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WD 2004/ 075442 PCT/ US2004/ 004700 METHODS AND
APPARATUS OF ENHANCED CODI NG I N MULTI - USER
WOEDMIOMNAEATI ON SYSTEMS FI ELD OF THE | NVENTI ON P&T/TRB04/004700

present invention is directed to inproved nethods of

coding and transmtting information in a wreless

comruni cati ons system BACKGROUND 10 Superposition
mﬂ@bﬂ%m'Apﬁmﬁwmq@wa@Eﬁ COPINGCINTWOL TR
CO Q?¥¥ conmuni cati on systens 1 nvolve
severa ransn1tters and receivers conmunicating wth
each other and nmay use one or nore conmuni cations
FIELDEOR QU INVENEI®Nal , nulti-user comuni cati on net hods

may be categorized into one of two scenarios: 15 (a) A

single transmtter comunicating wth severa

r [ n e

ol piReR inf O, Hrd RS Aoy Of CAHEERAG momiving
inforraaioTLini 208irtleg domnund@fivnsysenei ver, which is commonly

referred to as a nultiple-access comruni cations

met hod. 20 The broadcast communications nethod is

BACR known in the conmuni cati ons and infornmation
ory literature as the "broadcast channel'™ and w ||
be referred to as such in the rest of this docunent.

The " br adcas . refers ta the physi.cal
CORERPRA0 S iepata Br Siscisebiadny Brisof pdtmbin e igns syerms.
Multit ¥€r SBthibRlkid; ﬂeﬁﬁ 'i§vcﬁ‘§e 300kl B8nshiifers RAMHREG 8L @hmunicating
resources used 25 by the transmtter to conmuni cate.
with @cmom ayd mam asqrone gr pn@re aemmm@@mmsrdﬂads &m gerrpsal gl ti-user
ax\n del aown .as h} access channel ' and
commnicafigh % P I J e egala%e et G S
term nol ogy. Once again, the " mul t| pI e-access channel"’
refers to the physical communication channels between
(@) hé singla irPIseu i £REIUNI GRS S serealispeivirs reogunqdy referred to as a
al resources used by the
tréa)f%gm {Ponglnz‘%ﬁlﬁ[%%gy” féogits IPd;orrrrunl cations nethod is
(530S dveed) iaidrhiytets @ chnfimid atip g @@ démidoa ret@ivel,i wikich is commonly referred
comuni cation channel in a typical cellular wreless
S V38 HKRRIE e S CHBENISEETSARePbadcast s to a
plurality of wireless termnals, while the uplink
channel in such a systemis commnl y inplenmented using
t l‘ilﬁlerhnd)atdcpﬂt eemmmtimmmemmmdomnnonlmdwxﬂ in mheomnwnications and

mforr?%u é%( 1@{@%&%%' tﬁe sbrgg{cast C annericaa%d ﬂq)e e erred 90 as sucg in the rest

of this document. The ‘broadcast channel’ refers to the physical communication channels

between the transmitter and the multiple receivers as well as the communication resources used
by the transmitter to communicate. Similarly, the multiple-access communications method is
widely known as the ‘multiple-access channel’ and the remainder of this document will use this
terminology. Once again, the ‘multiple-access channel” refers to the physical communication
channels between the multiple transmitters and the common receiver, along with the
communication resources used by the transmitters. The broadcast communications method is
frequently used to implement the downlink communication channel in a typical cellular wireless
system, where the base station broadcasts to a plurality of wireless terminals, while the uplink
channel in such a system is commonly implemented using the multiple-access communications

method, where a plurality of wireless terminals may transmit signaling to a base station.
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WO 2004/ 075442 PCT/ US2004/ 004700 -2 The transm ssion

resource in the nulti-user comunication system can
w@emenaidty be represented in tinme, frequency PCT/TSINE4/004700

space. Information theory suggests that the capacity

of the system can be incréased in both scenarios, in

a%cular bytransmttlnl%to mul tiple receivers

si THA FRRBGaresaprse i themaltiofser sempiBisaterssysiom can generaly be
SORTILIRItGAL t

oo SO AL R 25 00 Bhc e BLARMIE I LB By e gncis o

the systaan parl be ;mlcmamdaaéastfmcamams,aatpaﬂrmlarm thaRmivve ko bdi@iple receivers

]? Elsélran m SSi on, resoyrce, e.d.. over t he sane

simufhetuth B 6 cate e SaadeestGapifetios meiind, o OY Miowing multiple

transﬂ!tﬁb@ﬂﬁﬂ%nsﬁﬂ@ﬁﬁﬂlté&fébhs@fﬁl tﬂ@%ﬁb@%f tﬁéﬁuft@@ﬁc%ﬁ%oﬂ?%&ﬁmns
transmit sinultaneously to nultiple users over

methgq) eer g neiTe Sonemission ourrwee] sg.abwew thexeme fasquencies at the same time.

In the C:']a\lég §§ @1%?%3 éaélggﬁt ?zgdl A 1C§LBI o %E?(? (%Et t%)éltgag{l.pgltlsgg t$ gr%%g}%m
simulthebeslpto/@uHp Geh A&k th‘é@hmb &@hghAsen ké&o@f&% B Q%&Wﬁs

and nul tiple-access conmuni cations nethods.
‘SUpCERASHIPN £§E8E120fIn sharantsss pf the mrascmmgenmn,l Comaoﬁq:xbwpeqtosﬂmn coding

: i fo o [ of transm
' SIlot\<Verlc rﬁgqu\;eazl? [!njta ﬁY@aE&S}ggé 8}11?59?1?1@ S\ lﬁﬁl CRYGess
comn@mﬁﬁtid&fmthoﬂé single transmtter comunicating with

two receivers, whose channels can be descri bed by

anbi ent Gaussi an noise levels of NN and N,, with N

<

St dbaRages Cf SydcknSlchtBnE R BRRBIERI g ol folgrine
disculsdiml afdramgmi s &tni techni@s o fur tlesbravdiabiedongnurtiGatione method. Consider a

ansmitter are a total bandw dth of W and a total

Smglep%%élm%?l cemmycating Na i POdECHE)S, vainse 619/3%1@1\?@%!3@ descnbed by

Wi wer
s BRSSPI SEL AN, 102 S0 185 G s v
a strohger@hfireataashe @G@W@EelvéroAsﬁlrﬁé thaf thi %&hmu\ﬂictaﬂoﬁ"wsources available
stronger receiver and a second receiver, W't

to the\(EaaRraHicr atecd ipel bandyedih A W endoi lfofaé pewpr off B rﬁlmt&ssmmcr may

employ sre%lgigér%fﬁeg%sqg coﬁﬁ%{ ! I(I)C(r%l%:: \ﬁﬁﬁ( £ rrg%eévegs lfg%lg'fz\} éPClu%mal gtaph 100

whictt Ililetsfaohﬂezﬂﬂé edtesaX iaroddddst CRAMEE Eot Sfifsh@sek,abi@h & OfroddBLreceiver and
weaker recejver. 25 First, consider the strat egy ere

a secqn geqei R AtR £ dreakr r@q%veéwglelb@rmﬁeqenbtrmmnwmtm@g@s The

vert1chlrhx'i§ fﬁi> oquﬁ % olci%h{e@g} aC1-{e r%t% %%étﬁg‘ ?ﬁ%&@% reecgw&n %vhll%rﬂ?l Hc?xgzontal axis

104r&pmmnm|tlmeaxtatenf@rvhet\veaﬂ<b@reééivat (stronger) receiver is
denoted by a, it is easy to show that the achievable
rates for the two users satisfy 30 R <- aWlog(1l + N

Pngr/E% U%%g%% (t)h(ﬁc%%ﬁ(?@g? $HhtrehhE tr)ansn’ﬂttel\AQuﬁH)Qé(eQ Badkten the two receivers

in time, allocating all its resources to one receiver at a time. If the fraction of time spent

communicating with the first (stronger) receiver is denoted by «, it is easy to show that the

achievable rates for the two users satisfy

P
R, £ aWlog(l+ _N—) s

1

R, <(1-a)Wlog(l+ ]\I;

2

)



-3 As the fraction of time spent serving the first

user, a, varies, the rates achieved by the above
weouwabiams are represented with the straight |PEEUSDE4/004700

in Figure 1 representing the Time Division

Mul tiplexing (TDM strat egsy'. Now consi der a different

transm ssion strategy where 5 the transmtter

allocates a certain fraction of the bandwi dth,, , and

a Msrthecfracionef tinteespanisiervang e fisgweer, o, vagigs.itheratgsraghieved by the

eSS SO 3R St S BB BB e ime

Divisfoh agikipRgingt(TOMY RfAsdgly! New copdiurini diffe@at thiishitdien §tegy where
receivers sinmultaneously. Under this transm ssion

the trasismttes gllocatdsen qeateia frasgion of arbapéwidhhtacinda fFasgiopyf thgaavailable
fol | ow ] 10 R :5 6w log(l +) , R2 - (1-.
pow 7)1 Fsgiat el 1 e Syqspa e el BereitiBg Seligm arbabifiisth and

pove SR LA P DAL ORI v

simulf2nE6L4BNTindel thissi@BmiBsiohisphRky,nBe {ddMzionkan $ercabegyrizdd by the
is evident that the strategy of dividing the avail able
follovpgequaiinds bandwi dt h bet ween the two users in an
appropriate manner outperforns t ti me-division
partition of resourcesR < [leg@r,—the second strategy
is not yet the optimal one. The sUpremum of the rate

regi ons achi evabl e under all tranir_n' sji,l on strategies

is the 20 broadcagt sc(h@P%W])Sg(l or the Gaussian
case, this region i & chafracteri zed My the equations

Rl < Wlog(l + (1-a)P aP+N2 25 and is indicated by
the dashed curve line 110 in Figure 1 representing
capacattyachidvedidrs tixhahove byudfivosais vidoabred intuitivwaly Gowethe convex

Br oadcast. nel.s, | EEE Transactions on.|nformation.
curvepa@aryjed et QB iirs LERpresdsHas Hearan Qo g Mgl xing (FDM)
strate%ﬁ.ﬁbﬂiecs’d'!ﬁnﬂﬁhﬂ 188 sEMPEF PORdiRthé BeHiRBIcGRMIH 2R€ BiRMAdth between

i's capacity region.” In this technique, the signals
the twoousdisfihen eppropsate snamner eutperfaring tlestimpdivisiph pajtisiep of resources.
owers in e _sane_transm ssion resource and
How Vﬁ%ﬁ?ﬁbﬁ%‘b& %Wteeggéﬁn%ttWéal.e “Pﬁénag%’?ens achi evabl e WD

2004/ 075442 PCT/ US2004/ 004700 -4 through

super posi tion codi ng surpass any other communi cation

t ddwripigmhal the srjeragians gphicyablhgndes pll tIRBSTISHAR AirgERiIghIs the

esour . : :
broad 2GRy R el e Bbin R nis o ARG ER by e cquaions

Figure 2. Gaph 5 200 includes a vertical axis 202

representing quadrature and a hogjpzontal axis 204

representing R, SWlOg(HN—),
1

(1—a)P)
N

2

R, <Wlog(l+

and is indicated by the dashed curve line 110 in Figure 1 representing capacity. It was shown by
Thomas Cover in T.M. Cover, Broadcast Channels, IEEE Transactions on Information Theory,

IT-18 (1):2 14, 1972, that a communication technique called superposition coding could achieve
this capacity region. In this technique, the signals to different users are transmitted with different

powers in the same transmission resource and superposed on each other. The gains achievable
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I n-phase. Wiile this exanple assunmes QPSK nodul ati on,
the choice of nodulation sets is not restrictive in
w@emenzi442 Al so, this exanple is sketched out fPBCT/USZH04/004700
users with the concept generalizing in a
strai ghtforward manner to fultiple users. Assune that
the transmtter has a total transmt power budget P.
througly piRsEROSItHak COLING SFRast anyedeinrommynigagion éefhnigua ghat requires splitting
ger channel noise and
ot e L om0t Fomger
receiver', sees snualler channel noise. Four circles
filled in with a pattern 205 represent _the

c orfthasic LenesRt B%M’F@OSIPQH edipg %ﬁﬁ@tfﬁt%nﬂaﬁ 19 gfiespre 2. Graph
r
200 1&212(?%5%%@?%%5 %g%) gg et%)gj;quﬁg%g%rg gm%? ﬁ?ﬁEor{ﬁ%ﬁh Rl 4 representing
in- phé}éSWh‘l}eath]s m(smpkerasmn[ee IQRIK niddalavibn,|tke cladet ¢fi IﬁdStailatlon sets is not
faormation ,is onveye to the str er receiyver at
resm?tb‘(ﬁ 1B SRsrak I‘A’é?siﬂ? @Eaé‘&’( if)sketghed gt g%r Ui Uigrs qvithy the eprgept
geneﬂéﬁ’ilﬁ% &l & &bdi 9trorWART Bafel %89}1@155@@' g@%ﬁ%ﬁﬁﬁﬁg i @nShitter has a
ower power QPSK transm ssion strengt

total gantsoat powerbadgeti Et Subpoyathet the findtiredei veombfened boad vwdaker receiver’,
sees el ARAR. vy PoPd RSB Ter Tt B rediopis, RREG eIt Fiarsees smaler
chandehisé.[Hous Ef@bd BlleCAMWRY S pdtlerh DAY rdpRBedttBOOPRKL @hstellation points

conmuni cates to both users si mul taneously using the
to be @ramémttﬁ@ asiiEk ppwer (bekapretectedn (t-hixyl d@dhwnal;ertrmnm ghhere arrow

\/\gr signal is aLﬂgo called a 20 protected S|% an
206 provadgsimprswtist ofdhg high ppsveraQ%I%ra@amr%@nrs@awtaf anyrhile, additional
r \r

1nf0r1\ill\;lel£'tgong 1‘r§%r8fé Ce?@% E&r fhggg—gﬁ[ e'ﬁ gecﬁl lﬁ&é)%'v&lgﬁé% ﬁ?@{egted) W . also using a
QPSK onrsstedlatian,i volrersvatebw 207 pmvpxtmarmmsgn&ajf tistiperppsed QPSK

IR B 0 TN E N T T —

G bnad b ap
e YREARE 8 S 18 820 PRSP e RS

this iltustrefioreconvdpcio dles thdteanlamgttm comeTungiatps dd botruseds siroltemeously using

TR e T
proteRENSIEN LIPS GO MSY Powvaldi@ial RGIY Scalithee %] ubdrisRger
|

receiver's strategy is to decode the gh-power points
(mhlch are intended for the weaker receiver) first,

g e‘isne s{ratggy{ Luﬁgggﬁlghtfﬁgr%q}& %e%ﬁporsrgéﬁ%/esfisggs%he high power

eco OW power Si

QPSIQE)@Ateﬂ)l?iﬁéﬂ%1&@6&%2&&4&@%%@@&@&&@1%%@ Sigral-to- N01se Ratio (SNR)
practjce, this strategy normally does not work well
experjgged e rEakergRselV e BN HEBHOGPSOR Vel ﬂ%P[éWJeFrlgnal so the

ow 0 GBSl | ACTRRBRURE Bl ok WSRO e
decodab theehigh pmus&il gmil O1t the sthek eand, tHeeSNR enpatbnesd 5y thefsabnger receiver
. arat t hat

i sutf R IATERORST 3@9 e aBg Epen e Pi{OBS R camtieiion points. The
strongP HRfvePukirhiBb £is 18 6QRIS tﬁeqqu %b%ﬁ HARS (WRIAQLL #8418 for the

control | ed superposition coding to take advantage o
weakertreceiver) first, remove their contribution from the composite signal, and then decode the

low-power signal.
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benefits of higher achievable rates in the channel,
yet overcone the practical difficulties encountered
w@bookopani ect cancel l ati on of the high power sPgrak2oasah4700
the conplexity and cost 10 associated with joint
decoder approach. SUMMARYO'OF THE | NVENTI ON Thi s
invention is directed to transmtter and receiver o
t dERTRVE s PiRefices BYs pEptegynorEARN Aees npb waek wallngnpfmpestections in
canceg:lgt%éﬁe % h%ﬁaﬂgf\xyg'{% géﬂprflo %g%hgl‘ﬂ 'EIS%S%E Qé( tﬂerﬁg‘,ﬁs&(;%covenng the
1ow¢ﬁﬂbﬂﬂgﬂﬁnt of the invention is descrlbed be|OM/In the
context of a cellular wreless data conmunication
system usi ng Ort hogonal Frequency Division
Mg} hgl&l dtthd%ho a/gglsQ@: s it 1 V0kLSn AR r%é@g?ll érfxlhﬁﬂ\fe?hl%ﬁl%ds and
systémis use pur poses of explaining t
apparianuv drat wdh alldvh eommuaithtions dystemeto bparite el a booalbast and/or multiple

e enbod nt and can_ ,be applied to man t.her
acces§ ERAIHP CNTBAOG R GRS SROFY SSrE sy Spafie e govatese of the

beneflt ¥f ﬁgﬂ& eV St dGA %ﬁ@clﬁ%et ové@oﬁ& G Sl M\ﬂfﬁ&hltles
variots embodi nents of the invention, first and second
encoxmmred m‘hnﬁ.ﬁrfectfoencrféltatlmm ofthe higharosier sigod andi theycemplexity and cost
%ﬂ SS|8£ %4 e transm ssion block including a
assoc t ‘%ﬁﬂmﬁ???ansn133|on units, each mini mum
transm ssion unit corresponding to a unique
conbi nati on of resources, said resources including at
equency, phase, and spreading
code. Amninmumtransmssion unit is also called a
degree of freedom In this docunent, the terns of
T AR riToans tiresédi ttimbiitan andlegeieer ofhdiqes doneoline that enable
used 30 |nterchangeabl The transm ssjion bl ock may
decoding af the eagplar siggal W’e@ﬂté@ﬁﬁ SPBETay sedley lmﬁ%feﬁiﬁﬁn%%on o the
ssion bl ock which may be required to code one
pﬂna%%?9%£@1nfornatlon sets to be transmtted. WO
2004/ 075442 PCT/ US2004/ 004700 -6 One exenpl ary

enbodi nent of t e|nv nti.on i.nc) udes.definin first
S AT SO PR PR HETTEGY t5Aegited el B FReRt of a
cellul%ﬁ@l%é%té@dﬂmﬁhﬂé§t‘ior§s%teﬁic usidyf @ftH@éanﬁFreé@érfé fDr(/l%fon Multlplexmg
m ni num transm’'ssion units 7ncludin | east
(OFDM)mWhrl@ ay exdfmplivy wikglesnispstemanssed e ]an‘pQﬂ@S pg
nsm ssi sec

fi
the iR O AL SN oA TP TUPITeat P STU B R BaPgoter
comnaREQREN SRkerdS ad WEIQ re@tsy@ans §eh§0§@écpmsx§eM\Qﬁplwwcas.srrc:DMA)
transm ssion units 1ncl udi ng Tess m ni mum
transm SSI on units than first set; at |east sone of
ggP glCCé)]l % nﬁ;{lﬂﬁa | on %Hoéxltngrﬁts ﬁﬁ Il&eein%érﬁl%}m @{%{jmﬁies%g&% se(tjs of

1nfonﬁ@th‘6ﬂt[ib qaﬁmgea bﬁné Iartlsxhsrﬁl@ﬁoﬁ BRRRALS &hﬁsn@éswm f)lrmbmitdhﬁfm;g a
using mnimumtransm ssion unjts included in said
plurahﬁyroimawr@ HEBHBISHER YnisT, cAhAnRIBY R ERERISSION Wit sRTEEPonding to a

unique cBﬁmtomsaﬁBn gf re§815rges said resources including at least two of time, frequency, phase,

explaintrigghe invention,

and spreading code. A minimum transmission unit is also called a degree of freedom. In this
document, the terms of minimum transmission unit and degree of freedom are used
interchangeably. The transmission block may be relatively large when compared to the
minimum size transmission block which may be required to code one of the information sets to

be transmitted.
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10 mninmumtransm ssion units included in the
transm ssion bl ock are used in conveying said first

W@ edo40f544nf or mati on, said first set includi ng BET/USZS4/004700
a majority of said mninumtransmssion units in the
transm ssion bl ock. A secoﬁd set of said m ni mum
transm ssion units is defin se| ected, for

u<ens srepmir s ymigdigngoltae eﬂv&n%@% mShldPﬁw@QfH%& 7 BFst sef if gaid
f
i B AR gL AT, SRR 854 AR 3B, Pl st o
minitheiagtansmizeionofunitSincludinmgemldaseansiajosisy ofthel mihisniind trah@nission units in

the trfﬁlléﬁrnﬁésl(;al{] ﬁ]@s ¢ o gm%%tégqq%fdssg’} gﬁg}] A anr?ngéqsnzlln%m%nulntltg for use in

|
com SRR B3 GO Lt Dnd LA HBBlg 5 s
including lese ounighuse transofissipmumnitsrthart fimhsaty a ddastsonrd dfsminimhtm transmission

. th rrespondi.n for.mati on nodul at ed t her The
units o) R PGS PRERTTEGE RSP Gy S B pime. hna
comn@HREIRS $hd HiRNarRf sebhf dets' FlinfARHaRRCRNME i ALARLRRIRDn units
shared 20 mi ni mum transni ssion units or by puncturing
mcluqlﬁdemfsanditrstwﬂ sefonidistis mﬁannmmm txammmsmhmse doficst setof said
Qrmtion. on
minirfiyp A {Tbh B elkPR b iEuRint Pis%k At P} in conyppgne seid irs
set ofSefoemetiGEsid fiFstser inflREMSGE [cAgt Aa8ieS Y ENsalieniAs@emt tPansmission units
recover information |ost due to the superposition of
in thertransaissiondpleds Aofecppd 83 whs116 miBiNYTA rastpissen units is defined, e.g.,
[ t
selectzeg,gf'a? {ﬂesi C8HVFI"§’§ Hegtc%hd ds-gclg d ﬂeft ?f fﬁ?(%%r%ﬁg i sga%q%g%)/ﬁctsza? o{é E‘iér.u,mum
transmiiseion Gilaitmrﬁhﬁhmgdaisrlﬁinlrﬁﬁmltfaﬁﬂhﬂi&bh @Rits thah dieldtRet; at least some of
acknowl edgenent s and assi gnnent. The first and second
miningyp §f38$mﬁsﬁf’6 PRt inghe BEshandisrgondh el IBTemBRE I RESSIOS units being

the saﬂ{ee Thel i8R kLRl R gflfBHﬁatfdnragé ccﬁﬁlﬂuﬁl‘é&l@@ gx gﬁg%@gﬁﬁg at least

m ni mum transm ssi on unit transmt
some mnlmmmtnanamsm)s shitnincloidédsini sacd fuxdt agl sebendeedudfahiatnum

rmation, corres L hg odlffer t 30 information
transrgf3 86 R P oG DA RSHn P eier SheeriT ¢ B apgunicating
of theﬂﬁfdrﬁl‘éﬁ&?ﬁla Be dirbh 81 SPErpASVILE 8B theFirstand WddRHER B rmation on shared

termnals. 1n other enbddi nents, the first and second

mininen rapsmissipo Fnikt 0131y puar@riog i fiisteet eflinfyrtatian smltat th@gsecond set

ot g S B A 5 RCHe R
and sédoaAS&kt ERbr c@r@ting Boda st yHealst @ febARS [Hfbltn@(ftton\l\&t due to the
2004/ 075442 PCT/ US2004/ 004700 -7 The first set of

superpRsiianh the saeend 5@|06mfgtmqt1@n|0ﬁéhmi@§edatram]nmsmwws ifhe information
transrg}l‘ﬁt{aﬁ %{Fglffrétaagﬁ %%cg%dggts upt r{{fétﬂ’ﬁ?lO%n I?l?aﬁ; g2l émug Id%Pa and cont101

perce

inforrhatimsintlading Ackiuvilsdgetegts, andlasﬁgm‘ﬁerﬁmmdl ments the
first set of mnimumtransm ssion units 5 includes at
| east 75% of the total nunber of m ni num transmn ssion

U bk $ir@Rd séddnd OBE of BE&Snat dloﬂg Q070,08 JIILO&JHS ol n%entsf are,

transm ssion units 1 n sai I oc k e seco
transrmitted using ther fansaridsscon segintsts od miiiduyn iraemigée wdssby transrmttmg

t han 50%of the mni ans sion_units in a blo
the migiguny HANSHRSI 08 IEUS nclidips b E@W%mfﬂ%\ﬂ% F%F@RP%‘EP%FP different
inforriHonSets@rdin diffe@&® tdal@RittersOThe Qré‘hﬁ'fntters may be located on different
devices, e.g., wireless terminals. In other embodiments, the first and second sets of information
are communicated by transmitting the minimum transmission units used to convey the first and

second sets of information from a single transmitter, e.g., a base station transmitter.
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the number of m nimumtransm ssion units in the
transm ssion bl ock. In such cases, even if 10 none of
WO h@407HBrum transm ssion units in the second BEL/USE004/004700
transm ssion units are recqgvered by a receiver
attenpting to decode the m’hi mum transni ssion units
used to comunicate the first set of information, the
information fromthe first set intended to be
SI n uni.t s
| PR PO b8 s lond fon (O WIBAEL b AT S AR b
transrssiod iumgs frsthe tiahsmisgibn bloek lbﬁﬁlsmﬁﬂﬁﬁ hiph pe@crdhmgb io® the minimum

codes. 15 True superposjtion c be used . to
tranSE G S o1 BRI ORITRSHY 1B8 B aPR) TEigiBgmHcapprgission units
1nclufiésra$ leadt5 95 BEMR Yot iniY: of AR | frﬁrﬂnﬁﬁl&gurﬂtsrg ! 1%% cases,
transm ssion unit common to both t i rst econ
100%sefi the ofininiumi trammaamsmlgsn oaid bincks ThAlst@mdati offehm;mtlﬂne
¢ i nf.or mattl on rreéﬁgencl toog hﬁ{fl rst set of
rans‘i“}FF%’P et B‘PP’? Yenuees 5r h e g B tREsaigsion units in a
blockldnd! ALsBHe th &ds FBlati Ay YW hinitRim #8hsBBsPONELN €Y., 1&5 than 5 or 10% of
not transmtted, w ?’h t he punctured | nformation Bel ng
the nipralees\oé mapimun @@gmltshen uigseinglie eansorssimr pleckt. i Inguclhdesss, even if

D e VNI S

a rec@f/erlaftémpmﬂg todectad g ndthinh 8A Shn SRR oM LMt WYY to communicate the first
transm ssion units included in 25 the first set of

set of fpiprmaiien; K@@Fﬁ@@tl%f@m the figsh yetiatendesiobiettrapsmited on some of the
P m ssion.units in

minizgir O LB B BT BB R e cbocdiments,
througt membfadoxadorreatldsn @liles. power | evel than said first

signal on a per mninumtransm ssion unit basis. The

power level at which the mnimminformation units in

S 136 caR b uldt

e SRR caft o e Bl Al T O Eorrespanding o both the
first dnd vedondtsetatol uifommelomusmrgwnnmrmmmaasmmmoﬁ@mumbhﬁnon to both the first

corres ding to the first si is transmtted. The
and sSSP BT S aH s SR ARS: RGP P PR rsepgsponding to
the fnfst §e3 bf ﬁﬁ&n%a%%ﬁ Rte SfliSo $0 MBhITREd Sﬁ‘ har@thifhfm M@ Wgrrfagion units may

e.g., toreflect changing channel conditions.
be puz@@mﬂoe 5440t tROFMUSZI0 O4hB4MeBureBinfamiatios beimgeeacaered through the
useoﬂg@ odi %15 are possible in accordance with the
rﬁléﬁf’ OH "B RG" r ecei vers, e.g., first and second

recei vers, can operate i ndependent ly and in parallel.

