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[0003] In an orthogonal multiple-access system, the number of terminals that may
communicate with a base station at any given moment is limited by the number of
orthogonal dimensions available for data transmission. The number of available
orthogonal dimensions may be determined by the number of available orthogonal codes
in a code division multiple access (CDMA) system, the number of available frequency
subbands in a frequency division multiple access (FDMA) system, or the number of
available time slots in a time division multiple access (TDMA) system. In many
instances, it is desirable to allow more terminals to simultaneously communicate with
the base station in order to improve system capacity. However, if the number of
communicating terminals exceeds the number of available orthogonal dimensions, then

these terminals would interfere with one another, and the interference may degrade

performance for all terminals.
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may degrade performance for all term nals.[0004] There
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decoded packets to obtain new getected symbols for packets decoded in error and

transmitted on the same time-frequency blocks as the correctly decoded packets. Each
packet decoded in error and overlapping at least partially (i.e., sharing any time-
frequency block) with any correctly decoded packet may be demodulated and decoded
based on all detected symbols available for that packet.

[0007] Various aspects and embodiments of the invention are described in further

detail below.
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[0021]  FIG. 1 shows a quasi-orthogonal multiple-access communication system

100, which is also called a quasi-orthogonal division access (QODA) system. System
100 includes base stations 110 and terminals 120. A base station is generally a fixed
station that communicates with the terminals and may also be called an access point, a
Node B, or some other terminology. Each base station 110 provides communication
coverage for a particular geographic area 102. The term “cell” can refer to a base
station and/or its coverage area depending on the context in which the term is used. To
improve system capacity, the base station coverage area may be partitioned into
multiple smaller areas, e.g., three smaller areas 104a, 104b, and 104c. Each smaller
area is served by a respective base transceiver subsystem (BTS). The term “sector” can
refer to a BTS and/or its coverage area depending on the context in which the term is

used. For a sectorized cell, the BTSs for all sectors of that cell are typically co-located
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mul tiple (K) orthogonal frequency subbands. These

asagplataddweithy aaespiestive sitbicantict drat snaystbowdniatedsyitibidats, Modulation

f | s, .and . h. '
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frequency 1nto tine
frequency blocks. A time-frequency block may also be called a transmission unit or

some other terminology. Each time-frequency block corresponds to a specific subband
set in a specific time slot. The subbands may be formed with OFDM, IFDMA,
NFDMA, or some other modulation technique. A subband set may include one or
multiple subbands, which may be contiguous or distributed across the system
bandwidth. A time slot may span one or multiple symbol periods and may also be
called a slot, a time interval, a hop period, and so on. A symbol period is the time
duration over which a modulation symbol is transmitted. N time-frequency blocks are

available in each time slot, where N >1.
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[0029] A total of M-N traffic channels are available for use in the system. For

simplicity, the following description assumes that each terminal may be assigned one
traffic channel. For a given number of terminals (U) scheduled for transmission, a
minimum number of channel sets (L) may be used for these terminals in order to

minimize intra-sector interference, where L = f U/N|<M and “[x |” denotes a ceiling

operator that provides an integer value that is equal to or greater than x. Each scheduled

terminal may be assigned a traffic channel from among the L channel sets.
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NAK
deeodad gvageqthye anghrensis dack an MK gntimge slot m+1. The terminal receives

the ACK and terminates the transmission of Packet 1. The terminal processes the next
data packet (Packet 2) and transmits the data blocks for Packet 2 in similar manner.

[0033] In FIG. 3, there is a delay of one time slot for the ACK/NAK response for
each block transmission. To improve channel utilization, the terminal may transmit
multiple packets in an interlaced manner. For example, the terminal may transmit one
packet in odd-numbered time slots and another packet in even-numbered time slots.

