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(a) A single transmitter communicating with several receivers, commonly referred to as a
broadcast communications method, and
(b) Several transmitters communicating to a common receiver, which is commonly referred
to as a multiple-access conumunications method.
20
The broadcast communications method is commonly known in the communications and
information theory literature as the ‘broadcast channel’ and will be referred to as such 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
25 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
30  frequently used to implement the downlink communication channel in a typical cellular wireless
systent, 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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a stronger channel than the second receiver. Assume that the communication resources available
to the transmitter are a total bandwidth of W, and a total power of P. The transmitter may
employ several strategies to communicate with the receivers. Figure 1 includes a graph 100

20  which plots achievable rates in a broadcast channel, for a first user, with a stronger receiver and
a second receiver, with a weaker receiver, under three different transmission strategies. The
vertical axis 102 of Fig. 1 represents the rate for the stronger receiver, while the horizontal axis

104 represents the rate for the weaker receiver.
25 First, consider the strategy where the transmitter multiplexes between 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
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204 represepit "Ysmented line 108 in Figure 1 representing the frequency division muitiplexing (FDM)
15  strategy. It is evident that the strategy of dividing the available power and bandwidth between
the two users in an appropriate manner outperforms the time-division partition of resources.

However, the second strategy is not yet the optimal one.

The supremum of the rate regions achievable under all transmission strategies is the

20  broadcast capacity region. For the Gaussian case, this region is characterized by the equations
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25  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 transroission resource and superposed on each other. The gains achievable
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20  protected signal, and the low power signal is also a called regular signal.

The receiver strategy is quite straightforward. The weaker receiver sees the high power
QPSK constellation with a low-power signal superposed on it. The Signal-to-Noise Ratio (SNR)
experienced by the weaker receiver may be insufficient to resolve the low-power signal, so the
25  low power signal appears as noise and slightly degrades the SNR when the weaker receiver
decodes the high power signal. On the other hand, the SNR experienced by the stronger receiver
is sufficient to resolve both the high power and low power QPSK constellation points. The
stronger receiver’s strategy is to decode the high-power points (which are intended for the

weaker receiver) first, remove their contribution from the composite signal, and then decode the

30 low-power signal.
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An exemplary embodiment of the invention is described below in the context of a
cellular wireless data communication system using Orthogonal Frequency Division Multiplexing
20 (OFDM). While an exemplary wireless system is used for purposes of explaining the invention,
the invention is not limited to the exemplary embodiment and can be applied to many other

communication systems as well, e.g. systerns using Code Division Multiple Access (CDMA).

In accordance with various embodiments of the invention, first and second sets of

25  information are transmitted using a transmission block, the transmission block including a
plurality of minimum transmission units, each minimum transmission unit corresponding to a
unique combination of resources, said resources including at least two of time, frequency, phase,
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

30  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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20  minimum transmission units or by puncturing the first set of information so that the second set

of information is transmitted on the minimum information units which are common to the first

and second sets. Error correcting codes may be used to recover information lost due to the

superposition of the second set of information on the shared transmission units. The information

transmitted in the first and second sets of information may be, e.g., user data and control

25  information including acknowledgements and assignment.

The first and second sets of information can, and in various embodiments are,
transmitted using the first and second segments of minimum transmission units, by transmitting
the minimum transmission units including the modulated information corresponding to different

30 information sets from different transmitters, The transmitters 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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transmtte her .evel d first n i mum
transni ssi glﬁ WI?GIBEE?@IH”%]&B%SWWH \“Bgéfl t}é?t AR Otnﬁji ‘gﬁ ﬁPﬁ’d{h ?Eﬁg 1?
units 10 Saofe 6R6O AniHRIM BhLsrhicADS Thitd i8dhd Rcondsed BMBanshiR G BN EAd RBSverdd b

| east 3dB greater than the dE;OV\Br | evel at which the mninmumtransm ssion 3

uni ts corr agpeaidir agemptinghie deceds the mgniaiun gansmzssseri enitscised tecquuwemicte thel finsf

the m ni mrum, i.nf tio unts and d,.sets, sonetinmes.can,
and are. vap;€anBgngion s Blaralitn E3ing h et BRI B RRs BT Spgpme of 2
2004/ 07544 2niRGE1uYE3RA0M: Q04 4R ineRdY@IH Y SechBE St ¢8E be FROULERNE S0RE 8mPB&isidatse
in accordance with the invention. Two receivers, e.g., first and second

recei vers, thmanglofhenat ef ¢muapendéondodeand i n par allel. Once receiver bei ng
used tgsrecover the first set of information and the other receiver being
used t recover the second set of information fromthe m nimum information

units in said tragpsgd 1%5091@105 cbﬁ BEKséMb%BmﬁfuﬁmﬁféHHﬁ)Hnﬁnéﬂ &ﬂcﬁ'ﬁh tol BhtP e
such enbodi nent the first receiver treats mni nrum infor ITB.tIOI’] bl ocks

i ncl udi ng dirsti agdatcoodrsctegﬁoﬁdmﬂjlomolsm@@ Bistown teesmission phis cormasrio eoth the first

i ncl udi ng i npul se ng di.scar.ds herw se m
their cont FPHHG"EQOBH Sets o mit Immmum Y trakisini SSion Ghits. Alteg]agvgly, e 1r%tonnatlon corrcsponmngeio
the first set of 1nformation intended to be transmitted on shared minimum information units may

20  be punctured, e.g., not transmitted, with the punctured information being recovered through the

use of error correcting codes.

In one particular exemplary embodiment, as part of the process of communicating said
first and second sets of information using at least some minimum transmission units included in
25  the first set of minimum transmission units may be transmitted at a first power level while
minimum transmission units in said second set of minimum transmission units are transmitted at
a higher power level than said first signal on a per minimum transmission unit basis. The power
level at which the minimum 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
30 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.



the receiver's output. In such an inplenmentation, the second receiver treats
the contribution of signals corresponding to the first set of information
to the received mninmumtransm ssion units 10 as background noi se. Since the

si gnal correguefndiisiio the second set of information is neFmEddoNs004700
transmtted using relatively high power levels, e.g., power |levels

sufficient to have the first receiver i-Bterpret the signals as inpulse
noise, it is usually relatively easy to recover the second signals even in

the case where tWeiogs giealver eabsdispan didghstibletil@cddrdgice $6th tBE inveh@siretven
appear as background noise. Since the effect of transmtting the second set
of i nfor matFEHVErS e85 THardsreapd IfP‘Fﬁl‘feéﬁj C@’@)OPféﬂtﬁtlmd?@F@f}p@WaE@'nbmrelleln0@106

used tr ansavic i Rapendf Eabaf: Bk AoteeMARoIEh ol GE8S: (RebipabEiRat,

al | owi ng f aecdveethegeamersyt offmfannatﬁmsﬂmmmm@mfmmwinfdnman@mumesamaxdttfhrnmlalohhe
use of conventi onal error correction codes included in the transmtter

i nf or maPi orPlocXoviigh ascckely Erporiftagnin Gie supsemMbvEmendhs fias rm@pw aeals mihisoim
| ncl udes t ek BERV b indIUIRY §stenb PLAIRNpddf) 149 dDthd NIBPERGEIN LD

parall el Irst recelver 1 es ransm s

corres pond ihdudihg tapaennbiseindot. gi, dfsosraBtipodies 6 cghamﬁﬁegimnﬂﬁi&% theirtoRttiBution to
transm SSI o units. It then cgnveys i nformation indicating which received

i ni num KRPYET SRR {55%h ApdaplsmentabionHhe swenhiEcPiyPbiteais iheisortsibution ehe
second r ecﬁ%ﬁfs colﬁg)oﬁﬁ& g t]?esfu%@%?bf/ ﬁforﬂfaﬁ&%dt%e% Qvgg g{n@g@@aﬁf%gélo%m&s

correspond to t Sec nd set o or mat| on

remai nilog rae bedkeeslnd noisay Bidce altssigss comtespondiag tdiho eeconti @etvfihfimefion is
di scarded mninmuminfornation unjts tends to be small, e.g. under 5% of
recei ved nilorRahy Cansruierhisimhelatively high pawsy levsles.g., ﬁ’ﬁé’%@é’@]ﬁd‘lffw {achave ghe

normal ly a h the
use of )e/rr(t)}irgtcrgéérllééétléto %/tet e@ggﬁaélge%g %n cﬁuiseﬁoyesg,tl?{ u%%I )&%E&?ﬁ% %E&st? I:;en#{%pt $tion
agai nst er rs@é@dck&gﬁalscevbﬁ)ﬁﬁtheba@ﬂﬂhdﬂ@tﬁe@@ﬁfs cotBipHd tink 6 U BTirSSde0Bf Whfdritition

during transmssion. WO 2 004/ 0 754 4 2 PCT/ US2004/004700. -9 In various
embodi ment £PPEFE RIGKEFPUNE A0jsg e STcR dhaselfrst ok tgans ity ng Breesemd sshotBragliphisa

mul ti uger . ?gﬁ%si ﬁﬁﬁﬂe&@o &Ya?itv% Ope&ﬁ}bﬂﬁ'ﬂ? H tidndd %be‘{ Block W@% efféct%'f% tgﬁl'\ Bower

design ye terns o I ona mance. € rnve

di scl oses ngpmals @ftheclgnaaeu&dpernpmalthe frst s:emdf h@onﬁaﬁ@ﬂmﬂaaﬁbé ogryhedahizéche
broadcast channel and the multiple-access, channel. 5 In the broadcast
scenari o, ellgwingfoshegreovernpfsimytos pnf@@ﬁ%@nd@traa&yéaaesﬁhmuah ithausgfof capeniana

[n the context 0f.df BARTRLREN HYR EMMlorbis ikfoRRAMEL Ler TS the base station

comuni cating 0

20 In another embodiment of the invention, an apparatus also includes two receivers.
However, rather than working independently in parallel, the first receiver identifies minimum
transmission units which correspond to the second set of information, e.g., high power minimum
transmission units. It then conveys information indicating which received minimum
transmission units correspond to the second information set to the second receiver. The second

25  receiver discards minimum transmission units corresponding to the second set of information
and then decodes the remaining received minimum transmission units. Since the number of
discarded minimum information units tends to be small, e.g. under 5% of received minimum
information units in many cases, the second receiver is normally able still recover the full first
set of information through the use of error correction codes used to protect the transmitted

30 information against errors due to loss or corruption of minimum transmission units during

transmission.



the cellular downlink with wireless receivers, e.g. nobile receivers. Mbile
users in a cellular system can experience a w de range of SNR conditions
due to the vy R7ddp path loss as a 10 function of locatign within the

cel |. Assume without Toss of generality that the base stati bhV/Ha¥M4/PQE00
signals that it wants to conmuni cate simul taneously to two different nobile
receivers, experiencing different path loss. The regular signal is intended
for a receiver hadriotspabodittss, vehii @i i in a0 Ch
is referred to hereafter as a "stronger' ?ﬁ%ﬁ?&%@%@@%&%ﬁ@@?a
termed a ' FIOTWEE CmyRigian sysism Whidepens 4 wseeiser thetdk eimiple acadsiparyet fadtust in
operates o qual it annel..w t.h .l ower SNR. The categori zation
of nobile }/e?(i:%iil)go g@gﬁi B O GaE F]n“e%%{k(iwlo?eé nﬂ?ﬂfﬁ e&ﬁg@yecsugﬁ@opgoacodmg
rel ative dedchniighéscfor both tEOR@ASH dHafrt] GAdiHeGnilapRccdts 8fandelien the airlink
resources should be partitioned between the regular an tnhe pr ot ect ed

si gnal ,Swhich is not optimal. In order to differentiate the 20 new

super posi tion cqdi iscl osed .i his invention, the exjsting nmethod
of superpositi oﬁpegggfdr%ﬁ%gg%egﬁ%’cf Fnt ﬂ\@e QEWtSEW&d%gW D Pl‘géﬁgpégacplgpr&
referred ton @8 contbRssHitk@bxenplR9sPQSh] the Fraf@RkBHs thdlbdsh ‘é‘ta{i@ﬂ’é&gﬁtﬁ‘nhictﬁ ing BYei

g, bo €

docunent. In the context of classical superposition codin
prot ect ed Hiegablangewnlink witly wirglessiegeisgrs 2.9 mobilegeicivers Mblife dshss in aapkular

airlink re Qr. -ex I supp t hat..the airlink resoyrce to transm:t
both the SO e Perie Ry e AtPRRY SRR tody gt bube Raddiegdn g dips a5 .

