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COVMUNI CATI ON SYSTEMS BACKGROUND Field [1001] The present invention

rel at es gwpasabdsyl1 t o data communi cation, and nore speci fipcalusp2/41056
techni ques for allocating resources in nultiple-input nultiple-output
conmmuni cation systens that utilize orthogonal frequency division
multiplexing (i.e., M M>OFDM systens). Background [1002] A

mul ti pl e-input nultiple-output (MM comrunication system enpl oys

mul tiple (NT) tr .t a b f&tfb %ﬁre ive antennas for
transm ssi on of %Qﬁkﬁﬁe&ﬁﬂ &“ 'i' & . O«Fm/Lystem

i npl ementation, at any gi (&0 NIC?&TIQHQI SV SI'RNN eans are used for
a comuni cati on between a multiple- antenna base station and a single

mul ti pl e-antenna term nal. However, in a nmultiple access conmmunication
system the base station may al so ¢ rrently communi cate w th a nunber
of termnals. In this case, each &K&kas enpl oys a sufficient
nunber of antennas such that it can transmt and/or receive one or nore
data streans. [1003] The RF channel, between the nultiple-antenna array at
the base stgid®n and the nultiple-antenna array at a given termnal is

referred to as a M MO channel. The M MO channel formed by the NT transmit
and NR r ecelM81hnt eFivapresany ineenier aplpiss eagnedally do Niatd pelepwinitetion, cindnmeies,,
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a di mensi onconi@nivhia systdredniiea mutifiv.© \GrtlegdrAp ey echcyedil RidaARRipldend (i.e.,

i ncreased transm ssion capacity) if the additional dinensionalities created
by the nul MIMQQERMs¥#temghd recei ve antennas are utilized. [1004] A

wi deband M MO system typically experiences frequency sel ective fading,
which is characterized by different anmounts of attenuation across the

syst em bandBackdroundhi s frequency sel ective fading causes inter-synbol

interferenc [),,which i.s a henonenon eby each synbol in a
recei ved si @r?&#ﬁaz:t% né tlg'ieé’f‘?}fttlf‘@lﬂp 00%%5@)3@/2@2 C%@“E@?CBB fystem employs
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performance by i npacting the ability to correctly detect the receive
symbol s. multiple independent data streams. In one MIMO system implementation, at any given

moment, all of the data streams are used for a communication between a multiple-
antenna base station and a single multiple-antenna terminal. However, in a multiple
access communication system, the base station may also concurrently communicate
with a number of terminals. In this case, each of the terminals employs a sufficient
number of antennas such that it can transmit and/or receive one or more data streams.
[1003] The RF channel between the multiple-antenna array at the base station and
the multiple-antenna array at a given terminal is referred to as a MIMO channel. The
MIMO channel formed by the Nt transmit and Ny receive antennas may be decomposed
into Ns independent channels, with Ns < min {Nt, Ng}. Each of the Ns 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 transmission capacity) if the additional dimensionalities created by the
multiple transmit and receive antennas are utilized.

[1004] A wideband MIMO system typically experiences frequency selective fading,
which is characterized by different amounts of attenuation across the system bandwidth.
This frequency selective fading causes inter-symbol interference (ISI), which is a

phenomenon whereby each symbol in a received signal acts as distortion to subsequent



[ 1005] Orthogonal frequency division nmultiplexing (OFDVM may be used to
conbat | SI and/or for sonme other purposes. An OFDM system effectively
partiti orwotobesssveral | system bandwi dth into a nunber of PCHR)Sot/#E60LENCY
subchannel s, which may be referred to as subbands or frequency bins. Each
frequency subchannel is associated with respective subcarrier on which
data may be nodul ated. The frequency subthannels of the OFDM system may

al so experience,frequenc el ective fading, .depending on the . .

Char act or 1 soRtly e SR Ralal oKy BhPh o5 EBAAN neasm et inmncring the
bet ween t heatili@ns GbirectRNibtdcCARI¥QivAl Sk, Wth OFDM the 1Sl due to
frequency selective fa mgi may be conbated by repeating a portion of each

OFDM synbol [1005k. | Qifened] Arpauensyddivisiop mafliipexing (@EPM)ORBNbS y3ed 60 pombat i s
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each spatial subchannel may be referred to as a transni ssion channel. Up
to NFNS tralifs#fi sthbapdsc o fisapencieiing e Fachiffeanencyt sibchapachis awpgiaigweith @onent
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and each t ethaiOHEDM yyictalnay alsx peperenaefeglichée selattivel fakingh depeatiag i thes and
may t hus be assocj at eé V\n%éh different  transm ssion capabilities. Moreover,
each spat i dfNEAFHENEFSHS RS TUlipatR Prafile)esti the BEOPag3IOR RafE hetwapms Hiei ABSIH i ng,
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Efficient use af avai l abl.e resources and hi gher throughput may be
achi eved ifoteﬁ‘g'l ﬂﬁ@é@‘&ﬁ?lgﬁ%’s kWO S &t on channel s are ef fectively

al | ocat ed suebelt hatrol A ASRIORSNBR! thatHnH 1K d)iqzﬁﬂg.b,x aMIMP-OFPM sysgdmpPizone
or nore termnals inthe M OFDM system [1008] There is therefore a need
in the art freguenescsibichuwslstage availsbletfor e rthe Nsi spatéal sNbBnGRON 8 MIMGh t 0
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frequency "signatures"” of the termmnals. In a MM> OFDM system each

"active" t ey giuen gwsiant fior cmmunications hétwsemn thel muliiplarpaiomiankpase istation randr val
may be assotﬁé %{u?tgplg\éa% en;[la{ %?r%nqlia .Si on
[1007] The MIMO channel between the base station and each terminal typically
experiences different link characteristics and may thus be associated with different
transmission capabilities. Moreover, each spatial subchannel may further experience
frequency selective fading, in which case the frequency subchannels may also be
associated with different transmission capabilities. Thus, the transmission channels
available to each terminal may have different effective capacities. Efficient use of the
available resources and higher throughput may be achieved if the Ng-Ns available
transmission channels are effectively allocated such that these channels are utilized by a
“proper” set of one or more terminals in the MIMO-OFDM system.
[1008] There is therefore a need in the art for techniques to allocate resources in a

MIMO-OFDM system to provide high system performance.



channel s having different capabilities due to different |ink conditions
experienced by the termnal. Various scheduling schenes are provided
herei n t oveaBesi87a "proper” set of one or nore term nal sPCOUSHASES6
transm ssion on each frequency band and to assign the avail able
transm ssion channels to the selected term nals such that system goal s
(e.g., high throughput, fairness, and s on) are achieved. [1010] A
schedul er may be designed to formomk sets of termnals for
possi bl e (downlink or uplink) data t ton for each of a nunber of

cor responds TR nylornagr e s B B8 0b AR EATK i BRd EEl R ion

cor r espondsot theadogwndinR antl/od mpligk based en filiegpaaaicand/ Y amyelsinhfirdsh @ f the

M MO- OFDM Sést em The scheduler may further formone or nore

sub- hypot he$88Ialy  edeha nYHMPEHRM sgytempecagbwndativk’  ©aminak udeshingotdatssi s
may corres : Clf 1 focsifiog nt e . 1 {: as at
t he base st g%li&g]rllgs(??f)q? héeIic o] 8 or gngg}e% %@?lﬁlglng?&ﬁ% %Sﬁgélﬁt%%g\gﬁg]sﬁ%ngﬁﬂ%%) qu or

t he upli nk, cleanéls bavinp diftdrtre chpabilities duots diffecond lihk condipess dxipericicd@ by tier
processing the uplink datg transmssions fromthe one or nore termnals in
t he hypot hetsep"s“.nal?“h&n agaps sricdhiing phemsy aresRIBVINeH derrins e sqlect & HEAPEY setuelt ed
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metric indicative of the overa hroughput for t rmnals I'n

hypot hesi s) avaiale tymbmisgivnt dhesiads tes thehsetected| teriedlsfsoch deat Isystemogoatscie.goand
based on t[}@ ﬁ\{al Uﬁ;{t?e? performance, and .the one or nore termnals in each
sel ected subBRYPSRSHPUFJaitpess and 50 OBl HE EEYEY or data transnission on the
cor r espondi [19010F equeRrededaRtnay b Hbkigh&tE t6 @rnPon® R Rbre"REE of Wi $or
schedul ed for E']_Sqdownl ink or uplink) data transm ssion on each frequency
band nay i regssite (devenliskeorsppink) elatd framsspissiorns fergeash off aMpumbeniofi frequendyt i pl e
M SO term | hat | I SO . an MM termpals. A SIMO
Verntnal 1 ooy Bho OIS ond b Boreulile Aanihs 30 coMipghlo L Biget
subchannel torbetdvaluelOEEDIHeqysics Band dotvdtbeidsatnl @ysp flibid ¢ iBoegeGu¥Rty
antennas and,a single transmt _antenna, a MSO termnal is one utilizing a

si ngl e recefuPehanapls dm the MAMQ-OEDM systerpa Abasehsrvlar ey (fihes domn engey more
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features of the invention are
one or more terminals in the hypothesis. The performance of each sub-hypothesis is

then evaluated (e.g., based on one or more performance metrics, such as a performancé
metric indicative of the overall throughput for the terminals in the hypothesis). One
sub-hypothesis is then selected for each frequency band based on the evaluated
performance, and the one or more terminals in each selected sub-hypothesis are then
scheduled for data transmission on the corresponding frequency band.

[1011] The set of one or more terminals scheduled for (downlink or uplink) data
transmission on each frequency band may include multiple SIMO terminals, a single
MIMO terminal, multiple MISO terminals, or a combination of SIMO, MISO, and
MIMO terminals. A SIMO terminal is one scheduled for data transmission via a single
spatial subchannel in the MIMO-OFDM system and which employs multiple receive
antennas and a single transmit antenna, a MISO terminal is one utilizing a single receive
antenna to receive a transmission utilizing a single spatial subchannel, and a MIMO

terminal is one scheduled for data transmission via two or more spatial subchannels.



descri bed bel ow. The invention further provides nethods, conputer products,
schedul ers, base stations, termnals, systens, and apparatuses that

i npl enentwoaBiosessl aspects, enbodi nents, and features of Pk&/USnverTsé on, as
described in further detail below BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 1013] The features, nature, and advant ages of the present invention wll
becone nore apparent fromthe detail ed description set forth bel ow when

taken in copj ' ith .t drawi ngs in which . li.ke reference characters
denti 1y coPtaaME MY Sriio B RERaY e a1t orpeiol (RERERS

di agram of wanlik W6 GtPManyEissioh. [MHR1AIailkhIE tradsinfssdnl dhanhdli %&r@sﬁ?éﬂéd % B{eocess
to schedule termnals for dowmmlink data transm ssion; [1016] FIG 3 is a

fl ow di agr aeimmals spelvthatthesystemsgogls arg aphégvied- antennas to termnals using a

"max- max" Cght sy i o [ 1017 I 4 1s a.flow diagr for riority-based
downl i nk sclﬁg%%]l i ngb eé%%e#e‘lar%hlga«%efksa empp dlél%enﬂ?r a%fig{ﬁn%tg{es polfi{lit ?ﬂvﬁntﬂ%} Mi®nal s
i's consider@dciityd delwdul Thg; ifvéRl®] fihther pravided ietodd] a@hpiedl pRAREOCESS

to schedule termnals for uplink transm ssion; [1019] FIGS. 6A and 6B are
f1 ow di agr aivBeqduders: hase sirtioassieyminglsn sxieras. iapd appewiuses thasipplemenh yadetsenes

wher eby t he esst er, .t [ e . an _or set term nal s
and (2) det%P%%e%ﬁ%%@ggﬁg’n%?%zfe%ao%? -%P@%elgggrgw Nﬁg,&gég%gcﬁ (f/e hf/”;f d?’%g?ZO]
FIG 7 is addww di agram for a priority-based uplink scheduling schene
whereby a set of NT highest priority termnals is considered for

schedul i ng; [1021] FIGS. 8A and 8B are bl ock diagrans of a base station and

two terninals f d i i t LS SiRA tively;
[1022] FIG 6 19 a b BRIEN IBESCRIPTIOAS G THIE DRAWINGSEPPE . VoL
and [1023] by 1GheanstuddBnanR, Rh@alvakaRs %@’&h@fprésw AVRRdL R SecBe?

receiver wunit without and with successive cancellation receiver
pr ocessi ng, MpEsEppateny Epy thpdetded S riptipcTetfach /belops @he tabEm An cEmjunction

D LV H5L Bt 47,01 Al T O AR R ™
mul ti pl exi n@rdighéut,and Wwebdth: OFDM systen). M MO- OFDM syst em 100 enpl oys
mul t4i ple ( [\ER}I‘E]r an%rln('}j[l ?sna{[ deiggrgrsn of a MIMO-OFDM system;
[1015] FIG. 2 is a flow diagram of a process to schedule terminals for downlink
data transmission;
[1016] FIG. 3 is a flow diagram of a process to assign transmit antennas to terminals
using a “max-max” criterion;
[1017] FIG. 4 is a flow diagram for a priority-based downlink scheduling scheme
whereby a set of Nt highest priority terminals is considered for scheduling;
[1018] FIG. 5 is a flow diagram of a process to schedule terminals for uplink
transmission;
[1019] FIGS. 6A and 6B are flow diagrams for two successive cancellation receiver
processing schemes whereby the processing order is (1) imposed by an ordered set of
terminals and (2) determined based on the post-processed SNRs, respectively;
[1020] FIG. 7 is a flow diagram for a priority-based uplink scheduling scheme
whereby a set of Nt highest priority terminals is considered for scheduling;
[1021] FIGS. 8A and 8B are block diagrams of a base station and two terminals for
downlink and uplink data transmission, respectively;
[1022] FIG. 9 is a block diagram of an embodiment of a transmitter unit; and
[1023] FIGS. 10A and 10B are block diagrams of two embodiments of a receiver

unit without and with successive cancellation receiver processing, respectively;



and nultiple (NR) receive antennas for data transm ssion. M MO OFDM system
100 may be a multipl e-access communi cation system havi ng one or nore base
st ati ons WB®p/05880Y t hat can concurrently comruni cate w t h POCRAIS0L/41T66 €
termnals (T) 106 (only one base station is shown in FIG 1 for
sinplicity). The base stations may also he referred to as access points,
UTRAN, or sone other term nology, and the termnals may also be referred
to as handsets, nobile stations, renote stations, user equipnment, or sone
other termnology. [1025] Each base station 104 enploys multiple antennas

and represents the nultiple-p %ILEJ? mﬁt F%Q%pvgu@g\lt ransm ssions fromthe

base station to the termnals tput (MO for uplink

transm ssi of1924T omEIGe 1t ¢4 @i ﬂﬁgﬁnﬂ of tahenuddse-infhik ahieiple-Sutp@t cthmoni@atdsn nor e
"comuni cating” termnals 106 collectively represents the nultiple-output

for downl i niystamard&fi taf Bikzesrerthogenahfrequeney dhiptien fr@frltlnlsmngk(l e., a MIMO-
transm ssi OB%P é{éﬁg Wb’blsﬁlvf%}%g@%@@? /‘%{qﬁ'?u@] ﬂ%\&eﬁ t20Emit hcl%tennas

transmts and recei ves user-sp base station, and
an "active" artcbmntltqﬂé (Np) reoeive hatennabefor e tekoiamlidsivn. aNOMo- OI@MFSK'stéﬁilt B0
transm ssion in an upcomng or future tinme sl ot Active ternmnals ma

i ncl ude t erMRRReS I{lwgpleaac@ewowmsﬁueaﬁﬁsjﬁné@ﬁnﬁ@ne[omm basgrstatioas €x 2l

e
shown in FI n t nal s
1068t hr ougl s 8L OE Eorheh S ARA PR r nERTRIRLGR] €6 1o GnfEi®
ant ennas avbast abitionas shdven aEKS. sltﬁvhsmmlwngl) t be base statioms meryamscebnreserred
avai l able at each co term nal. Term nals,K 106e through 106h nma
recei ve pil Q% a&ﬁ?fﬁé’r"mt%wg@ngw%at FhieBrme qg@na]?dréﬁ] Ea1§P'g‘§’ %%?6%
(as indi cat@riid tbhe HiAsRed ndbie SiatioRd remate Stdihs tlfs@lnéc[ﬂq%ﬁlérﬁgopgoﬁee&ﬁéﬁ’ i ng
user-specific data to/fromthe base station. [1027] For the downlink, the

base stati ogrmaimelagys NT ant ennas and each comrunl cating termnal enploys 1

e N B Y e e LA RO S

formed by t maltMe-Iﬂpaﬂ SV} forrdoRmNiak tRAshniNRohe ey thedbise RR:ESN T8 Yhd R rminals
deconposed into Ns independent channels, with Ns < mn {NI, NR}. Each such

i ndependenta@h@ﬁﬁ@ﬂlumfyomﬂr@ﬁ@ farcnpligk dgngmissiong Arons theciesmingls tefthe hasem MO
channel . ViR 034 0988t BRI oHRR 4 1R GplO B! 100\ B0 MlrestiE U

of receive antennas at a communi C 681" great er
t han t he numbRiplebdutpuianem Hownltign ntaahsﬁhssidme laad e thes trﬁtllltlphs—lﬁlpute for Niplink NT) .
For such a term.nal, Ig?e] nunber, of spatial subchannels is Ilimted t he

number of tWENTERESIONSntahHsed hereipna comarmicating fminal i opg, fhat trapsnaifsand/or

receives user-specific data to/from the base station, and an “active” terminal is one that
desires downlink and/or uplink data transmission in an upcoming or future time slot.
Active terminals may include terminals that are currently communicating,

[1026] For the example shown in FIG. 1, base station 104 concurrently
communicates with terminals 106a through 106d (as indicated by the solid lines) via the
multiple antennas available at the base station and the one or more antennas available at
each communicating terminal. Terminals 106e through 106h may receive pilots and/or
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.

[1027] For the downlink, the base station employs Nrp antennas and each
communicating terminal employs 1 or Ny antennas for reception of one or more data
streams from the base station. In general, Nr can be any integer two or greater. A
MIMO channel formed by the Nt transmit antennas and Ny receive antennas may be
decomposed into Ng independent channels, with Ng < min {Nr, Ng}. Each such

independent channel may be referred to as a spatial subchannel of the MIMO channel.



term nal comunicates with the base station via a respective M MO channel
formed by the base station's NT transmt antennas and its own NR receive
ant ennas.wblosesssry even if nmultiple nmulti-antenna term n2CI/B0R4566 ect ed
for downlink data transm ssion, only Ns spatial subchannels are avail abl e
regardl ess of the nunber of termnals receiving the downlink transm ssion.
The termnals to be considered for downl ¥Fnk data transm ssion need not all

be equi ppe Lt equal . nupber. of receive aptennas. [1029] For the .downli nk,
t he number d[(m&%]ece%\gét %t({étévﬁifgg’afhean ﬁﬂuﬂf]ég‘ieﬂ‘f?g am%@?aﬁi af SN ge

| ess than t@gnidnkay Héfeqﬁslﬁlaﬁﬁéﬂ greddt aRAake ahmbBeobAaRnSt ahtbihs (dk 1K baseNR <
NT). In particular, a MSO termnal enploys a single receive antenna (NR =

1) for dowthtiank(idatMr & Bhsni Fei euch Theniinale tiet aumber ofagpatinkesubehginels iseam

steering and . space, division.nultiple access DVA) to C ni cat e

si mul taneoﬂme‘gnﬁy e nHH’rs‘i‘ﬁ’éf’f tr&f‘srm?%ef‘_ﬂ?wtnﬁ‘%ﬁ?asﬁga&é?gcr % @B@FW“PIOSO]
For the uplikinaPRphmGRERE iR ihdBast 8falbA Ha MRYp&INE AMOThAHE g B2  Or
mul ti pl e antennas for uplink data transm ssion.” Each termnal may als

utilize al Ithebasosthtors Nibtrensngf antesnasvanid isbbwnaNi eensine drdennapl iHdwever,

transm ssion. At _an (Y ment, .the NT transmit.antenn or t.he uplink
are formed eﬁ?nd% Imué%?lgﬁﬂ@gl"%geélaa 6?}11'%328 8t° ?%?Cgedgg%n‘?ﬂwt‘@&‘?%{fﬁ%ﬁ%ﬁﬁ%s.
The M MO chaimpel; ispatidlesubcRaniel B¢ hEIaDIE tdeanBesst of MY Q0AdSr fof ABiAinhls
communi cating termnals and the base station's NR receive antennas. The

nunber of SEeRiviag the dewmalikeiransmissiany Thedemyinglydo ha spesidesed for slewnlink data

ant ennas, i - i i m ‘ t [ [ i nt ennas at
t he base s%n:g%lﬁlssﬁﬂ.&g% HRfsEﬁLﬂ’_é %u?ﬁ%?%th %W%Qﬁecﬁﬁ% %hé , the
"spatial si[d029lur eFor aks aoivalirk] thiet hudbdrf 6f eddeivice hnfeigds Satas eonguyliitingd t o

allow multiple term nal i’ to oger ate simul taneously on the sane channel,

whi ch nay Hemaingl may alsgde lessithangifie muipbsaaliransmibaiieniig Ahthe baghsatien 66 A
spatial si thi € 1. Rl i ' 1

pr opagat i onﬁggtwﬁlr)bgt? 5121%&1 e,tg?ﬁlsﬁ ansmaﬁgﬁlgcgf\%gﬁ{ﬁgﬁﬁé’ég{éﬂf@%@beerﬂgfsoéd for
dat a t r ansndaygilisk da@rirankmisdionn| Thek baset betiepandyakheni gmployr Bemmrateeting dadi ved

at the termnals and reported to ase statjon.. The base station may
Chen pr ocesbrh B BEAE Segideila) Bt CudhlbicRe simiines M mitnber
transm ssi 4f MISO REMERANE a6 hBABAd bedd\. t 0 derive nutual ly "orthogonal "
steering vectors WD 03/ 058871 PCT/ US02/ 41756 7 for each of the independent
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term nal s fgilly datibset of its available antennas for uplink transmission. At any given moment,
the Nt transmit antennas for the uplink are formed by all antennas used by one or more
communicating terminals. The MIMO channel is then formed by the Nt transmit
antennas from all communicating terminals and the base station’s Ng receive antennas.
The number of spatial subchannels is limited by the number of transmit antennas, which
in turn is limited by the number of receive antennas at the base station (i.e., Ns < min
(Nt , NR)).
[1031] With SDMA, the “spatial signatures” associated with different terminals are
exploited to allow multiple terminals to operate simultaneously on the same channel,
which may be a time slot, a frequency band, a code channel, and so on. A spatial
signature constitutes a complete RF characterization of the propagation path between
each transmit-receive antenna pair to be used for data transmission. On the downlink,
the spatial signatures may be derived at the terminals and reported to the base station.
The base station may then process these spatial signatures to select terminals for data

transmission on the same channel, and to derive mutually “orthogonal” steering vectors



transm ssion and to further process the transm ssions fromthe schedul ed
termnals to separately denodul ate each transm ssion [1032] If the

t er m nal swerog/08830i pped with nultiple receive antennas suclrCrhEsp2/415 > NT
then the base station does not need the spatial signatures of the termnals
in order to obtain the benefit of SDVA. _All that may be needed at the base
station is information fromeach terninal indicati ng the "post-processed”

SNR i d with th i f tati t it .ant ,
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transmt antenna, as descri bed bel ow. used herein, a S
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‘ transmission from a single transmit antenna at the base station, and a MISO terminal

may receive a data transmission via a beam formed by the Nt transmit antennas at the
base station. And for the uplink, the SIMO terminal may transmit data from one
antenna at the terminal.
[1034]  For the MIMO-OFDM system, each spatial subchannel is further partitioned
into Ng frequency subchannels. Each frequency subchannel of each spatial subchannel
may be referred to as a transmission channel. For both the downlink and uplink, the Nt
transmit antennas may thus be used to transmit up to Ng-Ng independent data streams on
the Ng'Ns transmission channels. Each independent data stream is associated with a
particular “rate”, which is indicative of various transmission parameter values such as,
for example, a specific data rate, a specific coding scheme, a specific modulation

scheme, and so on, used for the data stream. The rate is typically determined by the

capacity of the one or more transmission channels used to transmit the data stream.



may share the avail able spectrumvia tinme division nultiplexing (TDM. In a
"pure" TDM schene, a single termnal nmay be assigned the entire system
bandw dt wowg/ofssr1 each fixed time interval, which nay beprcefusoredsé o as a
time slot. Terminals nmay be scheduled for data transm ssion by allocating
time slots on a demand basis. Alternatiygely, for this OFDM system it is
possible to assign only a fraction, NA of the NF frequency subchannels to

a given termnal for a given ti mlﬁlﬁégg:dﬁ§¥gﬁhiﬂﬂg the remaining (NF -
NA) frequency subchannels in th ' ai |l abl e to ot her
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these faded subchannels. However, these same frequency subchannels may have high

SNR for another terminal in the system since the RF channel is likely to be uncorrelated
from terminal to terminal. If a scheduler has knowledge of the SNR for each active
terminal and for all N frequency subchannels, then it may be possible to maximize
system throughput by allocating each of the Ng frequency subchannels to the terminal
achieving the best SNR for that subchannel. In practice, certain minimum performance
requirements typically need to be met for all terminals so that the scheduler would need
to observe some fairness criteria to ensure that the terminals in the best locations do not
continually “hog” the resources.

[1037] The pure TDM scheduling scheme described above can assign time slots to
terminals that have favorable fading conditions. For improved performance, the
scheduler can further consider allocating frequency subchannels to terminals in each
time slot and possibly allocating transmit power per subchannel. The ability to allocate
transmit power provides an additional degree of scheduling flexibility that may be used

to improve performance (e.g., to increase throughput).



total nunber of transm ssion channels is thus Nc = NFNS. For the pure TDM
schene, the Nc transm ssion channels may be allocated to a single term nal
for each wpr/osdsot . [ 1039] The Nc transm ssion channel s may/use2/aysoci at ed
with different SNRs and nay have different transm ssion capabilities. A
fraction of the transm ssion channel s rrgy achi eve poor SNR. In one schene,
addi tional redundancy (e.g., a lower raté code) nay be used for the
transm ssion channels with poor SNR to achieve the target packet :error
rate (PER). The additional redundancy effectively reduces throughput. In

anot her schene, sone or all Siisld-UISer VANRDIGEDNNS¢diamnel s wi th poor SNR nmay
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in order tardnlmiti€enna. In this way, transmit power is not wasted on transmission channels

that provide little or no information to allow the receiver to recover the transmitted data.
The frequency subchannel selection and the power allocation may be implemented on a
per-transmit antenna basis whereby (1) all or a subset of the N frequency subchannels
for each transmit antenna may be selected for use, and (2) the transmit power available
for each transmit antenna may be uniformly or non-uniformly allocated across the
selected frequency subchannels.

[1041]  The technique used to process the received signals at the receiver can have
an impact on which transmission channels get selected for use. If a successive
equalization and interference cancellation (or “successive cancellation™) receiver
processing technique (described below) is used at the receiver, then it may be
advantageous to disable certain transmit antennas in order to increase throughput on the
link. In this case, the receiver can determine which subset of transmit antennas should
be used for data transmission and can provide this information to the transmitter via a

feedback channel. If the RF channel experiences frequency selective fading, then the



t hroughput. Ml ti-User M MO OFDM System [ 1042] Various techni ques are
descri bed above for (1) allocating different frequency subchannels to

di fferentwODesnsssal s in a nulti-user OFDM system and (2) &Clrasar/irge

transm ssion channels to a single termnal in a single-user M M>OFDM
system These techniques may al so be used to allocate resources (e.g.,
transm ssion channels and transmt po to multiple termnals in a

mul tipl e-access, M MO OFDM syst Vari ous schedul i schenes be
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resources may be allocated by selecting the "best"” set of terminals for
dat a transneisiansmitsygennagde use gh a berolredysocy avlehhenned basis oo lvederdoiimprave ar e
achi eved. V%t Ql hr equency sel ective fading, the resource allocation may be
per f or med o1 E8Rth group of one or nore frequency subchannels. Resource
allocation for each fractional portion of the overall system bandw dth may
provide additional gains over a schene that attenpts to nmaxim ze

t hroughput on the total systMulbHsexMIMO,QHDMSystem as woul d be the case
for a singl rri | ; 4] . f ] m.bandw dth is
treated as gog?hngl Zf %g@&ﬁ%@ﬁ%ﬁ%‘% ﬁéﬁ%gﬁ%d %ﬂqvetfglg(l? %ﬁ%gagl}igéﬁée?%nat?feﬂg?m& MO
system, thabclidn@elsasidifferent tdegiinadd id armukiakssr UM &)tent) eansic(2g dlbedinigo
transmt sinultaneous|ly is equal to the nunber of spatial subchannels,

whi ch is Nsiraasmygsipny ghannglsyto prsingle tegpypalningandneleueer MIMQQHRM; systeone
frequency $ha Sicduf Ao bo t . I

nunber of termgﬁﬁc?]slélt%g%aynaio Be L%%%%ﬁeé%eg%{%%'%” {S}IS%U '%gg%l{ergﬁésﬁgﬁ} s NF
- NS , si ncandepansmitr povesr) s muiltiple ermiedls {n a enyltiglae@hcdss AIMOFBMbsseemmel of
each spati subchannpel ) be allocated to a different termnal. And if
the ‘syst em Bt HEHUTDEADVBRUTIN G 195 GFOpSebIEve HalBiHy aBawmsh el o,
then the megj1ap tAERRE FobsibIgToMed ¥ chinighad fo Bk MBlHSEREANiRAmehO transm t
simul taneously i's NG , since each frequency subchannel group of each
spatial subdf4¥inel Thaysystenalresoveaeedmay be dilddatedehy sedactingahe ‘bestt heet mfber
of termnals__.is l.ess.than the maxinim.n er permtted, then multiple
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M MO OFDM zﬁ‘/}stem In a MMD node, all spatial subchannels of a particular
frequency sOpernE®UDERNS Oramereaitegieac: ucharnals. ngResouvsavallacation dey each

Miltiple M ﬁ@ti&)ﬁﬁrgo%é of Th¥é o%rreiallll S}}Qt%m bandwidth may provide additional gains over a

scheme that attempts to maximize throughput on the total system bandwidth basis (i.e.,

as would be the case for a single carrier MIMO system).

[1044]  If the entire system bandwidth is treated as a single frequency channel (e.g.,
as in a single carrier MIMO system), then the maximum number of terminals that may
be scheduled to transmit simultaneously is equal to the number of spatial subchannels,
which is Ns < min {Ng, Nt}. If the system bandwidth is divided into Ng frequency
channels (e.g., as in a MIMO-OFDM system), then the maximum number of terminals

that may be scheduled to transmit simultaneously is N -Nj, since each transmission

channel (i.e., each frequency subchannel of each spatial subchannel) may be allocated to
a different terminal. And if the system bandwidth is divided into Ng groups of
frequency subchannels, then the maximum number of terminals that may be scheduled
to transmit simultaneously is N - Ny, since each frequency subchannel group of each
spatial subchannel may be allocated to a different terminal. If the number of terminals

is less than the maximum number permitted, then multiple transmission channels may

be allocated to a given terminal.



supported concurrently via the NG frequency subchannel groups. In an N SI MO
node, the Ns spatial subchannels of a particular frequency subchannel
group arewealBossred to a nunber of distinct SIMO term nalPgT/uso/m7é@ch Sl MO
term nal being assigned one spatial subchannel. A given SIMO term nal may
be assigned one or nore frequency subchannel groups of a particular

spatial subchannel. In an N-MSO node (which nay also be referred to a
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channel to increase transm ssion capacity. M MO receiver processing

t echni ques tﬁ@yﬂnb]em%é’d: eistanRdronehe bagefrsquency subchanesingmipaef agartidular one

or rrultlple term aneausl a_termnal'

per spect | vaPfHa BEnst, cRrd 8 & e mieR oS HATRL b b Rl a P B oc e
NT differ eﬂﬂéquangnaib%harniee gﬁtﬁ@ ey be ABbcdt@l 18 Habmbinktioh of STHCYVINKRG, efnai nal )
or just one of the WSI%QS ng it is a SIMtermnal). |If successive
cancel | at i HIYE: Brisalsy vaemyltiple types of wnpelsomssy opareubosypporied Amy be
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term nal . Andmipty; theh®IIMGD Irrrdde may be supported for the first frequency subchannel group,
the N-SIMO mode may be supported for the second frequency subchannel group, the N-
MISO mode may be supported for the third frequency subchannel group, the mixed
mode may be supported for the fourth frequency subchannel group, and so on.: By
communicating simultaneously with multiple SIMO terminals, multiple MISO
terminals, one or more MIMO terminals, or a combination of SIMO, MISO, and MIMO
terminals, the system throughput may be increased.
[1046] If the propagation environment has sufficient scattering, then MIMO
receiver processing techniques may be used to efficiently exploit the spatial
dimensionalities of the MIMO channel to increase transmission capacity. MIMO
receiver processing techniques may be used whether the base station is communicating
with one or multiple terminals simultaneously. For the downlink, from a terminal’s
perspective, the same receiver processing techniques may be used to process Nt

different signals intended for that terminal (if it is a MIMO terminal) or just one of the

N signals (if itis a SIMO terminal). If successive cancellation receiver processing is to



fromthe base station's perspective, there is no discernable difference in
processing NT different signals froma single MMO term nal versus
processi /yomswsssignal from each of NT different SI MO ter®Chalse2/4{73047] As
shown in FIG 1, the termnals may be randomy distributed in the base
station's coverage area (or "cell") or be co-located. For a wireless
conmuni cati on system the i nk characteristics typically vary over ti me
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array of NHNrpd:@fey@tame]’maﬁﬁmaﬁy be formed at a single SIMO or MN O
termnal (for the N SIMO or M MO node) or at nultiple MSO term nals (for
the N-M SO H888) . AroshoparingfE. dptherriminple mayabes rndoayy éxsmbusadrwhe dageor ned

by the ante G i t e| ve
antenna ar r%%@syg(tﬁgtr%é agéés%)rsgéewgfn&%% b@%é’ lﬁé on ? a)‘%ﬂg](e 300 1'tlhg,at(':(ﬂlannel
response neé:ylsiem ftioar hmlhehdbﬂtd@lmbatypﬁialljz eant dsm:r kintehduef toecpuisity of edeedia Bl

e., the conplex gain) between the

group, and h; e coupling (

{-th transn faﬁﬁ&e%‘?&anﬁ%ﬁﬂ’ﬁ%e fﬁ 3 rPa‘Ft’éBlé‘F \}Est%i’ﬁtléntﬁﬁe’f te fteﬁémﬁ‘i for 2 MBIEncy
subchannel I ne or
nore f requecg%gh@sfabchannel S {g’@%ﬂ??fgg%%éﬂ%ﬁggglg@%%%%ulIg]?}{efcélggggﬁgn&band
of the overmhy beyhirecterizahbyve dbdirix G Nehowg edemérhe agpadonmpoisedbf Hidspedident
design, there may be (1) only one group with all NF frequency subchannel s,
or (2) NF dp#ispign rggdom eaitablegr assupllo®i ng a single frequency subchannel, or
(3) any nunber of groups betmeen 1 and NF. The nunber of frequency
subchannel groups, N e bet 1 and NF, inclusive (i.e., 1
< NG <_ NF). Each g Jhgg @fu3£ ﬁvfﬁﬁ er of frequency subchannel s,
and the NG WO 03/0588 15R€I/UBQZkM1756 A3 (Gr pups may include_the sane or
di fferent numberB&k) eq ncy szchannelshdwb eover, each grBagbmay

i ncl ude any conbi nati of frequency subchannels (e.g., the frequency
subchannel s for a gro hﬁﬂ@@d}th“Be[Bdﬂﬁgﬁﬂ%) o one anot her).

For the downlink, the array of N transmit antennas is at the base station, and the array
of Ny receive antennas may be formed at a single SIMO or MIMO terminal (for the N-
SIMO or MIMO mode) or at multiple MISO terminals (for the N-MISO mode). And
for the uplink, the transmit antenna array is formed by the antennas used by all
communicating terminals, and the receive antenna array is at the base station. In

equation (1), H(k) is the channel response matrix for the MIMO channel for the k-th
frequency subchannel group, and h (k) is the coupling (i.e., the complex gain)

between the j-th transmit antenna and the i-th receive antenna for the k-th frequency
subchannel group.

