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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

20 to as a multiple-access communications method.,

The broadcast communications method is commeonly known in the communications and
information theory literature as the ‘broadcast channel’. The ‘broadcast channel’ refers to each
of the physical communication channels between the transmitter and the multiple receivers as

25  well as the communication resources used by the transmitter to communicate. Similarly, the
multiple-access communications method is widely known as the ‘multiple-access channel’. The
‘multiple-access channel’ refers to the physical communication channels between the multiple
transmitters and the common receiver, along with the communication resources used by the
transmitters. The broadcast communications method is frequently used to implement the

30  downlink communication channel in a typical cellular wireless system while the uplink channel

in such a system is commonly implemented using the multiple-access communications method.

The transmission resource in a multi-user communication system can generally be

represented in time, frequency or code space. Information theory suggests that the capacity of
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employ several strategies to communicate with the receivers. Figure 1 is a graph 100 plotting the

achievable rates in a broadcast channel for a first and second user for three different
transmission strategies. Vertical axis 102 represents the rate for the stronger receiver, while
horizontal axis 104 represents the rate for the weaker receiver. Line 106 shows achievable rates
20 for a time division multiplexing (TDM) strategy. Line 108 shows achievable rates fora
frequency division multiplexing (FDM) strategy. Line 110 shows maximum capacity

. achievable rates.

First, consider the strategy where the transmitter multiplexes between the two receivers
25  intime, 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 e , it may be shown that the

achievable rates for the two users satisfy the following equations.

R, < oW log(1+ -:;—) ,

H

R, < (1~ )W log(l + -Z-V{)—)

30
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The rates achieved by the above equations are visualized intuitively from the convex
15  dashed curve line 108 corresponding to ‘FDM’” as shown in Figure I. 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.

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

broadcast capacity region. For the Gaussian case, this region is characterized by the equations

aP
R < Wlog(1+—ﬁ;—) ,
(l—a)P)
N t
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R, <Wlog(l+

and is indicated by the dash/dot curve line 110 corresponding to ‘CAPACITY” as shown in
Figure 1.
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The st r afvgeerant @eeicv@ld @cﬁb«ﬁr&teﬁ@yed t® ab Gstronger receiver’, sees smaller channel noise. Four
circles 206, filled in with a pattern, represent the QPSK constellation points to be transmitted at

20  high power (better protected), (1— )P, to the weaker receiver. Meanwhile, additional

information is conveyed to the stronger receiver at low power (less protected), aP , also using a
QPSK constellation. In Figure 2, arrow 208 of magnitude v ((1-o)P) provides an indication of the
high transmission power, while arrow 210 V(&P provides an indication of the low transmission
power. The actually transmitted symbols, which combine both the high power and low power

25  signals, are represented as blank circles 212 in the figure. A key concept that this illustration
conveys is that the transmitter communicates to both users simultaneously using the same

transmission resource,

The receiver strategy is straightforward, The weaker receiver sees the high power QPSK
30  constellation with a low-power signal superposed on it. The SNR experienced by the weaker
receiver may be insufficient to resolve the low-power signal, so the Jow 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
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SUMMARY

The present invention is directed to new and novel methods of using superposition

coding in a communications systems, e.g., a multi-user communications system. Superposition

25  coding occurs in a downlink and/or an uplink. Superposition coding in accordance with the
invention occurs in the case of the downlink by transmissions to different wireless terminals
from a base station using the same communications resource, €.g., simultaneously with the same
frequencies. Superposition coding in accordance with the invention occurs in the case of the
uplink by transmissions from different wireless terminals to a base station using the same

30  communications resource. In the uplink case, the signals combine in the communications
channel resulting in one transmission being superimposed on the other transmission. The
device, €.g., base station, receiving the superimposed signals uses superposition decoding

techniques to recover both signals. To obtain the benefit of the superposition, assignments of



-6 channel segnents to nultiple wireless termnals is controlled by the base
station. Mdreover, in the downlink case, the transm ssion power |evels are
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conveys fagilitahingsuperpestiontdscadingl s are to simul taneously use a communi cations
channel segnment and, in addition, which of the assigned devices is to
transmt (in the uplink case) or receive (in the dowlink case) the strong
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coding signal are respectively called the strong signal and the weak
si gnal , theieeemmieicgtionseasnaniapmitke base sigfien i thi dhvghink easeioy eempuwwisatiamd t he
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20 For the sake of simplifying the description, this document assumes that two signals are

superimposed to form a superposition coding signal. However, more than two signals can be
superimposed. The invention is applicable to cases where more than two signals are

superimposed to form a superposition coding signal.

25 Hence, the two signals of a superposition coding signal are respectively called the strong
signal and the weak signal, where the strong signal is the one with high received power and the
weak signal is the one with low received power. When two wireless terminals share the same
communications resource, the one with better channel condition is called the stronger user and
the one with worse channel condition is called the weaker user. In some embodiments, a given

30  wireless terminal may be the strong user when it shares the resource with another wireless

terminal, and be the weaker user when it shares the resource with a third wireless terminal.

In many uplink cases, the stronger user will be assigned to operate transmitting the signal

which will be received by the base station as the strong signal and the weaker user will normally
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transmtter where the wireless termnal is assigned an uplink traffic
channel chneheggengngenlse e glade psigs spperpasiioicodings Notedhat channgl sssigEnegfed a

downl i nig. %?eﬁeﬁahgﬁégé bGHHWRE sealifln Q&P%&ﬂ{?&% Whdad PR RREL bnd ANERALRN

super positTon C used In an opportunistic manner .

supes pos¢ritit®@theGathgrg us@s hendusiacd Witanhevveskl waml el tienadignmeitBentaotiid ciently
di fferent channel conditions are available to be paired to share a

comuni ¥%ekesiserdp tramamifed withdhefrongsignah Seacaifer wirglesyferminabrgligastthaithence in
receive ) Leved; . ) [ hcl.ent

i 11 er onr Ty KN otadiMor e e SEHMCYER i Brfhing R HE: RRahRieelv

t ransm sebiysigoilhe GapRbs leithir@bknowy thhtd61s coadiddrodbp thartease otatioie il hedkdro

share a user, i.e., the weaker transmitter in the case where the wireless terminal is assigned an uplink
20  traffic channel or the weaker receiver in the case where the wireless terminal is assigned a
downlink traffic channel. Similarly, if a wireless terminal realizes that the assignment for it
comes from the weak signal, the wireless terminal knows that it is considered by the base station
as the stronger user, i.e., the stronger transmitter where the wireless terminal is assigned an
uplink traffic channel or the stronger receiver where the wireless terminal is assigned a downlink

25  traffic channel.

In accordance with the present invention, superposition coding can be used in an
opportunistic manner. That is, superposition coding may be used when wireless terminals with
sufficiently different channel conditions are available to be paired to share a communications

30  channel segment. In cases where a sufficient difference in received power levels may not be
achieved, e.g., due to an insufficient different in channel conditions between devices or
insufficient transmission power capabilities, wireless terminals are not scheduled to share a

transmission segment. Thus, superposition is used in transmission slots where it is likely to



transm ssi on segnment. Thus, superposition is used in transm ssion slots
where it is likely to WD 2004/ 075470 PCT/ US2004/ 004947 -8 produce reliable
results d cient received power |evel differenc cases
here it :{EO?W%%“?O be unreliable. Numerous additional %TR’F%}O@@” enefi ts
and advant ages of the present inventign will be 5 apparent in view of the
detail ed description which follows. BRI EF DESCRI PTI ON OF THE FI GURES Fi gure
1 shows a graph illustrating achievable rates in a broadcast channel for a
first useeduct@eliabldresultstduenyeuilicievticosvedipraven lovet dififtrarseys bwtiohirecasesiiess it
receiver, Egeclgrﬁoéhr ee .ggffer ent transm ssion strategies. Figure 2

i|lustradt SUNGHEPIGt  super position coding with QPSK nodul ation. 15
Figure 3 illustrates an exenplary comuni cati ons systens inplenmenting the
apparatus and nethods of the present invention. Figure 4 illustrates an

exenpl ary bad¥umerats additionsl fasbmese Yenefitsadaddantageswil the prieent prvesteon will be
i nvention. 20 F| ure r.at es.an w rel ess term nal
i mpl emerf gareptnm )(cjglﬁglg E%F‘% ﬂespﬂgnorbwglggﬁgﬁqw%emi on. Figure 6 illustrates

exenplary traffic channel segnents. 25 Figure 7 illustrates exenplary

assi gnrrent and traff| C segrrents Figure 8 illustrates exenplary downlink
traffic BRUGER AP TN OV BIGURESacknow edgement segnents. 30 Figure 9
illustrates an exerrpl ary comuni cat i ons system i npl enented in accordance
with the present invention. W 2004/ 075470 PCT/ US2004/004947 -9 Figure 10

illustrates spip@eROhblk AkrahdilidratiAg acHd abldYa®s #E & SRadeRBANRhel f3r AFiEQLERNCE
with the present invention.

10 with a stronger receiver and a second user with a weaker receiver under three different

transmission strategies.

Figure 2 illustrates an example of superposition coding with QPSK modulation.

15 Figure 3 illustrates an exemplary communications systems implementing the apparatus

and methods of the present invention.

Figure 4 illustrates an exemplary base station implemented in accordance with the

present invention.

Figure 5 illustrates an exemplary wireless terminal implemented in accordance with the

present invention.

Figure 6 illustrates exeinplary traffic channel segments.

23
Figure 7 illustrates exemplary assignment and traffic segments.
Figure 8 illustrates exemplary downlink traffic segments and exemﬁJlary uplink
acknowledgement segments.
30

Figure 9 illustrates an exemplary communications system implemented in accordance

with the present invention.



Figure 11 illustrates superposition coding used in broadcast assignnent and
broadcast 5 traffic channels, in accordance with the present invention.

Fi gure 12\,&65%%}05%9@3 super posi tion coding used in broadgastsAssh@rENt and

mul tipl e- "acCess traffic channels, in accordance with the present invention.

10 Figure 13 illustrates superposition coding used in broadcast traffic and
mul tipl e-access acknow edgenent chanriels, in accordance with the present
invention. Figure 14 illustrates superposition coding used in

mul ti pl e- accedgurerlffillustratas guperoesidenstodingik aomhlidigeareets chhmmeh 8l xcoidance
accordan it e _present invention. 15 Figure 15 illustrates an exenplary
it Y lesk O R ER

enbodi ne “invention using superposition coding on a conmon
control channel. Figure 16 illustrates exenplary uplink signals on the sane
channel segnment and is used 20 to illustrate an exenpl ary enbodi nent of

recei ved poweigergridatlusiraias superpesiterceodinig used ebiondenstassignmeetriniddmoadeagur e 17
is adflow i4 lustrati t.he.steps of an exenplary nethod inplenented by
a base %%fg{g?%g nFlﬁ’ lgr?écoeré n%lvg thg%egaqt%%epﬂo%‘% Figure 18 is a flow chart
illustrating the steps of an exenplary nethod i nplenented by a wreless
termnal in one exenplary enbodi nent. DETAILED DESCRI PTION 30 As di scussed
above, the pridgest!2iilysirtassapsrpodiioreeading used nebyoadatsharsighmaent dnddeultipleusi ng

communt e heRRs s af QT SREREDRE Rt P 2 "ownl i nkc andsor an
upl i nk. Superposition coding in accordance WO 2004/ 075470 PCT/ US2004/ 004947

-10 with the invention occurs in the case of the downlink by transm ssions
to di¥ f erent Figwe|légBustiatassupeipasipomeadingised inbapdesat waffiagnd multipderaccess

communi i A0RILESAVEEEmef B ace ST ANPANBle Wi hnghlie same Trequenci es.

Super position coding In actordance W I 'Avention occurs in the case of
the uplink by transm ssions fromdifferent wreless termnals to a base
station using_ the sane 5 comunications resource, In the uplink case, the

si gnal s conbiFiguied 4iHestagnsnsupireesiiioneoding used in multiple-access traffic and broadcast

acknowledgement channels, in accordance with the present invention.
15
Figure 15 illustrates an exemplary embodiment of the present invention using

superposition coding on a commeon control channel.

Figure 16 illustrates exemplary uplink signals on the same channel segment and is used
20  to illustrate an exemplary embodiment of received power targets, in accordance with the present

invention.

Figure 17 is a flow chart illustrating the steps of an exemplary method implemented by a

base station in one exemplary embodiment.

25
Figure 18 is a flow chart illustrating the steps of an exemplary method implemented by a
wireless terminal in one exemplary embodiment.
DETAILED DESCRIPTION
30

As discussed above, the present invention is directed to new and novel methods of using
superposition coding in a communications systems, e.g., a multi-user communications system.

Superposition coding occurs in a downlink and/or an uplink. Superposition coding in accordance



channel resulting in one transm ssion being superinposed on the other
transm ssion. The device, e.g., base station, receiving the superinposed

signal s ugﬁz%@g@ﬁ“p{psi tion decoding techniques to recovge ,99}091/&;4%& s. To

obtain th of the superposition, assignnents of "~ channel segnments to
multiple wireless termnals is contrg{{pl ed by the base station. Mreover, in
10 the downlink case, the transm ssi “power |evels are controlled by the
base station so that the received power levels are very different to

facil it avigh thapeyeption ptaws ddbodisagf therdowmdink py itnaksmsiasiens totdifferentwielessi on
power |evel.s are controll.ed by the wreless.termnals sharin he sane.

ol k. iR FOat BiG SieLB e MGl S REyTre et wiulfieiYun

r ecei vedns banedrsqieneies.t %erpﬂsftfoﬂrcﬁﬂﬁlﬁgﬁﬂéc_%ﬁﬁneé with ehdiagentidnadck @R intielcaltave
different received power levels facilitating 15 supergom tion decoding.