AK.  Fute hefumtién sfippaks wiklah th @1l Aeaieakitiiod @ bl pdrRrdlRy GAE i tikd REQSIRLI on
bits and the protected codeword is to carry N information bits. Assune that

both t he r8¥ubiaRalaihgt it manfsrio coamuuicssdbnwsliansoudy fd e dffSiént (bbilaregeivhas e

shift keyi . o) e+l assi cal position coding,, the Mreqgul ar
it or mat | oAy PRt Bt o b The AR TE Bl RE ok R o T vt e et
as convol uhighawedignal-tcacikdgitiodBNR) ehikh kadReelitd Berdaffertah 8 NstFARRR dedefreK THRSK
synbols Bl, ..., BK Meanwhile, the N protected information bits are

converted $oBhyeh lernedy aorried’ Hgnabhisinended foradivwegkest reniyer theUggeraiss over

convol y¢i o 109, an C its . are then mapped to K BRSK synbol s
a8 OB A o B RSN e SRR B et R T <
and the K BRSlKes Yo lstati¥ehd QoM eMhiiad defifiid4.US2004/ 004700 - 10 fromthe
regular information bits are conbined and transmtted using the K airlink

resource synbols A, ..., AK Al=B1+Cl, ..., AK=BK+CK. In the conposite

ignal, th mbol | ]y transnitted at,higher..
bi ¢’ ordor "1 niteotrEo SRRy by SR G AR ERobisE P bbb
The regul abets¥aiMk Je & dntaRspiotdcd stinal, hadh i abdopte! InRR¥& o Hﬁfer&itilfatq the S

this exanple, and indeed in general, the energy of the regular signal is
di stri Bt etew AEReEpaaitiontogding method disclosed in this invention, the existing method of

superposition coding described in the background section is hereafter referred to as “classical
superposition coding” in the remainder of this document. In the context of classical
superposition coding, both the protected signal and the regular signal are transmitted with the
same airlink resource. For example, suppose that the airlink resource to transmit both the regular

25  and protected codewords comprises K symbols, Ay, ..., Ag. Furthermore suppose that the
regular codeword is to carry M information bits and the protected codeword is to carry N
information bits. Assume that both the regular and the protected codewords utilize BPSK
{binary phase shift keying) modulation. In the classical supposition coding, the M regular
information bits are converted to K coded bits by an encoding scheme, such as convelutional

30  coding, and the K coded bits are then mapped to K BPSK symbols By, ..., Bg. Meanwhile, the N
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 symbois C, ...,
Ck. Finally the K BPSK symbols from the protected information bits and the K BPSK symbols



degrees of freedomon which the protected signal is transmtted. The powers
are chosen at the transmitter in such a manner that the weaker receiver is
typically only in a position to decode the protected codeword. The regular
signal sinpl wPRBEHs34» 10 as noise to this receiver, The stp@n@dbodiReBhver.
on the other hand, should be in a position to decode both codewords. A good
decodi ng strategy that the stronger recdOver could enploy is to attenpt to
decode the two codewords jointly. However, this is often much too conpl ex

for pract ifeat theeegilaranformbencisits drbeorabined agyrasbadtdd/useiipihe Fe dirk febifirce
stronger receiver Is successive decoding. The stronger receiver first

decodes t h&YHPYS dat ed odeTBritt t-hehkz I e comppwin signal, 1he potgstesi symbols
recei ved si ' . I ich is the
codowor d oft Brpaidehidtelk ARSI PE ORI Bk (R IBE e YLK R B 10E R
above succesasivwehanangdiablyahe regaiha sycibole diogansaiivesient felytivedd lowet@ydePer bit. In
acconpl i,shed robustly. If the SNRs of the stronger and = weaker receivers and

Y., . [ Weake
the rateés (tHAEXHBRIE dnddndesd Hoeewrahihe snarsyobihe regikay stanal isididribeted pmengplfithe
super posed ;5] re.t 1 uahl. : power, then
cancel | ati gﬁg‘g%ﬁéé%g?%t‘{é@?%gh h%gggth 8&3@5%@%@“@?&. cult or inaccurate.

(bst acl es to successive decoding exist in practice even when the transmtted

powers on the two codewords are different. For exanple, npst conmunication
systens experi erldg PAVEBEFFeehoset aldhe frapfpuder igsughyemapeasitha the watkek eecaier i ve

and has. an G R B R ddodE A FolRH b B b SRR il R

esti matlon apabisetd thiswedetler SBheCrvmgen reedi vedNorsths oeEs hiugl, aodd BEP £ peition to
self-noise. In the context of classjcal superposition coding, channel
esti mat i on deeAdsdopindeyordipe aoae deeasknseitratagy St dre fioagersperiverconl dsigmay is4e
the st rong%&e&lgﬁﬁ'dé%de 06w S &?degB s jﬁ%ﬂﬁ?ﬁw&e&'}hﬁﬁé 8fteﬂ‘§%cﬂ?o§>ecoﬁ%ﬁé{f%&“ | al
energy, especi y when conpared W t'/h The T ow power superposed signal.
Consequent Ipyactitilgeciivess. Hengs the @ced gyarsudtbyenisibydichyathk etrbmzed eetler ishacdeegud ar
codeword correctl % given the residual cancellation error. WO 2004/075442
PCT/ US2004 /doersiegy The stroraes cehyrs fiest deqedes B pratectsdcosdsward tien syhtragihit from the
cl assi cal Si.k I [ ' ' i f ,

codonod ovsn BadRRey ARG AT} bpdES e IR OISO, whioR iPRYEEARd o

concent r at gnteRktSto @IRESt@gaecgveandn practicd, Aviveheg) e sbofe shcarsioscantbRation and
concentration of energy on a limted nunber of degrees of freedom in

accor dance A&Fding sfhemayraytnop Alwaya be peqoatnbishedaehustlygHithe BNBs oh Hie sSeAs|andt i on
ceon : vors !
e ATl 6, 06y S LG

energy inclu n accordance w
invention, stp@p&sresipralsard dehsmitted at roughly the same power, then cancellation of the protected

20 codeword may be difficult or inaccurate,

Obstacles to successive decoding exist in practice even when the transmiited powers on
the two codewords are different. For example, most communication systems experience a degree
of self-noise at the receiver. Unlike additive noise, this self-noise is usually correlated with the

25  transmitted signal and has an energy that is proportional to the transmitted power. Channel
estimation noise in wireless communication systems is an example of self-noise. In the context
of classical superposition coding, channel estimation noise causes imperfect cancellation of the
protected signal at the stronger receiver. The residual cancellation error may have substantial
energy, especially when compared with the low-power superposed signal. Consequently, the

30  stronger receiver may not be able to decode the regular codeword correctly given the residual

cancellation error.



codeword is concentrated anong one or a few degrees of freedom Using the
above described coding and transm ssion nethods, nultiples sets of 10

i nformati on aap 2R/0b¢@nsM tted using a shared overl appi ng SF&T@%ZWMI04OO
comuni cations resources, e.g., tinme, frequency and/or code. Ot oS
additional features and benefits of theli-nvention w | be apparent in view
of the detailed description that follows. BRI EF DESCRI PTION OF THE FI GURES

15 Figure 1 show@mnathey diRdustibhUsisagpirag tha wWieeabissicalauperpbiitien boding giRsibutes
channel for a first user w.th a stronger receiver and a second user with a

weaker rec@ieveerstindthe profeeied gpdaverrd aver eaphnplsthe degrees oftirasdem) Bds dpparledure 2
illustrate .t i i t i on. i.gure
3 17 ust r st RLey RS iy GHAR GR%rh 10D ERRLDG B TR RO Al comey
an exanpl ea Ghitel aahbstgfatcpess bf feedoarimgicotdanaowith drrif eentiohfatfigates?daspr esent
invention. Figure 5 illustrates another exanple of flash superposition _
codi ng,3 i ndeiedionaad cancritation ¢fdhe piplesind signal attheyeceinet, geerr whghths jogerall transmit
concent rat %)Li%cﬁﬁ@& BYih0Rud s THAON sihiGAH %ﬁ%daﬁ% A HeSnbe ti'oh%i[e ’éﬁ‘érgg in the
exenpl ary superposition®coding 1n a mul'tiple-access chanhel ~ SAown as
a conposi t eodewardis cohcertardensingloneor 4 &sedsgeesiof fredmndance with the present
i nvention. WD 2004/ 075442 PCT/ US2004/ 004700 -12 Figure 7 illustrates
exenplary traffic segnents and the allocation of traffic segnments by a base

station to a usef... K il - L gn ts
correspondi ng t@%g@%{ﬁg@g@é@h?@&ﬂgﬁ%% {%Irﬁ@@rng feﬂsﬁﬂ@)}%ﬁ% ary
downl i ok t inéidrdration egbhiransnadned athhoedemeapping egE obmmukiogtioms kfburces,

illustrates exenplary assignnent segnments, downlink traffic_se nts, and
10 acknow éégélﬁ’@nffe@%?@ﬁiéﬁlﬂ‘g‘)f Gader Numegous ddisinwl{eaturss a&%hﬁmtfe%gg%}wntwn

segnents egg 11 I I ordance with the present
i nventi on. a@?‘é%?@aiéi’l‘ ﬁﬂﬁ?@%ﬁ@éfeg%gﬁ%g%%%?’slﬁ)g‘%' information, a

transm ssion bl ock of mninmum transm ssion units (MIUs), and sets of

m ni mum transmn ssi on unis q artil |y overl apping, that 15 may be used to

define t heBREEE DB PR > used in part or whole to transnmit
15
Figure 1 shows a graph illustrating achievable rates in a broadcast channel for a first user
with a stronger receiver and a second user with a weaker receiver under three different
transmission strategies.
20 Figure 2 illustrates an example of superposition coding with QPSK modulation.

Figure 3 illustrates an example of pulse position modulation.

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

25  present invention.

Figure 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.

30 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.



signals to convey the information, in accordance with the present invention.
Figure 12 illustrates another exenplary transm ssion bl ock of MIUs

i1 Tustratingydaospgsz transm ssion bl ock may be sub-divi delgb.fi/ﬁg oS4h5dg! ocks
in accordance wth the present invention. 20 Figure 13 illustrates one

met hod of transmtting two signals correrponding to the two sets of
information using different devices with different transmtters, each

transmitter gerEgati7iludrasds@ramphey freFieeeghads il BBa1s&k oo kafRy é&gﬁlieﬂ bylal
accordance with the present invention. 25 Figure 14 illustrates t ot het
met hods of B&&HaMR Pidethe two sets of information using either a single
transmtter which outputs tw signals, each signal corresponding to
information in one set of information or using a single transmtter which

internally conbiFigewe®BhBustakggrabmpiry assiputiebt segr@hRGbfeGRAMRINGRE nRFERbmbfks.
accor dagce with the present invention. 30 Figure 15 illustrates two devices,

i n accordance with the present invention, including filtering and an error

2004/ 075442 PCT/ SRIBE T8I0 o §E BFhEE Rl s SRR RARC, gna

and retri ewegmbast wo sets of information which had been transmtted. Figure
16 illustrates another device, in accordance with the present invention,
including 5 an MIU signal identification nodule; said device includes two

recei vers, and bst-dB VY : Y conbi ned.. si gnal . and
et eve tuo serabap 18R RehE RN, ATk T
i1 1 ust rigt esackmoveledgapient yenis,) nihef! the Asigiiehemd ARhENRELEMEt kBEmERPSHcALYS
10 and net hods of the present invention. Figure 18 illustrates an exenplary

base st at i ditsh spReERasHicBForingde aeraadance wishithe prgeent Byvesiéen. i nvention. 15
Figure 19 illustrates an exenplary end node (wreless termnal) inplenented
in accordance with the present invention. DETAILED DESCRI PTION 20 This
invention is di rigired] ildustimes Srextinplarpsets sfdafirvetiorn, @aRnk@LeHn HiickePdhingmirhat
enabl e
transmission units (MTUs), and sets of minimum transmission units, partially overlapping, that
15  may be used to define the sets of information and may be used in part or whole to transmit

signals to convey the information, in accordance with the present invention.

