W b@4psriio- random sequence of said N 15 sub- be@mEB20e490326

(f) a denodul ator configured to denodul ate the
sequence of nodul ated pulses. 2. The apparatus of
(& Danodulate edeb peisansisgd tlodulaivanichhigtie fr6h thelrbiieonsisting of pulse
conprises neans for sending selected fromthe group
padtigpbishrytrhag shift leyingBESKIR quelrAa pRase 3Rk 18%ing (QPSK),
integrated circuit (1C) functioning as an antenna;
Cathdgemal Krequeney DofsidrdY uliiplek A8 {OEOMY! And@8adB@R Sl Biude
recei ving selected fromthe group  consisting of an
npdilemia(Qavyabl e, and an integrated circuit (I1C)
functioning as an antenna. 3. The apparatus of claim
1, wherein the nodulator (b) is further configured to
5 8 WBL2004THR73p48nPeIdiiRA0 044680326 (b. 1) nodul ate
each pul se using a nodul ati on technique fromthe group
consi sting of pulse position, binary phase shift
keyi thg cériBfeBK) (2) BUatteatanfiguehase shift keying (QPSK),
Ot hogonal Frequency Division Miltiplexing (OFDM, and
quadrature anplitude nodulation (QAM. 5 4. The
appar at uga.0j repéa it flequerog judlice ot i@ fFOTt AN FindePbrib® and
further configured to (a. 1) repeat the frequency
sequence over a predetermned tine period, and (a.2)
f or each (f2kfpuearhyfreghientinef the spgearee, dividy ild@rdddRrmined time
predetermned tine period into at |east one
sub- per i gdriodintb dtQeaktvme mutpdrvtdoind(b) is further
configured to

10 the modulator (b) is further configured to -

(b.1) modulate each pulse within the at least one sub-period to convey data.
5. The apparatus of claim 4, wherein:

the modulator (b) is further configured to -

(b.2) modulate each pulse using a modulation technique from the group
15 consisting of pulse position, binary phase shift keying (BPSK), quadrature
phase shift keying (QPSK), Orthogonal Frequency Division Multiplexing

(OFDM), and quadrature amplitude modulation (QAM).

6. The apparatus of claim 4, wherein said pre-determined time period is

selected from the group consisting of 20ns, 80ns, 300ns and said at least one sub-period is

20 the period divided by N.
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(b. 1) nodul ate each pulse wthin the at |east one
sub-period to convey data. 5. The apparatus of claim

wa2omoznes n: the nodul ator (b) is further confPQUIB2AI4®0326

(b.2) nodul ate each pul se using a nodul ati on techni que
fromthe group 15 consisting of pulse position, binary
phasé shiThe akparatngof{dBRBK) whepdadhidtcohteollePIRs teSRhshitter to
keying (QPSK), Othogonal Frequency Division
cavrhenigrtethe pepud6-CFOMN, se@raceif R adndies ta MRk dives d8bsystem such that
nodul ation (QAM. 6. The apparatus of claim4, wherein

atgay given emdelcerighahie dnbw iy ME kdceFed sibsydRIES b8 dorf Elﬁmgmqmown
group consisting of 20ns, 80ns, 300ns and sa

subdmad obsaéd Nutib-psidsod is 20 t he peri od d|V|ded by N. 9
WD 2004/ 073218 PCT/ 1 B2004/ 000326 7. The apparatus of
claim1l1l, wherein said controller uses the transmtter

t o dbmuriihe aparitieofietiri dpwhebid QM ASHANGS, Me receiver subsystem
frequencies to a receiver subsystem such that at any

isgbnfipurdd todetbdulfé B8 AandnSith i -
an, i‘d‘;ﬁm gl o RGRIi p(s)?udg 5'11néiom

subsystemto be sent through a knomn sub- ban

sebligidbob@etfisncis, fe ﬁﬁ@@lﬂﬂﬁ@ﬁf) Bt L5t %O&h%éﬂﬂn%wn\g‘t’lﬁpglg:bef ggid N

any given tine, e receiver subsystem 1Is c
subGa@rodul at e the transmtted pul se using the

communi cat ed pseudo-random sequence of frequencies,

the pul se known to be sent through the known sub-band

of 9aid Npe §1§Bh‘rm%lamg 7 Jﬁ@mﬂ%@&%‘i\"& 519) s‘fén?isryn o]hgmi@r of

wherein the receiver su systen1|s an orig

andfhef ﬁ@&-n@t‘ Q19 @GR 1oSvGa kL %}r"?ﬁ]etbg pRY. %et of WSt raﬁvgltte

with the pico-net of the trans subsyste

suH@'si%ﬁl By hirdef aeﬁlﬁ%ntﬁ)ggﬂggaﬁd%ﬁus o?&?e ﬁlﬁef? %]%in%le\ih erein the

requenC| es. appara
recei ver subsystemis an originator of

10.  The apparatus of claim 1, wherein the receiver subsystem is an originator of
another pico-net and is configured to avoid overlap with the pico-net of the transmitter

subsystem by using a different pseudo-random sequence of frequencies.