Once receiver being used to recover the first set of

i AR enheartigHamemplasy stmbedineat ¢f pait obBiermgoaeseef eagnmunicating said
. m t he .m
first aﬁ&?@c\é tsétgﬁf ﬁﬁ&@ﬁﬁoﬁ%mg &t {eg%%éfrﬁngssﬁgnﬁ rg%gins&g]ksm% uglﬁu included in

the fidt @t afitdhluyh tri@nsesidl @dts rhdy leneanswetederanitRMer tdvel while
first receiver treats mninmum |information blocks
minimyg Fra%ﬁrwgﬁan E’illéﬁwlﬁl Sa’@ogie?@éipgéh‘?f rnlgnm@mttﬁ)@sgl@é@ﬁdmstéﬁredfansnntted at

a hlgH&ch a BV thSsaid MG é‘igﬁeﬁ On b PRHhSGrfie &Ensﬂpgmofurgt basis. The power

rds, ignores or erwise mnimzes
level atovitich tblattmonnmm information units in said second set are transmitted is, in some

implementations, at least 3dB greater than the power level at which the minimum transmission
units corresponding to the first signal is transmitted. The power level of the minimum
information units in said first and second sets sometimes can, and are, varied, e.g., to reflect

changing channel conditions.
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the receiver's output. In such an inplenentation, the
second receiver treats the contribution of signals
w@ormmspendi ng to the first set of infornmati onPE€DUSIYE4/004700

recei ved minimumtransm ssion units 10 as background

noi se. Since the signal coPrespondi ng to the second

set of information is normally transmtted using

r eYariqug é¢%¢lw¢r gRbpdments|assy possibleingccordaneervitleihe lisvention. Two
receli?’éﬁf' |§1@{ and (ﬁ’x\ﬁereég}gers Cal[‘l %{)eraF dgd%)l%{rldenlrﬂtgleargﬁrlqe/tgﬁr;gﬁgl Once

Nol SE,

rece1m5b¢nig01sé@m%&5vet e f1r§te§é06ﬁnﬁjrﬁﬂﬁbr$ alRV@B otter kteiveABEing used to
where the si gf nal s correspondl ng to the first set of
recovieh thgrsaeandant 0 ap@@aatl% IRdRYPHUIAY BT @@atign waids tnl‘ﬁéld transmission
0 g
oL TR0y O SEE 208 TR U i
informp@mns blioslss mciul‘bllng alsj gnaheorefksp@ntinglo thé &cbh@ hbtrib(ﬁ\!v{:‘fbrmatlon as
, ignals on the signals used transmt the first set of
inclufigB SRRRET B6iS% SIS 2 618 R OB EEPSaSe BINBHieR fieigfontribution to
the retcgﬁlelr LAAVE! Yn Hchd ?Mmg)%ﬁen'td?loﬂrtiﬂg%é&ﬂd reddiViR ﬂr)éatg ArSontribution of
hrough the use o nvention error correction
81gnatsa@esqumdingde ¢hai first dee of inforsmatibh € thie méaamedMunnnulﬁQrahmrmssmn units

r enb t .of the inv i 0 ppar at al.so,
as D D e g B YEPY COTFiEGRE t© PisRendRRoo! i RG is
normhl @'E’@sﬁﬁ&éﬂ hingd RIARERIHiGA powhi8eddld, olo. rﬂ%%k Y&Els sufficient to have the
entifies mninum fransm ssion units which

first r@@ﬂimsm@metttbe siprals WIE@GIOISQI‘ it imfsonalhptelativelyesagy fo recover the
nSHIS%IOH uni t,s

s T e o e T N S

appedr a8 BatkgBGindmoisB] Snce Bie €FFde0 BPtrirRndififig SRCLBGNd set of information is
information set to the second recelver The second 25

genetplly Emitsel tirekaivelifer symbalh in aarissmission blagki the effect of the high power
signa@%’nrtﬁ gﬁ%k ﬂge &ngllﬁﬁ tﬁeeﬁgp get%? nfgﬁnoz{tlrcm%rﬁ% % o Ve ocahzed

e rema
allowirgafos thesr&tcﬁ/erywﬂ dng los‘Bhrl’fGﬁnzIthm muAer caeés thebugh alictesd of conventional
m ni num i nformati on units tends to be small, e.g.

CITOr GOfIREHIOB 9P ESs InCididviB dhenirHISHRINGT INGFBRIA i on units in

many cases, the second receiver is normally able still
recover the full first set of information through the
ude amlstherambodﬁnemexﬁ theanveide sarLEpdratus gigoihelotied foe receivers.

o SR ST LS B9ST SrErs She Lot
transthis&B8 This walkh WGt Othr48condGly M%ﬁ%ﬁt@&f‘ %%(e)’n e%}?{)és\f/‘er minimum

various enbod |nents i nvention realizes the
transrofssion percp o thten waneyd unfgnnattlcm indngptingsleich coeingd ngatron

stem rece r t hat n desi
mans SR T vorab P ERSEhERGmi bt Je R oRrebEect e The second
receiveR RBAIIO fhistihffl #5RmmioMBlniRfbaeiJor8inS YP BlcResddd RPof information
codi ng. techniques for both the broadcast channel and

and thepeleppdes ithy lsmatirgwoeiiethmilimus fransttigsidsy whidc fstce the mumber of
d1sca.1%%§ rﬂg{uﬁ'@ly g‘%fgrmatl%n%nﬂg e%d:% f at%hs%allt gl Xecﬂ:gﬁ‘%g %erecewef minimum

recel vers e conte
1nfor1ﬁa¢ﬁj’m.lralﬁ ¥n sy edses, thesdcomd ireitveieis nofmdleabkas] statdraRe full first
copmuni cat i ng, over
set of information through the use of error correction codes used to protect the transmitted
information against errors due to loss or corruption of minimum transmission units during

transmission.
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the cellular downlink with wirel ess receivers, e.g.
nobil e receivers. Mbile users in a cellular system

W@ 20040%5382 i ence a Wi de range of SNR condit i onsSPAT/@S1004/004700
the variance in path loss as a LO function of |ocation
within the cell. Assunme witThout | oss of generality
that the base station has two signals that it wants,

t & ViR ATPAt S i eRRRIbaNAPS Ry henslitiof sapespRsitmtiqding in 2
oSS S ORI {0l Bl 0 0 v st
terms eX pparatdonae perforntangh 8he snvgntdn diselngisswvelatfieoti (¢Shgkrposition coding

which js referred tqQ hereafter as a " stropger'
techmﬂg%sefg@é?th ther rondeagicanis! aﬁérh,e mdfipleecgess ﬁggrmsét ed’
signal, is intended for a “~weaker' receiver that
operates over 15 a |lower quality channel with | owner
SKRhe Bheadcadt ecporiio At g onsiofle mmabstiter eands datago aplurality of receivers.
"stronger' or . weaker' . is not.statjc. and is a o
In the G ahe R D GH e e IBHEUCT f11BR P RBAI P Pemypicating over
the ceH8REHdowhIalk WK wileldst R¢eii 8B 08!k GREbif R ferb VBBl hdetOinQellular
between the regular and the protected signal, which is
systemn oan eyperinrde. a Widegarerof SOVRI¢drdetrans dua tethe rvariamg ingesh loss as a

.Su ositi di nmet hod. di sGl osed i n .thi .
funci OE PRBH 2o 520 ATEHE R332 el Bl o pgeion s
two sigBas tHabRayants toRenkaekakodmaltiseotsl9ho two Higfetait bfibile receivers,

referred to as "classical superposition coding” in _
expericpeing diffarenidathdpss: Ahs regyka signel is IHendee feiomteesiy cighat experiences a

. . _| | . e | . s p H H
ighe £ RIS Bz FHBRRS] AR AL o MRS IR Ber e
secon8 aiFRalaicimedk ‘presotedt signdtois itxadepl for a Sugbos eedelrad thaneperates over
airljnk resource to transmt both the regular 25 and,
a lowgrrqge iyt daned ahdpeer %lgﬁfp?h%‘?é@%@ﬁé%‘ﬂib@fé?o Tecelvers agstronger” or
‘weaklgHi H&rs'i'&?{c%nﬁlf?ﬁ’Pe‘i&ixle_fh%fin{ti'ag. regul ar codeword is to
carry Minformation bits and the protected codeword is
to carry N information bits. Assune that both the

regul ar and the protected codewards utilize BP .

(B oS 0GR foof By AT G0 UrGeh SEffu v partitoned
betwebh ARk S@Rhr S1RROPHtd B QM Rehich R&oMbp@ENIL BT order to differentiate the

infornation bits are converted to K coded bits by an
new saprspelitien exlkrgmecthed disclascdioniris iuxentpal thaerisin mghod pfl
soperb 3 G RR 31 B DEORPERu0 iR SRR o e
superpdsichQOMRIt @l tHeQeABRHEEIT tifis @Bl afer?] Inghdyordé ol elassical

encodi ng schene, such as convol utional coding, and .
superpdsiion coethadbethttke priotectedstenabaseie faguler gizsrl Ay Fgeimitted with the

Al _Fimal t.he. :
same iyt erner RSP G S BTHANR sl Rmmpr g e rglar
and peo@ddcbadwardeCOMpHRAAA £ AKX, -.10A {. (Runthtdsore egpyoas that the

information bits are conmbined and transmtted ysing
regular igadev ol g forferny dd drfopraation s snd ﬂmpm?e?t.eg]cmvv% Agipiqery N

informpation ﬁi@éﬁ% th!xtq)oiﬂfﬁ? %ﬁgﬁ%& %éeégefééied_cw&w%%&ﬁeefﬁPSK

1s' are genera smtt at hi gher power per
(binaryiphasershift Beying)maoduldtenwietke classca isuppositmneodingethe M regular

. receive themrelja . . The regqul ar nbol s are .
inforrp RN P bPak FRAOPIIS GG BERRE FOPT, ich g cgpvolutions]
codiné,rﬂna 1RXRIBHE b We 'tk(b‘fﬁﬁfﬁ)pb@ tIRMFH syrhlBkﬁs ener 9B OMehf®hile, the N

regular signal is distributed anmong all the )
protected information bits are converted to another K coded bits by another encoding scheme,

such as convolutional coding, ‘and the K coded bits are then mapped to K BPSK symbols Cy, ...,
Cx. Finally the K BPSK symbols from the protected information bits and the K BPSK symbols
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degrees of freedomon which the protected signal is
transmtted. The powers are chosen at the transmtter
w0 noogocia4n manner that the weaker receiver i s PCT/US2004/004700

typically only in a position to decode the protected
codeword. The regul ar sigﬁ§¥ sinply appears 10 as
noi se to %Phl s receiver. The stronger receiver, on the

from ghegpulppintprmation bids ¥e CPWbHiCQ@Ed frepvinifted geiag ihe B airkink resource

dewor d dec f h
5y mb?gc&(; P VEl r&%oul %ogénbl oy‘Q ’% I{i‘%lge%{&%%%&%é E%E&F e ‘f’%d symbols

are Omctéwnaﬂlsm,ltmdmt higheHowearges bit I erdéssthatf the welkegededers are able to
recei vers. Hence, the strategy

practi cal
fecelYF‘s‘ggm %1 %’?Pb T4 sy symbolsiare Hapsmiftedblitglatively lower power per bit. In
this eRMGERSAIMBdecdEh E’ﬁ thé
e ecgl%es t heeepr 0 ece?%d n Qg I%g ?ﬁﬁgﬁ%ﬂ%gﬁ%%?%c%hhﬁbmg FOIS all the

degreehef ft&doonposhick theepetested signghialtransmitteli nal | y decodes

t he regul ar .codeword, which is the codeword of

interest to the stronger receiver. In practice,

g)%ﬁverst He clRReyY 8t b GaBIRHELInCRREE Ha"ﬁhéﬂﬂa Hg weaker receiver is

deco ing scheme nmay not al ways be acconplis

typicallyoemy ina PQSNIQUHQ dgpirls thé protestest aodengend. Ehdregwi-m lsimnal simply appears

h
os nof RS B O Se B Ry b BB e € B b paretiion o

decocB;I@ﬂﬁd:cﬁie%ﬁlst A9 HIdeE Rl @dtratdpydhdtithd SRn38NRcAWRIould employ is to
then cancell ation of the protected 20 codeword may be

attemgt fordeeeder the Fve erdeviordstieintlppboweyassthisds sfiewsweh yep complex for

practlgﬁqgérjéé\gkgsf] ?—i%'tnaé tfg@st%%}edv%g fé/rﬁﬂeyf\%ﬁ& hgtr%)ﬁgeggége}\}er gs successive

decodierxgi Mk stromges teceivertint dedodedths padtedi®d eude@iord Mieh fubtracts it from the
ree, of self-naqise at the receiver. Unlike additive
Compﬂ%i cggceive; sdenabiapd figpld e decodesihe reaplas spdeyeidenhishtinthesedeword of
1ntere§tﬁottﬁca§l§ﬂ%&1r§9m\§érg Tﬁkra@ﬁge H@&/e Q%cg% 10558 cancellation and
proporti to the transmt wer. “channel
decodag scheint orynmok slevaiys bmccmhgﬂ;lshdzhmmm]ycﬁtth@SNmsif &mﬁstﬂoﬁger and
&N exarrgl e Bf S%Lﬁt" noi se.. In the context of classical
wealdd (s a1 B TSR S USRS cempRiARicsk TR B dehaidbg gular and
superpEBE koSl afeARG @M tedl # Rohlyf A€ sarﬁé g&@&t nRhahHE] of ﬂﬂ@ protected
stronger receiver. The residual ncel [ation error
codevrad enay sstiffisuit af inaeqisatgy, especi al |y when conpar ed
with the | ow power superposed signal. Consequently,
the 30 stronger receiver may not be able to decode the

I egladles EPARYEEIE e EOEIAIREL dxYstGh gﬁ@uéeh@veﬁ Setied YR transmitied powers on
cancel [ ation_error. WD 2004/ 075442 PCT/ US2004/ 004700

the tworpdeyerds e differest e exmple, tmass ceIppainisation $ystenvsixperience a degree
of selﬁ#&?«iﬁt‘%ﬁé re%é'ig?tr g]%gl «13 58&1&%09(!,@ tlgs § I \?1%'% 1??8 sazggrecéo&e?%?&/ with the

rotec odewo over eac

transnﬁmeda @li(gml antl hasardalr g pdhbeis peopoediieert the tréndohiki8d POREQ Channel
one or a few degrees of freedom The
esﬂm%@ﬁé@%ﬁﬁﬁ%\wuék?swownwwyst@ms.w& pemRipEselippoise. In the context

ot S8 K583 SR S R  pLAE I cono

protecpfrdcmgtaﬂ etdths stgoreger stceivhe The cesidial canesini onfegror 2@ have substantial
erall. transmt ner %@anluded in the two SI gha

eneray, ESRECHA APIen o patEsh QU RV EFREF Fghel. CRequently, the
strong@PRCEYed Maf A& be able to decode the regular codeword correctly given the residual

cancellation error.
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codeword is concentrated anong one or a few degrees of
freedom Using the above described codi ng and

WO c@adni4gsi on nmet hods, multiples sets of LO i nPCT/IE1000604700
can be transmtted using ? shared overl appi ng set of
conmuni cati ons resources, e. g., tine, frequency

and/ or code. Nunmerous additional features and bﬁ(gjef [ és b
ofronhibis dsastipont ispparei dhal pilesiassice] sypepegion pRAIng distributes

det ail,ed _de i.pt i t T,
e ) SRR RO P 0 ST b
conceRfi @NERery @h@f diie o alfewadgmast oftiednel. Therorrefiratiom of energy on
~user with a stronger receiver and a second user.. 'tt h
a limitad nemloai of e6EPY BF TEAABY 1 HeBwanra Fih B o orgnsirllitgeasy
detectlzo%raga%%c% ati&lOOfﬁgigﬁlg%v?ﬁ?etdkSh%§ Lt R2eRBr, 8% Whéh F overall transmit

uperposition co SK nodul ation. Figure 3 )
energy inblugibd & 188 two signalspy ssmilér. pubcserdansd Wit thenovention; g energy in the

Figure 4 illustrates an exanpl e of fflgsh super position
codewogdisirgnegniyated @mmg RRes Ofk fHY temces sy TgedUln e | nvent i on.
Figure 5 illustrates anot her exanple of flash

superposition coding, in accordance with the
i Dmatthoahov desvnibed coding indiginsaiissinn metbade multplessats of
: ener n 4 sy. | .l ocations, Figur il ust:
inforrgiR BRI QUEEE PO O RBR e & cqminhirtatioR! RSources
e.g., i, Tﬂe@ﬁ&b?ﬁﬁ@%@sc&ﬁﬂ Niderohiadnions] Ratuesypad bewefits ghthk invention
at a base”station receiver in accordance with the
will bp reeent i mewfithhdetypdziseuintirs 4 fplioruS2004/ 004700
-12 Figure 7 illustrates exenplary traffic segnents
and the allocation of traffic segnments by a base
BRIES DS CRIPTRON OB §HE FIGIIRES 8 i | | ustrates exenpl ary
assi gnnment segnents corresponding to traffic segnents.
5 Figure 9 illustrates exenplary downlink traffic
segne : t R adit] for a first user
T e B P
with 4 $tfnbiCres@ gereinti s, seaond usdiOwdlc k mewke dgeiren underghisn different
where the assignnment and acknow edgenent segnents each
transtygEon pEHEHCS uper posi ti on coding in accordance with the
present invention. Figure 11 illustrates 2 exenplary
sets of information, a transm ssion block of m ninmm
t RS Bisomntes ah EsartE 08 Jupespnditvatcoding withhi 2Rk modulation.
transm ssion units, partially overlapping, that 15
may be used to define the sets of information and may
b 41569 ikt lan @kaplelof phie hoanisATodulation.

Figure 4 illustrates an ’example of flash superposition coding, in accordance with the

present invention.

Pigure 5 illustrates another example of flash superposition coding, in accordance with the

invention, in which the flash signal concentrates its energy on 4 symbol locations.

Figure 6 illustrates exemplary flash superposition coding in a multiple-access channel

shown as a composite signal at a base station receiver in accordance with the present invention.
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signals to convey the information, in accordance with
the present invention. Figure 12 illustrates another
wez@aplany transm ssion bl ock of MIUs il l ustrap¢TyS1oa&004700

the transm ssion block may be sub-divided into

sub- bl ocks in accordance W%h the present invention.

20 _Fi g 13 illustrates _one nethod. of transmttlnfg

t v@g‘é‘ie%ﬁ}l@r%rq?‘é@ﬁ@ﬁﬂ fraictssemerts apgthegdipgation of traffic segments by a
bwwbéﬁ&ﬁﬂ?gwﬁp using different devices with different

transmtters, each transmtter generating a signa
correspondl ng to one set of information, in accordance

H% % Bresent Pventlon 25 Figure 14 il]ustrates
S MUTHEAT SIS™BIATY PSSHERRENt F8E e OREPding taftraffic segments.
|nfornation using either a single transmtter which
outputs two signals, each signal corresponding to
i ifiguneétillosirates eammphey downlinkf toaffiasegments, and acighowvledgement
o S|ngle transmtter which internally conbines the
®8MENSnal ing to output a single conbined signal in
accordance with the present invention. 30 Figure 15
illustrates two devices, in accordance with the
pridgentl OiiHussiates eiemplacy asdignpentt Segmenﬁsn@ovarlmkarafﬁc segments, and

L nod h device,i es, two receive
ackn LIS SR, e BB0 RS M SR I GRem Sl bach use
flash ﬁwpermltm&d)dhg ih @6@irdMca weithe pReert iRatiodnd retrieve
the two sets of informati on which had been

transmtted. Figure 16 illustrates another device, in

ST  UEEMAEE G i
transﬂnmonemﬂs Wdi8)s), and s bfimitemnaetramynissios wssdpdroallyes@iMpping, that

i ned sjgnal retrieve two sets of I nformation
may kmlse mﬁﬁﬂﬁéé%sqt% a@?ﬁrfn@%n andngy, pe user In PRESF PAOkSogFRnsmit

SIgna@%@@&h@wh&&M& 6athap r&%‘%& ST (P LB A B{EI o

apparatus 10 an met hods the present 1 nven
Flgure 18 illustrates an exenplary base station
rdance with the esen

1r5ﬁ)gfrggg él?tfga{(]?fs %ﬁgtﬁ@rﬁcgglp%y gﬁ’éﬁ’i‘ﬁ?%‘?‘{ﬁ;]@ﬁ]ﬂ 1llustrat1ng that the

trans&ﬂ/éﬂsﬂbﬁ btk theBf B8 BLAividBP | RIBH-Bdclisin 8SEAAHRRGE 1 %?{Esent invention.
the present i nvention. DETAILED DESCRI PTION 20 T

invention is directed to transmtter and receiver

t %Eure %‘eﬁust Nes %r%j In‘l%gl ?ttragsnn?i?tgn% two signals corresponding to the two
sets of information using different devices with different transmitters, each transmitter
generating a signal corresponding to one set of information, in accordance with the present

invention.

Figure 14 illustrates two other methods of transmitting the two sets of information
using either a single transmitter which outputs two signals, each signal corresponding to
information in one set of information or using a single transmitter which internally combines the

signaling to output a single combined signal in accordance with the present invention.