More than two packets may also be interlaced for a longer ACK/NAK delay.
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oDt %ﬁ‘ﬁf] selj@&ncBY oﬁ%’e—*ﬁ%ﬁ?nc&;%@ﬂ& EYeh Gdindisal may interfere
el ow, l'y

assumed for the’description an ACK i's sent o
with zerpaokedr bhogh afdbe déhdr tar tesninkls, fonerdh Wik tememission.

a resuned ly e, absence qf ACKs. . [0035] ..FI
0 oo I BT AR DS AERESTSh, Rore ETbiah i1 o gmegirequency
pid. The BRIER tHaB&MisEidhs FBx the RAGHal hép ARVssIREEBcy in different time
starting in any tinme slot. Each term nal may also

statanEaght blagly transsbiesion inteffares with okler ieyminale pSsigned dhe gamep time-
f{@ﬁéer%:cr %Té'i?t anot her packet upon receiving an ACK for

J)

dr T ent packet. The packets transmtted by each

[0€3871 naMultipls temiieas s YyRaRmd o Sthid sather spdaiquéyt Bleck with
packets transnitted by the other term nalai. [ 0036].
WrLPrOEETRHN TVEPIPRPEI NS ShAFHIMANSSat Bdahdaeh fergHRH Qbserves
e AR AP ERERS el 1 AP MR SRR which are
t¢rerinaln agisg flersamadhmdfroglenty hloski I8¢ omerlafping temmdamare different
overlapping, these termnals_transmt _.oQ i fferent .

13 GHRARBE AT otRe. PYETEREy  BREERES ehde funthar Hapine. the
ihtetfereh&d @anelgthdé QeForRiRe O alPAd Rl tethi@alg! MRE dEMRrious effects
term nals for each block transm ssion. [0037] FIG 5

of g eEECTERGRRTLY baamtigatesl asslescoibed beleivnal a on a
M- r e . LSS f

(T | BRAEERY AN, Lol GRS RIS AT SRS
fhadhtabiraslaidsicinand s&deption. Ntdch ee@singl btayobdrequipped with one or
term nal s assigned the sanme tinmefrequenc .

multiple antennas for data transmission and reception.  On the reverse link, a base
station may receive data from zero, one, or multiple terminals on each time-frequency
block. In general, the number of terminals that may transmit on the same time-
frequency block is limited by the number of antennas at the base station, which
determines the base station’s ability to separate out overlapping transmissions. For
simplicity, the following description assumes that each terminal is equipped with a

single antenna and that the base station receives transmissions from L terminals on each

time-frequency block.



bl ock. [0038] Multiple termnals can transmt on the
sane tinme-frequency block wi th quasi-orthogonal
woubdeip2ssxi ng. As shown in FIGS. 4 and 5, eachPC&S208020611
observes interference fromagd causes interference to
ot her overl appi ng terrri nals, which are term nals using
[6029] San® sfngﬂgemg féyOLR%lﬁquMBj ShAURI s3BRhOObetween the single
termnals are f nt f random and conmon
agborna apphenglmamgiamd Ika@emfas tahe bayepeatidn. oVker SMQ ahgnnel may be

the interferenc rade erf ce for al
ChtpelEtied AP ) 8 Fﬂ‘i EgENErRF106 s Vo i wey be exprssed as:
interference may be nitigated as described bel ow
[ 003 Each e.statio eguipped with nultiple (R)
ant eﬂﬂg%%t %éz ﬁ‘ag) %fw(ﬁstgd ?m QPS *transm ssi on and Eq (1)
reception. Each term nal may be equi pped with one or

It|p| ennasfo data tran |on and reception.

te, s Felgoi@a 1 his Ra aidt ¢ r&’?%ﬁ i rgélelefregl they &ptenna

z S.0on 13 2

PR o g gt oa@[ﬁfmm e Pt Ringff sGE7 e 7 denotes a
tr’élﬁfpm;d] a11“ﬁné Blat 7 Ay dph@RasIok nAiltiplBSySBOE péiidiRf Mesuanshcity, the
block is limted by the nunber of antennas at the base
changel aPOnAR it RssHEEE iR BeeconsiFat BYaseline s1qt drand igmmof ptfynction of
S}';rﬁb(ﬁ?)@ﬁB&‘er out overl appi ng transm ssions. For