Fi gur e Pfithe eginkdrydzsangmissicasrpoar diffefenewirelesscorminnlis ta e basesstaiipntusing3bgsame

i npl ement ed i accordan i th.,a using. t he nethod f the present
et ol REF GRORPE T TR ettt LG SRR 8o uBRePERIFS i carry
uses Conjhagtdl esbubitpeh BOS irhnseisstatbdity sREAMESscabndfe bidkt Rinseianne! Bheand
downl i nk channels In accordance with the present invention. Exenplary

wi r el essleyisamtii baseisttion sipesi ving Swouperimpessd signals pacstsuperporitnn deradinggonal

fOr: ?)(I\q/l u \E/:vi n ﬁécr\hggiu\ég %4 Q0004 IbB{hng Oﬁ-ﬁﬁsr.]y o SBikih iR l?ehgﬁtfoﬁfstﬁ% ?@%&%g%tilo\cﬁg%éls%qg}@gﬁ%? mpl ary

communit ca 5 S S emils use

pur posesch@fine® ¥¢nadntd adniHple Wiveess t@hindlde cohtvl@ttyhe bseltARAeModrdbvet ape
than the exanple, and the invention can be applied in many other

25
conmini che Hevinkykseasenthe Bansmispiqrmgaverilevssase consiolod by dhd knse selien epdhapdene| |

wh trol s L . iy
ol ar al § (oopeLustsJBE 0§y s ertily At SURERRIon GREPUER, AR BT, °,,
304) i ncheldemsndsHies powdrdtvoliare BoitrolleBBy th3@GeleBSeivhid@B shatigstpe sirhy eplink and
represents the 30 wrel ess coverage area of the base station. BS 1 306 is

coupl ed QOFUBLIBEAGIORS FRSQUISE. Cehdti® 886 to majemgurs thad the 1eagiyod s3ans {pm the r el ess

nodes, | (ERETR e’ SERE S Gl RN My RRRES Pl B RvaBIMIRalta 21 Vel
The 15encsupergesitidd Becoding, 318, 320 may be nobile and/or stationary wreless

comuni cati ons devi ces WD 2004/ 075470 PCT/ 1352004/ 004947 -11 and are
referred to as wireless termnals (Ws). Mbile WIs are sonetines referred

s L e L R e D R
r espect i acedbndand¥etitind wdeethd 2gethals of the present invention. Exemplary wireless
communications system 300 opportunistically uses controlled superposition coding methods on
20  uplink channels and downlink channels in accordance with the present invention. Exemplary
wireless communications system 300 is a spread spectrum OFDM (orthogonal frequency
division multiplexing) multiple-access system. While an exemplary OFDM wireless
communications system is used in this application for purposes of explaining the invention, the
invention is broader in scope than the example, and the invention can be applied in many other
25  communication systems, e.g. a CDMA wireless communications system, as well where

controlled superposition coding is employed.

System 300 includes a plurality of cells: cell 1 302, cell M 304. Each cell (cell 1 302, cell
M 304) includes a base station (BS), (BS 1 306, BS M 308), respectively, and represents the
30  wireless coverage area of the base station. BS 1 306 is coupled to a plurality of end nodes,
(BEN(1) 310, EN(X) 312) via wircless links (314, 316), respectively. BS M 308 is coupled to a
plurality of end nodes, (EN(1*) 318, EN(X') 320) via wireless links (322, 324), respectively. The

end nodes 310, 312, 318, 320 may be mobile and/or stationary wireless communications devices



coupl ed to other network nodes and the Internet via network |ink 332.
Network |inks 328, 330, 5 332 may be, e.g., fiber optic cables. Figure 4 is
an illustrgti n exenpl ary base station 400 inplene i r dance
with the ﬁﬂé%ﬁ%@%ﬁﬂ?Exenplary base station 400 may be a ﬂ%ﬁgsgﬂfgﬁﬁgd
representation of any of the base stg{ions 306, 308 of Figure 3. Base
station 400 includes a receiver 402, "a“transmtter 10 406, a processor 410,
an 1/0 interface 412, and a nenory 414 coupl ed together via bus 416 over
whi ch t handvasg Tedereeddp @WSWMW{S&WTﬁn déobilatW Taant sonfetimen téfemed he

receiver i S a 404 thro i ba tat.i,on 400 na
recei ve I&éﬁ?eniOdgggﬂglfgwgmﬂg r%q%ﬁ%%gg@o%?ys\%r? gﬁ@s%@ '112’5913}@§§M&?g)m%00 (Seg
Fi gure 5oupBdaed ndtvodphddea 26 g8 adis offelinlis 2B LERD, eRbédively. Ml kb8 Gis
transmtted by different wireless termnals 500 on the sane traffic segnent

whi ch mespuslegde pdisengtiyorlheodss and lig/laiemgt kiaodiveary hisk 3321 detwverk lnkap2%idB0ed by
differe i ess term t he same acknow edgenent segnent which may
supeS[’)ogée?’ziV}dﬁgﬁFé “arh 6?188@%:?:%0?6 ance with the invention. Receiver 402
includes a plurality of denodul ati on nodul es, denodul ati on nodul e 1418,
denodul ation nodule N 420. I n some 20 enbodi nents, the denodul ati on nodul es
418, 420 nmy Heusdris apillustrigbemneletn sremplasy basesstatign 408 impleimshtedon ataosdangs, 420
are coup ) lL.atl on. I 4 rf.0 first

dermdul 2 TBHedR RS R ke SRR et ol R S Resapp i nget

hi ghly (e bhectedns BOMB08 of FeyutedBhat shech §00 PERTES ©fecBByr G2, horananded from
denodul ati on nodule 1 418 to denodul ati on nodul e N 420. Denodul ati on nodul e

N 428 maiP6 e piscessonél Giag i/ Qhsgefaco g L rangd jagpgmony 4d ¢ senplgd taggsr virtyadihever
recei ved, s ! ' : : | o ower I

pr ot :a\ét g\gﬁlgﬁg‘;\egﬁdi%ﬁsna%%@sgﬁggge@%ﬁ%e%%g&r@f% %gg%'i v\(,avr sp402 a(r)urj/ oreSS
separate antennas 404 maybe used, e.g., a first receiver for the high

(received) power or. highly protected wuplink signals and a second receiver
for the | ow (f&@?%@)‘%&d%?up&rd 10 S ApieBRRA4 BEPUEH WHIRD basegiitiog 408 may

Transm t 406 1 S t : ' t at Lon 400
mytr e ST ERNPLAR o Al AT GRAR Aot QD 190 68 BASR 5 Shato,

Suc h1dovgliniktlsi giaynad ysintiyle uplivel tiaféic sighals pasenited bp aifferedt. viiveles? t@aiRds50® of

two or nore signal éf on the sgne channel WD 2004/ 075470 PCT/ US2004/ 004947
- 12 segn¥htie sgae aldicqsament whigh may pRrspese imthepiand/ragkioledsaent s€nadls power

level, apgdRaedy @ @RBlent wireless terminals on the same acknowledgement segment which may

superpose in the air, in accordance with the invention. Receiver 402 includes a plurality of
demodulation modules, demodulation module 1 418, demodulation module N 420. In some

20  embodiments, the demodulation modules 418, 420 may be part of a decoder module. The
demodulation modules 418, 420 are coupled together. Demodulation module 1 418 may perform
a first demodulation on a received superposed signal recovering a high power or highly
protected signal. The demodulated information may be forwarded from demodulation module 1
418 to demodulation module N 420. Demodulation module N 420 may remove the high power

25  or highly protected signal from the received superposed signal, and then demodulate the low
power or less protected signal. In some embodiments, separate receivers 402 and/or separate
antennas 404 may be used, e.g., a first receiver for the high (received) power or highly protected
uplink signals and a second receiver for the low (received) power or low protection uplink
signals.

30

Transmitter 406 is coupled to an antenna 408 through which base station 400 may

transmit downlink signals to a plurality of wireless terminals 500. Such downlink signals may

include superposed signals, e.g., a composite of two or more signals on the same channel



intended for a different wireless term nal. Superposed downlink signals may
be opportunistically transmtted on assignnent segnents, on downlink
traffic signals, and/or on acknow edgenent segnents, in accordance with the

i nventi on.wdhanaid&er 406 includes a plurality of nodul gfd W es,
nodul ati on nodul e 1422, nodul ati on nodule N 424, and a sggz&gggﬁ/tﬂ?‘%w nodul e

426. Mbdul ation nodule 1 422 may m)_q |ate a first set of information, e.g.,
into a high power or highly protectéed signal, and nodul ati on nodule N 424

may nodul ate a secon t of infaor ion into.a. |l ow power or | ow protection
el Sagihah 5o 1 BH Of i OERATE EOTRITHER: ST oGP asBRGcb AGF ATl

pr ot ect ' ' i ¥ ' i 10
onpos! | R B S p S R PR LRPR BT G AR

segnent trahsmigtedren assgnowinteagnentsyoh towhlink traffis sightler adAgGnackinorledgdnidnpl e
antennas 408 may be used,. eafirst transptter, for t hi gh . powered or
gy SRt oo i S ahat BRI gl ¢ Py g} HonBRN,
powes ed nidule@VinSduRittimt hodms pund | kdiiRahSduld N 424 0add Y &iARRitbhndIADs.
interface providing connectivity of the base station 400 to other network
nodes, &lqlu]atiot meaduteak 2% may medulaternfirss sat e mferotigion, ®g.cinto ahightpevien er

br oceos Biehlgotebteg ighal, et Moaniali bodiR A 424,88 medb Bt ke R sedl o
dat a/ i nf@FrARdtiod b 300k HoWRIBF Déuﬂ%ﬁtegﬁorpﬂgﬁaﬁ Supdfo RS LmdHAE 1428 c496; iggthe

accordance with the nethods of the present invention. 20 Routines 4
i ncl ude highrpomei oahigblyprotocied signalagdizh tadob pewestrdowanmoteotnen signal sudhi theisa 434,

Cor P SHbA ek B LR S B R R et ot 07
and si gegbbdighehBUiiulifle HAdmi®GH ads hfd/or lﬁaﬁgimkdaﬂ@mws ﬁh@}mh ubdd, s@haditkd ng
) a

modul e 446, an uplink scheduling nodule 448, and a 25 relative user strength
mat chi nérensigeeios g highrpewernd of Bighbwepteetod dpwhliniosighaieantBBsacand trassnitier

receive r target nodul e 452. ,Dat.a/l nf oymati on 430 includes data 454,
wirel esgoﬁg%“h%‘?w%ﬁcﬁ 85 PR PP SBRSa m i nf or mati on 458, downl i nk
assi gnnent nessages 460, downlink traffic channel nessages 462, 30 received

acknow edgenent nessages 464, uplink assignment massa%es 466, uplink traffic
chanhel ness¥§ciatestge 4bhis aadrndatecpigeidingtconesosiste of therbaspstatien 4¢Gipfather470.

WD 2004/ 075470 PCT/ US2004/ 004947 -13, Dat a 454 incl udes ,u dat e.g.,

dat a eSO ERTRSr S anE, e i 46 PR gy S AT e TRlent ey’
414 includes routines 428 and data/information 430. Processor 410, e.g., a CPU, executes the
routines 428 and uses the data/information 430 in memory 414 to operate the base station 400 in

accordance with the methods of the present invention.

Routines 428 include communications routines 432 and base station control routines 434,
Base station control routines 434 include a scheduler module 436, wireless terminal power
control routines 438, transmit power control routines 440, and signaling routines 442. Scheduler
436 includes a downlink scheduling module 446, an uplink scheduling module 448, and a
25  relative user strength matching module 450. WT transmit power control routine 438 includes a

received power target module 452.

Data/Information 430 includes data 454, wireless terminal data/information 456, system
information 458, downlink assignment messages 460, downlink traffic channel messages 462,
30 received acknowledgement messages 464, uplink assignment messages 466, uplink traffic

channel messages 468, and acknowledgement messages for uplink traffic 470.



recei ved fromother network nodes, data to be transmtted to Ws, and data
to be transmtted to other network nodes. Wrel ess term nal

dat a/ i nfor i includes a plurality of WIs infor i
i nformati 0@2%@7515% information 474. WI 1 informati onngéjﬁ/%lg%og%%ég 5 data

476, termnal identification (ID) information 478, received channel quality
report information 480, segnent inf oftration 482, and node information 483.
Data 476 includes user data received by BS 400 fromW 1 intended for a
peer node of WMita#s4dncjudesyerNata ng., dearecetiaddrom MERdevkrtvwirdiess links) saiat t ed

asel gnod T EEER st R0y, oth R R e o8 s e P resmiten s

400. 10 HeeeierRerkGlbans alirted thinvin5lCRMihfdrphOs RS BRNABD, bREAHIEEWARWN! i nk
channel quality feedback information such as, e.g., SNR

(signal - indorpwtion-Wdt § wforngfipn ¢32,gMAIN irﬁommienﬂéﬂ.eﬁ%"ﬁl neformotion@ancludes

i nf orymat | i ncl,udes..i nf or 1on_indi ing.the, current. node of W,
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traffic, assignnent segnent for downlink traffic, uplink traffic channel

segntht , Reqgixpdichameel guadlity eenordnisematiangRdrincludesidosinliol ghrmme! qrditn Sdedsasgnent

correspon . plin traffic channel pent . acknow edgenent , segnment
cor r espoh |r%%nblg S'ZC%G%M?T P? EM ¢’§P€‘l‘:“t§'n@h8§ﬁﬁ%?)’ §§g&tﬁ%}#@'§£§rﬁ@?ﬂcef ag‘i%t qugat i on
(1D i nf pfsratation 489 theluueh Hﬁ@ﬁndti@ﬁ%dmfﬁhg Fhei@Rfént Motlel8NWTLY £RY onlshife, SREPENT
e.g., information used in identifying the frequencies, tinme, duration,

and/ or s§'@&, €6 associated with the segnent. Coding information 492 includes
information identifying the type of coding and/or nodul ati on used for the
segnent. Rel ative strength designation information 494 includes information
i ndi gating t hSeghesmi fifednedioH 8L ecdidey @ phirhleR OF Bedrdnt iT6rmMIRASRT0REsponding
comuni cation on this segnent. |In sonme enbodi nents, the relative strength
desi gnat ioghannehsepmmmts aniznedio Wdllusegmenhnt viormation 484 .cssemeyi Nanformation 486,

either a 8 1 e 3 ur poses. pf ni catj.ons _on.this
Sognent S DintRhh AN 48 ihahad\Eenity RUARRE ALy SOSTHRERIDNRERRIG| o,
i nf or mat 499) cd@Ry inféinfitidg 400 Sidvelati eNstdAgth deki §t[ﬁr§i%fd?ﬂ1aﬁ@tﬂﬂ94.”%%§ﬁent type

information 498, and received power target 2004/ 075470 PCT/ 004/ 004947
information 488 includes information identifying the segment’s type, e.g., assignment segment

20  for uplink traffic, assignmment segment for downlink traffic, uplink traffic channel segment,
downlink traffic channel segment, acknowledgment channel segment corresponding to an uplink
traffic channel segment, acknowledgement segment corresponding to a downlink traffic channel
segment. Segment identification (JD) information 490 includes information used in identifying
the segment, e.g., information used in identifying the frequencies, time, duration, and/or size

25  associated with the segment. Coding information 492 includes information identifying the type
of coding and/or modulation used for the segment. Relative strength designation information
494 incindes information indicating the designated WT relative strength for the purposes of
communication on this segment, In some embodiments, the reiative strength designation
information 494 includes information identifying the WT as either a weak or strong WT for the

30  purposes of communications on this segment.

System information 458 includes tone information 495, modulation information 496,

timing information 497, transmission power model information 498, and received power target



-14 nodel information 499. Tone information 495 includes information
identifying tones used in hopping sequences, channels, and/or segnents.