Figure 15 illustrates two devices, in accordance with the present invention, including

filtering and an error correcting module; each device includes two receivers, and each device



10

15

25

30

decodi ng of the regular signal w thout being
conprom sed by inperfect cancellation of the
weeoiet4er signal. Figure 17 illustrates an exeompiUsa094/004700
comuni cations system 1700 usi ng apparatus and 25
met hods i n accordance wit i3t he present invention
Exenpl ary communj cati ons system 1700 includes a
may b used [q geeiye a gaahingd gigndi@direfsle vaiiba §vp 4&is of indernention which had
702 and base station N (BS N) 1702'. BS 1
bem}%@%Sﬁ%%icoupled to a plurality of end nodes (ENs), EN
1 1708, EN N 1710 via wireless links 1712, 1714
r ectively. Simlar]y, BS N 1702' is coupled to a .
pﬁﬁ)‘% ﬁ? glﬁﬁ%/fate% ﬁfaﬁe‘ﬁidﬂé&w%ER@y?Of@(}Ci withgBe prosppt ipveption, including
an M’FU%ilggfaf k&S catibRkDddeLéid ddvhddinchBsPsH fe&ﬁllé?s, Al s\%j%l]d vice may
30 04 represents the wreless coverage area 1 n i R
be us@30 reckP G2 eraybivahsigmil ead etndveltwBNsts of énfgrmatioN vthidiy B&d been
Uanm&ﬁ%l N 1706 represents the wirel ess coverage area in
th BS N 1702' may comunicate with ENs, e.g., EN 1
1708'. ENs 1708, 1710, 1708 and 1710' may nove
t hroughout the conmuni cati ons system 1700. The base
s tFegure hs ilRstratey Foexengary cOMORINicationd(YsROOU IFHddhg the apparatus
PCT/ 4/ 004700 .-14 coupled to a network node 1716
andrWﬁﬁgd%§E%§P%$8WHR¥ﬁﬁ§ﬁ8, 1720, respectively. The
network node 1716 is coupled to other network nodes,
e.g., other base station, routers, hone agent node,
AltEN TS dhisirees axuwamlazratbawtaxmdmpﬂqm@te(d%mpccgéanp@rwith the
..etc., and the Internet via network link 1722.
preserfM¥Eiptt) 1 M1718, 1720, 1722 may be, e.g., fiber
optic cables. Network 5 link 1722 provides an
iEIe(f c% out si de the_conmuni cations system 1700, .
aF15o fryytlivsiaptes ansexgmplazyiend pedecSriraless édrmenal) implemperied in
a ' - ~figure 18 illustrates an
<mong§g§%ﬁ§;§y@§§g&éggg?%ﬁ 1800 in accordance with the
present invention. Exenplary base station 1800 may be
Lgﬂ¥§$ggiﬁggggﬁ£bﬁgkrepresentation of base stations tO
; igure 17. Exenplary base station 1800
includes a plurality of receivers, receiver 11802,
receiver N 1804, a plurality of transmtters,
t Thisdnyentien isldinegted to tramamsittet anelreddival 8dchniqmepfarcedingithat enable

1822 . .e.q9..,. CPU. an 1/0.interface 24 and nenory 1828
decodl§Siencredype TR Alhobl EripEipBRTRg Iy APt S Bi-ag & the
protecledi®2gnal 804, 1810, 1814, 1824, and 1828 may exchange

data and i nformati on over bus 1826. 15 The receivers

1802, 1804 and the transmtters 1810, 1814 are coupl ed

g b S

methode immutvocines with.tie piefdrgikange Heaémplandcdimhohi¥atioystem 1700
wireless termnals, within its

includgh h PUIFARLY GO ParAgBI o SH NGRS Rasectiond, (b1 T02E04 hiag station N
(B N 196201 486248 0upRE30 a bRARity of end nodes (ENs), EN 1 1708, EN N 1710
via wireless links 1712, 1714 respectively. Similarly, BS N 1702’ is coupled to a plurality of
end nodes (ENs), EN 1 1708°, EN N 1710’ via wireless links 1712°, 1714” respectively. Cell 1
1704 represents the wireless coverage area in which BS 1 1702 may communicate with ENs,
e.g., EN 1 1708. Cell N 1706 represents the wireless coverage area in which BS N 1702’ may
communicate with ENs, e.g., EN 1 1708’. ENs 1708, 1710, 1708” and 1710’ may move

throughout the communications system 1700. The base stations BS 1 1702, BS N 1702’ are
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20 respectively, which receives and decodes signaling,
whi ch had been encoded and transmtted by end nodes
woperatrimy within its cell. The receivers 1802PC/882004/004700

may be any of or variations of the exenplary

recei vers shown in devices!s 1502 of Fi gure 15, device

6 ,1532 of Figure 15, or device 7 1562 of Figure 16,
coup]@_déc_) a netaask pede l‘z hsve ,net_yggg)hpks( 1% ,17_2‘@,4gggect1vely. The network

: : j 0 N

node 33P0 hnpittuo ey pbERL K608 A8 Bunel BRE Fpg sy home s
node,c@mﬂnélftﬁﬂtiﬁﬁ A‘i]ifthlgﬁﬁlatibm Alcbklﬁiirmigg (AA‘egehas nodes) efie, ran¥l itOInternet via

S an ash signal and retrieve sets o
netw B HRPoR U RS Bo1dl A 708 LG TORY B5-5af fiber opti cables. Network
link 1123 PO 30005 S5 (e e @the S7AElR Bl0o. giqying users, ..
ENs, 18d@nmwhicate veitlc oddes omisideadvistegn prd0or to  transmi ssi on.

The transmtters 1810, 1814 may be any of or

vari ations of the exenplary transmtters shown in

d Q’i%&@ 13 iAk0% AN ABMbERy Bast30BioA 1800 hEcotdancl SHtCEe Present
of 1410 of e.dg.

‘ igure 14 or 30 device 4 of Figure 14,
invengipan Exemplrg bise30ioan@00 3123)be o had4detailetiaPeserihteon of base stations

t i 1.t 2..1805 shal]., i d ith_the,
1702t S H S SRR Bl SR SRRIER SRt e Eivers
received! 1l BORN@ceiveaN! 1804 04 ﬁ)m{\i@ by/irn§tt@Rranshlidsh $8 @) &hansmitter N

and/ or conbi ned si gna D 2004/ 075442
1814 oo o0k 2304 206-PU 108 H() éntebansr 324 8md metadiyd@28 coupled together

. | 830. an at a/{info ti . e SSor

via o pRELAE ek R I BRLRARn T ¢RID. 4305 1Pl 1B RERGR xchanse
data 4yl igfoe@utiom gverdiaki18es. 1830 and utilizing

data/information 1832 in nenory 1828 to operate the

recei ver(s) 1802, 1804, the transmtters 1810, and

[ f)f O t { [

LR sk L 158 R (AT L PLOSBREARS, ppppes 160
1808 anal 8 B8, 1820 résppdtenln praiding ew dyefak tredssan@tion 1800 to communicate,

1. nprove m%ﬁﬁif the present i n(}‘/egnti on including the
S8 IYERBALES fQraRERT st AbROGESnhE nelClsPyfREMEAlsy Wethin its
cellulaPERIYARUO EaCPRRLARA1 101808 mad FRALA § ALLRALr 118, 1505,

conbi ned signal into regular or underlying signha
respetinfedy, vdtitlorecaives fhdd¢rodegsighalingf whivhthadbees epandad o transmitted

nd .recovery of .infor ion. 1/0O _int ce 1824 .
by en A e L S GFITL 806 et s Pnd S ey e 61y pgor variations
of thd dXeRiplaY réeevedd fRywBtdRIcks 3Q502eeBigute 85, debicRleBBL Ak Figure 15,
net wor k- nodes, routers, AAA server nodes, honme agent

or devigeléd 502 pEFigure hus. gl teesivery (BY, hdlfos (IS3mLM23ailpag1564). The
.th j s | inks W se_station Q.to. .
et 1 480 AL L08R LD OB ) BRHE0T e  combines

signal MERIANRY, beepuMitdt wHBeYinpeghaln@destast. stanal adNREMS/ SeRGS
node, throughout the conmuni cation system and exter nal

informefiqmeorespensiing i e arigipk pierfansmgssionsegs efjafarmetipmekach of
- i : e hGa i .
wans RO SELLRR0 IR SR 1 QA LRES, A oo
transiaissibh Ofhecoaistottenrs d81 0,8 12836 bemlyudes varistdediflies exemplary
an error,d%pﬁ% i on and

1838,
transmlstters shown 1n device and device 2 1308 of Figure 13, device 3 of Figure 14 or
device 4 1410 of Figure 14, e.g. transmitters (1304 and 1310), (1404), (1412). The
transmitters 1802, 1805 shall, in accordance with the invention, be able to transmit one or

more of the following: regular or underlying signal, flash signal, and/or combined signal.
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correcting nodule 1840, a transmtter control routine
1844 and a receiver control routine 1846. The data/
wo pdoafonsaitt on 1832 i ncl udes recei ver informati oPCT/USBBO004700
received information N 20 1852, transmt infornmation 1
1854, transmt i nf or mat i on!MN 1856, identified MIU
information 1858, and user data/info 1848. The user
dathe/ Pemery B8 mﬂeﬂwegtl%mph%?épa%nfitdwaéﬂfoa@eﬁon 1832. The processor
ser f 119
18228 B0RRAG OrattRS ol byt 1300 b9 BRecu¥f rififles') 30 anq uilizing
data/infiéranati®6 Q832 hcmlﬂﬂESy I&I&ﬂort@lerdtcﬂ&mtrbémmts) @80%,11804, the transmitters

L510] BB e 5203, Ao pegmanneh a2 hLe staon
functlfdr?%ﬁﬁf‘ Eh&ﬁ)téo%ﬂrogghd 1%”&@&5{9&' RO frturds ?rﬂ?f‘%l]%rovel?ents of the present

tion 1 1854 i nclude a set o
inventilmaUncd‘a@ang Oirer gempotian taod &randrhissibn of gorabineé signalsathe receiving of
ar .or underl yi f.ormati.on defjning the
comt iSRS aaa the cORREY ightl inte ot Qe gYg sighal
inforina 86 BAd f1hdhesidd %/I%[ fifodhAAda! sephfthioh FRE kQOvAS dfhf¥mation. 1O
first set of Us 30 that will be used to define the
interfg¢gyh3d4, priovifdes haseistation 1800 wothl ah ibterfaoeltd the dutemet tdother network

first set MIUs to.define t first nal
nodej, Gre InsEFhosis vk bSO TS A PPEL BN Riyne geptngdes. ec.,
thus Aid¥Aag ehdhodeTRbiPunSM@nk theubl dneHst lifkk W2h ®a statbon 1800 to

wireless termnal. In sone enbodi nents each of the
connegi KO TEBHRIEYIE i danterchen gas@ata and M@maﬁi@mwﬁh dheapesir npdgsee.g.,
anothtel::lgﬁﬁsﬁ% ol ﬁﬁio réh%upfhg%f)m\ﬁﬁrﬁcga%ii/%@ man \cFll)gylc- eU godi{eoc%?grggmcanon
symbﬁebgqﬂuam&dﬁﬁﬁmton shall be transmtted. In such an

enbodi nent, MIUs corresponding to the first set of

informati on which also correspond to a second set of

| o . o

s B 1O infile cofinlohR3lloR Bhes (T, R AERRRRY gaprol routines
1836 n#he bas] std®nacoagd] wiitiha i 83Gimtivdas 4 batedoiry 1838, naspondetection and

to a C signal, e.g., a flash signal, information .
corregiing RS o i s icGniral oS o i qfeg¢ivenegptigaroutine 1846.
The d4&f %f%ﬁnit[cﬁx"‘ﬁ@btlnélﬂ&’essr@c‘fé?{?@ 1§f091ﬂ§ﬂ1cpn £ 1’50 t&ifed 13f0§1éw.tation N

wireless termnal, information defining a secon
1852 gfanypisinfcraation [L 11854, tmmuttmfodmhtmml\lt Hé6seotiied Myainformation

1558 S UFPrO T d%4n T Soof e PSP B R 6 0

inforB8E6H) Gserd I MRS HiagiSh Q86 M) 88 kiSer P fdienatiB 188 Eadiudd Slfofnation,
case, transm ssion block infornation which specifies

e.2., yspel nfed 8aAdnendesiameinak Idenéficntion SED infovawiios il §6d.slatc k866,

Y 7S BT 0 e RO LB ST TRE Yo
inforrh85éh187pcl udes a first set of recovered information

fromreceiver 1, 1802, e.g., information 15
corresponding to a first set of wireless termna

PHEadshANRFb SRR 1 T¥sA R} inBfkde FREt &f ihRfm38bn Blat may correspond to a

first signal, e.g., a regular or underlying signal, information defining the transmission block of

MTUs that may be used to transmit the first signal, information defining a first set of MTUs
that will be used to define the signal, information that would be modulated on the first set of
MTUs to define the first signal, information defining which MTUs corresponding to first
signal information shall be transmitted to e.g., a wireless terminal. In some embodiments each

of the MTUs conveying a first set of information data will be transmitted. In other
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recovered informati on may have been recovered, e.g.,

froma regular or underlying signal. Received info N
wadwaorsael udes a second set of recovered i nf or PEE/USIV04/004700
fromreceiver N, 1804, e.q., information

corresponding to a second Sét of wireless term na
pre-transm ssion information. The second set of

emquga@%r%%t.%f@hﬁﬂwnwnm@@t@@@f lnf@é@aamwhallebegtransnutted In
such gﬁ ?ﬂ?o@dm?e%tf 3R Bhd dmgqg P @ oﬂhqut ﬁisqln whidRalso
I ning each origin transm ssion

corresprindrtomtsecond sshaf mfc&nmaon: CENEIDA ﬂbﬂftﬁgndld@ly bt idesp Mi'kdnor to

i nformation 1856 may include a set of identifi eé)
transpyssioRe second or flash signal, the set of |dent|f|ed

MIUs may have been obtai ned by 25 receiver N s decoder

1805. ldentified MU i nformati on 1858 may be forwarded

t l'rpmsoeit izéprrﬂatiollﬂ@ZSS@mmyéndlh@ 1 s ef weformaivnethet malecorrespond to

s BRSO A5 S g
may bd@seld 46 Blhdrh theMEbbAdignal 865§ 112: w‘ﬁ%les§ Eyfﬂ’{ﬁ{a@' qgfdrﬂlaﬁ&? defining a

error detection and correction nodul e in menory
seconglrig! of MiIRés that will bedesed ¢o definedhel swndetgmab nmfnudam@ uhat would be

o FERE8 o B8 20 PP LB BBl BB b S R hecond
transAGERA - blddks SRAELELMB Q8B R Such ANAsd, @fafkmAkioh desHK ihf@malibh which
1864 is used for each of N wireless termnals which

specifighthe sizerpagior whang af fee Yased tsatnatrmwnablo% pey nand; aften;ippstored

B SO0 e APBARIINE o e 1 10
includesdefiisssca 9§ rqgpected informatival frdmrdd36rer 1TI80R, b Thftainali &

are reused, as wireless ternmnals enter and | eave a
corregpandingg adirgiseh ok Wieleshicra®abpsdtangmissignnfpgmation. The first set of
r
recovbl.%g.rih%&frng 12% g{a era?né ﬁ@f{ Sﬂeﬁ)e{é'cg é %g?%lﬁ gqgg)lﬁporﬁﬁgﬁylng signal.
Recei@hdimie N 18ainclues & pamohd ketfod remivexed idRGRatiary froncleveleer N, 1804,
base station 1800 determ ne formation on the 5
c.¢. HEERGOR HREPTGUEID fecoan e atEHER 1B E TGRSpiSsion
inforrthtgor Sﬁ[e ée@@ﬂld"&'t RO rBWREA ﬂﬁoﬁﬂﬁfﬂﬂ%a AMR) Bded réc%@@feﬁse g., from a
interference information, power inf ornatlon fromth
flash gligndll ess terminals. Segnment information 1870 may
i nclude information defining the segnments allocated to
the wusers in terns of users in terns of usage type,

e The ré%lﬁiuf dnl feRARYRAI de’iﬁﬁﬂ@éﬂ%ﬁ R ﬁﬁ@ﬁféeﬂranshﬁ%ﬂ&%et of information
chann characteristics, e.qg. frequency/ phase

share gpie cpmEonHBVs: dAentiipdddTy: mf@}@@tl@m 1886 mag mmlsdet @)saﬁ@éldentlfled
MTU th%% &El'?itor ffasH sienh g}%l s%{l ofolfgﬁigﬁj PL/II esa3{ l%é% b n,g{l ogtr;iuned by

assi |cat|on I Nf°or m

recenreaNég dédozlbﬂ gsaﬂw ddehstﬁled MTQI infora6be 9858 afafiRdbrw@8edto receiver 1
"stro "weaker" transmitter. Communi cations

1802, hfks AESCATer G2R EK e those NORISS beiis misuRE fisrisceived signal o
perfoftR Ble &Rl BRRCHMY HBdule, or alternatively, the identified MTU info 1858 may be

forwarded to the error detection and correction module 1840 in memory and/or the error

detection and correction module in decoder 1803.

Data 1866 may include received data from end nodes and data to be transmitted to end
nodes. In some embodiments, one terminal identifier ID 1864 is used for each of N wireless

terminals which can interact with the base station at a point in time. Upon entering a cell a
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15 may be used to provide particular services, e.g.,
| P tel ephony services, text services and/or
WO ni0af023: ve gami ng, to one or nore users end POTES20041004700

the system Base station control routines 1836 perform
functions including basic ‘base station control and
control relating to the apparatus and nethod of the

wirelggsdgapinal, fige ﬁpﬂ@ﬁde BAsaione cg@ festrina 8D d8hfr Shus uminedEDs are reused

r gner and.. ..
os wibEER sPhERA e ANLHO%  RUE EAAS! Mlhn HRVRLE ot R entificrs

(ternmail diDshIﬁml ang gs&nmemelsse gt WizelbbDreiminalsiamerd 824 sEﬂchd Channel
al | ocati on of nts to users, and the scheduﬁ
qualijgpart iR OpBAT Lo SITERY i bAE DRty gatioppkii0rdegaamined mﬁgmauon on the
user § QI'i‘zﬁﬁilHi @Iah%}g 384 ?56‘3139614 fiforHRE68 floth fh% rﬂéﬂﬁkmh@r‘g dK&tink channel
| ocat es segnents users using ser
quahtM peits, intatferencd mfcurmaﬂbanMYﬂormambrsﬁgnmﬁhé W'n‘mﬂ@s terminals.

1870.. Th ul er. 25 makes deci si.ons as to whic
Segms gL Hod R TEORERCE T I e S0 B seeeets Shpgnied fo he
usersQh terHRAR btk 'ﬂgte%ﬂng Bﬁhssag@%ev‘@' Cﬂaff%%'hﬁmﬁzn dﬁs\é\i%hﬁﬁnt channel, request

segnents shoul d be assigned to flash signals

chanped cehathsteristios, elg. ,tMé”Usnfrequanoy{ph@eramdltmnw SHITIV teng-symbols type of

h power aval
signale B38e HrsBeme B ¢ Baren Sy 20 e £ S s HRRPR HugRrmation
1872 $h@0@dsiinprinBeeh EdtELrizHEehs uddiQe. g”&bffe@éﬂé?} kdrfidd, 48 ASWnfer” or
| ar ge anounts of |nfornat|on and have [imted power
“weakgiairagppeterCertain - 30 types of channels may be nore
suitable to utilize flash signaling. For exanple, in
many cel | ul ar communi cati ons systenms, control channels

ar@orhinanisatidrisedutdies18oadedsdes pambiis SnM@enichtieds appBeations which
constrai ned by the nobile users with the weakest
may ReuseAdP grovml%t@lwrw@ £-8- B (glephony seryiqes s tekhyegvices and/or

n in power
e BOLEEARER, ke 488, A8 SRR Sy 00
PCT/U82004/004700 -18 in robustness By using the
ment info 187

f t
r%ség E‘H'Eglﬁ Féf?tPol f%%*gleé %3@3@% Surd W inpludgig %ma@% Rtation
contr§1‘ @f@l@;’onh@l ﬂé@dtﬁg tgzﬂ{é H ﬁl%'ﬂ@anhcfnétﬁ S)E SNR'h%ennotI)l Base station

hin the channel | e users mnth [ ca
contrqq]apgnw 183 6 fekerstses eorgrol o‘Vpxrt:he exgtnelc@eneraseg rmed treceptivi i emror
contr ol

detecl 0 4 B 3 A RN i 0P RS FIFER e geiace (524, he
allocdtfoansF¥edmemtt & MNedBaRd tHechtdiding l0Pudddfb tetidtm 18698648 More

ment info 1870 to generate the transm ssi on
spem@@fgh/arl@ sgheruasni338 schelules perrate tmmufal D 1864 a8 atateseyegments to

users :Izlg&lgglell?s]e? cia@siﬁ&{f{ ;gﬁt@% éé\f:l 5%;70 P% Is%ﬁ n ﬁ%otlé 1 85@{ ITgF: scheduler

maket dedisiond 4o vlicH 84ds il whadegnibms slicule BE askeinelidd Zegular or
sets of information included | ntransmt 1 info 1 1854

underlyipg s1g§f11@ @ad .’whéqhgt_lsersaar\dé@lyp]éﬁegg]pquﬁﬁj@plq,lpqqgssgl@ﬁgp flash signals, in
accoﬂgét(;ﬂr?%&(l)lfl{ %Zﬂetgh?% 4%69&%51%3%%%% §5n§}é ShT%l?Bé\%lt é\ﬁallable and small
amountsalf adfedmatiort toareinit manyf be betkd Shited to flash signaling than other users who
may desire to transmit large amounts of information and have limited power available. Certain
types of channels may be more suitable to utilize flash signaling. For example, in many
cellular communications systems, control channels are transmitted at broadcast power since
they are constrained by the mobile users with the weakest channels. Flash signaling is well

suited for this application and its use can often result in power reduction with little or no loss



10

15

25

30

into a flash or protected signal using the set of MIUs
corresponding to the information 1856. Transm ssion
wa@eonozi44nodul e 1844 may control transmtter NeABLU&2000004700
encode via its encoder 15 1816 sets of information
included in transnit info-N-1854 into signal which
transmtter N 1816 may transmt. For exanple,
in roQusEIesT B¥ neing demelassificstion indo 184 anldaﬁheéngmdlet 1t1fue1&7é)l; thefscheduler

1838 chfl 81 d?lﬁlgs%gse\gltﬂk Thvk d?\gﬁﬂmaﬂ P ror1% slg%th(ﬂ %ﬁ} to ngfgar segments

w1th1h nfmrmhalpwms Qers Mitheri glaSRRYcanibe atheaus fRRRAds MBitbicted”,
of the, transmtters 1810, 1814, a single transmtter

segmpnty ViR BeFhamiedh i nternal Iy conbines of nixes 20 the
si gnal based upon the transmt info 1 1854 and the
transmt info N 1856 under the direction of the
t rEassmitttecontohrodulenisdd luee dB4AnfoS183D indluding tﬂﬁﬁhﬂ:&ﬁi@m 1854,
Qlye superinposin regul ar and flash signaling
wensiET Bl N § S50 d ML FEoAn ¥ G Beise Bepyt infr HRGo @eaerice the
t1ansM'§'slontSf %ﬂﬁrﬁrﬁ%oﬁﬂo B%L &e?ﬁ‘ﬁgnﬁfeé E?l(ﬁ heie Pf atcordance
of ash signa enen sin e ’‘regular
with @Eglmsa:lntmm Fonetantdel tlamsml'ttﬁrﬁ:bmscbi modyiall 844251aﬁeoﬂlr®/1€£t‘ansm1tter
ontr uIe 4 ontrals. the, operati
1810 iRl B S odatah 286 L edpumsi Rl EHRgr b gl infad 1854 into

s1gna13>éfag“ alleghMP oS Bhder8ingd di sr'érﬁl'l 'Wlhbﬁ’ fran§initer 118¢6 hié?/rtra'nﬁ‘xfn?c 1
and receiver 1n 852, in accordancé wth

Transmtéeu gondiol nmduleﬂh?é4rr@¢yeqncp@mthprsg@e)§ snfonnkdud@bmttranlsma;tfmfo N 1856

o 5 S 580 R LA e S 0Bk 1656

Trans@disi®NESntitd] i diild TRI4rBSeEMRIoS trahdni®e N BITRAd eh®iHeSiia its encoder
the receiver control nodule 1846 controls i ul se