IFrcrty, the foll ow ng description assunes that
[Qﬁéid]‘l t ek mulsble-iapeq mubide-owipuh (MIMO)gLianask &nfanaddbetween L

e BB L FoE e BORE FAR Tt b
cﬁdrﬁk%ﬁ"zeﬂ%ﬁll% Rt blpaln‘ﬁel%%ﬁ%e {nglnt . n(ﬂf BANAGLR hﬁﬁfbg %ﬁ?ﬁgssed as:

bet ween e si n e anten ndl and 't
antennas at a base station. The SI MO channel may be

char Wy AnRR! pngl . response vector
hu(k%ﬁbﬁ% Mrrag(?g e%tsesged as: hu(k,t) =[hu Fa @)
(k,t) hll 2 (k,t) ... / HR(M] r , Eq (1) where hU

Eac(l'kqdll)mn of ak(k71) —otresponds tdR chanaelt thgponesrpdotor fohenmentetminal. The
gain fromthe antenna at termnal u to base station
charpelinspqnsd matrixuBt&id ikdépendantren sheoset of teamihals wsig subband £ in
den tes a transpose. Tinme slot t nmay span one or

UGSt e synbol periods. For sinplicity, the channel

[00a2PONSBch SteRRBHIMRA Y ParRfitC Qﬁﬁtaﬁiﬂt I?(gtgfr%ﬂ.hi {ﬂ% giﬂf?ﬁ% to the base

and is not a function of synb
station.i plles ibagsu station tabpdies mﬂep/l@ti t(ymm fmmarth@IR iaﬂtennas for the
l.s _an

f d b L L
AT RO LIREP T SRS bR

r(k,t,n)=H(k,t) s(k,t,n) +n(k,t,n) = i_hu (k,t)-s,(k,t,n) +n(k,t,n), Eq(3)
u=1
where s, (k,z,n) is a data symbol sent by terminal # on subband k in symbol period n

of time slot #;

s(k,t,n) is an LXx1 vector with L data symbols sent by the L terminals on
subband £ in symbol period n of time slot z;

r(k,t,n) is an R X1 vector with R received symbols obtained from the R base
station antennas for subband k& in symbol period » of time slot ¢; and

n(k,z,n) is a noise vector for subband k in symbol period 7 of time slot .



characterized by an RxL channel response matrix H(, t)
, Which may be expressed as: H(*,0 = [hi (*,0 h2(k,t)
wO0.2006n328350 | Eq (2) Each colum of H(& t) cOPCEASZMES20611
to a channel response vectorsjor one termnal. The
channel response matrix H( ,”t) is dependent on the
obrrebdied PR Bl R 5 MRREREK bl 75 Saibbiphgier dg, o pilor
symbobmtaegynﬂ)ol ft)rt];ﬁllbt palsieh &t deta dnat isThewas pristidlyi lth a transmltter
tains received s ¥nbo|s f{on1the R an2$ﬁ£as for the
A th S54PEP o ris MOBHER I8y SYMBOL 1% & FRTARIFS  Vatite Ioreg o gn a signal
L J t
cémgpitu%ﬁ;l%g ﬁhﬁomag &?gmtei(e 25 d«&xkﬁgﬁ r?EI)M (%m? arid a sEmbol is a
cpﬁlplmt@ ot kinplicjty] the aoxﬂamysbprdsmm@bntbetaﬂdﬂﬂc mhntaIGaussmn
on subband k in synbol period n of tine slot t ;
{SR (AWN) vitha zsep n%f@e eftopaidha covmirace Al & gert ohyl, where
the L term nals on subband k in symbol period n of
@} isshe vayiance of the flojse and Iiis thenidextity wettior wi th R
recei ved synbol s obtained fromthe R base station _
[893d nnathe besestidiran@ax us vageHsorceivat patisl pypcasping tedhpiques to

. .
s%%aﬁ%t@%%t 'ﬁ{eko detl'la%)%?é ttir"angﬁ’li ?%Py ok Afs?é aérfe{ét r—%?{ﬁl’ ngy égbtclé These
regemtwl I spaﬁalzrirbpﬂméal ding | tﬁéhmmr&oincflﬂél fr aérs\;]fcfoﬁigc KZI;) dadhmique, a
t IS a 1l ot |1 C | S at a
nelﬁg{{lur}?gn %ﬂ%a%? awroﬁ\?ﬁc;%%) Bﬁ%ﬁl%‘et F‘dﬂ%’ﬂﬂ}“@% é%tloa?fanlamng (MRC)
tERRRIY Sond scPor TOTHE eéste %Ehu%M'?HﬁJt derive 3nCRYR @gaqéghﬁsr fQfrix based

a point I1n a signal constel lon for a no tion
ondheE, NIMSE, or MIRGKeabnigve QaNpllowsid a synbol is a
conpl ex val ue. For sinplicity, t he noi se may be

assuned to_be addit g, Gayssi an noi se (AVWGN)
wit h M AEdd= ﬁglﬁk‘&ba@r’)hn(ﬂ Akevari ance matrix of f Eq#)