Figure 12 illustrates another exemplary transmission block of MTUs illustrating that the

transmission block may be sub-divided into sub-blocks in accordance with the present invention.

Figure 13 illustrates one method of transmitting 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.

25

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.

30
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



decodi ng of the regular signal w thout being conprom sed by inperfect
cancel lation of the protected signal. Figure 17 illustrates an exenplary
comuni cati o 1700 using apparatus and 25 nethods

with the pr eg@n@“?ﬁﬁreqnztr on. Exenpl ary conmuni cati ons syste%@@%ﬁ&ﬁl@%wes a
plurality of base stations including bagg-station 1 (BS 1) 1702 and base
station N (BS N 1702'. BS 1 1702 is coupled to a plurality of end nodes
(ENS), EN nalBe&ised rébavewcomblaedmg@l@ﬁardmmhéM@seth%fd&ﬁgsﬁwwﬁéﬁd
Simlarly, BS N 1702' is coupled to plurality of end nodes

1708', EN ReepAzamsmiged. wirel ess |inks 1712', 1714 respectively. Cell 1 30
1704 represents the wirel ess coverage area in which BS 1 1702 may
comunicate with ENs, e.g., EN 1 1708. Cell N 1706 represents the wirel ess
coverage area i Rigohd DhilRSrdveslatOtier dBYce, 60 RIPOIaBAS FitWich tnﬁzeﬂtmn EN1dding
1708'. ENs 1708, 1710, 1708' and 1710' may nove throughout the

conmuni Tat ABNEL Y jigpalifantiationmogulsesaid daviasriaclBisTwo m@xveﬁs ahtl §a10 Zeviae mayD

networ k |1 Bl ALy 30 it sl SRR Re o SR Bl bR Sench ety ca 1o

ot her net waahsmiitiekes, e.g., other base station, routers, hone agent node,
Aut henti cati on Authorization Accounting (AAA) server nodes, etc., and the
Internet via network link 1722. Network |inks 1718, 1720, 1722 may be,

e.g., fiber optg 1722 rovr es .an |nt e out |de
t he communi cat i of«%sf;e??s%tlw&éﬂ?’m gmﬂ%‘&p% 10T 95 eml'—ff@lenil %’ﬁ_r
W t h nbdlesamlinsihdds sitat prasdnt@fventibgure 18 illustrates an exerrpl ary base

station 1800 in accordance with the present invention. Exenplary base
station 1800 may be a nore detail ed representation of base stations 10

1702, 1702' of ncl udes a pl.urality
of receivers, E e| verl}l%i%%és,eﬁ?ée%é%\l/ﬁgﬁﬁ %@%h?ﬂpﬂéﬁﬁ%teﬁﬁ Ccé’%gwaﬁvéﬁﬁt Yers,
transm ttepreﬁeni&il&@ntubrr ansmitter N 1814, a processor 1822, e.g., CPU, an 110

interface 1824 and nenory 1828 coupled together via a bus 1826. The vari ous
el enents 1802, 1804, 1810, 1814, 1824, and 1828 may exchange data and

B g N e R

provi di ng accerdanéowith e fraset Biveidtioan 1800 to communi cate, e.g. interchange
data and information, wth end nodes, e.g. wireless termnals, withinits
cel lul ar coverage area. Each receiver 1802, 1804 may include a decoder 1803,

1805, DETAILED DESCRIPTION

20 This invention is directed to transmitter and receiver techniques for coding that enable
decoding of the regular signal without being compromised by imperfect cancellation of the

protected signal.

Figure 17 illustrates an exemplary communications system 1700 using apparatus and
25  methods in accordance with the present invention. Exemplary communications system 1700
includes a plurality of base stations including base station 1 (BS 1) 1702 and base station N
(BS N) 1702°. BS 1 1702 is coupled to a plurality 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
30 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
comraunicate 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



20 respectively, which receives and decodes signaling, which had been
encoded and transmtted by end nodes operating within its cell. The
receivers 18 y be any of or variations of the exenplary receivers
shown in dev%e%ﬂ%‘g%%ggg of Figure 15, device 6 1532 of Fi gJ’ ’9%298/4’08?703evi ce
7 1562 of Figure 16, e.g., receivers (15@6, 1508), (1536, 1542),

(1563, 1564). The receivers 1802, 1804 shall, in accordance wth the

i nvention, cBepiaPicea AQwhREROMEIA CCRIRENBE AR B8NP 2d ' reqular or
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device 2 1308 of Figure 13, device I'gure

Fi gure 14, liekd722 provides an énterfaded@aside thek®ityni¢atidfd pystérh 470D, allbhng users, e.g.
transmtte 1802, 1805 shall, jn accordance with the invention, be able to
transmt oft'Sotd CORPPRIGHe pith ‘?Qdels gl SYHegA78P- or underlying signal, flash
signal, and/or conbi ned signal. WO 2004/ 075442 PCT/ US2004/ 004700 -15 The
menory 1828 i ncludes routines 1830 and data/information 1832. The processor
1822 control s t Neguopid dhistrates bn ehemplasebast station 18GDMH dyorkacdiivithghe piatdnnes

1830 and utilizin data/informatigpn 1832 in nenory 1828 to operate the
recei ver (s)VFEE9L Bxpaplagyiase F%‘HE%RW%W%‘Y b?ﬁQI@?reélﬁéﬂFﬁ éepraggniagios of haw staiogs

and to Sont 1o Hu e 1 Tl b fon AR Bl iR BB RR e v
present i mwener dl80AabexvergN U B4, ggriembity ditraandittars nenkmiticon 1B10cwarishmiee N
o1 nal 1 nt dSHbQUTCSTE 14adcr By LD 6n Jarmior e SR AR b ERIRD P A FogigaBsher
i nformati or; reak| r i r i Ogh. i nt

provi des bt SRS, TeBRecheRemenu 1802 1808 R0} it 124, o RIE RS chBhhee
net wor k 10 dnmtaded jinfermatidnndwer reslii@2ée net wor k nodes, routers, AAA server

nodes, .hone agent nodes, etc., thus allow ng end nodes comruni cati ng
thI’OUg|llSWi reless links with base station 1800 to connect, conmunicate, and

i nt erchange dagg, t%ﬁgivieﬂfl%bﬁ?‘iédl&n‘&i tﬁé‘tr%s%&exﬁ%io,“&q@f%e go\g:ﬁed toPAREL 1 SR

node, throughout the comunication system and external t e conmuni cat10n
system e. d808 mdl 818 1820 enpativellS plRyvidinge svay §80the hateudeti o h80ino catnnamscate,
routi nes 1834, and base stat,ion contraol routines 1836. The .base station
control rofits HEETEEage daty %3@@9%8%%%@%@%% e v@%‘eﬁ%ﬁs tefStiages Hhia g

cellular coverage area. Each receiver 1802, 1804 may include a decoder 1803, 1805,

20  respectively, which receives and decodes signaling, which had been encoded and transmitted
by end nodes operating within its cell. The receivers 1802, 1804 may be any of or variations
of the exemplary receivers shown in devices 5 1502 of Figure 15, device 6 1532 of Figure 15,
or device 7 1562 of Figure 16, e.g., receivers (1506, 1508), (1536, 1542), (1563,1564). The
receivers 1802, 1804 shall, in accordance with the invention, be able to receive a combined

25  signal including, a regular or underlying signal and a flash signal and retrieve sets of
information corresponding to the original pre-transmission sets of information. Each of
transmitters 1810, 1814 may include an encoder 1812, 1816, which encodes signaling prior to
transmission. The transmitters 1810, 1814 may be any of or variations of the exemplary
transmitters shown in device 1 1302 and device 2 1308 of Figure 13, device 3 of Figure 14 or

30  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.



correcting nodul e 1840, a transmtter control routine 1844 and a receiver
control routine 1846. The data/ information 1832 includes receiver

i nformation ceived information N 20 1852, transmﬁcf,ﬁgzg&rmg-)o@n 1
1854, transm&(t&%ﬁ?%?&rrgtion N 1856, identified MIuU i nf ormation 1858, and

user data/info 1848. The user data/info-13848 includes a plurality of user

I nformation, user 1 information 1860, and user n information 1862. Each user
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N 1856 may include a set of i nformation that na correspond to a second
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second set of MIUs to define the second signal. The first and second

transm ssi eystbmpelgs virathedeteties sane. I n such a case, transm ssion bl ock
informigi on which specifies the size and/or shape of the shared
transm'ssi on bl ock may, and often is, stored separately in nmenory 1828 from

transmit inf or natdyined BE inbRE6 colRRMi486hd hAnds (83F0and Bisk UESn Boftidl buts
of recovered information fromreceiver 1, 1802, e.g., information 15

cor r espondi336t ha bﬁ&ermtltmstonb”bl wiutine 4836 ineludehabchsasler | 83 #nesiop detection and

i nformati Oncorr-(la-cr:]t?ng moguleﬁ%ao a transmitter control routine 1844 and a receiver control routine 1846.

The data/ information 1832 includes receiver information 1 1850, received information N

20 1852, transmit information 1 1854, transmit information N 1856, identified MTU information
1858, and user data/info 1848. The user data/info 1848 includes a plurality of user
information, user 1 information 1860, and user n information 1862. Each user information,
e.g., user 1 info 1860, includes terminal Identification (ID) information 1864, data 1866,
channel quality report information 1868, segment information 1870, and classification

25  informationl872.

Transmit Information 1 1854 may include a set of information that 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

30 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



recovered informati on may have been recovered, e.g., froma regular or
underlying signal. Received info N 1852 includes a second set of recovered

i nformation (95905 sgyyver N, 1804, e.g., information correspop %5[9005%0

second set of w re ess termnal pre-transm ssion information. e second
set of recovered information may have bewn recovered, e.g., froma 20 flash
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being serviced. Channel quality report information 1868 may include base
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termnal, as a "stronger" or  "weaker" transmitter. Communicati ons routines

1834 i ncl udisseivad ifadN ¢8FAvunludas i svvond pesiaf ceovored inflormhtion from receiver N, 1804,
e.g., information corresponding to a second set of wireless terminal pre-transmission
information. The second set of recovered information may have been recovered, e.g., from a

20  flash signal.