1816 gefp sbintpymaiios ingudschindmmamiionioeN 1864 &nts siganldwhich @lansmltter N
' er . ABO4.
116580 GRSk hoh e LGS NBIM B B e o

info ihdledétin teingmad N ML 1i86€ itb hiflash bﬁﬁgﬁﬂdlsirg the sang MTUs
receiver N 1804, and the discardin

corresop ) V-ef%ahpzlh%wawééié ob4smetely. im VRS cabadimerss ﬁgl‘fh\ép
transrﬁﬁl%?é Ve, 1@149 wsn%%@hﬂ’s?&ltt& Qe A5 \ﬂﬁ?%%@@%ﬁ?%bﬁl’bﬁ% of mixes

| nf of mat romrecelver ecelrver
the 51gn2(1 dagd ltpmmsth@trhmt mde é|1‘8§4 afld t2GehnkmitriafoMd 888 Wader the direction
information, fromthe

t hat | ude flash si
of the fiPsmiat o ek pedir ARt Er oy W PREBPRGII AR {Tghve superimposing

reguldMH'f@sﬁ a1'1 ﬁ&%ﬁﬂﬁtahﬁﬁlsﬁlgn LBERY SeledihRly B9MIA one MTU
gnal rra ion set. 5 Error and corrécting nodul e

transrmsuon \mrmsludmgce@ﬁl]l ghibtietamenis ¢f the fliash gigmal @ndftheaglementsiin the
det ec n |on dul e that may be incl uded
regul?rﬁlgllﬁlén?téegl g%cf t&%@ﬁ %@ The error detection and

correction capability included in the receivers 1802,
1804 and/or nodule 1840 allows the base station 1800
t epdrenEmigt modulesl 846 cprirelp thet dnsrativorafeegsoveds h802, d 804 to receive

a comBirfed signal and extract two sets of information, e.g., receiver info 1 1850, and receiver
info N 1852, in accordance with the invention. The reception process under control of the
receiver control module 1846 may include control of decoders 1803, 1805 and control of the
other elements within the receivers. In some embodiments, the receiver control module 1846
controls impulse noise filters, background noise filters, and error correcting modules with the
receivers 1802, 1804. In some embodiments, the receiver control module controls the 2

signal MTU identification module in one receiver, e.g., receiver N 1804, and the discarding
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10 transm ssion sets of information, even though the

(regular or underlying) signal representing the
w@e@4ramsm ssion set of informati on has been efT/@s1084004700

by the superposition of a second flash signal (flash

signal) or the punch throué% e.g., replacement of

sope MIU, by a second |, 9nal (flash SI nal). In sone

modyleH) FPhiT ZeGehYS, o8 hEscRives I d8P3 ardy angified MEU ofegmation 1858
N 14H4 YR

from 2%{6}‘%& ARK %%1t J #%Olrzs%h(?ss @{Avﬁs}&e&&f%rl\ﬂr@z to remove MTUs that

includelfingh gnal mformaome frenbibe imient stjort sh&aMTélﬁenng the error detection
orresponding to the first set of formation fully

modgle High F Pl ELRTecOY SrIb FRgBIT SiEPBLINETSUORSEit r at e an
exenplary end node (wireless termnal) 1900 in
accordance wth the present invention. Exenplary end
ndﬁGHYQGGOHathBnQ@ddlBﬁOamwkxﬁlaﬁn@nmmmlwﬁﬂeﬁinﬁﬁweofanenor

708, ,1710,. 1708! re Exenpl ar d
detechiffénd Seevrin gnous féf By Be AR HipoURoR 1i9bi [ The ermor
detectiBh Bhd8drrediOR |ch€ab11"ﬁ@1bh&lﬁdémf%he fdcxReranigoe! ese éﬂff%&ﬁedme 1840
etc. In this aggllcatlon references to end node

allovisdlje base siation dBY txireagnstwict @sqo@ﬁmfmglatlon aoyespoadiog ta pre-

transetf\x" srsx%n s%&%sof r%rorrB%?or% EYYIL fhl%%lé@nd gregg af jor gﬂéc?,rbr 3%1% representing

the pmhufmnmnmret ofNnf&in@8iHn GAs BN Faicted ﬂhb RiSorpEXEHPHPS Yecond
nd node 1900 includes a plurality 2 receivers,

flash ﬁ!@@’eﬂq (flesh gigngpor the awark droygh 9@s reﬁaafmmﬁnépf sgmeMTU, by a second

s BRTLAAT TPt MOy SORELAL N 8o o

informeiget haly ovbﬂa;at}bdﬂTm%&esp'ﬂmdmgab itirse ket E Ao rAh. In addition
1904 ﬁéglo 912, 1926, 1930 may exchange data and
in somp £RP TR {5Copissmpnding tritbe Pt artbiaionaason fudlypccupy a
trans@€iohBodr ansm tters 1910, 1912 are coupled to
antennas 1906, 1908 and 1914, 1916 respectively,
providing a may for the end node, e.g., wreless

OO VSRS ik AV 6 S48 i oEB B A MGG sccordance

with i€ lprébeA inCAMRINA IR ARy LHE nhlle P@(ﬁﬁ[ﬁa& BE Oidily a%gQ)@ tlﬁesend nodes
operatin Each receiver 1902, 1904 may WO 2004/ 075442

1708 AG10 AIHOA30Bigurety .| Fedropleryzendawdd éBOQ,QE::Lg wie29s termmal

may SSERESLE LSl SO B S5 050, S0 PR 8 S Sbotcson

referchbes toaainede 39008y bt Idrprend bec@?esp@ﬁdlﬁg to My b bmmess
of the exenplary receivers shown in devices 1502 of

termipglgppobilg godey gtg; M¥irglesstgpmigpls m:a}gbﬁ wobHe nedesdu\stagiengry devices

i Ty BNy R 0o OB ey i

of recehld, receiveat d00Ziancsvar N ho04e plmaEnt sfaranshettab] ttankitter 1 1910,

receive a conbi ned signal including, a regular_or )
ansTERN 111208 eketor ARG -1 GEY SidgmainoRintS S ssupledggether via a bus

1928 5¢h8 vt ods QRS L 66D, 3904,9300)! N 139165, tlb%O g{?iy%&ﬂﬁ‘alnge data and

pre-transm ssion set's o ormation.
informatiomsonier bes 192810, 1912 may i ncl ude an encoder 1922,

1946, which encodes signaling

The receivers 1902, 1904 and the transmitters 1910, 1912 are coupled to antennas 1906,
1908 and 1914, 1916 respectively, providing a way for the end node, e.g., wireless terminal

1900 to communicate, e.g. interchange data and information with a base station 1800 in whose

cellular coverage area the wireless terminal 1900 is operating. Each receiver 1902, 1904 may
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prior to transm ssion. The transmtters 1910, 1912 may
be any of or variations of the 10 exenpl ary
WO e@asni4st ers shown in device 1 1302 and devi cECRUSB0O8004700

of Figure 13, device 3 of Figure 14 or device 4 1410
of Figure 14, e.g. transnitters (1304 and 1310),
é1404) (1412) The transmtters 1910, 1912 shall, in

inclugg.a deepslst &9 14, tLAZQ Hesreat Ay resaivep @ncbw@d@s)mgmzdmmmd@d been

g
enco&rd arrllgﬁfa%fsﬁﬁtte{%i@ JQASFQ{%UB g?@ C'gi‘l fecgir efjsnlgﬁ) i’édl}lgmamge any of or

vm1aﬂmrmf}thé9)%1plmql 1‘66&3615 @llxttwmﬁﬁdel&%g Salf5@2 of Figure 15, device 6 1532 of
talinfor rratl on 1934. The processor _ 1926 cont rol s

Flgufﬁﬁé Bperats b oftigure g, REdeccrtres By0exkEd8).i(hg30, 1542),
N t
13624807 95 1RO 00, L AUATSHBILARATRY Py o
recel‘tfr amsrrrbmbé signalli8dioding9d &gutan opendeatying tigngirand efisngignal and
ntroll |g[%1ba5| C Wreless termnal funct| onality, and

retrieyi Sty G BRAlGH OFBIRIAEIE 1P FE STAGUHug UPBYmARan sets of nformation.
Each tREANRIROLE 1912 0§ iRdBgEM eﬂda\ﬁ&nfmn 19463 W&qﬁ&c%ﬁﬁé Afnaling

gener ation and transm ssi on of onbi ned Si gnal s
prior tegaismipgonf Thotrivisngtersilghd| 1912 maaﬂmam afror ofiridtiens of the

cxem TR PASSR R IRh L 8581 360 S SBSET VA0SR0, e o
Figurdnd o @ee¢euy1 49 of PloRrdTpd | |e(g; tralR@iticReQ 309374 wﬁd)U@qut) (1412).

conmuni cati ons routl nes 6 and wireless term'n
The tgpgamitisrs 19K), AG17 plradls i ggerdamprewith ithed iogentiaay hi ablle to transmit one or

g .
more 00 Ohob O VAR LSNP, HERRL S S Shbplegoana
correcting nodul e 1946 The data/ information 1934

i ncl udes user data term nal ldentification (1_ D)
i AREIER P §@41801ud6fsée‘étm¢éd9ﬁ%ﬁ6¢ fefeligfarmatigstP34. The processor

1926 BB RRL SRERTR UL A ogh ARSI igh AR08 e i
data/infofromatied il 9314 itﬁﬁ&mogelﬁmﬁb operfacy thatréd@ivetOBM2, I$I0)4Calna|thé Mansmitters
rmtl and base station IDinfo 1964. User
1910, % Gepererndic s Sines gowepaRSHY ?Sédef%n%lﬁénﬁ%’@ht% and to

contr(ﬁtafiiﬁ'lﬁ’l@le%%(@ tl@%vﬂ%ﬁﬁlresrﬁgqm\ff?@vefrﬁe%&aa(%}g tli In}]lon including

0, and internedi ate data ove
the gﬁtnh@t@e@od |tnagsm\®s@0©ﬂlc@m§ma smmamﬁz@iﬂ@gaﬂébmbﬁ&d signals,

ecovering detected informati Transm t
separfYe? e Pombiies ety TEhiht St e iy raiengd flash
s1gnahhﬂimf£ﬁ)z$ncs‘ébﬁﬁﬁ9@ﬁ‘1‘i’dfe@o@er?'ofﬁifoﬁhﬁﬂﬁ' e.g., a regular

or underlying signal i nformati on defining the
transm SSI on bl ock of MIUs that may be used to

f NPY f ﬁ%n%ﬂéégrﬂxﬁjglca%@ns&gup %egglbbg aaglwlﬁaiests %eerrmnal control

routings ¢34, TI5€: witRENREMBAL Ediffol YOUHne 1088 MhiteataqehnemitidiRontrol
first set of MIUs to define the first signal,
moduje ¥ W0natsesHeaEPIFl mapdiln LM 2vmusireisartssibaaodyle 46; (The data/
s} t
inforri AP0 Th AR LR Fo % el e dIRIRR LLBmdsfioftudh 1945
recei el iisfocroatiay 1 1950, tréreieidrisformetioroN 1952 otrarskii vinfelatationill 1954,

be.transmt th tion 1800. In other
transmit 1nformat1nc}n 1& 8565 Qdentgled%\/l’?U information 1958, segment information 1960,

quality information 1962, and base station ID info 1964.

User data 1947 includes data to be transmitted to the base station 1800 and data

received from base station 1800, and intermediate data, e.g., data involved in the decoding
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enbodi nents, nost of the MIUs conveying first set of
i nformati on shall be transmtted to the 10 base
WO @uionsa42800. Transmit information N 1956 nmayP¢CTUB200€004700
a set of information that may correspond to a second
signal, e.g., a flash si gn%ll i nformation defining the
transmssion bl ock of MIUs t hat be used to
procgsg aﬁgqqp’(ermedeé@é%@f@n@ﬁan Teangmit mgr@am@é lé?tsémacyrinclude a set of

05180 SR B8 SHERE o AT Bttt bl

inforghationh defixéingradhtratsedssion Blbek sfiam tﬁﬁtm@}f béMidedl th @ransmit the first
define the second signal. Recejved info 1 15 1950

signlplogRIadodTiTag At St of MITs ahs Il GIAEq i thersignal,
1nforﬁﬁ§§xll Mt w%uldji%oéodﬁaﬁd’on. e BETBLPRITEOLS SSRRndL '?1gsttspgnal,
a first set of base station pre-transm ssion
informafion defining thd’lEMIIUseror&epomﬁng tbeﬁrmgr&ﬂi infofrosgtivat thatshall be
have been recov om a regul ar or

ma er
transgERG I rt 895G THAHOD 1&5@ I ffﬁﬂ% omensEachef thgddThs conveying
the f1§§ %&Q'ﬁl iSRS tm&iod @:ﬁQW?ﬂ 8 1 ALARER L B YalOME&E $80 rIé}'};ther

e.g., information corresponding to a secon
emquﬁmblas enestaf ilenVigils- donaasbsng §isit et af ififormvati oroshall2@ tfdmemitted to the

econ e recaver tion hav een
base SEEGH L @R sy Ry Giefian Y LYo r b T gL oF ndiivion s may
correbpctiio 2is88ld Si&fdl, . 919, BaghsiSfdl GhinaRbS dbfiR @Hé§ér%ﬁnss1on block
set of information share some commopn MIUs. Tdentified

of MWEJ that feayrhet Usod (o gESIHhheispeinddesal, $eg., ©fa hage ﬁtamfan,auformatlon

in h i.gnal. e set
cetinlgehact Pre i o SE TR hab BE k! Bl b 6556t frgpation tha
shoullzi‘ % ediosted ol Mdsechhle syt iof MeTUMbBLAdfint A BdcbAd sikBHI8 RR¥ived info 1
be forwarded to receiver 1 1902, where the receiver

1950 1nygpdes griiisieest Qbiece s infusatisareima rsgier AgL90e €.g., information

corre dé)(h%i él’qg flgf{igp&k rO% 8 ste eSPﬁElg rpli‘é) Frar?scﬁﬁj%sqgﬁ d{fglinq%%g)lijll WFEII‘EPS%'C of

recovierddoinfotBafommaytiave Béﬁ&ﬁﬂed@\dnéd? eldhefr@h haegwlar djletﬁideﬂgmg signal.
ule 1946 in nenory and/or the correcting

Recew&g@#@#\f 1%%28111013;@6%.8%09?9@11cr§rﬁmvsméaﬂf%ﬁlaﬁzgméoweﬁelver N, 1904,
e.g. ﬁ?&%aﬁ%ﬁ%bgé‘sﬁlﬁﬁ?gqsq séé%nd%@?@f ﬁa%é‘EanQn bR- rﬁr{éﬁrﬁgﬁa{ {r®8kmation.

1964 1 ncl ope va

The svagndoet oSedotayed dﬁnmna‘u)onanajsslpm/@ljeem rd@asefedi @g i, tront oflash signal.
which the wireless termnal 1900 is connected. Using
t he base station WD 2004/ 075442 PCT/ US2004/ 004700 -22

| Q“He%@ﬂﬂﬂaéﬂcpﬂ‘asﬁ%%aﬁﬂéhrﬁﬂ&?ez{c%r t%‘@él pdrd P4 8issibil Set of Iinformation

wireless term nal ctcan determ ne data and contro
sharetsopisi m@m@qluﬁﬁj;sesmel@fmd MY mf@matiph dA53 989 inelyde a set of identified

S AT N M PN TE

receil@ Wk Secdeye920. | kRN @t MITY SH6Hh ASnd95R %H.y be forwarded to receiver 1
transm ssion | evel and battery energy level, SNR, etc.

1902 Qg the weeinerokAPRGan 9xalodo thesy MHEUS bforsapassing theawecejsedsignal to
| r. e £y, o]

the er,%fé r%@telrg'g Ql%dr.lﬁ 1n¥1§e$lép%§1§110@31\§;eérsz{l{% 'ﬁt}glj 8} 1{1%rﬁ{fbed61\§lTU info

1958 Sﬁ@tbed’ﬂr\&ﬁﬁé)d tdthe tedros chreehiting Mo duel1946 in memory and/or the correcting

module in decoder 1918.

Terminal ID information 1948 is a base station assigned ID. Base station ID
information 1964 includes information, e.g. a slope value, that may be used to identify a

specific base station to which the wireless terminal 1900 is connected. Using the base station
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al  ocation including assigning regular or underlying

segnents and flash segnents in accordance with the
w@e@goni44t nventi on. Segment i nfornmation 1960 nRAGT/US2004/004700

i nclude information defining the segnents all ocated

to the user in ternms of us¥ge type e.g., traffic

channel, 10 assi %nment channel , Eéuest channel ; _
ID infqygnagien dPH4 pnd e termynal INMSYS, fheefq proy#ptinglecannidterinme the data

and C%QM ﬁo&%ﬁ% s%}iggq%ss EMP{? nﬁfo Oxﬁ t?(ﬂ'xl 1n9;62t1§a}y ?nlecgid%rinformation from

detec@mll'pﬂdits Clatvlnﬁﬂls clﬁe(mlnb] c[l&thiﬁﬁl@addﬂ@h&td@&nd/fﬁpbﬁbl Snterference levels, power
conmmuni cat i ons applications which nay be used to
inforpalin shehsa cHiTeR (EansmEssipndevel agd gattery pneigy dpebryNR, etc. Quality
1nfor1§1§ﬁ8ﬂ £ mhgi% f&ﬁfc?\ékcc@ thealidl %tl\)ﬁl (?(ﬂto? E?é:fn Mgssﬁ?mgr@e receiver
to one or re end node users rel’'ess tern na
as “stmamger’bbr ‘voaakeriescel @38 to asdistohe bdse stagioh ¢ SO0W it sohalliling and
rel ess term nal é@ro i ncludi ng the operation

of
allOC%PWIHg‘ ﬁd g ASHBRINE FeSHa 1 underying éffﬁanf‘rné%@}%%sél sgggents in
$h n i
ot B4 0834 AR B0 SRR DO promain
deflnmgvtm segomantodllocyied ¢d degisteintemad ofomage Bipesogt irafy: cHasel,
ontro ur.es and

. al sg
assispE sH@Mish s Rt oAb CRBHR T irant PoNCl b Fipap e Sahase and time
OFDNERAERSrbbl@Npe & 1N ©5ise mopsfegﬁleﬁﬂ%rgefégﬁlag ré@hﬁdeﬂﬁﬁg vs. flash.
recei ving of conbi ned signals, sSeparation of
conbi ned signal into regular or underlying S|gna

BT AY AT AL 200 BB B bons whic
may kel €o ﬂ\ﬂﬁf@dd‘@y‘tmﬁﬂ sféﬁh@dsl, élng T2 83dphong serdidag, tek@dpvitds and/or

info 1 1954, transmt info N 195 termnal 1D 1948,
interaGH ¥ SHBING, tOONE, OL ARRTC SBY MR USERT 0 1960 to generate the

transm ssion signals and control the operation of the

transmtters 1910, 1912 in accordance with the

| Waalessomrminal coxipdugines I 288¢untiobthedasicfohctivhdlityeof the wireless

1910 to encode v

1 | 30 '
termigf] QT Cl 655 Brcoleiion o SraTrONITALP Uadd e rimhAFGHETE 1902,
1904 ]s1grf:lﬁ Qenetaticinthd r@(’ie%u@n fShAL th%/cHHf;@lrﬂdPlPH‘% s%hg&?cjes state control,

“transmtter O may“transm t
and pownt ¢Q)1tr0ﬂm&1\m®esst Qatﬁumdyconmnltmotmﬁsr]@lﬁs i sotoentrid alrﬁnﬁnplement the

qpode encog 1924 se ncl uded in
new PSS ni PRI RN 608 eRigectt FERHObinc luelbe Sahangsand
transiHEEid8 of BEmBRled @fgnm%eme%gﬁﬁﬁpgéﬂﬂlﬁef %ﬁﬂs?‘%@%él’aggﬂgpﬁle

-23 corresponding to the information in’info
combixjed stgrat ity regnlar parhdsulyingwigedl iforraatidn andeflash signal information,

Semﬂ§ﬁ£W§g%£g e%hé%PﬁgFﬁgo%o a single transmitter may be

nmbi nes or m xes the signal
based upon the transmt info 1 1954 and the transmt
info N 1956 under the direction of the transmtter
c drnsBlitigrrnirel madule 184@ mayiusp ﬁgtaép@r 3¢ dncladipgitransinitdnfo 1

1954, %fé‘a@ﬁﬁtq}?ﬂ)% 956 &;&QHQI ﬁﬁaéd&s%gﬁ;ﬁeﬁpfnfé 960 to

transm ssi'on and/ or Sselecti ve% orm ng o
generate the transmission signals and control the operat1on of the transmitters 1910, 1912 in

accordance with the invention. For example, transmitter control module 1940 may control
transmitter 1910 to encode via its encoder 1922 sets of information included in transmit 1 info
1 1954 into a regular or underlying signal which transmitter 1 1910 may transmit. Transmitter
control module 1940 may control transmitter N 1912 to encode via its encoder 1924 sets of

info included in transmit info N 1956 into a flash or protected signal using the set of MTUs
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transm ssion set including each of the elenents of the
flash signal and the elenents in the regular signa
womeaodionakuded in the flash signal. Receiver coPCT/052004/004700
nodul e 1942 controls the o eration of receivers 1902,
1904 to receive 10 a conbi’ned signal and extract two
sets of information, e.g., receiver 1 info 1950, and
correppeeingdp the wfermMtioospinfp 4056 coHamatsly. wh vhtiedsesmbodiments of the

oo DU 4000125 TSR 85735 RO Rbh e ophles o mices

the sigedl OlegdsupbAtBe trAQ20it a17d 1C195Y ol t}Qﬂ‘ trdmRénit AEOET1956@MEHT the direction
within the receivers. In sone enbodi nents, the

of the Eanspjiésr cosiel modwsddre SocipmixasppYIRtON MaY B0l VosupsTimposing

t {
e JRARHRL 470 5B PRI Rl 2 1
transmmbmdl seeintliditghench ef tewdsmannodf e fhmsk sigaalldd2he elRtneatsdn the
the 2nd signal MU identification nodule in one
lﬁgﬂW@%@F@éme@gﬁed“%@@éﬁ@%ﬂgNa1904 and the discarding
nmodul e in another receiver, e.g., receiver 1 1902, and
conveys identified MU i nformation 1858 from recei ver
N Re@6idet contet eodate H94:B%ﬂtrols hhfsoladrhtixwlsoﬁlecailme 11902,11902 to receive
flash si nal n

t hat fo
a corgtRdi TR A SRt PO SUE PLERCIIRIBR 6.5 PN F 1 GRto TS50/ MHd receiver

info I9QD52Gh hB&hrdshcBRAH @eli@htib®. ®hé ?éEBf)t'l(ﬁQpﬂb@esrs eRA¥% e ontBEof the
regular signal information set. Error correction

recelm@gnteolﬂgwlmw%mam inddwdasratiobof décodensrl 98, l&?@wd@bntrol of the

d d
other Gk OkityGIRE Sobh oM, FR0mE elrtBiinfiehts, e el Gyl module 1942

contr6R eIt 8Bis6 EPRR, bhdkgrdundnedediliers, bhg efBE @btV &@Ich th8@Aes with the
1904 and/ or nodul e 1846 al | ows the 25 wirel ess

receitesy A ¥rall9460Dr sosna enbrimenist ths secsivet cpritdrmedyloa942 controls the 2 2%
{
mgnafﬁ% 48, m?ﬁfg%@%@\,@%&pg i 5126“1%%% ?f% g u|r§cr66t1\ger1% 1%Oe4r, Iand the)dlscardlng

modud¢ hinalothee pEoeb@ntd. glgrebéheepr €902, had Sﬁih\S@ts odensiitd MTU 1nformat10n
i nformati on has been_ affected by super posi tion

1858 grogeesricrer NalsR4 4p ghegiver éflP%théua&ﬁmsyef@wee Hel 99 rie hemove MTUs
that %gligégé;llgzl&h (sf% hﬂfg%%%%"ﬁﬂ@&ﬁ%ﬁ? at %@aml éi’ﬁ'erﬁlgstﬁg ongr correcting

eyl ng

modulothat atattemptieg hniegoecrithe wigulkah sighel infanstivt mr
concentrates its energy along a subset of the degrees
of freedom occupi ed by the codeword. For exanpl e,

P ag cﬁﬁé&tidrpﬂodﬂ@ qgh@Wo‘ﬂ& ihToRftBctidd WihRkA gﬂcé’ﬁf an error
on-of f keying in which the transmtter uses

corregtdnympdule bigs map@ezadaﬂeﬂzw@ r@mbmlmgﬂtlm errczztle;efction and
comefftHl Cap ey DEletin e sttt TP 100£ a0/l gt s ik afli the

wirel 68 MerGAAATUNN0 A CecoRPA{MietD b iR hationceRtipdnting 6 @)% @¥nsmission
in one of M positions. An additional bit can

sets of iffpumatin everbough e (preylar pyendalying ganab@pwﬁete@ thapre-
transr%%%%i%lesg%&i i]}foé%l?‘ﬁmg R lgeeg %ffg? ggv\?ttllleo%(e%pos OLIJI aasteg&d flash signal
(flash signal) or the punch through, e.g. replacement of some MTU(s), by a second signal
(flash signal).