=s -1 , where sl is the variance of the noise and | is

t he identit% matri x. ?43 The base station may use

var i Ms,.+ &Ry, Shal |[H (brodEEs) ng 't EEhH Glked 1t 0 Eq (5)
separate out the overlapping transm ssions on the sane
time-frequency bl ock. These receiver spatial

pr océﬂs,icg@f)t% h,ra(/(e]t)eﬂ i(h¢) ude a zero-forcing (ZF) Eq (6)
techni que, a m ni num nmean square error (MVSE)

techni que, a maximal ratio combinin ‘é % t echni ,que,
velieee ok, rndiagd 8" . ar Hih. thay dBr -8B GGf) LBLEE, OpAt mdd
filter matrix based on the ZF, MVMSE, or MRC techni que,

as T op! QWS = diag [H” (k,r)- H(k, )]
The base station may derive an estimate of H(k,?) based on the pilots transmitted by
the terminals. For simplicity, the description herein assumes no channel estimation

€rror.

[0044]  The base station may perform receiver spatial processing as follows:
S(k,t,n=M(k,?)-x(k,t,n) =s(k,t,n) +(k,t,n) , Eq (7)

where M(k,7) may be equal to M, (k,t), M, . (k,t),or M, (k,1);

8(k,t,n) is an Lx1 vector with L detected symbols for subband & in symbol
period n of time slot ¢; and

n(k,t,n) is the noise after the receiver spatial processing.



M(JC) =U (J) (t) -E" (k,t) , Eq (4) Mmse (kj)
mse (kj) [H' (Jc,t) -HM + s1 -1]- 1 HHkj) , Eq (5)
wow/ee3s) Omce (Kk,t)-R Hk,t) , Eq (6) wher erOmse006/020611
(k,t) =diag {[HH(Jc, t) -R(Jgd) +s2 -1] 1 - (Jc ) - (
t) 1; and Omc (k,t) =di&y [E HKt)-E(Kt)T 1 The base

AS&éédtéH‘sﬂi?dbl fef MBnAR @Sida fub%ﬁ trlﬁl(szixitte& %g%ﬁgm%.

the pilots transmtted by t termnal s
[@04apl i cThey bastehetad@ecma)ptplerfnmneeeeweraspamahwmssﬁr@meedhown in

egléaélg%zi f%g ﬁgﬁ bﬁ\{cg/g i Cﬁg? y qsot at 'éo é}ﬂentde gtred%glmbols for
ttaMdbband- El((kéyxﬂibol:?éﬁ’é‘dt T})e B‘ﬁb(eksthucm mayEGerﬁlzl)ap}@ﬁeﬂ'h@ detected
M JcJ) que equal to Mef

sxmggls forga(l ubhgmdssand Fymioel p@@gl@ pntwseparaje @‘eem dddetected symbols

c?fylﬁﬁ‘% a{ fetgmf L%)baﬂg? Ea&se%&aﬁég 13?.3{ %%%%g(eirég C%Wéﬁ?ate ancI decode)

tiepdetécadd pmes firrgciiedRiRt (g, sierath blocRAr@shissBhPtPbbtain a
a data synmpol transmtted by a transmtter. [0045] The

dﬁc'é)gédg?%‘ﬁ@ﬁﬂ?‘?atﬁnﬂ@ﬁlf ormrecei ver spatial processing
nghov‘fhe' Pa qé@tidnogzb?@stlfn e BRCI d&%@%gdcaﬁeééfsb? %g%h correctly

perlo nto al n etecte
dsfwldb@rpdcm @nd yolycict ﬂmrcsumate'ﬂlmtdnﬁmcetfﬁnm e reeyived symbols for