[1048] Each frequency subchannel group may include one or more frequency
subchannels and corresponds to a particular frequency band of the overall system
bandwidth. Depending on the particular system design, there may be (1) only one group
with all N frequency subchannels, or (2) Ng groups, with each group having a single
frequency subchannel, or (3) any number of groups between 1 and Ng. The number of
frequency subchannel groups, Ng, can thus range between 1 and N, inclusive (i.e., 1 <

Ng < Np). Each group may include any number of frequency subchannels, and the Ng



[ 1049] As shown in equation (1), the NI MO channel response for each
frequency subchannel group may be represented with a respective matrix

H( k) haviwQ oBiesss7NT el enents correspondi ng to the nunber pofi/usez/¢i7se
antennas and the nunber of transmit antennas. Each el enent of the matrix
H(k) describes the response for a respecH:ve transmt-recei ve antenna pair
for the k-th frequency subchannel group. Ftor a flat fading channel (or

when NG =1 ol | : d, f h t t bandwi dt h
(o0 "G or ) aeRPRESY PRy 165 st B iR R e b e St enna
pai r. [ 1050dachrép Mmey iddludePelyaboidbehEioM iof BrREBdcy shbéhaha(et., HRIRINSRy

typically varies across the system bandw dth, and a nore detail ed channel
char act er i zabrhanngisfobe gipgpaeed gt betadjacemity enapmdher). Thus, for a frequency

sel ective f @gag‘ﬁcc %n %LVn & %ugtrl](%" gﬁ! th&r@gﬁ;ﬁang%;{eiséon?% E%z'r n%l%xif%glﬁ?ic%\/i ded

for each fr y “subchannel*"grou Y

response MedubKanndl gidlp maRle ROrdAEM¥d dath 4 Bspbdite Ml HBNRRKng W laneach
el ement of this matrix corresponding to a sequence of values indicative of
t he sanpl edelempntks serregwpdingeao fior n@ambarsqfaetdi vee arteans rantl -the aember @ntaemit
pair. [1051] The receiver may periodically estimte the channel response
for each t#4emast Hash gilgnaeny af dhe anatex rﬂ(%héeséﬁh?ﬁn?he IssROse fsa fespegiive

facilitated in nunber of wa uch.as, for exapple wth_the_use of

bi 1ot ands oFRERSHEYF an St Pt B RulRrnustig SRR elfubngony At Rade
channel estiXRAQS(OFBYh&GORP! L3, bihe c6RPRkeYaYAMS 60aRAE or IRSARAS §y&sh! mte
(e.g., the gain and phase) for each frequency subchannel group of “each

transmt - r egidwedtani.ender PRAINg fragueabpwibdhangsls)ator Wack Wansohfi€edeh@nifénna
estimates provide information on the transm ssion characteristics of
(e.g., whatP¥ata rate is supportable by) each spatial subchannel for each

frequency ﬁlggg(glfggf% eagr ekl l({pélgaﬁlﬁk teﬁbﬁﬁﬁ&rﬁf BRd {;f?ﬁngli %@goergx tglﬂgalﬁhgﬂ‘?e%l

esti mat es 0 a’ post-proces
si gnal -t 0- nairess -tienglystemt barfdwidthc end atriode (SHR) dmhhétaherat@esatonliagy bdededw)

Sorme. ot hertob (i MIVRE CARHEL o INGReloF el UanEIFIEa e BORE1 60l HenerhTFperl 1 of e
tati ot i ey rsg aar AR G R GBv o BEesparfiky, Mbrhueliag "
ot - pr ocecATATERRL 4 FRadel b 6L 308 e BMeoT L R BE BB i on
élcal )si E)Eaé uhg?lg?etgﬁ?f%%%%ﬁﬂl%‘dc}p&eﬁl@ﬁt SARRIMAFix Bt Ponlitn@NS TstdiRhce Fi%¥allds™
indicative of the sampled impulse response for a respective transmit-receive antenna
pair. y
[1051] The receiver may periodically estimate the channel response for each
transmit-receive antenna pair. The channel estimates may be facilitated in a number of
ways such as, for example, with the use of pilot and/or data decision directed techniques
known in the art. The channel estimates may comprise the complex-value channel
response estimate (e.g., the gain and phase) for each frequency subchannel group of
each transmit-receive antenna pair, as shown in equation (1). The channel estimates
provide information on the transmission characteristics of (e.g., what data rate is
supportable by) each spatial subchannel for each frequency subchannel group.
[1052] The information given by the channel estimates may also be distilled into (1)
a post-processed signal-to-noise-and-interference ratio (SNR) estimate (described
below) for each spatial subchannel of each frequency subchannel group, and/or (2) some
other statistic that allows the transmitter to select the proper rate for each independent

data stream. This process of deriving the essential statistic may reduce the amount of



systens, the transmtter nay be able to derive or infer sone of the channel
state information based on transmssion (e.g., a pilot) fromthe receiver
since theweogmssshbe sufficient degree of correl ation betweem/ushz4oon! i nk
and uplink for such systens, as described below. Qher forns of CSI nmay

al so be derived and reported and are described bel ow. [1053] The aggregate
CSl received fromthe receivers may be déed to achieve hi gh throughput by
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of “mutually compatible” terminals that can be allowed to communicate at the same

time on the same channel, effectively enhancing system capacity relative to single-user
scheduling and random scheduling for multiple users.

[1055] The terminals may be scheduled for data transmission based on various
factors. One set of factors may relate to system constraints and requirements such as the
desired quality of service (QoS), maximum latency, average throughput, 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 communication system. Another set of factors may
relate to system performance, which may be quantified by an average system
throughput or some other indications of performance. These various factors are
described in further detail below.

[1056] For the downlink, the scheduler may (1) select the “best” set of one or more
terminals for data transmission, (2) assign the available transmission channels to the
selected terminals, (3) allocate transmit power uniformly or non-uniformly across the

assigned transmission channels, and (4) determine the proper rate for each independent



avai l abl e transm ssion channels to the selected termnals, (3) determ ne
the proper order for processing the data streans fromthese sel ected

t er m nal swQioB/0s4821 successi ve cancell ation receiver proce®€Trupor/ecbhi que i s
used at the base station), and (4) determne the rate for each independent
data streamfromthe selected termnals. Various details of the resource
allocation for the downlink and uplink a]rSe descri bed bel ow. [1057] To
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time slot, particularly if independent frequency selective fading of the Nx terminals is

considered in the resource allocation.

[1058] For simplicity, several assumptions are made in the following description.
First, it is assumed that the average received power for each independent data stream
may be adjusted to achieve a particular target energy-per-bit-to-total-noise-and-
interference ratio (Ey/N;) after signal processing at the receiver (which is the terminal
for a downlink transmission and the base station for an uplink transmission). This target
Ew/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 PER). The
setpoint may be achieved by a closed-loop power control mechanism that adjusts the
transmit power for each data stream (e.g., based on a power control signal from the
receiver). For simplicity, a common setpoint may be used for all data streams received
at the receiver. Alternatively, a different setpoint may be used for each data stream, and

the techniques described herein may be generalized to cover this operating mode. Also,



synchroni zed so that the transm ssions arrive at the base station within a
prescribed tine w ndow. [1059] For sinplicity, the nunber of receive

ant ennas wo 0ta®sisned to be equal to the nunber of transm Pcantsenmerse (i. e.
NR = NT) for the follow ng description of the N~ SIMO and M MO nodes. This
is not a necessary condition since the gﬁglysis applies for the case where
NR > NT. For the N-M SO node, the nunb of receive antennas at each M SO
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transm ssion and assigning the transm ssion channels to the sel ected
termnals allows the scheduler to exploit nulti-user diversity environnent
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terminals may be considered for evaluation, and these terminals may be selected to form
one or more sets to be evaluated. Each terminal set corresponds to a hypothesis. For
each hypothesis, the available transmission channels may be assigned to the terminals in
the hypothesis based on any one of a number of channel assignment schemes. The
terminals in the best hypothesis may then be scheduled for data transmission in an
upcoming time slot. The flexibility in both selecting the best set of terminals for data
transmission and assigning the transmission channels to the selected terminals allows
the scheduler to exploit multi-user diversity environment to achieve high performance
in both flat fading and frequency selective fading channels.
[1061] In order to determine the “optimum” transmission to a set of terminals,
SNRs or some other sufficient statistics may be provided for each terminal. For the N-
SIMO and MIMO modes, where (Ng > Nr), the spatial processing may be performed by
at the SIMO and MIMO terminals to separate out the transmitted signals, and the base
station does not need the spatial signatures of the terminals in order to simultaneously

transmit multiple data streams on the available spatial subchannels. All that may be



each base station transmt antenna. For clarity, downlink scheduling for
SIMOand MMOtermnals is described first, and downlink scheduling for

M SO t er wpaB®34831 descri bed subsequently. Downlink SchedweCirrzgot/or7s&l MO and
M MO Term nals [1062] The scheduling for Sl I\/D and MMO termi nals may be
perfornmed based on various types of chagﬂ state information, including
full-CSI (e.g., conplex channel gains) d partial-CSI (e.g., SNRs). If
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where ¥, ;(k) is the post-processed SNR for a data stream (hypothetically) transmitted

from the j-th transmit antenna to the i-th terminal for the k-th frequency subchannel
group. A set of Ng such matrices I'(k), for 1 < k < Ng, would then characterize the

entire frequency and spatial dimensions for this set of terminals.

[1063] At each terminal in the set being evaluated, Nt data streams may be
(hypothetically) transmitted from the Nr transmit antennas for each frequency
subchannel group and received by that terminal’s Ny receive antennas. The Ny received
signals at the terminal may be processed using spatial or space-time equalization to
separate out the Nr transmitted data streams for each frequency subchannel group, as
described below. The SNR of a post-processed data stream (i.e., after the equalization)
may be estimated and comprises the post-processed SNR for that data stream. For each
terminal, a set of Nt post-processed SNRs may be provided for the Nt data streams that
may be received by that terminal for each of the Ng frequency subchannel groups.

[1064] In the N-SIMO mode, the Nt rows of the hypothesis matrix I'(k) correspond

to Nt vectors of SNRs for Ny different terminals for the k-th frequency subchannel



termnal. This SNR vector includes the SNRs for the NT data streams for the
k-th frequency subchannel group, and may be replicated NT tines to form
the mat riwoD3&3871 And in the m xed node, for a particul CTMSMD{176¢6 m nal
to be potentially assigned with two or nore spatial subchannels for the
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[1066] If the successive cancellation receiver processing technique is used at a
terminal to process the received signals, then the post-processed SNR achieved at the
terminal for each transmitted data stream for a particular frequency subchannel group
depends on the order in which the transmitted data streams are detected (i.c.,
demodulated and decoded) to recover the transmitted data, as described below. In this
case, a number of sets of SNRs may be provided for each terminal for a number of

possible detection orderings. Multiple hypothesis matrices I'(k) may then be formed

for each frequency subchannel group of each set of terminals, and these matrices may be
evaluated to determine which specific combination of terminals and detection ordering
provides the best system performance.

[1067] In any case, each hypothesis matrix I'(k) includes the post-processed SNRs
for a given frequency subchannel group for a specific set of terminals (i.e., hypothesis)
to be evaluated. These post-processed SNRs represent the SNRs achievable by the

terminals and are used to evaluate the hypothesis.



on the basis of the CSI, which is used to schedule term nals and process
data. [1069] Various, downlink scheduling schenes may be used to all ocate
resour ceswo(08/088871 t r ansm ssi on channel s) to the active tergrnshy4173hese
vari ous schenes include (1) an "exhaustive" scheduling schenme that can
assign each transm ssion channel to a specific term nal such that

"opti munt performance, as determ ned by me netrics, is achieved, (2) a

priority-ba chedul i n Sssi gns transm ssion channe] s  based
on the pri oﬁl%?§]sof t%éh%%mhim ‘?‘g{f]s’ae IS0 QRiCAtA i“hé{’% ORsshe

that assiggasidls a%naqhhadm?u%@aw%éd Qb @achif heHHRRGY BHPShaedn 35QUP to
a specific termnal, and (4) a SDVA- TDM schedul i ng schene that assigns all

frequency Bebshensetichamiel geatp wspag ¢halnng stash anfomhation (a.gs RS dcsanar otheal .

These vari oys,. do ink..schedul ing schenes are desgribed.in further. def ai
bol ow. | ot het TR by Re Remi s ABE ER s isntee Blasmbsrorfhantt s gep

per f or manceen tiebavibiof the @S, WRRMIi§ Bsddes Sche@iRGEFSHhANE andPldREsshadt | Stic, may

al so be used, and this is within the scope of the invention. [1070] FIG 2
is a flow dil6Pkm ofaripup rdssediak xgheduding ebernese magrbe peddstof allocdtpwrespirkes dat a
transm ssiof._ P . 20 : I var.i ous., downl i

schedul i ng &sgc’h%agnlélgﬁééoé %ggﬁérils)%géﬁ'%%%g\%ﬁm 5%@@3‘%{@ Ql,an? ﬁsescg\%F%nIcmé%pess

i s descri besh fexigiustivafidschbdulingescheins thay capassi@f ehdhe trahePSsibn chgePtOGESS
are described subsequently. [1071] In an enbodi nent, the transm ssion,
channel s ar§w§§§ﬁ6%%@ak%mgﬁ@“a@PFW@nlﬂ@ﬁﬁﬁﬁﬁﬂ§’E&¢%V@mﬁﬁibﬁgmﬁﬁémﬁm@ﬁubncy
subchannel a I fal : QL I
consi dered y%;’ggtl’t %ﬁ :ph[e;ﬁ *yr g%ﬁ%ﬁ%&ﬁugg%%gﬁ = {l}atzaggg{}%%q gif%l.g&%%hh@ﬁgt i al
subchannel sbdsed onlike kriofityf ofetheaciiye ®ubmhkn (Bl a BDNHIDM eclidialing sciegreettiat 0

the termnals for, downlink transm ssion_startin t step 212. For the
N-SI VD and N5 A dBARD FUPHRAAEIANPS Fich eevas %nnslpgfw e @hepesHel s

to the ternefiaingl, | Sn®qY) RISBVIA-TEOMRSRhERIRB! s&%nfehala@a%@igag adil GfeqRency
transmt antennas to the termnals, since it is assuned that Ns = NI.
[ 1072] | ni tsubFhannelsrd each ppatiel pibchamehtce spasifid iesminel. bEhesserrives dewmlotk t he

best set of_ . terni for_downlj nk. tr. i, SSi initialjzed, at ste
212, Vari ol EIPE RFRE el P FRBeL UG PElN o it Peribg syt cet s
and sone ofthkhese pasade @64 i drefedrdpWaudd pRESAhcECIAdISARé HRO reqdfle f 1 her

detail below. For exanple, a performance netric that nmaxim zés system
t hr oughput Rfasespaguaidor ptagstiz] mashelgoshs uedd, omd ibis trpomathire ttheyscaper of thel s i s
t hen sel eCti‘ﬁQerItfo?xm anong al |

[1070] FIG. 2 is a flow diagram of a process 200 to schedule terminals for downlink
data transmission. Process 200 may be used to implement various downlink scheduling
schemes, as described below. For clarity, the overall process is described first, and the
details for some of the steps in the process are described subsequently.

[1071] In an embodiment, the transmission channels are assigned to the active
terminals by evaluating one frequency subchannel group at a time. The first frequency
subchannel group is considered by setting the frequency index k = 1, at step 210. The
spatial subchannels for the k-th frequency subchannel group are then assigned to the
terminals for downlink transmission starting at step 212. For the N-SIMO and MIMO
modes on the downlink, assignment of spatial subchannels to the terminals is equivalent
to assignment of the base station’s transmit antennas to the terminals, since it is
assumed that Ng = Nr.

[1072] Initially, one or more performance metrics to be used to select the best set of
terminals for downlink transmission are initialized, at step 212. Various performance

metrics may be used to evaluate the terminal sets and some of these are described in



active termnals and considered for transmt antenna assignnent, at step
214. This set of termnals forns a hypothesis to be eval uated. Various

t echni queworsapsdsel used to |imt the nunber of active ter®CRAlSe2/4105be

consi dered for scheduling, which then reduces the nunber of hypotheses to
be eval uated, as described bel ow. For each termnal in the hypothesis, the
SNR vector, (err)i (k) =1y 1(k), j'2 (k¥, ..., y; NI (k)], indicative of

t he post- progcessed.S for_the NI transmt antennas in the k-th frequency
subchannel PR SR PEE o Sxaibls op PeTBRGE PRGN Mo SFRG o
M MO term n@lkodg%&%ﬁﬁb@dsefdor eval uation for the k-th frequency subchannel

group, and one SNR vector for this termnal is retrieved. For the N SI MO
mode, NT SING73kr nismabw st of se¢ evmote figfive tevminalatis tren sshedtelTrSNRNvEt a3t s

for these termnals _are retri.eve And for the m xed e. S vectors are
Lot oveq e AL it EELAREA o PRehd anletfin B EitaedTol e 2B RN RS2
MO t er mi nal of erhinalsMoas anttlypsihesid tBeswaltalal. SWRiMBCkeniqiy B8y bé @Rdd &AL ed

(or appropriately marked) such that the nunber of SNR vectors for this

termi nal i sliBiihg nymsberad agiiverterminplstip ha sansideserd fonsehedabing avhaghsihgnactiuces t he
termnal. T, I crLe 2L | h hesi s are
used to for%gtnﬁgm%/%o %E%gé@%@r%vﬁ %?k%s (g%%%&j; %%‘%ugp{ %a%ﬁ(t ?%Bgélig | For
each hypot higfiothesi theXSNR (6dtof, &f (KVE [41,80s Wi (kR ]pt ,eﬂ,rg,?gc)ﬁnﬂdibﬂimeaffﬁwﬁé@q

there are NT factorial possible’conbinations of assfignnents of transmt

ant ennas t Oprotéxkéd SMRS £bf the Ny ﬁﬁﬂsnﬁﬂ@rt&lﬁﬁ@lﬂq&%%st}l-fre%iﬁeﬁ%l %b%dﬂ@elt sogppal is

represented as nultiple termnals in the matrix T ( ewer

sub- hypot hetiievedi atster 21he Hay ghet MaMQ mager p singlq MIMQ fermindgs selectod forpr e
MEMO termn - : rii [ ne | nat i oghBf .
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ant enna assignment may be_perfornmed such that all possible conbinations of
ant enna/ t er HAHEHOBs m{@ vegiprs foy dhnse grmynaly areusirisyed A4k foathe Biixed a
speci fic sCREHE SRRY vEGoMSE rdiQeR FoOMhe AR {e%ﬁafsr i’ﬁ'tﬂ@gé’\lect@fset.
descri bed bel ow. The new conbination o antenna/termnal assignnents forns
a sub- hypothes¢ahtMIMEO eralinsdtiedhe MIMO)] anthmixadbmbiigo e SNR vectétheny be

eval uated and.t he performance netri e.g., the systemthroughput) ..
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correspondi ng WO 03/058871 PCT/ US02/ 41756 21 to the best sub-hypothesis is
t hen updat e¥NRoectefd for alltshlectiod téroriman ethebypotbedipare tused tociormehe hypothesis

fﬁg hypot hensi!dt%,x f{k)ssﬁag&n%ggqua%%g%b)f.' cally, if the performance netric for

[1074] For each hypothesis matrix I'(k) for Nt transmit antennas and Ny terminals,

there are Nt factorial possible combinations of assignments of transmit antennas to
terminals (i.e., Nt! sub-hypotheses). Since a MIMO terminal is represented as multiple

terminals in the matrix I'(k), fewer sub-hypotheses exist if the hypothesis matrix L'(k)

includes one or more MIMO terminals. In any case, a particular new combination of
antenna/terminal assignments is selected for evaluation, at step 218. This combination
includes one antenna assigned to each of the Nt terminals. The antenna assignment
may be performed such that all possible combinations of antenna/terminal assignments
are eventually evaluated. Alternatively, a specific scheme may be used to assign
antennas to the terminals, as described below. The new combination of
antenna/terminal assignments forms a sub-hypothesis to be evaluated.

[1075] The sub-hypothesis is then evaluated and the performance metric (e.g., the
system throughput) corresponding to this sub-hypothesis is determined (e.g., based on

the SNRs for the sub-hypothesis), at step 220. The performance metric corresponding



current sub-hypothesis is better than that for the best sub-hypothesis,
then the current sub-hypothesis becones the new best sub-hypothesis, and

t he perfowoanosssmetric, termnal netrics, and ant enna/t ePairresbh2/asé gnnent s
corresponding to this sub- hypothesis are saved. The performance and
termnal netrics are described below [21076] A determ nation is then nade
whet her or not all sub-hypotheses for t current hypothesis have been

|l uated, at _step 224, |f all.sub-hypotheses_have not. been eval yated,
te Xgnu? he prté’cté’gsbegte?é?'h@otﬂ?)esbgt léptﬂiﬁé%g?fﬁgéo dFiHecE R Periprnange mdEc g%ﬁl?at ed
conbi nat i oncmena@ﬁmgﬁéth@gismdﬂas,kepam.gweah@aﬂﬁ iB The pb@6nl ke %&%&%ﬂ R

Steps 218 through 224 are repeated for each 'sub-hypothesis to be
eval uat ed. ¢urERypub-hypgthessyis-tefipothanghal fHothet brst subr-hpprthdsig themetbe sutreme

not ar 1 nypeoinedlheRBepath mt 388 Be cubripOPruSomd i el e
sEbc haﬂnel @f1oial rﬁtétrm,eratrﬂ@?teﬁﬁaét?ifﬁnmé ReLibt : ];Sﬁts b«t&v@pg@din%@ewﬁ t{a@n%ﬁlsler ed,
then the process returns to ste and a different and not ye

consi der ed k@othepistags sAvad| The e ecenditormiaglaneisics aig.degiriied below. t hr ough
226 are r d for i i der urr ept
frequency gﬁgmnne de%%ga&ﬁ%%% Fhfahgl eeﬁ@e%g‘% hlgcgeagpfs Iélghmogﬁeégsf Ff Ent™©
frequency subehahyithgisdiape beanecvahrred, sisedpladde df aldbutshgivtiedbs hdvb @bt bdeg
results for the best sub-hypothesis for this frequency subchannel group
are saved, alugedy theygthemacess stumsdorsiapot He and adiffpeahandigot yetevalilgied; f i ¢
set of one agf | ] - hat Vi rf for
the f reque‘%{:nglﬁ@g (r:l hgﬂlﬁgﬁn%f%ﬁﬂlpﬁgi %?.) 0 ,ean% §)St h%@icgc?}?ﬁrﬁ?%%a@?he%eﬁ@;%& res
ot her syst ehrangt 224 rand repéatereforieach fub-Hypothess i bé evadbiaerl. g. t he aver age

t hr oughput the past No time slots, latency for data transnission, and
o on). ¢ hdOF Hese el #rtaVbatie e s dheupint Rpothe hoBdeon evatup 26D Tho

term nal ety GRed'RY dRSrmaRtbit & B¥R! HANE Wilehpes RETRINAR ptheldichdvRdbachdual
termnals, and are described below. [1080] A determnati'on is then nade

whet her or gvosidated for drpuanmpt Segedrgy vabchaheal groume et sepA26nddl afldrypdidsdsi nk
transm ssign, at. step 232. 1f .all freqguency subchan s hav not bee
heal omea. e Son BEEs i o e BERRSRLRL ROURP P 2of 2 Geeiest et

i ncrenent i nget tcBRsiderd@setkof( ferinalskis Seléctéd for afalsdtRn. 2idps TNE HRERHES hlden
returns to step 212 to assign the spatial subchannels of this new

frequency SigpRatehfl eaghdupothesisHe baocosidssgior therugsopfigqymey spbchasneti nal s
for downli rgm{llg_ansm' ssion. Steps 212 through 234 are repeated for each

[1078] If all hypotheses for the current frequency subchannel group have been
evaluated, at step 226, then the results for the best sub-hypothesis for this frequency
subchannel group are saved, at step 228. The best sub-hypothesis corresponds to a
specific set of one or more active terminals that provides the best performance for the
frequency subchannel group.

[1079]  If the scheduling scheme requires other system and terminal metrics to be
maintained (e.g. the average throughput over the past Np time slots, latency for data
transmission, and so on), then these metrics are updated and may be saved, at step 230.
The terminal metrics may be used to evaluate the performance of the individual
terminals, and are described below.

[1080] A determination is then made whether or not all frequency subchannels have
been assigned for downlink transmission, at step 232. If all frequency subchannels have
not been assigned, then the next frequency subchannel group is considered by
incrementing the index k (i.e., k = k +1), at step 234. The process then returns to step

212 to assign the spatial subchannels of this new frequency subchannel group to the



frequency subchannel group to be assigned. [1081] If all frequency
subchannel groups have been assigned, at step 232, then the data rates and
t he codi rwoanasssodul ati on schemes for the term nals in thecCvasn/sube

hypot hesi s for each frequency subchannel group are determ ned (e.g., based
on their post-processed SNRs), at step,236. A schedule indicative of the
specific active termnals selected for “downlink data transm ssion, their
assi gned transm SS ch t he sghed d ti t he dat a

ot ot he EOUTHY 19hAOHAGR TSSO e naleDs LA dhiouBh Bt HEAEh fingach
conbi nat i orfrdgeh@ubchdieREolPfdBas ?ge&omrum cated to these termnals
(e.g., via a control channel) prior o the scheduled tine slot, also at
step 236. [M8Hr naff alkfrgquenpye suhwhpvisl gmums hqusbmyasggmfcbnamténuBBhdhen the

d i tect all tt ta st t g det
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downl i nk sq{ypdthbm@qm gadhyRéfihty shhgielReodPireeREdiIfdte .| Biked oA BENAl

whi ch nmay correspond to one or nore tine slots [1082] The process shown in
FIG 2 nay D9st-proeessed SNRDe b rstept R30.v afi mj@dulaoquahke sxfh@amnew@cmwﬁes

descr i b ed a£p191¥1ﬁals ctE:Jl" ?o %lﬁ%i( d\ﬁﬁ c}?a?@r%?s‘é on eisr%rslse ed trcalas h %ac'ha rl?egse

transm ssion c assli g 0 an Irve rermna

achi eved b)th@@d&i&lddm’dl ﬂilge (s]]dt(salthe mafhstalu%se t}&eé@ilmg aﬁ@ﬁﬂiﬂdﬁ@d‘cﬁm(dch&n@s dther
possi bl e t‘%ﬁwheses) for each frequency subchannel group and (2) all
possi bl e aribiormation OF; aysombingtion therepf, traayyba dprnaeg; and C@nmuaucateédgémpe

sub- hypot h C
lexi D1 £ yo a1 vREQ e fanr MR B0 MSRERA- PERE HTAEF a0 2REL
for downli mdtainata/ely,aa]ntsmtls/sncmnmil&ﬁ&S]peﬁonnt ‘Ibﬁnqlﬂ dﬂedtioyx-dmdsmdn@ctmdm&:dtng

schene, the_active ternmnals to be consi de ed faqr ass
£

transni ssi Gl EHRSAHEPS dafa Stsams ¢ éie‘tegamsa‘@'éla SREHHEERY: %tgf%Br$af%/Stre&ﬁE§ ¥fe

per f or manceniRadd for MR, ArBOIRenITBARh &P G ty%p;ag& pEHSh& 15k Bath scHédu%gt y,
as descri bed below. This schene can reduce t'he nunber of termnals to

consi der ed iftgrval,rerieninayicomespload keoncaggnem timt slotshi ch t hen reduces
schedul i ng rq lexity. For the F schedul i n che e, M M.
terninal gt Q@Jpg E © HIPCeSHES EIPWE DNEI&MIZ B %r’ilﬁ OGP @B%‘ﬁ P iy
subc hannel cmmuak stiieduhh® sehsRs dbmbemw %r&hé@&Hah&Neﬁ(chéddhﬂ%'sé‘l%@e a
si ngl e vect or of Eost processed SNRs for one M MO term nal there is

only one s@Bchgymtahlestransmissionsgneg) meryhessassignpehtp fnf aqtive t@mmal flibig may

W0 031 05887% B iodoy A HERRASEY (T RENRNIRLS" s SRR Gl MROEIE, b
a SI MO or Mypoihess) foal eachofredudin8y subchannel group and (2) all possible antenna

assignments for each terminal set (i.e., all possible sub-hypotheses). This scheme may

provide the best performance and most flexibility, but also requires the most processing
to schedule terminals for downlink data transmission.

[1083] For the priority-based scheduling scheme, the active terminals to be
considered for assignment of transmission channels may be selected based on their
priority, and the performance metric may also be made a function of the terminal
priority, as described below. This scheme can reduce the number of terminals to be
considered for transmission channel assignment, which then reduces scheduling
complexity. For the FDM-TDM scheduling scheme, one MIMO terminal is assigned all
of the spatial subchannels for each frequency subchannel group. In this case, the

hypothesis matrix I'(k) includes a single vector of post-processed SNRs for one MIMO

terminal, and there is only one sub-hypothesis for each hypothesis. And for the SDMA-

TDM scheduling scheme, all frequency subchannels of each spatial subchannel are



schene, steps 210, 212, 232, and 234 in FIG 2 may be omtted. [1084] For a
gi ven hypothesis matrix T (k) , the schedul er eval uates vari ous

conbi nat iwO3O$88TTr ansmit antenna and term nal pairings (i PET[US02/41756

sub- hypot heses) to determ ne the best antenna/term nal assignnments for the
hypot hesi s. Vari ous schemes may be used to assign transmt antennas to the
termnals to achi eve various system goal such as fairness, hi gh

performance, .and, so on. 085] ,In.one antenn sche

possi bl e sulSh ?90 élssé’églg]t b%}t gAY ma%abfeaa%f(@%m rfd’rrntﬁﬁce
netric, andchéifie StpsPY00IIRESBS i ©B4 MBI OShay RebhfeRNCE MBtric is

sel ected For each hypot hesis matrix F(k), there are NT factorial (i.e.,
NT! ) possi H1684Jub- Fppot gewms hypahemynaiﬂxefdknat}@d sclicgioler sesalungsovremiss
corresponds tq a specific assignnent of each transmt antenna to a

particul ar QOBMMHRNs ofEHaRsIEIG KKt Aed j termpagl Phhlj@gbe(lﬁepﬁ@sféWPﬂ@SWtq@ a
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post - pr ocesagybSNRdfto lassttg‘lﬁtr.ﬁmhﬂt Bitendasof the tarinfrealg fotdehievansmious syaaxtn%mah to
the i-th ter nal . for f] ﬁ k-th frequency subchannel group, and the
subscripts Su% 3 fajymess, hig QﬁEfOF?anEEBﬁI@I )P“t he specific terminals in the

transmt anyggsalt i B R arsgl en fseﬁe %113359%19%@9“?1 btﬁeseL &%%%&féﬁh
sub- hypot heS|s is further assoc ate ertormance netric

Rsub- hyp( k)basevhionh anpartibedam perfogbanca mbtncaranduﬁlef agh-bypothdsor \Aabhamh:d besta
per f or mance 1_frgetrl c based on the }post processed SNRs _may . be expressed as:

Rsub- hyp (K¥f ﬂflarz%ﬁﬁnﬁgﬁpseé%‘}f)d OfGaghhynRiissis matpix E&) athﬁgi:rar? |fagtorial
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enbodi ment ,coarefponds it@a spécifib @sst@rimeait P legcH iimugh pitend0fo @bhrtiblllat feamnal.t
antennas fqor the sub-hypothesis may be used as the perfornmance netric,

whi ch may @@%ﬁﬁbé@@@@eﬁ& mayshys bgggpresentedr Witk o yactos gf pgst-prmssed(%% hyp

(k)) Eriw where r, (k) is the throughput associ ated
with the j-t%gtfng S%e%&ﬁ%:%stegr?%a in the sub- hypothesis for the k-th

frequency subchannel group, and may be expressed as:
(k) ={7,,(k), ¥,2(k), s ¥, (KD}, Eq (3)

sub —hyp

where ¥, ;(k) is the post-processed SNR for the data stream from the j-th transmit

antenna to the i-th terminal for the &-th frequency subchannel group, and the subscripts
{a, b,-... and r} identify the specific terminals in the transmit antenna/terminal pairings
for the sub-hypothesis.

[1086] Each sub-hypothesis is further associated with a performance metric,

R uo—nyp (k) » Which may be a function of various factors. For example, a performance

metric based on the post-processed SNRs may be expressed as:

Ropap®)=fr . (k) , Eq4)

—sub=hyp

where f(-) is a particular positive real function of the argument(s) within the
parenthesis.

[1087] Various functions may be used to formulate the performance metric. In one
embodiment, a function of the achievable throughput for all Nt transmit antennas for the

sub-hypothesis may be used as the performance metric, which may be expressed as:



r, (k) =cj loge (1 +vyy (k)) , Eq (6) where c3 is a positive constant
that reflects the fraction of the theoretical capacity achieved by the
codi ng amaormedsasat i on schenme sel ected for the data streampCramssmitised on
the j-th transmt antenna, and (err)(err) (k) is the post-processed SNR for
the j-th data streamon the k-th frequeﬂgy subchannel group. [1088] To
sinplify the scheduling, the resource alfbcation may be perforned based on
groups of nultiple frequency subchannel s instead of groups of single
frequency subch el s. Rvexhi f gi ven group includes multip equency
subchannel s, the?QEWengﬁéyj_gﬁézfive nature of the channel rggégLse may be
considered in allocating resources to the termnals. This nmay be achi eved
by evaluating the performance netric based on the response for the group
of frequencyhegbganiekls. thfoughpua agsbeiatetinwith rtes gl ¢eansthit ca@inna rin rthy sbie-
performed based on groups of Nk frequency subchannels, where Nk > 2. The
channel r eshpotlesis\fer thekeh feqhermysebchansellprdign asd magby ekpresselas: used to
eval uate the performance netric. If the performance netric is throughput,
then the summati of the achievable rates in equation (5) may be
performed over b6¥g)=Fféﬂ%ﬁffyéﬁ?ennas and frequency subchannEfd€0) as
follows: NT N,, f (Ysub-hyp (k)) =ri (lI) , j=11i=1 where rj (i) is the

t hr oughput aﬁsociated with the j-th trapnsmt aptenna jn the sub- hypothesis
for the i-tH ?rFe&ué%é‘yp%sUB’@h%ﬂ’i‘ﬁJéPt,t defigets the Hactipnpnple hegthepretical ¢iapyeity

bch | -th,.f b | . .Thus, if
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subchannel s i n €ach group may be co
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descri bed above and used i'n F epresents a specific schene that can
eval uat e al [10B8ksi Hloesimplifyi thatscheduliog, the sisgumre atlecatioh mayalrs performet dastds t o

term nals. The nunber of. potential sub-hypothese o0 _be val yated by the
Shedurer (Ot EEUER ymotwEe Ny abdanhel gATEER oh ot ot nals Treduey

resul't in asubshigReBUNEQEn of at Sivah oy MddRiBaRERiplo fﬂé?u&l\é?' WBLIAnSE NER @
| arge nunmber of hypotheses may al'so be considered. [1090] The schedul i ng

scheme showfiequeng eslectivsengtaiensl the ehennelstespanse aaay he tconsidered in allocating

resources to the terminals. This may be achieved by evaluating the performance metric

based on the response for the group of frequency subchannels. For example, the
resource allocation may be performed based on groups of Nj frequency subchannels,
where N = 2. The channel response over the N frequency subchannels may then be
used to evaluate the performance metric. If the performance metric is throughput, then
the summation of the achievable rates in equation (5) may be performed over both

transmit antennas and frequency subchannels, as follows:

Nr N

g @ =2, 2

j=1 =l

where 7,(7) is the throughput associated with the j-th transmit antenna in the sub-

hypothesis for the i-th frequency subchannel, and N; is the number of frequency
subchannels for the k-th frequency subchannel group. Thus, even if scheduling and
resource allocation are performed for groups of multiple frequency subchannels, the
performance of the individual frequency subchannels in each group may be considered

in the scheduling.



determ ne the sub-hypothesis that provides the "optiml" system
performance, as quantified by the performance netric used to select the
best sub-WQmpowbbss3i s. A nunber of techni ques may be used PoTrESduEES¢ he
conplexity of the processing to assign transmt antennas to the term nals.
One of these techniques is described belgw, and others may also be used
and are within the scope of the inventio These techni ques nay al so

provi de hig te er.formance while reducing th unt r.ac

Peaui red t oMORSE] orEChish AERES afswmﬁghenﬁﬁ 56, BBt

assi gnment ﬁecpbaeas a3pBEHRE FEHBAPRLAHN dvali@i-al Dol&&dxﬁlﬁﬁhtiﬁ?xs of ag@%etn@s
assign transm t antennas to the termnals in the hypothesis being

eval uat ed. Obitragstmiti antenmrs eudeningler | The neadier tof gprsenitial snb-dypethésss deshegned

to the term nal ha ac the,hest.,SNR for, the tran enn The
b omes nesPfiRiied 67 Ine Rt Yot PRndtSphoreiRmlaS et Tah SO Nt v B Fhe,

and for onerdstigsaidrg@nt@befabtal aubthyPdthesds082ke dvhizated shﬁ:e&lfiﬂg@\ﬁ‘uﬂib@ﬂéiam of
a process 218a to assi an transmt antennas to termnals for a part| cul ar

frequency shmaiasseemaypalsape gensideredhe max-nax criterion. Process 218a is

per f or med ];Tgliogﬁliparltﬂ %&h@ﬂulﬁﬁps%h{}gé ISEOWP\{/\QIIll %Jf?eg rﬂeﬁ’gﬁﬁpgﬁ e%@ @tl%) E gh fo Set

of one or ctive termn be e rocess used

for step 2d&einminé|the s&b—hypoweme hhata§ﬁ)v@ddsythenmﬁmﬁi’hmpaémegtﬁom&n&gawat ed
for each hypothesis in process 200, [1093] Initiall he maxi mum SNR i n
t he hypot hegpatiygd Pwherp%forrr@na%m@m Ysed) o glect §1@f‘ebese 1@—hymﬂﬂgesw&>é AURPENR

correspondst @clﬂu?% 196 ﬁsﬁﬁ?@ E@o‘;ﬁc@ﬂ{e%ﬁﬁﬁ at S}grol?@sgf]r_l& g %ﬁ?@d&mﬁut

transmt antenna i gne I'S termn transmt
ant enna andarttamas matheaueanmhlsn Ormnmfvthdseftednquwe 1srd¢scnlxed|'be(lk\)1 andaoters leay
matrixisr I mensj,on bot h t

et v YRS (LB ARE N i
col um corr ﬁcﬁsﬁ af‘ a, &vithip ?ﬁoﬁ’e&gttﬁ Avenfan  Hehest fchp, PEsPERdIg to
the term na%rdv}&tmg@ $V98 Perfetmaice nvrﬁl%@ed%@lé)a{eoaﬁ%m oPi;chUs%Q?g R4Uir& 126

[1094] At step 318, a determ nation is made whether or not all” transmt
ant ennas |nassmn@nmp@sﬂ®etsﬁn§naiave been assigned. If all transmt antennas

have been a t hen t ant enna assignients are ovided, at.step -
350, and  nEUSboedn { apraruEMaCP iRl SO °p AofuB LY o Ginet (RLEL
312 and anoihagr) dritéiedid uRatie ruaa%n $rafSihit GRRAnAIS thAT tARinalFBA MR hydotay
Tabl e 1 shows an exanple matri x of SNRs derived by the termnals in a

4x4 MIND sybeiBgeyaiu cHSlflEéhlba@é"@%@mtéﬁom (FeFly trarsniib grrtennedn essigned e eenas

and each  torminal that achieves the best SNR for the transmit antenna. The antenna assignment

may be performed for each frequency subchannel group and for one transmit antenna at
a time.