Modul at i o&g(g %%@H on 496 includes information used bép@éuéﬁ?yﬂo%i‘inpl enent
e

the vario on and/or coding schenes, e.g., codihg ra

i nformation, nodul ation type informatjion, error correction code information,
etc. 5 Timng informati on 497 may i ncl4trde timng informati on used for
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dB such as 10 dB. 20 Downlink assignment messages 46Q include assi gnmept
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dB such as 10 dB.
20
Downlink assignment messages 460 include assignment messages used to notify a WT
terminal that it has been assigned a downlink traffic channel segment. Downlink assignment
messages 460 are transmitted by BS 400 to WTs on downlink assignment channel segments. In
accordance with the invention, multiple downlink assignment messages may be transmitted to
25  multiple WTs on the same assignment segment using controlled superposition coding, Downlink
traffic messages 462 include data and information, e.g., user data, transmitted from BS 400 to
WTs on downlink traffic channel segments. In accordance with the invention, downlink traffic
channel messages 462 may be transmitted to multiple WTs on the same assignment segment
using controlled superposition coding. Received acknowledgement messages 464 include
30 acknowledgement signals from WTs to BS 400 indicating whether or not a WT has successfully
received data/information on an assigned downlink traffic channel segment. In accordance with

the invention, acknowledgement messages 464 may have been transmitted by multiple WTs,



recei ved data/information on an assigned downlink traffic channel segnent.
In accordance with the invention, acknow edgement messages 464 may have
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20 Communications routines 432 is used for controlling base station 400 to perform various
communications operations and implement various communications protocols. Base station
control routine 434 is used to control the base station 400 operations, e.g., I/O interface control,
receiver 402 control, transmitter 406 control, and to implement the steps of the method of the
present invention. The scheduler module 436 is used to control transmission scheduling and/or

25  communication resource allocation. The scheduler module 436 may serve as a scheduler. The
downlink scheduling module 446 schedules WTs to downlink channel segments, e.g., downlink
traffic channel segments. Downlink scheduling module 446 may opportunistically schedule
multiple WTs to the same downlink segment, e.g., the same downlink traffic channel segment.
The uplink scheduling module 448 schedules WTs to uplink channel segments, e.g., uplink

30 traffic channel segments. The uplink scheduling module 448 may opportunistically schedule
multiple WT's to the same uplink segment, e.g., the same uplink traffic channel segment. In

some embodiments, the opportunistic scheduling and classification of multiple users as
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430 including the received power target model information 499, the coding information 492, and
20  the relative strength designation information 494 to determine a received power target for uplink
signals on uplink segments. Transmit power control routine 440 uses the data/information 430
including the transmission power model information 498, coding info 492, and relative strength
designation information 494 to control the transmitter 406 to transmit downlink signals at the
appropriate assigned strength for the given segment. Signaling routines 442 may be used by
25  receiver 402, transmitter 406, and I/O interface 412 to control the generation, modulation,

coding ,transrnission, reception, demodulation, and/or decoding of communicated signals.

Figure 3 is an illustration of an exemplary wircless terminal 500 implemented in

accordance with the invention. Exemplary wireless terminal 500 may be a more detailed
30  representation of any of end nodes 310, 312, 318, 320 of Figure 3. Wireless terminal 500 may be
a stationary or mobile wireless terminal. Mobile wireless terminals are sometimes referred to as

mobile nodes and may move throughout the system. Wireless terminal 500 includes a receiver



30 representation of any of end nodes 310, 312, 318, 320 of Figure 3.
Wreless termnal 500 may be a stationary or nobile wireless termnal.
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and/ or nRdeiladtfopthetlow Patvptidr lopd protectidrpdeiinkisidnal recovery. In some embodiments, it
may be possible to decode the weaker or less protected signal component of a superposed
20  downlink signal directly without first removing the contribution of the stronger or better

protected signal component.

Transmitter 504 is coupled to an antenna 515 through which wireless terminal 500 may

transmit uplink signals to a base station 400. Such uplink signals may include uplink traffic

25  channel signals and acknowledgements signals. Transmitter 505 includes a modulation module
516. Modulation module 506 may modulate data/information into uplink signals. In some
embodiments, the modulation module 506 may be part of an encoder module. The transmitter
504 may be controlled in terms of output power and/or modulation to output uplink signals with
different levels of target received power and/or different relative levels of protection, e.g., high

30 targeted received power signals (or highly protected signals) and low targeted received power
signals (or less protected signals) for different uplink channe] segments in accordance with the

invention.
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nmessages 562, acknow edgement nessages for downlink traffic 564, uplink
assi gnment ep§adeHmAlon S inbldés Gktd 540, ehanieldeiBESARRI PP forARAtod 542,

recei ved acknow edgenment nmessages for uplink traffic 570. Data 540 includes
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segnent deckiRéDidkabivivapedrt meege fidr Udlink traffizeg7ioon 576. Segnment 1 information
574 includes segnment type information 578, segnent identification (ID)

i nformation 580, coding information 582, and relative strength designation
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through BS 400 and received in downlink signals from BS 400. Data 540 also includes user

data to be transmitted in uplink signals to BS 400 intended for peer nodes of WT 500, e.g.,

20  another WT in a communications session with WT 500, Terminal ID information 542 includes a
base station assigned ID used to identify WT 500 in communications and operations with BS
400.

Segment information 544 includes a plurality of communication channel segment

25  information sets corresponding to channel segments assigned to WT 500, segment 1 information
574, segment N information 576. Segment 1 information 574 includes segment type information
578, segment identification (ID) information 580, coding information 582, and relative strength
designation information 584. Segment 1 information 574 includes segment type information
578, segment ID information 580, coding information 582, and relative strength designation

30  information 584. Segment type information 578 includes information identifying the segment’s
type, e.8., assignment segment for uplink traffic, assignment segment for downlink traffic,
uplink traffic channel segment, downlink traffic channel segment, acknowledgment channel

segment corresponding to an uplink traffic channel segment, acknowledgement segment



578, segnent |ID information 580, coding information 582, and relative
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statg, sleep state, etc. Tone information 550 includes information identifying tones used in

20 hopping sequences, channels, and/or segments. Modulation information 552 includes
information used by WT 500 to implement the various modulation and/or coding schemes, e.g.,
coding rate information, modulation type information, error correction code information, etc.
Timing information 554 may include timing information used for hopping sequences, supersiots,
dwells, durations of channel segments, and timing relationships between different types of

25  channel segments, €.g., a timing relationship between an assignment segment, a corresponding
traffic channel segment, and a corresponding acknowledgment channel segment. Received
power model target information 558 may include information such as look-up tables used to
define models for controlling the WT transmit power to transmit at an appropriate power level in
order to achieve a received power target at BS 400 for an uplink channel segment signal. In

30  some embodiments, a received power model target for wireless terminal 500 is a function of
coding rate and classification of the user (wireless terminal) as a strong or weak user (wireless
terminal). In such an embodiment, for the same coding rate, the received power targets may be

very different between the strong and weak classification, e.g., a value >3 dB such as 10 dB.
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recei ved?xj& élr%qgsm gnnment nessage 566 nmay be one of mnultiple uplink
assi gnme hessages transmitted by BS 400 to nultiple WIs on the sane
assi gnment segnent as part of a

Received uplink assignment messages 566 include assignment messages used to notify

20 WT 500 that it has been assigned an uplink traffic segment. Received uplink assignment
messages 5660 are obtained from received signals of BS 400 transmissions to WT 500 on
downlink channel segments used for assigning uplink channel segments. In accordance with the
invention, a received uplink assignment message 566 may be one of multiple uplink assignment
messages transmitted by BS 400 to multiple WTs on the same assignment segment as part of a

25  controlled superposed signal in accordance with the invention. Uplink traffic channel messages
568 include data and information, ¢.g., user data, transmitted from WT 500 to BS 400 on uplink
traffic channel segments. In accordance with the invention, uplink traffic channel messages 568
may be transmitted, with a controlled received power target, by WT 500 to BS 400 on the same
assignment segment as other WTs are transmitting uplink traffic channel messages and the

30  signals from multiple WTs may superpose over the air link. Acknowledgement messages for
uplink traffic 570 include acknowledgement signals from BS 400 to WTs indicating whether or
not BS 400 has successfully received data/information on an assigned uplink traffic channel

segment. Tn accordance with the invention, base station 400 may transmit multiple



25 control |l ed superposed signal in accordance with the invention. Uplink
traffic channel nmessages 568 include data and information, e.g., user data,
transmtted fromW 500 to BS 400 on uplink traffic channel segnments. In
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transmtted, with a controlled received power target, by W 500 to BS 400 on
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control module 532 directs the operation of transmitter 504 and its modulation module 516 for
operations related to uplink signaling such as signal generation and power control. Signal

20  generation module 538 uses data/information 520 including modulation information 552 and
segment information 544 to generate uplink signals from uplink information to be
communicated, such as, e.g., uplink traffic channel messages 568. Transmitter power control
module 539 uses data/information 520 including received power target model information 358
and segment information 544 such as coding information 582 and relative strength designation

25  information 584 to control the transmitter to regulate the uplink signal strength for uplink
segments, e.g., individual uplink segments. The transmitter power control module 539 may
adjust transmission power levels for individual segments to attempt to reach a received power
target level at the base station 400, in accordance with the invention. This control of wireless
terminal transmission power with respect to expected received power at a base station allows for

30 the base station 400 to opportunistically schedule multiple wircless terminals on the same uplink
segment with different received power targets, to receive an uplink signal including superposed
signals from multiple wireless terminals, and to extract the individual signals from each wireless

terminal.



comuni cat ed, such as, e.g., uplink traffic channel nessages 568.
Transmtter power control nodule 539 uses data/information 520 incl uding

recei ved de&ﬂoﬁﬁt?t nodel informnati on 558 and segnentpa%?{m&%gﬁ 544
such as codiig I'n

ormation 582 and relative strength designation
information 584 to control the transnjfter to regulate the uplink signal
strength for uplink segnents, e.g.," ndi vi dual uplink segnents. The
transmtter power control nodule 539 may adjust transni ssion power |evels
for individual segnments to attenpt to reach a received power target |evel
at the base at i Thi s

400, | d ith.the | tion. trol of
W ol ess -t et thavenr BuRGRLORARE AP ek lh R et e veE OB
pover ate@ hifsteighhRlah@r Bédc@ﬁ\’l'éigh%, 18 QblalifcRARE qRhR DRt 18,

opportuni sticall'y schedule nultiple wireless term nals on the same uplink
segnent with different received power targets, to receive an uplink signal
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measurenents of received signals, eﬁ.}ﬁg. ,_pilot signals and/or beacon
si gnal s,disodosedimlrS. PatenhApplgativng 90/706, Bt naudi (97064182, whith ackerphbar y
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whi ch are hereby ‘incorporated by reference but include nodifications used
t o i ¥pl dreention hebigrdesdmscapaveanttheexamphy prdecaarbecapphied imrgenoval ) mery ethet em i s

used for_pur S xpl aj njyng the invention, the 10 invention is broader
in scopeC ﬁﬁ?ﬁgn%&%ﬁg?gsgﬁg. can be applied in general to many ot her

communi cation systens as well. In a wreless data conmuni cati on system the
air link resource gleneral ly includes bandw dth, time and/or code. The air
| i nk resour centasirelessalatrpmmunieatwnsxgieor the girdmkiresoerqecgenerally Sndedelsed t he

traffic ,chan ve ay,l i.cat.ed over.,.the traffic channel in traffic
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Downlink traffic segnents transport data traffic from the base station to

t he wi r elegments éiraffigapgmenthiarsherph Tratfie sepmrants maysesvr & the hngpor mindeuam wnitf f i c
wni ch 2 elRRe 3G Ofei afob B8 20 B THERE o R el T
( or t hogomabadelsaida N6 YhedlivélSdsQarmiitdls, viHliRUpNEk traffic segments transport data traffic
from the wireless terminals to the base station. One exemplary system in which the present
20  invention is used is the spread spectrum OFDM (orthogonal frequency division multiplexing)
multiple-access system in which a traffic segment includes of a number of frequency tones over

a finite time interval.

In exemplary systems used to explain the invention, the traffic segments are dynamically
25  shared among the wireless terminals that are communicating with the base station. A scheduling
function, e.g., module in the base station may assign each uplink and downlink segment to one

or more of the wireless terminals, e.g., mobile terminals, based on a number of criteria.

The allocation of traffic segments can be to different users from one segment to another.
30  Figure 6 is a diagram 600 of frequency on vertical axis 602 vs time on horizontal axis 604 and
illustrates exemplary traffic segments. Traffic segment A 606 is indicated by the rectangle with
vertical line shading, while traffic segment B 608 is indicated by the rectangle with horizontal
line shading. In the example of Figure 6, traffic segments A 606 and B 608 occupy the same



mul ti pl e-access systemin which a traffic segnent includes of a nunber of
frequency tones over a finite tinme interval. In exenplary systens used to
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traffic SagHe Be useddyhat ralficsrementebioretappiontaare 7 s diggiam AMillygrating e on

& 708, - ety s gt 4 Ballic PERAE T2 AR PR e S BITERT o TE 8, G

B 712. Thimeexdontaitsl axis 704. Figure 7 includes two assignment segments, A’ 706 and B* 708, and

two traffic segments, traffic segment A 710 and traffic segment B 712. The exemplary

20  assignment segments 706, 708 occupy the same frequencies but occupy different time intervals.
The exemplary traffic segments 710, 712 occupy the same frequencies but occupy different time
intervals. The assignments segments 706, 708 occupy different frequencies than the traffic
segments 710, 712. Assignment segment A’ 706 conveys the assignment information of traffic
segment A 710 as indicated by arrow 714. Assignment segment B’ 710 conveys the assignment

25  information for traffic segment B 712 as indicated by arrow 716. Each assignment segment 706,
708 precedes its respective traffic segment 710, 712. The assignment channel is a shared channe]
resource. The users receive the assignment information conveyed in the assignment channel and

then utilize the traffic channel segments according to the assignment information.

