WD 02/ 093782 PCT/ US02/ 15300 ALLOCATI ON OF UPLI NK RESOURCES I N A MULTI - | NPUT
MULTI - QUTPUT (M MO) COVMUNI CATI ON SYSTEM BACKGROUND Field [1001] The
present iwoanpzis2zrel ates generally to data communi cati onPCINHOLIF360
specifically to techniques for allocating uplink resources in a

mul tiple-input multiple- output (M MO comunication system which may
advant ageously utilize channel state information (CSI) and may further

enpl oy sucoRpsIEARION OF UPLINR RESOYRCES INAMUL TRINPYTde

i nproved system perfornmance Gialigomﬁlg .*J(@Hﬁoy’rel ess comuni cati on
systens are w dely depl oyedM rovi \%1 i ypes of conmuni cation such
as voice, data, and so onCOMNUNICTION SYSTFEMhese systens may be
based on code division nultiple access (CDMA), tine division rmultiple
access (TDWR), frequency division nultiple access (FDVA), or sone ot her

mul tiple access techniques. [1003] A nmultiple-input nultiple-output (MM

communi cation systemenploys nultiple (NT) transmt antennas and nultiple
(NR) receive antennas for data transm ssion. In one conmon M MO system

i npl ementation, the NT transmt a%téﬁgkaé QMOcat ed at and associ at ed
with a single transmtter system B ceive antennas are
simlarly located at and associated with a single receiver system A M MO
system may al so be effectively forned for a multiple access conmuni cation
system hawielg a base station that concurrently comruni cates with a nunber

of term nal n is case, the base statiaon enploys a nunber of antennas
and each te[imdrlal E'Fg? PEFRER I veRiRn at?ﬁ)g‘é“eéﬂrye%éét? qoIyBw)icakiony :d Upannel

formed by tdigqi it i . ¢ into
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processing to provide improved system performance.

Background

[1002]  Wireless communication systems are widely deployed to provide various
types of communication such as voice, data, and so on, for a number of users. These
systems may be based on code division multiple access (CDMA), time division multiple
access (TDMA), frequency division multiple access (FDMA), or some othér multiple
access techniques.

[1003] A multiple-input multiple-output (MIMO) communication system employs
multiple (Np) transmit antennas and multiple (Ng) receive antennas for data
transmission. In one common MIMO system implementation, the Nt transmit antennas
are located at and associated with a single transmitter system, and the Ny receive
antennas are similarly located at and associated with a single receiver system. A MIMO
system may also be effectively formed for a multiple access communication system
having a base station that concurrently communicates with a number of terminals. In
this case, the base station employs a number of antennas and each terminal may employ
one or more antennas.

[1004] A MIMO channel formed by the Nt transmit and Ny receive antennas may
be decomposed into N¢ independent channels, with Nc <min {Nr, Nr}. Each of the Nc
independent channels is also referred to as a spatial subchannel of the MIMO channel

and corresponds to a dimension. The MIMO system can provide improved performance



(e.g., increased transm ssion capacity) if the additional dinensionalities
created by the nultiple transmt and receive antennas are utilized. [1005]
The avai |abloe/opzsnurces for uplink transm ssions fromthePCcarusoza3soto t he
base station are limted. Typically, only a fraction of the term nals may
be scheduled for transm ssion on the avail able spatial subchannels, which
may be limted by the nunber of antennas enployed at the base station.
Each "possible" spatial subchannel betwsen a terminal and the base station
typically experiences different link characteristics and is associ ated
with differ(er, ihcrameditesknissivapapadity) yf thEfatlditioasl dineesiofialitich ereavdi Hyathlee

upl i nk resource e.d., higher throughput). y be achieved if the avail able
spati al su%ﬂlgﬁﬁéé@s’%ﬁt@“gfrg@é‘ﬁ%Wa%l?fg(%‘ ?% such that data is transmitted
on these gyhgdlannghs HYildle RiBRLEs f(ﬁﬁ&eplgﬁ( th‘%sﬂi‘.iégfgnﬁ fidin WHE SHSHEM

[ 1006] There is therefore a need in t rt for techniques to allocate
upl i nk resduseetgtion arealititbdd Jypicelly,tanlypradidctien iofipheoteedinsisshenbpecedulednce.

SUMVARY 0 Aspect t he..i t ovi de techni ques fo.increase the
ool k. porPoratREsss o e BRuele Bl nBaRnRS s Y Pealimitep dut he
schedul i ng fHgdREes aﬁtreﬁnaspéﬂli’[ylb?&ﬂatttﬁe %ﬁ%'éeghﬂi(ﬁmglﬁ%% *ﬂo@ﬁﬁm’fsﬁ%tﬂigﬁgl%%h‘raﬂﬁel

term nals that enploy single antenna (i.e. | term nal s
term nal s thelveeamsl dormynik iggde thentheseasiation etypicMInexpedendes aldiffererBy link
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term nal s, theavalableriplinRrésdarced 6. €0highéhBroughp@) inaydk achieved/s igMvadable
increased relative to that achieved when only one termnal is allowed to
transmit i rFPatig)j spbphanngls arﬁt@f%rfelyaaél%tedt%ﬁ/ dhat| atp dp fteangaiftednon these

conventi on nes1divi, sd i : The scheduling
schenes ar Zslmééﬂsa@??lg% ai Jﬁ%ﬁ%ﬁal?ﬂggﬁgﬁsg%m%ﬁ%ﬁ%@P'l n anot her aspect,

M MO r ecei [#006ir oc #haiengthesedbmiaqieed imthe antforitealinitjins tbalecatstpiinkassdueces

i ncrease syst pacity. Wth M MO, scheduled termnals transmt multiple
independentm&mﬁétsﬁ'\%tﬁwoﬁ’f“bvﬁﬁieamﬁf Sygfem p BC®ant ennas. If the
propagati on environnment has sufficient scattering, the M MO receiver
processing techniques efficiently exploit the spatial dinmensionality of
the M MO channel to support increasSUMMMARNYates for the termnals. At the
M MO receiver (i.e., the base station for the uplink), nmultiple receive
ant ennas arl0Q@Fed Aspestnjainéhe dnvention aravide dedwmiduepr tocdseeasg WO 0pliok3782

PCT/ US02/ 1%%%rmance of a wireless communication system. In an aspect, scheduling schemes are

provided to schedule data transmissions from terminals that employ single antenna (i.e.,
SIMO terminals) and/or terminals that employ multiple antennas (i.e., MIMO
terminals). By allowing multiple data transmissions to occur simultaneously (e.g., on
the same frequency band) from multiple SIMO terminals, one or more MIMO terminals,
or a combination thereof, the capacity of the system is increased relative to that
achieved when only one terminal is allowed to transmit in a given time interval, as is
typically performed in conventional time-division multiplexed (TDM) systems. The
scheduling schemes are described in further detail below.

[1008]  In another aspect, MIMO receiver processing techniques are used at the base
station to increase system capacity. With MIMO, scheduled terminals transmit multiple
independent data streams from a number of transmit antennas. If the propagation
environment has sufficient scattering, the MIMO receiver processing techniques
efficiently exploit the spatial dimensionality of the MIMO channel to support increased
data rates for the terminals. At the MIMO receiver (i.e., the base station for the uplink),

multiple receive antennas are used in conjunction with array signal processing



3 techniques (described below) to recover the transmtted data streans from
one or nore termnals. [1009] A specific enbodi nent of the invention

provi des wormewpays2 f or schedul i ng uplink data transm ssi o®Crarsozissonber of
terminals in a wireless communi cati on system |In accordance with the

met hod, a nunber of sets of termnals are fornmed for possible data

transm ssion, with each set including a unique conbination of termnals and
corresponds to a hypothesis to be eval uaged. The perfornance of each

hypot hesis is evaluated and one of the eval uated hypot heses is sel ected
based on t hteclpeqiesr(desadbed bdlbw) hy pobhardhs tramgmikted dwialsuaimas floasett ormmpart on
channel response estimates for each termnal in the hypothesis, with the
channel re§gHW§@sestinates bei ng indicative of channel characteristics

bet wveen the1pgeim nal saRtideRBS@nhebf 81 inxgiﬁi&leﬁﬂfgl?% ]% r%&h&@?or SBE&AR

hypot hesi s are schedul ed for data transm ssion. successi ve
cancel | at i osplingcleiateansmissimsior agusibbieofgemeinalsdén asdctless tomnumivaters syskem.

i s t itt.ed by. schedul ed term.nals,. In.this case, . one or. re
or dori nos. o dtkerRieebishitEe ARG Saleh & B85 O svfhatel Srerhraie fotansipio
ordering cdu4 @RAGARLBE, Rx@thaeﬁhbs&}’iﬂ_@ﬁlhtﬁ%i 8§ drfquRe caNBInHRSEL of tgﬂﬂfﬁn?lﬁ and

e

performance of each sub- hypothesis is en eval uated and one o
sub- hypot hexpagsponds dp achygthepisge e Ewatuntad: ahberiperfamangn #f ehcle hgpothasketul ed

term nal smit _an . nd data sire To achieyve hi.gh

per f or rran(r:rgé& afé%%ﬁ %}aﬁ]t %&s?ﬁ {élgrﬁ%%g%ge@gﬁ yc?c())gléa’ges gnsg?e%gul?ag?(ganﬁté%Bﬁrf%ﬁlagc%cherre
sel ected, fTie leppathekes mbpbedvalnatad bhgddh pha-onaihafinel Rdpdniddsahfats FOEE€ach SNR)
estimate for the antenna used to transmt the data stream [1012] Termninals

desi ri ng ddeBnipplais fes Byrathesis, avith the ehapgel fesponsggsiaipsybeing indigative tafzed
based on vayi oGS { : | Ok | th j rpinal s
oo b EACLESIWLSE BierflR B PRl Pnd S B
schedul i ng salediedhypothesis siegnhd¢dudedafonditabiapsmhissios.m ssi on channel s and

processi S SR, '8, SRR SOUS ke MR phAOARk, TIervent hon, Lyriner
ebodi MBNt Sro@lel feCaLIIE waRdmie b REAMIedABnARRE! RAfis! dlse, 'tk o Ghod et &l |
orderings of the terminals in each set may be formed, with each terminal ordering
corresponding to a sub-hypothesis to be evaluated. The performance of each sub-
hypothesis is then evaluated and one of the sub-hypotheses is selected.
[1011] Each transmit antenna of each scheduled terminal may transmit an
independent data stream. To achieve high performance, each data stream may be coded
, and modulated based on a scheme selected, for example, based on a signal-to-noise-
plus-interference (SNR) estimate for the antenna used to transmit the data stream.
[1012] Terminals desiring data transmission (i.e., “active” terminals) may be
prioritized based on various metrics and factors. The priority of the active terminals
may then be used to select which terminal(s) to be considered for scheduling and/or to
assign the available transmission channels and processing order to the selected
terminals.
[1013]  The invention further provides methods, systems, and apparatus that
implement various aspects, embodiments, and features of the invention, as described in

further detail below.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 1014] The features, nature, and
advant ages of the present invention will becone nore apparent fromthe
det ai | ed wese/pP382 on set forth bel ow when taken in conjun@®Cirarso2/wd3vh t he
drawi ngs in which |ike reference characters identify correspondi ngly

t hroughout and wherein: [1015] FIG 1 is a diagramof a mnultiple-input
mul tiple-output (M M) comunication systemthat nmay be desi gned and
operated to inplenent various aspects and enbodi nents of the invention;
[1016] FIG 2 is a flow diagramof a process to schedule termnals for

transm ssion, in acBREBERCOESCRIPTIONOMFHEDRAWINGSti on; [ 1017]

FIGS. 3A and 3B are flow diagrans for two successive cancellation (SC)
recei ver pi¥ddisi nbhesteabuess natwes, oivyl adventpgescefsthe mgesendimventson( wjll begosed by

an ordered_ set of termnals.a 2).determn ased on the post-processed
SNRs, respBLY 3@%‘?nt?f%§§](?eﬁ?&% (%S%r?q’émfsle%@ﬁéeg?‘%rw Bralenip i copiupEtiqh s ed
schedul i ngwaheiee Whem@PYir Nehichi Gie Srefeéricer thatadtér Mideatity dofesoNaindsy ed
for scheduling; [1019] [1020] FIG 5 is a sinplified block diagramof a

nunber of thepwshelt andafierainbase station in the M MO system shown in FIG 1;

of a " ter AR Coddbt oo of OB o5 o SRR PNC b 8Bicco PR heBREL 7

stati on bas&fmanichtien sywah thabimay GSldesibAdiPald dpefated/tol impienidnd ekrislisagpeas of an
enbodi ment of the receive portion of a base station; [1023] FIGS. 8A and
8B are bl ofkd epBHENSRISOf thein¥emioni nent of a channel M MJ data processor

oo BOHE] TGP B SERL AL SR Bl
t hr oughput ineavdotdarceswith et emboginient efahe invehtiayghput , respectively, for a.
oLl ated, RADT K PSTAN £0 DESCR e LEIOZEL Fh St BB 2, e
desi gned apgdeRBepRLELineQcheRéCNEREDLY @k ippste s} SREPRITPAnpUsdd bPAROARRRO -
' set of terminals and (2) determined based on the post-processed SNRs, respectively;

[1018]  FIG. 4 is a flow diagram for a priority-based scheduling scheme whereby the

highest priority terminals are considered for scheduling;

(10191

[1020] FIG. 5 is a simplified block diagram of a number of terminals and a base

station in the MIMO system shown in FIG. 1;

[1021] FIG. 6 is a block diagram of an embodiment of the transmit portion of a

terminal capable of processing data for transmission to the base station based on the

available CSI;

[1022] FIG. 7 is a block diagram of an embodiment of the receive portion of a base

station;

[1023] FIGS. 8A and 8B are block diagrams of an embodiment of a channel

MIMO/data processor and an interference canceller, respectively, of a receive (RX)

MIMO/data processor at the base station; and

[1024]  FIGS. 9A and 9B show the average throughput and the sensitivity in cell

throughput, respectively, for a simulated network.

DETAILED DESCRIPTION
[1025] FIG. 1 is a diagram of a multiple-input multiple-output (MIMO)

communication system 100 that may be designed and operated to implement various



5 aspects and enbodi nents of the invention. NIMO system 100 enpl oys
multiple (NT) transmt antennas and nmultiple (NR) receive antennas for
data tramemieedez M MO system 100 is effectively fornedpPCarusaz/msbai ple
access conmuni cation system having a base station (BS) 104 that
concurrently communi cates with a nunber of terminals (T) 106. In this
case, base station 104 enploys nultiple antennas and represents the

mul ti pl e-out put (MO for uplink transm s§i ons and the nultiple-input (M)
for downlink transm ssions. The set of "conmunicating” termnals 106

col | ecti velagpecepambembaditneats dfuhd inyertiom pMIM® sysdtgrh i 108 eipdoygnsisipen@Nand
the multiple-output for the downl | r:zl)< transm ssions.. A comruni catin
termnal i ST9NE: HEEes fRd rﬁnelgples@ JPEAYS prteppas fof §aig, transgrssiqpe s MIMO
user - spec fyGroflafh i oL ifify REAThA hithipld hoRRChRMRRAIGALSAM hefi Ba!
106 enpl oys one antenna, then that antenna represents one t he
transmt artaenstagon {BSht04 that nonvatrentsy tormmsnichtes mgthdahambdedofoteemhlst (1@ NR

recei ve ant% nafif.theterm'nal i reciving data. Aternminal nm | so
erpl oy mul (OB o fRig S (asBiainBu0d PIQE BHliple Suiehhas €1 JPesERE Phese
antennas ”E}ﬁulﬁﬁl‘éaéﬁtﬁtﬁ‘%m ¥%r Qﬁiﬂks@églsfl@é’si(ﬁi@taﬁd EHe%ﬂ@lffbﬁﬁgﬁﬁt- (I\/EI? B GlowMiMe

system 100 may be operated to transmt data via a nunbe r’ transm ssi on
channel s. Arasmissiohannidie sehpfl Heommuiepting deiminalsN6i ¢rllepérady mepresehisrthel s,

Fef orrod Tanubel e R oERAwbicSah’ okl TRVBLERRRUPIC Bof o Prifep et om

not  utili ziaagmsioRe I AN@dmitiaateRCirtindl Bice thidibnghit® QsdrGptdic datagb@ri S
typically only one frequency subchannel and each spatial subchannel, may be

referred tdeegsves user-gnesivcsdatpfomcthg agq statiqror I pash commsrpipating terminalilig
OFDM h ' C h : . d
Co s ot r Sl ns HERREIAR o nBah cop bR Rr HCR ARG ARy e D) o

st ati on 104emdnaluisr eatsinitting adana ahd ahe sofviht Nt eedeiveahteddeaf iy carminal 6d (as
indicated by the solid lines) via multiple antennas avail|able at the base

station. | ASKHAY8 de@r it PANDALBEY AR BRI TOBIPIC RRignIAE St vROWR ILFIG.difdF ences
and ot her Ssisrgmééauyp,%nmﬁég@ AR AR rhiPIBvAAREeGsR Belled Rt duffftrans i OAL €€ DY the

dashed |ine are not transm'tting ceiving user-specific data
to/fromthdlOde sMIMOmystEhe 1800vmiy bk ¢persed td6 cramamik Hatakyiarehembet’ of

t i ssi from th jon to. th inal s, ~and the uplink
(oo avaeemishite) hgrere A SRIO e mie b B iPedied T andebendiin
base stati QRandel028kh MM S (R &QP. MBachbsr HRSNINAGHAdMRhEIRI i@ Mo

nunber of standards
referred to as a spatial subchanne] of the MIMO channel. For a MIMO system not

utilizing orthogonal frequency division modulation (OFDM), there is typically only one
frequency subchannel and each spatial subchannel may be referred to as a “transmission
channel”. For a MIMO system utilizing OFDM, each spatia1 subchannel of each
frequency subchannel may be referred to as a transmission channel.

[1027] For the example shown in FIG. 1, base station 104 concurrently
communicates with terminals 106a through 106d (as indicated by the solid lines) via
multiple antennas available at the base station. Inactive terminals 106e through 106h
may receive pilot references and other signaling information from base station 104 (as
indicated by the dashed lines), but are not transmitting or receiving user-specific data
to/from the base station. The downlink (i.e., forward link) refers to transmissions from
the base station to the terminals, and the uplink (i.e., reverse link) refers to transmissions
from the terminals to the base station.

[1028] MIMO system 100 may be designed to implement any number of standards
and designs for CDMA, TDMA, FDMA, and other multiple access schemes. The



and designs for CDMA, TDVA, FDVA, and other multiple access schenmes. The WO
02/ 093782 PCT/ US02/ 15300 6. CDMA standards include the |IS-95 ¢dnma2000,

W CDVA stwodaioys2 and t he TDMA standards include G obal 8¢3teserissno Mobil e
Communi cations (GSM . These standards are known in the art and

i ncorporated herein by reference. [1029] Aspects of the invention provide
techni ques to increase the performance of a wreless conmunication system
These techni ques may be advantageously uged to increase the uplink
capacity of a nultiple-access cellular system In an aspect, scheduling
schenes ar €CPMGV stiedartly irsdiniedht dS9at adnaZ(NOM VeIV §tandards rand niad TDMbAL

enpl oy single antenna, (j,e€..,.SIMO.termnal and/or t 1 na t hat enpl oy
o S B SRR b Db AE St GG e e
supported 5t RbthwRIHAL 848 hdoRrSB8dReeA by RferthRquency. By al | owi ng
multiple data transm ssions to occur similtaneously fromnultiple SIMO

term nal s, [8029]or Aspestawivite irnientiomproyvidegechmiquest mateasmthetperfenhance lof a
capacity of .t qe system.i St‘i ncrﬁase rel zti ve to tha% ,ﬁadChi eved vvhendonl y
one t er i nal eSS T IPARAMCRLO™ PYSTRR ¢ Thege dechintamss qmay bp fd¥prpageously ysgd o
typically peétaemed Lplitoryiity ool ufflélhodesd QBN ts%IQéIﬁXEQn(Mpect,
systenms. The. scheduling schenes are described in further detail below
[1030] | n #akrdyling seheraes any voyvided ép \sehedyte deis srangmissiongiftue serarinals ded at

t he base i.on. ' ase s Daci (th-. sch | ed. .
termnal s fe @%Q{ntg%u %I{’}?%[Fdea%i’n%@ég nmalg%?&féﬁ%d/gﬂéergn# lmar% e%npﬁ(?j)ﬁ%u?u%lf;
transmt anhennas.(i.t{ MIRQrepaigals). on Bogn viypes iof ntertadfilss uhdy GeeBtipported -
scattering, .the M recei ver processing techniques efficiently exploit
the spat i alSITBHARESTON QN ithesagre GaperNradtridyarfhe plleving apgiiple dacFaisigiongat a

rates for, thech &l Fhifimoudy _f}ot}}?thgﬂéén KR0S %éﬁﬁjn(aig; Bne of RRrPRERIS E&ﬁﬁrﬂdﬁ%f or

the uplink), nultiple receive ant as are used 1n conjunction wt rray
si gnal prooeessicombintaiohrtheiees thdespadityedf k¢ eytemoisr acmased rdiativer fnghmitt t ed
data streans f r%n 8ne of nore term rhal S. 51031 . The M MO recejve )
processi ng af:lélgﬁ Jaes oBAnreeHeRy e operdg drang B & Ve BmedrSHYaLmti Bi dual
termnal's, (yhtaly pEBRACGAMNRIEMiINAL HBRSASisTRACHERDAKE TOMS KRtendy StTREY The
M MO recei ver processing techni ques can be used to process signals

transm t t edchiadolingseheimss eretdeseribedlin fusther dpted balovh singl e transnit artenna

(e-9. S| MOy Nl 8, Q00 R BS St Ak Qs P RERRGSL ¥ s s die
station to increase system capacity. With MIMO, scheduled terminals transmit multiple
independent data streams from a number of transmit antennas. If the propagation
environment has sufficient scattering, the MIMO receiver processing techniques
efficiently exploit the spatial dimensionality of the MIMO channel to support increased
data rates for the terminals. At the MIMO receiver (i.e., the base station for the uplink),
multiple receive antennas are used in conjunction with array signal processing
techniques (described below) to recover the transmitted data streams from one or more
terminals.