[1092] FIG. 3 is a flow diagram of a process 218a to assign transmit antennas to
terminals for a particular frequency subchannel group using the max-max criterion.
Process 218a is performed for a particular hypothesis, which corresponds to a specific
set of one or more active terminals to be evaluated. Process 218a may be used for step
218 in FIG. 2, in which case only one sub-hypothesis is evaluated for each hypothesis in
process 200.

[1093] Initially, the maximum SNR in the hypothesis matrix I'(k) is determined, at

step 312. This maximum SNR corresponds to a specific transmit antenna/terminal
pairing, and the transmit antenna is assigned to this terminal, at step 314. This transmit
antenna and terminal are then removed from the matrix I'(k), and the matrix is reduced
to dimension (N;—1)X(N,—1) by removing both the column corresponding to the

transmit antenna and the row corresponding to the terminal just assigned, at step 316.



termnal includes four receive antennas. For the antenna assignnment schene
based on the max-max criterion, the best SNR (16 dB) in the original 4x4
matri x i swadbisssed by transmit antenna 3 and is assi gnedPco/userm’s@l 1, as
i ndi cated by the shaded box in the third row of the fourth colum in the
table. Transmt antenna 3 and term nal re then renoved fromthe matrix.
The best SNR (14 dB) in the reduced 3x3 trix is achieved by both

transmt a ich are re ti assi edtotermnals 3
b o Tnd PRHES  AGRE S e SRR SRRE FHE SR A et TR ina.
Table 1 SNRhé ﬂ%otﬁéﬁ%%eéﬂﬁ@%@d et fdhitlanfendadhavk béed askfined, tBeBtht0 12
14 3 147 6 9 4 12 10 7 5 [1096] Table 2 shows the antenna assignnents
usi ng the reenmaRsSYgImeNts ore providethent stepadAdh endrﬁtermcesé igroghadesn Otheiaist.e 1.
For term'n t he est SNR dB), i s achl eved rocess

si gnal tranb?nqr?ceas FEHSt Paitg é‘rs‘}'?za#e ihes trapsmoit) f’nnat ga?‘ﬁsglﬁf]?d éfﬁtsg?ﬂﬁao{s f or
the ot her tm@sdfepal s are also indicated in Table 2. The scheduler may then
use this information to select the proper coding and nodul ati on schene to
use for ddil893r andabledl thews\ap egampEgaaitixANT) UEGN R dGived by th'fat@maurals in
Term nal Transm t SNR B) A enna 1 3 16 2 4 14 31 14 4 2 10 [1097]
Once the arﬁ‘é?‘rﬁ]%ﬁ%%w Ve Bassstationdngludes foprptransaid aptemmos,andieachs
matrix F( k)teﬁﬁhQHnEﬁﬁesr@ﬁr &Y@eenferanfte?ﬁlh&nxsof g A nBQra Bfie rg%agen% b&e§on the
system throughput) corresponding to this ypot esi s y be determ nea
(e.g., basdlle omxtrhax ciBRen.cthe best (SRIi(HgdBpirt the caipirehAad assiigmehicspd bas

shownineuatlons 4) through.(6),. Thi.s rformance, netri.c i updat ed for
each hyp ot te(an égrqqdcla%éﬁléq%detal}mpal 1e as in 1catec? by the shadecf boyp in the

th1rd row of the fourth column in the table. Transmit antenna 3 and terminal 1 are then
removed from the matrix. The best SNR (14 dB) in the reduced 3x3 matrix is achieved

by both transmit antennas 1 and 4, which are respectively assigned to terminals 3 and 2.

The remaining transmit antenna 2 is then assigned to terminal 4.

Table 1
SNR (dB) Transmit Antenna
Terminal 1 2 3 4
1 7 9

AW IIN

[1096] Table 2 shows the antenna assignments using the max-max criterion for the
example matrix I'(k) shown in Table 1. For terminal 1, the best SNR (16 dB) is
achieved when processing the signal transmitted from transmit antenna 3. The best
transmit antennas for the other terminals are also indicated in Table 2. The scheduler
may then use this information to select the proper coding and modulation scheme to use

for data transmission.



subchannel group. Wen all hypotheses for the frequency subchannel group
have been evaluated, the best set of term nals and antenna assignnents are
sel ect ed woro3asssmi i nk  data transm ssion on the frequencyPsohiShzmmied group
in an upcomng tinme slot. The scheduling nmay be performed for each of the
NG frequency subchannel groups. [1098] The downlink scheduling schene
described in FIGS. 2 and 3 represents a pecific schene that eval uates
vari ous hypot heses corresponding to vaglg%ﬁamfssible sets of active
termnals (which may include SI MO and/ termnals) desiring downlink
data transm ssion in an upeewmhg—tiHe—slot- e—tot nber of hypot heses
to be eval uated by the schedldramnatar HﬁaqunMe | e (dBvegn for a snal

nunber of active termnalls. In fact|, Abhenh®tgl nunber df hypot heses, Nhyp,
can be expressed as: Nim NG NOTF NGNI—FEq7)——NF(INU - NI)IN, .l where
Nu is the number of active terdinald to Be corsidet®d fdr schedul i ng. For
exanple, if NG = 16, NU =1{8, and NT |= 4, 4then [Nnyp;# 1120. An exhaustive
search may be used to detfermne—tha—particul-gr h"nnfhﬂéls and the
particul ar antenna assi gnifents3 that proﬂlde tthe bb%t sy|st em per f or mance,
as quantified by the perfgrmange mefric ysed |[LO Sﬁgec t he best hypothesis
and antenna assignnents. [[1099]" As not ed“above, dawnl i nk schedul i ng
schenmes having reduced conplexity may also be inplemented. These

schedul in S I so rovi de WO 03/ 058871 L US02/ 41756, 28 hi g
system pe?f @lﬁ)ﬁZﬂge %I eraB B7 RS SHECE IRV DT W&I&rs‘? H@"“F\é]ﬂﬁm’%cﬁ ?565
schedul e tgEMN(®) flﬁfnr%‘g@i\séﬂhh{'ﬁaqa&ﬁcﬁ&?rlﬁ@ ?f'o 1 ar o %9%: (h[% E(i}% safstemdat a

priority-based scheduli ene, active ter

transm ssi othrdaghpat) aorieRRindingr toothis Mypd[halspfﬂa?rbel YetOfmifat . AC based &g nal
may be derjived based on one or nore netrics (e.g., average throughput),
syst em co ns@lﬂgﬁ reespaading & theraatamng §SS(§1U§entS)n9é>§hﬁWﬁ1m sguatiopy (4) shrmugh (6).

factors, C[geﬁb'n% dOmRenE éflat@% fofl @S 'hgg&g@ﬁ% QY- a ﬁa}t doifar TR ugﬁ“cy

malntalned tive termn esiring rans SIOI’]I

upconi ng tlsrémhzhmbl gidhpn Vﬁh&realhhy;aithaﬁ&sfdrel& frequeinty kubﬂ:ﬁﬁlﬁ‘lel gfoalpsmﬂvs sean, it
is added to zflgl}?? i Sl}ﬁﬁqd its netrics gre initialized (e.g to zero). The
metrics of ¥ F st PLitpranippls and aateppa P@%ﬂﬁ%ﬁmﬁﬁ‘faa??]éateﬁtfo%ﬁ‘é‘ﬁnlﬂlﬁm

slot. Once @ita 4@hMRBbn A he ﬁe&gﬁéu‘bgﬁanqélbgrﬁh EIHS&W lifne'sPot” eV ed
fromthe list. [1101] For each ency su oup |gn eac tine
slot, all mchadldimgsne;ybﬁfp&rfmmedémnﬂanlabﬁtheﬂi\ldﬁnequensy subsharve] groopssi der ed f or
schedul i ng. [lgbg] Spe{(ffefdo%vnri'llﬁﬂbs%fleﬂling scheme described in FIGS. 2 and 3 represents a

specific scheme that evaluates various hypotheses corresponding to various possible sets

of active terminals (which may include SIMO and/or MIMO terminals) desiring
downlink data transmission in an upcoming time slot. The total number of hypotheses
to be evaluated by the scheduler can be quite large, even for a small number of active

terminals. In fact, the total number of hypotheses, Nyp, can be expressed as:

N N - Ny!
Ny, =Ng+| "|=—rc L , Eq (7)
N; ) (Ny=Np)IN,!

where Ny is the number of active terminals to be considered for scheduling. For
example, if Ng = 16, Ny = 8, and Nt = 4, then Niyp = 1120. An exhaustive search may
be used to determine the particular hypothesis and the particular antenna assignments
that provide the best system performance, as quantified by the performance metric used
to select the best hypothesis and antenna assignments.

[1099]  As noted above, other downlink scheduling schemes having reduced

complexity may also be implemented. These scheduling schemes may also provide



termnals to be considered may be sel ected based on various factors. In one
enbodi nent, only the NT highest priority termnals are selected for data

t ransm sswom3/0548m anot her enbodi nent, the hi ghest Nx prioPCryushpsrsaal s in
the list are considered for scheduling, where Nx > NT. A M MO term nal may
be represented as nultiple termnals V\:hZéA‘I sel ecting the NT or Nx highest
priority termnals for scheduling. For anple, if NT = 4 and four

i ndependent t r are transmtted fromthe base. station fo gi ven
frequency s B%g Hsgsntgllé]l ﬁegfr%ﬁlﬁl}cet ‘ﬁ@ ¥ {?ﬁlgmg‘g atné?lfﬂtt ﬁ’gpr or‘?‘ﬁ%f"’&ereq‘é‘@qd;t@tsége‘g’i]% ng
with a M Miemainastel downlxek @astrgimeesdibi.ee spatial subchannels (in which

case the MMO terminal is effectively representing three termnals in

sel ecting t HdPbur Inrhepaerityphased sehedubingrpehems) actfveltenpingls@re 4chiedulgd ffbow

di agram f or eI MEVE ink..sc | i he 400 whereb set
of "N i gneaita lahbishitn 1AREE ot AY tiich SRS brlchBe SF LG HY ey PEH Seltce
frequency sdébledbasdd @r ongor thadetrhétity (e. . hevetdge shrofiglgste Bpiters YbshARASn DT OUp
is considered by setting the frequency index k = 1, at step 410. The
spatial subfENHHHBFYS E@- MBI Hateneyy SHiey 18ci9Eh ane|cogrbingsionr erenbnas

assi gned t ogdhgpd 58102l Sa f ink b ansm Ssi oF 1 R .step 412.
[1103] The scshedul er ogiané r%%g @W%r@glﬂaﬁ@eﬁf gc;rp %F & {zl;%ets?e\?éﬁéaésgrﬁl‘lg%%ﬁé @F\a t he
list and sthnsotissiathen sat upfonfighhiimhedot. prwhen tay tdrminl ndtsBes dbwaliglp dhia.
The remai ni active., termjnals in the |list are not considered for

schedul i ng %‘}Sn}“‘fﬁl@”fl? bgq?fgiqgﬁé Padfideits mgiriss e nitiplizeddeigedaizery). The
interval . TheufhaNakth eshdifBtigShE Hst SRCMeRGHEChS it B0 Ot 48871
PCT/ US02/ 41756 29 then rejtrileved, Sat steep 414.§déor exgrergltlen?ét 0{e/\D w®
post - pr ocesEEEINgNIE longer degize\Tats trhrsmission, itds némened frrany thedist.et r i eved and

used to for h thesis matrix T (k) . [1104] The NI transnjt antennas
are then as@llgggd %fg’?fz ?\‘%‘ #{ﬁ‘lusa%%‘ii’éamfﬂsi ?ﬁoﬁgllg caqh 1imeysigh ﬂ:llrfg acslri?ﬂ?ﬁli the
estimates apgisgisnth d@Ry ligneayf be JoHsTERd Ofor ARh&MNAg S ThENRAtc REhGFESs at
step 416. For ,exarngfl?etie t he antenna assi g]nrrents may be baséd on an

h g

exhaust i ve €aBals gonpidereeh ynay jbee pglegiedi dpsed imad vatiense fackors.andn hee

antenna asgsj ] ge‘ﬁ){g, t S 1 It ennas are signed to the
term nal s s%%ﬁ t ﬁg{“’ t% ﬁl ir NpTr ﬁ%?%#?’g@ma?,r tee%?i‘gl(rzprsa Fzsglg‘:tg@%%li gag%grﬁgsrﬁlg?g?‘bl e,
after the thranotter embodinentathe highdad Mg priofityl @bhinkhkeindBé st @t @ondddted h6
codi ng and t hen determ ned based

dul ation schenmes _for the termnals are _
on the ant e*%ﬁ%\é{’é’é‘gi dYr]WFnt - >afNtst h MIMO  teringh ipayc be gepreprnteds @ eaultiple (and
unschedul edghRERTWRlSsdIgihBGhd NGl orAGE Igﬁio *. duied
data transm ssion (andS nonl-?r angﬁi%@ rlll%rg’gtfs ecrEt?\}ée y @gg%%&ﬁﬁ%ﬁ@?‘st%%
metri cs ar eexatple, if Nt = 4 and four independent data streams are transmitted from the base

station for a given frequency subchannel group, then one SIMO terminal may be
selected along with a MIMO terminal to be assigned three spatial subchannels (in which
case the MIMO terminal is effectively representing three terminals in selecting the four
highest priority terminals).

[1102] FIG. 4 is a flow diagram for a priority-based downlink scheduling scheme
400 whereby a set of Nt highest priority terminals is considered for scheduling for each
frequency subchannel group. Initially, the first frequency subchannel group is
considered by setting the frequency index k = 1, at step 410. The spatial subchannels
for the k-th frequency subchannel group are then assigned to the terminals for downlink
transmission starting at step 412.

[1103] The scheduler examines the priority for all active terminals in the list and
selects the set of Nr highest priority terminals, at step 412. The remaining active
terminals in the list are not considered for scheduling for this frequency subchannel

group in this scheduling interval. The channel estimates for each selected terminal are



updated, at step 420. [1106] A determination is then nmade whether or not
all frequency subchannel s have been assigned for downlink transm ssion, at
step 422.wDfo3abd87f r equency subchannel s have not been assipgmamsp2/4t166 t he
next frequency 'subchannel group is considered by increnenting the index k
(i.e., k =k +1), at step 424. The procggilthen returns to step 412 to
assign the spatial subchannels of this frequency subchannel group to

e e SheRathllt Shen e e SRk O R LR o e

frequency sihsharngly &r&me@aﬂ&u&awfﬁﬁﬁhgmgmh@ﬁs SheR 3. then a _
schedul e i ndi cative "of the specific active térmnals select'ed for downli nk

data transftile4] on Thehe} tradsmitgneshnby ares thes Sdsoignehanmied X deletescleadinatd
time slot(s), the data rates, the coding and nodul ati on schenes, and so
on, or any RWSHHPRARS ehrnnpleestiptates angl usHE At oRedolnh AUBBPMYnAiYIna (stisNmARIS o

term nals, [%%r@fse%st% 4168 W50 1d,NRY anieﬁpwgggg&ﬁe&?rm{f‘hé pasedh ! 4

g
i nterval . ed above, the’'transm nnas may be assigned to
t he sel ect ezkhatsivei seatch borthes adx-fre quideriyn  desocibadhabbveyr duparulse dargenna
various schenes. In one ntenna,assi%nnent scﬁgfe, the transm tted
%

ant ennas ar BSZRELHRKGORE DEHRFRILANGIRNAS YISt AsSHepy hederaanals qughababthsi t he
priority ofpidifiet @ferﬂdi'ﬁ‘i!aﬁzedaésjc@(%la ag_ﬁgés?olé_a%@ffﬂ% t&ﬁﬁﬁa}ﬁ/%ﬁ)@?ﬁ@s A8 updfed.

post - processed SNRs derived by each™ terminal Iin a esl s being

consi der ed, [1WWlch Thefdeta rates podithd codingapdemoulgtitic bemeb forghe tgymikds are

termnal 1, the best R is achi eved when detecting t data strea

03/ 053371 HeAT QeI IPeT s of Hpe ALERR B G0rs b AR 4l San LB MRS G e

i ndi cat ed bschédwecs@daﬁlsawauiea) tinhls iPtheMst 4re Bpdatddetot RBb&- thd RendIBRl
or

transmt antennas for other termnals in the hypothesis are also indicated
by the shadiaiytrpnsmipory adsnontsasseisgiogNRspeitvely).andrthe systere medricsTare miseal 1
234 1 70’%(1%@5%8 8oh0 12 14 31476 9 412 10 7 5 [1110] If each
term nal iden |fi1 e$"® different transnit antenna from which the best

[1106] A determination is then made whether or not all frequency subchannels have
been assigned for downlink transmission, at step 422. If all frequency subchannels have
not been assigned, then the next frequency subchannel group is considered by
incrementing the index k (i.e., k = k +1), at step 424. The process then returns to step
412 to assign the spatial subchannels of this new frequency subchannel group to the
same or a different set of active terminals. Steps 412 through 424 are repeated for each
frequency subchannel group to be assigned.

[1107] If all frequency subchannel groups have been assigned, at step 422, then a
schedule indicative of the specific active terminals selected for downlink data
transmission, their assigned transmission ch‘annels, the scheduled time slot(s), the data
rates, the coding and modulation schemes, and so on, or any combination thereof, may
be formed and communicated to these terminals, at step 426. The process then
terminates for this scheduling interval.

[1108] As noted above, the transmit antennas may be assigned to the selected
terminals for each frequency subchannel group based on various schemes. In one
antenna assignment scheme, the transmitted antennas are assigned to achieve high
system performance and based on the priority of the terminals.

[1109]  Table 3 shows an example of the post-processed SNRs derived by each
terminal in a hypothesis being considered, which is for a specific frequency subchannel

group. For terminal 1, the best SNR is achieved when detecting the data stream



post-processed SNR is detected, then the transmt antennas nmay be assi gned
to the termnals based on their best post-processed SNRs. For the exanple
shown in wWelWB®s8871 terminal 1 may be assigned to transm t pamtusnnal73¢ and
termnal 2 may be assigned to transmt antenna 2. [1111] If nore than one
termnal prefers the same transmt anterggﬁ, then the schedul er can

determ ne the antenna assi gnnents based various criteria (e.qg.,

fairness, performance netric, and qther % For ex I Tabl e i ndi cates
that the be%%“s%t@tﬁ?ﬂ’&@@%%&nmﬁégf%mﬁ atsd by the shadeg) bax G ey §f‘611u1f1ﬂ dat a
stream tr angnt 2 f TABbedthanSAEankdrARS Rrl otREH BARRATL-in lthe hiYSotRRICHE 1S 1S
to maxim ze throughput, then the scheduler nay assign transmt antenna 1

t o termi nalindicaed by theshailingantterhoae® to terminal 4. However, if antennas
are assigned to achieve fairness, then transmt antenna 1 may be assigned
to terminal 4 if termnal 4 has hi gherTgorg3 rity than termnal 3. [1112] The
scheduling for MMO termnals may al so é gerformed based on full- CSI. In
this case, the st atist+e—+to—-beusedfor——scheduinrgtermrals—hs the conpl ex
channel gai ns bet weenSNRddBas¢ st ati on' Sransansfdtenamt ennas and t he
termnal's receive a\%ewn% , |Whreh-are used 10 Tormine ﬁnannel response
matrix, (err)(k), sho ) guation 1) . “Thel|schedul iing I's then perforned
such that a set of putuaily conpayi bl e spatial . siggnatures is|selected for
each frequency subcpanmet—grotp—ScheguHngot—termna ¢d on the
channel response matrix,2H(k)| is8des¢ribB&d in fukX hel idekdait [bel ow. WO
03/ 058871 PCT/ US02/ #17565 31 Powr Izg;nk Schedul ing for M SO9Term1' nals [1113]
For the N-M SO nodel—where (N —{conplextchannel lgains between the
transmt antennas af the4base I| andOt he|rec@i ve|ant 8nna{s) at the
termnals may ' be uSed to for NMMetr TESPONSE tTTx, H k), shown in
equation (1) for each set of MSOtermnals to be evaluated. The sel ection
of M SO ter[dit@il s Ifocact awmbinsikidertifin sndiferenn tiafsrhit@nteprs froanwtichwae bedte

active term nal s, an(g he .sel ecti oglego | is pmutually conpatible spati al
si gnat ur es RAFEPrOFERse d§ detseietethen t?&f@&fmﬁo%ntw@s d%R P RRsigned: fpethe

mul ti-user {NoMy i l.o ] t and
(For simpl oy Ty DR e e P 3R PR P e ok RIS
downl i nk sdbmwinhli hgnayn opignad $0 oghenit esenve 3 amid tenainal 2emay BiRassided tbn
this case, gqp to NI te&m’ nal s may be served by the base station

si mul t aneo AN YA 25i ven frequency subchannel group (i.e., Nu <_ NT).

The nmodel qfi1ine MSRdEOanaelont dermingl Preldk the B Gafihit e%8Haathien the

scheduler can determine the antenna assignments based on various criteria (e.g.,

fairness, performance metric, and others). For example, Table 3 indicates that the best
post-processed SNRs for terminals 3 and 4 occur for the data stream transmitted from
the same transmit antenna 1. If the objective is to maximize throughput, then the
scheduler may assign transmit antenna 1 to terminal 3 and transmit antenna 2 to
terminal 4. However, if antennas are assigned to achieve fairness, then transmit antenna
1 may be assigned to terminal 4 if terminal 4 has higher priority than terminal 3.

[1112] The scheduling for MIMO terminals may also be performed based on full-
CSIL. In this case, the statistic to be used for scheduling terminals is the complex
channel gains between the base station’s transmit antennas and the terminal’s receive

antennas, which are used to form the channel response matrix, H(k), shown in equation

(1). The scheduling is then performed such that a set of mutually compatible spatial
signatures is selected for each frequency subchannel group. Scheduling of terminals

based on the channel response matrix, H(k), is described in further detail below.



yj (k) = H (kyx(k) +n; (k) , Eq (8) where y, (k) is the synbol received
by the i-th termnal, for i E{1, ..., NUI, on the k-th frequency
subchanneWogsosgs71 x(k) is the transmtted vector (i.e., XPET[USR2/x256 .. XNT
]T ), where {x, } is the entry transmtted fromthe j-th transmt antenna
for j E{1, ..., NT'} , and for any matjix, M Ml denotes the transpose of
M; H= (k) is the 1 x NT channel respon vector for the M SO channel of

':“he i-th termnal ﬂo%n vmq{escﬁ{ehﬂligégﬁumsé ubch nnel group, where el ement

o

,J is the coupF+g Sy ABet ween the j-th transnit
ant enna_ ar{dllf'ﬂje I gRLheeNaSOAod WHiRs (N{ & N@r ebmplex dhahindl ghirk between, NU
} and NT I; and n; (k) is the additive white Gaussian noise

( AVGN) for héraksnmh aptepeasert dhe basesatiom red thgrrgceq@veoantcmve(s) -t Hhetterminalamaywhi ch
has a mean of O

f 6 t
o poenean Jtuspd R dorty ey Ses Bt ity o BB ¢ iopm paapiien o A A s
h | 871
Pt Uso2! 4?5?518@%3‘8?%@?%?%?@ Ehiied? TRRAERDNO B gwgﬁ?nne““%é%ﬁggn@r@%% or.

HZ (k) , foransmissioh, is. then INlrfolrmedir(ﬂer steabetive. tekminatidiahd ahe seleciion gealuized

that there is a rraX|rru imt on each transmt antenna, which is
denot ed as Pusdlgcompyy ?S@“al ignatures oveyrthq bangipf mipteste i t power on antenna

jat any giyqefufti Mpo} aed@dwlaﬂ ﬁ%hﬂ%uw%m -FHs® fRode, e §ase[sga11}1]3ﬁ]e]1n:a]
data streans transmtted rom-t NT transmt antennas for eac uency
subchannel Nt diapsmoEnantenmes f @1de (for tsimphaty) otakkrofathet e MISOI tﬁemmaﬂemm\aaeof
each term nal rdi,ng tq the channel response vectors (k) W hout
any. r o pr GEBSEFRY TORIO L G R a0y B e b e &1 k) In

i ntended f ohistHakd, Rpeiot NMepfidAS ﬂi'a? e Sehte byStH@b%t stﬁtfbn' ﬁh@[tﬁr%ﬁﬂ?%n a@f@l ch
is referred to as nulti-access interferencé (MAI). Because each

term nal engivoyBequengy sulshamed groapdihe.eNo e Na) ITlmmaDddlofplmh’ES(@whgnneﬂqred at
conbat i ng the cg@nnel and MAT needs to be perfornmed at the transmtter.
[1117] 1f t'fFEnipalednay bs ¢essesd®knowl edge of the channel response vector,
111( k), for each MSO termnal to be considered for downlink scheduling
(i.e., full chanpet)sgp mnf,oration), one technique for el gpiygati ng or
reduci ng the MNAI 9?5) by Ek?)e(( o)f égda;ﬁnel correlation matrix i nveggbgn (CC™m).
[1118] The transmt vector at the base station is x(k) _ [x1 (k) x2 (k)

XNT (K)1" ., where y,(k) is the symbol received by the i-th terminal, for i€ {1, ..., N}, on the k-th

frequency subchannel group;

X(k) 1is the transmitted vector (i.e., X=[x x,... XNy '), where {x;} is the
entry transmitted from the j-th transmit antenna for je{l, ...,N;}, and
for any matrix, M, M’ denotes the transpose of M ;

H, (k) is the 1xXN, channel response vector for the MISO channel of the i-th
terminal for the k-th frequency subchannel group, where element 4 ; is

the coupling (i.e., the complex gain) between the j-th transmit antenna

and the receive antenna of the i-th terminal, for i€ {l, ...,Ny} and
je{l, ..,N;};and

n,(k) is the additive white Gaussian noise (AWGN) for the k-th frequency
subchannel group of the i-th terminal, which has a mean of 0 and a
variance of .

[1115] For simplicity, each frequency subchannel group is assumed to be a flat-

fading, narrowband channel that can be represented by a constant complex value.



where {x j (k) } is the entry transmtted fromthe j-th transmt antenna
for the k-th frequency subchannel group. Denoting the data stream i ntended
for termwalosiosdsyr d; (k), the actual data vector is d(k) PeT[usp2/4&¥6 d2 (k)
dN' (k)] T, where the relationship between the data vector and the
transmtted vector is may be expressed gﬁg x(k) = ACk)S(k)d(k) , Eq (9)
where A(k) is an NT x NUCCM nmatrix an (k) is an NU x NU scaling matri x.
be vi ewed as inc]uding a nunber of steerlng vect ors,

The
one for eagﬁherﬁﬁﬁf’efbmﬁs of\the fhange eéE(é’é? VRefou Ht (&9 - Fai lr?g{ useNut} pare

t beam f t t .. The
docor et ar ceaii, adilofy B isiGed Mabhetedsd Reimsfrerdiat DR EREATTOMIn f or
A(K) may be;fsphesard I@aenot\édqs P HTfélk)J(sHZk) HY ﬁk)rhétmnﬁﬂn @a\% &Q&?ﬁ{rﬁ%wl
PCT/ US02/ 41756 33 H, (k) er e™ S matrix t

hol ds the c JE%BWEV%E% §ﬁe (,J()qef the set of Nu M SO term nal s

bei ng consi red I|n sc etzl’u ing for ™Hé current hypothesis.

[1119] Thetlﬁqtﬂt | ORRE O, /a(ata) stfg%ﬁ'é Msnﬁtt‘étturrt)@ htf %IT 2n0RitParR A ForBIch X

which is e case when . However is a square matri X, then
the sol uti dhequnnqeqﬂmhaml £100p cammtch&rc githi eatie nthes amtbk)recelvbjante@ha of vdvhr
H' (k) is the inversge ofﬁpk so that H' (kK)H(k).= HK)H" (k) =1,
where | is FHBnakacepriingofne P%taq‘i‘ﬁ]tlieFBPn\?ﬁ Vet (3n Wﬁéoﬁlaabﬁff‘all’roa?ﬁémger 0s

S:,]fgmgr €. Jéjtl%%ggse%?act%m tcfl]t[%r%nt c?aoa stggamgisrlg eln c{for ﬂgefrgr)ﬁtlﬁfgs(? chts ansrkn) t to

ensure t hatsubjbet RowWBrterfaigife, Gvhitl dnswfeiredntoeABamplti- Eljcessd@1‘13551'fd51@1'ftcee>6K71®€I§l
P.,,,,. However, in order to maintain the orthogonality between the rows

of H(k) andP3oaBseceachESQterminal employseonly p@% recgive HnFenaacHl ersfiahproetssingk)

db | th
Coaling ot dd WodFufi e dBniand AAPLAUL Rpd SerERATPIe ARG 1= o ()
0 A0 S(k) MIBZM 0Of fie bakestitich) haskn@whed@dlof tHekohaitdiee fréspbhi e SHYVE) Y €orSi

(k) multiplies data streamd, (k). The set of scale val ues,
each MISO terminal to be considered for downlink scheduling (i.e., full channel state

information), one technique for eliminating or reducing the MAI is by use of channel

correlation matrix inversion (CCMI).
- [1118] The transmit vector at the base station is X(k) =[x, (k) x,(k) ... xy, 1",
where {x;(k)} is the entry transmitted from the j-th transmit antenna for the k-th

frequency subchannel group. Denoting the data stream intended for terminal i by

d,(k), the actual data vector is d(k) =[d, (k) d,(k) ... dy, (k)]" , where the relationship

between the data vector and the transmitted vector is may be expressed as:
x(k) = A(k)S(k)d(k) , Eq (9)

where A(k) is an N, xN,; CCMI matrix and S(k) is an N; XN, scaling matrix. The

CCMI matrix may be viewed as including a number of steering vectors, one for each
MISO terminal, with each steering vector being used to generate a beam for a respective
MISO terminal. The CCMI technique decorrelates the data streams for the MISO

terminals, and the solution for A(k) may be expressed as:

A =H' WEGHE ®))" < Eq (10)



{S, (k) I, can be obtained by solving the follow ng set of equations diag
((A(K) S(k) XA(k)S(k))T )< PAX (k) , Eq (12) where P., (k) = [PAX, (k)
P..,2(k) woRamsssNT (k)] T and P., 1(k) is the nmaxi num powrer/ht/orss ed to
the k-th frequency subchannel group for the j-th transmt antenna. The
values Si (k) can be solved for fromequgtion (12) and ensure that the
power used WO 03/058871 PCT/ US02/ 41756 4 on each transmt antenna for the
k-th frequency subch &e g oup does not exceed P,,,ax ; (k) . [1121] The
total transmt power, (k for each transmt antenna may be allocated to
the NG frequency subchmrqej groups in various nanners. |In one enbodi nent,
the total wheadd{®) powey, i $ind bhaxblq gl thyt keddyihe chankiBekpege eadyrs
subchannel groups such af P3 (k) = P,,,aXi / NG . In another

embodi nent, the total|Hga@3mt power can be allocated unequally anong the
NG frequency subchannel groups while maintaining NG P} (k) = P,3. The
total transofi thepmivef NLPMIS@yerbmaéd bangto@dsﬂlaneédonldowahiﬂoushedhl:fﬂ.g for the

t echni ques, i ncl udi a "water-pouring” or "water-filling" technique that

al l ocates SWEASHRCHSSIer such that throughput is maX| mzed The

- h
oeor v ong REITE RN T S61uliSn PRGBS pbYnddRE I k1o R ROE glflix, Wi IE2 1 O7
i ncor por at age QegeeWHermrefﬁrenH@weArSﬂe%F:@M Sygd{;&?é h{a@m fiRen 8ﬁftf§nrﬁg the

basi ¢ wat er-pourl ng process for a emis descri

e
Patent Al datibon mgsgﬂﬁ :Minc 34 ) 3 Pt D500 Aol APRRERL Us

for Det erm ocation m Conmunrcat i

Cct ober 82@%-6@;% YO ASE! ghSE 10 tw@%l%ree%%pat BB il Bfcand

i ncor por at e Transm oCa niIs a

descrl bed idh tHe GiagoRata8zeOBRIsbwRsLON Seri aI No. 10/017, 308 entitled
"Ti me- Domain Tr ansmt and Receive Processing with Channel Ei gen- node

Deconposi t i[di2@lor MeMDsSytesnss "a fidvent liléic @b}, 7, o20&th assingheahtérmat he
assignee of the present application and incorporated herein by reference.
The opti munyal{l,oca¥} ot oy bhametastal to seabs thetropowerA (kP to ehaure tleacte @dwdrhe NT
transmt antennas anong the NG frequency subchannel groups is typically
conpl ex, anged partwnimy anteahaj.qieslonngotexcesk ®, 1 p. Shiwayef, on otdee toptaintaim
power allocation. [1122] Substituting equation (9) into equation (8), the
expr essi on theorthhgonadite beerden the rows of H(k) and the columns of A(k), all entries

within each column of A(k) need be scaled by the same value. The scaling is

accomplished by the scaling matrix, S(k), in equation (9), which has the following

form:

Sk 0 A 0
S,k) A 0

M M O M|’

0 0 A Sy (k)

S(k) = Eq (11)

where the scale value §;(k) multiplies data stream d,(k). The set of scale values,

{S;(k)}, can be obtained by solving the following set of equations

diag ((ASKENA®WSE) )P, k) Eq (12)

where P, (k) =[P, (k) P 2 (8) A Poy (0)]7 and P, (k) is the maximum

max;

power allocated to the k-th frequency subchannel group for the j-th transmit antenna.