30 Data transmitted by the base station on a downlink traffic segment is decoded by a
receiver in the intended wireless terminal while data transmitted by the assigned wireless
terminal on the uplink segment is decoded by a receiver in the base station. Typically the

transmitted segment includes redundant bits that help the receiver determine if the data is



20 assignnent segnents 706, 708 occupy the sane frequenci es but occupy
different tine intervals. The exenplary traffic segnents 710, 712 occupy

t he sane f‘gqu@g@gﬁﬁ but occupy different tinme interval ?FE@?%%&JQWHEMS

segnents 7 occupy di fferent frequencies than the segnent s
710, 712. Assignnent segnment A' 706 conveys the assignnment information of
traffic segnment A 710 as indicated t%?“arrow 714. Assignnment segnent B 710
conveys the assignnment 25 information for traffic segnment B 712 as indicated
by arr oweFaded cBrettlyn Ibisgn dems besaupatine wirelgss chaog:] mragdedeselidbée anglsjaectrifiie,
traffic segment, 710, ..712., The assignnent channel is a shared channel
resourcé‘.)%gﬁﬁer}ﬁlsé'rpédapgi’éf’ (}Jgﬁgﬂggrggg?wpgi nf or mati on conveyed in the

assi gnment channel and then utilize the traffic channel segnents accordi ng
to the assignnment information. 30 Data transmitted by the base station on a
downl i nk t r affsceussayininteiferenee, ovisd ab¢/onchanseldading in a witekess syséarolglie wi r el ess
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acknow edgnent .i nformation corresponding,to.ttakfihc channel  segnents is
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acknow edgnent segnent. For a 10 downlink traffic segment, the '
acknow edspested ts;@fgmmmcrrg hanbachaeagpiadierIresth oraot-Jpsickese of the predetesigerent , t he

acknow edgnent segnent i.s in.the d |1 nk. t.he m.ni the
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correctly or not. Because of the predeterm ned association between uplink

traffic askeewedgmengesorriodn edgenderizsmeagsasmest ismpapellyaspd by theouses toyeed! t o
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user terginmd dowdlalk, theladbkdRdeddifent S5aMERE @@hiredidsbercs &@estn RNdedby ot her
user termnals. Thus, in both the uplink
multiple users. However, there is generally no contention issue that results from the use of the
20 shared acknowledgment channel, as there is generally no ambiguity in which user terminal is to
use a particular acknowledgement segment. Figure 8 includes a diagram 800 showing exemplary
downlink traffic channel segments and a graph 850 showing exemplary uplink
acknowledgement segments. Diagram 800 plots frequency on vertical axis 802 vs time on
horizontal axis 804. Diagram 800 includes downlink traffic segment A 806 illustrated by vertical
25  line shading and downlink traffic segment B illustrated by horizontal line shading. Each traffic
segment 806, 808 occupies the same frequencies but a different time slot. Graph 850 plots
frequency on vertical axis 852 vs time on horizontal axis 854, Graph 850 includes uplink
acknowledgement segment A’’ 856 and uplink acknowledgement segment B”” 858. Each
acknowledgement segment 856, 858 occupies the same frequencies but a different time slot.
30 The two uplink acknowledgment segments, A’* 856 and B*’ 858, convey the acknowledgment
information of downlink traffic segments A 806 and B808, respectively. The linkage between

traffic segments A 806 to acknowledgement segment A’ 856 is indicated by arrow 360; the



and the downlink, the acknow edgnent channel is a shared resource, as it can
be used by multiple users. However, there is generally no contention issue
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coding, 1n accor gance Wi th the present 1nvention, int context of the
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by where a base station 902 is communicating on the downlink as well as the uplink with four
mobile users, mobile user 1 904, mobile user 2 906, mobile user 3 908, mobile user 4 910 via
20  wireless links 912, 914, 916, 918, respectively. The mobile users 904, 906, 908, 910 are at
different distances from the base station 902 and consequently may experience different channel
conditions. The users 904, 906, 908, 910 frequently update the base station 902 with a measurce
of the downlink channel quality and interference condition they currently experience. The base
station 902 typically uses this information to schedule users for transmission and allocates the
25  downlink channel resources to them. For example, the base station 902 can use the channel
quality and interference condition report to allocate transmission power to different users 904,
906, 908, 910 on the broadcast channel. Users, e.g. mobile user 2 906 and mobile user 4 910
who are closer to the base station 902 are generally allocated smaller amounts of power while
users, ¢.g., mobile user 1 904 and mobile user 3 908, who are located farther away from the base
30 station 902 are allocated large amounts of power. Bandwidth can be allocated appropriately to
different users 904, 906, 908, 910 based on the channel conditions. The most commonly used

metric of channel quality is the receive signal-to-noise ratio (SNR), while other similar or

equivalent metrics can be used.



the base station. An exanple of such a systemis illustrated in exenplary
system 900 of Figure 9 where a base station 902 is comuni cating on the
downl i nk the uplink with four nobile users, i er 1 904,
nmobi | e usgﬁcgﬁgg%,§wnbile user 3 908, mobile user 4 910 3?&%%%0 e Ess
links 912, 914, 916, 918, respectively. The nobile users 904, 906, 908, 910
are at different distances fromthe-#ase station 902 and consequently nmay
experience different channel conditions. The users 904, 906, 908, 910

frequently update the base station 902 with a neasure of the downlink
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y

segnent. It should be pointed out here that practically ‘speaking, the
advant ag@gerppsiuen wgh@g;g@t ragiotso0n ag oupertpnisly tiranek Y henalbisanfegsiblehedul i ng t wo

emboar miegected pSEh e e B Al Bl bR - St e

nunb@r ahe SingilSstat® vehere it WansnhigsStolahengl@ghepnt age of resulting in a
significantly | ess decoding effort at user term nals conpared to the 10 case

when a | arger nunber of users (>2) are scheduled on the sane traffic

segnent. In a r Lt.h the i,pyentio the base station.s not a ys
equired to (ogREF kot ol d¥s Thiahondd S RGRB AN U plPR Rl Y
manner . afiedrhilly sreindf, ﬁﬁesildﬁigﬂed Gtron g6l dhbeld. The eHREation df9RES idthat

experience different channels, the base station can default to.
‘weaker’ and ‘stronger’ subsets s not a static partition, but rather a relative definition for the

20  users who can potentially be scheduled simultaneously in the same broadcast channel. For
instance, consider three users denoted ‘A’, ‘B’ and ‘C’ who are labeled in decreasing order of
their channel quality, i.e., user ‘A’ has the best channel quality, user ‘C’ the worst channel
quality, and user ‘B’ has an intermediate channe] quality. In a broadcast channel scenario, the
transmitter will consider ‘B’ to be a “strong user’ and ‘C’ a ‘weak user’ when transmitting to

25  these two users together using superposition coding. On the other hand, when transmitting to
users ‘A’ and ‘B’ simultaneously, user ‘A’ is considered the strong user, with user B being
considered the weak user. In the broadcast channel scenario, the users can derive their current
status from the contro] channel that transmits the assignment information about which users are
currently scheduled with high or low power signals. In general, the signal intended for the

30  weaker users is protected more e.g., with better coding or higher power, than the signal intended

for stronger users, which are protected less.



15 the sinple state where it transmts to a single user. An inportant aspect
t hat shoul d be underscored in this context is that the users need not, and

normal |y aye H0de7sPhe- assigned "strong' and "“weak' | abel ?’CTM&? SEpanLation of
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users into ~weaker' and " stronger' subsets is not a statl but
rather a relative definition for the users who can potentially be
schedul ed sinul taneously in the sanme droadcast channel. For i nstance,

consider three users denoted "A", "B and 'C who are |abeled in decreasing
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when transm.tting to 25 these two users together using superposition coding.
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I nvention, jn the context of thel ugllti nk (multipl e-access) channel shall now
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are the ssgmentresomicealhe signaie drokytht sélbaedrsminglsaird Qiperpised ivthe Yrandoi€sion
mul tiple-a cesii‘gcha el j.s divi aed anong the users in time or code space or
f r equencPCILADy BEHES lélﬂﬂla&fﬁa 10R@ Resd| forpdistringyp@aosifiomepding in pmaltipker s,

recel vere 4 AR LGB R RS AL 1 i TN RERRERALAe oy b
sharid aroovweg targets dfiven superpesedidignalss éfigiet d0ahcdudes an eRemplapaiigh dwesQREK] oi nt
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t er m nalte represesitgidryploag drrow 1006 formths wiigisi MO8 tore gbinml0G with enaitide & 1di)agr am
1000 us e,dwl'fﬂ%rtheiz ‘!‘stlrelxj}%Ehr (?ft tllg 90\)? Sgﬁé s?gnia} ringyr/] bg ?e%irgs ntieg b? Sﬂyl!t taxirg\lwel_()lo from the
20 origin 1008 to a point 1004 with magnitude oP . The base station scheduler can coordinate
operations so that the selected user terminal uplink signals are received at different power levels.
In one embodiment, wireless terminals with smaller path loss may be operated so that their
uplink signals are to be received by the base station at a relative higher power, while wireless
terminals with larger path loss may be operated so that their uplink signals are to be received by
25  the station at a relative lower power. In this case, it can be advantageous for the scheduler to
select user terminals that span a large range of path losses for the same traffic segment. In
another embodiment applicable to cellular systems, the user terminals that cause less out-of-cell
interference may be operated so that their signals are to be received by the base station at
relative higher power, while the user terminals that cause more out-of —cell interference may be
30  operated so that their signals are to be received by the base station at relative lower power, In
this case the scheduler can select terminals that span a large range in the out-of-cell interference

that they create for the same traffic segment.



access channel in accordance with the present invention. Figure 10 shows
different receive 15 power targets of two superposed signals. Figure 10

i ncl udes y high power QPSK signal illustrate shows
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represent ed by Iong arrow 1006 fromftfé origin 1008 to a point 1002 with
magni tude /(1-a ,, While the strength of the | ow power signal may be
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that in pegahd matrarm)asbmbsdmmn‘sstduaﬁ indteicythi msdrn absit thy assigpmepasfarivatiocodi ng
may be a aH& %grﬁl%operating the scheduler to select two user termnals to
transmitt traffic segment. This inplenentation of superposition
codi ng which schedules two users on the sane traffic segnent, as opposed to
scheduling three or nore users 5 on the sane traffic segnent, has the

advarit age of Inebpévegt thlaethbasw satami ip ponsteived,at cagi qlnpb@ not s saheditle enate than

pre- aSSI ned " strong “weak' | .s.. The ab st ronger’
o neakh Uity SR BRCRaE artn et s ol - remp Rl pdreatRiLe e A
_strong’ wh't%ﬁ'iea'll? db%?né‘e%lstg do"ag{ @iy dlﬁe&nmﬁéthér%hﬁ@rgaéméﬁt?stusbéopm.r ated to be
received at a higher power conpared w th another weaker' user

transmtting on the sanme traffic segnment. A user can I earn whether it should
it ﬁr \?ﬁlt c hat E;gﬂg&gc&f lél?ﬁ’éegﬁpsgt{ao%eco\émg%%vtﬁe ass1gnmeht ghagnél in e%rg]orac‘laﬁce%{tt?thec hannel ,
20  present invention will now be described. An exemplary application of this invention to the
assignment channel will now be described in detail in this section using the context of an

exemplary OFDM-based cellular wireless system.

In the exemplary system, the downlink traffic channel fits within the broadcast

25  communications method regime, while the uplink traffic channel is a typical example of the
multiple-access communications method. Both the downlink and uplink traffic segments are
dynamically assigned to the users according to the scheduler decisions made by the base station
scheduler, Moteover, the base station scheduler also determines the coding and modulation rate
used in the traffic segment. The assignment channel is the control channel that conveys the

30  assignment information to the wireless terminals, e.g., mobile user terminals. This embodiment
of the invention is described using two subsystems, one for the downlink broadcast channel, and

the other for the uplink multiple-access channel.



may, and in various enbodi nents does, instruct the users about the
assignnment information of the traffic channel. 15 In the event that the
base stati | trained, it can choose not to schedu n, one
user ter mﬁglm%rll(ﬁgﬁg traffic segnment. This choice is corr%ﬁg{{%@"{op‘%ﬁ%par ent
to the users, which really do not negd to do anything different whether
superposition is used or not. The usé*0f superposition coding on the

assi gnment channel, in accordance with the 20 present invention will now be
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condition fee re This report may include various paraneters such
as signal -to-noise ratio, channel frequency profile, fading paraneters, etc.
The 5 base station schedul es tmﬁ or nore users and superposes user signals
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segnent .
1104. The base station subsequently transmits a composite traffic signal with superposition

coding 1112 to both receivers 1102, 1104, The assignment information for the weaker receiver
20 1102 is sent as high power signal of the superposition codes on the assignment channel, while
the assignment information for the stronger receiver 1104 is sent as the low power signal of the
superposition codes on the assignment channel. A user 1102, 1104 first decodes the high power
signal component of an assignment segment 1106. If the user is assigned by the high power
signal of the assignment segment 1106, as user 1102 is, then the user knows that it is scheduled
25  as ‘weaker receiver’ and shall also decode the high power signal of the composite signal 1112 of
the corresponding traffic channel segment 1108. Otherwise, the user shall proceed to decode the
low power signal of the assignment segment 1106 since it may be considered the stronger
receiver. Again, if the user is assigned by the low power signal of the assignment segment, as
receiver 1104 is, then the user knows that it is scheduled as “stronger receiver’ and shall proceed
30  to decode the low power signal of the corresponding traffic channel segment 1108. If the user is
not assigned by the low power signal of the assignment segment 1106, or cannot even decode
the low power signal of composite assignment signal 1110, the user may not be in a position to

decode the low power signal of the composite traffic signal 1112 of the traffic segment 1108 and



To underscore this aspect of the invention, consider one exanple in which
two users are allocated the sane traffic segnment 1108 as illustrated in

drawi ng 11Q@Q Rbybispere 11. Figure 11 15 includes two ex receivers, a
s PG

weaker receiver and a stronger receiver 1104. Figur | udes
an assi gnment segnent 1106 and a traffic segnment 1108. The base station
transmts a conposite assignnent si gﬁé@“ W th superposition coding 1110 to
both receivers 1102, 1104. The base station subsequently transmits a
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channel , pavadrlsynat dv@ Lesslegrrertici BfgakiTat i on for the stronger receiver 1104 is
sent as the | ow power signal of the superposition codes on the assignnment
channel . A user 1102, 1104 first decodes the high power signal conponent of
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1110, t h&206sBrouremy? 4196 sHesvsian aasigmbmise%mm 1208c0dewhhek tampaeassigingshal of
the conmposite traffic signal 1112 of the traffic segnent 1108 and WO :
2004/ 075%geR! pek), wedering epesRpzitiangdingnis dHayBided dom Behesesipion to taetde it .
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si gnal gg’?\ egsetgﬁ%@%dts ggéﬁrlgpg?bé sﬁ%ﬁ@?ntgfﬁgﬁ%@?oﬁas %lé%%%ljfﬁé?gﬁgggto as the
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super posi tion codi ng d%gr adi gm described in the framework of the downlink

subsyst eWiTEls GGkl ;Sﬁi‘I“FI%H_S signaifel & instipineatiiongen yser dain iLAKS tnhass Prémaccess
- br ondSsat Tozer Aals 2L MY RO dulhudt2d rtht Mg WRRAE RIS OfnG R Phigh' 1o
i ncl udessigndteyre kdfktpodet ostrtht hing t hat solid heavy arrows denote downlink
signals while heavy dashed arrows denote uplink signals. Figure 12
20 In particular, as shown in Figure 12, the base station schedules one or more users 1204,
1206, who then superpose their signals 1212, 1216 on a single uplink traffic segment over the
air. The base station can also select parameters, such as code rates and transmission power, for
the superposed signals 1212, 1216. The base station makes the scheduling decision with a bias
towards users who can be power controlled in a manner such that they are received at different
25  powers at the base station. For example, in accordance with the invention, the users that are
superposed can be users that in one embodiment, experience different path losses in the uplink
or in another embodiment, users that have quite different uplink out-of-cell interference impact.
The base station then communicates this decision using superposition coding on the assignment
channe] in downlink composite assignment signal 1210. A user, e.g., a mobile wireless terminal,
30 first decodes the high power (better protected) signal of an assignment segment 1208. In one
embodiment, if the user is assigned by the high power signal of the assignment segment 1208,
then the user infers that it is scheduled by the base station as a ‘weaker transmitter’ and shall

send on the corresponding uplink traffic segment to be received at lower power. In Figure 12,



10 includes a base station receiver 1202, a first user, e.g. a wireless
termnal, designated the weaker transmtter 1204, and a second user, e.g.,
a Wi rel essyhopiiiAgl;e designated the stronger transmtter ,~3206,, Ehgye 12
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20  assignment channel at other times. Otherwise, if both high and low power signals were

transmitted on the same channel segment when divergent channel conditions did not exist, the
users may be able to detect the high power signal on the assignment channel but may decode

noise when they attempt to decode a potential superposed low-power signal.