On-off keying is a modulation technique in which the transmitter concentrates its energy
along a subset of the degrees of freedom occupied by the codeword. For example, pulse position

modulation is one illustration of on-off keying in which the transmitter uses energy only in those
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5 wth 32 slots, e.g. exenplary individual slot 302.
The energy is concentrated in 17th slot 306 and is
wo epresamt ed by a pulse 304. In Fig. 3, 5 bitsPof/US2004/004700
i nformati on may be comruni cated using the 32
| ocations or slots, if thé%bulse 304 may only be in
one direction, e.g. positive. In Fig. 3, 6 bits of

POSitioRs BRREE oniSERYIBELCARFERG BB §V|hﬁ@ af(ids gommywiaatednBulse
f
pos1t1‘r%£1 ngcldﬁ'ia%oh Ic?]ﬁ B@H@?gﬁ%eﬁgéz(ﬁﬁ@tng %X cBSéehght‘{ﬁé‘%ér’F{r%% inqugpt M
posmlons Wmad@ycmal blt aanllfe geman@tatzdby Omn@f)osiﬁlvcoérfd tetiNOpulses. An
on of the energy within the degrees

, the |
example Gguloh g Ok BB BHOB HHUASHBGRIS 30 REt56  Ghe oA drawing 300
with 39 80isné, gfék%fg;?%%ﬁfa%éﬁd} 8 Bt '?ﬁe% ﬁie s i %o%ﬁ@teﬁqg Y9 slot 306 and

that [ ocati . For instance, annel can b
is repe@tmtnébed patse 8¢ HoBigl 3, ﬁl\bltsmftlilﬂbrmhmbmha‘jabe cahmuaraed using the

nal , .i nf. encoded |.n the phase and/ or
2 g bt R 0 Hay S P P S-Refe oo donH v o . 3 6 it
of 1nfbﬁﬁﬁIanﬁ@|Jﬁ$e doremeneA8y ufthg HRS2068081AL blzﬁgts ‘?iathgfp(ﬂse 304 can be

si gnal is formof 15 generalized on-of eying w
positifye Of BYgafVe dInt g@nﬁml titfermatrai majebe gfmmhmsatdcb Quiventvagsin a

generafl?a%lon o? e Pesiely - %1% 18 ath Zcﬁg{ul)n grﬁtgg g}(g.‘er}tg{{ %%gpthefdegrees of freedom

occup’ibﬁilbﬂ' @bb@dev@’&@ I @Rseedndly, eRO@MBridAtibR BorlthiasdinSthe @%‘nhl@ @vhich occupy
par adi Fl ash S|gnallng may be used in accordance
that I%aflﬁn tﬁ%é instapeptif B chamebran koestilates a@thefma\sﬂfs wirly the ald of a

e B B BSSRLRS I RS T UGTRAR0 ko
informaticardnicodedap phd ledaticm of theb @e‘r@l onBﬂ‘g&mﬂrzﬂﬁbd Of-o$Y S 5@ This form of

t hat useg BPSK si gnal i ng exanpl e consi dered

%eﬂ@rhlé%@é onqfpkedne WHhbe fqﬁ%‘r%ﬁ tPIHil Fh@ rﬁ@@@é@fd@f this dppimeRigs flgsh
SIgnaS p%fg?k)%all%:ﬂe &t La? on df Bndr Eg 1seﬁé§t?i‘9 eart%( ﬁ§ﬁ%§ @Qbsef of the available

|p e accesSs sys
degﬁﬁ%@bhﬁﬁeuusﬁnﬂmhhsqamhm@pmﬁmgnihogonal tones in one
OFDM synbol period, or one tone in 16 OFDM 25 synbo

periods, or any proper conbination of tones and synbol

p%‘ldsﬁ Qifgnﬁﬁn%%iay fle LQAGH abdbr dancgaw thy/ H@l@ﬁtlcﬁ{e §5r991%)exallnﬂles of flash

gure 4 superinposed signal 400 inc
codlng @g@ﬂcardasqt@gwah the@esght imveition shelintre de&cabe@l Ursisitlgr ene embodiment of

o Bl PR L o

examplb @6hdidered hée, fs@@f%@ lth QELeMEIHE e@rRe: & s%/%bols For example,
using, for exa a convol utional code. Suppodse that

in thetCPi@mB]rab% %%Qaéicﬁpgﬁgwa ORDM metiple @@%@Sﬁmﬂhﬁ tariglisk resource
t r.ot ect
symb%lg Lol H‘?M gz@h(%'gkgl tofoQ {ﬁ%aé Ve #’1{1‘:1581 pegg t?r Edpnein l%dOFDM
symbdii Ighleésn ;ar‘ gy ﬁmmdonﬂa&:iht@ﬁ of lrt]dd\?% hgcg%}%ibod; Zﬁg@%% A ©BYestin 4
ingle |arger rectangle wit
Cﬁqﬂﬁéﬁg@ﬂh@@@%§O47oo -25 shading. The protected signal
conpri ses one BPSK synbol 430 transmtted at high

power, while the regular signal 420 with energy
disFigutad, ekt opermpbseslysidnal 400 imcldpes pgskd signali 420 Wadtleis

con e e YR Bk Qe 5 B 5 Bl kgt 20 o
4 by small rectangles with no shading. The regular codeword can be constructed using, for
example, a convolutional code. Suppose that the protected signal is required to communicate 5
information bits. In this embodiment, the 5 protected bits can be communicated using the

position of a high-energy symbol 430 as illustrated in Figure 4 by a single larger rectangle with
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reference, 1St synmbol 401 and 16th synbol 416 are
identified in Figure 4. For exanple, in Figure 5 4,
WO b@4BPSK2 synbol is transmitted on the 9th sympol/1S2004/004700
Therefore, the synbol position conveys 4 bits of the
5 protected i nformation bi#s. In addition, the phase
(e.qg., sign) of the BPSK synbol conveys the 5th
shadipg, raigcle signgicosnsiseheneddivh s gbolgt30ttrangmigtedi ab hiigh power, while
f . c t ver. the classical .
the re3 A 42\ BRSO 1O R R STl i Vot that the
BPSK bgmBélrafnigeproteeedisitdinl cahite is b poi@e 16&E@indeSymiu@PodiGéns. For
an i dea of successi,ve decodi ng. The stronger receiver

referqqcp,slgt YEeh4Ql @r;delqghrs(yf@@{ P 4P ddpatified gy Figure 4. For example, in Figure

. ‘ : h te.
PR IS e 80 SR QA SRR bion comveys
bits of ilgnaproteetedahfoemaiddr bied. I addfitgmatis ghase @aakesn)f graBPSK symbol
recei yer to Q{scarddiscard the tones on which the
conveyg ity B BIE detected. Note with the new coding
schenme of the present invention, 15 even if the
cancel lation is not perfect, the damage to the regul ar
c dttesee 1tk advahfage vEdhist @dmgschemaof the prespmiiovantiandver the classical

supp g o e S e M T e S b BN e TR e receiver

can ub¥ AEREH bEsuckHRiveRREINES. TRBYtrb SRR F&clRE ity ABQ)ded MR tprdiSeted signal,
occupi ed by the regular signal. In this case, thé

or, aligpratizeliyothen Suliastsal frami thnrcomspositd uensived signalighdnally decodes the

: erasure at. a ..particu S ol. locati.on wi.th the

regul 1AL P R 0l e, UG bisotine a8 g dfiand the tomes on

which&Rdarger Afnat & dedsdted. Blotd Wigh HRSRw cdding {t8eab oY thegredhl @vention,
of Figure 4, each BPSK synmbol of the 16 airlink

even HdBpeaeallgipnipnet perfepl B dame satafibg reslascodeverrd ondimitaé to one or a

o 8 30 4SO BB 0L Kbl bl el or
exampleoiretht decligabcainng ertreedi g miysighterty syintbad nieat &f odcligied by the
25 16 degrees of freedom Note that the flash signal,
regularssignat-itp s Favet e CREFGURN ehtsBerliAERR is Tedugd to GRYREgIARIe at a
partica® §ymboMBYSion &iﬂ?thb{@ﬁ?s%ili&hﬁﬁh@ Qﬁ%&%ﬁl{ebﬁ&%ﬁd& BarPBWused to
orthogonality properties ot the codewords.
corredirfangwilesser design for use with coding inplenented in
accordance with the present 30 invention shall be
descri bed. The exanpl e above illustrates aspects and

meh RRASHRE ek Bpleiof Vediré 2Neac MBS SBRNbANQS kﬂ@i@ﬂﬁﬁ{llgﬁ@source symbols
i S

and utilized in various comunicatli ons systens.
represpatshivdegsée eilifyeadons ilig regudprasi gnabdistrinitasritsreacigygntafighe 16 degrees of

freed(gl%q.elt(/%émgé%elt, li%e cgo%ta\gféﬁcgcggﬁégr%?elfcéeglgsg%%l amclségt?étles its! gﬁc’e%y in one of the
16 detiéek rof tdeliog. Noge enenayfiah ddelrfodtmed WOtROMHVE Eadbdiment, is an
CT/ US2004/ 004700 = -26 signal anong substantially all

orthogenal aods: Hamicser Bgriveantion if Rt gpipgentor any eighdgoaaly properties of the
CodeVw{ggrposition coding in this docunent. The protected
codeword is denoted as the "flash signal', and the
regul ar codeword is denoted as the "regul ar signal”
or "underlging signal”, in this dis&yssion. VWiile, i

Transmutter design for use with coding implemented 1 accordance with thle%resent
invention shall be described. The example above illustrates aspects and methods of the
invention, which may be implemented and utilized in various communications systems. This
method of superposing signals by concentrating the energy of the protected signal among a

small subset of the available degrees of freedom, while distributing the energy of the regular



10

15

25

30

general, the approach is to transmt the protected
informati on using the flash signal and the 5 regul ar
WO pdoaonEtt on on the regular signal, this may, POT/ESI084/004700
enbodi nents of the invention, be reversed. Flash
signaling, in accordance wth the invention, provides
of superposing signals that allows

., a way ) . \
signag empenpystanballicalithe g vaidablesdagseas of freednmn.|iy calteg flash dupenposition

5 B DS B BT e et

codeweid i teddt@ngths Siegilar SigRAIT 6€undelyiBY 81gnaBaNthRREHKWKi6h. While, in
of the flash signal concentrates its energy on a snal
generg] peapproach inte tEansmitdhe rotstpddatlorpation werpihe gl pignal and the
‘ . g h '
regulSORRH0P bn oL 0GBl thGRY, TROnRRE R ERs B fieBhvention. be
reversgdder that the flash signal be detected and decoded
easily, it is desirable that its energy be higher, in
sonme enbodi nents the energy is 15 significantly
hi g8y sierlallAR ih Ralor@inct RE ROMERH, BRRdds™: ing si
select%% suBset of tceagegreegéo% ,?reéﬁ%n{&iyhfmmmmomngmgnﬂs
that atloms espropahiting dodinghgifsl tadh rebhugtipkealizéd m predtamal seediyers. In general,
hi.gher .concentrati on of energy.in the el ected flash .
the figgiEigral fiad g Aeqirat oL FRBRTIR o e (BF g Sed ! rgsmission
resour @3 UHEH e ash chdewtrd BEtherha sighdl @oh Qinfthte8 i &Y 29 bon talhall subset
flash signal. Finally, in order that the regular .
of thesigrlable degides efdteedomnBachmslodet! efdb¢ regular ignplpacspredd its energy

the f.l.ash si.gnal on the re ar .c r houl d. b
over feR b eard ST B oGR8 Y aiabigy! pR Sipgea anc
decodedl RS6ilg & i§ ld&#_i@blectﬁattiﬁ%n&%gfb%@ﬁgk@f, ih k606 eMbegErtRtLte Biergy is
the flash signal should have small inpact on the

signifiespdainighen thanHbatof ghe weulenslend iy thesalecisd sulset ehthgfdegrees of

- ' i |ar, oy
trecd 0N BT s dEand, AR 1880 BB b PR gnerey in he
selecBR agh sitker it fagidle ¢ven eihearis wofal badrhy bhéefrtaghy stgifdi is higher than

regul ar signals;. 25 (b) the information

;. it
the tody) ROerg¥ At Biv fHash siepals FigHy i egder Shat &ﬁgfﬁawlgg g&fﬁﬁ be dytegtsd and

t . j ..
oo AR, Sl EOAPLONGE 180 ShaORER PAILIBAEBINEON e spinal. i

otherivgdy dredest dfientgyrie dic seheeted sobaet ohiba st gressofdlinebdoadbaegpied by the
perfo e requirenents, reqgver the flash
flash Sz PG Re4n oA LART B M RCr MG R B SoRtoae Y@

manner for maximumflexibility. Specifically, the
transmtter can opportunistically choose not to
t rkhesalertiorhef tfanamit poivgnsadn thadlasksgg®0 and she rsgulat signal depends on

vy AT FBRYTE SRR oL st g

(b) thepiefrhatiinShies abhweyéd anei¥ flash Bed fdeaRb sighfIBadndwtf the MRSod of
of its available power and choose not to transmt the

constpusgon af cageganthe Nash 208 19ayis sigpalpdiy a98p1b AhOpATEe may P chosen
indep??%egxlrtlg% m%gl\‘j'mﬁl?lg ogvﬁrro&f's?ne\% %1{11 &0%%&&%& %'ar?c{glergélgl%r%ée}lts. Moreover,

o
anc e presen I nv ron W

the flabhstgimtiag cad e @intedolidd amepportiistib endnfefl nerimimdlexibility.
receiver first decodes the flash si%nal. The flash .
Specigicglivaithe Eangwités cab PRPotunisealechopsenotdy Harstif thedlash signal and use

most bEREAMAALIB HoTHERD IngR& the regular signal. Alternatively, the transmitter may
choose to opportunistically transmit the flash signal with most of its available power and choose

not to transmit the regular signal.
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power than the regular codeword in a small subset of
the degrees of freedom The receiver then 5 cancels
wo b@4ionqaart of the flash signal before attenptP@mUEIH04/004700
decode the regular codeword. In the case of classica
super posi ti on codi ng, canc®l-lation involves decoding
the protected codeword and subtracting it fromthe
C d?cgﬁ@lsfpt desigaclor veedwigh grvthmg inpplempratsdhisagoerdansd with lthe present
imveri B8 pe e QhEpgRil s arbathon: e disegomghe fiveiver first decodes

the f18kBi04i @85, THe 12k 6 %ﬁﬂ% Bdtedtifle dEMOIRL Vel Hnbe 1 ORBEIved at much higher
codeword when the receiver is to decode the regular

powes fhgndhe regolapgodeiord hsreall sibgeif thii dagrdeb of &sedans. The receiver then

L T I T —g——

case c&fegxselesl saberposia e toding htellatén inlvblvleﬁdeodﬂx?ghé fididceed codeword
per formance i nplications on_ the decodin

and S\%ﬁﬂlﬂg ltémm@wgtq weeikied ggnaly Indiask @@pe@ppsam coding, in one

embogﬁ%érg :El%el%@e&%%ﬁig étél él%Ic?IrgQ ﬁle %?gercgw\%cz }I{ t('i}o g@&%g?ﬂ the degrees of

freed e if ithed ddcyd&:hﬁlushlmghhlecofdbwsid wlsélgha kedekpisgo idecatieasfegular signal.
nal, Instead, the receiver directly

As thégf‘sg& g alredwt@gmea}ts SISNg RPN B AN freegeiep b freaom, the erasure of the
oS S WG L LA
pelfosmnsrc amplheatiansion émeiesahng ofntiht seguGoredguadtduy to theerror detection and
a erve saturate or substantially

Corre%}oél élpgt? g&aqf tﬁ%ﬂe&g f‘gnt s in the subset of the degrees

of freedomthat it 20 occupies, but has negligible

i npact on the performance of decoding the regular

c ddlenpsher. cmbgsimaenef theiifvantieny the egopier leesmot explicetesmed the flash

son S50, BB, L 0 0, SRS B R S e

si gnaMﬂﬂdnﬁhh@aﬁﬁpdshe rdceBed ¥ighallfafiohGhayligicRMe the fB8E rs%n@lf ThB€eceiver uses
presence of the flash signal which may be interpreted

soft %Wupkéw@oﬁaagatmmms@vwal lipaiskgpesaaentlyi Ge flaghssignal serves to
satura‘fﬁ&]t ﬁru%%taﬁ Q)ﬁbuésgg%%g%%bhfﬁtfs tH§1 Iﬁxg seé%g ?P{he'dgé%% ofotn eedom that it
occupgrsb bati e If\églcg‘iblé fvepadn ve id pfoasangpifidecbding thegofiliralodeword.

chan of .the exenplary system w || be descri bed.
Moreqyg. @g}ﬁ IEEiver H%ﬂq{épte{e‘s’te@ﬁm eé;@éhﬁlg@a]e thefpesdver may just decode the
1A QERh QR deE MM ANBRBEn SbAYT AMwhidt Oce PV
st O\/\gglal nk broadca %a channe% t oﬁ){})V plﬁ-%rgasle?li{y 68%10& rBa)f ot be even
awareuéhs pt3g8e of teGlasinsignaelHich aray 36 interpedted sndiystteamdl@hpulse or
backeds shomn in Fig. 17. In nost cellular wreless
ackgLOMAASe: control channels are transmitted at

br oadcast power since they are constrained by the

mobi e users with the weakest channels. Flash

siAgeraltion ghangelwembodgnmt@@ tHecpresent mvengjsini shall bediscussedbglow. In this

cenari ults i cant r reduction

sectofy G AR o JriRiny Guioh s Hptdb RaBbuBH Rt 37 Hesimtary system
will bE’@&’doﬁS@@ ORHeQOAHFOIChan®B il thid SxadpididRMed iNfSrmbfién from a base station

formation carried on the control channel can be
1702 gséeé dhesdnlingghyoadcast channel to a plurality of mobile users 1708, 1710 in a cellular

wireless system 1700 as shown in Fig. 17. In most cellular wireless systems, control channels
are transmitted at broadcast power since they are constrained by the mobile users with the
weakest channels. Flash signaling is well suited for this application in this scenario and results in

significant power reduction with no or little loss in robustness.
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mul ti ple subsets, each neant for one or nore subset of

nobil e users in the system In this exanple, we wll
wasaumessshat the control channel information cREI/DE2004/004700

partitioned into two 5 subsets. The first subset is

denoted “regular informati®n' and is intended for

those nobile users who experience rmderate to high

downl i nk SNR. The second subset, denoted prot ect ed

;Q&g{a?%n Cegdr}\}}%trthg nfo Ql%ﬁd arfn%d §ﬁ“§ﬁ uffon? o% gh lﬁ%rﬁ% éJe separated into

mult1plér$8bsﬂaesr eebhhﬁéaeu fdrh)ee ak fﬂowéubrsasxﬁmﬂﬂeuﬁe@s@ tHERgstb. In this
rlse 32 synbols. 10 For exanp in the exenpl ary

exam@]@r wa il gegne thathEpReTn! chigmel laé%@goe gat bgppartifiened into two
r l.
subseg.__gk* ﬁi‘st strl gl{é rdlgg 8&‘%}3?@%@% ogg%lﬁ&g 0@9 bﬁ_n%%\]ﬂ%%d lf& tﬁ{}s% mobile users
who @@enad:e,mmfrerzamo ingh dewnlimdINRaThosecohd tubsers damﬂecs Spadredted
perio 4 tones in 8 OFDM synbol perlod 15
inforfaglior. | %é@t\%%f?eécfox hSREP ivpE e %Pawce 56ty 167 depglink SETR.
the regular information 540 represented by snmall
rectangles with no shading, in this exanple is
t rlatisnextapie eisivgred heow éwaridink oésoBR esy adsohsd td-caomprise 32 symbols.
ol. | ocation 501 and 32nd ation 532 are
For oSkl inGHe TReraen Bread o8 v STl TS fes A os P tiairink
resoufceRAWBE 30 Rethobhab tinkd i GRIORTOMAS RS A d%ﬁ l%y oﬁ@ené &H@@bFDM
of users who experience noderate or h|g
Symbsl\lFenstle,rcg agy grapet ckmebipatian ﬁéowmaedtsmmuelqw@deoa g h41 g)nes in 8
OFD acgﬂ hence the power requirenents are nuch
ey woul d have been if the codeword had
to be decoded by each of the nobile users. This

difference in ability to decode the codeword is
egpelugratsd inrsypetimpesedisiganleX)d) o Aiguwre Antbaregulddpiormation 540

repreégglgdéilrbgll Ninilg d)%ct%ﬁl@Fg ézﬁﬁrn %H%cﬁng,ﬁ:lgﬁ g%%né)\é@és at?a%sgﬁ,tted using a codeword

of 37ispﬁ1661@BE1rSD Bymbdbli lﬁdfhtioa 5I0mfaﬁ<ﬂl deh syfn(ib"ol docatibis 632 axfe showh for reference.
nmobil e users, is transmtted using a flash signal

This e@ewasd i [trapeitiad. k2 pﬂwesthaﬁa 1§ st cisniiaderdeppdasidit e Syhpeuof users
who e@ﬁﬂ&&?ﬁdﬁ%e Slsh dis\g SWU%@ ate %Hi?ﬁ’éi PR able to decode

rotected evvor I's assuned to Conce trate It
this cedmrvcg;l anld hensythibd q»bwlemeqmrm&x@% JoEhdpwb2Ban §2Q. wolilé have been if

the coiopdbad ?5%%04614 Wit & BhilREIoL e e tigdiferescp i gty to decode

the c&fe%ﬁgﬁ'@f) ﬁ@ltystrue‘%ﬁ%hvﬁgles‘éﬁéhﬁpoﬂn‘i&xlt L\Qﬁménﬁ%ﬂp Qbers can experience
| ocations. In"general however, the codeword sets may

SNR thae virigs b;yaspvqrall drgers of mgplltlgiee'll“lye protegtddgnformation, which is intended

C nstr ncentratin ener of t 0 . .
for a SRR EY SR meBRREER et L o et S5 Roupgated in
Figur¥ 8l dda BdiRedeh@MblyliEladic v gMs Wilth sh! qh il mpBAaghdnY, ehéh protected
cellular wirel éss systens and affor a greater de%r ee

code\mrdpe el Encangentrse its envaginial 4 fyaehod @acaﬁqns 502 512, 520, 530. The

sets Otf s?ﬁxfbglr 1%?2&10nfs\2/1\g a%ggrﬁécgto%%%%ﬁ%%ﬁ%%%%gg{t%) Ip c? gv%%clh results in 8

eac

orthogenilrsens, @attest Whidh ﬁl&mderzlos;@ibou Icﬁaudmcm $cPBral h@W@VGrLtﬁE cdeword
to be the index of the 8 different airlink resource
sets naayystlap B all gopensarleielygn other constructions. Concentrating the energy of the

protected codeword on more than one symbol location is valuable from the viewpoint of
providing diversity in cellular wireless systems and affords a greater degree of protection against

channel fading and interference.
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32 airlink resource synbols are indexed fromO to 31

For k=0, ..., 7, the airlink resource synbols of k-th
w@pibobs4get | ocation are synmbols k, k+8, k+16, PErusS2004/004700

k+24. 5 Wien a fl ash signal codemord i ncludes nultiple

synbols additional inforngtion bits can be

muni cat ed usi ng _those synbols. Let {gQ gl, g2, g3}
d RobeCHamPle Bl e Apch Prasedied cadewpiths P@@mmntqates RBebits through its
i L

tocatl o L e OB e AR IR WP Suppose the
32 an{lgl@,rgﬂopqz,sqﬁlb})lscammkiexaddm IOUGBédFOMkt:b 4., Matishig@essource

of length 10 4 as tabulated in Table 1. The sel ection
symbgs Qi %cﬂl,n%abﬁet Jiatien 1 SYPQS Knk B ki anddeiaf 2 bi t o

bei ng conveyed through the choice of the 4 codewords.

This informati on can be decoded at the nobile receiver

i Whemsa Flashytigiad codevebrdrinvhaies nilittéple sphbdle addnmhxﬂanfarmation bits can

|dent|f t he | ocati n.o si gnal cause of
be co Sl iz PG IO et B Ay BOR e Faie Soes o be
transiitted vath &¥ el aigiak rés@ﬁl%& 's?xﬂﬁols '01’ aﬁ}h&ﬂs (ﬁ’ﬂlé ghﬁaﬂ;ﬁlﬂ( resource
nbol s that conprise the si‘gnal ecodes t?]