The values S;(k) can be solved for from equation (12) and ensure that the power used



synbol for termnal i may be expressed as: y; (k) = H (k)A(k)S(k)d(k) + nl
(k) , Eq (13) which sinplifies toy; (k) =S (k)d; (k) + ni (k) , Egq (14)
WO 03/ 0588013088B/71JS02/ 41756 35 since H, (k) is orthogonalpCrasat/4i7sexcept
the i-th, colums of A(k) . [1123] The resulting SNR for termnal i for the
k-th frequency subchannel group may beo}%pressed as: S? (k) y, (k) =62
(k) Eqg (15) [1124] In sel ecti ng a set M SO term nal s havi ng nmut ual | y
conpati bl e ati.a ure I i nk dat ran m SSI on_a given
f requency s Sﬂ%’nhgﬁ’ 6‘8 nng E%r %bgaé ’ﬁﬂ&?@‘/’éﬁ? gH’éIPf Fréﬁ’tfe(’)‘ cedach
set of M SOpt erdgynal s to be evaluated (i.e., each hypot hesis). The SNR for
each termina™{n the set nay be determ ned as shown in equation (15). This

SNR may be in trg
t hr oug%put Hﬂ%@n aggsg&irafn%e%%gfﬁ%‘g% 5‘)‘ an ?61?& r}\/lk}ﬁ corrpé?b%gllnlcta;[/edrra
thus be def tHQQJ(%)ﬁ%%nQS%SEWh%H@T%&u FinSARu® hikehes! 'ﬁlecfﬂeaehrﬁ‘t?odﬂnelﬁt fig most

mutual |y conpati b term nals be the ones that achieve t

hi ghest oveptl Itranhnmq@lmug allc@c]aﬂeﬂ&}qu'ﬁﬁg aMoB@ the ¥4 ﬁaﬁmnnmsubdlmnndj@roups
schedul ed for, downl i data transm ssion .based on thejir priorities.

this case, YRRt %o@én}ﬁfwyw;ao ‘H’Pﬂ?éﬁMﬂW@tg}hR/@téhHanstWW@rWrP&l s
based on pI’IOI’It% ézﬂso be ﬂ* %for sch dullnIgMSOtermnaIs For
exanpl e, t Hal iHREt pr‘WB?gfﬁg €S eﬂ‘é?Wn%‘(‘l chapRgl BEOURS nehilfe PRodNtRIBINgG
schedul i ng Nj or each frequency subchannel group. [1126] Qther techniques to

generat e nubt Pplke=treans Ties toral itahfthie poekerli B3| § M@AYbahisstatddebabeEon vanshst hi s
is wthint scope "of the invention. For exarrpl e, the beam steering may

be perforned based on m ni um nmean.square, err t echni qu The
oo S and. MIEET R PR o HECEPORIE At cargrriing T iehmist det Agotetetat i on

Serial  No.trddsit I\g&ﬁcﬁ‘niucﬁﬁﬁbﬂ hedughPuSRr makinliass. 486 %@A&;ﬂrﬁ GelRHifROis449,
both entitled t hod and &Eﬁgﬁat us for Uilizing Channel Srate

| nf or mat i ordeserited\yrRobestsG. ninc dnfosmaBys Thenry ané Rebahle @ehymmma@dm\/ar ch
23, 2001 a rhd

present apploih‘&?e\pgl%% aﬁ%asl nﬁcgg pOrV%Rl‘té)lHtigéI%z’s %eg l\ﬁgef“tépgn’% ere'%i%i)gpﬁé ig
transm ssi Gilgdrithifilibt pef@ntig tHedatis walRPourap tpkoeeb@ﬁ)ed MIMOMAFIDM system is
described in U.S. Patent Application Serial No. 09/978,337, entitled “Method and
Apparatus for Determining Power Allocation in a MIMO Communication System,”
filed October 15, 2001, assigned to the assignee of the present application and
incorporated herein by reference. Transmit power allocation is also described in U.S.
Patent Application Serial No. 10/017,308 entitled “Time-Domain Transmit and Receive
Processing with Channel Eigen-mode Decomposition for MIMO Systems,” filed
December 7, 2001, assigned to the assignee of the present application and incorporated

herein by reference. The optimum allocation of the total transmit power, P for

max, j ?
each of the Nr transmit antennas among the Ng frequency subchannel groups is
typically complex, and iterative techniques may be used to solve for the optimum power
allocation.

[1122] Substituting equation (9) into equation (8), the expression for the received

symbol for terminal i may be expressed as:
y; (k) = H,; (K)A(K)S(k)d(k) +n, (k) , Eq (13)
which simplifies to

y; (k)= 8, (k)d (k) +n, (k) , Eq (14)



signatures is also described in U S. Patent No. 5,515,378, entitled
"Spatial Division Miltiple Access Wreless Communi cati on System " issued
May 7, 1996,03%0k88¢h is incorporated herein by reference. WOTABODHBEY 1

PCT/ US02/ 41756 36 [1128] The beam steering techni que described above for
M SO termnals may also be used for M termnals. [1129] The ability to
schedule M SO term nals on a per freque subchannel group basis can

result in inproyed system performance since the frequency signatures of the
M SO t er mi nd3P€ ﬁa&‘)b‘é‘)@%(@i&{@cﬁ”ﬁ rr<sef é‘@tl‘lt}h’g’oﬁ]‘ﬁ%nss‘gtix—&)-rrut ual |y conpatible
termnal s achtr > nel Qup., 0] Th echni

descri bed a lgg%]e may g@%iéfﬁﬁg§}\§;go§r}? @mﬁglng %rutge ck([)t#blt?%‘ié‘][e}lc nS&bgﬁ alglleﬁ/%,%%ﬁ SO,

and M MO t emay babspredsed agxanpl e, if four transmt antennas are available
at the base station, then four independent data streans nay be transmtted
toa single 4x4 MMO termnal, two 2x4 MMO term nals, four |x4 SIMO
termnals, four %%_I\ﬁfﬁé@tern‘i nal s, one 2x4 M MO term nal anﬁ tq/gé 1x4 SI MO
termnals, or an% theargonbi nation of terminals designated 8 tHcei ve a
total of four data streans for each frequency subchannel group. The
schedul er can be designed to select the best conbination of termnals
based on t hdl1p4#ist - ju celestiegl a SR IMISO aeindnals Maphighestualig cosglagblefspatial
term nals, where e%\ch hy ,o&(hesi zed set may include a mxture of SIMO. M SO
and M MO te%l&%t}gﬁ%.or[%@ﬁqn \ViRFa GRIASTHENIGN 813 2HYeny Hequspey aliphpnel geaypy Bie
determ ne t L QL4 f I 5 Selgso! i

"score" mathJ;o(\alpra%]a%1 %lgaﬁ]agdbiﬁﬁfoggg%lfgf?afc@gy tern*?onzgi anégﬁg‘ggg@ ?rclle i’c to
be used f oreask hgphthésig). The SR ferrdackl temminta) imthesetr may bedeteahined aofhoam in

th h . ticul ing time jnt | | i nt.ai ned
for oach actiguon b riis SRR by fnEinenpaottnned Reirie Sel s, iF pe Pesed”
termnal i @ thidugBpst Dowd dbdv& ARYEEShAS) 8nd E@?Mutﬁéﬂ%ro tiBi'HE}thg?(ﬂﬁi)s be.

achi eved over Np ~ prior tine slots, and may be expressed as: 'n .

Zr (X, )/ r. dafiged bayed qurhrayshputiieomerother)criteria (eeg.,' the andst enittuallytcompatible( i n
unit of bit LKe sl for termnal i, .at ti sl.ot nd Jmy, be conputed
based on th@%%%%%?%%@saggat oS Lt g%%e Lﬁjﬁﬂg’z&ﬁgtol%ﬁﬂ(t oyghpr%é)pi cally, r,.
(n) is bound1?s] a mAEMISO &fimivetd fikinabobeestabhBed!ffr dohaliBk daadraasmission

based on their priorities. In this case, the above description for scheduling SIMO and

MIMO terminals based on priority may also be applied for scheduling MISO terminals.
For example, the N highest priority MISO terminals may be considered for scheduling
for each frequency subchannel group.

[1126] Other techniques to generate multiple beams for multiple terminals may also
be used, and this is within the scope of the invention. For example, the beam steering
may be performed based on a minimum mean square error (MMSE) technique. The
CCMI and MMSE techniques are described in detail in U.S. Patent Application Serial
No. U.S. Patent Application Serial Nos. 09/826,481 and 09/956,449, both entitled
“Method and Apparatus for Utilizing Channel State Information in a Wireless
Communication System,” respectively filed March 23, 2001 and September 18, 2001,
both assigned to the assignee of the present application and incorporated herein by
reference.

[1127]  Data transmission to multiple terminals concurrently based on spatial
signatures is also described in U.S. Patent No. 5,515,378, entitled “Spatial Division
Multiple Access Wireless Communication System,” issued May 7, 1996, which is

incorporated herein by reference.



particular mninmumdata rate (e.g., zero). In another inplenentation, the
score ¢, (n) for termnal i at tinme slot n is an exponential average

t hr oughpuwoagisssyed over sonme tinme interval, and nay be exprisszedsas: WO
03/ 058871 PCT/ US02/ 41756 37 0,(n)=(1-a)0,(n-1)+ar,.(n)lr.X , Eq (17)
where a is a tine constant for the expongntial averaging, wth a |arger
value for a corresponding to a shorter eraging tinme interval. [1132]
Wien a term desjres data transmssion, it is add t he active

Vormi nal o T2 e teagidaine 30T iR eRingd abSuics Mg bl ey Sbsacr
active termengbkd fér Med deshingBY Subsequently be updated at each tinme slot.
Whenever an active termnal is not scheduled for transmssion in a given

time slot, [M129dat &heabidity trschednle MIBOgEmningls ogatpet frequancy stichennel gfop = 0)
and its score.is ugd:ﬁted accordi nt%}%??tf t he datawlgﬁcket transrrittefi in a
schedul ed t9a7E P JPSUlsin WRENFE FYF Grognce, sipec TP HgdueRgyasienantes 8t Henal + s
effective MM@ téradifalé eaytbeadxplditedd i® kelectimyhé @et&ﬁtmﬁtﬁalgseé&npa-ﬁm% eafals
error may not be known inmediately (e.g., due to round trip delay of an

acknow edgrfenedchdtpaupney subehanool ssegrent ( Ack/ Nak) scheme used for the data

transm ssi ﬂ‘ﬁ:&(ﬁm t’[ﬁ]‘g g cglgfq?isig%fg%]d fb%ivg%a%ldbeagceggﬂ’aﬁ%éewégﬁ}agﬁféeatctorﬁilbsmaqoél may

informati on'is - availa e prrorrty ive termna

al so be detgfr$iMOJMISSR it MBIt te@iinaky S Feimeganglt) Hi fotis tanshit etenhaymeat S.
For exanple, if the maxinmum |l atency for a particular term nal exceeds a

t hr eshol d \ARUble ehibg basrestatignyther) fovripdenendend datasstrearys sayhedrnpmitisditoyn.
[1134] O heg rl\?nﬁ@y . G I 0. de 1 islm ?nﬂ{- ity of
the acti ve%r%gelélﬁl&ﬁa S. C&%@uggléﬁs?azg?o%?ﬁkﬁngﬁg{)ﬂgﬂﬁg %?ggk?o t de{.é ypeaisg?&'gata
to be transhilt MBSOt terninels, bes Bk4 NBMODetrapal anmbivwoe \ted GAMIO meaynideds, agsmyi at ed

Wi th higher priori t¥§ and. del al%%ﬁi nsensitive data maﬁp?%? oci at ed %rt h

as
| ower pri or9tsF, coRRipalinn,o% teoyils: destprated o raei¥rpiga & qgka SRS

transn ssi QacHB%qabRY RBCREREL kAR Thd ScHRUBIBEbaP bt Uebibded td16@ect Fhd BEst
processes iy be waiting at the termnal for the retransmtted data.

Anot her f aombinatiop dfetermainals ddsecbon e pysh@raskssed tSINRe fori aaiobe hygpthesiredded
for the termnals. .Oher, factors .al,.so be consjdered in .09
priority angaPdeARHPREnYRHE eg%lb@\g)oﬁe\é{zﬁg 5¢ Iﬁ%ﬂltcpu(ssiﬁ.a T]f‘?‘:‘:’rg](’f$m:ﬂdgr¢t y of
an active tRdmNIMO teaYinhlsus be a function of any conbination of (1) the

score maintained for the termnal for each netric to be considered, ééé
ot her parddd3Hr vMadeys metigsainsefictass maysbe Hsesotesdeteiming thangrienyuel dwent s,

and (3) ot ha%{ive terminals. In an embodiment, a “score” may be maintained for each active
terminal and for each metric to be used for scheduling. In one embodiment, a score
indicative of an average throughput over a particular averaging time interval is
maintained for each active terminal. In one implementation, the score ¢,(n) for
terminal i at time slot n is computed as a linear average throughput achieved over Np

prior time slots, and may be expressed as:

b= 3V 1, Eq (16)
Np rentp 41
where 7(n) is the “realized” data rate (in unit of bits/time slot) for terminal 7 at time slot
n and may be computed based on the post-processed SNRs as shown in equation (6).
Typically, r(n) is bound by a particular maximum achievable data rate, 7q,, and a
particular minimum data rate (e.g., zero). In another implementation, the score @,(n)

for terminal i at time slot n is an exponential average throughput achieved over some

time interval, and may be expressed as:



factors. In one enbodinent, the systemconstraints and requirenents
represent "hard" values (i.e., high or lowpriority, depending on whether
or not thwowensisrai nts and requirenents have been vi ol at @dx/tsnd4t7be€ scores
represent "soft" values. For this WD 03/058871 PCT/US02/41756 38

enbodi nent, termnals for which the syst constraints and requirenents
have not been net may be i nmmedi ately consi dered, along wth other

term nal s based their scores 1136] A priority-based scheduling schene
may be desi gned %n)arc '“e@’z' eéftfalp*"%\fi(%{]d xthroughput (e.g., e§8dlquality
of service or Q©S) for all active termnals in the list. In this case, the

active termpals are prioritize sed on their achieved avera

t hr oughput ,rQVH ¢ l%ﬁyﬁf}% cagggftﬁﬁ@a SEPUNRE qvﬁra@%t"flﬁha( ¥y gg‘lu% 195 @ | n
this prioridikesparmey @ dEHE Mra%?rt?ﬁﬁﬂe itB®apchedul er uses the scores to
prioritize termnals for assignnent to the available transm ssion
channel s. THA33kor ¥hesr a tenminag ledites datagrapsmispigas it ¢ dsklse to the acties terminals

assi gnnent s;. Qr, n-assignments. 1o transm ssien channel s and .. further be
2 ueteq 1 o pulRRsARFOPIRR Rl et VAT AR Rt BT RO derfitg i Bl
prioritizedsubbefuetitiptbet hgddt@r i Rath Wikd stdie, Wishesdr &FQc8vd JerthidANist H6t

hi ghest priori t}{, and the termnal with the highest score is conversely
gi ven the |¥ieditledfqrdransipissiontiara iy igressloipits damidiategfor dheriimel dotrigyetatoso be

et er  ncl Qi oE0 D ARARBER S IHAR SRR TRl ©°
ternminal s gpe &ﬁé&ﬁé@g@%rﬁg&mh% ef0f Fgggt%‘n{iﬁﬁn&%%ﬁé %ﬁn%%?ggffg&i\}ehei r

priority, it I's possi oor term na ouprhgs to OCC
occasi onal | data £até ffaothat tierenslotainag de des tonerot MBlie pakel &i3or Mag invt [barknoemannel

response matricegs H(k) which cause poor. S for all termnals on all
transni t t ed"dat atelyy degg. i 40 ¢ K3y d5R "t\clgfqyn qf o\t WFB’E@HS%TH?%GEE&&W
termnal i nqckﬂ&vl%@%meﬁr@c _ k?\éﬁ{eﬁ{el used 441 btk ?ﬂdﬂ@ﬁ%ion)%,ﬁ e o QAHY S
the priorities of the termnals may not change substantially over several
ti me sl ot s.adjuséedsashendingly omepythisheforeticont isekailable. h thi s particul ar termni nal

set until t riordties .of the termnals.chan ufficien ta cause a
change in n@ﬁ%@rshi eipHopﬁrefogﬂle_ac Iﬁ%ﬁm% lg@%glgo?)ﬁgetegp{yg%iﬁgeﬁgm Paftio8ct
described algond céleraiidQfdl BiuifdibnRe FEexaRBR, iP HEGREER lindy GBPEI Lion
prior to assigning terminals to the available" transm ssion channels and/or
to detect tHeiadadeinisal exreeds ¢ thrashold yalueethen shantempéral ofay b hlemstsd tayp be
used to detlﬁ ﬂl@ﬁﬂt&he degree of |inear dependence in the channel response
matrices H( é e°schenme to detect clustering is to apply a particular
threshol d t[@134le hynigdrifesoms nidt dlsobelcdnideredlih dadetmPingiths pEsEA G thé adtivaber

of SNRs in the
terminals. One such factor may be related to the type of data to be transmitted to the

terminals. Delay sensitive data may be associated with higher priority, and delay
insensitive data may be associated with lower priority. Retransmitted data due to
decoding errors in a prior transmission may also be associated with higher priority since
other processes may be waiting at the terminal for the retransmitted data. Another
factor may be related to the type of data service being provided for the terminals. Other
factors may also be considered in determining priority and are within the scope of the
invention.

[1135]  The priority of an active terminal may thus be a function of any combination
of (1) the score maintained for the terminal for each 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



matrix F(k) are below this threshold, then the clustering condition is
deened to be present. In the event that the clustering condition is

det ect ed,wDhg/ossshedul er can reorder the termnals (e.g., PCA/lS0z/&ax16Om
manner) in an attenpt to reduce the |inear dependence in the hypothesis
matrix. A shuffling schene may al so be vised to force the scheduler WO
03/ 058871 PCT/ US02/ 41756 39 to select termnal sets that result in "good"

hypot hesi s trice i. e, nes. t have ini mal amount of |inea
dependence) otagtt il B ERich R AR e RiPo T i ERRm e BESR been
transm ssi Qﬁet&ﬂ%r b Enmedihefidonbideft, él@ﬁsg‘ﬂvitﬁ'o&e?@&ﬁﬁln@{\bd%éd of kel RbRsal so
described in U S Patent Application Serial No. 09/859, 345, entitled
"Met hod and1Nfar au$ripsty-pased cebediginBosoheingkmardao desigred o @chieve equal

Mul tiple-| ' - p i ' " fi.led. y 16,
2001; U.S. '@g{a‘gg@{rﬁ\%@@g%&bﬁ&@é%a m??%?é?@?@ﬁ%‘ﬁﬂ%amw@? ﬁ%%%and
Appar at us fiize. Gomitik @bid, nige d¢tBRrsEiBmbBNSe PlioAtitedbased oatthein aciiysddemeradel | ed
March 30, 2000, and U.S. Patent Application Serial No. Q9/675,706,
entitled " NBINSEPUN Ik By abe Seterpinpd as: THORINE AQUAtIORK(1E) X AAdhi I ABifer i n
a Wrel ess QR}EI}R,I td ; b al | i.gned
to the assipgnee g%&ta hégﬂég)ﬂruélgéﬁtkﬁéﬂé%gp% E%ﬂgﬁpggﬁégéﬁ%ﬁg ggnﬁigrtg?fﬁﬁ]g%

ref erence. fpiaginnomeo dfe dviadasiewahimissisn kahieisn gTiscévenssofdas tarirteals aleove

enpl oy techni s tp reduyce the anount of processing required to sel ect
ternminals f attg Paseshon GhFTR AR RIS OF PAMatH FEBHS tongmrrfgﬁgm?lbdeqﬁ@dgé}néct ed
terninals. J&sew@%eoad}tﬁgﬁed FSCPRIKAL S ofFRY TRE %&iwtm§Wtﬁ@11&%hy%eot her

H
schedul i ng schenes, and isis wthin the scope of the invention.” For
exanpl e, t hnsiokitizéd spebgthatighe tarminal vdthrtheddweshrsgordes givamthe déghest froority, and

schedul i ng ysi ng.any e, of .t.he schemes descri bed ahove. 141].. For .t he
downt 1 nk " SdE iRy vRhE LGRSk AFAEdE HoBVRSly R ol oatrsl PABNE.  Driem ¢
power for aaghods’ fRSEMkinMBEs nSayOfSHI BB Gisé® ReJrlop@iahesh HAY fadomskigacr oss
all frequency subchannels selected for use for downlink data transm ssion.

However, t Hiog-unifermayaightingrfeerors tpdhgterminpbicatdson i s not a requirenent.
ah d [ h l.i < . t 1 nal. dat
er Omé',rl],i]ﬁfc. %gru al @&an?ﬂ%%ﬁ%ﬁul%%ﬁtﬁ%lfe?es gn tv%hg&{ng%ﬁaé@eflge gflrre% $&6&ed and

transm ssi ssign transmssion c ermnal’s, and

further allsohaluged formsats trarsaidsion Bastden abei griGaky] [tanpoisstse dor psdhaanghd may
al so be devised. Sone of these scheduling schenes are described bel ow
[1142] |n SHQURIRENTIO PREVE OReatimRRY <t hBR PHHDMoW! dh PR Ehnt tesls AR sipidaer

al | ocati on, 1SS n ith hi ove A
particul ar Cth %Eﬂeeg ﬁ%%i’g’%g@g?‘% ge@@c?’é%h}/\%aﬁls%?eé?} g’xﬁgﬁ f%ﬁglﬁtgrsrﬁngﬁls c?'Par?Hel S
wi th achi evgalsalza dael @Wakl! This then results in low throughput for each terminal in the set

and low overall system throughput. When this occurs, the priorities of the terminals

may not change substantially over several time slots. The scheduler may then be stuck
with this particular terminal set until the priorities of the terminals change sufficiently to
cause a change in membership in the set.

[1138] To avoid the “clustering” effect described above, the scheduler can be
designed to recognize this condition prior to assigning terminals to the available
transmission channels and/or to detect the condition once it has occurred. A number of
schemes may be used to determine the degree of linear dependence in the channel

response matrices H(k). One scheme to detect clustering is to apply a particular
threshold to the hypothesis matrix I'(k). If all or a substantial number of SNRs in the
matrix I'(k) are below this threshold, then the clustering condition is deemed to be

present. 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 hypothesis matrix. A shuffling scheme may also be devised to force the scheduler



threshold SNR are not used. This schene nmay be used to renove poor

transm ssion channels with [imted transm ssion capabilities by allocating
no transrmvD )pos®8r1to these transm ssion channels. The toralr/vail7abl e
transmt power may then be allocated wuniformy or non-uniformly across the
sel ected transm ssion channels. WO 03/058871 PCT/ US02/ 41756 40 [1143] In
anot her downl i nk schedul i ng schene, the tTtansmt power is allocated such

t hat approxi nmate equal are . achjeved. for. all transmission channels
used tor ¢ rienity YaRiA eI, RS AeBuTT nufindis mliREE Than i, EERee
transm t t edmitiimalathbhmdlof linédr¥eperidesde)n channels (i.e., via nultiple spatial
subchannel s _and/or nultiple frequency subchannels), and these transm ssion

channel s mell13%hi evidiedisshiedpling aENRsmifale donl downliaks dite  pansarissien andodwt ed
to th t i i | s, | i i f. : t f ..
tranom e ponbie fdeBMAReRata &Y pAaf IR ARG el B s AR ot atign

may be achi Sardl Mbi 0b/3601346, ehtledalMupthoal ahd OAFpLQINTOr COltticaGn@ Mbwnlink
nodul ation . schene to_be used for the data streamtransmtted on these

transni ssi oResoHEsER &l 3 MuliiplednpedylultiplaOntpat (MM fexmmynisation Bisteger filadns a
channel | NRL§! 18120011 REs! PABRASSIARon SBAANRL S08798581 51 ikiBE YNRRRARIN S

being simlar”at the recel ver. nnel inversion O ransn ssi on
channel s andppdratug ian@ehtrolliug Miyammisfiorsndfya Coenrswlieatioas Sys@ns hiiksl March

h I i bed_in U S. Patent i cati ial No. 09/860, 274,
Pl 1 S B Ao SPGB0 F
June 14, Zoﬂ%parﬁtﬁg £ §eter5ﬂ{i§%‘tAv%H9l§IE Cbh it %We?lin INOW 68 ConthSnicdtidned
June 26, 2001, all three entitled Met hod and Apparatus for Processing

Data for Tr3ystam.8sfiled Septemberd 2P, COEOnell asSigmadirtocthiei ossighest efimthds iprayent

Sel ective Channel Inversion," assigpned_to the assignee of the present
appl i cati ona}ppﬁﬁﬁlanﬁ?grlﬁm?%@dﬁ’gfeé‘? ﬁyfﬁ];e%“feerence. [1144] In yet anot her

downl i nk sc1e4e] | nGoseh@Methet ABWIIIROShEdRRE schBRYesP @esciibb@CHRE smpldyt hat
a desired data rate is achieved for each of the scheduled termnals. “For

exanpl e, noeemiqueasts re@iwaethenagopet of |reeassidst wqrisedr tnabededsi erminalshor

amp! . . or i nal . |
i ority. [ryiafion shd A0S b B ds B JCRIEHea S BT, TP Pflnorr"
power may bechridues eadyedsabecamibihed o derive ol isehedulih@ichiehies U@t phik is Within

system t hroughput may be achieved by allocating nore transmt Fower to
better tranbfisseneoft Eeaiventionsndior exampley HiesNikthighask pripgtyptssminatsamalibssi on

channel > g BRIl Sy She LD IRBA T 52

t echni que. [Al4Ljhen¥of olie downlidt sehgdtlirpnsaheinep aeatribod abdvantheadtal available
transmit power for each transmit antenna is assumed to be allocated uniformly across all
frequency subchannels selected for use for downlink data transmission. However, this
uniform transmit power allocation is not a requirement. Other downlink scheduling
schemes that select terminals for data transmission, assign transmission channels to the
selected terminals, and further allocate transmit power td the assigned transmission
channels may also be devised. Some of these scheduling schemes are described below.
[1142] In one downlink scheduling scheme with non-uniform transmit power
allocation, only transmission channels with achieved SNRs above a particular threshold
SNR are selected for use, and transmission channels with achieved SNRs below this
threshold SNR are not used. This scheme may be used to remove poor transmission
channels with limited transmission capabilities by allocating no transmit power to these

transmission channels. The total available transmit power may then be allocated

uniformly or non-uniformly across the selected transmission channels.



pouring is described in the aforenmentioned U S. Patent Application Serial
No. 09/978,337. [1146] Ot her downlink scheduling schenes that al so

al | ocat e wpan®sisr1 power in a non-uniform manner to achi ePeTiUSe2/¢IS6 r ed
results may al so be inplenented, and this is wthin the scope of the

i nvention. WD 03/058871 PCT/ US02/ 41756 1(151 [1147] Typically, the termnals
determ ne their post-processed SNRs fromVsone "assumed" power allocation,

whi ch fixed d far .the pil t itted he, b
atatton” THAHANG, oI FodGaRiumER Scteduity Siheimey e i POLPER AR rom
the assumedhpoEiSxintaReP dqisl BRRE- 26 0LARSEH NGRS WhdshifordbhdnBERNised 1 NCE

the data rates used for the data transm ssion are based |argely on the
post - pr ocetanenhitSNRl  datehsiresen. udy paticalar detesstiram ey Heritansmittedevia enuliiplal s

(e.g., in the preanble f a data ket).. . The . termnals may.also perform
bi Phar ' aEaBESRPTonct oy Bh e AREE b SBonaRheT ARuPy Eudy FRaRE:Y
transn ssi aibelanélk), Giad POSS trbhsniskadra chaines MAY iachiehe difddrant SKRESegedlon i s
ei ther received correctly or cannot be recovered error-free for all

possi bl e r dfaasmitapeineyi sgallasated rigribeset trpnsissiom changielse n Bypaltacating diftasemninel
can i npact - r I i e
sane freque%@%g{ﬁﬁg%%gfﬁ&gggtg §N§§ﬁga |st§%§f%}12§1?é1%24ﬁ pgogg lglgtgg{]ecedgra LSN}(RE

sel ecting tmayrboakhiehed whidha wionkheheh Sdlioona sifgld 48inmodbé®ting ahd infglulpowner

all ocation may al sp be used to all ocate the available transmt power. anong
the transniSsRsmn e hansed tordhe Hatersiican raaggHisdion dheps Eppyigyon chapgels. In

vater - fi 1l iR PiRe GRS AP Yol BRIAASTTB drths (ALHAHS HRARRASOrsUE raSm{sbib
across all requency subchannel groups for each spatial subchannel, ?2)
across al | chpadlasuchsbdsehanamplesr fsdeingaginilar gherecyi veu bCkmmakinvesion pf all 3)
across all frequency subchannels of all spatial subchannels, or (4). over
Some. def | ndENSRER SRERCH B8 B CHanReinyEofbr of oplimiite SEHEd (BOSTIHOR | ng
may be per fpaaRds Ae'REGiRISAU.Of PERNSIlCHIANSSGIRNE08/866244, filed Maysingl e
data streamtargeted for a particular termnal. [1149] Wth partial-CSl

schemes (e.290], ' kﬁ)s%?tﬁfﬁaﬁpplmti];pmﬁeﬁp]r Doe 89841 8hkstiledt hvae el4, 200k el Usht enna
Che-t r anarittegySpBice S o o PERPTaLA. PERE: 1o 25 0Bhrghthihict s fFicedse

terminals ‘aghibelilaad Qppdrives FNPrédesdtssliDat@Toe Mhgnsndiskiord i R MuUNe-CRahidipl e
transm ssion channels assigned to each scheduled termnal (wth the total
pover al | odeane@unisatiehysten Hsiw Seleséive hanned fyversion, | aysigngd éithsassignge abt her
al | ocation ull - se based on channel
gai ns), ad&ﬁ%%%i aﬁﬁﬁe%?li lglﬁ a}nt(&?hﬁozﬁg\g/{aglﬁ?lg% egysll'eﬁecréllII e transmt '

[1144] In yet another downlink scheduling scheme, the transmit power may be

allocated such that a desired data rate is achieved for each of the scheduled terminals.
For example, more transmit power may be allocated to terminals with higher priority
and less transmit power may be allocated to terminals with lower priority.

[1145] In yet another downlink scheduling scheme, the transmit power may be
allocated non-uniformly to achieve high throughput. High system throughput may be
achieved by allocating more transmit power to better transmission channels and less
transmit power to poor transmission channels. The “optimum” allocation of transmit
power to transmission channels of varying capacities may be performed based on the
water-pouring technique. A scheme for allocating transmit power based on water
pouring is described in the aforementioned U.S. Patent Application Serial No.
09/978,337.

[1146] Other downlink scheduling schemes that also allocate transmit power in a
non-uniform manner to achieve the desired results may also be implemented, and this is

within the scope of the invention.



power may be reallocated across transmt antennas (i.e., eigennodes) as

wel | as across frequency subchannel groups. The allocation/reallocation of
transmt wowenssmong nultiple termnals then takes on anpraddiSpy/orsd

di mrension. [1150] Thus, nore conpl ex downlink scheduling schenes that may
be able to achieve throughput closer to opt| mum may be devi sed. These
schedul i ng schenes nay evaluate a |arge Hhunber  of hypot heses and antenna

assi gnment s passi b i ff eren 03/ 058871 PCT/ U

transmt po%&??ﬂl I 8@’%&‘&}&5% %mHE‘? Zl?eﬁt HBSttIHBCGS%eaé fB‘PmtSé’P}ﬁ nal s
and the bestassaﬂé@npawaﬁsattgmm an@t hely dRWiHld Med ChRe 1A fGhaRepiIgRY

al so be designed to take advantage of the statistical distribution of the

dat a rat es Gosiwiedifon badase satgmallherFhore if thef powess jueed fmﬁa@drmeﬁ&siou n
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hypot heses) Sine¢ KheWﬂhia Riesati@idy ol NBe PRt GhARRICH0P s bhsertietargdty Soni theOpdERt i on
may then be stored, updated, and used by the scheduler in future
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each of themec@pe:hatreagvem)dﬁa tralsrm‘ksmr atbea:hoube;bcmwble[ 8142 Zdatek nunttih ehdVidvia

node, (up to) NT independent datg streans may be_ simnultanpeously
t ransni ttedtrwnt”ﬁémoa% g1theraeceived (qomierty tF affERPY Sn‘teé‘n‘f?&%d PHPT“QE% Hor all

frequency SYRGRRIRL. CCRIRIANe bandRh %@wteﬁlriaa DalhiNDUERILGh il R
receive antennas . . The M t rm nal nay use spati al
equal i zat i othe @bﬁrprowss&dﬁmmanahmpmimbﬂmnmIin whetéanfelfedquémq’i sufghannel
spacetlrreeuall or.a di sive M MO cha wi th frequency

sel ective f@gp]n’gf)“ &8&({3@% b8 fignsd %E%F[ %S&Fefﬂ%g tem“tapgfﬁgﬂﬁ‘t?t“@aﬁlﬁéqﬁn ‘st r eans
for each fr[qquspcy“wmab@magt 8WweRlochiiSn §M§ Mo BaGLd d@oatot%%@ﬁmbﬁat a
stream (i.e., after equallzatlon may be esfimated and sent back to the
base st at i oenasicpeiereimengsthe trzmsmamqn dmnnqihesublaél@at shrpuglput naynavchanedtse
this infor tlo%btﬁ?]t]se %ctsthe§ g(—i,- te to use for efg‘rjtl g]é rem
such that t RS 1Y BnPE ?%ne e oA EHPFE 8T % a&é‘ts ream
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data streams are transmtted to one ternminal, as is the case in the MM

mode, t hen tuhehamelsdereard freguendy subehsmmelegrevmdd) pirowsclkirenyenescsbchanseliny be
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transmtte Streans
example, the water-filling may be performed across a set of transmission channels used

for a single data stream targeted for a particular terminal.

[1149]  With partial-CSI schemes (e.g., those that use post-processed SNRs), there is
a per antenna constraint on the allocation of transmit power. So for a multi-user case,
the transmit powers may be allocated/reallocated (1) among multiple terminals
scheduled on the same transmit antenna, (2) among the multiple transmission channels
assigned to each scheduled terminal (with the total power allocated to each terminal
being fixed), or (3) based on some other allocation scheme. For full-CSI schemes (e.g.,
those based on channel gains), additional flexibility is available since the transmit
power may be reallocated across transmit antennas (i.e., eigenmodes) as well as across
frequency subchannel groups. The allocation/reallocation of transmit power among
multiple terminals then takes on an additional dimension.

[1150] Thus, more complex downlink scheduling schemes that may be able to
achieve throughput closer to optimum may be devised. These scheduling schemes may

evaluate a large number of hypotheses and antenna assignments (and possibly different



each frequency subchannel group. This techni que successively processes the
NR received signals a nunber of times (or iterations) to recover the

si gnal s twengnsssted from the base station, w th one tran®girtused4ssgnal

bei ng recovered for each iteration. For each iteration, the technique
perforns spatial or space-tinme equalizatjon on the NR received signals.
One of the transmtted signals is then rezcovered, and the interference due

to th i is. t ti d and | ed mth i ved
i gnal s to aemihib e ish S Gk SRR HRaeEneLet il S 6 et
removed. Qngshhn@ a&Gdnimdtid/ OBR2 4Ktk sc‘ﬁ@dt[lﬁm%@&herﬁ&ﬁnﬁ%ﬂlis& b€ desbaab sal@r e

then processed by the next iteration to recover another transmtted

si gnal . By adepmesnef thpetafisticel disiribmtien afitherdgtasates ackievsddryeench tggmanal. fThism t he
recei ved si, . SNR | aves .for the NS M- t,1 Lanal s kncluded in
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i mproved pRIdfthMERCSHMsplitetidrel io May bapowsble tadedrh evtays t@fiind kidflingkhe
successi ve cancell ation receiver processing technique is _described in
further detGes hypptioesss) verkeyall bipwnalvzing pasfosmanes oves timpo /Iiguinfgmatian may| ed
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[1156] In an enbodi ment; each MMO term nal in the systéem estinates and
sends backbeldw.post - processed SNR val ues for the NT transmit antennas for
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antennas f QJosRAGRessed data stream (i.., after equalization) may be estimated and sent back to

the base station as channel state information. The base station may then use this
information to select the proper rate to use for each data stream such that the MIMO
terminal is able to detect each transmitted data stream at the desired level of
performance (e.g., the target PER).

[1153] If all data streams are transmitted to one terminal, as is the case in the MIMO
mode, then the successive cancellation receiver processing technique may be used at
this terminal to process Ny received signals to recover Nt transmitted data streams for
cach frequency subchannel group. This technique successively processes the Ng
received signals a number of times (or iterations) to recover the signals transmitted from
the base station, with one transmitted signal being recovered for each iteration. For
each iteration, the technique performs spatial or space-time equalization on the Ny
received signals. One of the transmitted signals is then recovered, and the interference
due to the recovered signal is then estimated and canceled from the received signals to

derive “modified” signals having the interference component removed.



frequency subchannel group and targeted to (up to) NT different SIMO
termnals. To achieve high performance, the schedul er may consider a | arge
nunber ofwpmsmsdsre term nal sets for data transm ssion. Pog/sotiedsd er then
determ nes the best set of NT SIMOtermnals to transmt sinultaneously
for each frequency subchannel group. In mul ti pl e-access conmmuni cati on
system there are generally constraints satisfying certain requirenents
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process its own a stream nprove t’he re ection.
However, i ra paietlaf perfédi€ance metric formulated to achieve the desired system goals. The

performance metric may be based on one or more functions and any number of
parameters. Various functions may be used to formulate the performance metric, such
as the function of the achievable throughput for the MIMO terminals, which is shown
above in equations (5) and (6).