[1031] The MIMO receiver processing techniques can be used to increase the data
rates of individual terminals, which correspondingly increases the capacity of the
system. The MIMO receiver processing techniques can be used to process signals
transmitted from multiple terminals equipped with single transmit antenna (e.g. SIMO
terminals). From the base station’s perspective, there is no discernable difference in
processing N different signals from a single terminal (e.g., a single MIMO terminal)
versus processing one signal from each of N different terminals (i.e., N SIMO

terminals).



processing N different signals froma single termnal (e.g., a single MM
termnal) versus processing one signal fromeach of N different termnals
(i.e., NWDMD09378z m nal s). WO 02/093782 PCT/ US02/ 15300 7 PCTOB8}/1580 shown
in FIG 1, the terminals may be randomy distributed in the base station's
coverage area (or "cell"). Moreover, the link characteristics typically
vary over time due to a nunber of factors such as fading and nultipath.
For sinplicity, each termnal in the cell is assumed to be equipped with a
single antenna. At a particular instant in tine, the channel response

bet ween eaft932¢r m Askhevmit Bithal, aindterinmabaney bs traddoariy slisariagd of thhlagecei ve
antennas is characterized by g vector h, whose elenents  are conposed of

i ndependenftEal§ SO¥FARA A, O&aF?lgﬁi eldoregyey, dﬁ‘? &R characterisfics typigally vagy (1)

K, NR wher ol timd &ud {1 ARSI 4 @H&Paseﬁﬁfng‘%g nhd1@RAth NFot sty %&fi‘l to
the j-th receive antenna at the base station. As shown in equation (1),

t he channetermgtal mutlescdlbis aawhed teeberequibpéds with\eesingle antetnhna NRAted pardonlar

di th b i t at t,he base statiqn. Each
el eront of IEHat Fuctid H Chee] risBetierBet LD Side torginakS bpachr e Hhie

transmt-rgeghye aﬁ@%%???z %@&"ve Qﬁlte)’l‘ﬁz%nis tch@ra&t‘éﬁge}]d]ﬂ/ 2838;oP qp ?wﬁc;sggegéglgen(t)% or

sinplicity, equatio escribes a channel aracterization a

flat fadi ngre colipossl offifdglenddnt Ganssddieraf@sthlveXabléd, uefdidfvst he entire system
bandwi dth). In an actual operating environnment, the channel may be
frequency selective (i.e., the channel response varies across the system
bandw dt h) and a rlé: det ai | ed channel characterization may be used (e.g.,
each el enent of th pect or h; may include a set of values for different
frequency subchhnm Is'_’ r,time delays). [1033] Also for sinpliBgi@y, it is
assuned that the ayerage received power fromeach termnal is nornalized
to achieve a como htariget energy- per-bit-to-total -noise-plus- interference
ratio (Eb/Nt) after signal processing at the base station. This target
Eb/Nt is often referred to as a power control setpoint (or sinply, the
set poi nt) ' whelei /5; $eltectlesintloresponey ieddmate pfasihi thelliah térenindl tof thpgrth qedevce
(e.g., a particul gtg%%acket .error rate (PER)). The conmon setpoint may be

achi eved b & PSOTR IS SRV OF eation{ill s ghannel estimates for eachi

terminal is a vector with Ny elements corresponding to the number of receive antennas
at the base station. Each element of the vector h, describes the response for a

respective transmit-receive antenna pair between the terminal and base station. For
simplicity, equation (1) describes a channel characterization based on a flat fading
channel model (i.e., one complex value for the entire system bandwidth). In an actual
~operating environment, the channel may be frequency selective (i.c., the channel
‘response varies across the system bandwidth) and a more detailed channel

characterization may be used (e.g., each element of the vector h, may include a set of

values for different frequency subchannels or time delays).

[1033] Also for simplicity, it is assumed that the average received power from each
terminal is normalized to achieve a common target energy-per-bit-to-total-noise-plus-
interference ratio (Ew/N,) after signal processing at the base station. This target Ey/N;is
often referred to as a power control setpoint (or simply, the setpoint) and is selected to
provide a particular level of performance (e.g., a particular packet error rate (PER)).
The common setpoint may be achieved by a closed loop power control mechanism in
which the transmit power of each transmitting terminal may be adjusted (e.g., based on
a power control signal from the base station). Alternatively, a unique setpoint may also

be used for each terminal and the techniques described herein may be generalized to



which the transmt power of each transmtting term nal nmay be adjusted
(e.g., based on a power control signal fromthe base station).

Al t er nat iwelog/09xsuni que setpoint may al so be used for ea®cTiEsoriised and

t he techni ques descri bed herein nmay be generalized to WD 02/ 093782

PCT/ US02/ 15300 8 cover this operating node. Also, it is assuned that

si mul taneous transm ssions from different termnals are synchroni zed so
that the transm ssions arrive at the basg station wthin a prescribed tine
wi ndow. [1034] The base station periodically estinmtes the channel response
for "activebvert distopeahting mbdeh Adse it & adsmatd thie simultpedws tramnsssidns dadm

during an upcom ng or futur transm ssion interval. Active termnals may
ncl ude ¢ eriiHET PR e q%ys ”tﬁlﬁfaﬁhe eI Onsy Rt vE A ifcbase StatiRmt es

may be faciy) P{lﬁ.ta? Slcﬁbajmggqﬁdoqgj ways such as, for exanple, with the use
of pilot an ata decision directed techni ques, as described in further
detai | bel d¥034]1103%he Basestaton tpleaodwall}l attireateh ghenelanest raspemss , fow Hadtoes
schedul i ng ;sche t o nmaxi m e. uplink throughput by
Sehedul | ng EHITASSYBRN At EERAS LRSS to PRV QR DY R RSP UG B AR 0 s
such that tt&%xmﬁgi%naiﬂt&wd tAbtfan&%ﬂﬁals MaulricARROKSInhal A tis had L&ﬁfenﬂ?” be
desi gned and used to eval uate which specific combination of termnals
provi des t hmnmungyih@mqneﬁlqumm @w(yebegfacﬂltemi imi egphvasher of mamm giebuas) for

patial (araupaltMRTY RRE DAY RaB G Rl R BB Aok b

(i.e., thelfﬁrth&m@fuﬂqieldvesponse estl mat es), the average upl i nk throughput
can be increased relative to that achieved with a single termnal.
Fur t her mor 1038) exBresdtomibpetayailahle @hawbpstlr@ﬁt%wgn@l}s schpdulggrebvImes mayn

find combl RtdoRelo miMEAl by GRITPAR Bl T AAES ahBalsiarfen g e

to transmt at I'me” on sa enhanci ng
syst em capaheé t yvaulablat |tmsmIss1snnghmneiasersusln:héﬂul tlmg are I afwhed gohedndring f or

mul tiple users. 36] Th rmnals may be selecied for data transpi ssion
based on vé%rpw@emf %t o‘?‘ssc Pedilerocan E? desizpest gnfﬁa;% 48 &t’%‘uﬁ% which éﬁ?oéﬂo
constrai nt goafthafiefubs %fﬁ%ﬁa‘fs PHARAAS tHeDBest geﬂHﬁﬁa{nEé( S&%Vhlgﬁes€@5)

maxi num | atency, average data rate, and so

factors rrayhnmaglmt)mb siigea dbi afyi eyditenm canpsaints eamh maiirdmesits (By exploiting thac_h

E gr gn y 2 ? LZn ISB t?al r’?Jancti prc))lss?bl%lcﬁ‘gtflfencsz%s I‘81gnatlﬁre]§)’t gF rtheS ?&dl\%auglat%}rgurnglsn@é ptﬁ&tr arn
channel response estimates), the average uplink throughput can be increased relative to

that achieved with a single terminal. Furthermore, by exploiting the multi-user
| diversity, the scheduler can find combinations of “mutually compatible” terminals that
can be allowed to transmit at the same time on the same channel, effectively enhancing
system cébacity relative to single-user scheduling or random scheduling for multiple
users.
[1036] The terminals may be selected for data transmission based on various
factors. One set of factors may relate to system constraints and requirements such as the
desired qﬁality of service (QoS), maximum latency, average data rate, and so on. Some
or all of these factors may need to be satisfied on a per terminal basis (i.e., for each
terminal) in a multiple access system. Another set of factors may pertain to system
performance, which may be quantified by the average system throughput rate or some
other indications of performance. These various factors are described in further detail
below.
[1037] The scheduling schemes are designed to select the best combination of

terminals for simultaneously transmission on the available transmission channels such



performance, which may be quantified by the average systemthroughput rate
or sone other indications of performance. These various factors are
descri bedwon2ioga8her detail below. [1037] The schedul i ng PEThsSoBs5300 €
designed to select the best conmbination of termnals for sinultaneously
transm ssion on the avail able transm ssion channels such WO 02/ 093782

PCT/ US02/ 15300 9 that system perfornmance is naxi mzed while conformng to
the systemconstraints and requirenmentsg If NT termnals are selected for
transm ssion and each term nal enploys one antenna, the channel response
matrix H cahzrtess(ﬁtarmdpan@)rmanctehie msalimcied dvisletcooforming to thalsystém congteadnts wgd .

Nt b 1711 112 hi, 2
ho 5 ™ RGBT RS T N iparpinig ot elpgié FQ\ RIS oR R Ao, e L OBt b an

aspect of tdg dMMBAL itRN chimtl GePOAtey taBiii | corlebsindandto Rl @élfa@té@rsee of
cancel lation (or "successive cancel | ation") receiver processing technique
is used attemtinalpfye {gt.ati orut )0 maschs axgresprel 45t ocess the transm ssions from
multiple termnals. This techni qgue successively processes the NR received
signals a nunmber of tinmes (or-iterajions) to recover the signals

transmtted fromthe term nal s Mupi t heane™ t rfamsri t t ed si gnal being
recovered for each iteration. Fé)lr2 ealglg i t-eratd on, the technique performs
| i near or non- IiHealihlﬁnoe skg (l e.; spati al -space-tine @l i zati on)

on the NR received signals to recover one of 't e transmtted signals, and
cancel s the |nterference due tfant hé, secovefed,si gnal fromthe received
signals to derive "nodified" signals having the interference conponent
renoved. The nodified signals are then ocessed by the next iteration to
recover andi®¥% t r bnageprdaaer withmalaspey of Emovmonh%suqcmsae\femﬂ@lm@éox@l@@ dt o

h « h
o e S A Bl L RN TN e SRRk dS ! 1S
The i nprowseld SNRhe obdse spaivds té ae¢dim=.r @vié dprpedsh othaamasndissions hﬁ~01tne rltiye  as

well as the system . The successive cancellation_recei Vf pr.ocessi ng
t echni que ermpale (isctormiaye HcResP valy BEOPesHRS B6Ny £ogyed Hgaws adIumper 96

successi Ve fAnce itk AiRRsy &F BlcvFer MEOGSRH RendratbN S (e terminals, with one

transmitted signal being recovered for each iteration. For each iteration, the technique
performs linear or non-linear processing (i.e., spatial or space-time equalization) on the
Nr received signals to recover one of the transmitted signals, and cancels the
interference due to the recovered signal from the received signals to derive “modified”
signals having the interference component removed. The modified signals are then
processed by the next iteration to recover another transmitted signal. By removing the
interference due to each recovered signal from the received signals, the SNR improves
for the transmitted signals included in the modified signals but not yet recovered. The
improved SNR corresponds to improved performance for the terminal as well as the
system. The successive cancellation receiver processing technique is described in
further detail below.

[1039] When using the successive cancellation receiver processing technique to
process the received signals, the SNR associated with each transmitting terminal is a
function of the particular order in which the terminals are processed at the base station.
In an aspect, the scheduling schemes take this into account in selecting the set of
terminals to allow transmission.

[1040] FIG. 2 is a flow diagram of a process 200 to schedule terminals for

transmission, in accordance with an embodiment of the invention. For clarity, the



process the received signals, the SNR associated with each transmtting
termnal is a function of the particular order in which the termnals are
pr ocessedweato2iopzyshase station. |In an aspect, the schedul iPag/tsohesses t ake
this into account in selecting the set of termnals to allow transm ssion.
[1040] FIG 2 is a flow diagramof a process 200 to schedule termnals for
transm ssion, in accordance with an enbodi nent of the invention. For
clarity, the WO 02/093782 PCT/ US02/1530Qg 10 overall process is first
described and the details for sone of the steps in the process are

descri bed swbsdlquecdsk s fifsd @ebtiibéchintd tk Idytails fier sveter dfthe siephin the prodess arel ect
the "best" set.of termnals for transmssion are initialized, at step 212.
Vari ous per‘%ﬁ%ﬂé@bﬁ?@?‘?‘q s may be used to evaluate the terninal

sel ections f]sowﬁnﬁ’ill}l hﬁ@?néllﬁ@s e perisbedo i ikt ich epestiet @i (Bf REhAMs fdror
exanple, a performance netric that maxi mzes systemthroughput may be used.

Al so, t er nitreabmigsioni ace idGdizedsatSMRs2 For Vatieust pea{fosmamteememcg Mysbealﬁsed rto

Bl 2o be. uoea e MEORAEARhRRs b fope o Prabi deeS et ERTRN ) <

then sel ectfl kb@fled AP oRmbn@CheiR that aRirRigks sFhesh fthidd lﬁlﬁlttlﬁ@ﬂﬁénukedjat a
in the upcom ng transm ssion interval, at step 214. Varl ous techni ques may

be used t o Alseyiterminal melsiee suchf asa$NRy don the iiansmisted signalscasies ipioessing atothe
schedul i ng ’b{agesstgt?% Ieb ?l% %%k& qyg)cégggd”ssﬁ)g}%ké h%y%?so b%fu[s&? L ni'hn %L/ u&f | et ed

(e.g., e éva ed. For

each seI ect{@o42]er mAn&lew)lsdt roft dueive eeymintl eis ctham ielecedt fromt asoveatlodctive, | S
retrieved, at step 216. [1043]. \Wen the successive cancell ation receijver
pr ocessi ng-{EEERRF &a@npg te, Fapsrhit dataa the §Rcaming; tEwmsmissOngptseyal, 3t sigh ¢4+t he

ter i nal s ik ARRRA fhy BELld LTRREHS OREF of RBLE MFRRACt: tHUsidlied
B e g e ot to e Yo

particul ar (ne I's selected to process the term na at
step 218. Thi shpdulingeced dascobadidreldvor The apezclfb} ey pﬁtelmamais selnctnel (e\ga luraf e,;]

1044] The sub-h hesis is, then eval nd the termnal nmetrics for
Lo aub har o DroaRoa Byaneriee tevalialds 560 Cadpseida HaRnIE 11 16 Sy be

t he SNRS. fgf‘e Eﬂéﬂnel(egﬁ&tafeQR/Q&Slsﬁeﬁ)reﬁ*ieg&?'a&tg%EP(’; hetically transmtted from

the termnals in the set. Step— 220 may be I eved based on the successive

cancel | ati gno4xcei Wienth©Q8SREdIEE ciRelfidiURceivr pldcésingeselidipadisoglea@wti n
FIGS. 3A and 3B. The performance netric (e.g., the systemthroughput)

cor r espondithgybess stafiog. sigpondon s waighsthe éertm@a%s @& Bioagssed directly impacts their
performance. Thus, a particular (new) order is selected to process the terminals in the

set, at step 218. This particular order forms a sub-hypothesis to be evaluated.

[1044] The sub-hypothesis is then evaluated and the terminal metrics for the sub-
hypothesis are provided, at step 220. The terminal metrics may be the SNRs for the
(post-processed) signals hypothetically transmitted from the terminals in the set. Step
220 may be achieved based on the successive cancellation receiver processing
technique, which is described below in FIGS. 3A and 3B. The performance metric
(e.g., the system throughput) corresponding to this sub-hypothesis is then determined
(e.g., based on the SNRs for the post-processed signals from the terminals), at step 222.
This performance metric is then used to update the performance metric corresponding to
the current best sub-hypothesis, also at step 222. Specifically, if the performance metric
for this sub-hypothesis is better than that of the current best sub-hypothesis, then this
sub-hypothesis becomes the new best sub-hypothesis and the performance and terminal
metrics corresponding to this sub-hypothesis are saved.

[1045] A determination is then made whether or not all sub-hypotheses for the

current hypothesis have been evaluated, at step 224. If all sub-hypotheses have not been



(e.g., based on the SNRs for the post-processed signals fromthe
termnals), at step 222. This performance netric i s then used to update

t he perfowompogs7setric corresponding to the current best pemlsShyp3bhesi s,
al so at step 222. Specifically, if the performance netric for this

sub- hypot hesis is better than that of the current best sub-hypothesis, then
this sub-hypot hesis becones the new best- sub-hypot hesis and the
performance and termnal nmetrics corresponding to this sub-hypothesis are
saved. [1045] A determ nation is then nade whether or not all

sub- hypot hesauatedthe pwcessuetoastto kigpclBasil ¢ didivenbaemas el evatuated aaderdforp
224. 1f all,_sub-hypo . b 0209 PCT, 2/ 1530 11
eval uat ed, h{ehtgg%l%@elé Qﬁef gff%d?%égg%tggg‘%re%gglfé%n teps %g f% lérrog%é Bgﬁafenf&?e%%q

eval uat ed @irdach fub-hygoiesised bt 8edlgatedt t he set is selected for eval uation.
Steps 218 through 224 are r&geat ed for each sub-hypothesis to be

eval uat ed. [1086k6] If pllsub-hyperhesep demapaticular hypoghesisihaye heemmgisbrateds iatsStﬁa?/F
b I . ST O et
een eval ugspd, dﬁt%nﬁﬁlgt‘?on 2B d @ WhEHEL g% ggtt élg@ybﬁpg%gﬁa%'ygéﬁgon%{de%% aft

hypot heses have been consi dered, a eses have not
been consi steped6. Iffedl Ippothess haet notiseh cossidped, e mockss @etdink testep14m6d not
yet conside set of termnals is se! ected for eval yation. St efs 214

t hr ough zzerdgf e And oL gt msidere sy ASEHRERls i¢ selpded nsvalption. Ptepwzi4 | 1

al | hypot hgg hf&%&Q%ﬁﬁ%&Y&éﬁ@ﬁ%ﬁ@h&iSﬂ%}b@cBﬁﬁ&‘erE&”Sidered1 at step 226,

then the results for the best sub-hypothesis are saved, the data rates for
the term nbl047] n tlhell bgpetheseb fantho ndtomitermzings devebsrnvedsifered,. at step22d, on

their SNRs), d the schedul ed ransm ssion i,nterval and data rates.are
communi cat 8§ {%Qﬁﬁﬁgﬁqqﬂgﬁsgsw—flmot G e 52% éh&ﬁ&aglp‘afeﬁgﬂ%ﬁﬁémﬁs n
interval , g sefub2@hotidsiste dsehameli(@g., HafiRndh REIKNRS), ehd'8e schy®li&m and
termnal netrics to be naintained (e.g. the average data rate over the past

K ‘transm YaisgHssion éptorpk and gatsntajest e eparmunicated deritks iteyminadh grien torihe  t hen
t hese metr| [ ed,. t 23 T er.m nal trics may be used
o seiRaded o BHRLEH inBhal i Phs, Mo Sphidiiing FEheme Ralids obet T peq

to eval uat e rformance o N

in furthersgenabhd Rendw] mbhecss6 be dudihtgied te.g P aeahtydnerfiobr@dnd pist ®ach
transm ssion interval. [1048] FIG 3Ais a %I ow di agram for a successive
cancel | ati BAUSTHEEPR, Bteryplsclateaey, for datanapmsupssin, iRd s o)) tthen {hesscmssicngreor der

5, POy GEBSSS IR lnd SN b e AR YOG e,

parti cul ar theubdividmai reemimm]s, whi ale dexcribsponfisthen detail dettey.e The athediiling is
typically performed for each transmission interval.