i RGBT SO e STATATEE QRrighre BRISHRRLt o the estimated
irftyrfence 1§ %asbl‘ﬂﬂil héi:'d?dte ttﬁ‘érmhe @ﬁt@rfer-EH@e BAREled sHnbI8 WBNYd have

process g empdul ate and decode) the detécted
h@yma@% ond dclikelibpod ﬂ%¢0r(eéﬂg decaglinges persiittg prcketsent on one or

oA Bk B, B AREER 025 ko i et v

hashticbeen deuvded avisetymdFacwhizhrdeesdihy nﬁt@%‘?ﬁ@t@n}%&@k% packet is
and _subtract the estinmated i nterference from

typiedy \nuEeedy Hiss (e hetrblpﬂetr@m%swea@febﬁey rpgedvelsangrecoding fails
M'aﬂtﬁ%%ﬁ%k%ﬁéﬁﬁfsmbﬁs fok died. I'f the estimted

intertrerence IS reasona y accurate then the
[Q047%r éfmcwmmmeehwﬂemymmieaowmmlnectﬂvﬁd&ohe@ p&iket d for terminal

R S oot el conrSellu 80000/, o o

niahﬁ‘lfeﬁ%ﬁﬁ&.ﬂﬁ R 3 tWRUlath tMIdRYRed dhh @ﬁﬁb(ﬂg FRE b&de station

is a packet that has not been decoded cortectly an
thies iestignnies tl@el@tﬁ@ferﬁgwﬁdye bepaktedpased. onAhpaekedulatsd data symbols

&’t‘?x'e%ﬁ‘!uln)éh% Hg%égg%rtttﬁwgmlp t blfoci Ol%vst ransm ssi on has

een recerv

i, (k,t,n)=h,(k,1)-s,(k,t,n) , Eq (8)

where i, (k,z,n) is an R x1 vector of estimated interference due to packet d on subband

k in symbol period ¢ of time slot 7.
[0048] The base station then cancels the estimated interference from input symbols

to obtain interference-canceled symbols, as follows:

L. (k.t,n)=r,(kt,n)-i,(k,tn), Eq (9)

where 1, (k,z,n) is an Rx1 vector with R input symbols for subband % in symbol

period n of time slot ¢; and



with all Q block transm ssions for the packet. [0047]

To estimate the interference due to a correctly
wdeamgezs3packet d for term nal u, the base staPCDMS2006/020611

first processes (e.g., encodes, and nodul at es) packet d

in the sane manner perforned termnal u tg obtain

dul t ols. The hase. station t
ot mielCOREH fi %“ﬁw%cﬁ%re @a@ {pisrgReFanselsa eumbek for subband
t he renodu the channel response
vectors fo%?%gﬂ%?%§?m&y P’ iu(k,t,n) —hu(k t)

IS an Rxl vect

- k
B’fs %é %g%%a“RL‘EtS&F%’QﬁQﬁngQ% n gmg‘}aé’ﬁe@qual é?]h tl?,qgmwad ksymbols
| f 0048] The base

PR B St et o i Bl AR ol Qhined fom

pﬁ@rljhtesﬁéféﬂ@égaﬁcengmlal n interference-cancel ed synbol s,
ri Uk, t,n) =rip (k,t,Ji) - iu(k,t,n) ,
@?4?19) M@r lease j SatioR, perﬁ@}ms S‘CC&WSR)SP&IW&} girocessing fonRhe nptetference-

5%?5@19!1 lyFTgJ H?%%Plg gndfag{fb c? ls\};glgpiéocj\}\f lt}??f thclar?gence I’rom only

tenhinaf ertes <beeni: amlethrfey TRObasef @dtichuRARGS dnNRSYARO) channel
period n of tinme slot t . In general, the input
wypanst snatrix r Hp(k(K), thancomainshal efjtial célomhhof rHEE )V eflcept for the
nmbol s obtai ned fromthe base station antennas or
%F‘@Pff%rr sHBmakun dbe basesyaiion|therodarbienen (Er-dinkBr smatial filter matrix