[1157] In the N-SIMO mode, (up to) Ny independent data streams may be
simultaneously transmitted by the base station from the Nt transmit antennas for each
frequency subchannel group and targeted to (up to) Nr different SIMO terminals. To
achieve high performance, the scheduler may consider a large number of possible
terminal sets for data transmission. The scheduler then determines the best set of Nt
SIMO terminals to transmit simultaneously for each frequency subchannel group. In a
multiple-access communication system, there are generally constraints on satisfying
certain requirements on a per terminal basis, such as maximum latency or average data
rate. In this case, the scheduler can be designed to select the best set of terminals

subject to these constraints.



systemto capitalize on this inprovenent, the base station needs to know
the hypothetical post-processed SNR given the interference from other

ant ennas wawa/obssen successfully cancell ed. | ndependent ceastusar/snt’se on the
scheduler may result in a data rate assignnent to these other antennas
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termnal in a given set e assi gnnent ransmt antennas an
sel ecti on afantdiltion of the interference due to this data stream is not possible. Successive

cancellation receiver processing is viable when the post-processed SNR corresponding
to a transmitted data stream permits reliable detection.

[1160]  The terminal can attempt to use successive cancellation receiver processing
on all the other transmitted data streams not intended for it before attempting to process
its own data stream to improve the reliability of the detection. However, in order for the
system to capitalize on this improvement, the base station needs to know the
hypothetical post-processed SNR given the interference from other antennas have been
successfully cancelled. Independent constraints on the scheduler may result in a data
rate assignment to these other antennas that precludes successful cancellation from
being successful by the terminal. Thus there is no guarantee that the base station can
select a data rate based on a post-processed SNR derived via successive cancellation
receiver processing. However, the base station can use successive cancellation receiver
processing on the uplink because it is the intended recipient of all data streams

transmitted on the uplink.



codi ng and nodul ati on schenmes would then take into account these
dependencies in order to achieve high performance. [1164] The set of
transmt woOtos0mme3l at a base station may be a physical ly dipstriusor/4i6¢  of
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the (e.g., MIMO) terminals places additional constraints on the scheduler due to the
dependencies introduced. These constraints may result in more hypothesized sets being
evaluated, since in addition to considering different sets of terminals the scheduler
needs to also consider the various orders for demodulating the data streams by each
terminal in a given set. The assignment of the transmit antennas and the selection of the
coding and modulation schemes would then take into account these dependencies in
order to achieve high performance.

[1164] The set of transmit antennas at a base station may be a physically distinct set
of “apertures”, each of which may be used to directly transmit a respective data stream.
Each aperture may be formed by a collection of one or more antenna elements that are
distributed in space (e.g., physically located at' a single site or distributed over multiple
sites). Alternatively, the antenna apertures may be preceded by one or more (fixed)
beam-forming matrices, with each matrix being used to synthesize a different set of
antenna beams from the set of apertures. In this case, the above description for the

transmit antennas applies analogously to the transformed antenna beams.



Upl i nk Resource Allocation [1167] On the uplink, since the base station is
the intended recipient for the data transm ssions fromthe schedul ed

t er m nal swotohesssaccessi ve cancel | ati on receiver processi RGTIGSONmi7§Ue nay
be used at the base station to process the transm ssions from nultiple
termnals. This techni que successively pjocesses the NR received signals a
nunber of tines to recover the signals ansnitted from the terni nals, with
one transrm d spgnal pei recovered for.each iteration. [1168] \Wen
Gaing the: SRS b B oSt SRTMEER st pESEdeiinG Ttk e B ocess
the recei vaf gvaRe! and titeteRNRaRSHAE cthi@bte Whe Hofiaibeds@MESNRE fHRERNSHT @M | S
a function of the particular order in which the transmtted signals are
processed gossible maisicesNOr(RIs0GB8RINTRATALED 2nd 57B5 SNR7 venters ibapk torhe base
schedul i ng sche can take this i.nto unt i l\ecting &.he bhest t of
termnals fi ﬂglc’ﬂgﬁ% CTHL B HRAGR lsﬁ"o%%?'?g%géﬁedﬁ%%%ﬁitgp{a%alﬁ %%u ?eéigfo m of
a process Hfiffereft see6tth@féiod HddihaftRbmephidithis fsrrafleoRdHi 1B repdttdd8NR
enbodi nent, the transm ssion channels are assigned to the active termnals
by eval uat i ¥§6tosm el Herkage: staign mals hamrpesionysehgsulipg and apiponamsgpmenitfor easjuency
subchannel gr ' ' 1y t ' = t
Step 510 han Bolsfoif BPAHEhAte MafiEhs (R (IF ARG RURS shoickard,
frequency sabidudurnedangfertfing Smatiire as dedlbragi aedt sifatermimglsatind tthgir Sdhifennh1170]
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t hr oughput sekediéisg ternihla ol may Airghey pravedeninpadvadeterfioomamage A sascamples, the
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A new set of one_ or nore active termnals is then selected fromanong all
active tern nal Lasdatiannig the MIMQAsehanne) 4¢ Aighnsosthat e diesthperfarmancs way bst
step 514. As n , E\Hﬂ@ r ] 1 .qnsider ed
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subchannel group, "and NT vectors of chann est| mat es
ant ennas of t hi dor the data streams to be sent. In this case, higher transmit power is achieved

for the transmitted data streams.

e Physically dispersed terminals may be isolated somewhat by their locations. In
this case, the terminals may be served by a standard FFT-type transformation of

horizontally spaced apertures into a set of beams pointed at different azimuths.

Uplink Resource Allocation

[1167] On the uplink, since the base station is the intended recipient for the data
transmissions from the scheduled terminals, the successive cancellation receiver
processing technique may be used at the base station to process the transmissions from
multiple terminals. This technique successively processes the Ng received signals a
number of times to recover the signals transmitted from the terminals, with one
transmitted signal being recovered for each iteration.

[1168] When using the successive cancellation receiver processing technique to
process the received signals, the SNR associated with each received data stream is a

function of the particular order in which the transmitted signals are processed at the base



termnal are retrieved. For the N-SIMO nbde, NT SIMOtermnals are sel ected
for evaluation, and NT channel estinmate vectors for one transmt antenna
at each ofotobes399T1 term nals are retrieved. And for the mpkeEdSNDEEs6 t he NT
channel estimate vectors are retrieved for the conbination of SI MO and

M MO termnals in the set. In any case, t7 NT channel estinmate vectors
are used to formthe channel response ma4tr|x H( k) shown in equation (1),
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to be evaluated. For each selected terminal, the channel estimates for each transmit
antenna to be used for uplink data transmission are retrieved, at step 516. For the
MIMO mode, a single MIMO terminal is selected for evaluation for the k-th frequency
subchannel group, and Nt vectors of channel estimates for Nt transmit antennas of this
terminal are retrieved. For the N-SIMO mode, Nt SIMO terminals are selected for
evaluation, and Nt channel estimate vectors for one transmit antenna at each of the Nt
terminals are retrieved. And for the mixed mode, the Nt channel estimate vectors are
retrieved for the combination of SIMO and MIMO terminals in the set. In any case, the
Nt channel estimate. vectors are used to form the channel response matrix H(k) shown
in equation (1), with each channel estimate vector corresponding to a column of the

matrix H(k). The set u(k) identifies the terminals whose channel estimate vectors are
included in the channel response matrix H(k), where

u(k) = {u,(k), u,(k), ..., uy_(k)} and a MIMO terminal may be represented as

multiple terminals in the set w(k).



524, then a determ nation is next nade whether or not all hypotheses have
been considered, at step 526. If all hypotheses have not been consi dered,
t hen t he womses®s71 returns to step 514 and a different andPo@tUSYBH1756
considered set of termnals is selected for evaluation. Steps 514 through
526 are repeated for each hypothesis to ge considered. [1176] If al
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t he average t hroughput over the prior Np tinme slots, latency for data
transni ssi &R gtsq)memls (hsrpeﬁletlﬁ@b/é trp¢rpitied fmné thepgrniaalsfipihe s Wh) dent
(reauency, RURSLonnel TN B Tt 5B, Rl b B SRR R .
frequency seREhapR6dessiflf WibRidhaY ¥hRAeR &s&t&@e@hwrmtmbsn oA bANSH. SThen, at
step 532. If all frequency subchannel groups have not been assigned, then
t he next frpetfgenm;ce snﬂtnhé@gelthcgmtﬁpn thyoughptibi cm@reerwnldylgr tocthisnahthypgthesie

i ndex k (i at, st e

512 1o sel deleprEpiierisd e ptie pest B RERRSIRS P8 s SLHBN0, B B <P new
frequency subchaiRRkfohante mé&tie psthdd dsddho @p@dae eﬁﬁoﬂnﬁﬁ@&ﬂétﬁd férahe Bath
frequency subchannel ?roup to be assrgned 1179] If all frequency
subchannel sgbxbmwhrﬁaw Ve teasiZe g hwecifigallys ifethe pedormanen metéc fagdheacemés and
the codi ng .gn¢ o bz 1,
hypotheses or acﬁg$ﬁigﬁ%ﬁéﬂg cHgah%?ge&q£8”§?5§ﬁh?e%ﬁﬁggg%%nég.?mbased
on their $I§dﬁsth¢s1sabes¢m¢)s &iéGnevaesthaﬂkth}@othediscaitdl the wéfrforinenceehel teethinal

termnals and their assjgned . transm ssion channels and rates is fornmed and
may be com%ﬂ%%‘toé'a’sﬁ%ldﬂ%@émtséPlPﬁlet e“ﬁ)‘FPé‘f“’eflo the schedul ed tine slot,

al so at ste h hgdul LA ﬁ1¥P alot Y11 Qﬁrﬁ e B ch
schedul i ng I nt erva%; &e[ ﬁ%lg?%&lls% ﬁfé{g\ I|hs a e 3?aor am for )gy()succsessitﬁg
cancel | ati ccurremde'pvéuemphavzﬁebsenmgalusteth,aveteﬁzaa Wﬂ]rselbyhyphﬂaemscbmessd)tﬁ@emr der

's Inposed leugltgd Otrhgr? rtﬁg p?o%tessottet&rgsr rtT(]) I:s]taelp 518 and a different and not yet evaluated

order for the terminals in the set u(k) is selected for evaluation. Steps 518 through 524

are repeated for each sub-hypothesis to be evaluated.

[1175] If all sub-hypotheses for the current hypothesis have been evaluated, at step
524, then a determination is next made whether or not all hypotheses have been
considered, at step 526. If all hypotheses have not been considered, then the process
returns to step 514 and a different and not yet considered set of terminals is selected for
evaluation. Steps 514 through 526 are repeated for each hypothesis to be considered.
[1176] If all hypotheses for the current frequency subchannel group have been
evaluated, at step 526, then the results for the best sub-hypothesis for this frequency
subchannel group are saved, at step 528. The best sub-hypothesis corresponds to a
specific set of one or more active terminals that provides the best performance metric
for the frequency subchannel group. If successive cancellation receiver processing is

used at the base station, then the best sub-hypothesis is further associated with a specific



This flow diagram may be used for step 520 in FIG 5. The processi ng shown
in FIG 6Ais performed for a particular sub-hypothesis, which corresponds
to a set wboswsssred termnals, u(k) = {u,, (k), ub (k), PCT/USOMI176k) }
Initially, the first terminal in the ordered set is selected as the
current termnal to be processed (i.e. 45 = uQ (k) ), at step 612. [1181]
For the successive cancellatlon receiver proceSS|ng t echni que, the base
station first perforns spa allzailtlon 0

recei ved siTErfAYS p[rgcesgpgé)ﬁ%qr 3116}‘%8?)9& gaft\ F@lr F I@?yg Fénctl?‘gn% tted

by the terpRlsH1é SNRREoS@E téthtinals Atd thétsaect@& oca-sl%ﬁl_lgscﬂaéﬂ al or space-tine
equal i zation may be performed as described bel ow. he anmount of achi evabl e

signal sepdi&tilon Ifsthdépmélng selerneheeqaires athep Sydem raad deirpinal wetrige ée behe

transm tted_ signals reate 0 if. .t hese
signal s ar '8 ‘g?ego(hgeqéet gvaeraggtt@f)ou@%ﬁ&porvg{n egﬁ%ﬁﬁm %gtoscgatst%é:g%gf Szﬁtgl S
derived framn\Bistidn0a88sb HOTNGB0Hed]l AefricsSoret figtlabdd fiCidle Vatheat GRghcncand
corresponding to the NT si gnals transmtted by the termnals_ 1in the set

u(k). As patbchsnneligsoumaf stap 53 Hpleaninphandsysiensaptisigs mayalsgyr saved.
di tot d i
Corespontitfrsl! O, W BsBARkRERIPIRAL 50 Bhehal of B5: SHT helonl PrThahyel

further progegsehavel been assighet efot aglink tteanetiigion, at despo a2l dHtafll $teqeamyf or
the termnal, at step 616. The detection i ncl ude derm atl n

dei nter ea\ﬁphﬂlana%gr%&&wﬁg% Ppren Fseensd, H’@@égf‘eﬁp‘é |f’§’H’é?n°5’c§u agl e ‘P‘Fﬂais
decoded dat@,sh €818y lhéﬂgﬁéhufg ﬂ%k@%@é% e. 2% 48t ﬁ{yﬂap%%%@m srh@qﬂ@cevg@a{eher or

not all term na ave been processe termnal s
have been peocesseattp 31Ran seleet tBdRsst oft df iermin@s farneplisk anaesmismvn drdhis acwst ep

626, and the receiver pro essin for s ord d set

Ot her wi se, T998€RGH% %J%Fléglgﬁﬁgrodlﬁe ﬁg] r@?ﬂi‘l gi{‘fﬁ‘i‘?sﬁ‘???att%cgjf ?r}i‘?@ﬂﬁ?nr‘fﬁl ui

on each of shb&ahﬁ&%r&&ﬁto%&ﬁﬁkﬁeds estimted, at step 620. The interference
may be estimated (e.g., as described bel ow) based on the channel response

matri x H k)[li'tﬂ] t hif alk @ﬂqnqnay subchamnﬁ:éngs beve beennesignad, ghstep S3htther teence
due to ter t he sub n ved
signal s torH& fa\yés ?’Hﬁsﬂhﬁ %ﬁoéts%lbemeng% %%g%‘?é’mr?%%r& gbeéfg‘ﬁdm S

represent tﬁaée@Sfopﬁea&m&eqmey \sasbhahmegwup firet @dteiniindd (©.g., Badrat their
transmtted .e., assumng that the interference cancel]ation was

ef f ect i vel YWNR@r plover 836 ﬂq@hﬁ@dia fidiptiyp @ﬁahlesseéq%e%@@amaw %m#éhﬁmﬂgned
iteration t ) firo t he
et u(ky THRISHESER LRI it Rles L FARRT b oy SRl BRK 1d BB Btk |
current tergrionad thE schedtlle&ttﬁpe 6134 . aldonatpae 6861l dhe uplink sbh)ec(ulh)lg fiaol:ypmdhlg
second iteration, u; (k). faor the third iteration, and so on, and u; =

UN, (k) f orperformed for each scheduling interval.
[1180] FIG. 6A is a flow diagram for a successive cancellation receiver processing
scheme 520a whereby the processing order is imposed by an ordered set of terminals.
This flow diagram may be used for step 520 in FIG. 5. The processing shown in FIG.
6A is performed for a particular sub-hypothesis, which corresponds to a set of ordered

terminals, w(k) = {u,(k), u,(k), ..., uy_(k)}. Initially, the first terminal in the ordered

set is selected as the current terminal to be processed (i.e., #; =u,(k)), at step 612.

[1181] For the successive cancellation receiver processing technique, the base
station first performs spatial or space-time equalization on the Nr received signals to
attempt to separate the individual signals transmitted by the terminals in the set u(k), at
step 614. The spatial or space-time equalization may be performed as described below.
The amount of achievable signal separation is dependent on the amount of correlation
between the transmitted signals, and greater signal separation may be obtained if these

signals are less correlated. Step 614 provides Nt post-processed signals derived from



. the last iteration for the ordered set u(k) = {ua (k), U (k), ..., UN
(k) [1184] The processing performed in steps 614 and 616 is repeated on the
nodi fi ed weiogisdsst (i nstead of the received signals) for each/tsobseguent
termnal in the set u(k). Steps 620 through 624 are also perforned for
each iteration except for the last iter éion. [ 1185] Using the successive
;:ancgal I iati on receiver processing techni§ e, for each hypothesis of NT
ermnals, there are NI factorial possibl rderd . I = L NT
L "For dhlin GreRR e g phtreePOIe i e 4 P e g oo ity |
for each shbhypaifieshs artbf‘ﬁle%gsﬁﬁaﬁ%? b%(z@:eftﬁ\ﬁ@ﬁﬂok@dsirfgﬂth%m ¥6iespoadiagsi ng
(step 520) provides a set of SNRs for the post-processed signals for these
term nal s, WhieGhstBiciBe®KphaFoete cagent WDnftdl058841ko BERMIBOR/ 41756 51
yhyp, order (k) =I r, (k), y2(k), ..., yrr,. (k)} , Eq (18) where y; (k) is
the SNR forn1igm K- The fpRepritesesulighaniael @i af t Br fodierr poeessed (G.e.,
processing at the i-th termnal in the sub-hypothesis. [1186] Each

sub- hypot hegitgcted”)ftoibblui 2 dssded dhmdtrearhfomthp derironatpatcsteprlitr i The dection

hyp, ord k) , which b, f. ' i _
et or mancniaclide daaUagRe: it SRR e A RELTHE 1af SoTorrs  F ARG o8

shown in e%%%ﬁ%deé%dedda&ﬁﬁm?ﬁbom ment, the performance netric for the
sub- hypothesi's I's a function of the achievable throughputs for all NT

ternminals i[bl83e sAt sweplfls, aideictminationés wags whstber asnotsloifrminalsdy tkr Fin

Cob ot e oty o Bopreota P uEESREHR il btk e BE el ! e
- ( e . e uplink

schedul h d i. i | G5 . :

055! bi o oHHEPTG e PROAREE ot depy 38, a0 -SED-BHEE ol i BRIl ol

transmit dat@niRfted. NOmERIViseK the ThRrfefiad dielfd e sidnap osdihittad foub el heses
to be evaluated by the upilnk schedul er can be quite |large, even for a

smal | nunbesn efchastt theéerecdiesdrisigails .is lestithaed,, att step 16@0al Theuirvefereice may be

sub- hypot heses can be expressed as; NS'b-hyp = NG 'NT ! NU . I (19)
NTh( NU - m?tlnmér(egmas dbsaribed el baist! o haing! tesPerise SNEY ﬁkg‘ dor B
schedul i n agai n, . VEMO 1L hal . i

term na Egitﬁnﬁn@ss@ﬁ@m 5 FIhe exbipbied.imer iR o 1o RerPiial, Bk UR = 4.
then Nsub_h = .880. An exha i h et i

sub- hypot ReUPsafibf corapraed Pl he 6 BER e far BT REd g QRE HuRE 1N

622. These modified signals represent estimates of the received signals if terminal u,

had not transmitted (i.e., assuming that the interference cancellation was effectively
performed). The modified signals are used in the next iteration to process the signal

transmitted from the next terminal in the set u(k). The next terminal in the set u(k) is
then selected as the (new) current terminal u;, at step 624. In particular, u, =u,(k) for

the second iteration, u, =u_(k) for the third iteration, and so on, and u, =u,_(k) for

the last iteration for the ordered set w(k) = {u, (k), u,(k), ..., uy_(k)}.

[1184] The processihg performed in steps 614 and 616 is repeated on the modified
signals (instead of the received signals) for each subsequent terminal in the set u(k).

Steps 620 through 624 are also performed for each iteration except for the last iteration.

[1185] Using the successive cancellation receiver processing technique, for each
hypothesis of Nt terminals, there are Ny factorial possible orderings (e.g., Nt! = 24 if
Nt = 4). For each ordering of terminals within a particular hypothesis (i.e., for each
sub-hypothesis), the successive cancellation receiver processing (step 520) provides a
set of SNRs for the post-processed signals for these terminals, which may be expressed

as:



frequency subchannel group, as quantified by the performance netric used to
sel ect the best sub-hypothesis. [1188] Simlar to the downlink, a nunber
of techniwoas/osmsyl be used to reduce the conplexity of th@Cprusorssinig to
schedule termnals for uplink transm ssion. Sone scheduling schemes based
on sone of these techniques are descri bgﬂ bel ow. Ot her scheduling schenes
may al so be inplenented and are within e scope of the invention. These

schedul i ng schenes al s royide hig yst em perf ormance i reduci ng
t he amount of prhgg&ng?ghﬁ{?’&ﬁﬁiyné@’ to yseﬂ‘ézu’l e termnals for %dlﬁ% dat a
transm ssi on. WO 03/ 058871 PCT/ US02/ 41756 52 [1189] In a second uplink
schedul i ng schene, the termnals included in each hypothesis are processed
in a speci wherorngd@) ishthe SNR der érenk-tle dreguensy whclaanpaeﬁ/ group| after tRRefcRBEr r ul e.
In an enbodi ment, this schene relies on the successive cancellation

recei ver pipeReessnsy the-thaeaninphia th:aibsymefiesis- or der for processing the

termnal s i ddhe  BYROLHES oth&g i€ XAMRLE B0iaAH JREET @%ﬁo&géﬁw mb@ic, each

iteration, e"successi ve ancel 'ation recel ver processi ng ene can

recover thertrangyi titgech magmala fufeidme vahivus f&sbrs SWSr 8k mapleps padfornaincon. | n
this case, tH processing order is determ ned based on the post-processed

SNRs for t hgetfie bidedansthe SNRyeoftie Girfgsismay bé 3Rprebdet.as Bows iraeddation @dagr am
for a successive cancellation receiver processin s&)ge,ma 520b ,vvhereBé t he
processi ng I@rﬁaeth%hfa@tte'fhﬁiH?é@nﬁé}ﬁ‘@dn@ﬁctfﬁbﬂ}?o%]ﬂ’gb’r% g8 dyj2 Tapglon of S £ ow

di I b f Q- '

or acessi ng o agpt BTt 3t KRAAMAC e se no P W E maP B eI 20 1y
pr Paet | . 55t pr oces .
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FIG 5 may heamhfdotfbsisiday %kl exphistddedsishowh Ratdutiop (6)space-ti me equal i zation
is perforned on t'he received sSignals to attenpt to separate the individual

transnit t ed1¥8%nal The aplink ssheduling sthemsggsribed 1 KEGS- rSasnshoA meay by ¢isdte

fter th ljization. t.h imat ed, . . , ipent,
the "t r ansm b Ra oAb R0, oo s BT bl P afthE oyl dSHIRE T
sel ect ed angnfmict ies dr aresplatk. (ITHR. totdenmnbirasfe gotential dabddedihetes wbbai n a

correspondi ng decoded data stream at step 616. At step 618, % )
det er m nat ieyalupted fathe uplivk srhedwer aBtbeguitelprgasenenifarga smgih apmber ofgactivg |
termnals ipn t.he h i trm nal s have
been procestggé{l gltq"hglﬁﬁwg%ﬁrggg%g@éiﬁﬁgﬁg%g%cgﬁ&?ﬁgﬁ ?éeérxr??‘%g?&sgénd their SNRs
are provided, at step 628, and the receiver processing for this termnal
set term nates. Qtherw se, theninhterfergnece due to the transmtted signal
j ust Nauponp = Ng * Ny! E ?)=_G__U__ , Eq (19)

N; ) (Ny—-N)!

where Ny is the number of terminals to be considered for scheduling (again, a MIMO
terminal may be represented as multiple terminals in the scheduling). For example, if
Ng = 16, Ny = 8, and Nt = 4, then Ngyp-nyp = 26,880. An exhaustive search may be used
to determine the sub-hypothesis that provides the best system performance for each
frequency subchannel group, as quantified by the performance metric used to select the
best sub-hypothesis.

[1188] Similar to the downlink, a number of techniques may be used to reduce the
complexity of the processing to schedule terminals for uplink transmission. Some
scheduling schemes based on some of these techniques are described below. Other
scheduling schemes may also be implemented and are within the scope of the invention.
These scheduling schemes may also provide high system performance while reducing

the amount of processing required to schedule terminals for uplink data transmission.



processed is estimated, at step 620, and subtracted (i.e., canceled) from
the received signals to derive the nodified signals, at step 622. Steps
614, 616,w0618/05820, and 622 in FIG 6B correspond to idemrCirasot/y17saunber ed
steps in FIG 6A [1192] In a third uplink scheduling schene, the term nals
included in each hypothesis are processed based on a specific order. Wth
successive cancel lation receiver processing, the SNR of an unprocessed

t er m nal es th each iterati.o as the i terfere each
processed tnig:l nal sa PE %le%hﬁ@e&blﬁ“gaéﬁeg&e thgn?ﬁn?@t mc{“@f‘ﬁlﬁa?acpo be

processed WypbtHRgY &urd ﬁ)de@geeah as%ﬁaffch&d%ﬁﬁf_‘@s HEeEAhiNAd bh&dbéh RIRERYSEd
w ll have the second | owest SNR, and so on. Using this know edge, the

processi ng d.ﬁ@nad;/r@E%m apGThISOREnL] 186 scEanoreliss dmihet Bscessivei eracellaten be

fied f hypot h her . d
of °Tr eedom BrAer DA B3 ey PRARE Shahr aftef Bor.uhPRvER IR e whals
and requi r exypBthesis| IRE3dxahiplo vl astiesiriBetbetdw,t fo dabh idradidhi He sicb&divei ng

schene, the processing order for each hypothe3|s is selected based on the
priority ofcanerilatien geqeaves ProFessieg SHippst (asteeoverdhe wrnsmpited sighel hayiresthe

priority teJ §ﬁ# et Qﬁaﬂxg&thﬁﬂﬁs ORY BE rg,é@({egs%ggﬁér td ﬁéstéﬂnlgghelg%% on ghest

| onest pri O ermn e processe SO On

priority te;hérpwlprmysddesm{meﬂ&&émhlﬁsl& in theibgpetibgisli ment al | ows the hi ghest
priority termnal to achieve the highest SNR possible for the hypothesis,
whi ch in td#¥0lsypblFteB dha ﬂﬁquhé&rtamp@ssﬁ. Wreessiye sancgilation WC%IHPTSPYH%W@E t he

term nal s e 5398 LRy he BRSBLAN HCRANAGH I BeP B hEHbALREIEE:

based on their priority, hest priority ter
assi gned t H&NRs.gFls tﬂopodlsgﬂairemdﬁaho bateed fom s@pcﬂZben Feabh dHoweterofincd the

third l i nk schedul i.n sherre roc ssn order f e th SISIS
bl eoton | EelEIEs GuBTis ) raned Pl ) T parmnenied SVBS Ehind By

priority, aéﬁéce%gv@rban&lﬂa%ﬂl &&I@erf ?1‘66&§§m'gp|dnf5k oRe hﬁ@bﬂypeﬂle% h@r@fechba
termnals are schedul ed based heir priority, may be determ ned

based on o rwe/abuatednfmeea@hﬂw@tbesés; agd steaa/é}Sa@@l 524fin ﬂ@h@ ma)/ beswrstt@in

constraint u ment e, t enc ot her ctors

conbi nat i oﬁlmr eofh {%lgy dgé’gﬁ?l %re%)aﬁﬁ(g%e © lzaté%lyﬁﬂ% Y n&n t it éerc\%yed
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[1195] FIG 7 is a flow diagramfor a frl ority-based uplink scheduling

schene 700 of\ihe trepymised signgks alfer Hegemstizationgreg theny f@tlmam gt tep 6bhsilpened

0% oohe s 8 RS0 SHASUIEL @ LA Yo S HLS"

= 1, at st epleétkd. anbe fapaii ptocsisbd h@nﬂ,(ﬂdémodulated and decoded) to obtain a
corresponding decoded data stream, at step 616. At step 618, a determination is made
whether or not all transmitted signals (i.e., all terminals in the hypothesis) have been
processed. If all terminals have been processed, then the processing order of the
terminals and their SNRs are provided, at step 628, and the receiver processing for this
terminal set terminates. Otherwise, the interference due to the transmitted signal just
processed is estimated, at step 620, and subtracted (i.e., canceled) from the received
signals to derive the modified signals, at step 622. Steps 614, 616, 618, 620, and 622 in
FIG. 6B correspond to identically numbered steps in FIG. 6A.
[1192] In a third uplink 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 terminal improves with each iteration,
as the interference from each processed terminal 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



for the k-th frequency subchannel group are then assigned to the termnals
for uplink transm ssion starting at step 712. [1196] The schedul er

exam nes wbespsdsority for all active termnals in the |ist®Pcan$o2z/sebects the
set of NT highest priority termnals, at step 712. The remai ning active
termnals in the list are not considered. for scheduling for this frequency
subchannel group in this scheduling interval. The channel estimtes for

Tt r i H kot 1 teninigs, Y] e ARG R0 £ B dpinduieRlsor ThR SRutRatie S
formed by tdgrebhtsedSRRdretbglRr o fARldSm! that rh% Be Q¥&l ppiRchaderttB@chieve the

correspondi ng vector of post-processed SN Lyp, order (k) , for each
sub- hypot hesystem goathearidveguiregmenst. ep 716. The best sub-hypothesis is

sel ect ed, he 1058871 PCE/ USO2/ 417 4 data rates _and the. codi ng
nd modul atiae s cn gt <SRt o he Rt B, gl oo uB Rrob iy o
det erm ned drélerdfor @B elelypothetideisrseiettideadd INRMe, padrityt &PthélBrmhAR inMafer i CS
of the active termnals in the |list and the systemnetrics are then

updat ed, athypetgsis.7ofor [examgle, Aheidewesti praaritynferminghém the dwpathesinapaprbenot

all freque - i ! 1 SS]. O at
Step roo. ISRARERTA Hot Moy BRGRLASAARFRALBE el AEACIRIG Rl 8
next frequehe jiigheh phisrineterginalimay de proesssdeiad Dlyis embodiensanhlleves the@ighastex k
(i.e., k =k +1), at step 724. The process then returns to step. 712 to
assi gn t he KAty éqn%%?ié?léﬂH%Yestthhlgl}W%SNBquS?@&uf@ﬁé}F Rypothesisnwhichrip fymy o
the sane i : : AL N . .

r epeat ed fﬁupg%rgghﬁlgﬁ quteﬁﬁélbgjg%ﬁé%feﬁhg?lgu%pﬁ? %r, E%@tggg{ngﬁg@gi F?f%g?neldf al |
frequency dSoansinéssioal chgnmalpim hparticlleeorders bagpdamh, their psibsfy, 3@, thatthe highest

schedul e indicative.of .the.selected terminal s and their assigned.

transmissi di' % fraigal lﬁﬁﬁugngflzge ﬁ'@eﬁé’oﬁ% F%F?ﬁe'cg‘?mﬁ%rg‘%ﬁﬁ’%ﬂ%e’?th‘gse
termnals, 18 tiERlMASChdBing SOIRRSS thd ﬁ}@eessﬁgrara@tfsﬁegcﬁrhgbmhés@ shelidtdang
interval. [1200] The uplink scheduling of term nals based on priority is

al so descr itsees] omuser gaylomhdasencyApgiirenaeniss Amsegeney sexvice OPBEOABUD, orent i t | ed
VIt o1 - OTOTR - ( Mo el EBb e Diheclbvl, S RAHEET Al rhedlbhRedon s
Pat ent No. thei28i0fB0, wieh intalyeist detbihiled baded APpRe 8t iord letiAV@RIS Cavleldpe Rat e

Schedul ing," issued July 13, 1999. These patent and patent application are
assi gned t dhiomghpE) gystsan gronstignts, ard FEqUIESIMANIT 46 8o nmariaIm clateper)ataher

herein by rtﬁétgfs? Bf & -combination thereof, as described above. For each scheduling interval, a

number of highest priority terminals may be considered for scheduling.

[1195] FIG. 7 is a flow diagram for a priority-based uplink scheduling scheme 700
whereby a set of Nt highest priority terminals is considered for scheduling for each
frequency subchannel group. Initially, the first frequency subchannel group is
considered by setting the frequency index k = 1, at step 710. The spatial subchannels
for the k-th frequency subchannel group are then assigned to the terminals for uplink
transmission starting at step 712.

[1196] The scheduler examines the priority for all active terminals in the list and
selects the set of Nt highest priority terminals, at step 712. The remaining active
terminals in the list are not considered for scheduling for this frequency subchannel
group in this scheduling interval. The channel estimates for each selected terminal are

retrieved and used to form the channel response matrix H(k), at step 714.

[1197] Each sub-hypothesis of the hypothesis formed by the Ny selected terminals is

then evaluated, and the éorresponding vector of post-processed SNRs, Y ypronder (k) , for

each sub-hypothesis is derived, at step 716. The best sub-hypothesis is selected, and the



[ 1201] The sane target setpoint may be used for all data streans received
at the base station. However, this commopn setpoint for all received data
streans iwWOmeWssR71 requi renent. O her uplink schedul i ng scliremasor/bErse sel ect
termnals for data transm ssion, assign transm ssion channels to the
selected termnals, and further select 5get points to be used for the

assi gned transm ssion channels nay al so“be devised. A particul ar setpoint
may be achieved for a,datg. streamyvi.a.a pgwer contro] nechanism. tha

direct the9eRAfSsAnd; Be £9F1Rg: 2 @O%f‘r‘lﬁtﬁ%‘hg‘f el %hc?r éeflﬂlé’a alpatﬁgtblega?ﬁtbé uch
that the %?g&hé’s@éj arNRebAhink@qe St Bhs&d 08 2MReir SacBRRE@SNR) e by stefl UAIS. t The he
setpoi nt. [1202] Various uplink scheduling schenes may be devised with

non- uni f or metgest gfdhaactivedermings trutha list andathe system sietricsege thep wpdaied. s sfeplul ed
term nal s. # one enbodi nent, higher setpoints nmay be used for higher
priority t dPhi nal s, and | ower WO 03/058871 PCT/ US02/ 41756 55 setpoints may
be used for1i9®jer Rrde@riinatiofisiheansade whetitdohgét @nbegicieniubchdigielsIRlvpoi nt s
may be sel ected such that a desired data rate is achieved for each of the
schedul ed teempssigned foruplink tpnsmhesions #heleP 2dt If el draguensyi sbghanggls have
selected t hi. eve. high S r , ' POSS L by, usi ng
hi gher set %‘8]‘ ﬁt}%gﬁf%s‘lglgg %cg’tfer Eh‘r%ghé% 2%9@%%@%2@@6%0‘?@5@?%@ %%ldntgg for
poor transfh@sSmening e iedex. £ @eher = kselheameset 745 eThe prodedsf thererdturaetpstept s

for different transm ssion channel s to_achieve the deLﬁ%{led esults gay
al so be inpiléreredan thiapatial subchagiels,ph this, aew dgpguengy sHhebagh 8EQUBNC the1203]
Simiar toghe doMlidln: i dreRhinBlsN 081chEeS Sicligh 724 Sfe Aebealld o ach

avai l able transm ssion c anner or upltnk data %ransm ssion. In one
enbodi nent freqnéncy stbadranelesoumntodieamssighal. wi t h achi eved SNRs above a

particul ar shol d R are el ected for .use, and transm Ssi channel s
with achi e}liﬁb NRsift?éfgﬁﬂ‘mFE S't?trﬁhé@}@gaoupér@@a#’sﬁhais%‘&ad?t %‘?IPZ > B9 2 many
of the upl ispledsfdvaditali R of Blte s tie@ fhind RO rADBYR aséiBReSHEREESioEchannels

cancel l ati on receiver processing technique is used to process the received

si gnal s at anfheatepyagy be fermedrand ghinstuninaiedge dhaselterminnl o vesicSREG Hivdproerss

hi gher thr ut.. However, . the uplink scheduling may al so be perforned

wi t hout thgﬁﬁggnwa?ﬁf%éﬁlgis%edggﬂ%gﬁtefré{%ﬁion recei ver processing at the base
station. Fgi200fanpirge uplik Ras@ilingaf k@mittybatdph pribae is aRadedkibed in U.S.
space-tine equalization to process the received si‘]%gal s to recover the

transmi t t edatEngnApplicafien cderidd e Noh UM Ih0, semilednt Mgthodaend ABRarsEs 5ok eved
by expl oit) . r dLyveesity 5O t r f hafency
si gnat ur es ‘A(‘)I&%?%lgge lﬁ}eblrlﬁrﬁknﬁso}l%&s{c%edtﬁl i@gﬁﬁfﬂ@pquﬁ’%ﬁ@ &sm( on (r.e.,
Wi t hout r elGongumibationCSwsan Y diled May 16, 2001, and U.S. Patent No. 5,923,650, entitled

“Method and Apparatus for Reverse Link Rate Scheduling,” issued July 13, 1999.

These patent and patent application are assigned to the assignee of the present
application and incorporated herein by reference.

[1201] The same target setpoint may be used for all data streams received at the
base station. However, this common setpoint for all received data streams is not a
requirement.  Other uplink scheduling schemes that select terminals for data
transmission, assign transmission channels to the selected terminals, and further select
setpoints to be used for the assigned transmission channels may also be devised. A
particular setpoint may be achieved for a data stream via a power control mechanism
that direct the terminal to adjust its transmit power for the data stream such that the
received SNR for the data stream is approximately equal to the setpoint.