25 The use of superposition coding on an acknowledgment channe!l will now be discussed.
In an exemplary QFDM-based system, after a traffic segment is received, the receiver generally
sends an acknowledgment, in the acknowledgment channel, to inform the transmitter whether
the traffic segment has been correctly received. In particular, in some embodiments, for each
downlink traffic segment, there is a corresponding uplink acknowledgment segment, and for

30 each uplink traffic segment, there is a corresponding downlink acknowledgment segment.

If the downlink traffic segment is assigned to more than one user using superposition

coding, then each of those assigned users should send acknowledgments. In accordance with



1206 first decodes and renoves the weaker user assignnent, then decodes the
stronger user assignnent, finds that it is scheduled, infers that it is the
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acknow edgnent channel .is inplenmented as, a multiple-access channel using
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illustrate superposition coding used in broadcast
20 Figure 13 shows that two users 1304, 1306 receive their downlink traffic segment 1308
with superposition coding. The two users 1304, 1306 then send their acknowledgments 1312,
1314 on the same acknowledgment segment 1316 with different target receive power levels. In
one embodiment of the invention, the user, who is identified as the stronger receiver of the
traffic segment (receives less protected information), is automatically considered the stronger
25  transmitter of the acknowledgment segment, and thus sends its acknowledgment targeting a
higher receive power. In Figure 13, user 1306 is identified as the stronger receiver of the traffic
segment 1308 and is considered the stronger transmitter. User 1306 first decodes and removes
the better protected signal meant for the weaker user 1304 and then decodes the data intended
for user 1306, Meanwhile, the user, who is identified as the weaker receiver of the traffic
30 segment, is automatically considered the weaker transmitter of the acknowledgment segment,
and thus sends its acknowledgment targeting a lower receive power. In Figure 13, user 1304 is

identified as the weaker receiver of the traffic segment 1308 and is considered the weaker

fransmitter.



traffic and superposition coding used in nultiple-access acknow edgenent
channels. Figure 13 includes a key 1301 illustrating that solid heavy

arrows denphg,Haved;h Nk signals while dashed heavy arrowcgﬁgﬁﬁ]g@&g&}epk

signals. Frgure I ncludes a base station receiver 1302,

1304, e.g., a wireless termnal, designated as the weaker
receiver/transmtter, a second user 1306, e.g., a wireless termnal,
designated as the stronger receiver/transmtter. Figure 13 also includes a
downlink traffic segment 1308 and a conposite downlink signal 1310 with
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to multiple users. In aﬁcordance
In one embodiment of t

e mvention, the user, who is identified as the stronger transmitter of the

20  traffic segment 1412, is automatically considered the stronger receiver of the acknowledgment
segment 1414, and thus the base station sends its acknowledgment at low transmit power (less
protected). In Figure 14, user 1406 is identified as the stronger transmitter and thus base station
1402 sends the acknowledgement signal for user 1406 at low transmit power. User 1406
receives signal 1416 and first decodes and removes the better protected signal meant for the

25  weaker user 1404 and then decodes its own acknowledgement signal. Meanwhile, the user, who
is identified as the weaker transmitter of the traffic segment 1408, is automatically considered
the weaker receiver of the acknowledgment segment 1414, and thus the base station 1402 sends
its acknowledgment at high transmit power (more protected). In Figure 14, user 1404 is
identified as the weaker transmitter and thus base station 1402 sends the acknowledgement

30  signal for user 1404 at high transmit power.

An embodiment of the invention using a superposed common control channel shall now

be described. In some embodiments of the invention, controlled superposition coding is used to



with the invention, the downlink acknow edgnment channel is treated as a
broadcast channel. 5 Fromthe above framework of controlled superposition
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20
An application of this embodiment is illustrated in Figure 15, Figure 15 is a drawing
1500 illustrating the application of superposition coding to a common control channel. Figure 13
includes a first user 1502, e.g., a wireless terminal, designated the weaker receiver, and a second
user 1504, e.g., a wireless terminal, designated the stronger receiver. Figure 15 also includes an
25  assignment segment 1506, a composite assignment signal with superposition coding 1512, a
downlink traffic segment “A” 1508, and a downlink traffic segment “B” 1510. Downlink traffic
segment “A” is intended for the weaker receiver 1502, while downlink traffic segment “B” is

intended for the stronger receiver 1504.

30 As described, there are two traffic segments, A 1508 and B 1510. The assignment
information of those two traffic segments is sent in a single assignment segment 1506 with
superposition coding. Specifically, the assignment information for segment A is treated as

protected information and that for segment B is treated as regular information. The mainstream



reduce the transmt power |evel on common control channels used in

mul ti-user comruni cation systens. Comon control channels are often used to
send control information to every user in the system As a result, they are
normal |y twenswidsed at a high transmt power in order tectaRel4/ 0i4387

wor st -case user. This enbodinent will be described in the context of a
cellular wireless 5 comunication sysigm but is applicable nore generally.
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Figure 15. Figure 15 is a drawing 1500 illustrating the application of
superposition coding to a common control channel. Figure 15 includes a
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i nf or mat | 692 sl B0 it B9 16 I@kid & KnegAenbsth VBT 5 @602 iftl BS 160§)egz. @8si gnment
segnent 1506 with superposition coding. Specifjcally, the assignment

i nf or mat Mewsufesreniscqfmilats sigrals andedfeedbagh channel quality repart. The channel gain between
WT2 1604 and BS 1606 is G, 1612 is known to both BS 1606 and WT2 1604, e.g., by

20  measurements of pilots signals and a feedback channel quality report. Assume that both WT1
1602 and WT 2 1604 are transmitting using the same data rate, modulation, coding scheme, and
coding rate. WT 1 1602 has been designated as the stronger transmitter by base station 1606 for
uplink channel segment 1608, while WT 2 1604 has been designated as the weaker transmitter
by base station 1606 for uplink channel segment 1608.

25

WT1 1602 transmits uplink signal 1614 to the BS 1606, Uplink signal 1614 includes the
nominal power signal S including WT1 uplink information and has been scaled by a
transmission gain value a;. Signal 1614 is transmitted from WT1 1602 as a;S;; however, due to
the channel losses, the signal is received by the base station’s receiver as 21G1S) (a reduced

30 level). As, previously stated, WT'1 1602 knows the channel value of G;. WT1 1602 has pre-

adjusted the value of a; to achieve a high received power target represented by aiGr.



protected information and that for segnent B is treated as regul ar

i nformati on. The mai nstream WO 2004/ 075470 PCT/ US2004/ 004947 -35 users,
e.g., user 1504 can decode both assignnents and thus be scheduled in any of
the traffivgo 2000986 s 1508, 1510. In this exanple, strongefukampehissss 1504
first decodes and renoves the better protected signal neant for the weaker
recei ver 1502 and then decodes its agﬁignnent. On the other hand, the weak
users, e.g., 1502 can only decode the assignnent for segment A 1508 5 and

t hus be scheduyl ed only in seg A _1508. 1t is inportant to note that
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base station's receiver as al@ Sl (a reduced

Figure 17 is a flowchart 1700 of an exemplary method of operating a base station (BS) in
accordance with the present invention. The exemplary method of flowchart 1700 uses
20  controlled superposition in accordance with the present invention. In step 1702, base station
operation starts, e.g., the base station is powered on and initialized. Operation proceeds from
step 1702 to step 1704. Tn step 1704, the BS monitors to receive signals, e.g., uplink signals
from WTs. Operation proceeds from step 1704 to steps 1706 and 1722.

25 In step 1706, the BS receives channel quality reports from a plurality of WTs. In step
1708, the BS maintains a set of channel condition information indicating the channel quality of
each of a plurality of WTs. The maintained set of channel condition information includes, e.g.,
separate channel signal to noise ratio information for each of the plurality of WTs. Operation
proceeds from step 1708 to step 1710. In step 1710, the BS examines the set of channel

30 condition information to identify WTs having channel conditions which differ from one another
by at least a pre-selected minimum amount, e.g., 3 dB or 5dB or 10 dB. Then, in step 1712, the

BS determines if there are at least two WTs identified as having channel conditions which differ



30 level). As, previously stated, WII 1602 knows the channel value of Gl.
W'l 1602 has pre- adjusted the value of a, to achieve a high received power

target re y alGl. WD 2004/ 075470 PCT/ US2004/ 00 _
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proceeds from step 1702 to step 1704. In step 1704, the BS nonitors to

recei ve &ifgnahanneksegmentaspignmaenisgaales. from WI's. Qperation proceeds from
step 1704 to steps 1706 and 1722. 25 In step 1706, the BS receives channel
quality reports froma plurality of WIs. In step 1708, the BS maintains a

set pf channebp&oidi grocdeds AbeT fEd 171 b BEP AAL6.NT stde] T tHedasdlstadidr tyargfnitseach
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first WT and a high power signal portion intended for said second wireless terminal, the lower
20  power signal portion being transmitted by said BS with lower power than said high power signal
portion. Operation proceeds from step 1716 to step 1704, in which the base station monitors for

additional signals.

If it is determined in step 1712, that there are not at least two WTs identified having
25  channel conditions which differ by at least the pre-selected minimum amount having signals to
be transmitted in a communications channe! segment which is available to be assigned, then
operation proceeds to step 1718, In step 1718, the BS assigns the available communications
channel segment to a single one of said plurality of WTs. Operation proceeds from step 1718 to
step 1720. In step 1720, the base station transmits an assignment signal to said single one WT.
30  Operation proceeds from step 1720 to step 1704, in which the BS continues to monitor for

signals.



by at | east a pre-selected m nimrumanount, e.g., 3 dB or 5dB or 10 dB. Then,
in step 1712, the BS determnes if there are at |east two WIs identified as
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assi gnment channel segnent corresponding to the comruni cations channel
segnent beigﬁ assi gned, said superinposed signal including a |ow power

si gndl port i ofgiet ‘Sribagratesthe sipps performed tyra RH imagspeangrowish os¢ greimplpor t i on
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step 171partieer Williaeladesrthe Nok's partipdasterning! idgificge Abe irpesmipson agthes channel
condi ti ons: whi | Y..al: 84S 1.0} . / i.ng
ot gnal s FaetpisimElsbodte Efeind 1B3to HAT AR BEAG O CHB AR B
avai 1:abl gpower pogicassitinagheriinpesed ofighratitonespigecaedbwhile Slcepsigmihént td theSWED
1718, the BS assigns the avail abl e conmuni cati ons channel_ segnent to a

si ngl e oWih 8ic RoSTA chpRpchrerdjtiosris gy she hogl paVeTRPIRTHRldaY SURCHHOSE b SIERIBNE o
step 1728.%5%:3 1720, the base station transmts an assignnent signal to
sai d singFe ne 30 Operation proceeds fromstep 1720 to step 1704, in
whi ch the BS continues to nonitor for

The method 1800 begins in start step 1802. Next, in step 1804 the WT is initialized, e.g.,

20 as part of a power on operation. Once in an active state, in step 1806, the WT periodically
measures the channel conditions and reports the channel conditions to the BS with which it is
interacting. The WT receives transmission power control adjustment information from the BS in
step 1808 on a periodic basis. Based on this information the WT can predict what the received
power will be at the BS for a particular transmission power level. Thus, the BS power control

25  information allows the WT to determine a transmission power level required to meet a target
received power level. The WT stores information, e.g., a table including different gain
coefficients that can be used to achieve different received power levels, which can be used in
combination with the WT feedback information which indicates the transmission power required
to achieve a particular reference level. The gain coefficients can be used as offsets from the gain

30  required to achieve the particular reference level thereby resulting in the received power level
associated with the gain coefficient when used to adjust the transmission power level in

combination with the received power control feedback information.



signals. WD 2004/ 075470 PCT/ US2004/ 004947 -38 From step 1704, operation

al so proceggbs to step 1722. In step 1722, the base station receives a
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tsEper i NpBIEBY PRYET Bifkre Al decodingestep; [§Aanncldes subskp 1344ty mibich the Grst W@UW with
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power on operatjon. Once in an in st
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condi Ui ofs, 0t REoBINWH Y H@h?gwb} s r%ﬁal ﬁcﬁlr f6thiJeasd theHs ﬁ%?ﬁé’}ﬁgh OWer
transm ssi on power control ust e i'nformati on ?romthe BS in gp 1808
on a per sigatl poh@sits coﬁammtammgnmemtnﬁfonnaiondn theh & TMavimnthppediect what t he
received power will t the BS for a particular transm ssion power |evel.
Thus, th’éOIB‘Su‘E)‘S%@rnSGBﬁ'ﬂ"F 25 information allows the W to determine a
transm ssion power |level required to neet a target received power |evel.
The WI stores information, e.g., a table including different gain

coefii ci ents Afted theampdnposdmmﬁetodiagmwmlaied fopenatibn perecdsad sppU8R0 havel s,

whi ch can be used i conbin n th k f whi ¢
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required to achieve the par icular reference |evel ereby resulting in the
recei vedWibidentifiery élssuming the WT has the better channel condltlons of the WTs to which the

segment is being assigned, the WT will detect its ID in the low power signal portion of the

20 transmitted signal.