Symbpgm i pRe @nmdlmenqm%q]eﬁ%@] @ndfe Qmstemddwnh 4 Walsh codes of length

| d
oo RIRLANCEIRE BRleSuod B 40 Gpopt 510 AR B RSSTRURRAAL bis veing
convdfyeﬂ@ﬂlrb&gh ¥ chbide of @eatdoasweddst he flash signal are

received with high reliability. This is especially
true when a flash signal is communi cated over a

W'"fh?é &F Qgﬁ] & eelg?ﬁ{&gg%cpﬁltye I%Bﬁllé){ecélggl 1n%L§ raf} %}Ei%i‘)wald manner. The

| ocations recerved to

mobileaeleiwet das ﬁientlf&l'the ﬂ}&h@@i ofcthe €ibshognad) becaﬂ?& oiQts lﬁ@hdf&yiergy, which
ept o errqrs from channel fadi ng

serveg thgo iy dos ‘Cﬂtw el 14 éwtw%&t thee@itipets theayyr@bﬁ% tsgat comprise
the ﬂésh n%l SRPM S hids gﬁ‘é Fe‘ilna‘fllﬁ 5. ”Plﬂg E;%@ﬂgﬁf%&é%rd COIlStI'%lC'[lOll results
[ to co e the S

I hood deco si gnal
in theeqmﬂewertdy po@aw@zgaimequalh:irmr provesioh eropesty ribie wicnthatge rdsolved by

e G 5B BRI SRR D T3S0 S S wen

flash ﬁéﬁﬁ"iﬁ é‘&ninﬂn@at%ﬁ 'E)aérgam/i‘réléé@a!hgnﬁ@ BEE oh19 one of the four symbol locations
mil ti-di nensional nodulation sets as wel

needsd@ aptasiveiito BRSKY thedwdawpshseivdihe dp@ctmn ufsqﬂj ,ql 0@23 ongB enay be more
sl PR Vot Ry BB S R LSy el

a moreRoghittatd des6dts, AdElhd magialun® ARelNobd d8¢bdeL t& 88dod¥ithidlash signal in
the sel ection of either in-phase or quadr ature 30

its endfegin Lnch §LANhBOBENG PS Byt POTtingsRoBYhe 0ge7oforthogonat gotles on the
onal codes on flash signals
flah 08¢ @“?%%%@n?éﬁ%é&ﬁg% g3} bit values 0
This concept can be extended in a straightforward manner to multi-dimensional
modulation sets as well. For example, if BPSK modulation were to be used, one more bit can be
sent with the phase (i.e., sign) of the flash signal codeword. Furthermore, if QPSK modulation
were to be used, additional one bit can be sent with the selection of either in-phase or quadrature

signaling.
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signaling in multiple-access channels will now be
walewaniiagzl, in accordance with 5 the present i POEOB10041004700

VWil e the invention has been described thus far in a

br oadcast channel paradi@ﬂ% it is also applicable in

a nul tiple-access channel framework. This aspect of

the invention will be described in the context of the

cel I ul ar upl Tihle bonstructionefppthogoyal sedes enflashpignaly i s a

mul t1 It etedee@Bileghannel . Consider ﬁ}%ﬁ%’%}a&hg%ﬁse

receiver that is receiving{signals

transmitter® on the uplink| Since the base+stiation

~coarcl At ant ity If 10 can

17MN) o ol o ha
LTUZ TS dAars LIIC € oot a-Ratd ||g—C||L|f_y, uuuuuu

differentiate between the fwo transn1ttéf§“rﬁ a

relative Sepse. Suppose that the mobT e tra@snltter
that operates over a channel with | ower b h loss is

desi gnated &s the " stronger' transnitteﬂ”,amd t he

at h +r m H Lo
other L.aﬁs“.ttb.,g%h+ch experences—hi-gher—path-loss,

is considered a ~weaker' transmtter. The base
Stﬂ&éh%ﬂgrﬂaﬁﬁ fryﬁhﬁ {15 MeaN G GBIV bE ﬁ?gcﬁﬁéd qﬁ‘ﬁ@oﬁ'dance with
its signal tributing the energy o

the prgeand S’S/Cm‘a@h Whllét tlhe lld&@gtlﬁehasdfeelﬁ desedbed thnk fdrén bl’meoadcast channel

po g e e A I g i OSSR Ln o

inven€GBARES bé §e§cﬁ68di Mede sbeBalof 8% cAllal DfliRAESERE E%rh}%iﬂr system, which
receiver 1802 is illustrated in Figure 6. The g

is a nudtinle-eerepsedtwinnel Csn@mer@dqasaemmoryreq@wcthatam mcewmlgrmw from two

L T e T ——

can diffdrémoiageictwédnais mvd trefisnl8E9 1€ a GaHOH safsd BEppodeAkat the mobile
signal 620, represented by small rectan Ies wWith no

tfanSI@ﬁtﬁarhabopetr?—tﬁmvﬁl Rrcagniel yifhdereramtl lpssisalesignatash enihet gronger’
transﬂmt%r %ﬁ& Jthgr%‘dng&g%f \Wﬁgﬁ Lngﬁe 16{’1‘&% "y céhe?ggthel‘g'ss is considered a

weal{eel wetnsmatedeT hebdse @ﬂ&uamiﬂmmtﬂ thefvagakét @acshiidtdrity tIWh:idilﬂt fis signal by
t he sk\l/stem The notion of nobile transmtters

distripjingdhe ererghefethe signal ageask g10h ohile dreress 9b Eeadn Wlle the stronger
tranSIHftllalefs ifedihdo B9 18 chibeRirAE Gis Q[faﬂégﬁla E{Ib ggﬂi %]fe%d%g(?e%%ftﬁ%gdom. The

| oss experienced on t anne
compbawe‘eq:m@edmgm{)@@ airthz hiseatatioh récetveo h§Re 15 ibustraladda Egnite 6. The
bile tra tter is.in sonme enbodi s coul

base et {of LoTR bhEack decrE PR caeny i b b U pepresented by
a largk R@tA@ld WitREhddpld, ﬂlﬁnsnﬁ@céd frBat tﬁé‘ eﬁron%empdnﬁﬁltter before decoding the

transmtter that results in high wuplink interference
weak mnaitdi’@r repedsertedry sipell cesteigtte vath naoshading, travsakited from the

“wealke sm t. {ter and may hence be instructed by the base

%tra PSS transmit its si gnhal by distributing energy

across each of the WD 2004/ 075442 PCT/ US2004/ 004700

-31 degrees of freedom On the other hand, a nobile

t AR SAFEQEGRtiQR PE POREE trruswiiters 6 fseongrre ot svakelt) és natatatic and is a
relatn;e cgerf]%fr%nfb ; %él?&)v%ggm?ge%%ggty v?i é Il %e:slygtéﬁ) g‘g? ?lf)tcl)(r)]n (():fo Iaolﬁlle transmitters
as bemg stronger’ or ‘weaker’ may be associated to other criteria in place of or in addition to

the path loss experienced on the uplink channel. This labeling or categorization of “stronger” or
“weaker” mobile transmitter is in some embodiments could be applied in the context of the
interference cost in the cellular uplink. For instance, a mobile transmitter that results in high
uplink interference in other cells may be considered to be a ‘weaker’ transmitter and may hence

be instructed by the base station to transmit its signal by distributing energy across each of the
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to superpose its signal on that of the "~weaker'

transmtter. Alternatively, in sone enbodi nents,
wOodilogs4sz ansmitters can be categorized as st PONYE2004/004700

or ~weaker' based on device constraints 5 such as

battery power or state. Fr¥sh signaling in an

exenpl ary Zg stem shall be described in accordance with

degraepef I thpatheppandar arebile trapemitieewhivh haslanintenfierence cost due
. I k t t
ol ST XU L3R TR 08 3 Bosconcocing

to supdrpdseandignavd thatl (Bf&haf\r/edkbxﬂ Kraﬁﬁﬁﬁt@f OltekfhtivBBY, in some embodiments,
transports data and/or voice traffic is called the

mObllerté%ﬂfsmétteéh%Catqgﬁﬂ?‘fﬁjeaseﬁté?ﬁﬂeﬁrﬂf wyalicEhasedian deyige constraints
Tg;ggm the traffic channel in traffic

SuChg anng*ﬁ@gegg)é%tgé(traffl c segnents for short).
Traffi c segnents may serve as the basic or m ni num

unit .he available traffic channel.  resources.
D%mﬁ TRAIPGIT FLCXCERHEN SESIER ah%lb'af‘r desgribed! inageqrriance v the
meth&cﬁkeanla%% arfifud bt B2 éﬁ&ehﬂﬁveﬂtfoﬁl Sy ex%ﬁl;i)mr? i esé"’ﬁ%tﬁ%ommumcation
upl 1 nk rafflc segnents transport rom
systeth thewsiin lglkers souresr gnnmalllls inaudely ebaﬂcﬁmld&s emetealﬂupower I'Thetaelink resource

that t%?pgyé{sad(’sl? 2fn¥1? (5078 31&%%(2‘1&&21&@5? trg | nrfl:rléelft nr{Be exemplary system,

data is Bb@EMRAlcatddbvi e SXET RN SY e dhﬁl%i:l E&reerd f&amﬁé 82 ments for
invention, the traffic segments are dynam cal

short} aaféig SW@S AE Seive a3 Bisdasie opnizing PO, ofﬂremaullabhe traffic channel

resour egelgo tfczﬁ ﬁcgg%menashtrgnréle)orﬁéat l?rg%fe csét atth 052}%7%§ log'to the wireless

termigalatwige d;ﬁm tasEd @gmeﬁﬁﬁfhnbpﬂr! dita eifdic A tHenkirslegBitbinals to the
to one of the nobile term nals 1708, 1710 based on a

base sfafiften thsfexemplagy syatenyRdraili¢ seamepbinchytes s pymber of frequency tones
e to different users fromone segnent to
Overgﬁgﬁgfr@l@g{bagxaml e, in Fig. 7 in a graph 700 of
frequency on vertical axi s 702 vs. tinme on horizontal
ment A 706, own wth vertical Iine

is 704,
%@empiafgéﬁt% ssed e’ eesg jn the iyenBen, thetra e seamets ais
dynalgﬁ,ggg E«ha@ié% ﬁgggggg ggfeﬁes%&%lusera%;gmr eltdgggga{r% tégfghﬁhléahﬂgwnh the
base S@tkmdlﬂ(lér Acaredubipg Gingtias s gynmodhde i 83 i the bimarstegion 1800 assigns

todfferent use. ordin 0 ej
cach SRR SR @HER S h 1 O B P CRGRETIRA R ey Otgsed on a number
of critdrETNAEN Ao &Y tr:A8E 8 RhentsTH Uerté‘fifffe@erﬁ L ?Ilorﬂ &nd fYent to
ef fecti velf/ shared and dynami cally all ocated anmong
Cu

anothgf. f Fasreapmpleuisdiig. ‘oim sagreplyAthet ﬂgqqus@@mmerb@aé jagis 708 vishigme on

horiz?r)ftglfr%?usafd/ % rg%rtéq%mée dé: assl \glt]??e 1g?}glrnte esga(%lﬂg ?1§1 gsmgned to user #1 by

the b8 Stageﬂmtedalaamegm\eﬂﬂ B 108 Bied witl@fth dofigdrit@Sinefshading is assigned to
assi gnment segnents. In a cellular wreless system

user #2y ckhease sfatiagyschedilarmon raméhmsiign tediaffc atmnnel segments to different

users gé@r&ﬂg?@{h?ﬁ%&%j altrliedgérzd &ﬁaﬁg%ltaéoh&u%ﬁ? ml# 985 'me i\%&ymg in

generhk é‘hé traffadiammd $s thameffampa]nyahaeaaﬁd dnimetitalbegloented alnohg different
link traffic setgbms_ntf. WD 2004/ 075442 , _ _

users p /SERIBER Y0155 768E Passolndhe gxempleny; s(ystgg]g thepssiggment information of

traffi CaRARLIAE S {hrds ng&te‘aliﬁ RS LGB chSRTBMich f%udes a series of

assocl ated assign
assignment segments. In a cellular wireless system, such as the system 1700 shown in Figure 17,

assignment segments are generally transmitted in the downlink. There are assignment segments

for downlink traffic segments, and separate assignment segments for uplink traffic segments.
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segnent conveys the assignnment information of the
traffic segnent. The assignnent information my
WO p@k0TE41 he i dentifier of the user term nal (sPCT/B20041004700
is assigned to utilize that traffic segnent, and al so
the codi ng and nodul ati on-¥cheme to be used in that
traffic segment. Figure 8 5 includes a graph 800 wth
Bach graffe segment igepsociate witlep eigen RISEERITeN spgmreny. ﬁmsmmated assignment
segmgﬁ?t oﬁQ@&?nmn{gﬁm%gﬁmfc[ﬁBﬁg@ §Pt‘h’ I?I%Si% | 5%61%8#1 ass(lgggn‘%)t)mformahon

may idOkdarie idsaifpn nseme wegeriihalk), \@HXSh B dssBA&d toMH1ZB that traffic

conv the assignnment information of traffic segnents

segment( at sﬁelscstile C%‘ég B¢ modylatian schepe ta b ﬂl@@mﬁbatéwéﬁmwgme@t Figure 8
. I

ol 3P0 B0 82, cTABCHSSE e Bl L 5 e s
representihf) 6nik0 Figee §nhent (ehawigameandgtriears, aisigninat §daggent A’ (AS A”)

traffic channel ts_accar to the assignnent
306 2| ABN SRRSO ACETRRN B LAGIEC hEOT o %w@nwey H@@@Slgma@%dﬁfomtzon of
traffi@fkgthel QA |(T@K BIRAdd 8 éﬁ?ﬁ@l@t ThS adGERHE! lPéﬁimgldg a s?a]rfg channel

recel ver |nt e I nten rel ess tberm
resouysi The dmrsa etg anisetedsttethimls, rbeiasbe gsseghnient wifomhaoa conveyed in the

i P 60 R B B sSSP S e

inforhA@ism tted segnment includes redundant bits that help
the receiver determne if the data is decoded
correctly. This is done because the w rel ess channel

and . dat r af f use
Cp G BT ARl Dyl Puamof o Baibnt  gpoodea by o
recen@fr 1ﬂ tme uhteﬁwdf Wit €laReernil Al 0N/ 0 wiikaRtekankAtkkdib the @ssigned
W rel ess sggste the transm ssion of a traffic

wirelesg dgFamnal ()8 OB dheopplinkispgmeTy is freodsdhbiph aogivey it thanpase station
1702 t’f(}ﬁ)ﬁa{?\lﬁ%ﬁ V&ﬁns Qd se%gl% ?glu‘aﬁ%%ﬁmdaﬁﬁ@@é% thﬁ receiver determine

if the lda@nis dmbded/ e@ireoclgwr Tleis td done Dogavae kizomiredelg thiinel may be unreliable and
g ng corresponding .to traffic channel segnents

data trag 1C,4tp AR Edkh BP1GaH YRR high ke gty dBHIrS B Fannel , whi ch
includes a series of acknow edgnent 25 segnents. Each
traffic segnent is associated with a uni que
adienawk ef greenterfsegoe mvise Bod/oachataeinbiing it p afifeless system, the
seqgnen acknowl edgnent. s n.the l'ink. .

wans RSO A e RER R e LRt (RS IEHNS GugR, e receiver of

t1aff1csé%%l’ﬁéﬁi se'nas b adlABwWIAMHeh Y- indibath BB e PIRWEEmERhas been received
acknow edgnent segnent conveys one-bit of T nformation,

corregilyg The acl«mowledgmﬁnt: qu)mtgitl\m goﬂn@pomﬂmg tagsfbicichom! segments is

traffi ment  has b e e ve orrectl
wansigh B0 i e GEREN Db etBu el SRS EMARLA s e BiiBRtedgment
segméHdd. iHakh trﬁﬁ{o‘segnﬁ@gﬁmb&a@eﬁ%ﬂ%ﬁﬂ@b@&%ﬂﬁrmgﬁ@ﬁn&gﬁ&m For a
there may be no need to convey other information such

down}gk rafdic seamenty dtacknasyledgmens gesmpant isigddle pplingn For an uplink traffic
segméH ktﬂé’ﬁ% %&?%&Bt isAh t&c&%ﬁnﬁdﬂ%@mﬁﬁ%ﬁ%& S
y use user termn g.,

W reless
ack:ndvdedgnﬂmllt sttt cdﬂvb@s birabit of inforaesioheg.as binCindiceing whether the

traffi¢c segnent and not ot her user WO 2004/ 075442 )
assocx‘g@% arppeen gegeived correctly or not. Because of a predetermined
association between uplink traffic segments and acknowledgement segments, there may be no
need to convey other information such as the user identifier or segment index in an
acknowledgment segment. An acknowledgment segment is normally used by the user terminal,

e.g., wireless terminal 1708, 1710 that utilizes the associated traffic segment and not other user
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termnals. Thus, in both the |inks (uplink and
downl i nk) the acknow edgnent channel is a shared
WO e®arie2 as it can be used by multipl e usersPCT/US2004/004700
However, there is generallg}no contention that
results fromthe use of the-shared acknow edgnent
channel, as there is nerally no anbiguity in which
tenniusl@rThvér imibesh thedinke (Lugmk anpdewnlink) dhe skkowlddgohgenennnel is a shared

resouf e o, be 48 B TP MO0y, BEIR 1S kpriengBohe Contention that

resul s FRINE BRNIs BtHE KBAEE ASkhovAed @it aRRhal adihi i9 ?énerally no ambiguity in
representing tinme, a first traffic segnent,

whicls Bygirigrmiiat &) oAlse @ Gagisylas ackyepdeigenent sregmeg@ @@m 9 ¥igBvs a graph
o00 8 QU 3o S AR RGN G RPN % e R o

honzamasa;@mmr lepfeeﬁﬁfmtgltﬁ@s fartespueittiy s@ﬂ&n@ trah@cf beZiEna{ THXA 906 and a
54 representlgg inme. Figure 9 further shows two

Secoq&iﬁra}f K SeERRGRE NP ﬁﬂgure%a@gﬁéﬁw&a sgeongd gEpARPORE uphsk
sl BERRR) B ACKREA IR L6 9% 3% B rsuency nd

horizeatakdxes 254 Iepmsefminglﬁ’ﬁ)ﬁ ]F1gu1tef9€fuﬁh&3h&12vatw0 oplimO2cknoRdedgment
y be a

I 1700
seomR AL DS RaR By e PR ARV Y b PO YA ey BB R Pt downlink
traffi¢ @hnfdnts S90HBAL B ﬁislﬁtﬁﬁ%&%w%%&ﬂhm 763 td ?ﬁ Hhes ation 1702.

station 1702 on the 15 downlink as wel e uplin
The application of the invention to the exenplary

syst 7 ow descri bed i ont ext of .the
IR S e S e Ym0 M8 etikkerchvit R cottutar
wirel€R RatadySte Ny 1P trﬁ@xcts‘é@méﬁt@‘ﬁfld)&ateﬂ%ﬂc%ll?‘by@hé bAE8 stafloR 1702 on the
time-slotted manner. The choice of the usérs for who
downfinks s& well garehstupliak T heranpheatipni of th ma@mmtto ke @mmplary system 1700 is
n
now (g%?jllél?egl]qg rt]ﬁe cthlg@e?c §l|§] Ceheogﬁélﬁte 5({\7\5@9 userun%)e E %ﬁqggasaetst ion 1702 can

assigh Qed tv&N&ﬂib aegrhdifts @t e Ub£TimedMotled nﬁzﬂllnSr quBcBice of the users for
two users are regarded as nutually " st ro;}%1 q‘1and
asNn

whom {{ieg gsementsiige iard & brpadgastonan asmgm@fmt rEgihenaspume
€
w1tho%gb§f§ 5%&1%#%1?}%{%& (ﬂrg-:oc?fl tPrf]% vn%%s’ggs &% a(LL& at &Fg‘{v g%gfé%anatﬁé Bther user.
In this egurextt thé Bk B, re gardedlastmathiflle ¢ s&bﬁgﬁfmhnds Wmﬁt’
(TCHa) 1008, an A (flash) acknow edgenent segment
(ACKf) 1010, 25 a B flash assignnment segnent (ASH)

1 I
L5 gl g TR A e

horizgwtaldxis 100d. Figemukhalso mpkide mrz& O gulBassighpBdt sex@imt (A3G) 1006, an

j thin the f f Al 1009.
IR TEY T AT R T a Y
a B fla8H askip@msh RBEGH mf) 1()@9§@B traffx%Q:hQaQQ@ ség‘f’nénrt @T’@Hb} i®% and a B

usi ng the regul ar si he assignment channel
acknayppd gment segoadng £ AeKirb 09 A&@@‘I))OS sORishif dlpe ﬁrmewe)amtrum of ASGr

to0s R85y PETHRD I B O B B g5 ™

assignment that it is receiving a traffic segment,
denoted TCHa 1008, while the weaker receiver is
s ilastrajedadiigyre d Ogthe ippsisrarant & pawationgox thasfrpeger user, (ASGr),

1006 SETEM rteddRIY L rfif AUMALAIAE s Tl M rPEARHEL Whf@%he mfstmation,

(ASGH), 1005 for the weaker user is communicated using the flash signal. The stronger receiver
learns from its (regular) assignment that it is receiving a traffic segment, denoted TCHa 1008,

while the weaker receiver is similarly notified of its corresponding traffic segment, denoted
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TCHo 1007, through the flash signal ed assi gnnment
(ASE) 1005. In the exenplary system the nobile
WO e@eiovaans 1708, 1710 provide a feedback PCT/US2004/004700

acknow edgenent on the uplink to the base station

1702 to indicate the statu¥-of the received traffic

segnent. 5 The two nobile users 1708, 1710 can use

TCHb 16&h tlyoygtatheilpsh sigaalpdagsizamenh@SGI) el@%dmﬂm@@nmlﬂry system, the
nal s 10. ,Fo

ot e 7706 A8 gl Bl e B RE R e bose

statiohg03 td Ragate the XARELE tt@rreéwvddh@fﬁ@bégmenand hence
communi cates its acknow edgenent using a flash signal

(A(m&) 1010. The weaker receiver distributes the ]
aagiedbe ook BB gD IR b IR B PR hsk®

ackn@¥1adgentient €i@Ralaas showadiu/Fgurs i1 0rigdr thidpKIpbINARX ‘sttbRger’ receiver on the
acity inplication to cellular wireless systens is

downémg suassiagediia be the sisenger transmigienon the yalink angl henge Pwmcates its
o P 539 O SR RCRR |01, e v s s vy
of its delpervd edgernent $1gn’a1 aneusth ahthetdegreehafl faetdem &idi cosnmudnicates it to the

anmbi e interf rence of flash 15 signaling
base?’ dleony L ke s a1 18?‘&%938@% interference levels. It

is a well -knovvn [ nforrratl on theoretic result that
among all noise signals wth the sane energy, Gaussian
nditeecapastyl inplicatiante cellhdmexsilelcapsasibmy is cﬂilscaskedsi/igmaclsp¢ct to flash

SR T L A DT R T T

deperRFRUSY thefaniodheiddahe BERact¥i8i0s 8Ngnkieht inleFefoncdMTHRI RS 8f flash
systemuses flash signals, the inpact of these signals

signaling hism ery enpertan eﬁfﬁpt@nh@tﬁrf@r@mesler@s 201S| ae\sgll kpeifin fformation
theor@@c Hesulpﬁl]fal(.s ?,Igg aanci»ls \IV%F tﬂe slﬁ.%legeg ﬁu%ﬂpﬁlmse results in the

lowe® ebpmitgrmm £bess bw&t@r&f thdrt @hseudiibni hﬂelpaalt}aalﬁlshlgmp non-
exenpl ary set of information, a first set of
Gaussig By et oFencES B Ve e sams &lalmmatet obmiqrrgicay ieonesd in a
wirell S a0 ARl RSt Dol ST Sh T Bh 5 on kb coll i
less that it ofouldiave fvatsi with I{hﬁﬁslamlﬂ:lkdﬂig&ki MThorapplieofor thdl uplihkbs well as
i.n[(or mat | o% A2 1152, information AN 1153; the second
downlizk paths oh el At igTiest $¥8EM$-nc| udes i nf or mation Bl 1161,
information B2 1162, information BM 1163. First set of
informati on nmay be, e.g., user data, assignnents, or
adlkgoellé dljjlﬁtnmtds $wo Seaupldrysset ofahforimafion, mefinsiosst n’hiylfchmation 1150 and

now e enment. r .assi gnnent,
w seoidipt of TorgBp T LA GHROG OO R Sadieifs Ao block n
accortARBSMBHE Prestit ihPentill Urhe WHEE& of lﬁﬁoﬁﬁz{tidn‘?@SO #dl®des information
represents freq uen% tones and the horizontal axis