[1202] Various uplink scheduling schemes may be devised with non-uniform
setpoints for the data streams transmitted from the scheduled terminals. In one

embodiment, higher setpoints may be used for higher priority terminals, and lower



cancel | ati on receiver processing at the base station). [1205] O her uplink
schedul i ng schenes nay al so be inplenented, and this is wthin the scope
of the irwenBiosss71 For a FDM TDM upl i nk schedul i ng schene, PCRAISONMIIVES

term nal may be assigned all of the spatial subchannels for each frequency
subchannel group, and the frequency si gggtures of the termnals may be
considered in the uplink scheduling to-achieve high perfornmance. For a
SDVA- TDM upl.ink, schedul in chene, all. frequency subchannel f eac
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downl i nk and uplink, if partial-CSI (e.g., the post-processed SNR) is used
t o schedul echedpleiirigiminglyr Hutyat erethenembediment, Ha setpeistinbmry clord pelectedhdo WO
03/ 058871 PCT/USP2/ 41756 .,56 modul at.j,on hepe. . . f Or |
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and nodul aberdt tERBRRIoftshaifeld sRTlowel sepsintsa®s pghetansinisaivarohasield) Otlennel .
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scheme may tﬁﬁsrﬁﬁggnf&{a hd1g Wit AchiR8F INIE! QB0 at B&iEHAL kiRbshold rNIEHrSST ON
channel s assigned to tﬁl s term na‘l. 1207] For both the downlink and

upl i nk, t heelscthédor ity asd hi@nesBissian chenmbds withedhieved SbiRksi lbdow $leis shrefhold
termnal s :Sgﬂ{ have siimlar |ink margins. Term nals may be grouped

accor di ng P]rginptpielqk margin properties. The schedul er may then consider
conbi nati ong20] t ersd Mahypof theupfnk adRduling KcheRied dBscriBE® Hhoveh 8ie sat@issiké Ng
for mutual 'y conpatible spatial signatures. The grouping of termnals
accordi ng tandeilaiomegeejiver pragessingpedhniquelie vesddpgirpcesp hetreegivesk signalesidhe of
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concurr ent lye uflReChédiling dhay@yo Bepdirthedaritlont exaise bf aebcesivg. cancdllatibhe
entire set of termnals) to inprove overall spectral reuse. This may be
vi ewed as decebrBrasgssing alothe hashstatien. r Eosexapatedhie DA stafiQiomaY SHRRIBASS t h
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separate the mnul e trans
transmitted signals. It can be shown that substantial gains may be achieved by

exploiting the multi-user diversity environment and/or the frequency signatures of the
terminals in scheduling uplink data transmission (i.e., without relying on successive
cancellation receiver processing at the base station).

[1205] Other uplink scheduling schemes may also be implemented, and this is
within the scope of the invention. For a FDM-TDM uplink scheduling scheme, one
MIMO terminal may be assigned all of the spatial subchannels for each frequency
subchannel group, and the frequency signatures of the terminals may be considered in
the uplink scheduling to achieve high performance. For a SDMA-TDM uplink
scheduling scheme, all frequency subchannels of each spatial subchannel may be

assigned to a single terminal, which may be a SIMO or MIMO terminal.

Other Scheduling Considerations
[1206]  For both the downlink and uplink, if partial-CSI (e.g., the post-processed

SNR) is used to schedule terminals for data transmission, then a common coding and



data streans) or M SO (which relies on beamsteering by the transmtter to
separate the nultiple transmtted data streans). Mreover, a scheduling
schene t 0D 0awsdsont es the hybrid of these two (beans andPoarugonsi’séray al so
be inmplenent, and this is within the scope of the invention. [1208]
Schedul i ng based on |ink margins and adsgtive reuse are described in
further detail in U S Patent Applicatiron Serial No. 09/532,492, entitled

vl 8- Cor S P i 3OS a0, 2 ol B e
Appl i cat i oRerpBhdlabr Neiff&Ht848in33hd @b&iIAt & schMRkRsl) b st RRE hesigned

Controlling Uplink Transm ssions of a Wrel ess Conmuni cation System"
filed May 3ZrangoBdionmbehnedsSihgness ofoa chemonséepiieg and maswlgioassshemeppl pldat i on

and incorpor.at herei n by reference... 03/.058871 P S02/ 41756 7
[1200] " For AT s e ol AR RPN GE e et B EaabE e
wher eby ( 1llpasedsta@bn.Of TR¥Tsdhedilendlay b deg 0 take rthioMId icoksi@ratitdl whkn
transm ssion for a given frequency subchannel ﬁiga[oup (where a M MO term nal
may repr eséphedpling igminadnios dsta trangedssiogron berrvaiably traggnpipsien ekpnnels nikipal
bei ng assi 0 .0on [ npek,  ( . N of, .t.ransm.

ant ennas iggglggltgl 1? o igﬁéht}%%%?%gﬁcqrgeg%f Je t?rr]lts}él%ggg ?ﬁ?@.’e}s IQ?%@QN%@ﬂarand
(3) one i ndepsndsioh @phdatiat (g singlat ISNRg)itbithe same aamhinglpsd ita ascdiahannel
of each frequency subchannel group. In this case, the nunber of daHg
streams forcodBgmndfpedildinayscheme My vAdep thesdaty transmigsipn on {isHuttRe
spatial su , : ; ermnals in the set is

ef fectivel %%gés}g{gghgghfﬁggg%?gg%ﬁtﬁ@g%%r%grtlalﬁ'al subchannel . [1210] For the
downl i nk, €#207]schEdubah theedowmlaik araluiimke thei swhediilimgtshhernesecanrecdasigned
antennas than the total. nunber of, data streans. Mreover, nultiple

Schedul ed 1 EPRGRIsEr REITEVRAIL ! B Rk mavely (kAL S Erngds o
station. The.38Rgi h0 (KB like AGHIEVELpMtias.t i MhedkdicauRP Mdyt theheomsiee. 9. .
assigning different fractions of"atime slot to different termnals),
frequency dpmbsiationgof teimpinelsiimthe(semg.“link saargini’ grpugi Whesrsearching fegmuwelly
subchannel s in ch frequency subchannel up.to different.. term nals),
code ai vi SPBRafE Sl HeRRStes” e M0 U o GBI R kel DR s <o
di fferent tRproveahs)overs30siRcRhINEMFiciBALY io@'tﬁéisaﬁbd&ﬁﬂ% RElSemed! cayar&D e it i on
of the nultiplexing schenes. [lZlé&éFor t he uplink, the scheduled

t er mi nal s mehicwdsy ignarieg inlhinargipg. Metroxes: Ay sefeduling terpinalywidh piaylaglink he
base stati | i 3 r i f t he
senedul od A0erRA Bl BGroshiafi Bofles SR il pd ERRF ULV AREARERSe o0 6 1

the base shaéitie setosfdetnfiqalsptoninprdee oReyalb fmcaall deaseaVhihik aldyebet viewsdrassi on

channel s usi n%_ ) ) o o )
combination of adaptive reuse scheduling in combination with SDMA for SIMO/MIMO

(which relies on spatial processing at the receiver to separate the multiple transmitted
data streams) or MISO (which relies on beam-steering by the transmitter to separate the
multiple transmitted data streams). Moreover, a scheduling scheme that evaluates the
hybrid of these two (beams and margin\s) may also be implement, and this is within the
scope of the invention.

[1208] Scheduling based on link margins and adaptive reuse are described in further
detail in U.S. Patent Application Serial No. 09/532,492, entitled “High Efficiency, High
Performance Communications System Employing Multi-Carrier Modulation,” filed
March 30, 2000, and U.S. Patent Application Serial No. 09/848,937, entitled “Method
and Apparatus for Controlling Uplink Transmissions of a Wireless Communication
System,” filed May 3, 2001, both assigned to the assignee of the preéent application and

incorporated herein by reference.



anot her nmultiple-access technique (e.g., tine, frequency, and/ or code
division multiplexing). [1212] The scheduling schenes descri bed herein
sel ect tewpiopabss7and assi gn transm ssion channel s to thePs&lusoyedse

term nal s based on channel state information, which may conprise

post - processed SNRs. The post-processed SNRs for the termnals are
dependent on the particular transmt po r level used for the data streans.

For sinpli t he sa transmt evel is )

Streans (i 102090 BES R et P heiang ShSrs Ty er b pheshilB: b

al | ocati ng didif o KOt eAMMURL & KledEARSTHEWRIONE br u%hﬁ‘k ftfzﬁl"sﬁﬁktsloﬂafcﬁ a %wegams
and/or by controlling the transmt power for each data stream the

achi evabl e frguRecynsapchamalipovpdwhereor MINMEO dawihaliikay tepresent makiptegondseof
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power allo atl n an power control nmay al so onjunction with
t he schedulresegvesadtenmes tiknsibe itbbninebei of, da&mstretahws Mereavehimultijle scleciojed of

the inventi on 1214] The downlink and u nk s dul i S descrl bed
herein may teaning]s fmayribigre; 3 PAHSPHAF {ra%srgqhﬁrgtgpnaoqt tg%ﬁ?ﬁ?rsé@%nF?ﬂ?tn%

schedul i ng RCREIRE] Q'?antnﬁé' RIS bn nﬂllffﬁlgxﬂg de go A& ﬁlh@ Hlff@i'éi{t qf@éu@ﬁhy of a time
conbi nati on of SIMO a M MO termnals may b schedul ed for data

transmi ssi @itptdvedlffare'nt hamnmw), fmﬂumym\aylsws muttlpﬂrreurg Gtg., ass{igmng,lérféqrentband,

a code cha and Sec the s dul schenes provi
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pPOSSI actors.
receive antennas at the base station. In this case, the total number of transmit antennas

for the scheduled terminals may be greater than the number of receive antennas at the
base station, and the terminals may share the available transmission channels using
another multiple-access technique (e.g., time, frequency, and/or code division
multiplexing).

[1212] The scheduling schemes described herein select terminals and assign
transmission channels to the selected terminals based on channel state information,
which may comprise post-processed SNRs. The post-processed SNRs for the terminals
are dependent on the particular transmit power level used for the data streams. For
simplicity, the same transmit power level is assumed for all data streams (i.e., no power
control of the transmit power).

[1213] However, by allocating different amounts of transmit power to different data
streams and/or by controlling the transmit power for each data stream, the achievable
SNRs may be adjusted. For the downlink, by decreasing the transmit power for a

particular data stream via power control, the SNR associated with that data stream is



Third, the scheduling schenes support variable data rate adaptati on based
on the SNRs of the post-processed signals for the termnals. Each

schedul edwDesnsgsal is i nforned when to communi cate, whi clrcdasa2aase(s) to
use (e.g., on a per data stream basis), and the particular node (e.g.,
SIMO, MMD). M MO OFDM System [ 1215] FlI 8A is a block diagram of a base
station 104 and two termnals 106 wthi'rfA M MO OFDM system 100 for downl i nk
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a particular coding schenme, (2) interleaves (i.e., reorders) the coded bits
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bits int dul ati on f t i SSi h |
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provides tinme diversity for the coded bits, pernmits the data to be
transm tt ed!pestion among) ke dermengs fsopulianeoysiy sEarng neprosthagenal spatiddnbat s
fadi ng, renpves.correl ati o 1 &S d f -

rodul at i on CoPBET ek b Ve Ph HEBhe" 0B P Rirke s BB Rty s
coded bits daseeibed abhsne.t (Tdus,onaismilipéwed slldcasiuent/yr poweheonu@l snayTdeo dedi ng
and nodul ation (i,e., synbol mapping) my be perfornmed based ,on,%on r ol
signal s pr G¥edEEongipcor iihthe sehedwlt schamessdespribed hargim Hidfbisds yithigpige

recei ves angd demy tiplexes the nodulation symbols from TX data processor
810 and provides a stream of synmbol vectors for each transmt antenna used
for data t 2Kt} ssThe,dosmdinkyaruohplimc tsciiedpbng syindnads Pesciibet] hefeare mayy vbol

ector includes to NF nodul at i synbol.s for the NF fr enc
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(e.g., if the chann response rix H(k) is available). M MO and
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U S. Paten plicati.on Serial No. , 09/993, 087, .Each, synbol vect or ream
is then re&’é\q1 eadc%%d"hr?Bﬂ??t 31?(250 By a§ef;%r§dzzlﬁ ?ngdul}%dgﬁpg%%sr pr(o,vé)a malgﬁd
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which a data transmssion is directed, antennas 852 receive the
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specific constraints regarding terminals’ data rate requirements, transmit power, link
margin, capability between SIMO and MIMO terminals, and possibly other factors.
Third, the scheduling schemes support variable data rate adaptation based on the SNRs
of the post-processed signals for the terminals. Each scheduled terminal is informed
when to communicate, which data rate(s) to use (e.g., on a per data stream basis), and
the particular mode (e.g., SIMO, MIMO).

MIMO-OFDM System
[1215] FIG. 8A is a block diagram of a base station 104 and two terminals 106

within MIMO-OFDM system 100 for downlink data transmission. At base station 104,
a data source 808 provides data (i.e., information bits) to a transmit (T'X) data processor
810. For each independent data stream, TX data processor 810 (1) codes the data based
on a particular coding scheme, (2) interleaves (i.e., reorders) the coded bits based on a
particular interleaving scheme, and (3) maps the interleaved bits into modulation

symbols for one or more transmission channels selected for use for that data stream.



perfornms processing conplenentary to that performed at nodul ator 822. The
received nodul ation synbols fromall denodul ators 854 are then provided to
a recei vewQRX)3588M MO dat a processor 860 and processed to PETASEL4I0ME Or
nore data streans transmitted to the termnal. RX M MY data processor 860
perfornms processing conplenentary to tsgt performed by TX data processor
810 and TX M MO processor 820 and provirdes decoded data to a data sink

862. Th ing by ternminal .106 is d i bed. | ther detail. bel ow.
D3518] A " ARERORENUGHE MBS o A aAasmaeoPo JOE SRR Bhvidss
estimates fhedicham 8br thO B 1RRSpdiRfits tRedALYWbd finsANHed bl 48 %nGRaRBpE!

state information ('CSI) indicative of the estimted channel conditions.
The CSI mayNBfpthe vapoussignr dveselsdondiuRsiading aiemsivegyedrrelatinm hesivess coded so

on. A contragller, 870 receives..and may. further .transfor he downl i nk CSI
(DL Coi i ity uSk8 G 856 5P Sn, Wilhal, B Why b GRORIHE ML OBy s
(e.g., COd@‘ﬂth@%d@ﬁ@@bre%%ﬂied%eﬁmﬁﬁiﬂ@f@%ﬁﬁrﬁ?%ﬁlSdHan&ﬁQ., Thelebdifg aliD

03/ 058871 PCT/US02/ 41756 60 processed by a TX M MO processor 882,

nodul at ed Byodetesion (i-erosyenbad drAPRIng snagse, perfarmed bassd ontcppolgnals oyided
station 1%y‘é'hc%nﬁ—8ué%§3b”k (or feedback) channel. The downlink CSI may be
reported by the termnal using various signaling techniques, as described
bel ow. [121P316/t bASTXSMIMO rprdebsort 820 ré@hesi dudedethelagleack tiwi grodhlation
recei ved by antennas 824, denvodul ated by denodul ators 822, and processed

by a RX M Mywhalsdrom deedats procgsser L0 and prayidesaritgry ahsnmbe! yestars &qr each

per f or med g r r , I h ported
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[ 1220] Schéduh esyn®dl vastes ihdledasepprib ey doovhilativh G§Bhbdle fperthoNn Gequenber of

functions such as (1), selecting the best t erm nal s r downl jnk data
transmi ssi SﬁbChéﬂlﬁFl% Z%f é]%esitljﬁ’i‘?ﬁ‘g PRENZY aj I@glm%ﬂ??ﬁrm&@hﬁﬁﬁe wihep t he
sel ect ed t ¢rd¥oP@tidn thSetdkish SRMoR' if GAMA pBEsSRE 1§ PYrfbithdd@/g. UFané he
reported downlink CSI to determne the coding and nodul ati on schenme to be

used for eabimmhtresponse amtriSc BEL) | ier avdBdblany MRKEdmdefulleCH padcesting dshi eve
hi gh t hroughput and/or based on sone other performance criteria or
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data transm ssidn on i n source provi
dat a pr ocess@iul48OMOD) 822 antiessmitted via an associated antenna 824.

[1217] At each terminal 106 to which a data transmission is directed, antennas 852

receive the transmitted signals, anci the received signal from each antenna is provided to
a respective demodulator (DEMOD) 854. Each demodulator (or front-end unit) 854
performs processing complementary to that performed at modulator 822. The received
modulation symbols from all demodulators 854 are then provided to a receive (RX)
MIMO/data processor 860 and processed to recover one or more data streams
transmitted to the terminal. RX MIMO/data processor 860 performs processing
complementary to that performed by TX data processor 810 and TX MIMO processor
820 and provides decoded data to a data sink 862. The processing by terminal 106 is
described in further detail below.

[1218] At each active terminal 106, RX MIMO/data processor 860 further estimates
the channel conditions for the downlink and provides channel state information (CSI)
indicative of the estimated channel conditions. The CSI may comprise post-processed
SNRs, channel gain estimates, and so on. A controller 870 receives and may further
transform the downlink CSI (DL CSI) into some other form (e.g., rate). The downlink
CSI is processed (e.g., coded and symbol mapped) by a TX data processor 880, further



interl eaves, and maps the data into nodul ation synbols. If multiple
transmt antennas are used for uplink data transm ssion, TX M MO processor
882 receiwosass7f urt her processes the nodul ati on synbol #Craspr/envsde a
stream of nodul ati on synbol vectors for each antenna used for data

transm ssi on. Each synbol vector streamis then received and nodul ated by
a respective nodul at or 854 and transnitt%9d via an associated antenna 852.

[ 1222] At base statio nt ennas 4 receive the transnmtted si | s,
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provided to controller 830. Scheduler 834 nay also receive and use the
upl i nk CSI ¥ a5ehedeh834nunber of functions such as (1) selecting the best

set of termyasy;s fappdiled d34apsy éilg 8 BEGniHR bﬁ’to(ﬁérfd?ﬁlt & 'iniHel B2
particul ar processing order for the data streans fromthe selecte
term nal s, fanctiogh8sucldest € selectng thhdestatee of Eringmalsfod doemlisk dhtadensmstioaam

For each scheduyl.ing.interval, .schedul er 834 provides an uplink schedule
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stream may i nclude the date rate and codlcgfg(mand nodul ati on schene to be
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condi tion tdhgeriy 1GRG&EEE data and transmit the uplink schedule to the
termnals via the wireless |ink. The uplink schedule may be sent to the

ternmnal U423y vaFIGusB & yhlack sipeis ohedasypiaton dehand hus terminds]0foreach
active terr gk d00ahdfishibRNSKY big et R sShufed” fF St tah¥nRbs Mofe

uplink, a data source 878 provides data to TX data processor 880, which codes,
interleaves, and maps the data into modulation symbols. If multiple transmit antennas
are used for uplink data transmission, TX MIMO processor 882 receives and further
processes the modulation symbols to provide a stream of modulation symbol vectors for
each antenna used for data transmission. Each symbol vector stream is then received
and modulated by a respective modulator 854 and transmitted via an associated antenna
852.

[1222] At base station 104, antennas 824 receive the transmitted signals, and the
received signal from each antenna is provided to a respective demodulator 822. Each
demodulator 822 performs processing complementary to that performed at modulator
854. The modulation symbols from all demodulators 822 are then provided to RX
MIMO/data processor 840 and processed to recover the data streams transmitted by the
scheduled terminals. RX MIMO/data processor 840 performs processing
complementary to that performed by TX data processor 880 and TX MIMO processor
882 and provides decoded data to a data sink 842.



852, denodul ated by denodul ators 854, and provided to RX M M) dat a
processor 860. Processor 860 perforns processing conplenentary to that
per f or mredwby3/388M MO processor 820 and TX data processor PEIMSandi7s€cover s
the uplink schedule for that termnal (if any), which is then provided to
controller 870 and used to control the uplink transm ssion by the
termnal. [1226] In FIGS. 8A and 8B, sche&duler 834 is shown as being

i npl t h t at Ln oth t hedul
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processor recef ves an F0Cesses ormat1 on rovi
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nodul ati on sKrrboI s for the NT transmt antennas. ﬁ% I n the specific
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processor for each o epen ent dat treans to be transmtted to the
term nal ( s)rate ﬂaeﬁadlt daph etxeam 9@8 incdudd theslasgnohteddamlitdding encemotitletiagsphengat e
|nformat|on ({&)M data streans, each of which nmay be transmtted
over one ort® ) AL hannel s.  Each data streamis provided to a

respecti ve [Ehmnel T@(afdatapﬁae@sﬁapr81@1@ee&e%2§m oteldes (RORPHLERBRedROWMRA N
FIG 9, each channel data processor 910 i ncl udes an encoder 912, a channel
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synbol mapping element 916 maps the interleaved bits into nodul ation
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be coded a

852, demodulated by demodulators 854, and provided to RX MIMO/data processor 860.
Processor 860 performs processing complementary to that performed by TX MIMO
processor 820 and TX data processor 810 and recovers the uplink schedule for that
terminal (if any), which is then provided to controller 870 and used to control the uplink
transmission by the terminal.
[1226] In FIGS. 8A and 8B, scheduler 834 is shown as being implemented within

- base station 104. In other implementations, scheduler 834 may be implemented within
some other element of MIMO-OFDM system 100 (e.g., a base station controller that
couples to and interacts with a number of base stations).
[1227] FIG. 9 is a block diagram of an embodiment of a transmitter unit 900. For
clarity, transmitter unit 900 is described as being the transmitter portion of base station
104 in FIGS. 8A and 8B. However, transmitter unit 900 may also be used for the
transmitter portion of each terminal for uplink transmissions.
[1228]  Transmitter unit 900 is capable of processing multiple data streams for one

or more terminals based on the available CSI (e.g., as reported by the terminals).



with the processed information bits. The processed pilot data may be
transmtted (e.g., in atinm division multiplexed (TDM or code division
mul ti pl exwo o3@BMY1 manner) in all or a subset of the tranegirasoom7shannel s
used to transmt the information bits. The pilot data may be used at the
recei ver systens to perform channel estipation. [1232] As shown in FIG 9,
the data coding, interleaving, and m)dul6g?i on (or a conbination thereof)

may be adj usted based t he avalill e CSI (e.q.,,,aS,reported t he
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adjusting the puncturing to achieve the desired code rate, as supported by

t he SNRs ofthatdemultipdersnitissiodulatiemyyaibolafoethethr ransmdtintermp® data. For this

schene, th ctugi may.be perforned after €e,C interl eaving. In
anot her cog}%jandf“rr@%ulsg%/clﬁg% egﬁ)ﬁg%‘?m % Pwpeﬂneﬁw'cgdi %E{c?hg’f%gss%?{ﬁ)é used
based on t hgli@RAr depflflexerraUB w\?\?rml t6.a e Of chirhel dah proveison®l0T@ye be
coded with an independent code. th this schene, the successive
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in a time division multiplexed (TDM) or code division multiplexed (CDM) manner) in
all or a subset of the transmission channels used to transmit the information bits. The
pilot data may be used at the receiver systems to perform channel estimation.
[1232] As shown in FIG. 9, the data coding, interleaving, and modulation (or a
combination thereof) may be adjusted based on the available CSI (e.g., as reported by
the receiver systems). In one coding and modulation scheme, adaptive coding 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 SNRs of the
transmission channels 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, the
successive cancellation receiver processing technique may be used at the receivers to
detect and decode the data streams to derive a more reliable estimate of the transmitted

data streams, as described in further detail below.



i ncludes an inverse fast Fourier transform (I FFT) processor 940, a cyclic
prefix generator 942, and a transmtter (TMIR) 944. [1235] |FFT processor
940 convewD3msssh1 r ecei ved synbol vector into its tinme- decriuso2/41756
representation (which is referred to as an OFDM synbol ) using the | FFT.

| FFT processor 940 can be designed to Q%rforn1the | FFT on any nunber of
frequency subchannels (e.qg., 8, 16 32, .). In an enbodi nent,

for each sy, convert M cyclic i
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known in trsegrmpomﬂdorﬁa@poﬁkmmra fedulation dﬁhlacbll Irh%rrﬁiniber bl iF6imation Amithiter
944 then converts the time-donain transm ssion synbols from an associated

cyclic prefPay gefapamisieddan eadh modwatemsudaeli ign al partigwprrlayal id pesfppnatidees,
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transm ssi armnemétrthé datawireah e Thud, ithk codlieanbriotielteh sihginalfer dackhdata stream
transmtters 944 a e then fransmtt, from antennas 824 to the term nals.
[1237] An &R&nP Fée Wmsfvp ? émlﬁgl €§Er ?ﬂ@dchaﬁn?lﬁéteél%‘flg&é?ﬁy gaedeu. s.
Pat ent  Appl j4 gggéd%sgaéﬂ e abglab@egégﬁz 492. OFDM nmodul ation is al so descri bed

in a paper titled "Multicarrier Mddul ation for Data Transm ssion : An
| dea Whose [123d Hdbe Guorw]dtiobysydublots 801G, T)Blda@hmpessﬁEﬁmmw@d tonEX
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Sonme other coding and nodul ati on schenes are described in further detail
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application and incorporated herein by reference. Still other codi ng and
nodul at i on 1BelH@ste an niyeras JasthEowyiss dtrangfeym KT spigressph 9¢he a2 axcligePisiixt he

i nventi on. generator 942, and a transmitter (TMTR) 944.

[1235]  IFFT processor 940 converts each received symbol vector into its time-
domain representation (which is referred to as an OFDM symbol) using the IFFT. IFFT
processor 940 can be designed to perform the IFFT on any number of frequency
subchannels (e.g., 8, 16, 32, ... , Nf, ...). In an embodiment, for each symbol vector
converted to an OFDM symbol, cyclic prefix generator 942 repeats a portion of the
time-domain representation of the OFDM symbol to form a “transmission symbol” for a
specific transmit antenna. The cyclic prefix ensures that the transmission symbol
retains its orthogonal properties in the presence of multipath delay spread, thereby
improving performance against deleterious path effects. The implementation of IFFT
processor 940 and cyclic prefix generator 942 is known in the art and not described in
detail herein.

[1236] Transmitter 944 then converts the time-domain transmission symbols from
an associated cyclic prefix generator 942 into an analog signal, and further amplifies,

filters, quadrature modulates, and upconverts the analog signal to provide a modulated



[1239] FIG 10A is a bl ock diagram of an enbodi nent of a receiver unit
1000a. For clarity, receiver unit 1000a is described as being the receiver
portion oVOomaes#ser minal 106 in FIGS. 8A and 8B. However, PCEASOYEN75@mNI t
1000a may al so be used for the receiver portion of base station 104 for
uplink transm ssions. [1240] The transm tted signals from NT transmt
antennas are received by each of NR anfénnas 852a through 852r, and the

recei ved sign tr ach antenna is out spec ve denodyl at or
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(both of whashCeme gt JehmownCi Bimgham, IEEE Comnyinigations tMygazmpe MayT1990,
processor %&1‘? 13‘35050{50%9&%@? e%r}éeg‘{ge?&e esent ations of the data sanples and

provi des a Bach synbol vector includes NF

synbol s reqg2aggd fPRIG. NsHowaGeacynme bediag agd snodahtioniehstie that may Herwedded
for each WO 03/058871 PCT/US02/41756 65 synbol period. The NR syrrbol
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streamint vector ‘streans requenc
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the NR received signals 1242] Wthin a’RX M MY data processor 860a, a
spatial/s pawgltadrte ther ssignsoof th@ @I@en@pphe@tmcangemcmpmwrl Wexepr by e@’snenge for

the receiv ol s.for ach subc ou sed f
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synbol s to 10604 FEGSe A aRd &B. OfHdvi‘Bi'er receiver unit 1000a may also be used for the
receiver portion of base station 104 for uplink transmissions.
[1240] The transmitted signals from Ny transmit antennas are received by each of
Nr antennas 852a through 852r, and the received signal from each antenna is routed to a
respective demodulator 854 (which is also referred to as a front-end processor). Each
demodulator 854 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 data samples. Each demodulator 854 may
further demodulate the data samples with a recovered pilot.
[1241] Each demodulator 854 also performs processing complementary to that
performed by modulator 822 shown in FIG. 9. For OFDM, each demodulator 854
includes an FFT processor and a demultiplexer (both of which are not shown in FIG.
10A for simplicity). The FFT processor generates transformed representations of the
data samples and provides a stream of symbol vectors. Each symbol vector includes Ng

symbols received for Nr frequency subchannels, and one vector is provided for each



transmtted nodul ati on synbols. Spatial processing may be used for a
non-di spersive channel (i.e., a flat fading channel) to null out the
undesi r edweiogtnsdssl and/ or to maxi m ze the received SNR of peaaisovii7she
constituent signals in the presence of noise and interference fromthe

ot her signals. The spatial processing may_be perfornmed based on . a channel
correlation matrix inversion (CCI\/I) tech que, a mni num nmean square error
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estimates of the Nk nodul ation symbols transmtt ed WO 03/ 58871
PCT/ US02/ 41V%I® is @6edNio Hm’@qmeMB\ﬂOsmmmgéblsthcfrectelmeeleynﬂvofsrfequmhcfyequency

subchannel gro in one s eriod. . Spatial/ rocessor .1010
may furt her%ffﬁ%‘?ﬁf %mflﬂéls%‘gg AalA RS misyioaN e P2 15125&‘1 h’@& UEFWAMREYRS eam
The SNR estig¥atig ﬂéeﬁonaetheqmmgd @8esdRBClok Rach e @B&faﬁﬂar%lbg%e& SheS.

Pat ent Application Seri al I8)9/ 956, 449, 09/ 8%4 235, and 09/993, 087.

[1245] A seﬂﬂ@@@l&paqm@er@r@@ss@rsntaMebq\rursqdet,cw@nf@m é%ﬁ@lMQeRm@?SS@gr@arﬁél from
spatial / SPaf& q ehggra%l%rcﬁﬁ’\r&%fg{ouéo&ég.g@% t%«% ER%iSh %ﬁﬁlgl&%ﬁ ggrgsynbol S

correspondi ng one ta streans rec

Al t er nat i vel1243} he Spagal/space-eiRe Vigoeeksors M 0b® | iBaprte dxdig@at as petfofth Nspatial
spati al / space-tinme processor 1010, In any case, the desired recovered
synbol s ar ePTOKESSRE0E APacRIIpE BIPCERsE QR the Fecchisd aymbelsde sevidersstimates pf e

W thin RX Syﬁgﬁx‘%a Qlatid? g%n%&sd%’gggﬂrﬁ&egﬂﬂg X uskd46 g%%ﬂ?hgp@fs?\?‘e

each recovere I'n acc ance wt ati on sch
M PSK, M  Qildhnelgee, & dlat fadatg dwmixd) toattull dnet the emdesired signals ahd/orMoanaximize

denodul ated_ data.is nt e | eaved b i.nterl eaver 1024 and {he

de-i nt er | eai&deecived %Eﬁﬁ? Lﬂgt%@#’ Sdmstbtye mgnzﬁs in tﬁe presence of noise and
interference from the other 51gnals. The spatial processing may be performed based on
a channel correlation matrix inversion (CCMI) technique, a minimum mean square error
(MMSE) technique, a full-CSI technique, or some other technique. Space-time
processing may be used for a dispersive channel (i.e., a frequency selective fading
channel) to ameliorate both “crosstalk” from the other transmitted signals as well as
inter-symbol interference (ISI) from all of the transmitted signals due to dispersion in
the channel. The space-time processing may be performed based on a MMSE linear
equalizer (MMSE-LE), a decision feedback equalizer (DFE), a maximum-likelihood
sequence estimator (MLSE), or some other technique. Spatial and space-time
processing is described in further detail in the aforementioned U.S. Patent Application
Serial No. 09/993,087.
[1244]  For a particular frequency subchannel group, spatial/space-time processor
1010 receives and processes Ny received symbol vector streams and provides Ny
recovered symbol vector streams. Each recovered symbol vector includes up to N

recovered symbols that are estimates of the N modulation symbols transmitted on the



decoder 1026. The denodul ati on, deinterleaving, -and decoding are perforned
in a conplenentary manner to the nodul ation, interleaving, and codi ng

per f or redwato3osss71 t ransmtter unit. For exanple, a Turbo @€ta$er41066 a
Viterbi decoder may be used for decoder 1026 if Turbo or convol utional

codi ng, respectively, is performed at tQ% transmtter unit. The decoded
data stream from decoder 1026 represents-an estimate of the transmtted

data strea 1247] F I i.S, a bl ock diagramof.a receiver unit 1000b
capabl e of Nilisigarrbenes & ok e Bbh e R PeL AP E St eyl et ng
techni que. dRaaalpete-tik! prodd0G010RY nRl SRrthe: bsiRshté Fhe PBQ-ProceRiedeSNROfdri ON
of base station 104 or termnal 106. "The transmtted signals are received

by each of enFh agrediedadat8@BieamndThSNRe getimaetd may gaaderived ras edestribedtianiha i s

cspect ve FRRERLnlr ph PAE Miuite 520, ST ApIPh, SRR S 7,

RX M MJ datgg/g@nasgssor 860b. RX M MJ data processor 860b may be used to
process the NR received synmbol vector streams fromthe NR receive antennas

for each fllZflencd selpripadAt? regedvgs the N resovaretasynbd syacks| BisamaHEe® each
ol . .
receivead s %%?Alésgéé:%ﬁtirﬁ% pk?::,éée ség () 1d\|§%c1{1 %@ﬁicflsetﬂf ?ééc%'@@ﬂgﬁ s%%a%{k%ﬁ%o&éﬁ%%@ ncy

subchannel s*i'n uéncy anne roup.
enbodi ment thdrone or MmébreGlatd QBearRX tdvbbeectavegedpr adiesmtivel6the ddsired webese@d
nunber of successive (i. cascaded) receiver proceésing stagegﬂéOSO, one

e' L . by
WD 03/ 0588 AYIbels/arsesitasieroithig ppaitalseace dimesreresser YA {7 amyeasertbgdesighal s
to be reco I ' ) | i endent data
HEERRredl DB dié BARIRCA BIIAFEATIAND o RE AT DrolAfor 1086P

streamis transmt of eac frequency
subchannel [#246]p. Wathit R datagmecrstor 086,65 démedBatimnadementel 020 demodolatedat a

streans for each frequen subchannel qroup is ual to the n o}

Cr anam t t oL FERATED SAPbh T Socar egon it 3 BmpAE A BURTSY e e M-
ant ennas USGAM)Qfsed BbBthat §EIT 28 ShORardsWiitG uriBY TRE déhbdited datdlas @henode-t he
avai l able transmt antennds). For «clarity, RX M MJ data processor 860b is

descri bed fioierledvied byradesinterlqaverctPdiang thedhinerleayeddup ichuther deserledby a

processi ng stage 0 xcept for. the.last stage . 1050 incl udes a.channel
N dat & SESRBESR) o16% EEhisniftion, inPitaiid PBe B2ohe af SettOGEApuT dng
the |ast stoepldib@ty meiedes thdinodahabneintdleMahgdabil pédisg peabmiddbMntheFor
the first receiver processing stage 1050a, channel M MJ data processor

1060a r eceitiaasmitign @nfr Jiuexanplaa Nbe deeqdeegr ayVitsbi desedesrmay pe aged farom
denmodul at Ord%cgc?ef‘al(b%r ﬂuq{]rbo or convolutional coding, respectively, is performed at the

transmitter unit. The decoded data stream from decoder 1026 represents an estimate of
the transmitted data stream.

[1247] FIG. 10B is a block diagram of a receiver unit 1000b capable of
implementing the successive cancellation receiver processing technique. Receiver unit
1000b may also be used for the receiver portion of base station 104 or terminal 106.
The transmitted signals are received by each of Ny antennas 852, and the received
signal from each antenna is routed to a respective demodulator 854. Each demodulator
854 processes a respective received signal and provides a stream of received symbols to
a RX MIMO/data processor 860b. RX MIMO/data processor 860b may be used to
process the Ng received symbol vector streams from the N receive antennas for each
frequency subchannel group used for data transmission, where each received symbol
vector includes Ny received symbols for the N; frequency subchannels in the k-th
frequency subchannel group.