Operation proceeds from step 1820 to step 1824 via connecting node A 1822. In step
1824 the WT determines if the portion of the assignment message which was intended for the
WT was the low or high power portion of the received assignment message. Next, in step 1826,
25  the WT determines from the power level information determined in step 1824 which one of a
plurality of received target power levels to use in transmitting information to the BS in the
assigned segment corresponding to the received assignment message. From the determined
received target power level, the stored gain coefficient information corresponding to the
determined received target power level and the power control feedback information, the WT
30  determines in step 1828 the transmission power level required to achieve the determined
received target power level at the BS. Next, in step 1830 the WT transmits a signal to the BS
using the determined transmission power level in the assigned uplink channel segment. The

transmitted signal will combine with a portion of a signal from another WT in the air to form a



associated wth the gain coefficient when used to adjust the transm ssion
power level in conbination with the received power control feedback
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of the WIs to which the segnment is being assigned, the W will detect its
IDin the | ow power signal portion of the 20 transmtted signal. Operation
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1824 thelgg?n(%let rm.nes if the portion of tgaélassi ghrrent  nmessage, whi ch was
i nt ended YD asgApnEN messages way PoHsagFMpSRUSING SPRATBPRIEAN ¢atiing BEErrdance
assi gnmeRliTES 8@/ ionNext, in step 1826, 25 the W determ nes fromthe power
| evel information determned in step 1824 which one of a plurality of
receilved target power levels to use in transmtting information to the BS in

the assigned,se nt ..cqrrespondi ng. to e received assignment nessage. From
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t he power control feedback infornmation,
non-OFDM and/or non-cellular systems.

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

25  hardware. Many of the above described methods or method steps can be implemented using
machine executable instructions, such as software, included in a machine readable medium such
as a memory device, e.g., RAM, floppy disk, etc. to control a machine, e.g., general purpose
computer with or without additional hardware, to implement all or portions of the above
described methods, e.g., in one or more nodes. Accordingly, among other things, the present

30 invention is directed to & machine-readable medium including machine executable instructions
for causing a machine, e.g., processor and associated hardware, to perform one or more of the

steps of the above-described method(s).



30 determnes in step 1828 the transm ssion power |evel required to achieve
the determ ned received target power |evel at the BS. Next, in step 1830
the WI tr i ignal to the BS wusing the determ ne hS§/-0Nn power
| evel in ﬁé%@@g%ﬁid upl i nk channel segnent. The trans%cf[thg%ﬁ@%%f wil |
conbine with a portion of a signal fr$n1another W in the air to forma WO
2004/ 075470 PCT/ US2004/ 004947 -40 po Yion of a superi nposed signal that
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si gnal porti oNupéronhaddiberal vapdiag os thyrmagthedscadvagparpips ofi theRBesest mvedml t  of

the determ,nhed ] SS| I l,.1 0.cases .whe t he assi ment
nmessage (i?er% w@ﬁ&{%@ﬁﬁ%&ﬁ P@%n\%%\éﬁéseet%&rﬁ%%régq eta(gjts 1Y Péa}eﬁg’\%? ??S'gﬁtf%()fof t he
assi gnmedit ifREEEY ESuchharibth GRsie {ottetbobsiSérad afithit the sBedbfhNnReWRn, Jihgnal
portion of the superinposed signal received by the BS as a result of the
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assi gnnment” nessages maybe transmtted using Supérposition coding In

accor daneBDMMddlot (TOM AV Bitarions ethbodifiehis tiskemobildoeslies ard ingplandiitakis mtebank OFDM
system the nethods and apparatus of the_ present invention, are applicable

to althi deOTRIRSS ReFsoRaaAhassistantsiEDASE o8 pEheT PRItabds dryi¢raACIUHBSE- OFDM and/ or
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i mpl erent’éd USI g one or nore ules 1o perfor e steps corresponding to
one or npeentBivegiit:. of the present invention, for exanple, signal
processi ng, nessage generation and/or transm ssion steps. Thus, in sone
enbodi nents various features of the present invention are inplenmented using
nodul es. Such nodul es may be inpl enented using software, hardware or a
conbi nation of software and 25 hardware. Many of the above descri bed nethods
or nethod steps can be inplenmented using machi ne executable instructions,
such as software, included in a nmachi ne readabl e nedium such as a nenory
device, e.g., RAM floppy disk, etc. to control a machine, e.g., general

pur pose



conputer with or without additional hardware, to inplenent all or portions
of the above described nethods, e.g., in one or nore nodes. Accordingly,
anong ot her things, the present 30 invention is directed to a
machi ne-r eadabl e medi um i ncl udi ng machi ne executabl e instructions for
causing a machine, e.g., processor and dssociated hardware, to perform one
or nore WgAPes &&MEWI§ he above-descri bed method(s). WO 2004/ 075470
PCT/ US2004T004947 -4T Numerous additional variations on the nethods and
apparatus of the present |nvent|on descri bed above will be apparent to

t hose sk#IIed in the. a{ % ?ﬁ% t he above descri tlon1 % t@e i nvention
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t echni ques wh use rovide wreless comun
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are i namRY @aligswhiah & ﬁl&@har@lﬂsqmltjcfd)rﬂﬁ:t}ﬁhﬁduﬁ? VEEIIFR R reiahd] ORS nletdlgs Wi t h
nobi | e nodes using OFDM and/or CDVA. |In various enbodi nents the nobile
nodes ar@mmﬁlr@nent ed as notebook 10 conputers, personal data assistants

(PDAs), or eS| ncluding receiver/transmtter circuits
and | ogic andﬁ%%NQgt%9ﬁggsa ééFlnplenentlng the nethods of the present

invention. 42 \WHAJ mafntéhAlsMEET dh@inel comiiGanimbitinadbn aiscating fedhhote] ysgityn a
conmmuni cati ons system | ncl udi ng a base station and a plurality of wrel ess

ternminals, a di ffefre?ﬁﬁ elsrifPINERItY ohwirelpsrieralindgi sti ng bet ween each
W reless term nal ”éxﬁlt%hr% R Wil hahndf co‘éﬂd{tﬁh?@tﬁ[&lﬁwt@% ugy” %rél%lsftemgls

station, the corrrru |ca I ons channel exl s eac

wirel ess term nal larthgtdhanindgenditias walich Blatfer frgmeorgUimbitey bywbi ledst b prd-he
channel quality for the particular wireless term nal, the nethod
conpri si ng: operaﬂﬁk@wﬂﬁ@nﬁé@ea§ﬁﬁﬂiéﬁﬂto i) maintain a set of channe

condi tion informati SHann

plurality of wrel Ea@qs l@‘?h‘?%@?m}aﬁ?‘j ec;Eam ?1(%6 eIt 'tscgal%{e us%ﬁ t(ﬁgﬁrﬁrgﬁflcondl tion

informati on to i deswpefiypwdedaigmab coatsponding to at least two different wireless terminals
identified as having channel conditions which differ by at least said pre-selected

minimum amount.

2. The communications method of claim 1,

wherein the maintained set of channel condition information includes channel signal to
noise ratio information;

wherein said at least two different wireless terminals include a first and a second wireless
terminal; and

wherein the minimum pre-selected amount by which the channel conditions of the first

and second wireless terminals differ is 3 dB.

3. The method of claim 1, further comprising:

operating the base station to repeat said steps of maintaining, examining and assigning.

4, The method of claim [, further comprising:
operating the base station to repeat said steps of maintaining and examining; and
wherein when said examining step fails to identify at least two wireless terminals having

channe! conditions which differ by the pre-selected minimum amount having signals to be



havi ng channel conditions which differ fromone another by at |east a pre-
sel ected m ni mum anount; and iii) assign a comuni cations channel segnent to
be used to communi cate superinposed signals corresponding to at |east two
different wireless termnals identified as having channel conditions which
differ by at |east said pre-selected n#hinum anount. 2. The conmunications

met hod Ofanehatedid a cOReR@idtibAecimhdlis8eMad vaih RlavENANS! betRAGAI Qg\\ﬂatin
information includes channel signal to noise ratio Information; erein

sai d at SaihEase s@BO™Iokferent wirel ess terminals include a first and a second

wireless termnal__. l m ni. mJ ressel ected amount b ich the
channel conditi onsas%lggt e@? {lgggC&gﬁlgmscg%%ﬁghaﬂ%?e&&e# gor?ﬁlgglf:?nﬁf){?aﬁ is 3
dB. 3. The ngillatityadf wikdesnidrmihdls.t her conprising: operating the base station

to repeat said steps of maintaining, exam ning and assigning. 4. The nethod
of claim1, further conprising: operating the base station to repeat said

st eps ofg mai nfl?ei&h{}?urﬁ&‘?ioﬁ§ﬁmﬂ%idﬂﬁ;claﬁﬁq wher ei n when said exam ni ng step
a

fails to'identify eas Wo Wireless’term nals having channel conditions

whi ch di ffer ‘bheréihgaidraelcasl teotdffemhiniinelBdsasmindls hrWidega Sirg Matedest @rghadt 3
transmtted in a conmuni cations channel segnent which is available to be
assi gnecﬂnd@pséF%di‘Wéele%*é?r&“Bia’se station to: assign the avail able

conmmuni cati o I O 3 S i rali
W reless ter mﬂﬁl}leg%]ggghgasﬁge cotrnq‘rr%ﬁlgf}lgaetl Pg%éa%ﬁ@[kﬁ%fﬁgrgﬁ %g%%"%#? ?\L}\ﬁé‘%@iﬁ) said at
| east tvahanhelf erent wireless termnals includes a first wireless term nal

and a second wireless_term nal; wherein said _assigned communjcations channel

segnent is a ‘SEgHBARe st wirglsintermmpal kas ariseer chaprgl gpality fhansajdsgecond wirelgss
term ”altexglﬁﬁal?&ﬁ‘?ﬁétﬁ&d fR@PN&Im Ml ty than said second wireless termnal,

t he nmet ho urther conprising:
operating the base station to transmit a first superimposed signal to the first and

second wireless terminals in said assigned communication channel segment, said first
superimposed signal including a low power signal portion intended for said first wireless
terminal and a high power signal portion intended for said second wireless terminal, the
lower power signal portion being transmitted by said base station with lower power than
said high power signal portion or having less coding protection than said high power

signal portion.

6. The communications method of claim 5, wherein said assigned communications channel
segment is a segment of an assignment channel used to communicate communications channel

segment assignments to wireless terminals.

7. The communications method of claim 6, further comprising:
operating said base station to:
receive a second superimposed signal from said first and second wireless
terminals, said received second superimposed signal including first and second signal
portions transmitted by said first and second wireless terminals, respectively, said first
signal portion being received by said base station at a higher power level than said

second signal portion.

8. The communications method of claim 7, further comprising:

operating said base station to:



operating the base station to transmt a first superinposed signal to the
first and second wireless termnals in said assigned conmuni cati on channel
segnent, said first superinposed signal including a | ow power signal
portion intended for said first wireless termnal and a high power signal
portion intended for said second wireled$ ternmnal, the |ower power signal

portion being trangghid &6l Byt $i3hdl Bagm;station with |ower power than said
hi gh power signal portion or having | ess coding protection than said high

power signal por tiubhractGaidifiret ssgnahpertionficonsidrehudswferinlpabat Sgnalhwadei n sai d
assi gned connunicqiions q?annq%ﬁﬁsqgﬁent is a segnent of an assignnent
channel used to colffOn 44 FeQRhNERT @9 Bns channel segnent assignments to
wireless termnals. 7. The communications nethod of claim®6, further
conprising: operating said base station to: receive a second superinposed
si gnal f9-om sHiecommuncaiions sedodd i wiainl 7eduther eompriidss, said recei ved second

superi nposed signal .4ingluding first and second .signal rtions.transmtted
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than said second signal portion. 8. The conmuni cations method of claim?7,
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stonal PeRhoRin SHPLI AT BRAfLlchilnigRRY Por LT on from sai d second
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superi npose ecode sal d second signal portion. 9. The
comuni cations nmethod of claim?7, further conprising: operating the first
wireless termnal to determine which one of a plurality of received target

pover | eliel s thy sumyticatione methadiy clae % whrisin epsraimgpbilrst wireleseterminal ns i t
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to said second I'h Said segnent oOf an
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11. A base station for use in a communications system including a plurality of wireless
terminals, a different communications channel existing between each wireless terminal in said
plurality of wireless terminals and said base station , the communications channel existing
between each particular wireless terminal and the base station having a quality which is the
channel quality for the particular wireless terminal, the base station comprising:

a set of channel condition information indicating the channel quality of each of said
plurality of wireless terminals;

means for examining the set of channel condition information to identify wireless
terminals having channel conditions which differ from one another by a pre-selected minimum
amount; and

means for assigning a communications channel segment to be used to communicate
superimposed signals corresponding to a least two different wireless terminals identitied as

having channel conditions which differ by at least said pre-selected minimum amount.

12. The base station of ¢claim 11,

wherein said at least two different wireless terminals includes a first and a second

wireless terminal;



upl i nk channel assignnment information to the first wireless term nal was
transmtted as a |ow power signal portion or a high power signal portion.
11. A base station for use in a comunications systemincluding a plurality
of wireless termnals, a different comuni cations channel existing between
each wireless terminal in said plurality of wireless ternmnals and said

base station whdrlif ORI SRE JePBBcHaRANRBAdI BN FirbRGtioRHMGRE cRARR Q%ﬂél kgul ar
wireless termnal and the base station having a quality which is e

channel upsslrptiyinfenmatine; ggr ti cul ar wirel ess term nal, the base station

comDr 19" AR s AR S g LB BB A s

exam ni ngcédew@tssatmahapagtercondBiion information to identify wrel ess
term nal s having channel conditions which differ fromone another by a
pre-sel ect ed m nimum anount; and neans for assigning a conmunications

channel maﬂk Fm]dﬂ peri nposed signals
correspondi n 3396: §t1 8&\/%%?? ereIr WﬁrlSl %ss termnals identified as

havi ng channaheamrﬁ@h dssxgﬂ@gwhlaemlaﬂaﬂe‘doaimwczﬁtonb ela@rﬁlels@gﬂleﬁtrtaa%aig@@bwbﬂﬁ ni num
anmount. 12. The base statl on of claim1l, wherein said at |east two
di f f er ertaldplpefigsel wisslsssrignmungln pihgasad gxFminig raenns dailsde ideatilnatdedseyy

term nal wuﬁléss t flﬁ% Ha\flﬁ'g c%!ﬁ@f‘c%hﬁ?% $ %a%ﬁéﬁi@ﬂﬁé pl%osr?: c\{,éc]i%mhﬂfrg RLRON

i ncl udes channe ise ra 10 | nforim he m ni num

pr e- sel ewhield hﬁlsf&mlgttaldlys hshiagbmitied i¢ heroalmoedndbhd Qm&nélfsegnémrvﬁﬁc}ﬁi‘sdvalmnd
wreless termnals differ is 3 dB. 13. The base station of claim 11, further
conpri sitAde ap8eeE. for assi gni ng an avail abl e comuni cations channel segnment
to a single one of said plurality of wireless term nals when said exam ni ng
means fails to identify at least two wreless termnals having channel

condi ti ons Whilehbade ftheeon dfclaie] Piferdisecenpasngi ni mum anobunt  whi ch have
signals to be transmtted jn the comu |cat| ns gigaf,nnel segnent, WhICh is
avai |l abl e t&‘@ée‘&%rsfpbﬁéﬁVI%@ SUPR@MBAEE S@Pé‘t 5 HFtﬁnﬁhsi@n MiFRless r

compr | S't@xgmné‘ls ﬁ%&%xaved Mpeﬁ%@ée\é's%aﬁn%fﬁﬂﬁ{g'fﬁ?%ﬁ%édn%?éna p@fbgai d first

and second wre
transmitted by said first and second wireless terminals, respectively, said first signal portion

being received by said base station at a higher power level than said second signal portion, said

first wireless terminal having a better channel condition than said second wireless terminal.