11. A method for communicating data using ultra-wideband techniques, said

method comprising:
(a) providing a transmitter subsystem configured to perform the steps of-

(a.1) dividing a UWB channel into a pseudo-random sequence of N sub-

bands,
(a.2) modulating a signal as a sequence of pulses, and

(a.3) transmitting each modulated pulse in said sequence through one of said

10



anot her pico-net and is configured to avoid overl ap
Wth the pico-net of the transmtter subsystem by
waigiong7R1gli f f erent pseudo-random sequence of  PCT/IB2004/000326

frequencies. 15 11. A nethod for comuni cating data
usi ng ul tra-w deband techni ques, said nethod
conp¥agsneg of Nayb-pamslsjadidng a transmitter subsystem
configured to performthe steps of- (a. 1) dividing a
UWB channel into a pseudo-random sequence of N sub-
band®) 20°rp¥ding amesivELtubsygten onfjgatd apetHose fuatpeonf

pul ses, and (a.3) transmtting each nodul ated pul se in
sai d sequence through one of said 10 WO 2004/073218
PCT/ | B200%B/ 0 tree3e agé\éiﬁéma@l tensiitied Budyeghdsid XMmub-biids,
provi ding a receiver subsystemconfigured to perform

t he steps 33 h.. 1% recei ving a UWB si gnal

t ransni t t&d) eHPLYR hedrseived Ngybibardsaccqrding Yo the pisudd-rgdom

5 the received N sub-bands according to the

pseudo- r AWM 82Sequence, and (b. 3) dermodul ating the
series of UMAB pul ses fromthe conbined N sub- bands.
12. The d of .claim1ll, wherein the transnitter
subsyste ﬁéggﬁl’aﬁ%&iﬂg the §5f1es GLPEP pesssdronbibarcembined Nsub-
bof. 10 (a.4) repeating the frequency sequence over a
ar?nd%determ' ned tinme period; (a. 5) for each frequency
of the sequence, dividing the predeternined tine

roaultat | g sedipd §EBim 1Rk B aemsied Shslonaptuptr

configured to perform the steps of:

10 (a.4) repeating the frequency sequence over a predetermined time period;

(a.5) for each frequency of the sequence, dividing the predetermined time period

into at least one sub-period; and
the modulating step (a.2) further comprises the step of
(a.2.1) modulating each pulse within the sub-period to convey data.

15 13. The method of claim 12, wherein the step (a.2) of modulating further
comprises the step of (a.2.2) selecting a modulation technique from the group consisting of
pulse position, binary phase shift keying (BPSK), quadrature phase shift keying (QPSK),
Orthogonal Frequency Division Multiplexing (OFDM), and quadrature amplitude

modulation (QAM).

20 14. The method of claim 12, wherein said pre-determined time period is

11



(a.2. 1) nodul ating each pul se within the sub-period
to convey data. 15 13. The nethod of claim 12, wherein
wo 4ot (a. 2) of nodul ating further conpri SEGT/IB2604/000326
step of (a.2.2) selecting a nodul ation techni que from
the group consisting of pulse position, binary phase
sedqstedtirage he wEpup RPSHSHNG qfi2ths 23005, 0pisasd ssithaf Ibask ond s-period is
(QPSK), Othogonal Frequency Division Miltiplexing
the dividedibxNadr at ure anplitude nodul ation (QAM. 20
14. The nmethod of claim 12, wherein said
pre-determned tinme period is 11 WO 2004/073218
PCT/ 1582002¢ 0mtigef clgwh &t tfethef comprisivg the sepof(e/63 tatmmgcating
of 20ns, 80ns, 300ns and said at | east one sub-period
the pseudpraandem soqhedtevif disdudngieho dliceiih subwpstéro duddfthatlagiy given
11, further conprising the step of (a. 6)
tige thesignekis keayn tishibe peseivercubsysitmrto be spnethe@ghfh known sub-band.
frequencies to a receiver subsystem such that at any
given 5 tine the signal is known by the receiver
subsifst erhhe methwd o& plpim by, Gutfier coripriziug tBetterbafi(c) at 2y givhe
_nmethod of claim15, further conprising the step of (c)
tige, dgmpdglptingrby the weecival ewhsplsiem thertrnlyitted pulsenstigie
subsystemthe transmtted pul se using the
comyprichteraeddny ndone stfipgeeciespthe pulediipnaite e sdnbSrqigh 3R
known to be sent through the known sub-band. 12
known sub-band.
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