Ay llﬁiomfmepﬂes éntld 52 nnatnerAgdilé?’ 1he seseedhsed nﬁinfommon 1160

inclof iFfolmhPors: JRAC Wb G s ub, rcRinatn B R chirfset of

inforfnb@nsiihy be, ¥ ©f Wt 108, asEashersh A a@lﬁldvhedg&:ﬁ{elnfso I¥eadnd set of
axi s, slot 1110 represents the time to WO

informaigory maggq,ze PareUdatagekppedgementssor assignments. Figure 11 also shows a
graph 1100 of minimum transmission units (MTU), where the vertical axis represents frequency

tones and the horizontal axis 1104 represents time. In Figure 11, each small box refers to a
specific MTU unit, e.g. division 1112, represents 1 degree of freedom which can be used to

transmit information. Each slot on the horizontal axis, e.g., slot 1110 represents the time to
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transmt a MU, e.g., an OFDM synbol tine. Each square

in Figure 11, e.g. exenplary square 1114 represents
w@roodts4uni t . Each MIU corresponds to a uni quePCT/US2004/004700

conbi nation of resources wused for the transm ssion of

i nformation, said conbi nat?on of resources including

at least two of tine, frequency, phase, and spreading
transmeicceM Tk e gn a@lﬁmwrém tlmel\/@alclrrmpatﬁemfﬁlgxqu dicy.goaxeBplary square

phase er or uadr at,ur
4GB AR YAUN et MR Ll RBSa o wd B R Giom g resoues
used &t twﬁ}aﬂéﬁhﬁﬂdfﬁdf iBRyrmeatiéh, said c&ﬁibﬁﬁﬂbﬂ of fe@&ﬁc%&ibmaﬁ@ at least two of
for a unit of time. An exenplary transm ssion bl ock
time J_fmaemyomﬁs@ rﬂnﬁusgreadmgucgdq ha ag? atergr eV Teay be frequency or
phase,0 ”\’ée‘i’ E] 2’? %g; a Ao 1n %)h&rslsé;%r g{l{dsfgt%nseegorrﬂ;on?nﬂzlfr? rg@rﬁﬁs’l\g t&r]‘eS Qymbc‘OI Ina

CDMAk§stem, aﬁn&TUl urst magebe, @fg. M spirdidingt doda assi §Riddby aunmt f fi®ie. An
identified by those squares with a diagonal |ine 10

exempiarp trgawipdphblork d K9G Bropvniig Elg gHhes thFWét hényiTalsy Toe rl%fprmaﬁon
o U AR L MR ey BB Miision vt
The fifftUst bfminichem @insheasin wits iwjdentified tof thodeesqhviids wiith  diegonal line

transm ssi o bI ock 1 i n_accordanc h
LL16]a DA™ 145 todiah ThE ey dvteaeotyh tadydes L spems. o
exerﬂgﬁ&& Mim 1@@0 isqﬁ%ﬁe f?é{’/ge%f M”IQJS'WM% ikt ehér M&msmlaéés% least a
. The exanple of Fig. 11 i1s such as
majosmbafdhmMﬂmelthmtraM1msblmﬂ< 1106sin apeordeMitgswith theBngghtion. In

somegan S ek sl O RET UL ipe il e a8 1365 O S jrR s e Hansmission

bloclOVEIG. Ahse&Anple L2117 AR eihbadistBns Shivh iHelhdds: 15Ket set MTUs /
second set of mnimum transm ssion units is

20 blp@l@ thth@bnwyb«trrﬁé\éT@a gadds The infamdtier rdhe sdcaed gef pginformation
I T secon | .
1icodE3AGRT 8 {300 SRl B B AR SRR i
transﬂﬁis'éwhdﬁhﬁ@ Gs 1‘dbﬁtff1ddhﬁ/ thoweaatiirefwith A&l s2a eINthesE! 8 Aesd¥ililag from left
i ncl udes less MIUs than the first set of, 20 MIUs, and
to righp nEhepfeconfeeRumpdary et ¢ gnipjmuyn traaan@@% Heitsweldes 3 plds. In

accox?lﬁr? \g@n ﬁﬁqﬁ\{)egﬁﬁﬁ ?Mkﬁﬁ?t ]cﬁ gl%ﬁ)ﬁi%sllfi% - hglg fhe first set of

MTLBnhmho[mmfshe MidJssiaclonfirss &xtd s@f;orMT ddss dsfd\ﬁTUease thhammbdfdr example,

in Figege 1§ S ags Ercliteg i b hseie Vs Ehpd WAL T 126 T Some

embdcﬁ%@ﬂtgﬁﬁé QRohd sét he I\/fTIrJ§ﬁasal9é§ thaﬁ%@ﬂ"tﬂe %@ﬁlﬁelo(‘;f MTUS of the first set of

I nformation 1150 may be conmuni cat ed
MTUsr Hgora 1basan ﬂhaﬂratmm oﬁoﬁl asendodamentr alhestﬁotmatmnnalthe first and

o] 0 SLOS L S R, AL R om0

a w1rh'ﬁbst ©rmifhiomos, 1208 ﬁﬁiﬁﬁ_nﬁnlﬁﬁﬁpﬁaﬂsﬂ&l&f ultshéH&&d in first and second
transm ssion units on the vertical axis 1202

sets qumntmumt@nsmlh@owmt&ont al axis 1204. Figure 12 shows
an exenplary transm ssion bl ock 30 1205 i ncl udi ng 1600
MIUs. A first set of information nay be represented by
a Hikliet1238bwoh ghdpls 200 B¢ hisindign ansRlissorf ynitf(MTIE) dibO@ vertical axis
MIUs in the transm ssion bl ock 1205. The transm ssion
1202y oiéme on Hgshogiggntal axis 2k dhgwe 1%ishows eexemplaw;teypsmisgion block

t of MT
1205%#&;%%1 n%g gg(l%o%/ﬂ{b ocgkuﬁrfg%gg%(@f?\x/{?%ggﬁ %g%gﬂré%rgge!ﬁ?ed by a first set of MTUs
includiniy-abhajoitsy affthdVIGM), ME&G hn ghelisamtmissioh bioakgl 205. The transrmssmn block
1205 may, in accordance with the invention, be subdivided into sub-blocks. In Figure 11, the

transmission block 1205 of MTUs is divided into 16 sub-blocks of MTUs, each subset including
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WO 2004/ 075442 PCT/ US2004/ 004700 -36 100 MrUs. Each
smal | square, e.g., exenplary square 1206, encl oses a
w@aip4lorsaak of MIUs. In  sone enbodi nents, the PCT/EB208€004700
of MIUs may be sub-divided into small sets of
i nformati on, each set repﬂ%sented by a first set MIUs
Wthin an i nd| vi dual sub-bl ock. In conbination, the
100 Mikbis| Eachtsmadfsqpare o graeieamplag saexe A20G eh¢lpsss aswb-bigck of MTUs. In

i nf,or t of .the 5. .
some embodﬁﬁ%nétgigtrlﬁ f;%l{ %ert] %Eﬁ/glg[z 8%56 s%(@i?éﬂ% g/tx $ llgth &E information,
each ﬂ@gprbééntb‘élﬂfyai st SLOMTYPivithin AMiklividfualbstib-Hes&TIhdbMbination, the

sub-bl ock Exenpl ary sub-bl ocks 1208 illustrates 100
smalk sgg of Anformesiongrpigprat B éirst seipaf ipfogaptionTthat is senled eigak majority of the

large %%H%nﬁgmh Egotcﬁtlaﬁg Ek'ggﬁki&ggé b%vfkt @7&1&%&1’3@5 g?}&igalé @Us of an

exemipiyy beb- BlS)ﬁlu IE«énilpdmb sutsblockal 208d11esceitas! @0ty scd)-MTUE kbf another sub-
12 Each circle in a -bl o represents an

blockeake afiaiDARM s ﬂa@s@a%uh%l@cﬁw et oneigisgion beght1205 are not

showh nlglﬁ e5&rd (Y oﬁle{:élfbcﬁlgcﬁsgﬂz{}ﬁ%e st atd %%Pﬁil%lex%gﬁary sub-block

I's used to represent 't ormat i on
1207 f iEAaslt cis@d¢ irod subabhloclnepiesents EadAldi Eg@ﬁhgdnahbne ascendmg from left to

escendi n omleft to rj rsec ircle . )
rght PSRRI Pl NERC FEE Gt iepEame diintormation
in thet 18t 4R b la®Bn Ea&hﬁa@ﬁﬁppﬁje &%Eerﬁlﬁng fr@ﬁl%ﬁrﬁ; t %ﬁi_-int%ﬂecting a

Figure 12, an exenpl ary I's one of the Us
circlaggprgsengs aeindivddual MTHe that 1srU§t:d gmepmsent mfecinfracmiation in the second set of

. | MIU,1211 th
inforii B el 42¢ 1 e PR UG 20 Pt 1T ER sty st he
first SAT&F ih2SHhatisn;RREMPREAMTU 1 2P 8966ther 6t tBE NBtUOMsel o represent the first

either the first set or the second set of information
set ofj igformationnr Exeanay MEY 28P iherfgiked o rerresdnt Hifarnaation in either the first

set 0121?1? E%%lgﬁtﬁ é?t oltf Ilrﬁ‘gﬁ-%g’t%?lelg the o(iﬁ?t?&tlé‘t%gge alg[lla%t is’zwgflm tﬁe 87femplary

transta&eidntbdookal20y. Tharialas t@@aﬁﬁ&@ﬂlﬂlﬂ%teﬂ@ohﬂ@n fitdes M TAr 1209 is not
second information sets. Exenplary MU 1210 is used

used foFarry i SRSt RO AR g P 8 fimst %ﬁ@?prtdﬁaforrm@%?n 64y Ryremplary MTU
I f
12104 {:&&exa#g? ﬁqgﬁzmgt%%ﬁ%gﬁqle%%hmg e %ano%%mﬂdotﬂe sdddnd set of
informatierbl ock 1207 nmay be used to represent i nfor mat i on
uni quely representing a part of a first set of
i nformati on being uniquely defined over the small
SUR 1 QGRS ofMiblfre 1HOMRY QDb-bIRR, & gcs%BQ)l&%tlZ@ﬁ may be used to
informati on may 25 represent a ferent set of
represent xforenation unisjugly, refi@sdoting amﬁﬁmﬁatflrstmct ofonfoometggn bdimg uniquely

ceting i P AR e S by ¥B 1 st gRE O norimation may

represeh@ R Aiffes&it @8 dIlikm Az e W, 110-b16@EbrRAGSM. mOecongy fRENN0-bit
transm SSI on (fml ts avail abl e may be used

informgptiyl wniqumely,a) %éﬁ%@psskblar@pn@gmwtranampsém@us aray\hglreguired.

Trans?ésis%iﬁbebl%gk l?%ﬁlﬁugvﬁé 2(8:{(5{?%6881%16 Ilnpnninﬁ tra m?sn}%) htME#Jmfa%ﬂé may be

e one convey e |n

used, 98¢ @RThgheNTOf alBRated t@fepBdstmtra pfdﬁmlatrheluenff@imm bi® infofmation. In this
transmtted. Figure 12 represents a case where each of

exampleeMHL 10 i che RV ushi s e thsamiopmaliam af the seqog set of
inforraMEdHIE B ideBBndtohS! triimiRla. Wéeﬁe 12 represents a case where each of the

MTUs included in the second set of MTUs is also included in the first set of MTUs.
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WO 2004/ 075442 PCT/ US2004/ 004700 -37 Figure 13 1301
illustrates one nethod for transmtting two sets of

w0 njoafonatl on, e.g. sets of information 1150 apdI/t$B04/004700
of Fig 11, in accordance with the invention. Figure 13
includes a first device, “&-g. device 1 1302 incl uding
a transmtter, transmtter 1, 1304, and a second
ddiigere 13 1804 illustrater ene methed o1 tnsmdiiting twlo setanSimfornetion, e.g. sets

ot A P g R AP R0 P

first deivitidf @ g ldevicEne1 Jo2rindlugial a@fanimiter, Mhb@ittet 150304] nd a second device,
communi cated by signals, e.g. signal 11306,
e.g., dqvigesnd I08daclpdiggatraapmitior ttensmites 84316 Faell devicensaebs, s.g., a base
. i . Y . regul.ar :
statloéﬁgﬁé*lg%ﬁ é&éﬁl&% E)g tl}sece{%/ﬁ'%%htoiuﬁflg ! nji: %?1 @‘Hﬁ Ebst Igeg[ of information 1150

is comanni¢aied dly 8tknbls, Sposiglat | 1806 travb@iteekd flord 83dsmitter 1 1304. Signal 1
transmtted fromtransmtter 2 1310.  Signal 2 is i )
1306 4 ametivecs Tolered Futs the Uadethng ariragtHatssigithl The secopdset of information
16 YatCd gy | '
i e e L R e
Signf? 218 4Snetondsdefesied tdes ths dladndgisdt Imiheieremplaracseios Bigare 13, signal
ni t Sone .of the first set. MIUs transmtted_ b
1 1o e BF S sSLIBiR A PGBISP R CSlia S S g8 12 peuld use the
secorRiRePmehiSB MHEidstits "SorhdloSAT Birst YBEAVIROR itkah it by transmitter 1
signal 1 1306 and signal 2 1312. 15 Figure 14
1304 iwWduishe te esme wosaree piolls s¢oond setdi$Hks tresuttipgtinsome sgpagposition of
. i ntf tion . sets of information 1150 and 1160
Slgnal)? 1?—@%& sigﬂqlﬁ 1%&%‘or dance with the invention. In the
first nmethod described in Fig. 14, an exenplary
device 3 1402, e.g., a base station or a wireless
t ergiraa illustiates fe sneshads dergrmnsmiting twapkspf inéyn@tione4g., sets of
- tir, it j I r ondi- 0 beot
inforfMRAP! G0dhd 18ISl A3y 0Bt SRS REBNAR gy InBhPmetnoa
descrited peFig. V4| an.exemphirgdédceld 146, @128 la Bsd @606 a wireless terminal,
corresponds to first set of information 1150 and uses

includesa) tragpmatter, sttt 3 I capaleypiransmitiing sigaals cegpprading to both
) i t4 .
s 8 SR PGl 0L 190 SRR 9558 5ERRY 3 0

corregntihe fincket bf/infignsitignal SOand egub first setgpfANTWR] Wile signal 4 1408
signal 4 1408 is. _soneti referred to as the flash .

COH‘G%HO@H%&O. Se%?réirﬁ’if Offlm AFBEUPR Tf‘?%ﬁ?n"isﬁ %é?cg_fld éetrﬂfé\ﬁgp&pg\gé?l 3 1406 is

someli @€ lefetdAD a8 't&r\.ﬁ{deﬁyﬂaég%n%ﬁe@ﬁar L VAL signal 4 1408 is

transm ssion unit baSis. In sone enbodi nents,
somepuwmerefgted towe theaflashisigohl. sSigmd #1408 40Barismittechatsitiighee gower level

i.S l.east 3db gr.eater than.the.power .| evel a i ch
han g B i PO Rt B ORN CUFGpdh a7 R cEod iRl the pover
level 8t VK0P sh 4 TAIBSHbhSsisted b 28 MIB: 3R ROMALRA the JoRRr level at which
transm ssion power |evel of the m ninmumtransmn ssion

the mifinug Gaseission yalssmresposdigs & signal 40BH0fraye banswaiteddin some

sl SSi power. | of .t.h Us used to .
ernbof Pkt A B GRARRFRIRE 0 BT uf gt ol S bty g o wansmi
signab® C40imaRe b ogkicte STiel th@emissiolipgweeleddl ofahe RKEMOhsaA Yo transmit signal

devi ce, device 4 1410, e.g., a
4 1408 may also be varied.

In the second method described in Figure 14, an exemplary device, device 4 1410, e.g., a
base station or wireless terminal includes a transmitter, transmitter 4 1412. Transmitter 4 1412

includes a 1% signal module 1411 and a second signal module 1413. The first signal module
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base station or wireless term nal includes a
transmtter, transmtter 4 1412. Transmtter 4 1412
WO p@kotag2 a 1St signal nodul e 1411 and a seconPCHU§IWA4/004700
nodul e 1413. The first signal nodul e WO 2004/ 075442
PCT/ US2004/ 004700 -38 14138-generates signal 5 1414
corresponding to the first set of information 1150.
1411pgaerges sigdal Sl4dAaoramouiagia i fiysirst of m@rmagnxa 1 180. 1BeBsecond

n d set of. inf
s1gn 81 %&%ﬂg i%r%tg%gléfaéﬁglﬁqg cglzisgog&gg e Sﬁ%odl%ﬁﬁt otlmpormatlon
1160¢ @rgaians 14 10ghd Lonkd 8346 bercohdinddymMbitdribdie MiWsprid? to
signal 1420. Signal 5 1414 is sonetines referred to as

transgaprsion i TV wgmgwém% gbigadl SsiddAas smlrmsgrﬁ&rreé ta 45 e underlying
r
or re%ﬁar%?%ﬁi hﬁ.ﬁeﬁ %ﬂal?quﬁgs sgoglﬁ:ﬁﬁiets F o?%@ibgaesr%%%g%h sl l}eﬁgmbmer
modulevd4 B epnglesfora Is@peaﬂ)osﬁlolﬁdféthﬁﬁ@b S g lsighall3t 1414 and s1gnal 6 1416.
Al ternately, the conblner nodul e 1418 may conpare the
Altergaielyothe gpuidmen BodRis it By soawatedhe 3tah T Vs Biagranldgbe used to
t .
s 801 4655 D AL, ol g 016 e
combuiiar epidutehkt 1i8who dn‘ectﬂthﬂnfcrrrrmhgm ai 31§na1 6]1414 iito eaccdf thé MTUs

t MIUs 10Q re oweyer 418 can ,
requeplef; BAEEVeT dnd EHATE AT e pratidaifrogn e cat dIOVTLS Gllafaia for signal 5
1414 1-146'5@ Mhos ﬂr%%sﬁérfeﬁ%‘ )éa@}$ ﬁgﬂﬂ%ﬂhﬂ% 12308 E)h/anﬁilg riﬂ Ithc:6Fi g 11 example,

. For exanple;, in the Firg. 11 exanple,
MTUaH@2 UMY 3 125 adwld be exsdudleddeein camymg argngdl h @14511 @fminaﬁon In this

wey BT k8 S ERGRR 850, L pmpes e et e

of infogphtames] SO sikhd1St 149@twhieH woRldce®yy BB sé{ﬁé Q/ITIU‘ $hNAlplementation
5 1414 which woul d occupy the sanme "MIU.

assumpgsihereseitv et iag grron deteglionrang cpﬁ@ctxo@@@w@htmaéﬁmmm recover the
onglﬁﬁl?s\?/ééft%? @ﬂgrrlﬁ%'hr ?b' S%El% A Rﬂf&ﬂ #N%Q/ n(?t fafl%lalfﬂt{ae t i[%gﬁ, rather than

usingsotiel afpeivsition V@@iaﬂwdorieﬁpﬁﬁimg toekk setbitbset hidyhRrtrdnb@itted without
usi ng actual superpasition, %nals correspondlng to
bemgﬂk}ee@@%ﬁé og étgnﬁlﬁyf te freiaseh mltbt kovirlepping firy éPtrﬁggnals being
discartié ?)Flb%oa%ﬁﬂ Bhshli . Sln%fuclf 98% i &@M’P@E udit it ggg?numcate the
over [ appi ng |rst set si drscar prior
secorntlcse‘amﬁ1n‘éirmhﬂ<anpmcﬂs® te. seﬂ of MUtk nathe&henedttﬂaesﬂﬂk'mn bset that were
t 9 conmuni cat.e e 20 second set of information
Semmﬁ@ﬁ%?ﬂ#@ﬂfﬁﬁf%%?“&ﬁ“ﬁ?ﬂ@”ﬁﬁ‘the shared transni ssion
bl ock that were selected to transmt the first set of
information. Figure 15 illustrates an exenpl ary
délgure 15 dldwsiretes Bn e502plary. dgviceaddyireed 508t €.gn adasestation or a wireless

rermiff EhiERSnay B O vecctl Coln Rt SE0a1R R pdc@rdaREE I ghe invention, and
obtaifveb se? of flbidbdidf¥yha5ieh, i8fo ACESIVAM ihff 10T TRl Ao A’”fﬂ(ﬁ isa
A 1516 and info B 1518. Info A 1516 is a recovered

recoveiedl seffofiinforpatian ewreepsmdingio tien fm@t s of pagifplrge-tgsmission
inforﬂg_gtﬁo%I 1Hi% qu ?O %)f ?J%ﬁ S IglgfosB Jap gr 1§Lig\%téécg>g'er|§§f C)t q’% ir:l'f]c')?n(%at?gn

correslpbﬁd)ﬂhg&b therflrst(sef de&ﬁ‘igﬁmﬂi ipRg tfadsrhid§ioh iffétmARh iffo B 1160 of Figure 11.
re- transm ssion information info B 1160 of

Dev1oplﬁgﬂipg 1§@udes Bdisicecaversisoeiveicl Lsingludingen impalse peaise filter 1510
and afi 856} dfectngd R8Gulk 18 H AN ribind dTREHaS §idhQl § 530 fnbRldink M hats that

had been transmitted together over time, e.g., signal 3 1406 (regular of underlying signal) of
Figure 13 and signal 4 1408 (flash signal) of Fig 13, is processed by receiver 1 1506 where the

impulse noise filter 1510 filters out or rejects signal corresponding to MTU units derived from
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30 and an error correcting nodule 1512. A conbi ned
signal, signal 8 1520 including signhals that had been
WO c@adni4it ed t oget her over tine, e.g., sighal BCLASHI04/004700
(regular of underlying signal) of Figure 13 and
signal 4 1408 (flash signa?¥ of Fig 13, is processed
recei ver 11506 where the inpulse noise filter 1510
the SffCPP@ BHQrmgation set lrlépe dihe r@n@ﬁ@g stgpe} @egBadigngteormemonding to most of

o M PO G542, B A e

through greadrrof cogedtag Iﬁd)d]ﬂkalf) 1200licke sqeonéts g U6st B imafon” iRl thus
[ onding to the first

 MIUs i he, set of MIUs corres
receiy &gkt HtpIon” J16 1 153 @opére@feée@ég@aof hAPBUG#NsIHEsia sebpf information
r
A LS9rBERLL S5 hRl2a ARD S50 15,13 83ty ekround
noiseifgtea 5 1}@ obhe (Emlbm@h‘h gxtal 611520 alshenterseretdiaciI X8| Ghergahe

backggrfg | 1§ err\?]glli t]ie@té Dg\c/%%%ggquﬁgg ggj Iﬁ31?%{sthcl)flil1(iiform§1at1on 1150,

e.g. s%gkﬂ [408)ds n&ied &R Ifehiotv% or]r'ézijeé‘fs tHi8 $ovp RVRI %lglgal,slle%ﬁé aSignal (e.g.,

al so enters receiver 1508, where
the flpshctgnrabuinem vdiichearf gdddefcprmﬁlmatibn efpe-trivsnsssiorasecond set of info B

corres ondj.n o the f t set of j,nformation 1150,
1160 o besr % élﬁsorécelg% rg‘éll%adrﬂeﬁégés or rejects
th| s | ow I eveI signal, leaving a signal (e.g., the

flash signal) from whi ch an good representatlon of
prigetseeaigideyisieoteviesds N verein guﬁedﬁmegomos m%mwdbgnal reception
and uﬁf?sﬁﬂﬁi}tnr gé‘}eggl s%%.llgr%g% ?/1%6'521\/3?’2 L onﬁﬁgg?lgw}}}]??? S;ﬁhs;;[ receiver,

receivdne IGQOMﬂdedseﬁdngi’h&bew@?%B&ﬂvm 1513&‘1 Riebdi 0t 338MNncludes a decoder,
retrieval simlarly to deV| ce 5 1502. Device 6 1532
decodep b 1gAd 1ckuckng s Impssi filer 1544 anderyasrcopreqiigngonodine 1346 Receiver 2

"
1538 I?I‘rr:cglflfég a g@g&dgg 3%8%46? %?gxg éng@ﬁgs%bicgggo%:nﬁc 1sé f&t%§ ?548 Operation of
device ﬁ'piljBS & dimileeto thidiésaibdd evithaespeor toaleviced 150d Udzxeeﬁtﬁﬂﬁ additional
C{? iver, 2 1538 includes a decoder, decoder 2 1542
decoqipg:PRiFsig d5Viss OidgP ouRHIAS PR A1 Feesivers 4336 ezaﬂai%{:i& Qerase
o409, 1558013 P 1 BRIyl ot e
rejecty ﬁ@@psym@@s:wm‘pulsn ngese ioc pexﬁarﬂrﬁwme[omlmr rmgenapem w; g pmsaturation
ol LB AT PP BE % S BRSSP A 4 e e
ReceiStN 843 @&ecbﬂé&t’ché ﬁaM@rﬁﬂ ahtle &8atiR) BE ISwdrlpas/er ¥Rk %ackground
as inpul se noise or perforns sone other operation,

noise Cembingd signalroatiddris Sl@p@r &t Gaprhinad signal 8d 2R endludishboth regular and

s RSB S ] USO8 BAOR Fpcion o

origirai gﬂ&akan‘éﬁmdsﬁmtﬁrﬁadet SUinfdi@aliGVart 1!50\@ IFi %ﬂr@ D&l Réived information set
background noise. Conbi ned si gnal 54 is simlar

B” 13y %WBH’Q%‘Q ta;7 gped regonstpetiqned] t @Pﬂ@m@dﬂﬁ'tﬁa@gmsa@n epgnd set of
inforthatf s $1608¢ SiouReGei ved information set A" 1550
corresponds t6 an a good reconstruction of the 25
orlglnal pre-transmission first set of information A
of Fiqure gl Recelve i nformation set B" 1552
%’%;56%% olheg GEUIPIBY SAe¥IcE IGH b162% Be- BPagiskaion or wireless

terrrmpaﬂ em&ma@,%ry 58 &M&%@avaeﬁ 1893 ankd™f QESRE 100 vE, L8Qe0 1564.