P oS T el e g AR NN o o SVBC: fechinique. The base

SN R BRHBHRCRELTE: PobE irDoqsPiR iy e weRen-crcrisd symbols
bﬁﬁmec@aﬁﬂlfﬂtérniah@anm haggopbwd:i on first forms an
Rx(L-1) channel response matrix Lu(k,t) that contains

all of the colums of H(A;, t) except for the colum

for t&kitmal=M, (Aherp@sen)st ation then derives an (L - Eq (10)
1) XR spatial filter matrix Miu(k,t) based on XkJ) and

usi ng the ZF, MMSE, or MRC techni que. The base station

Vh&ER Spd f.8) asan Eeeilek V@ﬂi@t Wﬁlll Lpr boewdletrgtedrsytivels for subband k

- th the spatial filter
hgsté'g{ o e‘?fg‘ﬁ rt]‘%% E’Jltf Dot 158 Sﬂ%\ﬁ’ﬁ Elﬁtet?teﬁ)syglhﬁlé layg the interference

di(ekobaélaetdﬁ%%{eh@namgﬁr%el%mk t,n) is an (L-1)xl

vector with L-1 new detected syrrbols for subband k in
(99301 Bapatisas n(8df (Wi med 1@t ate” for Tinteskeramesy edmeatdre dinterference

&ng?ﬁkﬁn,hgn\ﬁer Ql%erl Q}ga%af Ie){o%essmg, respectively, for one subband k in one
symbol period 7 of one time slot . The base station performs interference estimation,
interference cancellation, and receiver spatial processing for all subbands, symbol
periods, and time slots used to transmit packet d. The base station then demultiplexes
the new detected symbols for terminals that transmit on the time-frequency blocks used
for packet d. The base station may decode each packet that overlaps at least partially
with packet d based on the new and other detected symbols available for that packet.

[0051] The base station may perform interference estimation, interference
cancellation, and receiver spatial processing whenever a packet is decoded correctly for
any terminal. For the example shown in FIG. 4, the base station may decode packet Pla
for terminal a after the first block transmission (B1) at time Tj, and again after the
second block transmission (B2) at time T, and again after the third block transmission

(B3) at time Ts. Upon correctly decoding packet Pla at time Ts, the base station may



due to packet d fromterm nal ucancel ed. [0050]
Equations (8), (9), and (10) are for interference
wegtiena2d3sn, interference cancell ation, and reeeTawse006/020611
spatial processing, respectiyfly, for one subband k in
one synbol period n of one tine slot t. The base
el A PRICEPHTnbAt Eh{LARNE WD mwoﬁmhe!i%ﬁf UbGR6 times
cancel | at1 on, and recer ver spatial processi for arl
Ts tiobughd §3. Eyantesk sppéon oty alsanttcodenaack padlet figeentinals 4 and c after
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11 bdsB QtdiiofBnAy BAHENE ¥in®lcBEIEP thESREEfePdncB Kb this phBet from the
base station may decode each packet that overlaps at

inpws symbalst faal timesyiTe Hhpaighk ets. d Upmsedoreastly hdecnding apedket P1b for

ot her ,det ect ed ol avai |l abl.e for that cket .

P 1l T BRE S hapeP et ind e ERE Blstterence due to
t6S badket from, the MRl kHhBole CoCRASET| Birbih TANThd §6R1 MBEessing may
spati al processing whenever a packet is decoded

be gerfaradyfor Bie remgining FANAAISSIOR®r t he exanpl e shown in

5, eSS Py AR SO BRSSP bl 11 i
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term na i TSt
ohithe inpht sgmboRdfar a gf¢re tintekfeeqmengnblobk.o Hach rtans ias $ntefference
B2).at tinme .. and again after the third bl ock
ey RS %?HC%I@&PH 4t PeipRners FheLfé’é‘H“édF%Pé’E?fﬁ} PagEcEdreRg by one
cOREIEthe é;%ti?{qfﬂtéﬂ"ﬁa&% el s BRSEnSIAY, 1 1RY d{%}’f@: 6@?12 fr?lncreases by

and cance e interference due to this pac
ophanepngriected simahads argrderived &roothi rintatfbrefice-calieleth agmbols for one

i on. d h f j
S LT oL 5 SRR RISt AR ISPRRS, B v nv

dekecodsyigbglagkploved.c for termnal c at tine T4, the
base station may estinmate and cancel the interference