[1248] In the embodiment shown in FIG. 10B, RX MIMO/data processor 860b

includes a number of successive (i.e., cascaded) receiver processing stages 1050, one



854r to provide a decoded data streamfor the first transmtted signal. And
for each of the second through | ast stages 1050b t hrough 1050n, the
channel MvbDs@sasal processor 1060 for that stage receivesPamdsprewesses t he
NR nodi fi ed synbol vector streans from the interference canceller 1070 in
the preceding stage to derive a decoded ta stream for the transmtted

si gnal being recovered by that stage Each channel M MJ data processor

1060 furthe Vld ) gﬁ}et& $N% or heda ociated transm ssion
channel . ES?C R %’15 ?16% E BR L0V Ry st g%Pe Bt PIREEFPEr ence
cancel | er ls@ﬁ&ﬁe dr@Qﬁﬂ?_/(ﬁﬁdéﬂﬂﬁaMRtﬁe@tﬁQb aflsHiyEl oh cHeE tiab butRBamef 6P8AcAl | NR
demodul ators 854. And each of the second through second-to-I ast

st ages, i ntfeaquenshabchannekbprosp. ¥oythip deasmié procesrengurhengi fheaumeheiios datgect or
streans fr f

it or for enolen b A S5GR9Ey SRR arbbl 3 SRR TR dRrtd B SanoRFBA ¢ ne

channel M Mgy avbichcssaBo d@a0 tai thei Auhb& SAMEanSinRgenteAmd P&l Gormeatahe
processing (e.g., coding, interl eawgg and nodu] ation) to derive NT

r enodul at edTasRSIon @dtiel mayt heoalhor ehabselr of heavarkable tgRsME EnigMas)ankati t t ed
modul ati on Wokﬂmﬂ?/ﬁtﬁ esb @ 866018 TdeSAHRACHorS tﬁ%’é f -dti oQé’sBmgn)

[ 1251] The enod vector streans (for erati
are furtherschggnecessed with the esti mated channel response to provide

esti mat es, , the n interference d o the decoded data stream The
esti mat es iﬁ%‘ﬂ& udﬁaﬁh TGRELYSHr BIOCGHIg Stagk ﬁgé@c(@&epbefpﬁdﬂ%ﬂa%s%tﬁ%tlgg
conponent i;A:108& ffchhifl NAINER@ly $focasBnalogo ddb%ys)feﬁ WP ROPE8AE canceller

PCT/ US02/ 41756 68 the decoded data stream TheSe conmponents are
i nt er f er encld7boandnbe dastratiags hPnrioelugestonlyl ehanoeleMIMG/ éatta pracessdr $0Gha| Hor

|ncI uded i e . NR recei ved.si naI rference ,Tn estimtes,
O ared o B afpebet Broceisige SAG Tosod, thpmel MU Gl SERSS: 10afEeives

st reams, rand,précesfsQyé Mg I%élvemgyfmmi Vet alteadRatdth deinb@@afors 854althroupaVi Ng

t he conponents from the decoded data streamrenoved. The nodified synbol

vector st r @ to previde decodpd 6%@@@1&111 dort the fisgtiranpmstad signabr dnddJer m}hsfcfage
as shown i r C I 7 rQV s _NR
nodi fi ed s&lﬁgLﬁ%oveg? u‘&?{ﬂrgteéatgrée(g 1ng | nc %ldfe&gﬁ Jhgﬁp rﬁgl\&]@%@/gg |Pé e S0t

i nter f er encl®6o dopaesthge reCeinty aﬁidl Iﬁbceﬁi& the N heodified! sjrabdliveeot siveimsoiemst eps
in the successive cancell ation receiver processing. [1252] The successive

cancel | at i dhe fedsrgRee ¢angeliss ORY i Senpreegsding gtagfegbﬁlww ﬂ@poded data stream
for the transmitted signal being recovered by that stage. Each channel MIMO/data

processor 1060 further provides CSI (e.g., the SNR) for the associated transmission
channel.

[1250] For the first receiver processing stage 1050a, interference canceller 1070a
receives the Ny received symbol vector streams from all Ng demodulators 854. And for
each of the second through second-to-last stages, interference canceller 1070 receives
the Ng modified symbol vector streams from the interference canceller in the preceding
stage. Each interference canceller 1070 also receives the decoded data stream from the
channel MIMO/data processor 1060 within the same stage, and performs the processing
(e.g., coding, interleaving, and modulation) to derive Nt remodulated symbol vector
streams that are estimates of the Nt transmitted modulation symbol vector streams for
the frequency subchannel group.

[1251] The Nt remodulated symbol vector streams (for the n-th iteration) are further

processed with the estimated channel response to provide estimates, i" , of the

interference due to the decoded data stream. The estimates i" include Ny vectors, with

each vector being an estimate of a component in one of the Ny received signals due to



further detail in the aforenmentioned U. S Patent Application Serial Nos.

09/ 854, 235 and 09/993,087, and by P.W Wl niansky et al. in a paper
entitled wg-0B#8Tt An Architecture for Achieving Very H goThsoz4Rs¢ es over
the Rich-Scattering Wreless Channel,” Proc. |SSSE-98, Pisa, Italy, which
is incorporated herein by reference. [1253] FIG 10B shows a receiver
structure that may be used in a straightforward mnanner when one

i ndependent re i r it er_each.transm.t antenna of each
frequency sttﬂlg ?ﬁg%(%gl i te;an} I ?ﬁl?ssgli < ?g)rslée)ntés ggclﬁ%?’fee R 3‘?1“1& ISHERG, (10L ¥l o
1050 nay béetaneal)atdsmitedrsggakancladel @fthé INg redoiveelsigiadd Talsaths ixiedé®na@nd to
provide the decoded data stream corresponding to the recovered data

stream [ 12&6finakr 1508 @bh8eted (8 StlnbelB)0GE8hE St RRE W hboRv&aAthfmgam
may be transmtted over nultiple transm't antennas, fréquency subchannel s,

and/ or timer" iptReMat Nyt Modified isgRbsIPAck@ strehh§ IHEN Navird WL QbmbbiBts from
diversity, respectively. For these schenes, the receiver processing

initially dgeideesdsdl daeaineash fyddveld. STEEABAERA §@Rbol Ve Siliehm@N e NareOf
each frequency subchannel. Mdul ation synbols for nultiple transm
ant ennas, fprevded tythemoshigneiv¢rprocessing stage,me showein/BIG 10By Haok mibderencebi ned

in a conpl enent.ar ner_as .t demul t.i pl exj n erforned, at the
transmitt ercaaﬁ?lﬁ‘:.r Xoﬁglug tp,‘f%Véﬂng‘?R 8]8% eﬁeggmi’ﬁm%ﬁtg Strgarp, Bt B’r"l’%@é‘getﬁ“ ths
recover t hecahb@lfbﬂﬁh@eﬁ@fénd@b&ng&ﬁén@s@f@oﬂtﬂcﬁﬁ?B7(b_'9{ayajerﬂ%|eﬂ b Hifect VABONLGEPY €T
architecture shown in FIG 10B provides the (received or nodified) synbol

vect or st r eiBiBe suscessivi crrediatien rqgpiyepioresgingt age 1050, and these streans
omoved: (1 AISHE DABE SOOROTE Lo difioh ReBLRY (iRistin EARRTLe OB s Ridi R

removed (i.e., ‘can | stage

renoves t hefuithtreddigl anthe afaspentdticd 18P tant Applidaion SdriaeNvs ABIIRIETE ndt hat
stage. In @83/ 058871 PCT/US02/ 41756 69 some other designg, the received
synbol vectGVITr0¥amndnhy B&VpWRlnigasks 6 4l staagarer enitlgd e a¢BLaASHe Avay

performthe ' o . . : j |y
decoded dat%&ggﬁgﬂﬁs \%Ehg Vlfﬁ%%ﬁ%%fﬁgg\(ﬁa e%q%(rgc%n}% Ib?%{ié?l ngéaitf“%g‘%g#&%%e

i nt er f er encéhanaelg’ePloat ISGSEARS; Pidashalgewhich ppimdorfporataierein byneferssitages (e. g.,
if the SNR % th (gai \sﬂhreamis.high. Var,i ous difications to the
recei ver arid ﬁ]ect %J : @% OY'§ a rpgedyer RYECHER, thak may ke ussd 18 reS U IOR W e
scope of th@adddy Yheh e ti)rlicﬂe%é]@en{: 4D strddfiPshshifed SR QI8 N raf it | gEent s

of a receiver unit capable o processing a data transm ssion, determ ning
t he char acteseh dteiquencyf subhkanmeh growips sinothis casanershsre¢a@ vey. protdseing osdgeptdessed
SNR), and rrg%p 'i)%iorfygra?esci tcl)3 %gc%vlérooﬁeh%f ttlgea ?I'%lll:lrél’;[ll fed &zlitnai gt’reams and to provide the
decoded data stream corresponding to the recovered data stream.
[1254] For some other transmit processing schemes, a data stream may be
transmitted over multiple transmit antennas, frequency subchannels, and/or time
intervals to provide spatial, frequency, and/or time diversity, respectively. For these
schemes, the receiver processing initially derives a received symbol stream for 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 transmitter unit.
The stream of combined symbols is then processed to recover the transmitted data
stream.
[1255] For simplicity, the receiver architecture shown in FIG. 10B provides the
(received or modified) symbol vector streams to each receiver processing stage 1050,
and these streams have the interference components due to previously decoded data

streams removed (i.e., canceled). In the embodiment shown in FIG. 10B, each stage

removes the interference components due to the data stream decoded by that stage. In



O her designs based on the techni ques presented herein and ot her receiver
processing techniques may al so be contenplated and are within the scope of
t he i nverwooa/0s8nannel State Information (CSI) [1257] ThePCElUSOZ€d5¢ 0

sel ect the proper data rate and the coding and nodul ati on schene for each
i ndependent data stream may conprise any6§ ype of information that is

i ndi cative of the characteristics of the Ctonmunication |ink. The CSI may .be

categori zed artial, CSI" ous e f

ot o - onsof offit MEfienst Hie redeibed Himud YebibRhurcarisanay B R Bt Bl Shess. v
descri bed b@dchWacH &&QS]mh)ﬂ pefferre nthe Gafi®dlation [ Pidrterdtce CImpoABRE I8 aPNR
whi ch may be derived as the ratio of the signal power over the

noi se- and- | Fediouglyetreadgsiolass strepms @il may by prevaded freminrpeading dagslprBud ded

ranem t el nrons e ARIRE Al a b0H AR or RERRIS et B TSR 1o

a nunber of fdriindath seéamnistigin eV Bioud o dBALi66S foht eeceByr DehiRsalt sE@h if 0 a
val ue havi nlg articular nunber of bits. In one enbodiment, the SNR
estimate is K?ra@ﬁe@a?( e grdesae 18 within thegoope afj they inyenté®ik- up tabl e. [1259] In
anot her embe@isgpnt .prike 1‘%@ BHQbB(;%re&?xmd éﬁﬁo&ﬁhﬁgﬁlofgqg\@erl eq‘rﬁqltg eéeﬁ)?é 0
and-interference power. These two conponents ma e se I'ved and
provi ded f oproeessimgt aaaltfsantmsmrssmhadaehnmmge&[ehchz&acteﬁstics arfsmessarmﬁnﬁshﬁnnel s
used for data transm.ssion. [126 ef anot he nmbodi nent, the parti al
CSI conpri sEANGely (&> RFRGSP F%?S‘?gbﬂm/eg dtréﬁﬁninﬁt ?t@f:]éﬁ‘bgled&ﬁé‘imttq‘ﬁ@%e
three compoefRk YedBNs B@seQan' ﬂﬁ@%éﬁﬂﬂ}u% ﬁi/ésgﬁgd hEfin GRE Binlef 3RS pidRBssipannel
or a set of transmssion channels used for data transm ssion. 03 8871
PCT/ US02/ 41tpsBniqure hap#sq be eonfemplaiediahé areomithiditiestope pfithe paventiah. CSI
conprises signal-to-noise ratio and a list of interference powers for
observabl e interference terns. This information may be derived and

provi ded for each transm ssi OGhQﬁlQé]lS@iteQﬁf(ﬁﬂﬁhloﬁ Spf transm ssion
channel s used for data transm ssi on. anot her enbodi nent, the

partial CsIl128fbri ske GPlywar te selseinanpsonen data Iiﬁlﬁt @n&thﬁmodqn(geang moduRtOnNT
I S I
conpl ex ent §c{h (O ethlindd Igp@ﬂ(?é?i't ?a{a%&gﬁlﬁ?na%péchgé}?s (a%& t%e %&n&orm? %%% ésx

noi se-and-in er ence co

entries). ihdiativeaobtht chaactemstics 6RshetcogmpiEiOn |IMKCCDI’IBIO$Q nidyeha@Batized
conponents and the_ noi and-i nterference conponents for the appropriate
tr gﬁ smit - r edSe5ither aﬁ\lgle(ﬁilg’ Bappdiat GSFer Yadous typergpof information may be p?c?wde% as

full or partial CSI, and some examples are described below.

[1258] In one embodiment, the partial CSI comprises SNR, which may be derived
as the ratio of the signal power over the noise-and-interference power. The SNR is
typically estimated and provided for each transmission channel used for data
transmission (e.g., each transmit data stream), although an aggregate SNR may also be
provided for a number of transmission channels. The SNR estimate may be quantized
to a value having a particular number of bits. In one embodiment, the SNR estimate is
mapped to an SNR index, e.g., using a look-up table.

[1259] In another embodiment, the partial CSI comprises signal power and noise-
and-interference power. These two components may be separately derived and
provided for each transmission channel or each set of transmission channels used for
data transmission.

[1260] In yet another embodiment, the partial CSI comprisesQ signal power, noise
power, and interference power. These three components may be derived and provided
for each transmission channel or a set of transmission channels used for data

transmission.



the quality of each transm ssion channel used for data transm ssion (e.qg.,
the post- processed SNR for each transmtted data stream as received at
the receiwerossisr) . [ 1263] I n yet another enbodi nent, thePgartsozakl7SS
conprises a data rate indicator for each transmt data stream The quality
of the transm ssion channels to be used Bor data transm ssion may be
determned initially (e.g., based on thg SNR estimated for the

channel audli4y iy Ve aiRe SR e R V. s A5Gk AGDerEly o)

for each t nadNlis IfaneeBANGE poWwers BRGHsPV P imérféemesteifsi Thiscindsineatisn The
identified data rate is indicative of the mnmaximumdata rate that may be

t ransni t t ednayrbe ¢sived and prevddeshios kadneansmassiamehapae] fir caeh sqt &f Epngpission
per f or manc r . mapped to and represented by a data rate
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i ndi cat or e Ciently coded. For exanple, if (up to)
seven possi[i262] dalmayet ah@herssngbaiipay the pabial USE comprissisighel compionedfitoin #ach
transmt antenna, then a 3-bit value nmay be used to represent the DRI
wher e, e. gmatax femp (gy NudtliNasempley gnigiep dprealbfranspi-gecgive antenggoppirs) g8¢ t he
transmt antenna) and 1_through 7 may be used to indjcate seven different
dat a r at es thq »oise-andsinterferencs carARARSHES @ﬁ?atflﬁ@%%emd&ﬁi £9Mple% SNt s

.g., th i di I based NI -Te P
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a rate to hgdisededhcd dBnpdneaid $66 the apprupitidte trahseidedtedl@tantedhi P& tolderivéi s
enbodi nent, the rate mag identify the particular coding and nodul ati on

scherme to Wee aualify fefr cachransimassicny eneluetedt foatdaim Frangeistipr de-Be e POSL-
perf or mncgr(%ﬁ%?gﬁw?&'ea{:%ﬁmmﬁgﬂ d#% ?t?crﬁ% NE e RRRAN HEMceivel ﬁ?i'?)gr tial CSl

conpri ses erenti al I cator a particular neasure o uality for
a transm s$1263] chahngdt. anbthiet iealbbglimenhehSRtat (9RIcomprisssomeatatrherindicator t y
measur enent, for the transm ssi on;rghana(ftly i_s determ ned and orted as a

reference KaRAGhdrmRsItAafa streamn o TBe Apality ofdhy transegsi chanaely [tfgg‘? psedofer ¢ he
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the last reported neasurenent and the cuarrent neasurenent i s determ ned.
The di f f er ¢mosmissipn tchemebeanglua dath zetd dogresprading tortbe detoithimed shahnehguality

guanti zed difference,is,. ed to,and repre ted by the di.fferential
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step size (or to naintain the |ast reported measurenent). For exanple, the

di f f er ent i ahaximuincdetarataiipt Ay be treesmitied oy the transmissivnerhapee] SMphe squared
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or indicator (DRI), which may be efficiently coded. For example, if (up to) seven possible
data rates are supported by the transmitter unit for each transmit antenna, 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., don’t use the transmit aritenna) and 1 through 7 may be used to indicate seven
different data rates. In a typical implementation, the channel quality measurements
(e.g., the SNR estimates) are mapped directly to the DRI based on, e.g., a look-up table.
[1264] In yet another embodiment, the partial CSI comprises a rate to be used at the
transmitter unit for each data stream. In this embodiment, the rate may identify the
particular coding and modulation scheme to be used for the data stream such that the
desired level of performance is achieved.
[1265] In yet another embodiment, the partial 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



sone ot her change. The reference neasurenment may be transmtted
periodically to ensure that errors in the differential indicators and/or
er roneouswpasepision of these indicators do not accunul at @CT[USBS6]75¢ul | CSI
i ncl udes sufficient characterization (e.g., the conplex gain) across the
entire system bandwi dth (i.e., each fregﬁency subchannel ) for the

propagati on path between each transmt-receive antenna pair in the NR x NT

channel nse. .matrix K).ee [ 126 nbodl t he f

conpri ses iﬂoge%%&ggs pqngsmgné‘ff(?{eﬁg? Hetw?egr %at 385 FEHRLE d mee}su%e tla\r}gs[(k)l or
equi val ent chitentShiEhsufedfien® X @Bk enintde Tﬁy%ff@eﬁ&eeﬂlaﬁltﬁﬁrobéfqharﬂﬁem obe oa data
rate indication per eigennode, an indication of the codi ﬂ and m)dul ation

scheme to heoradiis andrihe npanired differonse 43 BanPedincRnd Herpseat
el gennode, 1rt1(ﬂ§at81| gﬁ-@éh dltscﬂéénn}eﬁé .medl?ﬁ%énﬂﬁpﬁgcgfog%gqg&’ic%tggﬂ 1§<9ez§ The

i nformation ove rovi

the SNR reldat@ake torthe rlamatretpmed [IﬂeZQ&]ambﬂt ay\at;iaﬂrcumm| gimnfor tb tnmlﬁtainl th€SI
conprlsesamatrle—H mat ri x is.sufficient to det%énégethe
ei gennmodes lashapertge W&W@@e’éﬁ Fw&xeﬂl@iﬁa&e dl%fﬁwnﬂﬂaydlﬁ%toamﬁw@@m {

representa & dRtbasd
transm t twéé)&sl%{v Wor t %Igél?%%rr%nssgﬁétyg{rﬁ %{ﬁg‘ﬁelﬁ%ggfeau&g&er enta| c%)bupdat e
t echni ques pagticubdr scepbsaza,lmc(Z)‘ the dukd rapé¢ shdvad faladjusSsid kiaa @aﬂicybeamoﬁot or

o the full CSI characterization, sent

exanpl e, dlffere %g es HB

peri odi cal Is9mev6ﬁ theas eTe PR RS AP BB AN dRE T 311’290]
Q her for mgnQire filht! eR6rs PRM fh'ea&ffﬁ%htlﬁ'laﬁld?éa%}s Qﬁd}é‘f %?ro%@&@f&eﬂﬁ&ﬁ‘ bf thdie
scope of the invention. In general, or partial CSI includes

suf fi ci ent indi€asorsaloinon agaumuldiet ever formthat may be used to adjust the
processi ng tte .S t hat. .the des red vel . Qf
performancéf# ach#'é]\?/lg??fl%‘f’luéq‘? ficé?{gré}?'iag&na%t{og (&gi» Q "ﬂ%‘o‘%‘r‘@?ﬁé"fﬁ

PCT/ US02/ 4 Yi{Sentird %?/@@fhl BanBgid ¢ d3edueh tidagerfo subdianhdl) Tdiﬁh@%k(z}ﬁgﬁtld’iﬁpﬂﬁr i ved

based on the signals transmtted by the transmtter wunit and received at

t he recei véetwasnteach fraasmisrrbesiNenaniennat pasr @sthei HyadeNpvelpnbelswdp@ise anatpk| ot
included in the transmtted signals. Alternatively or additionally, the CSI
may be derH(fdd based on the data included in t he transmtted si gnal s.

ECRIT RETM GTTh NCRG  HECA  T

unit. I'n SGRrmation that is indicative of, or equivalent to, SNR. For example, the SNR-related
information may be a data rate indication per eigenmode, an indication of the coding
and modulation scheme to be used per eigenmode, the signal and interference power per
eigenmode, the signal to interference ratio per eigenmode, and so on. The information
described above for the partial CSI may also be provided as the SNR related

information.
[1268] In another embodiment, the full CSI comprises a matrix A =H”H. This
matrix A is sufficient to determine the eigenmodes and eigenvalues of the channel, and

may be a more efficient representation of the channel (e.g., fewer bits may be required
to transmit the full CSI for this representation).

[1269] Differential update techniques may also be used for all of the full CSI data
types. For example, differential updates to the full CSI characterization may be sent
periodically, when the channel changes by some amount, and so on.

[1270] Other forms of full or partial CSI may also be used and are within the scope
of the invention. In general, the full or partial CSI includes sufficient information in
whatever form that may be used to adjust the processing at the transmitter unit such that

the desired level of performance is achieved for the transmitted data streams.



systens, a degree of correlation may exi st between the downlink and uplink
(e.g. for tine division duplexed (TDD) systens, where the uplink and
downl i nk whasmesgshe same system bandwidth in a time divi sipca/uso/4i7pé exed
manner). In these systens, the quality of the downlink rmay be esti nmated
(to a requisite degree of accuracy) base7(cl on the quality of the uplink,
whi ch may be estimated based on signals ‘(e.g., pilot signals) transmtted
fromthe receiver unit. The pilot signals transmtted on the uplink would
then represent a neans by which the transmitter unit could estinmate the CSI

as observed at the receiver UDefividdhntdRe nesI the transmitter unit can

derive the channel resEonse matrix Hz Ej (e.g., based on the pilot

transmi tt edlZH]t heThpCShmay becdasivae bpead ondihefsignaticleansmitteelentheeansmies ni t

and receive_arr mani.f ol.ds nd recejv i ) 3 i i ance
3 &Pgﬁ%cle%\fe éheafregegvgr Uit Stn azl eglg\?ciﬁﬁl&ﬁagh% égI 18 Eiglﬁ\\//eggiag% é@%

at the recel y mani ol as nay bé reso

peri odi ¢ calilobin@dhuded i freCedidhitddaindBy Alteinativey foe addiaokallye thee@SI b be
receiver unit and transmtter unit. [1273] The signal quality may be

esti mat ed &eriverkbased en therdatmineluded vthe frapgpitisd signgldchni ques. Some” of t hese
t echni ques desgri i h . i p | a Si to
t he assi gnégiﬂl?f] thfé1 p}}rgggaélr? e%app ]if’ézaé |}ci)whntgﬁdé?§2%)?nﬁg}r§§ gglehétreerflﬁl%b')s/f%ﬂgg
reference: trabksibitiedtomnthe Meverse, 19O fiofbtheantditdrachit' tBythe eransamidteMehinodn Some

Determ ning Received Pilot Power and Path Loss_ in, a ni_catjon
System "  iS¥eRY ndegise obsorralggen may, axisthefwen ths.d_owggg%&lgﬂﬁlﬁﬁ-& o
" Met hod anc!in‘eoo&;?fs%f’égﬂlﬁ{edwréy%nﬁ! g«ggre_faa@kdbm bl GowRliRAhaePBE ShE

Communi cation System ™ 1ssued Nay 11, 9; S. Patent Nos. 5, 056, 109,
and 5, 265, sy@embbandwaith it & Gohe"ditdsioodnwtiplexethmanzer) sinftbeseGystems] the qyality
Transm ssi o ower j.n a Cel | ul Mobi |.e. Tel ephgne Syst "

respecti vel tF%QE@’Bh%StIB‘%Be §,Smil§f§§a(il%8 %Wé%é‘?gffg ,0? af@é%?y):t%e%n the
03/ 058871 RfAhiySH2(e Lffifk, dhictimayRad eftimAed basdd9dn Yikdalse@ld. ikl sidvidyod
and Appar atq%yl[?_or Pr oc%sm ng_lcPovve.P/ Cont]_n?ol S S nal% li?na(%eD(I%IE 1b.i Isé%sb
Tel ephone Sypssmitied froys (el revgiygs vnit, Thegwlot sjgnalpgramsmittedspn Hhgyumimkr wogdt ed
back to the transmtter unikt usi.,ng vari r 1SS For
exarpl o, ¢ Haeap ey et hh i et ik ol mB U LB MR e
thereof . | nytane rerbedivgnt In DD Gitepd] thekrafiPhities uhie Pkt édiveetht atiagadll v,

and differential updates are sent based on the prior transmtted CSI. As an
exanpl e f orrespposd masix Bk (epd&rsest omihehulot drapsmiticd ipa the apkiakle Aceprnefaror
signal) to the reported _ . ) : .
difterences between the transmit and receive array manifolds, and receive an estimate of
_the noise variance at the receiver unit. The array manifold deltas may be resolved by a
periodic calibration procedure that may involve feedback between the receiver unit and
transmitter unit.
[1273] The signal quality may be estimated at the receiver unit based on various
techniques. Some of these techniques are described in the following patents, which are

assigned to the assignee of the present application and incorporated herein by reference:

e TU.S Patent No. 5,799,005, entitled “System and Method for Determining
Received Pilot Power and Path Loss in a CDMA Communication System,”
issued August 25, 1998;

e TU.S. Patent No. 5,903,554, entitled “Method and Apparatus for Measuring Link
Quality in a Spread Spectrum Communication System,” issued May 11, 1999;

e U.S. Patent Nos. 5,056,109, and 5,265,119, both entitled “Method and
Apparatus for Controlling Transmission Power in a CDMA Cellular Mobile
Telephone System,” respectively issued October 8, 1991 and November 23,
1993; and



ei gennodes. The ei genval ues typically do not change as rapidly as the

ei gennodes, so these nmay be updated at a |lower rate. |In another

enbodi merwQ 0Bls8s@SI i s sent only when there is a change @eTgisp2/ifis¢ he
change exceeds a particular threshold), which may |lower the effective rate
of the feedback channel. As an exanple f partial CSI, the SNRs my be
sent back (e.g., differentially) only whéen they change. For an OFDM system

correlation int in ‘ xploited to permit redyction in
t he amount 01[1 Cgfs %‘{l)tg%e% #]'(e%oggatéki? e%wegn%%ﬁ%%@ é%qar%ms @%@%‘%ﬁ?\ﬁ%ﬁ ng
partial CSI, if CbetrolSNELOMESPRONIIbIe Teleph®ray $ystamh BisseRBAL@lst $Uippbannel
for NM frequency subchannels is simlar, the SNR and the first and | ast

frequency supbefpnnetie EOF mali K rdpdkisd GaRE IS ) thfsmitter SnfiBKidey 4 RRQT ¢ G-
O her conpression and feedback channel error recovery techniques to reduce

t he anmpunt twinsgugsion echismes.e dFobgaskmpler theCShmaydiessenben figlk dlifferdntally, oniat hi n

the scope of the inventioen 1275 arious ., types.qf di.nformation faqr | and
various CSl Corllé}f%?‘tfci%gle’f?ggh%i Eﬁs?nlbgf\'ﬁéneé’l?’s%ﬂl s@f?%e@ﬁﬁ Ieptedfresiopically,

Appl i cat i onandediffalentil ufdBled 6 28Ebaseoh tthe priorMRAniRtteddOS. ARPAK BtdhplE @6r Hi gh
Rat e Packet Data Transm ssion,” filed Novenber 3, 1997, assigned to the

assi gnee of fullheShrthsg arpdatep prayc be icorrectiong (based TAnEATEIeOr SigdBh todtve 20p@tedH gh

Rat e Packet Egm i’ t L] ion” i.ch.are

i ncor por at et er(%:s'n gef%epgég%sﬁgﬁfé%f}%gg%og%l}a’ngggé %P;&;‘;ly\égrﬂfeo%%ené%oﬁlgé’tsso and
enmbodi nent sthede thigbe apdagde adbivecatd. dn ahedier ethifeimeas theidBIds sdae ehllyivaianl ¥
for the downlink and uplink, Varjious techniques described herein may al so

be used to @FICE & PapEsEs cldhy phangg exereds grpagicaar threpieald). NbMdhomRY lowerd
this i's W tiLRhe SR Sfﬁ‘[gz feg@bdcﬂvc% depn 'AJJ]?Z}Z%#Q%%Q@%%W@X%
e o Inplene er 'of standards

descri bed herein may al so esigned t any nu

and desi gnsmhybe GBMYacK Db/A,, dibiventiadiydl onlyhehen iy chalge. dfreasOFBNMsystines .
The CDMA st andards .i ncl ude the, 1 S-95 c¢dma20Q0,. and: W A st apdards, and
the TOMA ot ORI i 9 BeAliepRedesaip ZhaysyFutxmlniiel o pmnit edgsiomindbeameunt

PCT/ US02/ 4145651 #*bERMHAKC Alsi Nk abfpRMYorSirPOSBMI -sy&giﬁﬁi%ilﬁrﬁé}ﬁﬁr @8I, 3f gheknown
[ 1278] “The

in the art and incorporated herein by reference. . el ement s of
the base st3VRoorgspbndimgniorrapatiodyr dpatialngubelrantleidr Ww frequeacy subalmenmeldisgi t al

o Snal Pt OCaRRRL B S5B)g TRPhLEAIA B, R8BS b Sheeh Y phaukRLO
progr anmebl gueddti#y bar fepBed FPOMer GRGEABIRRLE fe8atk dhE&Serr@t B&bvery
el ectronic units, or any conbination
techniques to reduce the amount of data to be fed back for CSI may also be used and are
within the scope of the invention.
[1275] 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.
[1276] For clarity, various aspects and embodiments of the resource allocation have
been described specifically for the downlink and uplink. Various techniques described
herein may also be used to allocate resources in “ad hoc” or peer-to-peer networks, and
this is within the scope of the invention.
[1277] The MIMO-OFDM system described herein may also be designed to
implement any number of standards and designs for CDMA, TDMA, FDMA, and other
multiple access techniques. The CDMA standards include the IS-95, ¢cdma2000, and
W-CDMA standards, and the TDMA standards include the Global System for Mobile



thereof. Sonme of the functions and processing descri bed herein may al so be
i npl emented with software executed on a processor. [1279] Certain aspects
of the irwenBisss7may be i nplemented with a conbi nati on of PCTafSoman7e6 and
har dwar e. For exanple, the processing to schedule term nals for downlink
and/or uplink data transm ssion nay be pejfornmed based on program codes
executed on a processor (scheduler 834 in FIG 8). [1280] Headings are

i ncl uded hegginRyf@atib Gg@gf 0 akr LN j rtain  sections
These headi ng aré1 r‘rfloltﬁslf ﬁtt en eciq’?dtﬁgmltdi m?ﬁetshesélg%g%g 0 tclﬁv'eO corll%e%’f:salaegr&dri bed
t her ei n undacorparatied esia byonfeepics. nay have applicability in other sections

t hr oughout entire specification. [1281] The previ ous description of
t he discl os@f}g&bom}?&ﬂﬁlﬁe‘}t%oﬁsbﬁﬁé@twa B sgmanaly may heiwplemeried véth eue t he

art to makegOmorSEofidl &1 e SRIEsshRVBRP Var enndi L cat tan: ese
enbodi nment sovvi IOI b% reétgglirl ?, apSSar é?tgpg’gibpﬁg%{ednﬁlé?lflggl%%fa& éﬁlg{r}ltﬁs, EA)SaI#J’ t he
generic priprocgssers, dafiopertessorsisontrallerse nepplomcblles, ofi¢ié rpreplaahabba togate

w t hout departi f,romthe spirit.or scope. of the invention. Thus, the
present i nv%ﬁﬁs cgﬁp Bnige ng%’rlﬁi L?@“‘t deviiees) Othet ertiopq Waltse AhY SRIPRIBatIGHOWN
herein but fherebf bGoaCor dgd tREHMsIaSd pro&ARSBo CaSH ht

principles anrc? novel0 features udi éclsosed I?1erei ng ?ﬁ%gg%@\?\kﬂi\élﬁ;ﬁléa&h%% | S

WO 03/ 0588 7impbenisd with pywarcezeqytad psa plocegsonet hod for schedul i ng data

transm ssi rapluralli termnals i 2 g wireless co ni cation
syst em coﬁ@rz {7% ng:d%1IT g{nrﬁ; Sﬁ'égé{%? f fhgfoyension Igaé'tnbeolfm@férpﬁtﬁélwét%fao?o B A data
transm ssi osoffwelic fathardva®@. Fbr pkdmgie, thy pficedsiOd BsadulaRAsinaI6F &lwhigReh
set incl udesd&r;g{pﬁra{(nore termnals and corresponds to a hypothesis to be

eval uated; & [dAlg tramsmission spayehcrertsrmed bhsedyopdrhgigmscodsepxastied@none
hypot hesi s zf}%’oc&ﬁt?ﬁ(séﬂe%}é?ﬁﬂhpﬂ@g ased on the evaluated 8 performance;
e Tha - 8

and schedul i one or nore termnals in each selected hypothesis for
data 10 tr[A280}i ssieadiops ttre imhrded spocidifog réfeeguensy tbaidl in Zocafiig ceRtiRod of
responds to a _2 respective group

chalm L, WIS SHel LLSpeIe hand ST LSRBOngs 10,5 €, LesPective group,
plural ity chereff fded! sdPhBscSESHREMS Sbhy have applicability in other sections throughout
the entire specification.
[1281] 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
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[1282] WHAT IS CLAIMED IS:



2 for downlink data transm ssion. 4. The nethod of claim3, further
conprising: 2 formng one or nore sub-hypotheses for each hypot hesis,
wher ei n esO3954871 hypot hesi s corresponds to specific assi @OFASIT41086 a
plurality of transmt antennas to the 4 one or nore termnals in the
hypot hesi s, and wherein the perfor manceg§f each sub hypothesis is eval uated
and one sub-hypothesis is selected for ch frequency band 6 based on the
eval uated performance. 5. The net hod@gﬁ%m 3, further conprising: 2
assigning a plurality of transmt ant o the one or nore termnals in
each hypothesis, and wherein the performance of each hypothesis is
eval uated based in part 4 on the antenna assignnents for the hypothesis.
6. The net hod ofl.cl aiAnfethothfer echedilne &g trgndnmigsibw foreaglardiiypof teaainals id
i ncl udes WD 03/.058871 PCT/ US02/ 41756 76 identifying a transmit antenna and
terni nab pai VIrPSIEORBEEEAtOBSYHEMaeAIPRIISANS: 4 unassigned transnit ant ennas,
assigning the transihl; LR ot LhfindRifbr hslieaheiAhiifsibh thichafh, and
6 renoving the assighed transmt antenna and term nal trom consi deration
for the4 hyphothysess frequenthebands, vwblerein edchi set Sncludiear @ienot Ineorpltenahals yandf
transmt antennas are . 2 assigned tq the one or nore termnals in each
hypot hesi s CBE’E@?“QW"&F?}YR"@?QS’(S&OEF ¥Rt ervinal . 8. The method of claim 7,
wher ei ngt he hi ghegihaiiid @eipedfofdn¥t BRbadhhyp8tbsis;2 hypothesis is assigned a
transmt antenna associated with a highest throughput, and the | owest
priority term natlecting lomehiyypothesisi fori eachsfequendy bandabasadl t omathe evaluated
associ a%ed wth 4 a Idovvest t hroughput. 9. The nmethod of claim 3, further
conpri s ng:pe O%Whﬂla channel response matrix for a plurality of
termnals in a pakidduilg ahe diEPOL ARFE Tern@nsls il esRh NseldteedP BYHARRSRNES Bhtat he
hypot hesis is eval uated based on the 4 channel response nmatrix. 10. The
net hod18f d¢faasmission wRdhecorraspending fregienaybande| udes 2 deriving a matrix of
steering vectors to be used to generate a plurality of beans for the
plurality of terminals in the particular hypothesis.

2. The method of claim 1, wherein each frequency band corresponds to a

2  respective group of one or more frequency subchannels.

3. The method of claim 1, wherein the plurality of terminals are scheduled

2  for downlink data transmission.

4. The method of claim 3, further comprising:
2 forming one or more sub-hypotheses for each hypothesis, wherein each sub-
hypothesis corresponds to specific assignments of a plurality of transmit antennas to the
4  one or more terminals in the hypothesis, and wherein the performance of each sub-
hypothesis is evaluated and one sub-hypothesis is selected for each frequency band

6 based on the evaluated performance.

5. The method of claim 3, further comprising:
2 assigning a plurality of transmit antennas to the one or more terminals in each
hypothesis, and wherein the performance of each hypothesis is evaluated based in part

4  on the antenna assignments for the hypothesis.