The regular and flash signal defining each original pre-transmission set of information
share some common MTUs. Identified MTU information 1856 may include a set of identified
MTUs in the second or flash signal, the set of identified MTUs may have been obtained by

25 receiver N’s decoder 1805. Identified MTU information 1858 may be forwarded to receiver 1
1802, where the receiver can exclude those MTUs before passing the received signal to
perform the error correcting module, 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,

30

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



15 may be used to provide particular services, e.g., |F telephony services,
text services and/or interactive gamng, to one or nore users end nodes in
the system [s0on control routines 1836 perform func}di i ncl udi ng
basi ¢ base sta ?%%Bﬁ%%%trol and control relating to the apgg?g{%%&@@aﬂﬁethod
of the present invention. Base station -20 control routines 1836 exercises
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correct i on,wigaés teRdngi ¢.9!, ch@RAISY aSEEHANCRAMinhD 186641 PhEy tEﬁ-@ﬁlaﬂﬁfs“are E{Eﬁ ¢
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little or no |oss WO 2004/075442 PCT/ US2004/°004700 -18 in robustness. B

usi ng the dB33#icludeainformititnoalepprizingdhe her segnwirelesnfeomiral,Gs at‘seosgarédul er
1838 can nw S with | ow downlink Signal to Noise Ratio (SNR) to

regul ar seg%%‘f‘% ?ﬂ\%ﬁ%%ttﬁr't he channel, while users with high SNR can be

mat ched to flash, e.g., "protected", segnments within the channel. 5

Transm tter control nodul e 1844 use data/info 1832 including transmt info 1

1854, transm t Gostrgumicatg®e roytiesil 3¢ inchides gariowdaomniigd6stioms dpgléspttons whitho

1870 to-ge te th transm ssion si.gnal s control the operation t he
tr ansmi? ¢ oni e Somls VAR HRLE G SeRUSE i B RSP E irvishS. BRRtgndlor
transni tt efineotivobariidUlotonk&AMdrBYisc9 Bhd Rbdeks iRihe kel 10 1810 to encode
via its encoder 1812 sets of information included in transmt 1 info 1 1854

into signal, e.g., a regular or underlying signal, which transmtter 1 1810
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control and control relating to the apparatus and method of the present invention, Base station

20 control routines 1836 exercises control aver the signal generation and reception, error
detection and correction, data and pilot hopping sequences, the I/O interface 1824, the
allocation of segments to users, and the scheduling of users to terminal IDs 1864. More
specifically, the scheduler 1838 schedules users to terminal IDs 1864, allocates segments to
users using the user classification information 1872, and segment info 1870. The scheduler

25  makes decisions as to which users and which segments should be assigned to regular or
underlying signals and which users and which segments should be assigned to flash signals, in
accordance with the invention. Certain users, e.g., those with high power available, and small
amounts of information to transmit may be better suited to flash signaling than other users who
may desire to transmit large amounts of information and have limited power available. Certain

30 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



into a flash or protected signal using the set of MIUs corresponding to the
information 1856. Transmi ssion control nodule 1844 may control transmtter
N 1814 to enﬁ,%ic\gfed bts encoder 15 1816 sets of informati
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correspondin
P cor?espongmg to the information 1856, Alternately, in various embodiments of the

transmitters 1810, 1814, a single transmitter may be used which internally combines of mixes
20 the signal based upon the transmit info 1 1854 and the transmit info N 1856 under the direction
of the transmitter control module 1844. Such mixing operation may involve superimposing
regular and flash signaling prior to transmission and/or selectively forming one MTU
transmission set including each of the elements of the flash signal and the elements in the
regular signal not included in the flash signal.
25
Receiver control module 1846 controls the operation of receivers 1802, 1804 to receive
a combined 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
30  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 ond

signal MTU identification module in one receiver, €.g., receiver N 1804, and the discarding
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receivers eriﬁgﬁl,smg,;égﬁ)ck (1536, 1542), 5 (1563, 1564). The receivers 1902,

1904 shall, in accordance with the invention, be able to receive a conbi ned
si gnal |nclud|ng a regul ar or underlying S|gnal and a flash signal and

retrieve sets of.inf tion correspondin t he, or |na ransni ssion
Gets of i nfor maeiee 20 Bhish s AR eRFTRBR" 4R fsieit it stih e dunes
1922, 1946 .yihthe PrRBRqAemtidh 9 BRehphry end node 1900 may be used in any of the end nodes

20 1708, 1710, 1708°, 1710’ of Figure 17. Exemplary end node 1900, e.g., wireless terminal,

may be a mobile terminal, mobile, mobile node, fixed wireless device, etc. In this application,
references to end node 1900 may be interpreted as corresponding to any one of a wireless
terminal, mobile node, etc. Wireless terminals may be mobile nodes or stationary devices
which support wireless communications links. Exemplary end node 1900 includes a plurality
25  of receivers, receiver 1 1902, receiver N 1904, a plurality of transmitters, transmitter 1 1910,
transmitter N 1912, a processor 1926, e.g., CPU, and memory 1930 coupled together via a bus
1928. The various elements 1902, 1904, 1910, 1912, 1926, 1930 may exchange data and

information over bus 1928.

30 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



prior to transm ssion. The transmtters 1910, 1912 may be any of or
variations of the 10 exenplary transmtters shown in device 1 1302 and
device 2 130§ @hookhedi£ 13, device 3 of Figure 14 or devi Gg-dAydsdfoo@Hoo
Figure 14, e.g. transmtters (1304 and 1310), (1404), (141;]§‘C. %ﬂ'e
transnitters 1910, 1912 shall, in accorednce with the invention, be able to
transmt one or nore of the foI | om ng: reqgular or underlying signal, flash
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of recovering detected information. Transmt information 1 1954 may I ncl ude

a set of information that may correspond to a first signal, e.g., a regul ar

dekl f [
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set of MrUS9eEabntvalk thchfpcmm df ehaedd rivgle t1060 By emeuunng routfres mas2 emd ﬁﬂma;tmgvoul d
be nodul ated on the first set of MIUs to define the Tirst signal,
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transm t t edoh@oltdnd iptenait aid @ow fBfies dnd iﬁtph@fements of the present invention including

20  the generation and transmission of combined signals, the receiving of combined signals,

_‘

separation of the combined signal into regular or underlying signal information and flash

signal information, separation and recovery of information.

Routines 1932 include communications routines 1936 and wireless terminal control
25  routines 1938. The wireless terminal control routine 1938 includes a transmitter control
module 1940, a receiver control module 1942, an error correcting module 1946. The data/
information 1934 includes user data 1947, terminal Identification (ID) information 1948,
received information 1 1950, received information N 1952, transmit information 1 1954,
transmit information N 1956, identified MTU information 1958, segment information 1960,

30 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



enbodi ments, nost of the MIUs conveying first set of information shall be
transmtted to the 10 base station 1800. Transmt information N 1956 may

include a se{yPfpodpfspfmetion that may correspond to a secqpg . 9.,
a flash signal, information defining the transm ssion bl ock ﬁzwﬁga?ﬁat

may be used to transmt the second sign&l, e.g., to a base station,
information defining a second set of MIUs that will be used to define the
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power information such as current transm ssion | evel and battery energy
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e.g., information corresponding to a second set of base station pre-transmission information.

20  The second set of recovered information may have been recovered, e.g., from a flash signal.

The regular and flash signal defining each original pre-transmission set of information
share some common MTUs. Identified MTU information 1958 may include a set of identified
MTUs in the second or flash signal, the set of identified MTUs may have been obtained by

25  receiver N's decoder 1920. Identified MTU information 1958 may be forwarded to receiver 1
1902, where the receiver 1902 can exclude those MTUs before passing the received signal to
the error correcting module in the decoder 1918, or alternatively, the identified MTU info
1958 may be forwarded to the error correcting module 1946 in memory and/or the correcting
module in decoder 1918.

30

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



al l ocation including assigning regular or underlying segnents and fl ash
segnents in accordance with the present invention. Segnent information 1960
may i ncl ude f defining the segnents allocated t i

ternms of usa‘ggzﬁ&f)rmghe g., traffic channel, 10 assignnent g gﬁ%@‘?ﬁﬁég%est
channel ; characteristics, e.g., MIUs, _nguency/phase and time OFDM

tones- synbol s; type of signals to use for segnent, e.g. regular or
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transmtters 910, 1912°in accordance with the i nvention. For exanple

transmi tt e OFEMittomes- syoidbolse type 40 sigagls o nsa o s@nent ang regitler omﬁmrlvmgefmcﬂmh
via its encoder 1922 sets of information included in transmt 1 info 1 1954
into a regular or underlying si gnal V\/ni ch transmtter 1 1910 may transmt.
Transmtter Co@o uriofighe c;]u% § Qhridulsoadthiidi®dtidNs Jiﬁ%lgcah@n@%%e
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1904, signal generation and reception including data/control hopping sequences, state control,
20  and power control. Wireless terminal control routines 1938 also control and implement the
new features and improvements of the present invention including the generation and
transmission of combined signals, the receiving of combined signals, separation of the
combined signal into regular or underlying signal information and flash signal information,

separation and recovery of information

Transmitter control module 1940 may use data/info 1934 including transmit info 1
1954, transmit info N 1956, terminal ID 1948, user data 1947, and segment info 1960 to
generate the transmission signals and control the operation of the transmitters 1910, 1912 in
accordance with the invention. For example, transmitter control module 1940 may control
30 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



transm ssion set including each of the elenents of the flash signal and the
elenments in the regular signal not included in the flash signal. Receiver
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receive 10 a co signal and extract two sets of information, e.qg.,
receiver 1 info 1950, and receiver infgiN 1952, in accordance with the
i nvention. The reception process under control of the receiver control
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that include flash signal information, from the information stream entering the error correcting

20  module that is attempting to recover the regular signal information set.

Error correction module 1946 works in conjunction with or in place of an error
correction module that may be included in the receivers 1902, 1904. The error detection and
correction capability included in the receivers 1902, 1904 and/or module 1846 allows the

25  wireless terminal 1900 to reconstruct sets of information cotresponding to pre-transmission
sets of information, even though the (regular or underlying) signal representing the pre-
transmission set of information has been affected by the superposition of a second flash signal
(flash signal) or the punch through, e.g. replacement of some MTU(s), by a second signal
(flash signal).

30

On-off keying is 2 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



5 wth 32 slots, e.g. exenplary individual slot 302. The energy is
concentrated in 17 h slot 306 and is represented by a pulse 304. In Fig. 3,

5 bits of in{,@r [ AR,y be communicated using the 32 | ogaLi@is %47%gots,
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if the pul se may only be in one direction, e.g. positive.
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i nvention N di-gi t al ni.cation system.that. uses BPSK
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energy spans_all 16 BPSK synbols, as illustrated in Fig. 04 bi/ smal |
rect angl es iRfpEmatios espedednp thetheatioa @i therenstayeaidraizenariliped ewntitsignet ddivforme!
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synbol 430 as illustrated in Figure 4 by a single larger rectangle with WD

2004/ 07544 2egey didzpdamdn dediesh sippaktgpiradignThe prot ect ed signal conpri ses
one BPSK synbol 430 transmitted at high power, while the regular signal 420
with energy distributed over 16 synbols is superposed on it. Note that the

BPSK synbol of Hiahpipahieed @ey Bé 05dlin Gadbrdigict Witae @verddis. $ngle skimiples sHMAa!
postt! (2)8 > cgc?i;lg in accordance with the present invention shall be described. Consider one emboediment of
the invention applied to a digital communication system that uses BPSK signaling. In the
example considered here, suppose that the airlink resource comprising 16 symbols, For example,
in the exemplary spread spectrum OFDM multiple access system, the 16 airlink resource
symbols can be 16 orthogonal tones in one OFDM symbol period, or one tone in 16 OFDM
25  symbol periods, or any proper combination of tones and symbol periods (e.g., 4 tones in 4

OFDM symbol periods).