- [1048] FIG. 3A is a flow diagram for a successive cancellation receiver processing

scheme 220a whereby the processing order is imposed by an ordered set of terminals.
This flow diagram may be used for step 220 in FIG. 2. The processing shown in FIG.
3A is performed for a particular sub-hypothesis, which corresponds to an ordered set of
terminals (e.g., W = {ug, Up, ... uxn}). Initially, the first terminal in the ordered set is
selected as the current terminal to be processed (i.e., u; = uy), at step 312.
[1049] For the successive cancellation receiver processing technique, the base
station first performs linear (i.e., spatial) or non-linear (i.e., space-time) equalization on
the received signals to attempt to separate the individual signals transmitted by the
terminals in the set, at step 314. The linear or non-linear equalization may be achieved
as described below. The amount of achievable signal separation is dependent on the
amount of correlation between the signals transmitted, and greater signal separation may

be obtained if these signals are less correlated. Step 314 provides Nt post-processed

signals corresponding to the Nt signals transmitted by the terminals in the set. As part



termnals (e.g., u = {ua, ub, ... uNt}). Initially, the first termnal in
the ordered set is selected as the current termnal to be processed (i.e
ul= ua), wDo0e38812. [1049] For the successive cancel | at ipen/usez/eizver
processi ng techni que, the base station first perforns linear (i.e.,
spatial) or non-linear (i.e., space-tinme) equalization on the received
signals to attenpt to separate the individual signals transmtted by the
termnals in the set, at step 314. The ljignear or non-linear equalization
may be achi eved as described bel ow. The amount of achievable si gnal
separ at i on dfsthadinenriennondineareproaessimgt thef SUBr ¢astasponsting ¢ meepoatﬂv@ogssgdal S

transm tted reater al se be obt ali n

signal s are'§ ggorgorcruge fgg%“@h %’plsg%ﬂ% 8{}1“%@! &T’I’mp%lglfnlberr S%C @S%Bcelgfv&nal S
correspondim@selo t ae N ossggj@aésadtsﬁ 8its Nddriegfbriding R tbOKiREINGYL Ss itRert MertigeRt . AS
part WO 02/ 093782 PCT/US02/ 15300 12 of the linear or non-I|inear

processi ng, ProgrssegNRe ¢ ofqteaierbn & plfaing: dasedeshdata prasertos dee tegmgﬁlapt fter 3tthe
current terfnabietiod $n ?r?chgcfet N : 1ntef1€0\ﬁﬁggﬁm Fde goed?r?é tf?ei ﬁ) Etel oW .

[ 1050] The ‘post-processed signal corres
further prpm@swlcklgnala)de véelheactéoedéddatt@stmhal n a decoded data stream for
the termn t step 316. The detection nay_include denodul ati.n

dei nt er | eailfR] andtgspotitng delfempizdpn lsp?’ééee%lé@e‘ép’gﬂ%ﬂ alk @nﬁ’é‘ﬁks\}é%ﬁ%ﬁt
decoded datlﬁvétﬂe@ﬁrﬂro&%&ﬁ“ IfA‘BlhstEﬁﬁ A Ehavd %@ﬁ?&e@%}d gﬁ'ﬂ?ﬂ ﬁuenglqﬁsmeﬁger or

not all termnals i'n the set ave een processed t erm nal ve
been pr ocedsmainals henproheleGNRstapf 326hend tlerrﬁtaiedrspraafeesipg dnnmitmlbs dbthetvepe, 326,

Cor i nal | uith HUGRAGr O PROUBRLBATCRGh AT 4 SCREd FEPDa I SRUTED B 590, The

i nt er f er encRoNehebfteHsichfBingy bt Rstimatedfe. Qe%dés@ﬁﬁiedl%l&%? b38® 64l tREhbfige]
channel response matrix Hfor the termnals in the set. The estinated

interfer endésp@néﬁ mtrix & fonghe Lﬁrmatyﬂst Imethes sast r Abe estimatod intsefereaceidvedo
signal s to |ve ifie ste 322 S
repr esent Alad gtfent sng)tr?“étg% é%ltl%e beﬁgvg llgn?lért%dﬁgve nﬁﬁddﬁtfﬁle Sl%‘lﬁlg i
t ransmi tted;te(pl 32, THRSS uivdifiedt igtald ﬂ&preséﬂt%mﬁlﬁatemﬁﬂféae@mddadi Ml @Sminal
effectively perforned) The nodified signals are used in the next

i teration t#hpd ekyansnkiied {ieanpspymingdhali the anterlereneeneangeliation ayas ghtectively t he
set. The n Ny | S as t a SLgLm nal
ui, at st eg?égfé)&‘.ﬁ&f?n ;fglret ?lc?hif}ferd ?gflmg %ﬁe"&or @hgl%sgg)%n eﬁ?‘?er atllgrg%, utl%: u,
for the thitradsinitedatigrab forathe net ©Mminkloin theeetorTiey skt s@ininkl 3n fhedset Wdthen . .
uNt}. [ 10521] H Bocesm ng performed in _steps 314 and 316 |s repeated on
t he modi fi sglected as the current terminal u;, at step 324. In particular, u; = uj for the second

iteration, u; = u, for the third iteration, and so on, for the ordered set u = {u,, up, ... uy,}.

[1052]  The processing performed in steps 314 and 316 is repeated on the modified

-signals (instead of the received signals) for each subsequent terminal in the set. Steps

320 through 324 are also performed for each iteration except for the last iteration.

[1053]  Using the successive cancellation receiver processing technique, for each

hypothesis of Ny terminals, there are Nt factorial possible orderings (e.g., Nt! = 24 if

Nr = 4). For each ordering of terminals within a given hypothesis (i.e., each sub-

hypothesis), the successive cancellation receiver processing (step 220) provides a set of

SNRs for the post-processed signals for the terminals, which may be expressed as:

Zhyp,order = {YI,VZ,...,}/NT} ’
where 7, is the SNR after the receiver processing for the i-th terminal in the sub-

hypothesis.



signals (instead of the received signals) for each subsequent termnal in
the set. Steps 320 through 324 are also perforned for each iteration
except fowotohmoizast iteration. [1053] Using the successivecrarsoxiisati on
recei ver processing technique, for each hypothesis of NT termnals, there
are NT factorial possible orderings (e.g., NIl =24 if NI = 4). For each
ordering of termnals within a given hypothesis (i.e., each sub-

hypot hesis), the successive cancellatioggreceiver processing (step 220)
provi des a set of SNRs for the post-processed signals for the termnals,
whi ch may H#0BHpr eEsed sab-hypythesis der fuktied ¥asocidtedNWwiviher eyfbrognct hameoR
after the receiver processing for the i-th termnal in the sub- hypothesis.
WD 02/ 09378%wp@T/ BSIPH 1BEA 2 fanqtion =] varigus faqigrshy i fresirle. & pedoipiaee

associ at ed jidiD AR R SRRE Bf MRlbSnals Bl YR eQpfleled Athi ch may be a function
fe, ap 7

of various factors. For exanp erformance’ netric based on the SNRs of
the termnals nay be expressed as: Rhyp,order =f (Y hyp,order) | where f
() is a particul yogggif(we [le)al, function of the argunents within the
parenthesis. [1055] Variot§“functions may be used to fornulate the
performance netric. In one enbodinent, a function of the achievable

t hr oughput svifegs f&!) lis Bpattietulat padisvd eal fuh&i®ldf-thd yigabes ivithimihe RardatiRgis. Whi ch
may be expressed as: NT f (Y hyp,order =, Eq (3) where r is the
t hr oughput [883dci aVedowsi fuhctidns mayt be vsed o fietimulaie theepesfopmhygeanttesi dn oand

may be expressed as: =.ct oge, (1 t Eg (4 ere cl. i posi tive
co%st ant !to ﬁglsbogﬁqnz’c"} émgﬂ%n of hg%c}n%xa%l? }(lfrh‘églmﬁlgsoéoé%apﬁW {693’613 |$§/ ﬁ"ea%’ﬁl' eved
by the Codihlygotﬁagjs ARg bk akdd) WhschhaaEbSlRedkedad-or this ter m nal . [1056] For
each sub-hypothesis to be evaluated, the set of SNRs provided by the

successi ve cancel | ation receiver processing may be used to derive the
per f ormance me;tj'c for)L t sub-hypothesis, e.g., as shown i éﬂuations
(3) and (4). Th fp,fmrrﬁa‘_lé' ‘metric computed for each sub- h;ﬁ&o esis is
conpared to that of the clrrent best sub- hypothesis. |f the performance
metric for a current sub-hypothesis is better, then that

where 7; is the throughput associated with the i-th terminal in the sub-hypothesis, and

may be expressed as:
n=c -log,(+y,) , Eq 4)

where ¢; is a positive constant that reflects the fraction of the theoretical capacity
achieved by the coding and modulation scheme selected for this terminal.

[1056]  For each sub-hypothesis to be evaluated, the set of SNRs provided by the
successive cancellation receiver processing may be used to derive the performance
metric for that sub-hypothesis, e.g., as shown in equations (3) and (4). The performance
metric computed for each sub-hypothesis is compared to that of the current best sub-
hypothesis. If the performance metric for a current sub-hypothesis is better, then that
sub-hypothesis and the associated performance metric and SNRs are saved as the
metrics for the new best sub-hypothesis.

[1057] Once all sub-hypotheses have been evaluated, the best sub-hypothesis is
selected and the terminals in the sub-hypothesis are scheduled for transmission in an
upcoming transmission interval. The best sub-hypothesis is associated with a specific
set of terminals. If successive cancellation receiver processing is used at the base
station, the best sub-hypothesis is further associated with a particular receiver

processing order at the base station. In all cases, the sub-hypothesis is further associated



sub- hypot hesi s and the associ ated performance netric and SNRs are saved as
the netrics for the new best sub-hypothesis. [1057] Once all

sub- hypotwese®9itarye been eval uat ed, the best sub-hypot hesiPETIGS02/s8b@ect ed
and the termnals in the sub-hypothesis are scheduled for transm ssion in
an upcom ng transm ssion interval. The best sub-hypothesis is associated
wth a specific set of termnals. If successive cancellation receiver
processing is used at the base stationjgthe best sub-hypothesis is further
associated with a particul ar receiver processing order at the base
station. | rwigh fhecaphéayablen®NBg Bohihgoemeisils, whichumeyde deterodiest kased\on the

02/ 093782 Ig(i‘lé/tU&Oglc%SSSsOO 1r4 with the achievable SNRs for the termnals,
whi ch may b det 8rm né?:lg%rgged on the selected processing order. [1058] The
dat a rat es [1088]t heTherdaanadtss BaY tHeh@mialsCaap uhes Heasaap@sd hasdd on asbireved
SNRs, as shown in equation (4). Partial-CSI (which may conprise the data
rates or t WéhISWﬂs§N%ﬁya%®0r“ép@r eagtion (Dh L deRl ehiele pyrromprisoictiate hen

use the partjal- [ J St A1 e 5. ag ) Lihel

processi ngq{ntgé g%:ﬁ%\?e %gﬁ%gé?rr%%ﬂggévéggﬂéggr otrcfﬁslﬁlges.’ ‘X{fq(gﬁgﬂeg%g tP?r st
schedul i ng paah@ @S] desaordisglyiadjust @GS, adap)ieid Baraqpo@ssing o achicvpeld ddsaredcheme
that evaluates all possible orderings of each possible set of active
ternminal s de¥l P PYIEBa¢ensnit data in the upcoming transmission interval.
The tot al mgg?er ek ah; < 0 : e tzad

schedul er c[an be qgfmt: gﬁftaérn%hlg,aﬁhggcnﬂg%igr Hé;@gﬁe;ﬂ ?lprﬁ%cs)é\réaé#@g%t f‘\;}%et&gtrsmanal S.
In fact, tspedifi¢ abhameitert evhlustsh-dlly podsibds esderingn diecaek prossibledseasf Adsind- hW =

NT! NU NU' E9 . NT (NU - NT)! ere Nu is.the nunber of acti term nal s
Lo be cons AR Ashat i, dafoft tis,Uncoine Seiigieson o ok o400 han
NS"b_hyp = pnhffer oﬁPo@ﬁﬁmablh\y?otﬁ@@g &H bERYallSed B9t schedsler 8mbdguitd Brge,
sub- hypot hesi s tha he opti mal system perfornmance, as quantified

rovi des
by the per fegemfmesmadltmingden sbactive teralinas. Inhecth tettowlibumberotflsel-hypotha®s0] A
nunber of tCecgniﬂFZreéss gg%/ be used to reduce the conplexity of the
processi ng R 8¢ ufe®termnals. Sone schedul i ng schenes based on sone of
these techniques are described below. Oher schenes nay al so be

i mpl emrented and are N N.!
N NT'[ ”j=——i~— ) Eq (5)
Ny ) (Ny—-N!

sub~-hyp =

where Ny is the number of active terminals to be considered for scheduling. For
example, if Ny = 8 and Nt = 4, then Ngypnyp = 1680. An exhaustive search may be used
to determine the sub-hypothesis that provides the optimal system performance, as
quantified by the performance metric used to select the best sub-hypothesis.

[1060] A number of techniques may be used to reduce the complexity of the
processing to schedule terminals. Some scheduling schemes based on some of these
techniques are described below. Other schemes may also be implemented and are
within the scope of the invention. These schemes may also provide high system
performance while reducing the amount of processing required to schedule terminals.
[1061] In a second scheduling scheme, the terminals included in each hypothesis to
be evaluated are processed in a particular order that is determined based on a particular
defined rule. This scheme relies on the successive cancellation receiver processing to
determine the specific ordering for processing the terminals in the hypothesis. For
example and as described below, for each iteration, the successive cancellation receiver

processing scheme can recover the transmitted signal having the best SNR after



within the scope of the invention. These schenes may al so provide high
system performance whil e reducing the anount of processing required to
schedul e wermiopaBs. [ 1061] In a second schedul i ng schene PCrhso/es3né nal s

i ncluded in each hypothesis to be evaluated are processed in a particul ar
order that is determ ned based on a particular defined rule. This schene
relies on the successive cancellation receiver processing to determne the
specific ordering for processing the terfgnals in the hypothesis. For
exanpl e and as _descri bed bel ow, for each iteration, the successive

cancel | at i ciupligagionedn this easestibe aeflesiab éndetetannedlbasod pn theepast-arosessed S Rsi gnal

havi ng the hest . SNR afte /093782 PCT/ US02/ 15300 15 equalization. In
this case, éf%}t"lg]e(%? e %bn{hg\égg&é?s%gned based on the post-processed SNRs for

the term ngile62]n t FEGhyPad hemwsdialrh8bRlr aRuCeessiBe icandliblioWredtiae pridtdseinga
successi ve cancell ation receiver processing schene 220b whereby the
processi ng 6Reae 224db yderbyithe arassesing oot edgiarngst based 9a dhe pagkprocepsed 1 ow

di agr am nmay. - i g er, rSi .

processi ng Sor %?THIE fg)gfglra %ﬁ#eﬁggggéﬁggﬁgq ﬁé%gézp E? %S%’egﬁg&%’ élgﬁeetrhgt ed
by, the sysoessingerdanseddtahiinsl basediotethepp@t-pssesigd SMRyY geiated by the
sub- hypot hesi s i.s effecg,vel y .evaluated for_ each hypothesis and steps 218

and 224 in SPESSSie REpCRIBLBR, LU PHOSBIING ALY ANPySUOTXPORIesiS IS neffRcivel¥ar
equali zat | QRalulicBbf OlchdpOMedifitnd SGRIMBThnd 3G NRKRG [ Xinl bEBRIuda0 separate
S The S of the

the individual transmtt ignals, at step 314.
transmttedl86ynal itiillyrlindae eoued-lizet | apakzagion hisnperfirimedt @d tife repejveds

d i bed bel ow),  at 315. In an di nent, .the t it i.gnal
Cor r espondi RGO HBmoF sk SeRd (e nTHER E0PTERgd st pLAFE 8l ate SNRfer
processed (df-tBe traflSiR@H| fdiR0s g thélegedRdlion areolbrichtiBade (@ deds dR@ibelr eam

for the termnal, at step 316. At step 318, a determnation is nade

whet her or bedawalal steprdionals an emugdimgnsotheesansmifiadesiped rrorigipwdingeld. thef  al |
torrminal s e, hosiyigSesady SNERLAC Y HBhep bR ASLE Nabsadndl 81

SNRs are provided, at Step e recei vef proce t

Q herw se, debeded) Bé 8bfagt £decoddd @ataGtieh® fof (¥ tahinal)at stBp 3265 @ GtdpS318, a
estimated, at step 320. The estinmated interference is then subtracted from

the recei velISMEIAIOE iSomaes i Weethareordat filetrraingifain, the fypetheps 3pye toeaps
18 10 ey 20 AR AL B SRS SRR A PR T o
i ncl uded i rENRgrelprodtitd sit stepr3@8, and the receiver processing terminates. Otherwise, the
interference due to the terminal just processed is estimated, at step 320.‘ The estimated
interference is then subtracted from the received signals to derive the modified signals,
at step 322. Steps 314, 316, 318, 320, and 322 in FIG. 3B correspond to identically
numbered steps in FIG. 3A.
[1064] In a third scheduling scheme, the terminals included in each hypothesis are
processed based on a specific order. With successive cancellation receiver processing,
the SNR of an unprocessed terminals improves with each iteration, as the interference
from each processed terminals is removed. Thus, on average, the first terminal to be
processed will have the lowest SNR, the second terminal to be processed will have the
second to lowest SNR, and so on. Using this knowledge, the processing order for the
terminals may be specified for a hypothesis.
[1065] In one embodiment of the third scheduling scheme, the ordering for each
hypothesis to be evaluated is based on the priority of the terminals in the hypothesis.
Various factors may be used to determine the priority of the terminals, and some of

these factors are described below. In this embodiment, the lowest priority terminal in



processed based on a specific order. Wth successive cancell ation receiver
processing, the SNR of an unprocessed termnals inproves with each
iterati onwoag/o93te2i nterference from each processed termnm rargsNyi1izenoved.
Thus, on average, the first termnal to be processed will have the | owest
SNR, the second termnal to be processed will have the second to |owest
SNR, and so on. Using this know edge, the processing order for the
termnals may be specified for a hypothegg s. [1065] In one enbodi nent of
the third scheduling schene, the ordering for each hypothesis to be

eval uat ed ithe Hupethesin mAR her Percetspd offirst, Hde t eaxii lagest priotityetenningl hesi de
Various fac t 1 th riori f the termnals, and
sore of M esp a8 Sy Stk B MRSy Rl s st R T e P Biucat
priority temibodéhentall¥s G/ 108488 61GT /14s50R41 16 3€eveltfie hided\INR posibie forY be
processed first, the next lowest priority term nal b rocessed next,

and so on, thadypeBesis.qwbich ywpents the b@hﬁﬁtn%ﬂSSiﬁﬁdeénrg cg%§ i§ amer, thij s
nbodi t - t i i it i : i .t i SNR
Doas bl o f (FuiEffEnd Stoudty BAESto Rinfials ot BE BB AP pB A AT ARE B

rate. |n thirpritp@rerhe highest prisrignomnhaldl askidred tiad kighdso pdpBitle dath satehay be
effectively forped in order, baseq on  priority (i.e., the_hjghest
priority té:llﬁg al isanpther dimpent g Bﬁég’trgﬁgéeél}ﬂé‘ll%s‘iﬁlé » thgogdering foisRrh | 1y
anot her _engdbment @f bt NBnllbicd SCARAN dDthes b | Gy ch
hypot hesi s t {gig consib%Ier({:lgl1 i{“,3 based on the %gﬁg}gy%a%&l%%t% clyé?ﬁen?é

r equi r enentemergaey sgRne\prioeitysiapé sponority, and so on. [1067] In a fourth

schedul i ng me, .the. termnals are schedul ed. based o hej riority.
The pri ori t@&@i ea affBPﬁl? ﬁ&fre%‘ﬂﬁ% B@“e&@r i%i‘f’_e TR MSrFCE?F@ﬂ‘?SJr g%ﬁ&@nr{étﬂﬁ cs
(e.g., avergEgity. A Prokty of Sxcht leFhBANHhY Petebivad Bade@WH 68BN drd Rellics

maxi mum | atency), other factors, or a conbination thereof, as described
bel ow. A | (&g .nhyerage thagughpiithesystent conbtraintsi ved treawienednss desi.r maginuwn
transmt d ' ' 1SS 00 4 nterva ich i,s;.al so
referred thtgg&)};, b@r‘.%%#%&%@ {?A%ae r‘f&él%{h éﬁ}r)ﬁ? ?illgi?e%éééé r%gs"sC%lb? (g)\‘[\’,gfrog’nsfér’i {15’}&8?%}) ®it is
added to t hfaihfaifedafst ialls ac@ler ite@igdle dedirtngakéd z@shshft Jlata iR her Gpconding
metrics of each terminal in the list are thereafter updated on each frame.
Once a t ertFANNEISSOn INteRGb AWhiEh iy also referedhiosas 2 “farmer)- (Whensa feaminpb desitesm t'he
list. [106: I, r..qf: ] L0y | i

consi der ed%&aﬂ&g@ﬁ% U{tilﬁg& de?ﬁgq%é;?t&iagglltg%ﬁ%ﬁbnggﬁe ﬁg lg%l%ae{aﬁ(ieﬁldﬁé ZE%X be
consi der ed matyichef lzagtederarinal in the list are thereafter updated on each frame. Once a

terminal no longer desires to transmit data, it is removed from the list.