15.  The base station of claim 14, further comprising:
a superposition decoder for decoding said first and second signal portions of the received

superimposed signal.

16.  The base station of claim 15, wherein said superposition decoder includes:

a decoder device for decoding said first signal portion;

a subtracter for subtracting said first signal portion from said superimposed signal to
produce said second signal portion; and

a second decoder device for decoding said second signal portion.

17. A communications method for use in a communications system including a base station
and a plurality of wireless terminals, a different communications channel existing between each
wireless terminal in said plurality of wireless terminals and said base station, the

communications channel existing between each particular wireless terminal and the base station



termnals, said received superinposed signal including first and second
signal portions transmtted by said first and second wireless term nals,
respectively, said first signal portion being received by said base station
at a higher power |evel than said second signal portion, said first

wirel ess termnal having a better channéé condition than said second

Wi r el essl R Qidlity Wiich e bRAReB RAlLORr Bfe fakfiur Ireld W idrRBial GCRPRIHRLNG: @
super posi tion decoder for decoding said first and second signal portions of
t he receaicwdisinguperi nposed signal. 16. The base station of claim 15, wherein
sai d superposition d der .includes, .a decqoder devi for decodjng said
first signal GBSROPBATTS et etpa haying aftitaBemie oty 'S kosmitd BREPSBO ¢ i on
from saidg aSsup&imhpares eemfivaitatiodstigndl fiagkEbsakeiiseeaad signal portion; and a
second decoder device for decodi ng said second signal portion. 17. A

comuni cat i orfPperasnpegedand wisdess iermins kaving e aetoadshagnet ewalitntd watismdt @ base
station a ural i of wirale termnal. di.fferent. co nications
channel. SEMG ARl shoBlmb Sl PRRubRPhftiua ® S GRE SPhigh &

W I el essset@idohames qasliics deihghidFaestatd (st 4 it preRuRdGaiduar) saig fiaanel

exi sting between each particular wireless termnal and the base station 46
havi ng ascernsl signpl pprtiens sanbinwedn therdl duing|trangmisgiondp thedaps statignele foimt edidss

t erm nal : isi-ng; operating a first wireless term nal having
a first %ﬁ%ﬁﬁ &EéggﬁF¥§£%§5§$% s#it a first portion of a superinposed
communi cations signal to said base station; and operating a second wrel ess
term nal having a second channel quality to transmt a second portion of

sai d supH#inﬁﬂyé@n56Wﬁﬁ%K@&ﬂW3H§(gFBWBﬂ to said base station, the first and
second chann R [ ' . [ - ed
anount, said lllérilés}i tfé%\'gﬁﬁgjg‘g{oﬁr}g ng.eé%gf’&‘g%‘r“ﬁs’o‘ﬁ@“ﬂé gr%;(%hﬁﬁ\eg ql{lﬁhy %gﬁaeisﬁr?g%&?i ng

t ransm sgtoit wieeltdraetands gifériohdBo form said superinposed conmuni cations
signal. 18. The conmmuni cations nmethod of claim 17, wherein the m ni num
pre-sel ected anount by which the channel quality of the first and second
wirel esslé. er rﬂ”ﬂkado%rgﬁt{iéa@ironls ﬁleﬁ‘loql%f Cija%n lThﬁgl%PEngﬂﬁaﬁl\?é:' ons met hOd. of claiml,
further conprising: operating the first and seco reless termnals to
recei ve, pri aspetavingniangsi sl @woowf wieliesk terminals to receive, prior to transmission of said

first and second superimposed signal portions, a superimposed assignment signal including a
low power signal portion intended for said first wireless terminal and a high power signal
portion intended for said second wireless terminal, the lower power signal portion being
transmitted by said base station with lower power than said high power signal portion, said first
wireless terminal having a better channel quality than said second wireless terminal, said

superimposed assignment signal assigning an uplink communications channe! segment.

20.  The communications method of claim 19, wherein the first and the second signal
portions transmitted by said first and second wireless terminals, respectively, are transmitted
with power levels that cause said first signal portion to be received by said base station at a

higher power level than said second signal portion.

21.  The communications method of claim 20, further comprising:
operating the first wireless terminal to determine which one of a plurality of received
target power levels to use in determining the transmission power to use to transmit said first

signal portion from said superimposed assignment signal.



first and second superinposed signal portions, a superinposed assignnent
signal including a |ow power signal portion intended for said first
wireless termnal and a high power signal portion intended for said second
wireless termnal, the | ower power signal portion being transmtted by said
base station with | ower power than sai d4hi gh power signal portion, said
first wirel eﬁﬁcbﬁfnmmkmh@fﬂeﬂﬁd%f@ﬁhﬁ o, WhaER&leAua kﬁaﬁ&h@ﬂeﬁ@t@nﬁﬁ&ﬂ d
wireless termnal, said superinpos assi gnnment si gRal assi gning an uplink
conmuni cltarmins veltioinped ofseglneshity o ceITftﬂeta@hpmmrdaxtqlmSlsermcﬂmﬁs of claim 19,
wherein the f st and second sSi rtions t ansmtted b id first
and second w qngggng g}'ﬁf‘ﬁr tﬁg Supeg: 49%’%\3130%1:08 Use Wscrﬁ“il?'élﬂc tﬁ’/\}ﬁ?lf‘r‘akpovver

| evel s tdhahnet asss@insedt thibrnSion 36 gﬁ&irsm&éw@ Rerhnd Gvas @RRIMRE RY 2 3AL foRa@se
station at a higher power l|evel than said second signal portion. 21. The
comuni céEnabpytipe phobiggfposieapignal@ortfam t her conpri sing: operating the first
wreless termnal to determ ne which one of a plurality of received target
power levels to use in determning the transm ssion power to use to transmt

said first A gnelespeimhimbinclmgsai d superinposed assignment signal. 47 22
The communi cations nethod of claim 21, wherein operating the first wreless
terminal to adeeayariiprreasivias a@ﬁ@er@ﬂp%ﬁeépwwmqnysmaln@@ mga firgirsigapl pstien

levels ta%d%ssgcdnﬁck %QF%?mgﬁE)ﬁé ﬁg n;}d;%g § Hl% %{; nx}%)n 1@1%55%' 8{1]t on

used to connunlca nnen

Wi r el esswitietherioftal onast staﬁcaﬂ§m1tpbﬁdmabelag hmmdaamrano&ieg Rxaﬂeld@metrmMI @k frshi gh
power si gnal portion. 23, A wreless termnal including: a receiver for

recei vi rignal BUBER Peps seqvad svilrtadewei Rpsr kiVﬁhtlha@ﬁﬁ@%pomirsgm ol portion
and a second Sﬁug&%]bsﬂ?ﬁh &{aﬁ%ﬁdgéodﬁgrsqmsﬁrg d 8804 d's? 1P&'u@9 i ntended for

said wirel ess 1 one sal porﬁlons bei ng
i ntended for maob ﬁﬁrdewmhﬁhﬂgﬁotrﬂhfﬂrmahon inbkidéd frsdne dlsglﬂ&lrstmdtsemdbgnlg
received wiith at a | ower power ‘level than said second signal portion; a
super poHortis m@bﬁ@r@wwm@éé% of gaid ay1E¢ !5 feginghdndecond signal portions;

roans for deUALIANAY oL OIRhLAE TR, LFKUNRSh LcR0R: Blarfel dafiblisto and

second signal portions 1on | ess

t er m nal whlallilﬁ:calvt:dl aneirtfossd £seignineansgratls inkkgdsd Gnadid wirelaspldrminal correspond.
conmmruni cati ons channel segnents to which received superinposed assi gnment
signals intended for said wreless termnal correspond. 24. The wrel ess

term nalyof chal firdds AihN®F RAARA! fiREr comprising:
stored received target level power information for a plurality of different received power
target levels; and
means for determining which one of the plurality of received target power levels to use
when transmitting a signal in a particular uplink communications channel segment from a
received superimposed assignment signal corresponding to the particular uplink communications

channel segment.

25.  The wireless terminal of claim 24, wherein said means for determining includes:
determining whether the superimposed signal portion used to communicate uplink
channel assignment information to the wireless terminal was transmitted as a low power signal

portion or a high power signal portion,

26. A communications method for use in a communications system including a base station
and a plurality of wireless terminals, a different communications channel existing between each
wireless terminal in said plurality of wireless terminals and said base station, the

communications channel existing between each particular wireless terminal and the base station



stored received target |evel power information for a plurality of different
recei ved power target levels; and neans for determ ning which one of the
plurality of received target power levels to use when transmtting a signal
in a particular uplink communications channel segnent froma received
superi nposed assi gnnent signal correspor8ling to the particul ar uplink

communi Cl?évﬁr%’bsquaﬁt}aﬂﬁﬁh SR8 BMAmunicationd hakhel %hﬁﬁ? SethfbRdicuRf wikREM 24,
nmeans for d de

wherei n sai determ ni ng i ncl udes: erm ni ng whet her the

super i npeseidak pignalk trpotmilted romeie maretrssrieominakitte thephase klatiom egmbiningsiirigament
informatjon to.the wireless termnal.was transmtted as a | ow power signal
portion %?nsrénsrﬁoélhme% enr{héeinéﬂg?d’%%‘?qrf%}% 26. A communi cations nethod for use
in a communi C@detAnE thyBdseMatiBetdidi ng a base station and a plurality of
wreless termnals, a different conmuni cati ons channel existing between each

wirel ess term nal 4spigaangppnluseminppicgionsicheinebssgmenhiorhsl usedpichwighepubladey
station, the ¢ nj cati ons.channel existing between each particul ar
Wi rel ess tern%ﬁ{épylgjnézc{)rhéejg Yase station 48 havi ng a quality which is the

comuni cati ons chare&le §uahpdsitelsinal hémRaidtiptitk 3smiiubhRhESS chb@icNbdpdent,
signals transmtted fromthe wireless termnals to the base station

conbi ni ng dursaifhcompose pizaaliibeludiag adis signakiranstuidrg Wovept fisst deyiceopdrdat i ng t he
base station &85@5%&?%&{&?&8&hg‘éaiﬁ%c}p%g@‘d%%é-%a channel segnent to be used
si mul t aneously %y Irst and sécon evice; receive a conposite signal
fromsaid uplink cesfammiacaipe@ositiohasueeingspareidh on tikaieteicahqaspdsite Sicgalad
including a first signal transmtted by said first device and a second

si gnal transniecpdathgyiraand sewnd stenals ypdudeddn spid spmppsiesi@aber posi ti on
decodi ng operation on the received conposite signal to decode the first and
second signals included in said conposite signal. 27. The conmuni cati ons

met hod of7.cl allms &mmudieat&ing naplerdatfichgmtAoe whasin qteadtingnhd basassmtign teassignphi nk
comuni cat j ons channel segnment i ncl ude]\s operating the base station to:

sel ect baRlEY ORMEBINAIANT eianBlscERaARIII APFRYNS HERRRERE ©a first wirel ess

terminal —ands g $E6RAMN WRALLISbA HalRl quiift§ itfohsiiANE FPE SRR A RIETS
f 3
termnals having different wreless term nal conmuni cations channel
qual i ti emd 4 @csibweelass taphinak tHerfatfdnd ssegentelesamaminals having different wireless
terminal communications channel qualities, to share an uplink traffic segment; and
wherein the method further comprises operating the base station to:
transmit to the selected first and second wireless terminals information indicating
the assigned traffic channel segment and which one of the first and second wireless

terminals should transmit signals to be received by said base station at a higher power

level.

28. The method of ¢laim 27, wherein the one of the first and second wireless terminals
having the better channel conditions is to be received at the base station at the higher power

level, the method further comprising:

operating the first wireless terminal to transmit to the base station in the assigned traffic
channel segment a first signal portion; and

operating the second wireless terminal to transmit to the base station in the assigned
traffic channe! segment a second signal portion, the first and second signal portions

superimposing during transmission to said base station.

29.  The method of claim 28, wherein the first wireless terminal transmits the first signal

portion using less power than the power used by said second wireless terminal to transmit said



wherein the nmethod further conprises operating the base station to: transmt
to the selected first and second wireless termnals information indicating
the assigned traffic channel segnent and which one of the first and second
wireless termnals should transmt signals to be received by said base
station at a higher power |evel. 28. TH2 net hod of claim 27, wherein the

one of tdagydd sri%af)al E@z@ioﬁ%ﬁ%@ £0d4Ts nﬁﬁﬁorﬁ@ﬁ 19 P& sed dwidtﬂ%gs E?gﬁﬁ%%ra V@wne'

conditions is recel ved at € base station-at 0 | evel ,
t he met hiode! that isgghas sy the poger lopa oéithiersgcartdsigriat portinh redeasd byaniditnsd t o
transmt_to the base station in the assigned traffic channel segnent a
first siséﬁ]eﬂ”' portion; and operating the second wireless termnal to transmt
to the base station in the assigned traffic channel segnment a second signal
portion, the first and second signal portions superinposing during

transmi s¥l on The methad pheleins2%t i on. 29. The nethod of claim28, wherein the

first wireless, termanal . transm. the. f.irst signal ortJd on .usi ng | ess power
than the power ead g G RitfrsniFirapsSembadiieuds b st reslees Y 45
second sim@nadecdidr wir€lBsshemihfle first signal portion is received by said base
station with a power  |evel that is higher than the power |evel of the
second si gnal Wheseinisaid cogwinjesdiopy chaanel spament ta ba pssigned 3pa sepmenget hdrfnk
claim 29cha\fﬁtﬂe rein said at least two different wireless term nals includes a
first wireless termnal and a second wireless termnal; wherein said

conmuni cat i onsh&éianinelirss @gRBd tetr@indEhastiegBtthahtel Jusig MBI saqf sedomtDwiEle sk
channel ; wherein the first wireless termnal has a better channel quality

t han sai@mi@glhaed wirel ess tern nal : and wherein the base station further

conpri ses: eSS eih e Bs[sglgt}%ﬁﬂrﬂ%rgorﬁéﬁs%g-i nposed signal to the first and

second w rel ess ernmn I'n said assighed communi cati on channel segnent,

sai d superinposed gegRabr tramdalitiell BGuperings@OViBfal 36 RFlrstRRdist undivitganded for
said first wireless termnal and a high power signal portion intended for
sai d second viemeipalsdn said pysigned communisalien phaneel ssgigpnt said superimposed signal

including a low power signal portion intended for said first wireless terminal and a high
power signal portion intended for said second wireless terminal, the lower power signal
portion being transmitted by said base station with lower power than said high power

signal portion.