In Figure 4, the superimposed signal 400 includes a regular signal 420 which is
communicated using a codeword whose energy spans all 16 BPSK symbols, as illustrated in Fig.
30 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



reference, 151 synbol 401 and 16th synbol 416 are identified in Figure 4.
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the present invention over the classical 10 supposition coding schene,

reconsi der ghiting ghk Protedted El@nﬂtcbﬁi@ﬁ%s Jn€ BESKESymbb1 236 HaRRS: ?Ed ﬁﬂﬁgfég Twer, %ﬂe

use an idea of successive decodi ng. The stronger receiver first
prot ect ed d$heyisgilar signal 430 mthrm@rgyeilynbmth@nquﬁtsmns i sugermsed beitcNoRANit e

Fonal s nEhAR o of I broe R SEREah B St Bt 16 R Rw wShelpostiomiath ¢ he
| arger si gRgferehse qets?n‘ﬁb@ldflo1%@1@%5?&%1@6%&’\4&%&&%{%@&%@, 2br HOBPN, ‘?r?ﬁ%ﬁre

i nvention, 15 even i he cancel ion is not perfect, the damage to
regul ar 3c odetherRPSK syrilbal fie ttansoitierbomthe 8™ Symhpls SF hrefage,dhels yrhisol gbsition threveys 4

Gocodi ng prRe BhFe 5k R ARRrGERR B RgHaRion, 08 rESmae- che of & JRG et

the regul gbnwdydal 5™ potdcidbicase, the operation of cancellation is reduced
to causing erasure at a particular synbol location with the possibility
that the error correction codes can be used to 20 correct for the |oss..

the ab f Fi nb 16
synbols. 1 epr eodniee e iiiias o FrdoBansc e Tt pmertipRatonpul b etel s
ener gy 1on alppdsinkBdRiedtRese, condin@anodasi e MN it dhee LREE vE0 TRV ch R F réceﬁer

protected signal concentrates its energy in one of the 25 16 degrees of
freedom N@@@ummudc?h@f Juicegskive degwaling. A8e stednigaextceinen fivst ddsodes tharpodiotmirignal.s
an orthogonal

h
or t hogonal |°tr3fr1 ﬁ&?‘%’ ’il_@‘én 6®t§aﬁ{§ 16 gﬁ)‘ﬁi’\%ﬁq% O%Sl'f%]a#gl%ﬁ: ? g%’ag%éc{%lh&fy&ﬁn%é ﬂ\]iﬁ th

codi ng i nply, ts@thal, Br AGSGAADRNG 8] bl fhel WGakRF 8501 receBRr tdﬁ&ﬁ@é&amaﬁm& ko8 on
descri bed. exanpl e above illustrates aspects and net hods of the

i nventi on, w/hwh:ﬂhe rh@gertﬁgnairpl dgrastedeNognddthuthe newedding sehemoobthe prosemtiineentions

t Thi t hod .of. at i f
the. prdectiih NGHarCRIRY ronar Chsantese Ne GRlBEPodiiont BuipllBindt: 2
freedom wigy, @% #bSik ah® tHeldtorelthe re@Bi9E:10n Rhintnfige FRMdN ke M@a%@@ﬂmeaﬁﬂﬁgc For
PCT/ US2004/ 00470 -26 signal anong substantially all the avail abl e degrees

of fr eedomexmgpl@ainl theldédodsig ogediypotictreasiver owdliignpre thetsymbolideLiveneupiathey the
protected cod Word iréﬂpmte as_the

P oencr o SeRTAS gl Tu 1R EAe tuE fpdPlan o AREBHS BrrnancRl o RS R atp (i

di scussi on.paMf¥nl=® syhBol tocation with the possibility that the error correction codes can be used to

20  correct for the loss..

In the above example of Figure 4, each BPSK symbol of the 16 airlink resource symbaols
represents a degree of freedom., The regular signal distributes its energy in all the 16 degrees of
freedom. Meanwhile, each codeword of the protected signal concentrates its energy in one of the

25 16 degrees of freedom. Note that the flash signal, as defined in the above embodiment, is an
orthogonal code. However, the invention is not contingent on any orthogonality propetties of the

codewords.

Transmitter design for use with coding implemented in accordance with the present
30  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



general, the approach is to transmt the protected information using the
flash signal and the 5 regular information on the regular signal, this may,
in sone enbodig®Rpesef, the invention, be reversed. Flash $cqnabbdi%ostol
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al l ows superposition coding gains to be2sobustly realized in practica
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20  other words, the loss of energy in the selected subset of the degrees of freedom occupied by the

flash signal should have small impact on the decoding of the regular codeword.

The selection of transmit powers on the flash signal and the regular signal depends on
several factors including (a) the SNR of the target receivers of both the flash and regular signals;
25  (b) the information rates conveyed on the flash and regular signals; and (c) the method of
construction of codes on the flash and regular signals. In general, the powers may be chosen
independently to meet their own robustness and coding performance requirements. Moreover,
the flash signaling can be carried out in an opportunistic manner for maximum flexibility.
Specifically, the transmitter can opportunistically choose not to transmit the flash signal and use
30  most of its available power to transmit 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.



power than the regular codeword in a small subset of the degrees of freedom
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separated ijf0.. or substantially erase signal components in the subset of the degrees of freedom that it

20 occupies, but has negligible impact on the performance of decoding the regular codeword.
Moreover, if the receiver is not interested in the flash signal, the receiver may just decode the
regular signal without decoding the flash signal, in which case the receiver may not be even
aware of the presence of the flash signal which may be interpreted and/or treated as impulse or
background noise.

25

A control channel embodiment of the present invention shall be discussed below. In this
section, an embodiment of the invention as applied to a control channel of the exemplary system
will be described. The control channel in this example carries information from a base station
1702 over the downlink broadcast channel to a plurality of mobile users 1708, 1710 in a cellular

30 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.



mul ti pl e subsets, each neant for one or nore subset of nobile users in the
system In this exanple, we will assune that the control channel

i nformation 2608 jitioned into two 5 subsets. The firs 1o
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20  this codeword, and hence the power requirements are much lower than they would have been if
the codeword had to be decoded by each of the mobile users. This difference in ability to decode
the codeword is especially true in a wireless environment, where mobile users can experience
SNR that varies by several orders of magnitude. The protected information, which is intended
for a subset of low SNR mobile users, is transmitted using a flash signal 550 as illustrated in

25  Figure 5 and represented by 4 large rectangles with shading. In this embodiment, each protected
codeword is assumed to concentrate its energy in 4 symbol locations 502, 512, 520, 530. The
sets of 4 symbol locations are assumed to be non-overlapping in this example, which results in 8
orthogonal sets, each of which include 4 symbol locations. In general however, the codeword
sets may overlap partially or completely in other constructions. Concentrating the energy of the

30  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.



32 airlink resource synbols are indexed fromO to 31. For k=0, ..., 7, the
airlink resource synbols of k-th synbol set |location are synbols k, k+8,
k+16, and k+24. 5 Wen a flash signal codeword includes nmultiple synbols,

addi tional iwigoliBéiser bits can be comuni cated using thosgsydsRlessTob-et
{90 gl , 02, g3} denote the four synbols to be transmtted with the four
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contingent on the use.of orthogopal codes . on the flash signals as
i |lustrat e&c”?vr‘?y?‘ﬁf%("b%]i’& Flé‘?mz%ot[%‘ﬁfj@o t can be extended in a
straightforward manner to nulti-di nensional nodulation sets as well. For

exanple, if BPSK nodul ati on were to be used, one nore bit can be sent with
t he phase (i .e. Thisiigfvymefiort ¢tem Hel drsddesliag el molwberewni cbr ifra strightforveyrd ifanG@@SKhe
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signals Codeword Index {g0,qgl,g2,q93} bit values 0
the flash signal and decodes the remaining 2 bits. This example of codeword construction results
in the codewords possessing an unequal error protection property. The bits that are resolved by
the location of the flash signal are received with high reliability. This is especially true when a
flash signal is communicated over a wireless channel since only one of the four symbol locations
20 needs to be received to specify the codeword set. The detection of ¢0, g1, g2, or @3 may be more
susceptible to errors from channel fading or interference. Alternatively, the receiver may employ
a more sophisticated decoder, such as maximum likelihood decoder, to decode the flash signal in
its entirety. Once again, this invention is not contingent on the use of orthogonal codes on the
flash signals as illustrated in this example.
25
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

30  signaling.



1 {++-,-} 2 {+-,+,-} 3 {+ -,-,+¥} Flash signaling in nultiple-access
channels will now be described, in accordance with 5 the present invention.
Wil e the inw%bﬁ&SMS been described thus far in a broad%ﬁ?us%lﬁ%ﬂﬁoo
paradigm it is also applicable in a multiple-access channel tranework. This
aspect of the invention will be descrid3ed in the context of the cellular
uplink of the exenplary system which is a nmultiple-access channel.

Consi der a base station receiver that is receiving signals fromtwo nobile
transmitters on the upli nkrabfileastiudfonbeseosdnal dod& ok fidd sighai@l SO the

Coor di nat i Pl'g eﬁ_t_i tJyL A A £ f ntl At hatvywnan tha twn tr r S i n

+—10—can—diierentatebetweenthe two-transmttie
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to concentrate Tts 'lellbléit energy T o [ ew degrees U‘-h-f-' egdom—The
conposite|received signal” 600 at the basp station rec PVer! 1802 i s
illustrated in Figure 6. The base station receiver 1802 can easily decode
and cancel out the flash signal 610, represented by a large rectangle with
shadi ng, transntlaskdignplyre mtneultipleraspgse channels g Hinowee desémivag, theasodidanget widh

weak signal, 62 epresent.ed smal l rectangles.wth no shadin
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definition, allowing for flexibility within the system The notion of nobile
transmi t t einventen wal beydesstibeshigdahe cantext wthe eetlulamypling of $lxoexeatpdaty spstenhehich
criteria in place.of or in addiition to 25 the path |l.oss experienced .on the
ol k. charhoripl Bl sin GonsBl o Foik ieR hfer o Ryt e Gfenels (B bps
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the interference cost in the cellular uplink. For instance, a nobile

t r ansnil@t ercan differantigigibetwaen the bo transhiittas ina wsidtive sense. Supposhthat themabileay be
considered,to be a, weaker' transm tter, and may ,hence .be instructed by the
bace. stat i GNUBIEr BACTCEArS Qe A gRame byl Ot PR O drupaye bi e SEhest of
the WO 2004/Q4piftdr a2 AbhORAER QvhictBdkpd REN@E RipBbr pAE RASNE c&Xbiddngl Ot her
hand, a nobile transmtter which has low interference cost due toits
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superposit Id?s?ﬁbcu?igllgrﬁge energy of the signal across each of the degrees of freedom, while the stronger

15  transmitter is instructed to concentrate its transmit energy in a few degrees of freedom. The
composite received signal 600 at the base station receiver 1802 is illustrated in Figure 6. The
base station receiver 1802 can easily decode and cancel out the flash signal 610, represented by
a large rectangle with shading, transmitted from the “stronger” transmitter before decoding the
weak signal 620, represented by small rectangles with no shading, transmitted from the

20 “weaker” transmitter.

The categorization of mobile transmitters as ‘stronger’ or ‘weaker’ is not static and is a
relative definition, allowing for flexibility within the system. The notion of mobile transmitters
as being ‘stronger’ or ‘weaker’ may be associated to other criteria in place of or in addition to

25  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



to superpose its signal on that of the "weaker' transmtter. Alternatively,
in sonme enbodi nents, nobile transmtters can be categorized as stronger

or ~weaker' fyprRsgdevice constraints 5 such as battery RS2 dﬁ

Fl ash signaling 1n an exenplary systemshall be described in accor ance WI th
the nmethods and apparatus of the presemt-invention. In an exenplary
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data and/or Voice traffic is called the traffic channel. In the exenplary

system  da&tds lcsatummynb@mwuﬂemﬁa striveger’r tefnfingtter hesdreah usmﬂhﬁea‘dpe@omham peding
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wireless termnals, while uplink traffic segnents transport data traffic

fromthe wsudigéﬁttclefrpﬂwmbsstam the 15 base station. In the exenplary system
a traffic segnment includes of a nunber of frequency tones over a finite
time interval. In the exenplary systemused to explain the invention, the
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of "Cri tor; a5MaRehAir SRR ofgntas eehrany fehERg i dah it and BouF A5F aRiin sBpUee
from ong SWﬁsﬁoﬁs dRAAhIRE voibOtraBicalPalRd thékrfthg chz?nricl‘ IRt St TQQ sfasftem
frequency on vertical axis 702 vs, tine on horizontal axis 704, seghent A
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station schedul er .and segnent B 708 shown with.horizont lin hading,i s
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needs and channel conditions i ch be tine varying in general. The
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assi gnment qchanigite imbidtdvhincl udes a series of assignment segnents. In a
cellular wireless system such as the system 1700 shown in Figure 17,
assi gnnent segnents are generally transmtted in the downlink. There are

assi gnment segnents for downlink traffic. nment s arate aSSI nment
segments for ugﬁ?ﬂwetxfeﬁ‘l’ fargs %ﬂ%oewlfdggynd?@?h%@fg g -32

Each traff | Hﬁsééha!réd ARSRCME AR I Eeﬁlmﬁlammm%&hﬁweﬁmﬁlﬁglmg wmh fhe
associ at ed assi gn
20  base station 1702. A scheduling function, e.g., module 1838 in the base station 1800 assigns
each uplink and downlink segment to one of the mobile terminals 1708, 1710 based on a number
of criteria. The allocation of traffic segments can be to different users from one segment to
another. For example, in Fig. 7 in a graph 700 of frequency on vertical axis 702 vs. time on
horizontal axis 704, segment A 706, shown with vertical line shading, is assigned to user #1 by
25  the base station scheduler and segment B 708 shown with horizontal line shading is assigned to
user #2. The base station scheduler can rapidly assign the traffic channel segments to different
users according to their traffic needs and channel conditions, which may be time varying in
general. The traffic channel is thus effectively shared and dynamically allocated among different
users on a segment-by-segment basis. In the exemplary system, the assignment information of
30  traffic channel segments is transported in the assignment channel, which includes a series of
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.