[1068] For each frame, a number of terminals in the list may be considered for
ischeduling. The particular number of terminals to be considered may be based on
various factors. In one embodiment, only the Nt highest priority terminals are selected
to transmit on the Nt available transmission channels. In another embodiment, the Nx
highest priority terminals in the list are considered for scheduling, with Ny > Nx > Nr.
[1069] FIG. 4 is a flow diagram for a priority-based scheduling scheme 400
whereby N highest priority terminals are considered for scheduling, in accordance with
an embodiment of the invention. At each frame interval, the scheduler examines the
priority for all active terminals in the list and selects the Nt highest priority terminals, at
step 412. In this embodiment, the remaining (Ny - Nt) terminals in the list are not
considered for scheduling. The channel estimates h for each selected terminal are
retrieved, at step 414. Each sub-hypothesis of the hypothesis formed by the Ny selected

terminals is evaluated, and the corresponding vector of SNRs, ¥

Y o order® for the post-

processed signals for each sub-hypothesis is derived, at-step 416. The best sub-



various factors. In one enbodinment, only the NT highest priority termnals
are selected to transmt on the NT avail able transm ssion channels. In
anot her ewbadiopagr, the Nx highest priority term nals inPChaSo2/si30@r e
considered for scheduling, with Nu > Nx > NT. [1069] FIG 4 is a flow
diagramfor a priority-based scheduling scheme 400 whereby NT hi ghest
priority termnals are considered for scheduling, in accordance with an
enbodi ment of the invention. At each frase interval, the schedul er exam nes
the priority for all active termnals in the Iist and selects the NT

hi ghest pr ilwpotl;csiseilsrﬂeleat&d aad dast weﬁﬂ:&respnndihgstoeiﬂnboﬁiﬂmw the ltestr suwtai ni ng

Nu - NT) term.nals t he st are_pot i or schedulin The
E:hannel )estl?XPQf}?éls N @‘?tel@ge %F@Et‘%g ﬁ?ﬂ g?‘gﬂe HERSH RN méftrg’%lt"’élﬂ 414,
Each sub- hypetdigsiakesGhay BE rdporell rﬂ@?l‘nestehﬁfnm%dmbﬁlﬂe R?Eoth@_mssel'fﬁgrn‘?éﬂn?st@fr fipnal s

is evaluated, and the correspondlng vect or of Yhyp, order’ tor the
post - procetssemabl ipn dies llﬁtoaméasofﬁtemumeh}qsom‘neﬂ‘les mlsiatbdt; iayesep @20t h’p oaﬂ;éG

The best sub 02/,093782, PCT/ USQ2/ 15300 17 h esis |s sel ec

data rates %t}/gé’? na\ el St 6%? B3y tHE SB%%CF g’ﬁ"“ﬁ)}bﬁt‘?‘?&ﬁs Oa?F%t 6
det er mi ned,n@maﬁzlﬁgtw&onwafme tériifin 3¢ AR uh S mbiRE S8 §laRA. | nterval and
the data rates may be reported to the termnals in the hypothesis. The

nmetrics of HA] t eMarinus snatnicst angl factors amy bey ysedniondatenngse sreeptiority afpdiat ed,

at step 420 e b »S pot.hesi rrespond to
the one th %Ctlgg%?@&% oses%{ %%Q‘Sdrlllfcr)l%:rrl]t |‘§?S°r§% #‘%@% Ptla{nfag?r %/eﬁg(% ﬂ@ﬁﬁl s
after thei rthagist and far éachipdatiedo Heldké0]foMatHedubngleli i08s edibddinkak 04 ScarBY be
used to determne the priority of the active termnals. In an enbodi nent ,

a "score" nAYCHEETSf mtaNEacs dhrogglmt ; @vexi %dqartiwlart h\éeraglgg tinel ingrvabaeh
net ri cto t{?%l#iou ffg’r &%Heﬁﬁbé qigl{nllhgl Ori‘l? O?lgb I ngel%tatﬁ%‘l i OI’ (IE(\)/rg| gd@?a%l ve Of

an average put over a par cul ar avera
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(k) for termnal u" frame I'S conpute aver age throughput
achi eved owane sdereal, andrmmbeteapma:*.edaand can be expressed as: k 0,, (k)
Yrn(i)/r.X Eq (6) K i=k-K+1 where r" (i) is the realized data rate (in
unit of bits/frane) for term nal u, at frame i and nay be conputed as

shown in equati op(;g)éu 'ISE); gg},l Y., " (i) is bounded by a partﬁq:e;l)ar
K

i=k-K+1
where 7, (i) is the realized data rate (in unit of bits/frame) for terminal u, at frame i and
may be cqmputed as shown in equation (4). Typically, 7, (i) 4is bounded by a particular
maximum achievable data rate, 7,4, and a particular minimum data rate (e.g., zero). In

another implementation, the score ¢, (k) for terminal u, in frame % is an exponential

average throughput achieved over some time interval, and can be expressed as
¢, k)y=(1-0)-¢,(k-D+a-r, (k) 1, , Eq (7)

where « is a time constant for the exponential averaging, with a larger value for «
corresponding to a longer averaging time interval.

[1071] When a terminal desires to transmit data, it is added to the list and its score is
initialized to zero. The score for each terminal in the list is subsequently updated on
each frame. Whenever a terminal is not scheduled for transmission in a frame, its data

rate is set to zero (i.e., 7,(k) = 0) and its score is updated accordingly. If a frame is

received in error by a terminal, the terminal’s effective data rate for that frame is also set

to zero. The frame error may not be known immediately (e.g., due to round trip delay



maxi mum achi evabl e data rate, and a particular mninumdata rate (e.qg.,
zero). In another inplenentation, the score O (k) for termnal u" in
frame k iwoan/oewponenti al average throughput achi eved oveCTamo®13300me
interval, and can be expressed as On(k)=(1-a)On(k-21)+ar"(k)lr.,, , Eq(7)
where a is a tine constant for the exponential averaging, wth a |arger
value for a corresponding to a |onger averaging tinme interval. [1071] Wen
atermnal desires to transmt data, it 18 added to the list and its score

is initialized to zero. The score for each termnal in the list is

subsequent |9f aipgkpeyledamentiegati veapsknovisdament (AckTlaky ssheme yisqofor dhhdetal ed
for transm,ssi | r j t a, i r.o..(4 rto(k) =
0) and its tga(?:%&egsﬂog) 306136‘@%75%8}& g?rg?)tﬁg?g}ﬁﬁ%f agé?rﬁglw ?)g e rtglg efln\t;e alnén el(rsr or
by a term rnahilaiihe termnal's effective data rate for that frame is al so
set to zer The frame error may not be known inmediately due to

> . e.g.,
round trip [3%7%.13/ WEhe Prigaty Ao tho@efivesisoning sapay alge 8¢ defgrmined based i part on
acknow edgneatfNegalbings a6k IRIRIRN FoACKANGK) 1S Ahe B iRl ata
transm ssi gﬁ? @ut tEJgJ scglr%é gééﬂrl] e adj ust eg&gﬁcbgﬁﬁﬁgﬁaxonce l%%lﬁ?t 1:
i nf or mat i orpaiticulavenmhiakll exce¢dsOx Hjreshiobl palugrthely tHeoterminel actyi heeelbeated ahs nay
al so be determ ned based in part on systemconstraints and requirenents.
For exanpl ¢28} PIYTHY maxi mum [ atency for a particul ar termnal exceeds a

threshol d \abs. ! beRer thitor 86 1) b RiislaereliUabfinir e pROMY ITAOAGVY.

[1073] Other factors may al so"be considered in determning priority of

t he acti ve temzina.n&ne, such dactercmay he relatedniy theetype bbitlatd to bettrrmsmitfed byfthdat a

to be transmt.t ed the t.ermmnals. | ay sensitive.data nmay be oci at ed
Wt ahotimh s Pholal enbiBEOAR Fay B BeoB SRR Ml SulRE BBty G RERT oy
priority. Redehsifisemidyast gad@ated @ViﬂlQOd’@ﬁEﬂbﬂi‘@. Retfaakmitledrdata @d @ decoding
transm ssion may al so be associated with higher priority since other
processes PEPIHEOT ABHQY HEHSIRSINemAY alse; het asgoced Withnleherr pricsity sincengihepe
related to . r\j i r Qvi t 1.nal
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W thin the tgmope dafa tdreice rheiny ipoovided1fbf 4the Tenipals or Other dhctarst siag died bemy be

a function of .any conbination of (1) the score maintained for the term nal
for each mePPHideERIhERtRgHRINGPrHLY Pisharg b tgaﬁ%%togﬁhe PAPHER- mai nt ai ned

for systemigenft r 2irfl $ribh SEAHIEHPHS bePd Furdedn QF BRY bABIAfS of (1)00E

score maintained for the terminal for ee}ch metric to be considered, (2) other parameter
values maintained for system constraints and requirements, and (3) other factors. In one
embodiment, the system constraints and requirements represent “hard values” (i.e., high
or low priority, depending on whether or not the constraints and requirements have been
violated) and the scores represent “soft values”. For this embodiment, terminals for
which the system constraints and requirements have not been met are immediately
considered, along with other terminals based on their scores.

[1075] A priority-based scheduling scheme may be designed to achieve equal
average throughput (i.e., equal QoS) for all terminals in the list. In this case, active
terminals are prioritized based on their achieved average throughput, which may be
determined as shown in equation (6) or (7). In this priority-based scheduling scheme,
the scheduler uses the scores to prioritize terminals for assignment to the available
transmission channels. The active terminals in the list may be prioritized such that the
terminal with the lowest score is given the highest priority, and the terminal with the

highest score is given the lowest priority. Other methods for ranking terminals may also



enbodi nent, the systemconstraints and requirenments represent "hard val ues”
(i.e., high or lowpriority, depending on whether or not the constraints
and requiweret¥shave been violated) and the scores repr ®€aniSo/sszhHa

val ues". For this enbodinment, termnals for which the systemconstraints
and requirenments have not been nmet are imediately considered, along with
other term nals based on their scores. [1075] A priority-based schedul i ng
scheme may be designed to achi eve equal 1gaverage throughput (i.e., equal
QS) for all termnals in the list. In this case, active ternmnals are
prioritizedephsdd dhetmraritzation aavdalse Ssuge noRrBUgRBUYCIZhANg Hagiary t9ethe

det er m ned n equation (6) or (7). In this priority-based
schedul i ng gﬁlﬁlﬁg%% lts'he schedul er uses the scores to prioritize termnals

for assignr#aT6]t o Foeaavisduling schehtcainswhish it@mindiaanedetecteBhndachidiged for
termnals in the |ist r’Eﬁy be prioritized SL[I)Th that the, termpal with the
| owest  scorEFEIFORERSEhEN HIHHRIAILYr i 6 PRSIt oA lr@inal SEQUPHISE o PRer
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prioritizatthgnhypothaizzd cesngnresponseniaoizmbheidithi tienf astibs Sntlowt loeerall
term nal scores 076]. For .a.schedul i heme in ich.term nals are
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termnal set is one That results in strong |inear depen ence in

hypot hesi zetrckhsitn ghis pegigolas écrminal isgt yatil whe priotitiesrchergrusufBciently tmﬁm}e@ ral |
t hr oughput fhg eel%c tbeer 1nalt in Lot he set. Wien this happen, the priorities
of the terfina n?%n o pghgﬁg% substantially over several frames. In this

way, the sqmefmJI er Tﬁﬁa/vdi)@ thé taboke-dbdchibedi“BlugRiihbC WFRE, t 1BE Ndchédul&etan bt |
t he prlorltles change sufficiently to cause a _change in nenbership in the
set. [1077]desigmefl 49 greergine HES\FONEIESR  PIHEJLO' @PSigiting |tﬁ‘@'1m%1ﬁftédhe Ppgable

schedul er Gap @%smﬂ%%&%%j atn?/r g%%@gﬂ}%%oh@]ﬁ%n%ﬂpgkttﬁa% Qﬁﬂré)et A xﬂﬁtﬁér pi ng
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equal i zat i geceieripndoagseng mﬂnitqtlher a.hnbar spatial equalization technique, and others. In
addition, detection of this clustering condition is typically simple to implement. In the
event that the clustering condition is detected, the scheduler can reorder the terminals
(e.g., in a random manner) in an attempt to reduce the linear dependence in the matrix
H. A shuffling scheme may also be devised to force the scheduler to select terminal
sets that result in “good” hypothesized matrices H (i.e., ones that have minimal amount
of linear dependence).
[1078]  For priority-based scheduling schemes (e.g., the third and fourth schemes
described above), the scores of the terminals are updated based on their assignments or
non-assignments to transmission channels. In an embodiment, for all scheduling
schemes, the supported data rates for the terminals are determined based on their SNRs
and communicated to the terminals for use in the scheduled transmission interval. In
this manner, the scheduled terminals can transmit at the data rates supported by the
SNRs estimated for the terminals. The base station also knows which terminals to

process in a given frame and in what order to process them.



addition, detection of this clustering condition is typically sinple to
inplement. In the event that the clustering condition is detected, the
schedul erwoan/p3er der the termnals (e.g., in a random nRemarsp2/13so@n
attenpt to reduce the linear dependence in the matrix H. A shuffling
schenme may al so be devised to force the scheduler to select termnal sets
that result in "good" hypothesized natrices H (i.e., ones that have m ni mal
amount of |inear dependence). [1078] Fa@p priority-based scheduling schemes
(e.g., the third and fourth schenes described above), the scores of the

terninal s a{ﬂ@7ﬂpda§éﬂleb9fs§tf ehedpling S%t@megrdeém'@doabovqoﬁnblgmtgdmues tbo

transm ssi o e od| for hedu sche t he
support ed dl% agltge%lﬁ S ?fa%m? Y Iena lsm‘i%ldr éo (:?8 ag ﬁe taﬂgg?h%NRs

and communiteeingghet matyrmsd & dfﬂﬂiiﬁhéi ﬂ‘oczienus ©theR sémauﬁ@@daﬂnesi ahdl 818 15 $i3hiaN
i nterval In this manner, the scheduled termnals can transmt at the data

rates suppdbe deomsyof Hie inggpiones Fpiarampleothe Ne highesi pepsty terainglssmaybat i on

fo process FhugielgoRsRob ik SonBinERs AuBd B Sore of "the o
schedul i ng [4088mes Miss compia sehainding seemestmphilso be devised thatmap be bleagount
of processi nglg %HI red to schedule term nals. These and ot her technl ques

may al so be® BREShnyt Gloser o QRimm s JhesR, FiheRes anaynResteayiied thelyate W thin
the scope qgrOEPﬁuthéﬁe&th heF &r axﬁ?‘ﬁmr?gmtﬂegc% MXOIJaéIg{beééteIﬂ{lhé) Fet %SI %trgfnal S
may be considered for edu I ng usi first, second, or t schene.
[ 1080] Mor demmingplb dor éaihemm;mlsgos @herrgsemalyarmb]sb ehen thewiskeda coddt chaayelbe abl e

to achiev t hr ough ser, to_op chenes e required to
boal aate: o Tr R EharbeL 358 50 Buf P DU SenedbRe sfIbAEe roneate he i

det erni ne. ttbalee BBehta€bf fe stAREFAINMELIR Sfahd dhia 3R SIHERAY lﬂnea%h Dro B
channel (i.e., a tine slot, a code channel, a frequency subchannel, and so

on). O her PEe¢rsEng.i asglemb@ﬁ@bomyﬂm gﬁom@n@esmaqd@wscﬁﬂ in peklacing thernuagfer of

the stati st rates ac ved ch _or.der of
processi ng,df%gp%tglg%% t%gg %g%tg‘ﬁ' %%gdd?t 3n“f’ eI aer 1%‘@ 1%1&\/ e Hoﬁ&glgdﬁm ng
t he nunber legf Wﬂﬁtéﬂm&m giqupiesqial hfa{icﬂlﬁk:seé)mv@ﬁdxf«éll B anhl9%in§ PeEormance

appl i cations, \Anglry be possible to earn which term nal_ groupings (i.

hypot heses)OVﬁbFlwe is wowappﬁ%thﬁéw sfoFash 8pdates; @pd wperbby thgisshe ermratu on

may then be,stoted ulH&qﬂ{e‘?\gals and used by the scheduler in future
schedul i ng |nterva?

[1081]: For simplicity, various aspects and embodiments of the invention have been

described for a communication system in which (1) Nt terminals are selected for
' transmission, with each terminal employing a single transmit antenna, (2) the number of
transmit antennas is equal to the number of receive antennas (i.e., Nt = NR), and (3) one -
receive antenna is used for each scheduled terminal. In this operating mode, each
terminal. is effectively assigned to a respective available spatial subchannel of the
MIMO channel.

[1082] The terminals may also share the multiplex array of receive antennas, and
this is within the scope of the invention. In this case, the number of transmit antennas
for the scheduled terminals may be greater than the number of receive antennas at the
base station, and the terminals would share the available transmission channels using
another multiple access technique. The sharing may be achieved via time division
multiplexing (e.g., assigning different fractions of a frame to different terminals),
frequency division multiplexing (e.g., assigning different frequency subchannels to

different terminals), code division multiplexing (e.g., assigning different orthogonal



[ 1081] For sinplicity, various aspects and enbodi nents of the invention
have been described for a comunication systemin which (1) NT termnals
are sel ecwed2/0e3782t ransm ssion, with each term nal enpl oyiPeg/ls0%13300
transmt antenna, (2) the nunber of transmt antennas is equal to the
nunber of receive antennas (i.e., NT = NR), and (3) one receive antenna is
used for each scheduled termnal. In this operating node, each termnal.
is effectively assigned to a respectiveogvail abl e spatial subchannel of the
M MO channel . [1082] The termi nals may al so share the nultiplex array of
recei ve ant®dpasto gifderentiterminaly), t B rnsofee wspanwtipleriagi sehemesorinclpdinghi s

case, the iy ?%at%&%é@@%@r&m%&o%@@% nif Bés.the schedul ed term nals may be

greater than recei ve antennas at the base station, and the

term nal s vid0831 shBoesiidpticay,aiakiabd aspectanadiefbodimanioditae $nweatitghaveriseher
mul ti pl e access techni que. The sharing may be achieved via tine division
mul ti pl exi rf%swe&.lior A DS My nely epchntermingl inchiles ome anfenane Howenerf Beent

term nal s), : [ ' o Loning - di r.ept
frequoncy ScHSRERRSPEOAHEN HiP Bauide B SHEH 0% IO SRR il B ng
(e.g., assianibigatiohfdfesingie-antenho gernahalNG.25IMO78PnAGTE) EH0 2hdlEBetntéhha codes
to different term nal r sone qth mul ti pl exing schenes, including
conbi nat 1 oSHE Hecar WML AERETAS. « SR REmRE: 3 DORTROR CHmNiCIesive
various as%@nﬁa@ﬂﬁﬁ%ﬁﬁ% B Rhssns g mvaeﬁﬁ%waxmm@q&ﬂﬁngieﬁzzw%f or a

systemin which each termnal includes one antenna. However,
t echni ques MBYE fetyeialse (Difaumnbyt SIMO theniaglsl (4o @ne @xé MM tenpsingmandh awo

i ncludes a i.nation of single-antenna termnals (i.e. MO
Lorminats) SRPLPRHBE, b AR e E PRRRERES: oF MG e heimay-be
exanpl e, a degighedtabdled the bbstfuibiliRieai ofeernMAkIS THASE B YheS HRMlidsized post- -
t ransm ssi ons fromlé_é) a single 4x4 MMO termnal, (2) two 2x4 M I\[;O

terninal s, Rr@)estedu¥NRx forsimvsstaedriseiatissimplianegne transmikngOereinglsnwheresthe t wo
1x4 SI MO t%ma'ﬁghcfﬁud@&rﬂ%@{@ﬁ% 0?%m§n%fdmte§§fﬂt%na' s. The schedul er

may be designe 0 select est Cco nation erm nal s based-on the

hypot hesi zqd084ist - The ochshdiclg SMdRsmEordeadritedsheresh determihe SthEUSINRE efod Sthe
transmtting termnals, where the set can_include any conbination of SIMO

and M MO t eFfIRalP ased rgnpartrrladeansen RaftET doteh frem Wederimaly Rerrsémalictty,
determ ne t; sﬁ%ar{s?rﬁ} gcf)\ﬁer 166 Izllet )f’/cﬁ%‘i’i iR Y &1 £'bAhert RSO tnPOVer

| evel fromthe term na For sinpli
transmit power). However, by controlling the transmit power of the terminals, the

achievable SNRs may be adjusted. For example, by decreasing the transmit power of a
particular terminal via power control, the SNR for this terminal is reduced, the
interference due to this terminal would also be reduced, and other terminals may be able
to achieve better SNRs. Thus, power control may also be used in conjunction with the
scheduling schemes described herein, and this is within the scope of the invention.
[1085] The scheduling of terminals based on priority is also described in U.S. Patent
Application Serial No. 09/675,706, entitled “METHOD AND APPARATUS FOR
DETERMINING AVAILABLE TRANSMIT POWER IN A WIRELESS
COMMUNICATION SYSTEM,” filed September 29, 2000. Scheduling of data
transmission for the uplink is also described in U.S. Patent No. 5,923,650, entitled
“METHOD AND APPARATUS FOR REVERSE LINK RATE SCHEDULING,”
issued July 13, 1999, and incorporated herein by reference.