6. The method of claim 5, wherein the assigning for each hypothesis

2  includes



11. The nmethod of claim 10, further conprising: 2 deriving a scaling matrix
to be used to adjust transmt power for each termnal in the particular
hypot hesiwo0 038588The net hod of claim 1, wherein the plural iPCy/usb2/4866r nal s
are scheduled 2 for uplink data transm ssion. 13. The nmethod of claim 12,
further conprising: WO 03/058871 PCT/USO%{41756 77 2 formng one or nore
sub- hypot heses for each hypot hesis, wherein each sub- hypothesis

corresponds to a ifi rdering of .t or..more termnal.s in th 4
ypot nest s, and Rargind § HBRSES eBfalh ehd e mBBu PRI A BN oS o Opb B e
and one 4subalayf@idadasinsmitanse@hegt ed for each frequency band based on the
eval uated performance. 14. The nethod of claim 13, wherein one term nal
ordering i s formsgignig thotranseyt afpuaHe shiepaiiodhe wrmipabi the peiy, 8 each

term nalg | N the ByROMRERE 3 i%’%dﬂiﬁ@nﬂ%%&%ﬂa %ha gérﬁiiirgc]d #;b& t@ﬁgsgcfeirﬂioﬁif%ﬂhe

sub- hypot hesis is eva processi ng signa I ca
transm tt echypotrsishe one or nore termnals in the sub-hypothesis to
provi de processed "signals, and 4 estinmating

signal -to-noi se-and-interference ratios (SNRs) for the processed signals.

16. The method of cl aypa ﬁgﬁhomam hen tﬁlieoglu}ﬁﬁ%g?gﬁ%%ﬁgdan%nﬂ%hﬁ are

2 dependent on a particu rirn whic ypotheti ca transmtted
si gnal s 2ar eassignat ts hedoneaomnteeteaininatshia dagh diypethesiabhsedt oran pmiotityedf sachnal s
are processed in a specific 4 order determned by the term nal ordering
for the suﬂﬁﬁ?ﬁgthesis bei ng eval uated. 17. The nethod of claim15, wherein
one sub-hypothesis is forned for each 2 hypothesis, and wherein the
termnal ordering for the sub-hypothesis is determ ned based on the SNRs
for the processedl si ghg methogl ofThlainaeht dwrein the &ighestopriguiiyriefminalnin each

sub- hypat hesi s.,i s fornmed for. eac hypot hesi s..and.wherein transm it ed

i onal 82 r Rt SadCr gl ARl apfoni RRioc R virf Ayt Grdhanbfly B b
first and tlbazearﬁriotrieydtesingfaaimh%rt?ﬁbmem Bhesigned & GthdoYit beeRhd@socifte@igth
processed last. 19. The nmethod of claim 12, wherein the performance of each

hypot hedi s 3 lgwest thiesighpitted based on successive cancel | ation recei ver
processi ng. 20. The nethod of claim 19, wherein the successive cancellation
receiver 2 processing perforns'a plurality of iterations to recover a
plurality of sidghals The method of claim 3, further comprising:

2 forming a channel response matrix for a plurality of terminals in a particular
hypothesis, and wherein the performance of the hypothesis is evaluated based on the

4 channel response matrix.

10.  The method of claim 9, wherein the evaluating includes
2 deriving a matrix of steering vectors to be used to generate a plurality of beams

for the plurality of terminals in the particular hypothesis.
11. The method of claim 10, further comprising:
2 deriving a scaling matrix to be used to adjust transmit power for each terminal in

the particular hypothesis.

12. The method of claim 1, wherein the plurality of terminals are scheduled

2  for uplink data transmission.

13.  The method of claim 12, further comprising:



WO 03/058871 PCT/ US02/ 41756 78 hypothetically transmtted fromthe one or
nore termnals in each hypothesis, one 4 iteration for each hypothetically
transm t two ogioggsal to be recovered. 21. The nethod of cl aPeTAG)2/44166 €i n
each iteration includes 2 processing a plurality of input signals in
accordance with a particular equalizatiop schene to provide a plurality of
processed signhals, 4 detecting the processed signal corresponding to the
hypot hetg cal |y t } i hei j 1e | .at | t

provi de 2a decodegﬁgat abfs“?%e{l?ﬁgrg;%h ]@ﬁéﬂégsee%ﬁb \8&?@1{3%@#&\}}%‘% ‘%ﬁ‘% lﬁrez?i‘ i tsggbf
modi fi ed si bymtiesisasadespondshe brypatifisi gdadisy afidhe aw i oigmbid eihelaBnae the
conponent s Igliue to.the d codedh data stream approximtely 8 renoved, and
wher ei n 4 heMYRARESISs AR diherefn, thesparformiance; o each sHbAweobpdn iy evajuates snskioner om
the one or sbhypafifestsal EIEMProk Badifed BRI DR 3s AT o BYALES S8 rtRdabIe
i nput signals for each subsequent iteration are the nodiftied S|gnaps from
a preceding iteration. 22. The nethod of claim 11, wherein each hypothesis

|3 Syaluated baspl | ey 2 RO O BIRIE bRl Son TR el el s
SNRS) 2 e B o e e or more
termnals to be 2 evaluated for a particular frequency band is associ ated
Wi th a respective: matrj x N .achieved. by th ne or.nore.termnals in
the set for that F?'r eqﬁg%@gihggﬁgzl%igngerﬁﬁ%S%S@?'R&foéli“?ﬁsz‘ﬁ?VW?E‘F‘E’% t he
channel 2st at e i nprotEsinigtiznall BPIHciSAE) RarshafidPfrodathd oh8lr @R%& terminals in
transmt-receive antenna pair to be used for data transm ssion. 26. The

met hod of cih&sHR-RypPathesinorrrevyidepiospssed signaleta@dni ning a data rate for each
data styeamto bgtf 1:tted . f eacl 1 eghnal nd wherei.n a
plurality of dat‘gs 1téﬂ:agig%g§1§}rlagq? %gﬁgﬁﬁﬂ?'?rgg&g%g%ggtﬁt Z?Iﬂ}{%’):éo%a A pr?lcel’q’%etdes.
WO 03/ 0588 74igBl/ US02/ 41756 79 27. The nmethod of claim 26, further
conprising: 2 determning a coding and nodul ati on schene to be used for
each data streamto be transmtted, and wherein the plurality of data

streanms are procRssedThagefhofdriclfim 15, wherein the SNRs for the processed signals are

2  dependent on a particular order in which the hypothetically transmitted signals are

processed, and wherein the hypothetically transmitted signals are processed in a specific

4  order determined by the terminal ordering for the sub-hypothesis being evaluated.

17. The method of claim 15, wherein one sub-hypothesis is formed for each
2  hypothesis, and wherein the terminal ordering for the sub-hypothesis is determined

based on the SNRs for the processed signals.

18.  The method of claim 15, wherein one sub-hypothesis is formed for each
2 hypothesis, and wherein transmitted signals from a lowest priority terminal in the
hypothesis are processed first and transmitted signals from a highest priority terminal

4 are processed last.

19.  The method of claim 12, wherein the performance of each hypothesis is

2  evaluated based on successive cancellation receiver processing.

20. The method of claim 19, wherein the successive cancellation receiver

2  processing performs a plurality of iterations to recover a plurality of signals



4 determ ned codi ng and nodul ati on schenes prior to transm ssion. 28. The
met hod of claim1, wherein the plurality of termnals are scheduled 2 for
dat a trarwniosm®sssm over a plurality of spatial subchannel sPCZ81SoFEséret hod
of claim 28, wherein each selected hypothesis includes a 2 plurality of
SIMO term nal s, wherein each SIMO term i s assigned one spatia
subchannel . 30. The nethod of claim 28, erein each sel ected hypothesis

i ncl udes a i ] i nal.,assigne | _spatial subchannel.s. 31.
mhe. metnod SR BaPR et BLRAT R TG 18RS SHRIVRREE S o
conbi natdi oniterhtidl fdDeadichydoiMetit alynirandsttedig@iag idbe@ebveddVO term nal is

assi gned one spatial subchannel and each M MO termnal is assigned two or
nore spatial 4 subchannels. 32. The nethod of claim1l1l, wherein at |east
one set includes pl i ) Lhg a single
antenna to recei %/12 a g%@m#ﬁleﬁkﬁg%ggltagn??’ggg%ﬁg@gag@t&aggﬁnif;ﬂjgd\é%ret hod of claim
1, wher@ n each metessingmal plyphleryt ef ninpad Signabs! titlesccoRlahey nvidal £ praidulg
simlar link ;a%jns. 34. The nethod of claim1, wherein the evaluating for

each hypot H ION;SERIHOPTRYHR A PIHYILY OgBFqcéﬁ'sﬁﬁﬁi@@alﬁ?et ric for the
hypot hegi s. WO Og4Q%38 #he P%ek@g%ﬁga;%éne@gnéﬁg tgglﬁe nrﬁ?lgg'tﬂgti flyftta%ﬂt%ﬁ’

wherei n the perfornmance tric is a functron o a vera roughput

achi evabl e dignal heingmecoyeredun thetiterationab provide hdedoyedddte sirsanf,anda  parti cul ar

frequengy band. 36. .The nethod of ¢l aim 35, erein the throughput for each
termnaP i nothe SBehyRS REURE SrirafbGtoRhedSgis Brred onne b Henals ana
si gnal - t o- neiveer aRerferhes f 8t addeD 16 SINB) decfBll e¥RS Qeath GphRkithdialy for

the particular frequency band. 37. The nethod of claim 35, wherein thé
t hr oughBut ®Bovedh@Rdterninal is 2 determ ned based on a

si gnal -t o- noi se- - ] f n ti NR) achi eved by.t termnal for
eagh of a plural ‘??%efgp Bﬁn@%%ﬁﬁz}s g%t?ctﬁrzg{nl?%%oq ?{etsf%la%éc?{e Vc%ﬁﬁ‘?m ﬁ}ee%e(ﬁcy 4
band. 38. Theremeihaclofn ahailypdthesiviteing Rvilaite@ama fHeeaipan GygnBRNEbrt ERK

hypot hesis 2 havi ng t he best performance netric is selected for

schedul i ng.SUBsquendicsgionsge e reodified sgnals fromey Preeading Keraon.

22.  The method of claim 1, wherein each hypothesis is evaluated based in

2  part on channel state information (CSI) for each terminal in the hypothesis.

23. The method of claim 22, wherein the channel state information

2  comprises signal-to-noise-and-interference ratios (SNRs).

24, The method of claim 23, wherein each set of one or more terminals to be
2  evaluated for a particular frequency band is associated with a respective matrix of SNRs

achieved by the one or more terminals in the set for that frequency band.

25. The method of claim 22, wherein the channel state information
2  comprises a channel gain for each transmit-receive antenna pair to be used for data

transmission.

26.  The method of claim 1, further comprising:
2 determining a data rate for each data stream to be transmitted for each scheduled
terminal, and wherein a plurality of data steams are transmitted at the determined data

4 rates.



2 prioritizing the plurality of termnals to be schedul ed for data

transm ssion. 40. The nethod of claim 39, further conprising: 2 selecting
a group oWOMN3jssghest priority termnals to be considered fPor/tsohedss i ng
for each frequency band, where N is one or greater. 41. The method of claim
39, further conprising: 2 maintaining ongy or nore metrics for each term nal
to be considered for scheduling, and wherein the priority of each term nal
is determ ned based on the one or 4 nore netrics naintained for the
termnal. 42. The nethod of claim4l, wherein one netric maintained for
each 2 terninal 2T.el alks methodrof aletmagefitrtheoeghpisingichi eved by the term nal .
WO 03/ 058871 PCT(/iUSOZI.41756 '811{}32@1 lﬂg,met hod of claim 39, wherein the
priority of eachi§'&PHPing 2 sedingangepagdptinysohgaie do 5 ustbiop caghpiata slarany fos

mai nt ai ned $Okrah it Er m&@relﬁﬂﬂtlﬁsﬁlgﬁﬁiﬁl ?ils\j/l deﬁ%‘) dldamyald i)}'ocggseéebr é’étdggn(t S) -

. : a
44. In a nmultiple-input nmultiple-outpu communi cati on system

utilizirg odeteroyoerb¢odingandemegulation whemespridritp tmrsmigsio®FDV) , a net hod f or
scheduling downlink data transm ssion for a plurality of termnals,
conprising: 4 formng at | east one set of termnals for possible data

transni ssion foragachTRé nthodl df'cMitd ¥, Wherbih QRYBRENitD P ASmiNNIE LT SBh&REdN Set
i ncludes one or nore termnals and 6 corresponds to a hypothesis to be

eval uat &, Wndaiaiepanissiononer a plycaditc 9f watial subdraneelsonds to a respective
group of one or nore frequency subchannels; 8 form ng one or nore
sub- hypot heses for each hypothesis, wherein each sub- hypothesis

corresponds to spkci fThe agshodno® tlain &8, avhieldifi @htH Yelodted hIPsMidsis aRIRREAS tO
the 10 _one or nore termnals in the hypothesis; evaluating the perfornmance

of eachZsubPHiAbBE KESTIMO jtormaigplsc mhstpin sachs $AMQ) semmaali is pssigned omef spetiddency
band based gn.fihgeeval uated performance; and 14 scheduling the one or nore
termnals in each sel ected sub-hypothesis for downlink data transm ssion
on the correspondi ng frequency band. 45. The nethod of claim44, wherein

i ncl udes determ ning an_ overall

t he eval uating f eagh suh- hypot hesi
throughput for tfe on eof‘leﬂlﬂ)t&eg’f%lﬁ’rﬁlré} é"%‘FFP“E rachs giected hypeihesissingluslss ad on
the spegi fignA0MIMA 1&a3hA ARG alBPpdtial subchannels.

31.  The method of claim 28, wherein each selected hypothesis includes a
2  combination of SIMO and MIMO terminals, wherein each SIMO terminal is assigned
one spatial subchannel and each MIMO terminal is assigned two or more spatial

4  subchannels.

32. The method of claim 1, wherein at least one set includes a plurality of

2  MISO terminals each having a single antenna to receive a downlink data transmission.

33. The method of claim 1, wherein each set of multiple terminals includes

2 terminals having similar link margins.

34, The method of claim 1, wherein the evaluating for each hypothesis

2 includes

computing a performance metric for the hypothesis.



wherein for each frequency band the sub-hypothesis with the highest
throughput 6 is selected. 46. The nethod of claim44, wherein one set of

t er m nal swpo3psssmed, and 2 wherein the one or nore termn marASIn4Ba€h set
are selected based on priority. 47. In a nultiple-input nultiple-output

(M MJ) communication system 2 utilizingggrthogonal frequency division

mul tiplexing (OFDM, a nethod for scheduigl ng downlink data transm ssion
for a plurality gf tenfi SUIRK B N PCT/.US02/41756 .82 4
form ng at Ieastggne ggltﬁ%:‘ﬂﬁderm nﬁ%’&%ﬁreg&@%?@%gﬁtae ?lélg?,s éuéllcgﬂn f)%r
each of & ph gverhilithrosghifut eqhienable bariks pnenbe neie tegmiinlsit the hgbotess gor a
plurality ofall[.ern‘iﬁal ) anga%ig corresponds to a hypothesis to be eval uated,
and wher ei nP8dch % 8%1{?8% nd corresponds to a respective group of one
or nore frequency subchannels; 8 form ng a channel response matrix for the
plurality of terminals in each hypothesis; 10 evaluating the performance
of each hypot hesp& badbeimsthadd cthimnrife whessp thesbroughputifir cdbR taeliedtih Mig: one
hypot hesj s h.fr eng and based. on t he eval uate perfaormance; and
14 schedul i%°€%§gohse deferiniied FaesF i h% Sigrakioaipiscsindanisaternse « 1S | SNRY
downl i nk  dathéeved &9 she @&hdal 57 th drgRRpBgtyngnfir equency band. 48. In a
mul tiple-input nultiple-output (MM comiuni Cation system 2 utilizing

ort hogonal frequency division nultiplexing (OFDM, a method for scheduling

uplink data tra 1 SSi |4 of .termnal rising.. 4. .
forming at | eastnﬁonne Z@‘? nge?ﬁ %@?fr)nur%ﬁs%}’ &heﬁ%ggﬁ%lﬂ?&m}ﬁ%@??@ﬁ@ﬁi @81“6‘?\1 tSor
each of 2a  ddtemshéd pasefl dir equgniyo-heiseland wherfaticcentid SNR) AHIULEDPRR OF
nore termnals. gg 6 lgorresltl)’]gig_ds to a hypothesis to be eval uated, "and

wher ei n eactﬁmf"lngﬁ G 198 Raplugadity ©f Sisquencyosubchanaplsdni the partisular dfequereyor
nore frequegypy. subchannels; 8 form ng one or nore sub-hypot heses for each
hypot hesi s, wherein each sub- hypothesis corresponds to a specific ordering
of the one or nore termnals in the 10 hypothesis evaluating the

per f or mance of h b- hypothesjs; 12 sel ecti ng one sub-hypothesis for
each frequency g’gér:id b eelagtg‘ﬂhtoﬁﬁf%é%u‘ﬂﬁ%r in gﬁé?‘f@rf%@éﬁy%ﬂéme hypothesis

2  having the best performance metric is selected for scheduling.

39.  The method of claim 1, further comprising;

2 prioritizing the plurality of terminals to be scheduled for data transmission.

40.  The method of claim 39, further comprising:

2 selecting a group of N highest priority terminals to be considered for scheduling

for each frequency band, where N is one or greater.

41. The method of claim 39, further comprising:
2 maintaining one or more metrics for each terminal to be considered for

scheduling, and wherein the priority of each terminal is determined based on the one or

4  more metrics maintained for the terminal.

42. The method of claim 41, wherein one metric maintained for each

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



14 scheduling the one or nore termnals in each sel ected sub-hypothesis for
uplink data transm ssion on the correspondi ng frequency band. 49. The
met hod ofwoloajosssa8, wherein signals transmtted fromthe ®@og/uso2/4256r0re
schedul ed termnals in the sel ected sub-hypothesis for each frequency band
are processed in a particular order detggm’ ned by the ordering for the
sub- hypot hesi s. WD 03/058871 PCT/ US02/ 41756 83 50. The nethod of claim 48,

wherein the eval yating, for each b: hyppt hesis .2 incl.ude rocessi ng. each
Signal hypot het i 451 1y 10% RERSY (A QAR B atioE By HienBROTR BF el ferignal’is

hypot hest s t@epiifyd B8sed GObAESPAMFe FatHis ABFHERRASTOI NN ter@itfh] dBd QEPBciAD a
signal -to-noi se-and-interference ratio (SNR) for each processed 6 signal.

51. The net Wl wplity|odisenves (Qafkr ei n one sub-hypothesis is formed for each
2 hypothesis, and wherein the ordering in the sub-hypothesis is selected to
achieve a best performance for the hypothesis, as determ ned by one or

nmore perfor mance44ret r ic sy nd2tiplé-inRADHYIHOAOWUPUC AMIVED)Y comtiundtié® Fs@hgi t al
signal processing 2 device (DSPD) capable of interpreting digital

i nf or mat4 onViilEing erkeapsalfiggisary divisien myttiplering (AFIPMY 3 mefwddar sahedwing
channel est} [ I Ln . i rel ess

comruni catig%@l}téea%tr osgrﬂ;?sg(%ﬁoggg&%% ogg({rm(l) t’z(r)frlrlplr‘llgipé\{l for possible data
transm gbki on f or foemiip afleast ofic pdtof adrirtiyaloforfpoegiblentaia tansnhdssiontfer each efach

set includes one or re termpals and orresponds to a hypothesis to be
eval uated; BU ’éYl?gtfgqutuﬁ‘écypé??‘gr gl'éé%thmﬁ 6% 98S %% BAE LGPl aand on

the chamel cgtapsndsi f A %&tﬁé’big Q5 BhevRRGedr afR’®hdEinTad ?regﬁbntc €pand .
hypot hesi s; 10 Sel ect one hypothesis for each frequency band bBased on the

eval uat ed - purcispendarne e respaciiveZreurheidwieer mimge feguency wubchaneelsyi nal s i n each
sel ecteq, hypothegsis.for data transm ssion on the, coryesponding frequency
band. 53 & comphringpaE Rk sk GARIRPSGFRS R it AGOREE isreRatf T o)
2 plural it yh@otliestsBoRabgonds taspatifie! 88 gnBeRE v A ggirmp o$ YiShEht aitenTk its kiRg:

code for receiving channel state information (CSlI) indicative of channel 4
esti mat'és fone of poraieiingls bf the Aypetheis i n t he communi cation system code

for formng at Ig‘%ﬂaﬁgg?hes&tﬁo%aﬁceer&iega{ ?ubf-l%ypoﬂl%ﬁﬁl bl e data transm ssion

for
12 selecting one sub-hypothesis for each frequency band based on the evaluated

performance; and
14 - scheduling the one or more terminals in each selected sub-hypothesis for

downlink data transmission on the corresponding frequency band.

45.  The method of claim 44, wherein the evaluating for each sub-hypothesis
2  includes

determining an overall throughput for the one or more terminals in the sub-
4 hypothesis based on the specific antenna assignments, and

wherein for each frequency band the sub-hypothesis with the highest throughput

6  isselected.

46. The method of claim 44, wherein one set of terminals is formed, and

2  wherein the one or more terminals in each set are selected based on priority.

47. In a multiple-input multiple-output (MIMO) communication system
2  utilizing orthogonal frequency division multiplexing (OFDM), a method for scheduling

downlink data transmission for a plurality of terminals, comprising:



6 each of a plurality of frequency bands, wherein each set includes one or
nore termnals and corresponds to a hypothesis to be eval uated; WO

03/ 058871wB@3hE$802/ 41756 84 8 code for eval uating the pertCorusanessof each
hypot hesi s based in part on the channel state information for the one or
nore termnals in the hypothesis; 10 codg for selecting one hypothesis for
each frequency band based on the evaluatied perfornmance; 12 code for

schedul i,ng t he e or re termnals in each selected hypothesis for . data
Cransm Zoon on Peeal RSt B tefmiiriES PRdiue kRSB AR OE Tthesh o gt o
medi um f or gERlitynef fleguéiRdesind9dwhdeinCéieB ke indlitled aTplukdlRy &fFiti@hihals and

mul tiple-output (MM communication 2 systemutilizing orthogonal

frequenby dioviespands rigl i hyneihesis tcotPVpYaleasersr fnd rigiereineeash frequeney diapidng
channel state inf ' CSl) i ngdi ' 0 imates for a
plurality g?SFgr&?%gf%hﬁﬁ“%ﬁggﬁ%ﬁﬁgﬁﬁgét¥§ﬁ=§?§F§§f5%£§%§%F0r formng at

| east oBe set offofraing BadiRnhelr ragpste bingtrdat@ tHeaphuralssi oh tératinal® ifaedehof a
plurality of frequency bands, wherein each set includes one or nore
termnal s MREMEYEr esponds to a hypothesis to be eval uated; 8 means for
eval uatjhng t he i ar ' ' annel
state i1F1)f ormati %ﬁﬁ_rugﬁlﬁ?@gﬁéorg%ﬁ%pg@?&g:‘ﬁfdﬁgregﬂflﬁag%%gnﬁ%%? eg% ggsp(i%grreans
for sel ectimgriane hypot hesis for each frequency band based on the

eval uated perfornmance; and 12 neans for schedul i t he one or nore

term nargs in eacgﬁnflegtéli‘%c‘t“@dhm%l%?@ﬁe qrs e3Yy Lrequangy ¢ aé‘ﬂsﬁ??gi oh thh cvalated

cor r espondifgrobhefenty band. 55. The schedul er of claim 54, further
conprising:” 2 neans for form ng one or nore sub-hypotheses for each

hypot hddi s, whersshedulingdhe suhohyont reamimslscior gagh peladed thypethesis fargdownlink

assi gnnment s 9f a Luralit%'of traq&ﬁi& 4 antennas to the one or nore
termnals i® %tﬁﬁlsﬁk}s&ﬁrﬁ%’s & CPRTSPARWAL MRS 22 ansni ssi on, wherein the

per formance of each sub-hypothesis is eval uated and one sub-hypothesis is
6 selected for each frequency band based on the eval uated performance. 56.
The schedul er of48| ailm 84multiple-gpt qedpplestutppt AVBMEN scqmamuRistiin gysera or

-h f hesi s, ... i . i
Cor e R G0k B 3R 003, BRSO AR oo
from the ongliak daartent@issiondbsa plardlitgohgpinABstEmpidvgr:ei n t he

4 forming at least one set of terminals for possible data transmission for each of a

plurality of frequency bands, wherein each set includes one or more terminals and
6 corresponds to a hypothesis to be evaluated, and wherein each frequency band
corresponds to a respective group of one or more frequency subchannels;
8 forming one or more sub-hypotheses for each hypothesis, wherein each sub-
hypothesis corresponds to a specific ordering of the one or more terminals in the
10 hypothesis
evaluating the performance of each sub-hypothesis;
12 selecting one sub-hypothesis for each frequency band based on the evaluated
performance; and
14 scheduling the one or more terminals in each selected sub-hypothesis for uplink

data transmission on the corresponding frequency band.

49.  The method of claim 48, wherein signals transmitted from the one or
2 more scheduled terminals in the selected sub-hypothesis for each frequency band are

processed in a particular order determined by the ordering for the sub-hypothesis.



WO 03/ 058871 PCT/ US02/ 41756 85 performance of each sub-hypothesis is

eval uated and one sub-hypothesis is selected for 6 each frequency band
based on wbhe3esssiuat ed perfornmance. 57. The schedul er of eCaiusos4,756 urt her
conprising: 2 neans for prioritizing the plurality of termnals to be
schedul ed for data transm ssion. 58. - base station in a nultiple-input
mul tiple-output (MMD) 2 comrunication stemutilizing orthogonal

frequency divi si tiplexin OF conprising;. 4.a schedul er .
operative to rec 'v?@%ﬁ’ﬁ&"ds"?éa@n% SPRER e("@g%mg Fi 2y F‘gjéhmmheéf‘?annel
estinmates figfmaed! urality of termnals in the communi cation system select
a set 6 of one or nore termnals for data transm ssion for each of a

plurality of frepoesssipgisaeiisignaiypadsiiepilyttrraswiiteddromeaeh teapimiahil iheisubeach

sel ected, set. wi,th lurality of spat. i al behannel s in the

cor respondiel??'é’\g%reélag%ﬁ%of%a%c; egp?nrdgr}%%oﬁesgeaq S:{glbarq’o%gssor operative to
receive and proc@s&miaing 4 sighilavimdaseandliftepetenad ritio (SNRpfE &ichqaoesiadr
transm ssion to one or nore scheduled termnals, wherein the data is
process&l bdg®l on the channel state information for the one or nore 12
schedul ed term nals; at |east one nodul ator operative to process the
plurality of data streans to 14 provide a plurality of nodul ated signals;
and a plurality ®f anTlenmethodasifclaimr# wherdieont veb-Aybthesinis formedhfer each

plurality of 16 nodul ated signals tq the e or nore schedul ed term nals.
Thype Pe

59. The %hastypsthgsisofndowherria the gederipgdn dhens theeigds sqeqied o achiqyp a best
operative at & X} se
station of é’?l%aﬁ%%%%r 'hﬁlf %g agéltﬁ%épl}%ra% gﬁ gf ?Iﬁgfﬁ%%ogrﬁ{aa{l‘i:ev%&r%@t o]

sel ect a codi ng and nodul ati on schene to be used for each data stream and

wh [ the t it,dat ] th lye t. .th
data for each dath stAcRi SHEURLURRL COMTR Bt Wett) SerBnDECROmE

sel ecteg fo&evﬁ&e(lﬂ'@bg cﬁ%ﬂﬂ@min retih aEinfdrafationtRf claim 58, further
conprising: WD 03/058871 PCT/ USQ2/ 4175 86 2 at | east one denodul at or

operative to prowesiye ghpnel state ynformatiogndls) irdiestivedfvehannelestiplaasafortay of
anten nas4 t OplB{a%Y}ll (c)ife tefarlni%lafé I’if'%l l:i'\AFi}(eléJSfS C(gr%ﬁl%ln}/c% 101% Is;%ltqe%ll;s’ and

form at least one set of terminals for possible data transmission for each of a

6 plurality of frequency bands, wherein each set includes one or more terminals and
- corresponds to a hypothesis to be evaluated;
8 evaluate the performance of each hypothesis based in part on the channel state
information for the one or more terminals in the hypothesis;
10 select one hypothesis for each frequency band based on the evaluated
performance; and
12 schedule the one or more terminals in each selected hypothesis for data

transmission on the corresponding frequency band.

53. A computer program product for scheduling data transmission for a
2  plurality of terminals in a wireless communication system, comprising:

code for receiving channel state information (CSI) indicative of channel
4  estimates for a plurality of terminals in the communication system;

code for forming at least one set of terminals for possible data transmission for
6 each of a plurality of frequency bands, wherein each set includes one or more terminals

and corresponds to a hypothesis to be evaluated;



4 a receive data processor operative to process the plurality of received
signals to derive channel state information for the plurality of termnals
in the cowpuwaiosssri on 6 system 62. A transmitter apparat BETIUSOA41756

mul tiple-input multiple-output (MMJ) 2 communication systemutilizing

ort hogonal frequency division nmultiplexing (OFDM), conprising: 4 neans for
recei ving channel state information (CSI") indicati ve of channel esti mat es

for a pLurality of term aIS| t he. communi .0
sel ectifig a set ogfle diie el %Fé)reﬁﬁoﬂgﬂce eaﬁiallt trars11S ag%cl1 %)nn%%gr etglgh of
a pluralityhaind Et@%ﬁf&ﬁlaﬁéﬂﬂﬁ,th@oﬂ%ﬂﬁoré@émﬂﬁz& ginthe Gypdtiesiie or rmore
termnals in each selected set with a plurality of spatial_ subchannels in

t he coﬂﬂespondl regde rfog usstrsling aang; hyppthesin o gachy vaBecyn §anshbasado opr B6i de a
plurality oef {8 %{t:ggrrs for transm ssion to one or nore schedul ed
term nal s, efer Rt Re data is processed based on the channel 12 state

i nf or mapi on for dokle fenschetulifiyl the Sleastuhed tbenimbieah sachreclacted aypgrhestefsi ng
the plurality of data streanms to provide a plurality of 14 nodul ated
signal s; arfilafEanssugsim Q1 A SATEPPAGNE FEApnGy 2PRdAAEf nodul ated signal s to

t he ong,or nore ﬁ%&%ﬂb@%&ﬂ&%@ éﬁe cbudsermnal in a mltiple-input

rrultlple out put a( conmruni cat1 on em conprising: a plurality of
ant ennas, each antenna confl gured to receive a plurality of 4 transmtted

signal s and to pr ovi de pectl v recei ved s| nal
front-end units, 4eachAfSF Plﬁb’éﬁ"éﬂ’?‘{}'ép 6’“8?”62%@]&4@ CO@‘%@E%’@E ve
recei Ve@ S' L%tﬁlz;ﬁ{ﬂéjéi‘t}ﬂ%?ﬁalcfféhﬁ@xﬁmkﬁﬁ n%ilﬁﬁl@ﬂi‘ngf(om 8SmpAdiflg:t 0 derive

channel eln for a plurality anpl e streams 8 a
receive pr ocessonezmsefcmt reczavmg phalmebstatd'lemfpmatmm I(G}SBf indipative oft ¢haand f rom

the plyralit. fr its ovi de one re decoded data

stream;H' %@ §9r035@g1ﬁ Ffﬁ@@?ﬁsﬂ%gmgl?u%f?lém Sygg@mt dat a processor
operative to Pr aGe&s bR rala i edass b Rt bfefhimls fof pdible Hitamanimission forand
12 wherein the termnal is one of one or nore termnals included in a set

schedul 8d dagh oflaphiralityref freguensy hands. ovherein eaghr st siclugdepppe a1 mEge {gFminals
frequency bar&d %rr];,é);)ron 54 Hlpo'ﬂlle%{s to be evaluated;

8 means for evaluating the performance of each hypothesis based in part on the
channel state information for the one or more terminals in the hypothesis;
10 means for selecting one hypothesis for each frequency band based on the
evaluated performance; and
12 means for scheduling the one or more terminals in each selected hypothesis for

data transmission on the corresponding frequency band.

55. The scheduler of claim 54, further comprising:
2 means for forming one or more sub-hypotheses for each hypothesis, wherein
each sub-hypothesis corresponds to specific assignments of a plurality of transmit
4  antennas to the one or more terminals in the hypothesis for downlink data transmission,
wherein the performance of each sub-hypothesis is evaluated and one sub-hypothesis is

6 selected for each frequency band based on the evaluated performance.

56. The scheduler of claim 54, further comprising:
2 means for forming one or more sub-hypotheses for each hypothesis, wherein
each sub-hypothesis corresponds to a specific order for processing uplink data

4  transmissions from the one or more terminals in the hypothesis, wherein the
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| east one denobdul ator operative to process the plurality of sanple streans
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a set of one or nore termnals for data transm ssion on each of a
plurality of frequency bands, 6 and assign the one or nore termnals in

each selected s wth a plurality.of.,s i annels in the
correspondi ng f quenﬂhﬁf> Sﬁg%@?ergfﬁyaﬂggé’@%ﬂaéor?l%@?'t lve to process

transm gsi ons f GheMBefopl priBHtRidge ki pRlralityseheetligds fror belatleedutednfori dataon on
the plurality of spatial subchannels of the plurality of 10 frequency
bands; and teanpinigsni ty of term nals, each term nal operative to conmmunicate
with the base 12 station via one or nore spatial subchannels of one or
nore frequency bands assigned to the term nal when schedul ed for data
transm ssi on by 3ghe. sghesdigt erstation in a multiple-input multiple-output (MIMO)

2  communication system utilizing orthogonal frequency division multiplexing (OFDM),
comprising:
4 a scheduler operative to receive channel state information (CSI) indicative of
channel estimates for a plurality of terminals in the communication system, select a set
6 of one or more terminals for data transmission ‘for each of a plurality of frequency
bands, and assign the one or more terminals in each selected set with a plurality of
8  spatial subchannels in the corresponding frequency band;
a transmit data processor operative to receive and process data to provide a
10  plurality of data streams for transmission to one or more scheduled terminals, wherein
the data is processed based on the channel state information for the one or more
12  scheduled terminals;
at least one modulator operative to process the plurality of data streams to
14  provide a plurality of modulated signals; and
a plurality of antennas configured to receive and transmit the plurality of

16 modulated signals to the one or more scheduled terminals.

59.  The base station of claim 58, wherein the scheduler is further operative

2  to select a data rate for each data stream.

60.  The base station of claim 58, wherein the scheduler is further operative
2 to select a coding and modulation scheme to be used for each data stream, and wherein
the transmit data processor is further operative to process the data for each data stream

4  based on the coding and modulation scheme selected for the data stream.

61.  The base station of claim 58, further comprising:
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at least one demodulator operative to process a plurality of signals received via
the plurality of antennas to provide a plurality of received signals, and

a receive data processor operative to process the plurality of received signals to
derive channel state information for the plurality of terminals in the communication

system.

62. A transmitter apparatus in a multiple-input multiple-output (MIMO)
communication system utilizing orthogonal frequency division multiplexing (OFDM),
comprising:

means for receiving channel state information (CSI) indicative of channel
estimates for a plurality of terminals in the communication system;

means for selecting a set of one or more terminals for data transmission for each

+ of a plurality of frequency bands;

means for assigning the one or more terminals in each selected set with a
plurality of spatial subchannels in the corresponding frequency band;

means for processing data to provide a plurality of data streams for transmission
to one or more scheduled terminals, wherein the data is processed based on the channel
state information for the one or more scheduled terminals;

means for processing the plurality of data streams to provide a plurality of
modulated signals; and

means for transmitting the plurality of modulated signals to the one or more

scheduled terminals.

63. A terminal in a multiple-input multiple-output (MIMO) communication
system, comprising:

a plurality of antennas, each antenna configured to receive a plurality of
transmitted signals and to provide a respective received signal;

a plurality of front-end units, each front-end unit operative to process a
respective received signal to provide a corresponding stream of samples, and to derive
channel state information (CSI) for a plurality of sample streams;

a receive processor operative to process the plurality of sample streams from the

plurality of front-end units to provide one or more decoded data streams; and
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a transmit data processor operative to process the channel state information for
transmission, and

wherein the terminal is one of one or more terminals included in a set scheduled
for data transmission via one or more of a plurality of frequency bands for a particular

time interval.

64.  The terminal of claim 63, further comprising:

at least one demodulator operative to process the plurality of sample streams to
provide one or more received symbol streams for one or more spatial subchannels of
one or more frequency subchannels assigned to the terminal for downlink data

transmission.

65. A multiple-input multiple-output (MIMO) communication system

. utilizing orthogonal frequency division multiplexing (OFDM), comprising:

a scheduler operative to receive channel state information (CSI) indicative of
channel estimates for a plurality of terminals in the communication system, select a set
of one or more terminals for data transmission on each of a plurality of frequency bands,
and assign the one or more terminals in each selected set with a plurality of spatial
subchannels in the corresponding frequency band;

a base station operative to process transmissions for one or more terminals
scheduled for data transmission on the plurality of spatial subchannels of the plurality of
frequency bands; and

a plurality of terminals, each terminal operative to communicate with the base
station via one or more spatial subchannels of one or more frequency bands assigned to

the terminal when scheduled for data transmission by the scheduler.