segnent conveys the assignnment information of the traffic segnent. The
assignnent information may include the identifier of the user termnal (s),
whi ch is assj tilize that traffic segnment, and al 1%@% kfg and
nodul ati on sg‘ﬁgﬁ@‘ub%‘ e used in that traffic segnent. Fi gufliet Oﬁﬂlfél udes a
graph 800 with a vertical axis 802, reprgsenting frequency and a horizontal
axis 804 representing tinme. Figure 8 shows two assignment segnents,
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station 1702  on a downlink traffic segment is decoded by a recerver in the
i nt ended wiin@tdess graphnifavith zoetticalzxes {03 feprajentingtfreguend yt anelch lyyizohial ags Bohed

15 wirel term.nal. 17 171 t he upl i nk t is decoded by, ,
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decoded correctly. s i s done because the wirel ess channel may be
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acknow edgnent to indicate whether the segment has been received correctly.
The acknowisiggmetan. i nf or mati on corresponding to traffic channel segnents is
transported in the acknow edgnent channel, which includes a series of

acknow edgnent 25 segnents. Each traffic segnent is associated wth a unique

acknow edgnent egBEMsmifted bthedRuAithiin 1708fhiadovwelifR Raffid R nREKRUE GRS
segnent is in the uplink. For an uplink traffic segnment, the acknow edgrrent

segment i s Ieeeitenén dewrendad wisglessiernpingliliey 174 B avhilgshisoranemiftasihy the gspigie

conveys .one-.hi.t of inf ti-QR,. €. 0. ,..a bit, indicatin ether th .

otoe) dnod i Rty 2R 1730 opdhntoR sPuhep: i0PCBRE Oy HRERFIngh Bese stagion
pr edet er m nem2 30ypRced9 thAtrhitniREd yRakntipl ik kdafdahChisadmBRISthRekeiver determine
acknow edgenent segnents, there may be no need to convey other infornmation
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An acknow edgnent. segnent. i s nornal ly. used b he user. termnal, e.g.,
Wi rel ess teq%%\ tﬁaghc’lefgg}lsef‘?’lgyﬂ‘%lgﬁﬁf ﬁgﬁi%tgg'?t&ééaaususe t3’|n<£;13t ed traffic segment
and not other user WO 2004/075442 PCT/ US2004/ 004700 -33

20 Because of the interference, noise and/or channel fading in a wireless system, the
transmission of a traffic segment may succeed or fail. In the exemplary system, the receiver of a
traffic segment sends an acknowledgment to indicate whether the segment has been received
correctly. The acknowledgment information corresponding to traffic channel segments is
transported in the acknowledgment channel, which includes a series of acknowledgment

25  segments. Bach traffic segment is associated with a unique acknowledgment segment. For a
downlink traffic segment, the acknowledgment segment is in the uplink. For an uplink traffic
segment, the acknowledgment segment is in the downlink. At the minimunm, the
acknowledgment segment conveys one-bit of information, e.g., a bit, indicating whether the
associated traffic segment has been received correctly or not. Because of a predetermined

30  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



termnals. Thus, in both the links (uplink and downlink) the acknow edgnent
channel is a shared resource, as it can be used by multiple users. However,

there is genar(ﬁohm.ggizcont ention that results fromthe us%ﬁUS&Zﬁ(ﬁl(ﬁ%ﬁ ed
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traffic segnent, denoted 2004/ 075442 PCT/ 1JS2004/ 004700 -34
20  In this context, the two users are regarded as mutually ‘stronger’ and ‘weaker’.

The graph of Figure 10 illustrates frequency on vertical axis 1002 vs. time on the
horizontal axis 1004, Figure 10 also include an A (regular) assignment segment (ASG) 1006, an
A traffic channel segment (TCHa) 1008, an A (flash) acknowledgement segment (ACKIf) 1010,
25  aB flash assignment segment (ASGf) 1005, a B traffic channel segment (TCHb) 1007 and a B
acknowledgment segment (ACKr) 1009. ASGf 1005 is within the frequency spectrum of ASGr
1006. ACKI 1010 is within the frequency spectrum of ACKr 1009.

As illustrated in Figure 10, the assignment information for the stronger user, (ASGr),
30 1006 is transmitted using the regular signal on the assignment channel, while the information,
(ASGHY), 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



TCHb 1007, through the flash signaled assignment (ASG) 1005. In the

exenpl ary system the nobile receivers 1708, 1710 provide a feedback
acknow edgengig z00i)pdshe uplink to the base station 1702 to gidh

status of the received traffic segnent. 5 The two nobil e users 5%%@05'}%%0
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PCT/ US2004/ 004700
20 lessthanit would have been with Gaussian-like signals. This applies for the uplink as well as

downlink paths of cellular wireless systems.

Figure 11 illustrates two exemplary set of information, a first set of information 1150 and
a second set of information 1160 that may be transmitted using a transmission block, in
25  accordance with the present invention. The first set of information 1150 includes information
A; 1151, information A, 1152, information Ay 1153; the second set of information 1160
includes information B; 1161, information B, 1162, information By 1163. First set of
information may be, e.g., user data, assignments, or acknowledgements. Second set of
information may be, e.g., user data, acknowledgements or assignments. Figure 11 also shows a
30  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



transmt a MIU, e.g., an OFDM synbol tinme. Each square in Figure 11, e.g.
exenpl ary square 1114 represents an MIU unit. Each MIU corresponds to a
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r
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embodiments, the second set of MTUs has less than half the number of MTUs of the first set of
MTUs; figure 11 is an illustration of such as embodiment. The information in the first and
second sets of information 1150, 1160, may be communicated, e.g., from a base station 1702 to
25  a wireless terminal 1708, 1710, using minimum transmission units included in first and second

sets of minimum transmission units.

Figure 12 shows a graph 1200 of minimum transmission units (MTU) on the vertical axis
1202 vs. time on the horizontal axis 1204. Figure 12 shows an exemplary transmission block
30 1205 including 1600 MTUs. A first set of information may be represented by a first set of MTUs
including a majority of the 1600 MTUs in the transmission block 1205. The transmission 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



WO 2004/ 075442 PCT/ US2004/ 004700 -36 100 MIUs. Each small square, e.g.,
exenpl ary square 1206, encl oses a sub-block of MIUs. In some enbodi nent s,
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units available may b used, and a single MIU allocated to represent a
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in the first set of
20  information.

In the example of Figure 12, each sub-block, e.g. sub-block 1207 may be used to
represent information uniquely representing a part of a first set of information being uniquely
defined over the small sub-block of MTUs. However, the second set of information may

25  represent a different set of information, e.g., 10-bit information. To convey the 10-bit
information uniquely, 2'® = 1024 possible minimum transmission units may be required.
Transmission block 1205 with 1600 possible minimum transmission units available may be
used, and a single MTU allocated to represent a particular value of the 10-bit information. In this
example, MTU 1210 is the one MTU used to convey the information of the second set of

30  information when the information is transmitted. Figure 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.



WO 2004/ 075442 PCT/ US2004/ 004700 -37 Figure 13 1301 illustrates one nethod
for transmtting two sets of information, e.g. sets of information 1150 and

1160 of Fig i ordance with the invention. Figure 13,
first devi ce%ez.ogm‘ggéi ce 1 1302 including a transmtter, S’rdgllr@r%l ?@?ﬁ&,

1304, and a second device, e.g., devicg72 1308 including a transmtter,
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respectively. In Figure 14, signal 3 1406 20 corresponds to first set of
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si gnal whi lgengi DNele hdkid@@l p331sonetimes referred to as the flash signal.
Signal 4 1408 is transmtted at a higher power |evel than signal 3 1406 on
a per mninmumtransm ssion unit basis. In some enbodi nents, the power 25

| evel whi ch si.gnal ,4,1408 is transm-tted is.at. |east 3d reater than.the
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of the mninmumtransm ssion units used to transmt signal 3 1406 nay be
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first and second sets of information 1150, 1160 respectively. In Figure 14, signal 3 1406
20 corresponds to first set of information 1150 and uses a first set of MTUs, while signat 4 1408
corresponds to second set of information 1160 and uses a second set of MTUs. Signal 3 1406 is
sometimes referred to as the underlying signal or regular signal while signal 4 1408 is
sometimes referred to as the flash signal. Signal 4 1408 is transmitted at a highet power level
than signal 3 1406 on a per minimum transmission unit basis. In some embodiments, the power
25  level at which signal 4 1408 is transmitted is at least 3db greater than the power level at which
the minimum transmission units corresponding to signal 3 1406 are transmitted. In some
embodiments, the transmission power level of the minimum transmission units used to transmit
signal 3 1406 may be varied. The transmission power level of the MTUs used to transmit signal
4 1408 may also be varied.
30
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



base station or wireless termnal includes a transmtter, transmtter 4
1412. Transmtter 4 1412 includes a 151 signal nodule 1411 and a second

si gnal nodul sqpe first signal nmodule WO 2004/ 075442, LRa 0904700
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i ncludes a first Pecelver receiver 1 1506 |nclud|ng an inpul se noise filter
1510 20 second set of information puncture the set of MTUs in the shared transmission block that were

selected to transmit the first set of information.

Figure 15 illustrates an exemplary device, device 5 1502, e.g., a base station or a wireless
terminal, which may be used to receive combined signals, in accordance with the invention, and
25  obtain two set of received information, info A’ 1516 and info B’ 1518. Info A’ 1516isa
recovered set of information corresponding to the first set of original pre-transmission
information info A 1150 of Figure 11. Info B’ 1518 is a recovered set of information
corresponding to the first set of original pre- transmission information info B 1160 of Figure 11.
Device 5 1502 includes a first receiver, receiver 1 1506 including an impulse noise filter 1510
30  and an error correcting module 1512. A combined signal, signal 8 1520 including signals 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



30 and an error correcting nodule 1512. A conbined signal, signal 8 1520
including signals that had been transmtted together over tine, e.g
signal 3 14 @, of underlying signal) of Figure 13 i
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10 1160 may be reconstructed as received information set B 1518. The second
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filter 1544 and error correcting nodul e 1546. Receiver 2 1538 includes a
decoder, decoder 2 1542 including a background noise filter 1548. QOperation
of device 6 15 I - Lha I ' V] :
1502, except nate SHiTe PEHED defick Baine i EREE 1 b o/ RARE SimbiGed Behfiteckotion
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The first receiver 1536 treats the flash signal as inpulse noise and 20
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set of information B 1160 of Figure 11. _ ,
20 rejects flash symbols as impulse hoise or performs some other operation, €.g., a saturation

loft 1408

operation, treating the flash component just as any other impulse noise signals might be treated.
Receiver 2 1538 decodes the flash signal while treating the lower power signal as background
noise. Combined signal 9 1554 is similar to combined signal 8 1520 including both regular and
flash signals. Received information set A”’ 1550 corresponds to an a good reconstruction of the

25  original pre-transmission first set of information A 1150 of Figure 11. Received information set
B’ 1552 corresponds to a good reconstruction of the original pre-transmission second set of

information B 1160 of Figure 11.

Figure 16 shows another exemplary device, device 7 1562, e.g. a base station or wireless
30  terminal, including a first receiver, receiver 1 1563 and a second recejver, receiver 2 1564.
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



Figure 16 shows anot her exenplary device, device 7 1562, e.g. a base station
or wireless 30 termnal, including a first receiver, receiver 11563 and a

second recei &) 20048584k ¥er 2 1564. Receiver 11563 includes 65
including a discarding nodule 1570 and an error correcti ng&nﬂggﬁgﬁ@gé}g.