[1086] The scheduling schemes described herein incorporate a number of features
and provide numerous advantages. Some of these features and advantages are described

below.



the sane transmt power level is assuned for all termnals (i.e., no power
control of the transmt power). However, by controlling the transmt power
of the tewpmimapxg2the achievable SNRs may be adjusted. FecTasampise) by
decreasing the transmt power of a particular termnal via power control,
the SNR for this termnal is reduced, the interference due to this
termnal would al so be reduced, and other termnals may be able to achieve
better SNRs. Thus, power control nmay al @ be used in conjunction with the
schedul i ng scherres described herein, and this is within the scope of the

i nvention. [148%5] Fhet dichechativling sshemes ARPRENS “TDis B@de eppiation] Maeliebyaimyo
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data transmission for the uplink is also described in U S. Patent No.

5, 923, 650, SGARHAN e andye (terApRa RAFISGCiRoRt VRN ERESEOT| VieriRrsinTame vector
SCHEDULI NG u Y, 1 o] t b ce.
71086] The SRS ettt Yandchma (308 wBEE {AGORRRIED SAERL o Ot | £BAE
features ardsipiseioncbhametre Tha S/eaﬂl‘saffﬂ)l‘ dgeermbaiseinafach betsmay babudeas] anitle
advant ages are descr] be beI 2/ 093782 PCT/ US02/ 15300 22 [1087]
First, the B¥REM SFHBGCE Eré E %‘F "m x node operation" whereby any

conbi nat i 01168815 ML and Melvs@hte@ﬂ ”s%hémg@}ér(ﬁl?desg RecbdRdsdrath ARThission t he

O

reverse link. Each SIMOtermnal "is associated wth a channel estimate
vector h shmwval that mqlmlm @net(of)(gptsml czachr apttiviRl) ‘Enutinally compmbkéctcmmdsw th
a set of V?D one @tor ransmg ﬁ)étenn whi ch may
further corfd SHd ]él a?ﬁgné‘B’Ireés OmpsH oL e\’/et(?t B}eénfor

the terni n@béxman@asmtrmhnm b tiy @@ﬁ@dhmetm amerk@ﬁaeQQﬁé?@NéﬁC&FéQﬂb’e and
eval uated. [1088] Second, the scheduling schenmes provide a schedule for

each trans [POBYTasRS TRgArding APTTRinals daie Irifel gsquireneantso frnepiti patvero link enargin,

gPtglng?{Jz es. ’kﬁ’ ‘é(*eg‘g%%ﬁm@ﬁ ‘%m&%ﬁ}a@ﬁ&’ﬁ#‘ﬁ ?1% r(r:%%@?stslt 2|nce of

transni ssi 0891 t hEhisdthe sdhadilalg Rheimed suppertsaneble dam raic\wdiptaRRChdsed on
constrai nts re arding terminals data rate requirenments, transmt po

link nar gi d 8i the PPstRIpeRsesd SEMs HABSTNFRIDDY dherisiatingls. o Fachsehedy r>9

other fact Qérﬁnnal is informed when to communicate, which data rate(s) to use (e.g., on a per
~ transmit antenna basis), and the particular mode (e.g., SIMO, MIMO).
[1090] Fourth, the scheduling schemes can be designed to consider sets of terminals
that have similar link margins. Terminals may be grouped according to their link
margin properties. The scheduler may then consider combinations of terminals in the
same “link margin” group when searching for mutually compatible spatial signatures.
This grouping according to link margin may improve the overall spectral efficiency of
the scheduling schemes compared to that achieved by ignoring the link margins.
Moreover, by scheduling terminals with similar link margins to transmit, uplink power
control may be more easily exercised (e.g., on the entire set of terminals) to improve
overall spectral reuse. This may be viewed as a combination of the uplink adaptive
reuse scheduling in combination with spatial division multiple access (SDMA) for
© SIMO/MIMO. Scheduling based on link margins is described in further detail in U.S.
Patent Application Serial No. 09/532,492, entitled “METHOD AND APPARATUS
FOR CONTROLLING TRANSMISSIONS OF A COMMUNICATIONS SYSTE
filed March 30, 2000, and U.S. Patent Application Serial No. 09/848,937, entitled
“METHOD AND APPARATUS FOR CONTROLLING UPLINK TRANSMISSIONS



[ 1089] Third, the scheduling schenes support' variable data rate adaptation
based on the SNRs of the post-processed signals transmtted by the

t er m nal swolaops78zhedul ed termnal is informed when to cecmusorai’e) which
data rate(s) to use (e.g., on a per transmt antenna basis), and the
particular node (e.g., SIMO MM)). [1090] Fourth, the scheduling schenes
can be designed to consider sets of termnals that have simlar |ink

mar gi ns. Term nal s may be grouped accordjsng to their Iink margin
properties. The_schedul e hen consi der conbinations of termnals in
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reuse sche ing 1n conbination with spatial division mul cess
(SDVA) for scisitMOphdwAlzs Bagrevkd BN sbias ehb @ostiprodes s ggmdm emddthsczmhtwdblen

further detai at ent licat Seri al 09/ 532, 492, itled
" NETHOD AN%%@AJ%B deﬁgﬁ"@ﬁ\ﬁ‘%gf %‘#F&Rﬂéﬁ%%@“@fh@g@# S ATCOIERP A TIENS
SYSTEM " feh&BhliBketnRQ, ca’d Y Qise @ B8] optindize RRE 8fer AR chatdnemitRar diddaidNae

09/ 848,937, entitlTed "METHOD AND APPARATUS FOR CONTROLLI NG UPLINK

TRANSM SSI ONSesedo Hiogaths provesyingsomien SBpdts the pORt-prowsREL SXB, DOVNIINSOAT] ON

SYSTEM " fiI 20 th assigned to the assignee of the present
applicati on’ er%l%%%c%?d%‘%rg‘%s cft}ﬁee?el?ln by reference. [1091] Fifth, the

schedul i ng schenmes may take into account the particul ar order in  whi ch
termnals are processed when a successive cancell ation receiver processing
schene i s used’ at t he base station. Eﬁi&.ﬂﬂﬂﬁssi ve cancel |l ation receiver

processi ngh[l 092 eTHé%gégleﬁlcb ng ? { élV%$ g?gé{r{lgwhaﬁlﬁcﬁ%eaq % B8l s

and the ac are epen
transm tt edtasiognil pr@ea pudtiEs SSIMO Tdmel/orsMiMDultramgmmfwﬁrefmmam naembesed to
optl mze the grder in which transmtted signals ﬁ]tgﬁF%tBr ocessed. Since the

pr ocessi ng 'GIYRAIS Pwé%qsémpweﬁagsﬁ%m@e%%e EVEBAR) -t HEulaime dul er
extra degr§@se Bterf pEEIRIR tBYEMHFAAE Bossible improvement in system throughput with

some of these techniques. In the simulation, the channel response matrix H coupling
the array of transmit antennas and receive antennas is assumed to be composed of equal-
variance, zero-mean Gaussian random variables (i.e., “independent complex Gaussian
assumption”). The average throughput for a random selection of Nt 1xNg channels is
.assessed. Note that throughput is taken to be 50% of the channel capacity as determined
by Shannon’s theoretical capacity limit.

[1093]  FIG. 9A shows the average throughput associated with four receive antennas
(i.e., Nr = 4) and various number of single-antenna terminals (i.e., Nt = 1, 2 and 4) for
an independent complex Gaussian assumption in an interference limited environment
(i.e., the interference power is much greater than the thermal noise power). The case of
four transmit antennas (i.e., Nt = 4) has greater capacity than the case of one transmit
antenna (i.e., Nt = 1), with the gains increasing with SNR. At very high SNR, the
capacity of the Nt = 4 case approaches four times that of the Nt = 1 case. At very low
SNRs, the gain between these two cases reduces and becomes negligible.

[1094] In a low or no interference environment (e.g., thermal noise limited), the

throughput of the Nt = 4 case is even greater than that shown in FIG. 9A. In the



[ 1092] The use of successive cancellation receiver processing technique at
the base station to process nultiple SIMO and/or M MO transm ssions froma
nunber ofwoteemi7eal s provi des i nproved system perfor mance PC&$02/1330gher

t hroughput). Sinul ations have been perfornmed to quantify the possible

i nprovenent in systemthroughput with sonme of these techniques. In the
sinmul ati on, the channel response matrix H coupling the array of transmt
antennas and receive antennas i s assunme®@4 o be conposed of equal - variance,
zero- nean Gaussi an random variables (i.e., "independent conplex Gaussian
assunpt i on"thernyl aoipgdimaiied emvitngteptitthe drtedetensedpoi eeis deyi Grg. oreraTanty iR
channel s i t | b 0% 0f ,t
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[1093] FI GAS4n shamplel hbea\viesingle tértinalgh pedeiigsacina$ MR off thdBpthe sveegeve
antennas (i.e R = 4) and various nunber. of single-antenna term nals
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(i.e., Nr =houghpynachigvedofor s tormipbngends comsfilex WheasfoNn teawipalst @8n in
an interfer [Wag ' ' : i nter f | §.Mmuch
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(i.e., NT NAx hasrwgreaheSNRapacdB W 1 oy, §(e=CiasdB of Trmein thanBéfnial naiskenna
(i.e., NT = 1), with the gains increasing with SNR At very hi %:) SNR, the
capaci ty oflimiied xmvizonments dhe, jpiab dhrauighpiyy fort fouss tarminalofis 1hed Npsdz aase.
At very lo i reduces and becones
negl i gi bl e%pf)%@iftewr?ggﬁig\?vt%ﬁﬁ%%ﬁ%&?ﬁ?éﬁ%é&@%gﬁ%onrrent (e.g., thermal
noi se |i m t[@@93] t hén intdrfevergh pintitedfsysthms Michrasth adisir nstwevienthgtheatghput pean

that shown in ELG, 9A. In th 2/ 093782 PCT/ USD2/ 15300 4 ermal noi se
limted enﬁeﬁp@fﬁgﬂ%d? thﬁlfemflfﬁlp@r i NERISPURRITS; 18 GRPICHOY W,#hzée(ﬁg AR (e
SNR achi evqﬂoéezgﬁgsg%baﬁdlsaf £atdR B £aLREGINBD thdANTOI @RIt Nhefekfea B4 dher the

NT = 4 case. an exanple, when a single termnal is’'received at an SNR
of 10 dB, ttheniagler dipe examploughHutiBaBNR ethedapanityt iningore éhan deablédswherb our

bps/ Hz. When ,four.term nal s ar ermtted to transmt sj t I t he
DPe i r ot StVio BRI R linel b fnb iRl AT B S et 21
dB + 10l ogl @p4dity=inkEeatdd a HaLSr of .6 REndd BlalBichidGed Svithl b NHiA RSl 18D ViehBMAENT ,

the total throughput for four termnals is 8.68 bps/Hz or ~approximately
3.4 tines thHewewt, the bighgt eperatingisatpoint tymestytimipligs a largggieqrencynewsetfagtence
limted sy I r th r N [ .cel |

af for ded v {TRur eAosPr el S ShboE oudndd chatliet R BRby piSigied
receiver to be reduced to achieve the required SNR corresponding to the higher operating

setpoints, which may then cause the overall spectral efficiency (as measured in
o bps/Hz/cell) to decrease. In maximizing network capacity for this scheme, there is thus
'a basic tradeoff between the selection of the particular operating setpoint and the
required frequency reuse factor.
[1096]  FIG. 9B shows the sensitivity in cell throughput for a simulated network of
cells with Nt = 1, 2, and 4 simultaneous terminals. Each cell site employs Ng = 4
receive antennas. All terminals are power controlled to achieve a given setpoint.
Inspection shows that there exists a range of SNR setpoints for which the cell
throughput for Nt = 4 terminals is more than double that achieved when only a single
terminal is allowed to transmit.
[1097]  Various innovative techniques described herein may also be applied for

scheduling downlink data transmissions.



processing at the base station is a function of the SNR setpoint selected
for the termnals. For exanple, at 10 dB SNR, the capacity is nore than
doubl ed vWwerv2foears2 1x4 SIMO terminals are all owed to tran®airtuse2/15300

simul taneously. At 20 dB SNR, the capacity increases a factor of 2.6 tines
that achieved wth a single 1x4 termnal. However, the higher operating
setpoint typically inplies a |arger frequency reuse factor. That is, the
fraction of cells using the sane frequemsy channel sinmultaneously may need

to be reduced to achieve the required SNR corresponding to the higher
operating setpoints, which n@iﬂﬂé@ﬂﬁ!@&w@hl | spectral efficiency
(as neasur ' b /- . eas I X Z] I X ity
for this s?ﬁg?@, tﬁz(é'le_%ilgeg{ h%)gk%é g@i(gf 5 eag,@ E(g% égggelﬁﬁ}éms)el gc pﬁﬁ of

t he parti claviCopsnhaihiecgtiGesystsnntl0andAt hechadalpdi teaninhl 20p)endata sewse Slact or.
[1096] FIG 9B shgws t he, sensi,tivi‘t% in cell throughput for a sinmulated

net wor k of Prewfpsdatp (he-npformatiop bitghp a tigpsit (A% GaR RIepsHsoTalld: Eofcarchel |

site enpl oys NRirantennh G6snea fB{&ﬁQ ReRsmidlibn VEX ﬁ%@ré%eﬁgcﬁ A et0BLS BL! ed

to achieve a given setpol nspecti on shows ere exists a range of
SNR set poi rdaga froaccotdaote itk apdrticultthcalngh pehienfep (2)Niiteredvesdi.ai nalrders)sthaor e

t han doubl e that, achi eved when onl sj ngl term pal is _allowed .
Lransmit. [COG9S farbDAREh @ ¢ Rgoulr ntefeatid e qud O T maps feruHearsy e so be
appl i ed forintosqmwtfo% sPABBIk | NKTIAtRCSAiRS S RalQNthe \WQiddH)987 8Be data

PCT/ US02/ 15300 25 M Conmmuni cation System [1098] FIG 5 is a block
di agr am of trasmissioat | brp ittleaviagtpeevitleratime D Grsiiyt forihe KOdI0 Wsnpemiitsathe on

system 100., At . a, schedul termnal 106, a.data source 512 rovi des data
(e 1 op s q B R S ol v ehhad s N R Y BB am bR kSRS
transmt arfh@inpa aas sfugihed tMoveaicarrblaBis BesSéddn codod Bk auRHOREIGM il (1)
encodes the data in accordance with a particular coding schene, (2

i nt er | eavedngqulgion yypehalerhe mtrsleayipg anay firthep Psedde fredquansy tdivansity if the

i nterl eavi {.n ' i ng o l.at.ion
synbol s. T@d%?\rcﬁg [ ﬁ%qﬁﬂéﬁgg@ ? h%ﬂﬁg'ei grg(ﬁl}eﬁl?gesg‘?a‘laﬁge%a?% aﬂgr%gﬁi tlls}gi on.
The. i nt er | eadingtandrsyuibde smapping miyies pérformkd batddeorc ostadl Bighals ppevidsd sy & he
data to be transm tted based on an average SNR for the transmt antenna,
conbats f &APHGIETDG- further renoves correl ation between coded bits used to

formeach [1099]  The encoding, interleaving, and signal mapping may be achieved based on
various schemes. Some such schemes are described in U.S. Patent Application Serial
No. 09/854,235, entitled “METHOD AND APPARATUS FOR PROCESSING DATA
IN A MULTIPLE-INPUT MULTIPLE-OUTPUT (MIMO) COMMUNICATION
SYSTEM UTILIZING CHANNEL STATE INFORMATION,” filed May 11, 2001;
US. Patent Application Serial No. 09/826,481, entitled “METHOD AND
APPARATUS FOR UTILIZING CHANNEL STATE INFORMATION IN A
WIRELESS COMMUNICATION SYSTEM,” filed March 23, 2001; and U.S. Patent
Application Serial No. 09/776,075, entitled “CODING SCHEME FOR A WIRELESS
COMMUNICATION,” filed February 1, 2001, all assigned to the assignee of the
present application and incorporated herein by reference.
[1100] If multiple transmit antennas are used for data transmission, TX MIMO
processor 520 receives and demultiplexes the modulation symbols from TX data
processor 514 and provides a stream of modulation symbols for each transmission
channel (e.g., each transmit antenna), one modulation symbol per time slot. TX MIMO
processor 520 may further precondition the modulation symbols for each selected

transmission channel if full CSI (e.g., the channel response matrix H) is available.



nodul ati on synbol. The interleaving may further provide frequency diversity
If the coded bits are transmtted over nmultiple frequency subchannels. In
an aspectwoto®937endi ng and synbol nappi ng may be perf or meecyasen133m0 cont r ol
signals provided by a controller 534. [1099] The encodi ng, interl eaving,
and signal mapping nmay be achi eved based on various schenes. Sone such
schenes are described in U S. Patent Application Serial No. 09/854, 235,
entitled "METHOD AND APPARATUS FOR PROCESSI NG DATA | N A MULTI PLE- | NPUT
MULTI PLE- QUTPUT (M MO COVMMUNI CATI ON  SYSTEM UTI LI ZI NG CHANNEL STATE

| NFORVATI ONVIEME) andjfulliyShprocesging is degesbedia futherngginil imbio A agat Aapligasion

09/ 826, 481, i4] eGha/dMB T A T, L E

| NEORUAT] GOTR AR ESROAMIRT CATL O Svarebe i PRI ORMANGE ™ g
U. S. Pat entCOMNIUNIGAI l@@NSSY&ﬂ“EM(EWEDYI&(DMBJLHﬂ@AR{RFER’T@[ngA S@ﬂEP]/E FOR
A WRELESS _ COMVUNI CATIQN. " filed February 1, 2001, a assigned to the
assi gnee offiletheMagghe 22n 20000 pssignerofp dhgl 4sighsen Of athedPreesndi APRYPAtQY @ndnce.
[1100] If ' L anRsm nas are used for data transm ssion, TX

M MO pr ocggé%k&%%gt{egé(ﬁ%gf@%%%dewl ti pl exes the nodul ati on synbols from
TX data pridt@dsor I5QEDMds potcamplegeda TS MEIMIO gfrocesshir! 520 rovidyarhgtrsath@f each
transm ssion hannel .g., each transnit antenna),  one dyl.ation synbol
per time sI® C.hﬁaltwnl\/f O?%?%C%E&nt@% U f?‘h?‘[“ﬁ_é@“ﬁ‘i“@é’é’ﬁd [TRP‘EAFQ@M IS

modul at i on epyTHRIS TROMIBRS Hré@bde 1580 préviadSiksin? of Giaaeoniskmbll Vedtoi
(e.g., the channel responsé matrix H) is available. WO 02/093782

PCT/ US02/ 1580each2aitgvinmDsedh tprfdatd trasmigni@t edod nfyfilbCak processeng is pefformdrkr

detail in . ent licati o Seri al . 09/.532, 492, titled "H GH
erF o ency, MR ERpRAND oAkt ARt aﬁ%r%c\?g%%wﬁmévﬁﬁ@ ROPIPIS GARRI ER
MODULAT! ON,precohiliti@dedvBiogtiladdn sy@Ab6l, ved®sd Baedch StbhiR) 188 feN @R Rinshiigsidd esent
application and incorporated herein by reference. [1101] If OFDM i s not

enpl oyed, TBRClvSIEID ivkhes seseivied ang madulpied by 8 respesiivefmodidaiar OBN 589 mbé| s
for each a gggq jSssion. And if OFDMis enployed, TX
M MO proce?sagr gﬁ?%%/?%%g%&%{“%@gafnﬂé? nodul ati on synbol vectors for each
ant enna usqiil02ir dak abdse aststiors Siodn.a Anchbef dfulkdceG8l aptettss SHNgret&ive the

per f or med,

transmitted signals, and each receive antenna provides a received signal to a respective
demodulator (DEMOD) 554. Each demodulator (or front-end unit) 554 performs
processing complementary to that performed at modulator 522. The modulation
symbols from all demodulators 554 are then provided to a receive (RX) MIMO/data
processor 556 and processed to recover the data streams transmitted by the scheduled
terminals. RX MIMO/data processor 556 performs processing complementary to that
‘performed by TX data processor 514 and TX MIMO processor 520 and provides
decoded data to a data sink 560. In an embodiment, RX MIMO/data processor 556
implements the successive cancellation receiver processing technique to provide
improved performance. The processing by base station 104 is described in further detail
in the aforementioned U.S. Patent Application Serial Nos. 09/854,235 and 09/776,075.
[1103] For each active terminal 106, RX MIMO/data processor 556 further
estimates the link conditions and derives CSI (e.g., post-processed SNRs or channel
gain estimates). The CSI is then provided to a TX data processor 562 and a scheduler
564.