Fi gure .
Receiver 1 1563 includes a decoder 1565 including a discarding module 1570 and an error
correcting module 1566. Receiver 2 1564 includes a decoder 1566 including a background

noise filter 1567 and a 2™ signal MTU identification module 1568. Combined signal 10 1573 is
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Figure 16 shows anot her exenplary device, device 7
1562, e.g. a base station or wireless 30 term nal,

WO p@koTE4my a first receiver, receiver 11563 anBCHUS2004/004700
second receiver, receiver 2 1564. Receiver 1 1563
i ncl udes a decoder 1565 i ntl-udi ng a di scardi ng nodul e
1570 and an error correcting nodul e 1566. Receiver 2

recei y@hand anédrside geceiwe eddés. Irohe deenglen aﬁﬁﬁgofaemw@r kﬁ@ﬁdthe signal may

ve iRty butghon iR B Tl HrBPust e GBI fSh bt of nfo

B>’ BT, Wet0Rd 84 60the vf@iaepel weskn@bdoesd: OF ffb 81160 of Figure 11. In
recelvei 2 1564. In the decoder 1566 of receiver
R}

additioge the % huigral YRRV iepmyificaionmedude &30 Siglenifins clegt @ﬁM&Us 1569
a

corregaﬂ(lsntéiﬁ{g tgl %e@&gdB&dA?tl)ss%%{ gﬁ? S%giﬁ gl?aﬁ 8%??%%[&%% ﬁl‘yh RYtheARcoder 1565
of 1e<§m‘Veg|1nlél63p Iresontie @nisadimsntoths &lentified sk of BITIIS05 73 are one of in-phase

Figure 11. In addition, the 2nd S|gnal MIU
and QUAGHRITE PUTRPYSAISOARICE 20 BEBTEHBARGAL TRSa set of MIUs

1569 5 corresponding to the second (flash) signal, and

sends that information 1573 to the decoder 1565 of

r eCle disn'ardliﬂgﬁﬁvdulleri 530 vétherdeoatient HitSin ededvardelio3fre@ilves the

1dent§&ch§ %Imyli%sg[ggg 1%éet%psgqr?r;rgp‘ger§teﬁgwﬁ@g}aupp ugger é&lethose MTU
units %bﬁ)?@fl’fé'lﬁ‘i@ﬂﬂ&%ﬂ Sitck9 A Pfor Egﬁeﬁﬁg%ulel% 'Alté’rﬁﬁ@l'yvﬁé

1 1563 receives the 10 identified set of MUs 1573 and
mform@}l@m:tdgn@ﬁylrrgelvfﬂb@f theeserorfdooniiliashosighat maecbefcpomy;eﬂ directly to the

uni ts i nf or mat i on enters

error Lt R bio sk ) APpaTe aF sy Ebfad o By set of
inforided Afy 1591 Mikésp&idstbe repaangtion of fHeQﬁéltraﬁérﬁl@ﬁbn B set of

be conveyed dlrectly to the error correcting nodul e

informa@en Wit gyl 1r disléscerdengofridentifisdiNGRUS padribeirsatribution to the
lowe}\gol\ﬁer S&?lu C]? f1n sﬂagé &§ I! t%%{?nor]aét Sllg&g){)glfgﬁ) 8?&)5('11 g tg?hni%.le which

recons € pre-transm I'fs
requitasfties high ipowerdsi®ihl 0dmpoknt dolbe atberathl ¢ Qitdeted f&m a received signal unit
identified MIUs and their contribution to the | ower

beforpg Gigandstlying signal ‘iOHkEIPF‘aIfeﬁoY%?f{ rast to the prior art
super posi tion decodi ng techni que which requires the
hi gh power signal conponent to be accurately
suWhiladtsedbéd mrthacermesiof ed Cilgvialstem| the niefiaisent] Iappax atus of the

prese O e Bl B o oy She ot s inclucing many
non(gpbppgﬁmﬂqgngggg&ggﬁgﬂﬁg the present invention, are

applicable to a w de range of comruni cati ons systens
|nclud|ng nany non- OFDM and/ or non-cel I ul ar systens

var.i ous odi.nmen 0 escri bed ere
| o R S ERe RS R PSR b TRt g o or more
moddlél;&o%kﬁ@ﬁn GHRIsteS ROMEIPRATILS tOBR: G miRMEthBIshAdge Plesdn@Brvention, for
present invention, for exanple, signal processing,

exampies 8igpd DHeqsating, |mﬁssa@ﬁcge@¢rawramimr§@n@wsgxo@ps@ps THbes, in some
embo%lﬂﬁgnt 9.{@0%9 f&lﬁ%& ?fv AL ?elé%t 13&&'&5& %r r§e§8 (ﬁlc's?%laaafiules Such

I Onh are
modumymbﬁbd ﬁ@lﬁﬁﬁftécﬁdsm@ $dfgvﬁé)fHaWa&e ohab@MBfn@tl@ff ofsoftware and

hardvgagg.b M]a%ty Io(f) tnheoa];)oxs;é) Ilgs\clz\glgeed I%Qt%ods or method steps can be implemented using
machine executable instructions, such as software, included in a machine readable medium such
as a memory device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose
computer with or without additional hardware, to implement all or portions of the above

described methods, e.g., in one or more nodes. Accordingly, among other things, the present
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har dware. Many of the above descri bed net hods or
met hod steps can be i npl enented using 30 machi ne
wez@saraht e i nstructions, such as software, i neCT/USZNOH/004700

a machi ne readabl e nedi um such as a nenory devi ce,

e.g., RAM floppy di sk, etle. to control a machine,

e.g., general purpose_ _conputer wth or wthout . .
inventmdds diremed toramaskincreadable mefigpsneluging machinsrgegHablg nstructions

t he above describ T-¥ '
forcaGu ORI B G AL TR (6P Son BB G myg ofthe
steps R QRA4HITE 41 fBed MBI/ 004700 - 41 invention is

directed to a nachi ne-readabl e nmedi um i ncl udi ng

machi ne executable instructions for causing a

nﬁfx NLNSs a8dional R/ﬁﬁ&tﬁﬁ? Sh RN HeMSaO L PRl FURE Sresdn@invention

perf’orm one or nore of the steps of the o
descriBdioabeve 88Kt be hpghrere ththoéeskillés iNdhean i viawdif theoahaive description of

s K S B A0 AR L ARG
metho?%i Léﬂc% ﬁ%)a%aﬁust mh%gfgﬁén@ ieRhPhal BE ABQN QakieB@HitRUImehtOhre, used

ention. variations’ are to be considered
with GIDMA, rthbgomat irpguenty divisiomwahiplesing (EFOM)yenpeayaseis other types of

apparatus of the esent inyention , k. .
comnRRRs SR S LR TS Paihigps
betweg:ltl ﬁ&‘é?sn&)ﬁeg hiYd SiBlRsdMethin Pl € X §ind EXBBJimentd dihcobase arationssestablish

0

er types of LO communications technigues whi ch ma}él :

commineicas@t links rithndeilesmades esire OFRM And/at CHMA] iy karioos ebodiments

bet ween .access nodes.and w ' hfa $99Rants (PDAs),
the WG A AELS e P ] RGO E ST A, Bl bl 366 Rants (PDAS)
or othEOPBRHBIClvi @8 SnollidikSrewvsitdy/ trabiniteer nacess anslilogic @iVt routines, for

and/ or CDVA. In various enbodi nents the wireless
implemeniingdike snethedsiohpreatiewne@ Vel Wot ebook conput ers,

personal data assistants (PDAs), or other portable

devi ces including receiver/transmtter circuits and

| Qi eechnilied oft thelpicsas inventiond May ivp impientented using safivaesd hardware

of the present invention, The_ techniques of th
and/op# eerbinaiion dof B BB W aE She RS aTRE oL brdiegieg to apparatus
e.g., \1212(?1 ‘Q@élﬁtﬂn?ﬁ,gfagé stRiGRRInabAORi AL sP@dh Waieh iaxt[tgement the present

war resent 1 nvention is directed _ _

invengopalt ad alsg direstgl to méthedsess., trethwdmflcentreiling and/ax prewafing wireless
.communi cati ons system which inplement t ~

i BHES RO ARG S BB S B s, LS et the

preseﬁ@hmoﬁf TRE BEsOht ih RaktiaA & Do QRLLA! b Aghchink ebgiable medium, e.g.,
termnal s, base stations and/or conmnuni cations

ROMs ReMNEDs chagd distrostcs which iacleds mapkiae wadable mstrupionsdpg controlling

I nvention. The present |nventi | WE-Tot M -Ta i el
s magh PP L L R iee £ Beof e R St BEE
di scs, etc., which include machine readable
instructions for controlling a machine to inplenent

one or nore steps in accordance with the present

I nvention. WO 2004/ 075442 PCT/ US2004/ 004700 -42 WHAT
IS CLAIMED | S
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1 1. Anethod of transmtting at least first and
second sets of information using a 2 transm ssi on
whb@ak7548ni d transm ssion bl ock including a pl PCHUS1094/004700

of m ninmumtransm ssion units, 3 each m nimum

transm ssion unit correspdfding to a uni que

conbi nation of resources used for 4 transm ssion of
WHATHSOChAIVIED I8ai d resources including at |east two of

time, frequency, phase, and 5 spreading code, the

met hod conprising: 6 defining a first set of said
1. MAYBTEY bf &B]@dﬂﬁl&ﬁig‘)iﬂ 1848t first dndrsecisel sets of aimfoenyiatieh wangla

first set of information, said first set includin
transrgissipe h@?kdatﬁdf%hsmﬂ%ﬂ%*fbl% léchlﬂlﬁgérﬂl‘é@ﬁﬁ’rp fpiggRumgransmission units,
each %ﬁ{npgh]fr{gan"é‘r&gsgﬁygnql%(l:tgcﬁ%gﬁ;onﬁﬁl' o g‘luﬂiéﬁg g%%ﬁgﬁﬁgﬁ §§#eg&rces used for
transthiddieh BRinf@matisa) sduﬁemdessmmdlﬁg at laastnino bf emenfregiensy, phase, and

units including | ess 10 mnimumtransm ssion units
spreagipg godq, fhetmefBed CPYER&t sone of ni ni num transmi ssion

u'&%ﬁﬁ m%ﬁffr&%et Jf]safd %ﬁﬁmﬁﬁﬁ ﬁl@ﬁ%@%ﬂﬁﬁi@ f&fusghﬁ]béﬂ’b@ymg said first set

transnfssion units I ng t e sane;

of informmarion] Laid firsgsdt ecldding bt laastl 2 sEg@TY o§ ealé t]@flSlT]JSSlgn ckon

e Eing g CB0OR R BR A TR PAHT S0 R LA Byig seid
secon@: seﬁTJﬁnﬁ%m inld GL@nMsdt o W RIN t:9AkHiskibh @hftRincRididgSless

east one of user data and control 2 information
minirhuro tradsmigsies kmitshewn fiesteeit &f least smofgmmmvm tHENGPAGSEANgits in the

m1l, wh icating the
frst i Seond et DL gt e son SHRTE R RO SO o
t raRSilinidating tie fereedndl seQsidasRWT (ﬂmfﬁﬂnﬁtmn&ﬁﬂﬁig fhirisumeifechsmission
second sets of information, 3 respectively, from
units gichderl émsaid Fizsh end sacend sets OYMITTREMHEANSERSSET WS m 3,
wherein said different transmtters are npunted on
different 2 devices. 1 5. The nmethod of claiml1,
2. WBeghdthdd6f cSiuﬁﬂBJ\ﬁhe@éiﬁ kaid pefoethaipntie askehg ohe 0 tiseaddta and control
second set of information are transmtted fromthe
inforraafign lﬁlﬁlﬁﬁ%aﬁk‘@?rwm@ge@emisr%‘dr?é%lﬁ‘ﬁﬁe%fm FRASY . wher ei n
said first set of mninmumtransm ssion units includes
at 2 least 75% of the total nunber of m ni num
3.t remeendtesd oficlain t,svheteis @bohntumamsing g fomst zmd@@kondmts of information
2004/ 075442 PCT/ US2004/ Q04700 43 1 7. rrett.hlgd o{.
incluggsaraRsmILtih e R H RSP Ripn (p Seid first arg ﬁ?‘r" jets O information,
respet:ﬁ@éi’%r}}cﬁﬁﬂﬂfélémltﬂaﬁsrﬁﬁérsl ess 2 than half the nunber of
mtransm ssion units of the first set of nininmum
transm ssi on 3 units. 1 S. The nethod of claim 6,

rei r ansm
4 7 oieduST i e S 5GBS SRR Hh Qe onygytterent
devicdfits is also included in said first set of mninmum 3
transm ssi on units.

5. The method of claim 1, wherein the signals corresponding to said first and second set of

information are transmitted from the same transmitter.

6. The method of claim 1, wherein said first set of minimum transmission units includes at

least 75% of the total number of minimum transmission units in said transmission block.
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1 9. The nethod of claim11, 2 wherein conmunicating
the first and second sets of information includes
WO e@adnd4tr i ng 3 said second set of informati oPCTIEE2094/004700
each minimumtransm ssion unit in said second set of 4
m ni mum transm ssi on units43-and 5 wherein
communi cating the first set of information includes

7. trAmsmethbd BOclamh 6, fhdrsin tﬁ@&ec@fld s 8T E{u?ié‘[ﬁ% {r?rﬁ]srélgs(iory 8% has less

fransmtting at | east some of sa
than halh theawmben plminimie ransinssion uhitd Of theHestet dfadimdhusl Binknission

9, wherein said at | east sone of first set of m ni num
transm ssion 2 units includes only m ninmm
transm ssion units not included in said second set of

i%-nun13 transm ssion units. 1 11. The nethod of
cl dierethodiples! éll'ffh@s"éhedelateaﬂb@fsﬁhe somEef trsrwmissﬁm SﬂiltsSlﬁtluded in the

secon‘afsefrbfrﬂlfﬁﬁ‘rﬁhmztr%lg@‘?%%éal %aﬁ'{] al& qgcg]l[n 111S st seﬁ-ﬂ Minimum

transm ssi on uni Secd
transpmssionangs. cl ai m 11, wherein the first and second sets
of information are 2 communi cated using at |east first
and second signals, respectively, and wherein the
9. wq%@q&xhgigyﬂ&ﬁpf conpri ses conbining the first and
second signals t6 forma conbined signal prior to 4
usvhetpin commiunicating the fimstaad eecondiséts ioh Hf @@ oh in@add {transmitting
t

econd sets of mnimumb5 transm ssion units
said S{:‘i"“?‘rss‘iié}dﬁ{lf OTAQN USHHhF47A qUIBIYHR fransmission urik i seed sreandfet of
minin@indkmhshisdoMigikChiy t he second signal is transmtted at

a hi gher power evel than said first signal on a 3
p Sthersim Eemmunicatiegithe Sirss netunfiifobasticn inelndesradigti®ing said first set of

ti fior,st. and s sets of information
oA 0 e B 0T B35 e s,
using mnimumtransm ssion units includes using at

I ﬁ,gst sone of the mninum 6 transm ssion units
i nEF edpdiaf clmd, fihersin sped atdastrsorherofditst mnsfrhﬁmhmm transmission

R Ta J.firs [ r espondi

units LS oy WEARAE boimificn il LGSR S 57 Fevashpelapipimun

transntisagrsmissi on units in said second set of mninmm?9
transm ssion units to transmt a second signa
corresponding to the second set of 10 information. 1

11.  1fpe f evel at

oot e by B St IBPLS o I BRI RL of B

transitigsiarhenits dndwdes sniginalm Itmnimlaﬁsmﬁftﬁﬂ slaﬁl s@&oﬂdeéé§t 3d B
greater than the power 3 level at which the m ni num
transm ssion units corresponding to the first signal

12. i'Bhd m@ﬂh@ﬂ‘of tBfn 11 ]quéem-ﬁlﬂseﬁf@ E&ps%c&gd sceltsaéﬂbiJOHExra{thg grgﬁr

conprising varying the transm ssion
communicated using at least first and second signals, 1espect1vely, and wherein the method

units.

further comprises combining the first and second signals to form a combined signal prior to
using a minimum transmission unit included in said first and second sets of minimum

transmission units to transmit said combined signal.

13, The method of claim 1,
wherein the second signal is transmitted at a higher power level than said first signal on a
per minimum transmission unit basis; and

wherein communicating the first and second sets of information includes:
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2 mninmumtransmssion units used to transmt said

second signal. 1 16. The nethod of claim 13, further
w@ommnTRiENg varying the transm ssion power | eveCT/OB20041604700

2 mnimumtransm ssion units used to transmt said

first signal. 1 17. An app&tatus for receiving a

conmbi ned signal including first and second signals 2

t r ansni U$88 TUBEEITA EANENison uits, ingludes usinprht dexsbsuane of the minimum

Si V& set. of 3 communj cati ons

o B0 B A R S BRRASS: G hin g S it i rensmmit

| efist sigwl cofresjonding té tHerfﬁﬁltLb%ﬂ(éMnfdiﬁﬁﬁSn ahd spreading

code, the apparatus conprising: 5 a first receiver for

recei vi HYf"8 ﬁ?ﬂdﬁ@aﬁﬁmﬁ@amsglﬁalunm nsaid seopmdsrt Oﬁmlmmalm

ch [ ilter

Cr SanflsiaBhls B ubirit oS40 Kbl BFeBindthelo the dc2ind Rt or

comf@spbnoli ng to 7 said second signal as inpulse

noi se; and 8 a second receiver, arranged in parallel

with said first receiver, for receiving said 9

14. corin&fod bPAdm 15 ‘Wﬁe?élh %e?%ﬁ%ﬂ 'Té\%ii%ﬂ v91lﬁ§11 gﬁarﬂﬂl%%UmStransnussmn

second receiver including ter trea
units ggtfr@sjpgn]@n pto thaisdcandrsignakid tngnigted ¢oatrlespadBligr@tel tha%ah@power
nal. as background. noi se. éplS The apparatu

tevel Vo e PP G parePaading {9 thadustaramahis transmitted.

correcting means for 2 recoveri ng information | ost due
to treating a portion of said conbined signal
15. cof é@%b@@?f‘@mm Jurhgr @omewng veiygngaihe &isnsmipsibs power level of the

0754 2 PCT/. 04/0 470 -45 1 19. The
mini ﬁ‘%&‘“}{gﬂ%ﬁg‘.ﬁ{% %H%?Sé’i“ aé PLOR F@P and second
signal s share the same frequency 2 band. 1 20. An

p[rphgrat us for receiving a conbi ned signal including

neber Qled@iyl S ifeisr somprising anying thel treuygeissien powerlevel of the
ntuh , a first receiver for

mini reﬁae%fﬁ%“?ﬁ QR s b B IR s Bebli St T ecel ver
including: 4 i) a first fllter modul e for filtering

17 | ul se noitse fromsaid received conbined 5 signal,
: TRBALUGOE BCH VI eghrambiRsch sgb i yeking Brst pred @é@l@hﬁgnals
transtﬁl'ttﬁﬁ' aboehRl Bgelttfrﬁétfﬁg élﬁ& sec@glﬂ Qﬁwﬁlﬁ %?ﬂ—g‘lg il rl?;gglgg set of

| tering nodul e; TS
comnd@mdomsgresmfrcnsmhm said@vedapinglicpgrte ihdiedd atrlsdst Si@oBtime,

f 8 co %gt dflrséfllter nodul e, said first
requébcf e Chte e e dBRARNFORISTE T ecei ved
C@ﬁﬁstﬁ@@én‘?dr@&qlecé%ng shibc8fbRfReh sh I nf‘l} 5&5\%\%‘1’1@?’1‘&@ ER%nel, said

units; and 10 a second receiver
first recsivgntnchidings fikerdfor wedtion poirtidne off sgd bamkgred sizdaha@iresponding to

said sEdoAM s i§8IsY §ise 12qcOMDi ned signal ; and

a second receiver, arranged in parallel with said first receiver, for receiving said
combined signal from said communications channel, said second receiver including a filter for

treating portions of said combined signal corresponding to said first signal as background noise.

18.  The apparatus of claim 17, wherein said apparatus includes error correcting means for
recovering information lost due to treating a portion of said combined signal corresponding to

said second signal as impulse noise.
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13 ii) a second decoder for decoding information _
corresponding to the second signal 14 coupled to said
wa@ewanas4fiz | t er nodul e, said second decoder detRCTURI04004700
the value 15 of the received conbined signal at a
second set of mninmumtrangs ssion units, a 16
mejority of said second set of mninmumtransmn ssion
19. UnThemeiodBf cREhUdefdhéRinS@l Ckirsddnd debSitd s?%rﬁal@ghare the same frequency
transm ssion units. 1 21. An apparatus rrecelving a
bande onbi ned signal including first and second signals 2
transmtted together over time, the apparatus
i ncluding: 3 a second receiver for recei Elttng the
20. coAhiappatatek Gsrabeaavitl b @embinkd isiadalhlu D it ARSI SIS HAls
unitspgﬁ sa?g conbi%ed signaI@%erespo%hing to s§®§éﬂﬁ
transgpiieshigeethefater timgeths apparalus Bichisling: ver out putti ng
in ' ' ddentified. mni num. .
t ¢ SSTRERE e il B8 DA Sha" b L oL i actucing
si gnal ;i) anfirs? fitef iModtlerfeCRitarBiz ifnpulsk @6RE ¥oRUsS@tdeived combined
conmbi ned signal said first receiver including a .
decoder SISHLIRA NS dfif §1gpak sarsARONSINgstqithie ensahdl sigual being treated as

signal eoRiR$PARYGIdREAEthddule by gl gnal . said
af i

decoder recel ving sai ornation identifying the

i dent i fii)ed finit nlecader fo‘raiascrdixsgsiinﬁmnaﬁgﬁ So@ébpbg@iﬁ% 'ﬂ(ﬁit;h_@%ﬁ_rst dsignal

10 to the cond ,si | and discarding said identifie

i ni nunf Olupffﬁ&n%g ?16% ?@W P’Qg'é]&f yEsiishacaeger determining e value of the
second gtGhad conm&ps%'t{a@ it R DF A0 Rgés}%esri]?rli ?rlgtesé and

22. The apparatus of claim 21, wherein sai
urft fesorsbiiceeispondudiggt o t he second 2 signal are one of

i n-ph d ratu onponent s_of tones at ) )
ot 1o ahe St At SRR b icnund Rope Fomysid received

appar atdembiedsigiaMagdd, wherein said first receiver
includes: 2 error correction circuitry for recovering

first di)ghsscond flegodar fosdedoditg infrempigon bmratpemtinglionhe s@ond signal
e A e . , {0
of sai %oh@l@&‘ td gdiﬁ? gectcn[lél R r%gcllucfg, said steg’oncdO éercgggr%gelnrll ning the value
the second signal.
of the received combined signal at a second set of minimum transmission units, a
majority of said second set of minimum transmission units being included in said

first set of transmission units.

21.  An apparatus for receiving a combined signal including first and second si gnals
transmitted together over time, the apparatus including:

a second receiver for receiving the combined signal and identifying minimum
transmission units in said combined signal corresponding to said second signal, the second
receiver outputting information identifying the identified minimum transmission units
corresponding to the second signal; and

a first receiver for receiving said combined signal said first receiver including a decoder
for decoding portions of said combined signal corresponding to said first signal, said decoder
receiving said information identifying the identified minimum transmission units corresponding
to the second signal and discarding said identified minimum transmission units corresponding to

the second signal.
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22.  The apparatus of claim 21, wherein said identified units corresponding to the second
signal are one of in-phase and quadrature components of tones at different symbol transmission

times.

23.  The apparatus of claim 21, wherein said first receiver includes:
error correction circuitry for recovering first signal information lost due to the discarding

of said identified transmission units corresponding to the second signal.