Recei ver 2 1564 includes a decoder 1566 _4mcl uding a background noise filter
1567 and a 2d signal MIU identification nodule 1568. Conbi ned signal 10 1573
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present invention, for exanpl'e, signal processihg, nmessage ge€neration
and/ or tr anequizes iherhigh ppeer signabcorporsonte beentivatielyeubgacted fromsa feeaived signabiunit

the present_jnventign,are inple ted using nodul es. Such nodul es may be
i npl enent e&)eh’&ﬁﬁLglg?rtl“ﬁgél,ggﬁﬂ’%eem%‘weée%conbi nati on of software and

20 While described in the context of an OFDM system, the methods and apparatus of the
present invention, are applicable to a wide range of communications systems including many

non-QOFDM and/or non-cellular systems.

In various embodiments nodes described herein are implemented using one or more

25  modules to perform the steps corresponding to one or more methods of the present invention, for
example, signal processing, message generation and/or transmission steps. Thus, in some
embodiments various features of the present invention are implemented using modules. Such
modules may be implemented using software, hardware or a combination of software and
hardware. Many of the above described methods or method steps can be implemented using

30  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



har dwar e. Many of the above descri bed nethods or nethod steps can be

i npl emented using 30 machi ne executabl e i nstructions, such as software,
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syste e i i; : present invention. The present
i nven'ﬁ35 on rlngﬂ%rfl%gﬁ\gi%}rl%}&@tehgaggf %@Eﬁ%@é%&ggﬁl e nmedium e.g., ROM RAM CDs,
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controlling a machine to inplenment one or nore steps ip accordance with the
present invent i S techiquagghiia pesepphynygniondnaybe th?ﬂ‘%?f?wn& sof s therdgarat

least firsi, 404 SERAMIAVF Softharlehe haRR) MR f&efk invention is directed to apparatus,

e.g., wireless terminals, base stations, communications system which implement the present

20  invention. It is also directed to methods, e.g., method of controlling and/or operating wireless
terminals, base stations and/or communications systems, e.g., hosts, in accordance with the
present invention. The present invention is also directed to machine readable medium, e.g.,
ROM, RAM, CDs, hard discs, etc., which include machine readable instructions for controlling

a machine to implement one or more steps in accordance with the present invention,



transm ssi on bl ock, said transm ssion block including a plurality of m ninum
transm ssion units, each mninmmtransm ssion unit corresponding to a

uni que conbi nati on of resources used for transm ssion of information, said
resources including at |east two of time, frequency, phase, and spreading
code, the nethod conprising: defining a first set of said m ninm

transm ssion units for use in conveying4said first set of information, said
first set WRATISAJLAIMEIRES: a majority of said transm ssion block; defining
a second set of said mninmumtransm ssion units for use in conveying said
second set of information, said second set of mninmumtransm ssion units

i ncluding |ess ARfhdthdaion thfn@ﬂﬂﬂh%ﬁt loast Wit ifd §deend kdt§ 8t inf&tiatigh ukiggat some of
m ni mum transm ssion units int first and second sets of m nium

transm ssi @#msmission tegkagnid enyaiseion dlegk swshding @ luraligy ohairfimugt transehisseeomds,
sets of infognat on ﬁmm&ﬁ mtran uni t cluded in salg flrst

and second e ST AT IIR Y 5&!?8@65}3%“ 1i‘sotasunl e CRRE l?f&oﬁogr%sf’umf’k%ll

wher ei n satrﬂlshﬁismnratmmnatsmﬁtsalﬂe@ahrc@mcmﬁlﬂg&@neaﬁﬁm Mitne; GRETicHcy, phase and
i nformation including acknow edgenents and assi gnnent information. 3. The

met hod of w#reAdingIcodpnibe lethodawimpiistgt i ng the first and second sets of
information in n r

second sets of &t#ﬁ%?rgrmﬂswe,%%%%gﬂg% ﬁ-gﬁsnf’?é]é %ﬁgﬁg}r e%tl}’t% ?%ng%gtsaldshrsgsfg
The et hodoohfdghalion, Jaid\iiarsei inckding a&ilefaﬁtarlﬂﬁybrltyrmam ttdnS$ssRmeIdaRyNt ed on
different devices. 5. The nethod of claim1l1l, wherein the signals
correspondi ng téeiEngn sacpad sei 9l sajé svmicn e iraRsMisSIoN WhivdT ¢ IR CRNey HBSHId: t ed
fromthe s ns The st set
of mni rrun?ﬁrgg%&ns% ssféoéln Ejlﬁn’tss?lq NG ?I{Eﬁéemfl % Eeﬂa?gt n?élg’;o }g{?‘q{nﬁ Ci?da gfr‘l%grrber of
M ni mum t r \nE oS eRmiERidnSunit tisal st %o RS FasgsbMe op higiknum #dnsmissidhenityeh fied of
claim6, wherein the second set of mnimumtransm ssion units has |l ess than
hal f the niifbard $Eond seisRiminawgfagsmissionantisbans thesampyand set of ni ni num
transm ssion pcgtntu%Unlngtm f}g ﬁ?stt Qﬁ(gse%gn& Le% Srfﬁfor ﬁ&?hﬂ n%ﬁﬁnm%fm &Qﬁnﬁgsmnnum
transm ssion units I nc & second set of m ni transm ssion units
i s al so i nghitkdecludiddl inanbd ffrlstfeﬁl'ﬂ s8&IndGEts i RiiMGm tramsasMiesing. units. 9. The
met hod of claim 1, wherein communicating the first and second sets of
information includes transmtting

2. The method of claim 1, wherein said information is at least one of user data and control

information including acknowledgements and assignment information.

3. The method of claim 1, wherein communicating the first and second sets of information
includes transmitting signals corresponding to said first and second sets of information,

respectively, from different transmitters.

4. The method of claim 3, wherein said different transmitters are mounted on different
devices.
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.



said second set of information using each mninmumtransm ssion unit in said
second set of mninmumtransm ssion units, and wherein comunicating the
first set of information includes transm yting said first set of

information includes transmtting at | east sone of said first set of m ninum
transm ssion units. 10. The nmethod of claim9, wherein said at |east sone
of T11st SPU Of i MEdHADLE LAe 8] RRLER théitlebiid LA6H AN tethsMi i AHits has less
transm ssion units not included Iin sald second set of mninmum transm ssion
uni ts. 11.thdnbalftemochbef olhaiimus), trasmission wnits df e firstast ofsomemoh teasdistion st
set of mninmum transm ssion units includes mninmumtransm ssion units in
sai d second™$et. 12. The nethod of claim 11, wherein the first and second
sets of information are comunicated using at |east first and second
signals, respectively, and wherein the nmethod further conprises conbining
the first &nd sBwonchsd ghelhnn towhaeimeackcofthe nevinsing rahsnpssion utits indsdaigindhe
m ni mum transm Sfiton‘ uni t included in sai]d 'filglﬁt and.di cond §ets of m ni num
transm ssi SROHHIC & PEUPPEEIRSPISIHONLS St sRigelupeh my saidylarst seh of RN of ¢l ai m
1, wherei i3 IRisBRMBARMstsSi gnal is transmtted at a higher power |evel than
said first signal on a per mninumtransm ssion unit basis; and wherein
comuni cating the first and second sets of information includes: -44- using
m ni num t r@nsm' Si on. uni hgl i nil udes using at |east sone of the m ni num
transm ssion unl FsMFHRY GHEAM b said first set of nininmumtransnission units
to transmt a {hdrsin cdhGnalicLasHIRsPRNHING AR dehiflihfofthatil infludéNtLEmBtihen;
and using the mninumtransm ssion units in said second set of m ninum

t ransmi ssi wid spapndset of infenmion using eadnaindingmdrangwissioapoiidn Agjd second ectadcond
set of information. 14. The net.hod of claim 13, wherein the power |evel at

whi ch t he THPHITAPRRSIM S ni't s corresponding to the second signal is

transnmitted i s @herbRaSmrdeiRAingdhefirst A0S M@ nRAVE inclURY GhndhittiMyl ahl fildeset of
m ni mum transm ssion units corresponding to the first signal is transmtted.

15. The neinfwthaben gichides wansnfitingtie leagionpeiodistig freirsgt efgninfraum tegnsmission gaits.
power level of the mninmumtransm ssion units used to transmt said second
signal. 16. The nethod of claim 13, further conprising varying the

transm ssi gy POV mb@yelof Othirk Dewhéreini saldnat {dadi Wi eSS A suNbitiBinita 66l tiasthisgibg M t
said first signal. o . _ o .
units includes only minimum transmission units not included in said second set of minimum

transmission units.

11. The method of claim 9, wherein said at least some of said first set of minimum

transmission units includes minimum transmission units in said second set.

12. The method of claim 11, wherein the first and second sets of information are
communicated using at least first and second signals, respectively, and wherein the method
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:



17. An apparatus for receiving a conbined signal including first and second
signals transmtted together over tinme, first and second signals sharing an
over |l appi ng set of comunications resources, where said overl apping
resources include at least two of tinme, frequency, phase and spreading
code, the apparatus conprising: a first receiver for receiving said conbined
signal froma conmunications channel, séd-d first receiver including a
filter for treating pgngignsnwi traaﬂnnissimnhnhitsddclsd@naingcmﬂeraelsmma:ctifnge fnéhimgmi d

second si gnal ul.se no nd a .second ecelver arranged. in parallel
with said first a?lésg‘ﬁf's\?(g}umtfsdiﬁp%%ép\??lﬂdﬁ §ta§lebo IE'S‘HBF‘HéHm%‘P&H’é?P Uiy Rt a
communi cati ons GRABRAI coﬁ@éﬁn&ﬁ%Q@%erfﬁﬁﬁevgf'mfd?ﬁllaﬂgﬁ nggqa filter for
treating portions of said conbined signal corresponding to said first signal

as background noi se. ummSGWYhmnapmaﬂm$msmmhuohaunmk%xcmhbﬁmDﬁmsamdnapparatus
i ncludes error gorrecti or recqvering information | ost, due_to
treating a port]C%nr‘fng?msna@ami%%?%%a§?C§H§Flg86lr°%§r§8%9’i‘éi%c’l%ﬁ segopdpesebond
signal as inmpul ggomeitise. -45- 19. The apparatus of claim 17, wherein said

first and second signals share the same frequency band. 20. An apparatus
for receiving a conbined signal including first and second signals

transm tted, t oget her t he a ar at us i ncl udi a first receiyver

f or receivﬂ% %8W8¥ﬂ£ nE%éWhmYW} ???@?i?@g *@@Fgﬁﬁfpﬁﬁpﬁﬁt“¥§m§mpprst
filter erdl‘lHl@ cBﬂE:sthlﬁhgrthﬂﬁ skl ﬁ@angltﬁﬁs&lftfemls%'l@'asf ?&@'gye%fér%mhéﬁg&w
signal, portions of sard signal corresponding to the second si

treat ed ashVﬂ@pu®§@Yh®m@émWylE@mdnﬂmmtmn$ﬁgﬂﬂﬁﬂummgt@ﬂdmeﬁuamfmnmnmdemdder

for decoding information corresponding to the first signal coupled to said
first filter nmodule, said first decoder determ ning the value of the

received cpybi nﬂ%rﬁétﬁﬂ@bf&hm@lﬁ|ﬂ1ﬁher~°c%¥nrpﬁfsm§1v8f htertﬁﬁwsﬁéhgawyﬂwa,ofﬁﬁd a
second receiver including: i) a second | tér for filtering

backgroundlnﬁbling@tfanéwsﬁ@ndlnlté@&ﬂd\ﬁedranmmld@@bosdgtgahl and ii) a second
decoder for decoding information corresponding to the second signal coupled
to said second filter npdule, said second decoder determining the value of

the recei vegl cordy medtosboelaim a8, RrBAGCORGHriSRL vafyi D Mk MAMhA0S gbfvéﬂ 1ePe R LHcS |
a mjority of said second set ‘of mnimumtransm ssion units ei ng incl uded
in said minimum transmission units used to transmit said first signal.