[1104] Scheduler 564 uses the CSI to perform a number of functions such as (1)
selecting the set of best terminals for data transmission, (2) determining the particular

order in which the signals from the selected terminals are to be recovered, and (3)



TX M MO processor 520 provides a stream of preconditioned nodul ation
synbol s or preconditioned nodul ati on synbol vectors for each antenna used
for data woanspi’ssi on. Each streamis then received and moduisar/essoby a
respective nodul ator (MOD) 522 and transmitted via an associ ated antenna
524. [1102] At base station 104, a nunber of receive antennas 552 receive
the transmtted signals, and each receive antenna provides a received
signal to a respective denodul ator (DEMZD) 554. Each denodul ator (or
front-end unit) 554 perfornms processing conplenentary to that performnmed at
nodul at or SEermiNag fhedending sxl megupiessaemetabe ugedhing gpeh BrrsnEbantenna afhen

provi ded t r i 0 S . pr.ocessed to.
recover thgeagétsgﬁﬁugéda%@?%ng% l?qt%el%r bfgﬂt ﬁ%ﬁ% gglg?etgﬁgltn glrs m%ngﬁ%Z%eR%gh

M MY dat a phougbgoror basedp@r fonidrsthpr peResiane: aiepd efrpRtrisyad deséritaid above.
per f or med TX data processor 514 and TX M M) processor 520 and provi des

decoded datfipriegch sefpdyling grerygh schesdulgs odgaridene, schedulg firat dndicatssy Whishsor
decoded | . h o . . &
i npl enppys t&mﬁﬁﬁg%@{@ele&s@% At t?&sﬁﬁ&?d%%{dbﬂ% agﬁg@pnﬁn@%@%gue

to provide Inprove ertornance. processi ng ase s ion

descri bed ipardmetticdor ebehachedulaterinmahf The mandrhissien phtafetdPaf@raci\pglignedt i on
Serial Nos. 09/854, 235 and ,09/ 736,875. ) 41103i?ﬁfor each acti vg tg,rn‘i ngl
106, RX M NEPGRITAoR & cath sagdyled fqrayinal dugy fpgtude thedatp ok 228 RAAEGHY and
derives CSlpf@®iftion RGRImR’ REBESEAASNES PIG, CHaRaRlduledasdn ¢S shoRh e bei-'ﬁge CSl
is then provided to a TX data processor 562 and a scheduler 564. [1104]
Schedul er :S8wlamansed wsh@dase stapien {184 mla otheniveplepfentfatioot sohnaduleuit msy be)

selecting the.set of best term.nals for data transm ssion ), det ey mi ni ng
The part e minySL AR st MRt o SRl RPREn Bl A0 le e ar o
to be recowedtR contélldrIat \CBuSled BUndGrteRCIE/ WIHDZHidBBEDS bade d@idk)N ni ng t he

codi ng and nodul ati on scheme to be used for each transmt antenna of each
schedul ed tlé#0fInal A B atppoeesseustrnirceivpend mropesses thalsshadyleaend prayidesgh

t hr oughput e r Lterd ti
descr ped EsvaRpuPRaRa, B Ak RELICLTRREE wirt LRI S SBE, MBndile &
schedul e t 554 funkbraahéisiomtlicChrocarsdd dea hed rhmatistheavikedaten thelegpinalh Fion data

transm ssion and t he Essi ghed _transm ssion _paraneters for each schedul e

ternminal . TASYA shammes st pnschsdursiayrbes repprteddnihg dminal wsing varHaps senaipgnna
of each schady)&hdiss @bibudty i nclude the date rate and coding and

[1106] At each active terminal 106, the transmitted scheduling signal is received by

antennas 524, demodulated by demodulators 522, and provided to a RX data processor

532. RX data processor 532 performs processing complementary to that performed by

TX data processor 562 and recovers the schedule for that terminal (if any), which is then
-provided to controller 534 and used to control the data transmission by the terminal.
[1107] FIG. 6 is a block diagram of an embodiment of a terminal 106x capable of
processing data for transmission to the base station based on CSI available to the
terminal (e.g., as reported in the schedule by the base station). Terminal 106x is one
embodiment of the transmitter portion of terminal 106 in FIG. 5. Terminal 106x
includes (1) a TX data processor 514x that receives and processes information bits to
'provide modulation symbols and (2) a TX MIMO processor 520x that demultiplexes the
modulation symbols for the Nt transmit antennas.

[1108] In the specific embodiment shown in FIG. 6, TX data processor 514x
includes a demultiplexer 608 coupled to a number of channel data processors 610, one
processor for each of the Ng transmission channels assigned for data transmission.

Demultiplexer 608 receives and demultiplexes the aggregate information bits into a



nodul ati on schemes to be used. In FIG 5, scheduler 564 is shown as being

i npl emented within base station 104. In other inplenentation, scheduler 564
may be iwploenesBed within sonme ot her el ement of comruni caCrarsoyysvem 100
(e.g., a base station controller that couples to and interacts with a
nunber of base stations). ,[1105] A TX data processor 562 receives and
processes the schedul e, and provides processed data indicative of the
schedul e to one or nore nodul ators 554. Jdgbdul ator(s) 554 further condition
t he processed data and transmt the schedule to the termnpals via a
forward chdnmdier of{apdeiigudaa sicame qnspdnta sdedy foheachopssigngd WasFMIgSiPRr i ous
signaling i i J i;nal 106,
the tr anam Lo s SRRy A ed oS B e T e Il at e
by denodul {100 52 thé@nbodimahe dhbonainRKIAaba epectpehsset dat3grocBX¥od &le

processor 53 erforns_ processi ng conplenentary to that perforped b TX
data pr oce§§él“8@'§6a21 BRI 0 o ARl MSERRHRE O R o ERbO) BRRPIAG Flepent élfﬁ/)

which is t ' : ta
tranon ssi Gtpdd (12 AEGOEPBCRLT Blo itfuifion YRS S bt COAVES tarh R R
enbodi nent aofordarncerwitinalpadidélar cagiapIsehenfie topprovids sbdgl bitst aCliamneltin®@nlsatessi on

oported: PR RS IR op pEbu R Bk el aSen e eyt il e
enbodi nent di’%r&i(tsﬂi Ag@ ?_gﬁgéltrﬁﬁpm bleRBn0d1d ﬁﬁ]%ﬂhﬂﬁéi'intéﬂ&vie& bits Gito ProdhRkith nal

106x includes ata processor 514x that receives and processes
i nf or mat i orsypibpk fppthe prapsnigsionshiaringt wssd fexmansimittiag the( difa siremm. M MO pr ocessor

ant onnac. (LR RIS 3, FRECLAIMAT WK SAS b ARl bR fbleed

processor Silifxthel prodedsiisinforaiation bith| THEprooeRBed Pﬂ@ﬂ &fta iy dentafbaiiteafe.ghannel
data processors 610, one processor for each of the Ns transm ssion

channel s adBidghi®a diysionanaltipleasd (T BYDomanneneinupH ioplacsubsetadghe dwermissionnd
o L) SRS AR L BSOAGH L SRR e e
each assi gnetiohrtapariorssciannelcsamagon. Each data streamis provided to a
F 6, eadkiiHannas Suavh Brde BB BitehioHie LGS en S0 G oE RO doLRanne
e easeoR b 2 00 TR B Tk BBy 0SS, BlbAEEby oS
the base station). In one coding and modulation scheme, adaptive encoding is achieved
by using a fixed base code (e.g., a rate 1/3 Turbo code) and adjusting the puncturing to
achieve the desired code rate, as supported by the SNR of the transmission channel used .
‘to transmit the data. For this scheme, the puncturing may be performed after the
channel interleaving. In another coding and modulation scheme, different coding
schemes may be used based on the reported CSI. For example, each of the data streams
may be coded with an independent code. With this scheme, a successive cancellation
receiver processing scheme may be used at the base station to detect and decode the
data streams to derive a more reliable estimate of the transmitted data streams, as
described in further detail below.
[1112] Symbol mapping element 616 can be designed to group sets of interleaved
bits to form non-binary symbols, and to map each non-binary symbol into a point in a
signal constellation corresponding to a particular modulation scheme (e.g., QPSK, M-
PSK, M-QAM, or some other scheme) selected for the transmission channel. Each
mapped signal point corresponds to a modulation symbol. The number of information

bits that may be transmitted for each modulation symbol for a particular level of



accordance wth a particular coding scheme to provide coded bits. Channel
interleaver 614 interleaves the coded bits based on a particular

i nterl eavwng2oe3tere to provide tinme diversity. And synbolPCrasp/nggoel enment
616 maps the interleaved bits into nodul ation synbols for the transm ssion
channel used for transmtting the data stream [1110] Pilot data (e.g.

data of known pattern) may al so be encoded and nultiplexed wth the
processed information bits. The processeg pilot data nay be transmtted
(e.g., inatinme division nultiplexed (TDM_nmanner) in all or a subset of
t he t r ansniBSEogRANCEH 8N NG PEEERE Rasketoares wate (PRR))i i Hepandentom the SER qidepi | ot
data may b a i t C esti I . [1111]
pe. hown i i ErsEh it hus 8 5b@le A MTHTORGE foBth Fb Btsioh 5
conbi nat i orchbived eafy)berselected bashdust thd abaitabtt O8I tTie: chaand] abkdedblg Ry glso as
reported b the base station),. In_one coding and nodul ati on schene,

adapti ve eﬁ@é@?ﬁ@dﬁ?s %1%@@M&k$§39§¥ng a fixed base code (e.g., arate 1/3
Turbo code) adj i d i i i rate,
25 support tThy ¢ niVERICAIHOR SRSl ERI! Quiadi has 10T AFBRRAIBI T
data. For tMIMOsmhesssor 120s, phivbtisone gmbaginteat pETXAVIED pdotessort 520 indii@nnel

interleaving. In an r di ng and dul ati on .sche di fferent cqdjng
schermes ma 'béaﬁgghq%ggggﬁgnPF%@”PEﬁngea 'ﬂnﬁﬁfmgg%%ﬂFg?wéa@W Hg Be
data st reaffodulonRembeHGekawistiford Nl RASRE A8E ProkeRslfs 6 W il bR e 2
successi ve cancellafion receiver processing schene may be used at the base

st ati on t o receieast madatier: syfabalh énto danumbarrefaiNr) maodiéation symbeb steeanss, ioabl e

estimate of . the ansm. t.ted dat trea as scri bed,in.fuyrther, detail
ol on {15 £ bk RIS S8h A3t Efome Foas SR LA 1 B bEtuefSh
i nterl eavedymbbl Srehm it Pidnidualtoli lBgeyti G/ fib@histor 302l EechMBd@aeh 52D eorveRgr y. -
synbol into a point in a signal constellation corresponding to a

parti cul ar theaiedulptien syabelfintp angnalogmsgyaal, nd pethervaplifies.ofiliess dadnatise
schene) sel ol 4t 1 SSJ p i i.nt
corres ponds{ﬁ (?%ﬁ%eghn%ﬁll gﬁ%ﬁé@i%@lﬁigﬂ @hg&%ﬂ etre gfaﬁ P%l%lgir@?mst? oa?I Sgli;{la%]g IDft%ﬁat
may be tr ansnsiiseidnfooer thaehrehassliihiat i on synbol for a particular |evel of WO

02/ 093782 P S02/ 15300 29 perfornmance (e.g., qne percent packet error
rate (PER )[g{s"lfdepénd@’i‘tsmgf?rt HesighRUBE fpRlemepts n QHIXNY dp dessrbed . InTHER, the

di d - . i SSi | ect ed
coding an am}gh!\l:ﬁlidrféfi ﬁ?cgfnlsart%&r cﬁ@%%g 61?‘”§9?1§5'I@6E. 65@9@,@?5,2%/%,@8%,60 €

based on the availl abl e . e Interleaving nmay als

09/776,075, and 09/532,492.

[1115]  FIG. 7 is a block diagram of an embodiment of base station 104x capable of
implementing various aspects and embodiments of the invention. Base station 104x is
one specific embodiment of the receive portion of base station 104 in FIG. 5 and
implements the successive cancellation receiver processing technique to receive and
recover the signals transmitted by the scheduled terminals. The transmitted signals
from the terminals are received by each of Ni antennas 552a through 552r and routed to
a respective demodulator (DEMOD) 554 (which is also referred to as a front-end
processor). Each demodulator 554 conditions (e.g., filters and amplifies) a respective
received signal, downconverts the conditioned signal to an intermediate frequency or
baseband, and digitizes the downconverted signal to provide samples. Each
demodulator 554 may further demodulate the samples with a received pilot to generate a
stream of received modulation symbols, which is provided to a RX MIMO/data
processor 556x.

[1116] In the embodiment shown in FIG. 7, RX MIMO/data processor 556x (which
is one embodiment of RX MIMO/data processor 556 in FIG. 5) includes a number of



be adjusted based on the available CSI. [1113] The nodul ation synbols from
TX data processor 514x are provided to TX M MO processor 520x, which is
one enmbodwoenIB2 TX M MO processor 520 in FIG 5. Wt hi mCTXISW/M300
processor 520x, a denultiplexer 622 receives (up to) NS nodul ati on synbol
streans from NS channel data processors 610 and denultipl exes the received
nmodul ation synbols into a nunber of (NT) nodul ati on synbol streans, one
stream for each antenna used to transm t3ot he nodul ati on synbol s. Each

modul ati on synmbol streamis provided to a.respective nodul ator 522. Each
nodul at or SROCEHNG éF-¢-s caschediere ver i spcessing otages A0, eme slage ooy edchrdl theand

further aml‘gnfsﬁlﬁ?e’d Eiixtlat %{ﬁ%glt %J%%r ?éc%(lgred F@g g):a?et &thtioR n%ﬁpc%vgﬁet %ra'\%}gl}elitt he

signal to generate a no ed signal “sui e f'or "transm’ssion o

Wi rel ess | ipibcesfiid Istherfet ban sdiitd s@earfleisi @amshliaéd 0P baie assrhikidbh | hannel
described in the aforenentioned U.S. Patent Application Serial Nos.

09/ 854, 235,3sgignebfyr 4@ta transgyissian, gré caghdatpgirsan is gplependently prycessed (Fg-a

bl ock di agr.g bodb AN, . glg shat . .

i mpl ement i n"gl@%/g;r ?ggscgg@g%gt S élrlllglfng%o | né%bgﬁg?%d?%\%%ﬁ%g%wgé%gs Hation
104x is ormtespeci Forc tlesrhedsmiznproodssingeschemej ve pombéoof adhtabasanst af iben 104
in FIG 5 and inplenments the successive cancellation receiver processing

t echni que t'8°Y& '1\“78‘1%60 the o ﬁ%lgé’F%F&PW?l%nglédeVhtiﬁélsgEﬁ'&iul ed
term nals. (Ih@etfiaMsed bt @dnshidNdkehnad "REA tBe dhl FhARhiSsias By ﬂ%g%ﬁgw'eé{ each

of NR antennas 552a through Sng and routed to a respective at or
(DEMOD) 554ermihileh Hog cdrgy, REf MM date migceasdrr dhoik-ie ritscribed des ¢hds Yrangaith
denodul at or_554 .conditions (e.g., filters and anplifies) a respective

recei ved sifRAFS@8MTESnverts the conditioned signal to an internediate

frequency qii11hasepasrecanst gﬁb@sﬁibé 8fgé NED ARVER IOMBE u@ﬂstﬁgm? IRIREeSY de
sanpl es. Each denodul ator 554 nmay further denodul ate the sanples with a

recei ved pidhaene]l YIYEQMate psoeessat/ZB gavplpd Fevrinesterensd gheaellen’ 3y atsbihe lasihi ch

i S .provide r..556x. [11 | B the odi ment
shoan i n_ PR A0R i Gy Bngis? 3AABaseE MtecisdEinn o Tk & AR AR of
RX M MJ datproqessing seige 7364 chanrfel GIIMKD/datiChrodeson720anieedivay andproddsea3he 2

PCT/ US02/ 15300 30 successive (i.e., cascaded) receiver processing. stages
710, one st¥m@odylatiengymbpel sieams from demodulators 554a through 554r to provide a

- decoded data stream for the first transmission channel (or the first transmitted signal).
And for each of the second through last stages 710b through 710n, channel MIMO/data
processor 720 for that stage receives and processes the Ny modified symbol streams

-from the interference canceller 720 in the preceding stage to derive a decoded data

~stream for the transmission channel being processed by that stage. Each channel
MIMO/data processor 720 further provides CSI (e.g., the SNR) for the associated
transmission channel.

[1118]  For the first receiver processing stage 710a, interference canceller 730a
receives the Ng modulation symbol streams from all Ng demodulators 554. And for
each of the second through second-to-last stages, interference canceller 730 receives the
Nr modified symbol streams from the interference canceller in the preceding stage.
Each interference canceller 730 also receives the decoded data stream from channel
MIMO/data processor 720 within the same stage, and performs the processing (e.g.,
~coding, interleaving, modulation, channel response, and so on) to derive Ny
remodulated symbol streams that are estimates of the interference components of the
received modulation symbol streams due to this decoded data stream. The remodulated

symbol streams are then subtracted from the received modulation symbol streams to



transmtted data streamto be recovered by base station 104x. In one
transmt processing schene, one data streamis transmtted on each

transm sswom2obsEenel assigned for data transm ssion, andPeadisodaizao stream
i s independently processed (e.g., wth its own coding and nodul ation
schene) and transmtted froma respective transmt antenna. For this
transmt processing schene, the nunber of data streans to be recovered is
equal to the nunber of assigned transm g8 on channels, which is al so equal
to the nunber of transmt antennas used for data transm ssion by the

schedul ed  desivaiNramedified, syabel streamyshaningtydeaalh by the ssbEroteh 6., canepledr i bed
for this transai - b | Rl
750 (oxeept MRREbge SAEARS OO TR N R Rl R el Bl Bl ARRAE LY et 200

processor 7Rt stagp! Ele bodedin whiicr the rtensmitdniglal eire Fethvedds dberhiasd byst age

710n includes only channel M MJ data processor 720n. For the first receiver
processi ng 8¢ éﬁ'éed%‘l%a","hléh dRMGIaNg N e Feerud SBf peoigEmancscichisyed iy a

processes t o | AL deQ Y, § r 5od rough
B5ar o pr ot St SR Tng 15 kel he AR aleL AR TR MO Tariat Al
(or the firfsetedchanssmitteddignagnal ). And for each of the second through | ast

stages 710 oug chann at a rqQcess Zﬁg$ r that stage
recei ves aﬁaigloceg"é&&?rea R@?tﬁﬁ F]I‘y:‘l&/c% g’gﬂ%f’g@ﬁ?‘g%&( ' /aﬁé processor
i nterferencgcgamaghhPbe 1R6d kd dirB& PHRGS RS if RISudLssHRN datBelitidf Gedgvkrdat a
stream for the transm ssion channel being processed by that stage. Each

channel Mm®edsing ppiferereddyyrprogdsdriSoker provi des CSI (e.g., the SNR) for

t he associ tr 1L.Ssion channel . 118 or the first receiver
processi nga[éig)de 7%8@'?]79%9‘3?@&6@%@ égﬁ?jztgﬁel %‘raf%a © P& efl\/gsS%ﬁa}éyfﬁlﬂvard
nmodul ati on rEyepwheh le@ehirdathrstighdl ik thiRsERREBeAhaesHedbvs tramehif OftenagR. of -

the second through second-to-|ast stages, interference canceller 73C
recei ves t H&e dR AT FUESBOMHERE & pachalpanshyiigid sipeal). nleieeasaceach apesivarer in

t he precedi ~ E iLpter ; . ' t he
docoded datoest e Ree A maltE] SRLTHER S90E, bR ol i BhRTREE SiatR ]
st age, and grevitlethesdecbdedpdate ssmimgprie8pending wotle igtoveret efahaaNted gignal. For
nodul ati on, channel response, .and _so on), to derive NR renodul ated synbol

streans t haPMEIeERIFRL PO SHSRGhPReR Ardit ey b BRtEibed oY myldrlsi ved
T Lo AR LSRR Rl e Bog: ok A RATo, FREiEEngl  o
st reans to fWQueRyy)asy 8theRItVUrkiS) 2¢65pb@0@ly. For these schemes, the receiver processing
initially derives a received modulation symbol stream for the transmitted signal on each
transmit -antenna of each frequency subchannel. Modulation symbols for multiple
transmit antennas, frequency subchannels, and/or time intervals may then be combined
in a complementary manner as the demultiplexing performed at the terminal. The
stream of combined modulation symbols is then processed to provide the corresponding
decoded data stream.
[1121] FIG. 8A is a block diagram of an embodiment of channel MIMO/data
processor 720x, which is one embodiment of channel MIMO/data processor 720 in FIG.
7. In this embodiment, channel MIMO/data processor 720x includes a spatial/space-
time processor 810, a CSI processor 812, a selector 814, a demodulation element 818, a
de-interleaver 818, and a decoder 820.
[1122] Spatial/space-time processor 810 performs linear spatial processing on the
Nr received signals for a non-dispersive MIMO channel (i.e., with flat fading) or space-
time processing on the Ny received signals for a dispersive MIMO channel (i.e., with

frequency selective fading). The spatial processing may be achieved using linear spatial



31 derive NR nodified synbol streans that include all but the subtracted
(i.e., canceled) interference conponents. The NR nodified synbol streans
are then woorioghss2t 0 the next stage. The order in which trlg/usezarsn tted
signals are recovered is determ ned by the schedule, which may have taken
into account the performance achieved by a specific order of processing to
sel ect the date rate and codi ng and nodul ati on schene for each transmtted
signal. [1119] In FIG 7, a controller &0 is shown coupled to RX M MJ dat a
processor 556x and may be used to direct various steps in the successive
cancel | at i anogesging (eshnigpesovish o aghpanel eemalatidnympirisdaversion §66MI) fethipigpe,FI G

7 shows a recei.ver structure tha e.used in,a,stralghtforward nmanner
when each data Stredmt S aREM m@@%&%@néqwﬁe%%8ﬁe{/seah%ﬁﬁ§?ﬁilf"qgﬁﬁ Bia
(i.e., oOneedatdtomil srane eictiesPapEHNGr tonBaivelthenepived SNRSIFPASH df then

this case, each receiver processi nlg stage 710 may be operated to recover
one of the ApgHEetstgaalsIn Hisapreseasel of poisk/ anfkintaiisrenise dgarithg Hiher signalsmThe
corr espondi t transn ' E . ot.her .transmt
o oceasi ng “Dicafint Mo SRN BISThE ANhAE TR Bhnce it pbOE Gfid 3
transmt anbenanas MMSEdieac yqulineh@INESESLER ndiedisidn feedback efwizer (DFE) avi de
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M MO dat a processarn.720x, i ncl udes a spatial / space- tine processor 810, a
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k-th transmission channel used for the data stream to be decoded. The SNR can be
estimated similar to conventional pilot assisted single and multi-carrier systems, as is
known in the art. The SNR for all transmission channels used for data transmission may

.comprise the CSI that is used by the base station to schedule data transmission. In

certain embodiments, CSI processor 812 may further provide to selector 814 a control
signal that identifies the particular data stream to be recovered by this receiver
processing stage.
[1124] Selector 814 receives a number of symbol streams from spatial/space-time
processor 810 and extracts the symbol stream corresponding to the data stream to be
decoded. The extracted stream of modulation symbols is then provided to a
demodulation element §14.
[1125] For the embodiment shown in FIG. 6 in which the data stream for each
transmission channel is independently coded and modulated based on the channel’s
SNR, the recovered modulation symbols for the selected transmission channel are
demodulated in accordance with a demodulation scheme (e.g., M-PSK, M-QAM) that is

complementary to the modulation scheme used for the transmission channel. The



frequency selective fading). The spatial processing nmay be achi eved using

|l i near spatial WD 02/093782 PCT/ US02/ 15300 32 processing techni ques such
as a chanwelo2zoes7szl ati on matri x i nversion (CCM) techni queCT/lSB0Isderum nmean
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nul | out the undesired signals or to maxim ze the received SNR of each of
the constituent signals in the presence of noise and interference fromthe
other signals. The space-tinme processi g nmay be achieved using |inear
space-tine cg ocessi ng techni ques such as a MMSE | inear equalizer
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. . . . tk .
with the estimated channel response to provide estimates, i , of the interference due the
decoded data stream. The channel response estimate may be derived based on the pilot
‘and/or data transmitted by the active terminals and in accordance with the techniques

described in the aforementioned U.S. Patent Application Serial No. 09/854,235.