31.  An apparatus comprising:

a processor for use in a base station operating in a communications system
including a plurality of wireless terminals, a different communications channel existing between
each wireless terminal in said plurality of wireless terminals and said base station, the
communications channel existing between each particular wireless terminal and the base station
having a quality which is the channel quality for the particular wireless terminal, the processor
configured to:

1) maintain a set of channel condition information indicating the channel quality

of each of said plurality of wireless terminals;

ii) examine the set of channe! condition information to identify wireless terminals

having channel conditions which differ from one another by at least a pre-

selected minimum amount; and
iii) assign a communications channel segment to be used to communicate

superimposed signals corresponding to at least two different wireless terminals



portion being transmtted by said base station with | ower power than said

hi gh power signal portion. 31. An apparatus conprising: a processor for use
in a base station operating in a comuni cations system including a
plurality of wireless termnals, a different comruni cati ons channel existing
between each wireless termnal in sai dOplurality of wireless termnals and
sai d base stationjdehfificd SOMBIHY G@hhQRSnERGRNGhicRdiIRE bt REHWERDre8Akted
particular wireless term nal and the base station having a quality which is
t he channel qual i oynifmym gmeurdarti cul ar wireless termnal, the processor
configured to: i) maintain a set of channel condition information indicating
the channel quality of each of said plurality of wireless termnals; ii)
exani ne3the gedonffutditediiable malith tehMddiinf aiathink @Redutabl d@Biradtin¥drebssling
term nals having channel conditions which differ fromone another by at

| east a2appiestdivnde inplemient nngthedwel gemmangating yith 8iegporamepieationsclgyicenia a

h I . i i i .
e nepeNTE b SREhSFe A SR LA S BEPRPESH R S s e o
havi ng difesner lcomanmlidatiomschabnet Rxidiifid betwbyn edchlveiaddss sainthadiessebrRedledof

m ni mrum anpunt. 32. A conputer readabl e nedi um enbodyi ng machi ne execut abl e
i nst r uctisHss feaninabind spid; bage statieyh dhe commypraeatiogs phagnglaxitting bewrass gads

ot udi g ERE: Bl QeAfal AATUELAR] B IBHARY Quch IR RARL] Aoy st em

di ff er effisr thopartioilaadvireloss ieainaletheaxdiséd agnirasineen each wirel ess termnal in
said plurality of wreless termnals and said base station, the
communi cat i oRBCARRERE bagsstaiondg: bet ween each particul ar wirel ess terninal

d the b tati : Lit i ch.d : 1 j : h
and the base stat} oAkl fckidr Sl dthiof tuibindith, GBRANS) mBLRIdLIQyligy e

particular wireless termn conprising: operating the

sLati ﬁn to: i) mabftahfaaidglurelitycianrddss tomdiats; on i nf ormati on indicating
t he channel quality of. each of_said plurality of wireless.terninals; ii
exam ne he Set ofi) GHAPABISH 0 SRBHF! CoFGRPRETOAIGh FRR By A gundls
termnals havi ngheHap BRInnECRFIHIAR I hMN Efterdirddh She ARQAAICt AROL Dire- DY at

| east a pre-

selected minimum amount; and
iii) assign a communications channel segment to be used to communicate
superimposed signals corresponding to at least two different wireless terminals
identified as having channel conditions which differ by at least said pre-selected
minimum amount.
33. A base station for use in a communications system including a plurality of wireless
terminals, a different communications channel existing between each wireless terminal in said
plurality of wireless terminals and said base station, the communications channel existing
between each particular wircless terminal and the base station (400) having a quality which is
the channel quality for the particular wireless terminal, the base station comprising:

a set of channel condition information indicating the channel quality of each of said
plurality of wireless terminals;

a relative user strength matching module for examining the set of channel condition
information to identify wireless terminals having channel conditions which differ from one
another by a pre-selected minimum amount; and

a scheduling module for assigning a communications channel segment to be used to
communicate superimposed signals corresponding to a least two different wircless terminals

identified as having channel conditions which differ by at least said pre-selected minimum

amount.



sel ected m ni num anmount; and iii) assign a conmunications channel segnent to
be used to conmuni cate superinposed signals corresponding to at |east two
different wireless termnals identified as having channel conditions which
differ by at |east said pre-selected mninmmanount. 33. A base station for
use in a comrunications systemincluding a plurality of wireless termnals,
a different communi cations channel existing between each wreless term nal
insaid_ plurality of wireless termnals and said base station, the

comuni ¢4t i of'scan@ppishtiansisystemgnclpdinge basestationpad mipbwhbity ofiwislles sermgrats, nal
and the b tation.(400) having.a qualit ichjs . the channel quali.t
for the apcgﬁgﬂcituﬁ%%rguﬁléaeﬁogégh né]Flnf‘lg{ ﬁsgﬁn,g%fa{%eeﬁggc WrelpssSRmuBadps 9&5‘%“ By ok yof

channel wigshek tar@inal o sail baa statich, ¢ ¢digmbmieating BRaineDsiadtidgbedlecpagbnh of sai d
plurality of wireless termnals, a relative user strength natchi ng nodul e
for exafPRICHET teleseteramag prahthe basationiheringiarpualityavhieistthe Fhranel quplivi foel ess
t er m nal i : djt.i i j r f ne another by a
pre-sel él?:%}ghgﬁ %H%I%%Q%E%rgﬁﬁﬂ, %%38%%511\@@3@%?% H%lfeﬁloc lrffpgg}n%r' assigning a

conmmuni cat i ons charfliell pré@gsiibor dse ibe (i3 edrel@s tce@MILNVIERER sSIdERE IRRSRM is

si gnal s cogrrespondi ngt; tqg a least twp different wireless termnals

i dent i f iceBigEedOQNSETE A AR SYIreish RTmIngh Baving & Hry chanael gyalisy tof teangmitadfigt
pre-sel i, N 1,34, . i i stemincluding a
Pace: ot e JaguEH oAl Bhmynikant sihaf REIMVERILARE JUFL CTL 1

communi cat i ons chanasindgxocsiardonet i e secoad vistdseteedinal avtdrdiakail Reat d
plurality of wreless termnals an% sai d base station, the conmunications

channel PESGESr WP opBRYRsd o errapic asgeandatirdess ifpanad baving agespnd charpel aulbnie

station tﬁﬁé’ﬂlf?g sgtio% bitioh (ymiaﬁl_kkugérirﬁ c& @@Tﬂﬂl%licgﬁ@ljls! ddhal ¥ sai lt'd%e %{i{)ﬁ Cﬂllg ar

wireless termn he communi cations system conprising: a first prgdcessor

f or use first aad bedont chamel @sditicebeihg differadt by et Rag aifdstipre-stleged amssmr saidstirst
confi gureg to gperate a first wireless term nal havin L?%‘ﬁ%St channel

qual i ty 3% Sgsoafsigngl poriperscombyYRg Nohe a1 dyring FaRSTHpBE: B ApssHAEED T frems gnal

to sai dS?ﬂ\%ﬁ%‘%ﬁ&%b%fﬂﬂ’%&ag%%%apr ocessor for use in a second wireless

term nal sai d secon processor is configured to operate a second
wi rel ess term nal having a second channel quality to transmt a second

Porton A S e e R e O S o M E St utile FRtr s forot 21 0N the
implementing a communications method for use in a communications system including a base
station and a plurality of wireless terminals, a different communications channel existing
between each wireless terminal in said plurality of wireless terminals and said base station, the
communications channel existing between each particular wireless terminal and the base station
having a quality which is the channel quality for the particular wireless terminal, the method
comprising:

operating a first wireless terminal having a first channel quality to transmit a first portion
of a superimposed communications signali to said base station; and

operating a second wireless terminal having a second channel quality to transmit a
second portion of said superimposed communications signal to said base station, the first and
second channel qualities being different by at least a first pre-selected amount, said first and
second signal portions combining in the air during transmission to the base station to form said

superimposed communications signal.

36. A wireless terminal including:
means for receiving a superimposed assignment signal including a first signal portion

and a second signal portion one of said signal portions being intended for said wireless terminal



first and second channel qualities being different by at |least a first
pre-sel ected amount, said first and second signal portions combining in the
air during transmssion to the base station to form said superinposed
conmmruni cations signal. 35. A conputer readabl e nmedi um enbodyi ng nmachi ne
executabl e instructions for inplenmentthg a comunications nethod for use in
a_comupie allaNs ofy SF & Lipfd Yl : ' i i

Wi rel ess ter r(r)l nalos, a g?ll %1? e%lgjg%tn%g%ggﬁﬁg?cﬁg%ﬁ égﬁgﬁege lPelee%L gk[r?llﬁdgaﬁ’){%ée)fl%en
each wisiglabpativebaingatceivedsatioatpllowed pawer ddvehihae baid sedoad vignal sorded sai d base
station, the cogngﬁic tiong .channel eéistin bet ween each particul ar

wirel ess t erITHAMHEOTRE Y g‘éSté‘f‘gts‘?CBH Sigag &‘%Squal ity which is the
channel —qual s fQ deldiimag boftn@SmMib el RARled & el saidt h18: JMBA signal
conprising: operating a first wireless termnal having a first channel

qual i t ypargotsrvenenpertian i intsndgrbfor sad wirslesa tesmretiamdosed conmuni cat i ons si gnal
to said base stat.ion; and operating.,a,second.wi.reless term nal havipg a
second chanrerg s ARgng Hhdh i R EEGH R St St Selpis ipabichnosed

conmuni r@@etiwzl_rbﬁpcsﬂiraP@dedta@sigaﬁhalt RRREls Shtddde@Tor daltewirblesd eAfital &RGORMIChannel
qualities being different by at least a first pre-selected anount, said

first and second signal portions conmbining in the air during transm ssion
to the se station to formsaid superinposed communications signal. 36. A
wirel es¥ ter Pi%ﬁarﬁqﬁ%?wrf‘?&g‘rreans for receiving a superinposed assignnent

signal including @prbidssér 5t GRah apAkd it&bn iARGomnNBEQRKENS§GRA ineRidideanidone of
said signal portions being intended for said wireless termnal 52 wth the

ot her oriee siptigmind asplyradity pvirelessdemandg 4 ditfersaeebmmrnigroms shaniict efighg
termnal, the first, sjgnal,portiqn i xr i,ved wi th, at I I wer
ovel reamtalegh WllonbleBRRis P Bl P kSRt bt B Bl b RETG
second &ngd@licRRht LRMSE] GRAME bktlect @b PAriuIg WikdBsitethiihdTedddaRe bavelstiied i n
one of said first and second signal portions which portion is intended for

sai d wi havingssquadibhivhigh is the gomeamications ehannpd ghality hey tbg grréicylar wirglsps nk
conmuni cat i ons. nel . t I . I i i
o gnal s Ahirgh SefNF BAR RGO B e bAe!B) ik RIG EsS MR BRS R 2 aHEN TR

conpri sirginiRiodreeesaothepscesse configurfipde station in a comuni cations system
including said base station and a plurality of wireless term nals, %
di fferent conmuniasaignsnapkinashamuBicntnsghantel segment to be used simultaneously by

a first and second device;

receive a composite signal from said uplink communications channel segment,
said composite signal including a first signal transmitted by said first device and a
second signal transmitted by said second device; and

perform a superposition decoding operation on the received composite signal to

decode the first and second signals included in said composite signal.

38. A computer readable medium embodying machine executable instructions for
implementing a communications method for use in a communications system including a base
station and a plurality of wireless terminals, a different communications channel existing
between each wireless terminal in said plurality of wireless terminals and said base station, the
communications channel existing between each particular wireless terminal and the base station
having a quality which is the communications channel quality for the particular wireless
terminal, signals transmitted from the wireless terminals to the base station combining during
transmission between, the method comprising:

operating the base station to:



bet ween each wireless termnal in said plurality of wireless termnals and
sai d base station, the conmmunications channel existing between each
particular wireless termnal and the base station having a quality which is
t he conmuni cati ons channel quality for the particular wireless term nal
signals transmtted fromthe wireless ttrmnals to the base station
conbi ni ng duri ng g 1.6 S LORH I 1 sign
an uplink connuni%%%?%ﬁgbgﬁgﬁﬁgﬁﬁgﬁgﬁgﬁfhggwgé usegﬂgvﬁu ?3%2%%@?§8B9ﬂ5a
first and secbndastbseicond devecei ve a conposite signal from said uplink
conmmuni cati ons channel segnent,. sa.d comnposite signal .includi a first
signal transm tt oRCHye ¢4PEPPItesiErablP BRI RPIAk COBEURFLPEYEARTEH HERTA od by
sai d second deviGfposRdioRAhALEME aSHR] RAPIAsRindesPdiDgrLReYiaL iy On the
recei ved conposite signal to decode the first and 'second signals included
in said conpssondsignag mrahsmi®8d bAsadpunddeyvigadaldl e nmedi um enbodyi ng machi ne
execut abl e instructbgns for Lgﬁlﬁﬁg@tin atconanicaLio S netﬂod.fq% use in
a communi cati ons RYEYEA TURETPIHTRY S HELPCARIIP OB eaﬁae‘é{e‘gf(ﬂ?%cfsi‘?ﬁ]gl}? 0
wireless tergdcoad te BstinffsBERAlsiERIMHNLEALh 3T ERPBAR! sigel Sting  bet ween
each wireless termnal in said plurality of wreless termnals and said base
station, the comunications channel existing between each particular
wireless termnal and the base station having a quality which is the
comuni cati ons channel quality for the particular wireless term nal

signals transmtted fromthe wireless termnals to the base station
conbining during transm ssion between, the nethod conprising: operating the
base station to: 53 assign an uplink conmuni cati ons channel segnent to be
used sinultaneously by a first and second device; receive a conposite
signal from said uplink comunications channel segnent, said conposite
signal including a first signal transmtted by said first device and a
second signal transmtted by said second device; and perform a superposition
decodi ng operation on the received conposite signal to decode the first and
second signals included in said conposite signal