17.  Anapparatus for receiving a combined signal including first and second signals
transmitted together over time, first and second signals sharing an overlapping set of
communications resources, where said overlapping resources include at least two of time,
frequency, phase and spreading code, the apparatus comprising:

a first receiver for receiving said combined signal from a communications channel, said
first receiver including a filter for treating portions of said combined signal corresponding to
said second signal as impulse noise; 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.



first set of transm ssion units. 21. An apparatus for receiving a conbined
signal including first and second signals transmtted together over tine,
the apparatus including: a second receiverydfor receiving the conbined signal
and identifying mnimum transm ssion units in said conbined signal
corresponding to said second signal, the second receiver outputting

i nformationgl demhk fylng,d 8&1&%?[‘1,'»431{@?&%%& U ThE E&Bﬁ%%ﬁhlﬁ@h&f@&ﬁessame .
corresponding to the second signal; and a first recelrver tor recelving said
conbi ned siggaincgdantl.fi rst recei ver including a decoder for decoding
portions of said conbined signal corresponding to said first signal, said
decoder receiving said information identifying the identified mnimm
transmi ssi 9p, Uf‘%ﬁ]%p?ﬂ*ﬂﬁﬁ?&%géi%g al@ bR dSEHANRcRdARA A dicifaidlng said
identified mnimumiransm ssion units correspondingto the second signal.
-46- 22. Trenspped togadendver liayit@appahbis eraudieg:d i dentified units
correspondi ng to the second signal, are one of |n-phase and .quadrature
conponent's of tBﬁ-lég rgctew&ir?qréf%eﬁ ngv}?ﬁ&@b&?eiﬁé%ﬁa!zgﬁl%ﬁfsaﬁ%?f&t lgglﬁ‘.gm?he
apparatus of claim 2, , Wheridd nfiutk o Fftbrif EEGuYRMmol R HH88d r&eV@l combined
correction circuitry for recovering first signal information Iost due to the
discarding of said kigealt pdriens ofrsansnisd camespondisg tohe espoddigngl teing teted as

second signal. 24. An apparatus co i Si ng: prqcessor for use in a device
that transmits at Iegg?‘ﬂg‘? ?%ﬁeu'%ﬁugﬁﬁ%rmg ’gg‘ﬂ@e’dﬂlna i nformation using a
transm ssion bl ock, giathikt RRSHrTS! @R oding oI MEoRGsRnRInd 8 ki ¥rsQignal

m ni mrum transm ssion units, each m ninmumtransm ssion unit corresponding to

a uni que conbi nat i opoufled esoul fenesfiltranbdude, said dims dieexleo detofminingdhermtlionf the
sai d resources includin t least .t of. tinme,. freqguenc hase, . and
spread ng code, the [earedsarbREnieyd S REMUR A p RIER S e o

M ni mum transm ggeQadyeichver iRMudige i n conveying said first set of
information, said first set including at least a majority of said

transmi ssi on bl ock; defserend fidlermnduls dor fofermgibdclkdronndumiser faers whidgeasivedni t s
for use in conveying saijd 3650”1@' et of information, said second set of
m ni num t ransni ssi on “gMAPYSY P8 adihg | ess mininum transmission units than

first set; at |east ﬁ?rﬁese@(ﬁncme@bd_l‘@ﬂibltde%ﬂ&iﬂ%%bﬁﬁht%icb&eiﬁbnﬂh% th kHeSdec@ihignal
second sets of mninmumtransm ssion units being the sane; and communi cate

the first and secondcewtled wfsajidfeopndafiliteymagsiar gaidiserond deeadgndetcsainmg thavalye

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.  Anapparatus for receiving a combined signal including first and second signals
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.



included in said first and second sets of mninumtransmssion units. 25. A
conput er readabl e nedi um enbodyi ng machi ne executabl e instructions for
controlling a device that transmits at legst first and second sets of
information using a transm ssion block, said transm ssion block including a
plurality of mninmumtransm ssion units, each m ninmum transm ssion unit
corr esponding ! 1,a apfirsiueoF AR DAL IR Kail SRAMKES AnitSethel MndidLRIA S8bAN ©F
information, said resources Including at [east two of tine, frequency,
phase, and sigpaleaed pngyoicioddhase pdi quptiemeatomporentsad tordh @t digfcraoa syobgd tiaasmgsion
defining at.fi rst set of said mninmumtransm ssion units for use in conveying
said first "8 of information, said first set includi ng at least a majority
of said transm ssion bl ock; defining a second set of said m ninum

transm ssion units for use in conveying said second set of information,

sai d second3set Tbt apparitnsiad ¢laiam2 hivelwiran saidifrs reqedtendichgleb:ess - 47- ni ni mum
transm ssi on uniets thant.fi rst .tseg at Ieashf‘ﬁome lof m ni. rlr_;.)llmt ansrp'ﬁzfi on,.
units in the ficreh CURGUSRLEEHNTE Mraeoerin i Meps Aporradonlost diiede tselisrgrding
sane; and oRUNcaBlitdGadsifsdidd Slits20eteSRAMRE 16 feSe@ind siffal mat i on usi ng

m ni mum transm ssion wunits included in said first and second sets of
mnimumtransm ssion units. 26. An apparatus for receiving a conbi ned signal
i ncl udi ng f2i4rst and sefond si.gna!s transmtted together over tine, first
and second 28 gnA"sS'PEAZF G R M8er | appi ng set of communi cations resour ces,
where said overl appi agréRsRk T8 Se ims Hevdee @bt thfamlts RaRffirtialB secohfiggyency,
phase and spreadi ng code, the apparatus conprising: first receiver neans for
recei vi ng delpanasisned wingmassionrtdeska said transmissen blask tiehwliied a plugditdof i r st

recei ver neans_includi.ng neans for treating portions of said conbined signal
corres pondimn"g}ﬁ.lplc[f_1 3 Illsémgg%rb'ﬁ%psjs Fi aqll_nélgur_fl%ﬁf@és‘%flgi Foﬁwgoggg%ﬁoda PREES ver
neans, arr aBfbhatifn PRcdbureds wskd forI@hshnissits bf nEGRiavieh, SARPRSouréQrindl @Gtk Wi 188kt
sai d combi ned signal from said comuni cations channel, said second receiver

means i ncl &P Atimg, Keaueney. mRasssaioiPreadingtaode thopiocesier emfiguied teonbi ned
signal corr ESDC’QQ%%E‘%%E%\%% 'ogséihrm%i@ﬁd& nal Sé}%%siorpﬁrglrsgﬁgpgs”e% %8ﬁ\/se$é)nrgzs§%dcfi-€§§e1t s

apparatus of clai erein sard apparatus i es nmeans
i nf or mat i oinfoBBiticAlid Arst k@ahdl@ng aPIRkdt ia @b Sty 98k 4ld Gafdh RS En SlogRA!
corresponding to said second signal as inpulse noise, 28. The apparatus of
clai m 26, wher eidalingd srepnd sqt of paid sHBioREN FRFNEFSOLHEISHOT B 18 apveyingagidessegnd
band. set of information, said second set of minimum transmission units including less minimum
transmission units than first set; at least some of minimum transmission units in the first and
second sets of minimum transmission units being the same; and

communicate the first and second sets of information using minimum transmission units

included in said first and second sets of minimum transmission units.

25. A computer readable medium embodying machine executable instructions for controlling
a device that transmits at least first and second sets of information using a transmission block,
said transmission block including a plurality of minimum transmission units, each minimum
transmission unit corresponding to a unique combination of resources used for transmission of
information, said resources including at least two of time, frequency, phase, and spreading code
to implement a method, the method comprising:

defining a first set of said minimum transmission units for use in conveying said first set
of information, said first set including at least a majority of said transmission block;

defining a second set of said minimum transmission units for use in conveying said

second set of information, said second set of minimum transmission units including less



29. An apparatus for receiving a conbined signal including first and second
signals transmtted together over tine, the apparatus including: first

recei ver neans for receiving the conbined signal, the first receiver neans
including: i) nmeans for filtering inmpul se noise fromsaid received conbi ned
signal, portions of said signal corresponding to the second signal being
treated as inpulse noise by said neans for filtering inplulse noise; and
ii) means for, decoding informtion corrégpondlng to the first signal coupled
to said mBHREUbFansniiEsien wls thyufisbsetont dest soaecptmaiaaun drangraisyian pgits in the

| nf or Bt | Ofh 481 G0hd ESLRMRRAUR AR ldn Iy S hAARInAISLEL i ng. the val ue of

the receiv Ined signal at a ni mum transm ssion units;
and second rececmmunmanSg ihmﬂrstdmdgecdn)i sete af nfbradatibh lubi@g infiginbas kghonisdomoi se
fromsaid recereg ds and _ii) means for decoding information
correspondPH inglu Hgﬁﬁ 5@“Eﬁﬁﬁﬁ€@n"?ﬁm§@Pﬂn§§86H8“$|Iter nmodul e,

said neans for decoding information corresponding to the second signal
determ ning the value of the received conbined signal at a second set of
M ni num tr dasni gsi appanatistisy, reaeiving @rdompiratl sigiatinskadomgdirsietndotcond sigraism

transm ssion units being included in said first set of transm ssion units.
30. An appgﬁa%lwge$ Eﬂgﬂh@g% Yoy it Ayt andhsscend &ig éﬁhaifﬁélaﬂd’i"ﬁ%aﬁﬂlfi%%e ghd second

signals t %&ﬂm@fcaﬁ&st@aﬁ&&@rwﬁe&@@ma'ovala b gngq% dderaq '1¢éyfmoﬁﬁﬁé)nd

recei ver neans recei ving the conbi ne entifying mnirfum
transm ssi dequumncy Sphase el greadiny qvde, the gmakatamanqgmurgdl ng to said second

signal, the secaond receiver ans out tion identifying, the
identified mni ?Cre&’ﬁémeé’%% RIGERIVINE 5&%%@@%%@%3?981 1 HENGELSH "éFB%ﬂel
and first sﬁa%gﬁécem?ﬂ?eaﬁpfncruaﬁgoaféaﬁg fequﬁ%g@etueﬁﬁoﬁgaap@dmtgﬁ@d ﬂ%ﬁdlr st

recei ver neans includi ng nmeans r odi ng i ons sal i ned
signal cor cesgpnoding td sidsicdnd sigsdl assmgudsd 1;101sea|add means for decoding

receiving said information identif t he. i tlf d m ni num nsm ssi on
units corres pona?cﬁ’ﬁ f"c?e’t"ﬁé“@@%ﬁﬁaé ag‘épar%%l 4t 4ﬁfsﬁﬁe°§]§f*ﬁm??ﬂ§n qr vy ne

m ni mum rsﬁﬁ%ﬁ?n%ﬁfe@ @1gﬂ91' frSm GATBRRAM Gnd hahR8, $EEQRENS HIBRLr mBdns 11:m€dmg

apparatus of claim30,” wherein said identified units corresponding to the
second si grsetondmaecann forofeating prtises afivdidyesahisedsignat oopopendisg tf saidbhesssignal as

di fferent %X ol transmi ssion tines.
ckground noise.

27.  The apparatus of claim 26, wherein said apparatus includes means for recovering
information lost due to treating a portion of said combined signal corresponding to said second

signal as impulse noise.

28.  The apparatus of claim 26, wherein said first and second signals share the same

frequency band.

29.  Anapparatus for receiving a combined signal including first and second signals
transmitted together over time, the apparatus including:
first receiver means for receiving the combined signal, the first receiver means including:
i) means for filtering impulse noise from said received combined signal, portions
of said signal corresponding to the second signal being treated as impulse noise
by said means for filtering implulse noise; and
ii) means for decoding information corresponding to the first signal coupled to

said means for filtering impulse noise, said means for decoding information



48
corresponsing to the first signal determining the value of the received combined

signal at a first set of minimum transmission units; and

second receiver means including:
1) means for filtering background noise from said received combined signal; and
i) means for decoding information corresponding to the second signal coupled
to said second filter module, said means for decoding information corresponding
to the second signal determining the value 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.

30.  An apparatus for receiving a combined signal including first and second signals
transmitted together over time, the apparatus including:

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

first receiver means for receiving said combined signal, said first receiver means
including means for decoding portions of said combined signal corresponding to said first
signal, said means for decoding 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.

31.  The apparatus of claim 30, wherein said identified units corresponding to the second
signal are one of in-phase and quadrature components of tones at different symbol transmission

times.