[1127] The Ny elements in the interference vector ik correspond to the component
of the received signal at each of the Ny receive antennas due to symbol stream
transmitted on the k-th transmit antenna. Each element of the vector represents an
estimated component due to the decoded data stream in the corresponding received
modulation symbol stream. These components are interference to the remaining (not
yet detected) transmitted signals in the Ny received modulation symbol streams (i.e., the
vector gk ), and are subtracted (i.e., canceled) from the received signal vector gk by a

summer 832 to provide a modified vector r**' having the components from the decoded

data stream removed. The modified vector r**' is provided as the input vector to the

next receiver processing stage, as shown in FIG. 7.



SNR, the recovered nodul ati on synbols for the selected transm ssion channel
are denodul ated in accordance with a denodul ati on schene (e.g., M PSK,

M QAM t D 2®9378DNpl enentary to the nodul ati on schenme us@edTiusn2/133€0
transm ssi on channel . The WO 02/ 093782 PCT/ US02/ 15300 33 denopdul at ed dat a
from denodul ati on el enment 816 is then de-interleaved by a de- interleaver
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conpl enent arY manner to that performed by encoder 612. For exanple, a Turbo
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the pil ot Lapgh By réfadedcd.ransnmtted by the active termnals and in
accordance with the techniques described in the aforenentioned U S. Patent
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at each of recelve antennas reéam transhitred on the
k-t h transrinforaati@nmay bEeptrhwdédaPm@SI fr dable sotedbled tergpinss emd thealSI @ay beat ed
conponent due to. the decod data streamin the correspondi ng received
modul at i on PEQYifest todhs @é‘ﬁ‘in ke ¥ adtfent s are interference to the

remai ning ([(@P31] I one embodlment, the CSI comprises a data rate indicator for each transmit
data stream. The quality of a transmission channel to be used for data transmission
may be determined initially (e.g., based on the SNR estimated for the transmission
channel) and a data rate corresponding to the determined channel quality may then be
identified (e.g., based on a look-up table). The identified data rate is indicative of the
maximum data rate that may be transmitted on the transmission channel for the required
level of performance. The data rate is then mapped to and represented by a data rate
indicator (DRI), which can be efficiently coded. For example, if (up to) seven possible
data rates are supported, then a 3-bit value may be used to represent the DRI where,
e.g., a zero may indicate a data rate of zero (i.e., no data transmission) and 1 through 7
may be used to indicate seven different data rates. In a typical implementation, the
quality measurements (e.g., SNR estimates) are mapped directly to the DRI based on,
e.g., a look-up table.
[1132] In another embodiment, the CSI comprises an indication of the particular
processing scheme to be used at each scheduled terminal for each transmit data stream.

In this embodiment, the indicator may identify the particular coding scheme and the



yet detected) transmitted signals in the NR received nodul ati on synbol
streans (i.e., the wvector rk ), and are subtracted (i.e., canceled) from
t he receiwed2sdyysal vector rk by a sumrer 832 to provi dePeTrsde/iized vect or
rk+' having the conponents fromthe decoded data streamrenoved. The

nodi fied vector rk+' is provided as the input vector to the next receiver
processi ng stage, as shown in FIG 7. WO 02/093782 PCT/ US02/ 15300 34

[ 1128] Various aspects of the successiveggcancel | ati on receiver processing
are described in further detail in the aforenentioned U S. Patent
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[1135] In yet another embodiment, the CSI comprises a differential indicator for a
- particular measure of quality for a transmission channel. Initially, the SNR or DRI or
some other quality measurement for the transmission channel is determined and
‘reported as a reference measurement value. Thereafter, monitoring of the quality of the
transmission channel continues, and the difference between the last reported
measurement and the current measurement is determined. The difference may then be
quantized to one or more bits, and the quantized difference is mapped to and
represented by the differential indicator, which is then reported. The differential
indicator may indicate to increase or decrease the last reported measurement by a
particular step size (or to maintain the last reported measurement). For example, the
differential indicator may indicate that (1) the observed SNR for a particular
transmission channel has increased or decreased by a particular step size, or (2) the data
rate should be adjusted by a particular amount, or some other change. The reference
measurement may be transmitted periodically to ensure that errors in the differential

indicators and/or erroneous reception of these indicators do not accumulate.
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processed SNR for each transmitted data stream, as received at the base station).

[1140] Other forms of CSI may also be used and are within the scope of the
invention. In general, the CSI includes sufficient information in whatever form that
may be used to adjust the processing at each scheduled terminal such that the desired
level of performance is achieved for the transmitted data streams.

[1141] The CSI may be derived based on the signalé transmitted from the terminal
and received at the base station. In an embodiment, the CSI is derived based on a pilot
reference included in the transmitted signals. Alternatively or additionally, the CSI may
be derived based on the data included in the transmitted signals.

[1142] In yet another embodiment, the CSI comprises one or more signals
transmitted on the downlink from the base station to the terminals. In some systems, a
degree of correlation may exist between the uplink and downlink (e.g. time division
duplexed (TDD) systems where the uplink and downlink share the same band in a time
division multiplexed manner). In these systems, the quality of the uplink may be
estimated (to a requisite degree of accuracy) based on the quality of the downlink,

which may be estimated based on a signal (e.g., a pilot signal) transmitted from the base
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achieved for the transmtted data streans. [1141] The CS y be derived
based on the si dghdp%l arICbNemrmheeéB;fH?ﬁ] artde terminal and received at the

base station. In,;an Sabodiieelnrbh8 Sindd® BRYSE RS UPPAR UL For
PROCESSING POWER CONTROL SIGNALS IN CDMA MOBILE
TELEPHONE SYSTEM,” issued August 1, 2000.

Methods for estimating a single transmission channel based on a pilot signal or a data
transmission may also be found in a number of papers available in the art. One such
channel estimation method is described by F. -Ling in a paper entitled “Optimal
Reception, Performance Bound, and Cutoff-Rate Analysis of References-Assisted
Coherent CDMA Communications with Applications,” IEEE Transaction On
Communication, Oct. 1999,

[1144] Various types of information for CSI and various CSI reporting mechanisms
are also described in U.S. Patent Application Serial No. 08/963,386, entitled
“METHOD AND APPARATUS FOR HIGH RATE PACKET DATA
TRANSMISSION,” filed November 3, 1997, assigned to the assignee of the present
application, and in “TIE/EIA/IS-856 cdma2000 High Rate Packet Data Air Interface

Specification”, both of which are incorporated herein by reference.



reference included in the transmtted signals. Alternatively or
additionally, the CSI nmay be derived based on the data included in the
transm ttwo ogioggtat s. [ 1142] In yet another enbodi nment, th@CTRISOTOIPYi ses
one or nore signals transmtted on the dowlink fromthe base station to
the termnals. In sone systens, a degree of correlation may exi st between
the uplink and downlink (e.g. tine division duplexed (TDD) systens where
the uplink and downlink share the same lyghd in a time division rmultiplexed
manner). In these systens, the quality of the uplink may be estimated (to
a requi si t d14¢Yr ee The GEmascho renpsied nthehechgdeled tigrmgipalt REngl APk KCST

From the batuSi 0% SUsH8S Pl Pradh 288 o Coully bRt il TRR R 1
woul d t hen dogibiesidntthéredfe dnsonk @mbokdiadnt O8I isaeporteal geriodichlly, gtdiffedstidlhe

CSlI as observed at the base station. [1143] The signal quality may be
esti mat ed 3Pdptsd 29se8t Basgd Py Ahepprirdransmitied Gdls Intappthar grubedimepinthe¢Stisese

techni ques s@ﬁ@?ﬂ?%ﬂénbﬁigrei i 4 glgﬂn%Q'(E.g"“iP%eD@ﬁa%gé %%cé@ﬁi: %gva%ﬁ&laratﬁgé;g&a ) to

t he assignee o he present a catfdn and 1 ncorporat e erern
ref erence: whiclomaydbent tHiceffestivo eat® 05 theefebdlidck EhAER T Al aANEX abvipld;iEhe BR

DETERM NI NG RECEI VED PI LOT. P R. AND, PATH LGOSS I N A ( N 11 .ON
SYSTEM " | sré’i?ealciiﬁlﬂf Jedingand megation scemppanpe fgnt @?b@@é@%ﬁ@h%@@y

" METHOD AN, ERABATINR o OB thdYreORlgilsden LahbifedduAbit dhanhd] dropREABySBE IR
COMVUNI CATI ON SYSTEM ™ 1 ssued May 11, 1999, U. S. Patent Nos. °5, 056, 109,
and 5, 265, 10 %cdugetle aneunt o€ data kaEte-d basio forAPHIARAT aiSo BORsICMTRGE Mith(® the
TRANSM SSIFON PC%EE I N A{ CDVA CELLULAR MOBI LE TELEPHONE SYSTEM "
respect i vel VORSSIBY P SBer 8, 1991 and November 23, 1993, and U.S.

Pat ent No. [§14§7, 9TBe cRMentd 6Uthe VRhkiaReANRd ABRNAKYSeSRna et BOVER
CONTROL SI GNALS I N CDVA MOBILE TELEPHONE SYSTEM " i ssued August 1, 2000.

Met hods f orwids eneeit pare digisal ignal nrpegssors §B5Bh appligsien spresfeciingngraiedrirats
1L 0% IR ST A OB TR o BBREE o,
F. Ling in gatpapays qFPGA)e drogdiniiaBle logic devices, other electronic units, or any
combination thereof. Some of the functions and processing described herein may also
be implemented with software executed on a processor.
[1147] Certain aspects of the invention may be implemented with a combination of
“software and hardware. For example, computations for the symbol estimates for the
linear spatial equalization, the space-time equalization, and the derivation of the channel
~ SNR may be performed based on program codes executed on a processor (controllers
540 in FIG. 5).
[1148] For clarity, the receiver architecture shown in FIG. 5 includes a number of
receiving processing stages, one stage for each data stream to be decoded. In some
implementations, these multiple stages may be implemented with a single hardware unit
or a single software module that is re-executed for each stage. In this manner, the
hardware or software may be time shared to simplify the receiver design.
[1149] Headings are included herein for reference and to aid in the locating certain
sections. These heading are not intended to limit the scope of the concepts described
_therein under, and these concepts may have applicability in other sections throughout
the entire specification.
[1150]  The previous description of the disclosed embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various



Reception, Performance Bound, and Cutoff-Rate Anal ysis of

Ref erences- Assi sted Coherent CDMA Commruni cations with Applications,"” | EEE
Transact i wo i@0937€bmmuni cati on, Oct. 1999. [1144] Vari ous trepassozis3o0
information for CSI and various CSI reporting mechanisns are also
described in U S. Patent Application Serial No. 08/963,386, entitled
"METHOD AND APPARATUS FOR HI GH RATE PACKET DATA TRANSM SSION, " filed
Novenber 3, 1997, assigned to the assigmee of the present application, and
in "TIE/ EI AJI S-856 cdma2000 Hi gh Rate Packet Data Air Interface

Speci fi cat irepdificaismp to thegh ewhogimenisng Bl poreaddy aprarentrio pyose skidied e éhe D

02/ 093782 PCTL/.1US02/ 15300 . 38 14 The CSI nay. r orted.to the.
oohodul oq (e aftchE Bihcipléh dehdeRhert W mabe AR o Rk alsfort Fishony
the CSI maydepertiag frorh fthd sitit oflsdobeloEiid Blveitiond Thus, G Pttt iBRntiGeisemst. | n

one enbodi nment, CSI is reported periodically, and differential updates are
sent based iBfeneaktoge; lgpited teihmembedimengs shown harsiiar istsdicaeided theradess) i s

sent only IS o C eds a particul ar
t hreshol d) wg%n%%%{sﬁ%lba’lltg\}\}/g{ﬁ?ﬁ:gﬂéﬁ@c%d\e/ge%@ K %@%&%ﬁ%@d back channel. As
an exanple, the date rate and/or coding and nodul ati on schenme nmay be sent
back (e.g., _differentiall nl en they change. O her conpression and

f eedback cHAkMHI e%ﬁj}gé9‘3‘#9ﬁ]@\§ghi gues to reduce the anount of data to
be fed back for CSI may al so be used and are within the scope of the
invention. [1146] The elenents of the transmtter and receiver systens nay
be inplemented wth one or nore digital signal processors (DSP),
application specific integrated circuits (ASIC), processors,

m croprocessors, controllers, mcrocontrollers, field programmable gate
arrays (FPGA), programmable |ogic devices, other electronic units, or any
conbi nation thereof. Sone of the functions and processing descri bed herein
may al so be inplenented with software executed on a processor. [1147]
Certain aspects of the invention nmay be inplenmented with a conbi nation of
sof tware and hardware. For exanple, conputations for the synbol estimates
for the linear spatial equalization, the space-tine equalization, and the
derivation of the channel SNR may be performed based on program codes
executed on a processor (controllers 540 in FIG 5).



[ 1148] For clarity, the receiver architecture shown in FIG 5 includes a
nunber of receiving processing stages, one stage for each data streamto
be decodewo ok/9x8re i npl ementations, these nultiple stag@STEy2/Fs00

inpl emented with a single hardware unit or a single software nodul e that
is re-executed for each stage. In this manner, the hardware or software
may be tine shared to sinplify the receiver design. [1149] Headi ngs are

i ncluded herein for reference and to aidg n the |locating certain sections.
These heading are not intended to limt the scope of the concepts described
t herein under, and these concepts mayChalMS8pplicability in other sections
t hroughout the entire specification. [1150] The previous description of

t he di scl osed enbodi nents is provided to enable any person skilled in the
art to make or eth i ! \var i . 2 :

PCT/ US02/ 15300 39 nodi Ft@é{l’Irf%%g&%’e?ﬂ%h%glgh}eﬁgb%g%‘%ﬁ%ﬁgg\%)?l%gﬂg plaraity of
appar enk t aetnhiasle irs & Widetkds cominoaicatidn sysend coimprigiaperi ¢ pri nci pl es defi ned
herein may be aqplied to ot her enbodi nment i thout. departing fromthe
spirit or scope SMMPELTCRFIAPICHTLS W§P"Pﬁb&%ﬁ@§%WFtVﬁ 08P & chgmnel,

| nt endeq t oyRachi dicheg: ititdie £uRAME TRRIRAVEr BFFLR B cbiedpBndCro a
accorded the w dest scope consistent with the principles and novel

f eat ures dilgpbthssid thes evamatgdi151] WHAT IS CLAIMED |'S: WD 02/ 093782

PCT/ US02/ 15300 401 AIMS, 1. A rgethgg f‘?{é schedul i ng uplink data

transmi Ssion for® ua%%afrﬁrylaa‘fe" FRAMNATE in a wirel ess comuni cation
system conpri sidctih®! dHeNdf OME Bfic B enck€t Svalfatdde ypoBbses f Bse@08S 1 dabie
transm ssion on a channel, 4 wherein each set includes a unique

conbi naBi orpesformeanagi #fl s and corresponds to a hypothesis to be eval uated;
6 eval uating perf 0 hy, LS; t4 . or
nor e eval uat ed hs§g%c?ﬁzi§§ Slée {?ggj gléﬂolﬂ tB %é‘lgf&%ih Oﬁ!fl%?sn%g%3§qgar?§ﬁnssté%§é&ntﬁﬁg t he
term nd0s ighahdee. sel ected hypot hesis for data transm ssion on the 10
channel .

2. The method of claim 1, further comprising:
2 determining data rates for each data stream of each terminal in the selected

hypothesis, and

4 wherein data is transmitted at the determined data rates from the terminals in the
selected hypothesis.
3. The method of claim 1, further comprising:
2 determining a coding and modulation scheme to be used for each data stream of

each terminal in the selected hypothesis, and
4 wherein data is processed based on the determined coding and modulation

schemes prior to transmission.

4. The method of claim 1, wherein each hypothesis is evaluated based in
2 part on channel response estimates for each terminal in the hypothesis, wherein the
channel response estimates are indicative of channel characteristics between the

4  terminal and a receiving system.

5. The method of claim 1, wherein the channel response estimates comprise

2  signal-to-noise-plus-interference ratios (SNRs).



2. The nethod of claim1l1, further conprising: 2 determ ning data rates for
each data stream of each termnal in the selected hypothesis, and 4
wher ei n cwDa2i023782 ansm tted at the determ ned data rates PCornsohessver m nal s
in the selected hypothesis. 3. The nethod of claim1, further conprising:
2 determ ning a coding and nodul ati on schene to be used for each data
streamof each termnal in the selected hypothesis, and 4 wherein data is
processed based on the determ ned codi ngiand nodul ati on schenes prior to
transm ssion. 4. The nethod of claim 1, wherein each hypothesis is

eval uated based in 2 part on channel response estimates for each term nal
in the hypothesig, [ | 2spPo I are indicative
of channel char a6csiteri S eﬁ%%hé%?%%%??,ﬁiﬂer%%ﬁ@e}%q?aﬁlglﬁﬁghﬂﬁﬁecei Vi ng system
5. The get hod ofcoedpating 3 perbu@iisice nichec foh anuhelypobthgpionse estimates conpri se
2 signal -to-noise-plus-interference ratios (SNRs). WO 02/093782

PCT/ US02/ 15300 41 6. The nmethod of claim 1, wherein the eval uating

i ncludes 2 conputingpa ﬂ&h&ﬁéﬁg@r}ﬁ 66 /hkLefn {h%rpe%ﬁﬂamqg&h@% §fun(7)c]1ioﬁ_ gﬁ?

met hod of claim®6, wherern t of mance netric is a function

t hr oughgut thwhipkwa latieetmbleaycsachiof theaetnminals mathe hypothbgs.hypot hesi s. 8. The
nmet hod of claim6, wherein the hypothesis having the best 2 performance
metric is selected for scheduling. 9. The nethod of claim11, further

conprising: 2 prg ori Tzl Rkl of €EIFINN 26 S wiRrdhe tﬁ@”ﬁ&#ﬁ{e@ﬂ BQ\Firr}rgcﬂB@dHéétng-
10. The method of claim9, further conprising: 2 limting ternfnals to be
processéd fperfosuimedwhdtrigistseleatedfongshedulinghi ghest priority terminals. 11.
The nethod of claim9, further conprising: 2 naintaining one or nore
metrics for each termnal to be considered for scheduling, and

9. The method of claim 1, further comprising: :

2 prioritizing the terminals to be considered for scheduling. ¢

10.  The method of claim 9, further comprising:
2 limiting terminals to be processed for scheduling to a group of N highest priority

terminals.

11.  The method of claim 9, further comprising:
2 maintaining one or more metrics for each terminal to be considered for
scheduling, and
4 wherein the priority of each terminal is determined based in part on the one or

more metrics maintained for the terminal.

12. The method of claim 11, wherein one metric maintained for each

2 ° terminal relates to an average throughput rate achieved by the terminal.

13.  The method of claim 1, wherein the one or more sets are formed from

2 terminals of a plurality of types, wherein each terminal of a first type is capable of
transmitting a single data stream on a single transmission channel and each terminal of a

4  second type is capable of transmitting multiple independent data streams on multiple

transmission channels.



4 wherein the priority of each termnal is determ ned based in part on the
one or nore netrics maintained for the termnal. 12. The nethod of claim
11, wherewpoeqe378etri c mai ntai ned for each 2 term nal relPaTas02/0530m
average throughput rate achieved by the termnal. 13. The nethod of claim
1, wherein the one or nore sets are formed from 2 termnals of a plurality
of types, wherein each termnal of a first type is capable of transmtting
a single data streamon a single transmgssi on channel and each term nal of

a 4 second type is capable of transmtting nultiple independent data
streanms on mul tile Theanethpd of elairg Hanwbersin each G2NPOETIER CRAMEUSOESPGRBO 42

14. The et f_.cl.ai rei 2ach transm ssion channel corresponds
2toa szpattlogl%pgtﬁlgﬁarl?f?%%eﬁl}l%{éﬁgn%rgur?ﬁ%aﬁ%é fon system 15. The net hod of

claim1l, wherein each of the one or nore sets includes 2 termnals having
simlar link margins. 16. The nethod of claiml, further conprising: 2
forming one or mMore ofepthgd afrclaimel .t Wherpinatashiof theyene g morgsels épgludasch

term nab ortglgﬁeibaghgaagg&g&?(ﬁﬁk%&g%g?ub- hypot hesis to be eval uated, and 4

wherein the ormante of eac hypot hesi s is eval uated and one of the
plurality of sub-hypotheses is selected based on their performance. 17. The
nmet hod of claim16, erei ﬁtlyh eval uating for each sub-hypothesis 2

i ncl udes processitng st 0 QEQP%Eifé’gPPVOE?P&H%tted fromthe termnals

n the ub- 4 NyBRhRESHT BASHMe OtaSAM 8 1R (HARGES bl BRciP LR WHAihOfhch
provi de post-processed signals, and eterm ni ng

si gnal - t o- remsisalpirderingmoeresmmdn teea sukt-hytl{eSiNme pe fwaludtbé apdst - processed
signals for the termnals in the chb-h pot hesis. .18. The t hgd of claim
L7 ahefer n t he e 1By DeHBrhREe ek Seket Dotisis 4 eXelbupd aHd ol of (8l <
are dependgiliraRfy oF sBEhlpGHERE iOdetRtddtasddonMhek PettbEndRENi nal s are
processed, ‘and wherein signals transmtted fromthe termnals are processed

inan 4 order defined by the selected sub-hypothesis. 19. The nethod of
claim17, wherei . Onel‘hseurgétpxxg %I' E'l%ﬁh S16! &lhér%{n%g e]:/a Eatlenagctk?)r each sub-hypothesis

2  includes
processing signals hypothetically transmitted from the terminals in the sub-
4  hypothesis based on spatial or space-time equalization to provide post-processed
signals, and
6 determining signal-to-noise-plus-interference ratios (SNRs) for the post-

processed signals for the terminals in the sub-hypothesis.

18.  The method of claim 17, wherein the SNRs for the post-processed
2  signals for the terminals are dependent on a particular ordering in which the terminals
are processed, and wherein signals transmitted from the terminals are processed in an

4 order defined by the selected sub-hypothesis.

19.  The method of claim 17, wherein one sub-hypothesis is formed for each
2  hypothesis, and wherein the ordering in the sub-hypothesis is based on the SNRs for the

post-processed signals for the terminals in the hypothesis.

20. The method of claim 16, wherein the performance of each sub-

2  hypothesis is evaluated based on a successive cancellation receiver processing scheme.



2 hypothesis, and wherein the ordering in the sub-hypothesis is based on
the SNRs for the post-processed signals for the termnals in the

hypot hesi w0 0209378he net hod of claim 16, wherein the perforeanse2ofdoeach
sub- 2 hypothesis is eval uated based on a successive cancellation receiver
processi ng schenme. WO 02/093782 PCT/US02/ 15300 43 21. The method of claim
20, wherein the successive cancellation receiver 2 processing schene
perforns a plurality of iterations to regpver signals hypothetically
transmtted fromthe termnals in the sub-hypothesis, one iteration for
each 4 hypot het3lecal |'The mgHodi oft daing i2gnaihetem e suscessireechnceintiontreceredrnod
of claim 21, _wherein each i-teration includes.2 processin |l ural ity of
"nput - s Pondire iSng sihsPR HeutbisTh o) orditions R JERREH Saln Rophiepdaty
processi ng temb@feedt rdph Oviedaemnifhlr &l i thy @dib- heRisQ C 85 Eitbrsti N Ao, efth
detecting the post-processed signal corresponding to the hypothetically

t r ansni ft edyepgstsallydrangmittedsignab e hareeomersd er ati on to provi de a decoded
data stream and 6 selectively deriving a plurality of nodified signals
based on the input signals and having interference conponents due to the
decoded dat a strX®am dftermathodbLeldim 81 rvelnasia @actaine atidreineludes he i nput signal s
for a first iteration are signals. received. fromthe 10 termnals in the
sub- hypét hesi s aHECSHBE iarpirality ghippyt sigpalg i gecordrnse Yuth 2 prisicwlar BReasr® ¢ he

modi fi ed signat Tty | bli (Nela B y : chedul i ng
dat a transnrg)ggir%ﬁlf Ig?ésgmglsglﬁgﬁ( ?’%ﬂg) ﬁ%g:‘ﬂrﬁﬂ é\‘lgy?;y%ﬁ %&%&%ﬁrsfé glssz

comuni dat i on sydsteeting cthepriosi-ppressed niiggpl ocerresponding s@t theothypaheticallys f or
possi bl e transni ssi on .a channel, 4 wherein each set includes a unjque
Conb! nat i orl VIR Bl fouRPL bpBR HERERN 10 PRy B Rt G eala itht oc:
6 form gg one OrsefBfi el dele¥ihHd pLahlityRE oM Ghiald Bhs6@6R tRGhput bR Adeach
term nal ordering corresponds to a Sub-hypothesSis to be evaluated; 8

eval uat i ng hesingoinenierencsf cemphneih-digpde Hbsi decoded elatd refreame approximeately

pl urali kY orf §¥a}i Egéed sub- hypot heses based on their 10 perfornmance; and
schedul I'ng tReYefMnals in the sel ected sub- hypot hesi s for data

transm ssi on on wherein the input signals for a first iteration are signals received from the

10  terminals in the sub-hypothesis and the input signals for each subsequent iteration are

the modified signals from a preceding iteration.

23. A method for scheduling data transmission for a plurality of terminals in
2  awireless communication system, comprising:
forming one or more sets of terminals for possible transmission on a channel,
4  wherein each set includes a unique combination of terminals and corresponds to a
hypothesis to be evaluated;
6 forming one or more orderings of the terminals in each set, wherein each
terminal ordering corresponds to a sub-hypothesis to be evaluated;
8 evaluating performance of each sub-hypothesis;
selecting one of the plurality of evaluated sub-hypotheses based on their
10 performance; and
scheduling the terminals in the selected sub-hypothesis for data transmission on
12  the channel, and
wherein signals transmitted from the scheduled terminals are processed in an

14 order defined by the selected sub-hypothesis.



12 the channel, and wherein signals transmtted fromthe schedul ed
termnals are processed in an 14 order defined by the selected

sub- hypotwes9378D 02/ 093782 PCT/ US02/ 15300 44 24. The meChasowis3ed ai m 23,
wherein the evaluating includes 2 processing a signal hypothetically
transmtted fromeach termnal in the sub- hypothesis based on a particul ar
recei ver processing schene to provide a post-processed 4 signal, and
determ ning a signal-to-noise-plus-i ntemf4erence ratio (SNR) for the post- 6
processed signal_for each ternmnal in the sub-hypothesis. 25. The nethod of
clai m 23, wher eid¥- onelhamethgpet elaisn 83, whereip fhedevebiatinaéneludes hy pot hesi s, and

of ternenal s 1 n TREHDBA HEuf SRoIRAE ElrluSEpRH S aasinghth 8o o'
| owest pri diypbthe$ie biiedan d partidifar récdiyar PidiRsding schepeas pasadt § pdssprapstea

hi ghest pri or|ty termnal 1s processed |ast. 27. The nethod of claim 23,
wher ei n4oneigabaR¢ pot heS| s |s fornmed for each 2 hypothesis, and wherein

the ordering in 4 ?mﬁ“ h

performance for tE3 yp%t %%%gzldsip%ﬁl t h% n%% ga'?llangsﬁzl gnroﬁfé E)OSt

(NI'l MO) 6¢c omroceissedtsignal frysehdnmnnﬁiabmnm subi- h@otla:sisase station conprising 4 a
plurality of front-end processors configured to process a plurality of
signals received froma plurality of termnals to provide a plurality of
synbol streans, £ at 1iRAaLnEASE Eﬁﬁﬁ'z‘z’»ewﬂéﬁﬁﬁém%o{ubq{%’}%{h%@stxé)fcﬁﬂ@dff6 krend
processors and configured to process the s eans in accordance with
a succe8si \ypethasis|dndtwhenein 8he exdetingin the @nl&hspmgesmisesnbctted bpsed\andericaity
plurality off decoq chg h %éreams and to further derive channel state (

i nf or mat i orP! (8IS HfP& JYRFECY channel estimates for the 10 plurality of
termnals, .a schedul er configured to receive.the CSI, select a set of one
or nore 12 term nals for data transm ssion on an upllnk assign a

particul ar order26ef prhscestiodgof glimt Bd whereir apkomesis priedtetrmapkiinghe, - and

provideoa ﬁﬁ@%{%? is p(%f)cespe% 129Far a MBhSst Sﬁ&rﬁg%gx%unal is processed last.

27.  The method of claim 23, wherein one sub-hypothesis is formed for each
2  hypothesis, and wherein the ordering in the sub-hypothesis is selected to achieve the

" best performance for the hypothesis.

28. A multiple-input multiple-output  (MIMO) communication system,
2  comprising:
a base station comprising
4 a plurality of front-end processors configured to process a plurality of
signals received from a plurality of terminals to provide a plurality of symbol streams,
6 at least one receive processor coupled to the front-end processors and
configured to process the symbol streams in accordance with a successive cancellation
8 receiver processing scheme to provide a plurality of decoded data streams, and to
further derive channel state information (CSI) indicative of channel estimates for the
10  plurality of terminals,
a scheduler configured to receive the CSI, select a set of one or more
12  terminals for data transmission on an uplink, assign a particular order of processing for
the one or more selected terminals, and provide a schedule for the one or more selected

14  terminals and their transmission parameters, and



14 termnals and their transm ssion paraneters, and WO 02/ 093782

PCT/ US02/ 15300 45 a transmt data processor operatively coupled to the
recei ve pwodessys2 16 and configured to process the schedwCa/usoz/15300
transm ssion to the one or nore selected termnals; and 18 one or nore
term nals, each term nal conprising at | east one denodul ator configured to
receive and process one or nore 20 signals fromthe base station to
recover the transmtted schedule, and agbransmt data processor configured
to adaptively process data for 22 transmission to the base station based
on the transnmission paitarfsibdstaipecass eReraivelyl couplrd tRiehe feacivh@racsssover ed

Sohedung: . Al SobBTEe WIHhes Wk RTULIB! FabdRuliof Yo Wbl SULRML LMD 2

comuni Cat i"on system 2al nprisin ura ron rocessor

confi gur ed ténipdlOcRES a pI ural i ty of signals 4 received from a plurality

of termnals to provide a plurality of received synbol streans; at |east

one red8ive proé@§§6m0§%ﬁﬁpéﬂl%6a¢ﬁémﬂﬂ'§ﬁpmﬁ§mﬁr ocessors and conf | gured 6

to process the recei Vg%ﬁé’&ﬁéoﬁerﬁ&fu?&&sc&&gﬂf “hdg eff‘veoid{ﬂ' Ilfész‘ otk oij gded

data streans and to derive channel state®In orrra assocl a ed W th
t he del0dedighalsdrah thedrase Batorswhrechileethedmnfmgiedadhddnle, es@i ve the CSI,

sel ect a set of one or nore hcgrm nals for datg transm ssion on the uplink
and provi de a scheduld URBYMI & PEOSHSOfgroaTigwed c10e ddaptiyelye PHAcRS) gaténfﬂ’ra set

of oneper MRLEMIERATHIRS bR RAABAE Sn Ry tr%?xﬁss‘i&l g&taﬁlgtehefdi"tﬁ‘@{ I?a'i‘d 12

a transmt processor configured to receive and process the schedul e

t ransni ssi onclodedtihéhqteaowiréd schedule.er mi nal s, and 14 wherein the one or nore
data streans fromeach scheduled termnal are adaptively processed prior
to transm ssion based in part on the transm ssion paraneters 16 for the

termnal includeg, in £ heaschedubg. iR0.a Thﬁﬂ@;ﬂé 2;ﬁllgtatﬂn@lrﬁ pRiowp@ MMAIO)

wherein the at | east one receive processor urther operative to
per f or @l i mmmmalsymmmmrﬁgﬂgon the recel ved synbol streans. 31 The

base stati on of hRMLZS SUPLEL B BioR i blea rhSE R M BEB SRRk o7

further operativ ormspa I'me proeessin ynbol
streans4 received from a plurality of terminals to provide a plurality of received symbol strearns

at least one receive processor coupled to the front-end processors and configured
6  to process the received symbol streams to provide a plurality of decoded data streams
and to derive channel state information (CSI) associated with the decoded data stream;
8 a scheduler configured to receive the CSI, select a set of one or more terminals
-for data transmission on the uplink and provide a schedule for the one or more selected
10  terminals and a set of one or more transmission parameters for each selected terminal,;
and
12 a transmit processor configured to receive and process the schedule for
transmission to the plurality of terminals, and
14 wherein the one or more data streams from each scheduled terminal are
adaptively processed prior to transmission based in part on the transmission parameters

16  for the terminal included in the schedule.

30.  The base station of claim 29, wherein the at least one receive processor is

2 further operative to perform linear spatial processing on the received symbol streams.

31.  The base station of claim 29, wherein the at least one receive processor is

2  further operative to perform space-time processing on the received symbol streams.



WD 02/ 093782 PCT/ US02/ 15300 46 32. The base station of claim29, wherein
the at | east one receive processor is 2 further operative to estimte a
qual ity oWoeaoys7secei ved synbol streamto derive the CSI PCorusnhessoo

associ ated decoded data stream 33. The base station of claim 32, wherein
the quality estimate is the signal- 2 to-noise-plus-interference ratio
(SNR) for the received synbol stream after spatial or space-tine

processi ng. 34. The base station of claign 29, wherein the set of one or
nore transm ssion 2 paraneters for each selected term nal includes a date
rate for each data streamto be transmtted by the selected term nal. 35.

The base st ati og, of { . rel h r re transm ssion
2 paraneters fo?z'eac?hg‘é)%gee%?%l(?%ZF %lnﬁaZP ’ ?’H%%ld@é agfég% i ﬁg& and prrrcgc&ﬁ?()éﬁ on
schene 2 o hethetiSptati @ toestiaidal quality efdnch dedadvelrsandal tteach wydekibe tigeCsrt ed
termnal. 36. A base station.in a nultiple-input nmultiple-output (MMO 2
comuni cat fthes3ssecdpipd dernded dptagtreamypl ural ity of front-end processors
configured to process a plurality of signals 4 received froma plurality
of termnals to provide a plurality of received synbol streans; at |east
one receive pro8kssoThe bagel eatidnooft dieinf B2invhezeid the qualis estmateds cuendiggilr ed 6

to process the received synbol, s to provide a pJurality of decoded
dat & St& ealfEIoISERIBR T EPlE Wac@i*ﬁﬁ?f%rﬁ%q &&ngg éywbal 8lr5any afier $abeleesi ng
stages, eaghstiaRs6@Rfhgured 8 to process input symbol streams to provide
a respective decoded data stream and derive channel state information
(CSl) associated with the decoded data stream 10 a schedul er configured to

receive the CSl,, select,a set. of .one re.termnals for data . .
trans ssion on*the GF PR Saie8ios Aim 38, FRergirehe Sl ot pr Blos SRS Por ¢ he
one or 2 12pimetesefd? Cabll stigétod Rathiinal aREludésoy idgR RteSRedet QataOltrehMeioOhe OF
nore selected termnals and a set of one or nobre transm ssion paraneters

for each sEpnssier bytheisplgrtedfgrminad. a transmit processor configured to
recei ve and process the schedule for transmssion to the plurality of
terminals, and WO 02/ 093782 PCT/ US02/ 15300 47 16 wherein the one or nore
data streans fr®jn eaThe bsskaeitiod of elaith 28] whsreinatlapétiof ®hy or more transmission

2  parameters for each selected terminal includes a coding and modulation scheme to be

used for each data stream to be transmitted by the selected terminal.

36. A Dbase station in a multiple-input multiple-output (MIMO)
2 communication system, comprising:
a plurality of front-end processors configured to process a plurality of signals
4 received from a plurality of terminals to provide a plurality of received symbol streams;
at least one receive processor coupled to the front-end processors and configured
6  to process the received symbol streams to provide a plurality of decoded data streams,
each receive processor including a plurality of processing stages, each stage configured
8  to process input symbol streams to provide a respective decoded data stream and derive
channel state information (CSI) associated with the decoded data stream;
10 a scheduler configured to receive the CSI, select a set of one or more terminals
for data transmission on the uplink, assign a particular order of processing for the one or
12 more selected terminals, and provide a schedule for the one or more selected terminals
and a set of one or more transmission parameters for each selected terminal; and
14 a transmit processor configured to receive and process the schedule for

transmission to the plurality of terminals, and



processed prior to transm ssion based in part on the set of one or nore
transm ssion 18 paraneters for the selected termnal. 37. The base station
of cl ai m&6,02mhF8EI n each processing stage except a | ast PeTaSayes3nncl udes
a channel processor configured to process the input synbol streanms to
provide a 4 decoded data stream and a interference canceller configured
to derive the nodified synbol streans based 6 on the decoded data stream
and the input synbol streams. 38. The baye station of claim 37, wherein
each proceSS| ng stage includes 2 a channel quality estinmator operative to
estimaflé a qual iwhereih thhena eropomsrdain st@;imbéronzea@aaﬂep@dd@mm@ atrmda@BVelfyor

t he associ atred dﬁcodéad ta st ronﬁ‘% 39 ]a'lq f @tl on _of claim 38,
wherein thé ¢h e?ncf f%nﬁmésssf (i) e 3 fn 8rS§ © gn?gré%qu&gpgn{sngn
si gnal 980- qﬁrm@kw&msg@é&@dmﬁm atio (SNR) for the recovered synbol
stream 40.:. Atermnal in a nultiple-input nultiple-output (M ND)

communi cation 2 system conprising: at |east one front-end processor

confi gur _ed to pr o|es S{T?et balsg gt%%im? élgcl%‘la‘r? % V\?ﬁerélh%gall ro%estsﬁgr%é) X! eQEeé)gta ILs?aSt

one received sy strean] a ON& Teceive pPocess to the
at | eas2 oneagklimide’nd processor and 6 configur ed to process the at | east
one received symbol streamto recover a schedule for the termnal, wherein
the schedul e i nc TIBNElProgeasE £PR{EITE tyPi98esE ita NRRL $ymRe! Stigams, QIPIPYidganhi ch
the terpgi nq{ecb&d%paesq&ggldaﬁ(gr data transm ssion and a set of one or nore
transm ssi on paraneters to be used by the ternmnal for the data

transm ssi on; 1Q iatdrfcansaicangellacansignreddnidegue thed haodified eynaleol atrdamadbpedvel y
process_.dat a i SSI i ce with the set of one or nore

d
transm 8si G ¢ b%ﬁ%ﬁ?g{a itg‘sg?s?ldgg‘?éaﬁgﬁ&ﬁrﬁyﬁﬁﬁl &P nal is one of one or nore

termnals included in a set scheduled for data transnmi ssion in the

partlcular time interval, and wherein the set of one or nore WO 02/093782

PCT/ US02/ 15300 388 14Therans statien efoaien 3B avhersin d@qh@rommgs@sfp teludes sel ect ed
m nal.s bhase evalua
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one or nor &ymbol stream to derive the CSI for the associated decoded data stream.

39. The base station of claim 38, wherein the channel quality estimator is
2  operative to estimate the signal-to-noise-plus-interference ratio (SNR) for the recovered

symbol stream.

40.. A terminal in a multiple-input multiple-output (MIMO) communication
2  system, comprising:
at least one front-end processor configured to process at least one received signal
4  to provide at least one received symbol stream;
at least one receive processor coupled to the at least one front-end processor and
6 configured to process the at least one received symbol stream to recover a schedule for
the terminal, wherein the schedule include an indication of a particular time interval in
8  which the terminal is scheduled for data transmission and a set of one or more
transmission parameters to be used by the terminal for the data transmission;
10 a transmit processor configured to receive and adaptively process data for
transmission in accordance with the set of one or more transmission parameters, and
12 wherein the terminal is one of one or more terminals included in a set scheduled

for data transmission in the particular time interval, and wherein the set of one or more



2 transm ssion paranmeters includes a coding and nodul ati on schene to be
used for each data streamto be transmtted by the term nal.
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14  terminals scheduled for data transmission is selected from among one or more sets of

terminals based on performance evaluated for each set.

41.  The terminal of claim 40, wherein the recovered set of one or more
2  transmission parameters includes a coding and modulation scheme to be used for each

data stream to be transmitted by the terminal.