(26l ¢ o Inkrisrenae ReEitmatimandheanpeljstion syaibles BerfasmedifpreneTor more
c&ﬁé&?ﬁgﬁcgéedayg% Cf&{]:ga’e%tdﬁé tgrﬁ&—?rgé%c? %‘ig&t Flzlhg tgf%[ interference

term tltr?e ase on nay estrate
idkg, Hafaetubblrd knhedyingio pedod UL of Bintehiist Pagdebe fob@iMed by (1)
the input synmbols for tinmes T1 through T6. The sane
fpoee 8 siengr rsplk, Hhre) e dhor syecbolofortdilecoreay miecgled packets for that
transm ssions. [0052] Interference estimtion and
sehbané land sysholnpsyiodeangdRy owitiplyiog § 6,11} withhesnaonx tHhék.2,n) of
i nput synmbol s for a given fine-frequency hl ock. Each )
change! sshlaiee {poRlf Gorgiedy decaderarksis thhchat awdond b sYmpal period,
oP Sk ALIRAN (e £R3RASH) T 250 ARG TRleFIre LEALE

1 . & bgycag&?ed from
col um, spatr l'ter matrix re €S "by one row,

tHehBipdi ¥@hBIL Yripqyc,q‘?ﬁ k) OHERS St Y re R anBEWY @?fn%@fseijic(k,t,n), or
synbol s are derived fromthe interference-cancel ed

SyrBah s of ”e-fH t B 1 .
L'sc}zlgn P 38@5 tNE i [(RWED) %Q‘lﬁ‘t@ﬁereﬁ&gcéﬂ?:@le%lsm%bo%sorgw({kﬁte,n) then

-noi Se-and-interference ratio (

e 98 L 0 Ghetibrey B ﬁleiiﬁﬁmgyﬁﬁols r, (k,t,n).

[0054] The base station may selectively perform interference estimation and
cancellation, e.g., in order to reduce the amount of processing required for data
reception.

[0055] The base station may decode the packets in various manners. In an
embodiment, the base station decodes the packets from the terminals in a sequential
order in each time slot. For the example shown in FIG. 4, the base station may decode

the packet from terminal a first, then the packet from terminal # next, and then the



[0053] Interference estimation and cancell ation may be

perfornmed for one or nore correctly decoded packets
woaoocasgizsen ti me-frequency bl ock. The total PCT/US2006/020611

interference it (k,t,n) for bband k in synbol period

n of tine slot t may be obtained by (1) formng a
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process continues untﬂ either (1) all correctly decoded packets have been canceled or

(2) all packets are correctly decoded.

[0058] In general, the base station may (1) re-decode a packet whenever new
detected symbols are obtained for the packet as a result of canceling the interference due
to packets decoded correctly or (2) decode the packet after the next block transmission
for the packet. Re-decoding the packet whenever new detected symbols are obtained
may result in earlier termination of the packet and may improve system performance at
the expense of more decoding attempts. The base station may also selectively perform

re-decoding. For example, the base station may re-decode a packet if (1) the last block
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P 9ysrlagping at least partially with any of the correctly decoded packet(s) (block

628). One or more packets may be decoded correctly in block 628 as a result of

canceling the interference due to the correctly decoded packet(s). The process then

returns to block 618 to determine whether any packet has been decoded correctly in

block 628 and, if yes, to perform interference cancellation and decoding once more.

[0062] FIG. 7 shows a block diagram of one base station 110 and two terminals

120x and 120y for data transmission on the reverse link. Terminal 120x is equipped
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[0065] RX spatial processor 762 performs receiver spatial processing on the
interference-canceled symbols with the RL channel estimates from channel estimator
758 and provides detected symbols. An RX data processor 764 processes (e.g.,
demodulates and decodes) the detected symbols and provides decoded packets for each
terminal. A TX data processor 766 processes (e.g., encodes and modulates) each
correctly decoded packet and provides remodulated data symbols. An interference
estimator 768 estimates the interference due to each correctly decoded packet and

provides the estimated interference to interference canceller 760.
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FEC encoder 814 may implement a block code, a convolutional code, a Turbo code,

some other code, or a combination thereof.

[0069] A partitioning unit 816 partitions the coded packet into Q coded subpackets,
where Q may be dependent on the rate selected for the packet. The first coded
subpacket may contain all systematic bits and zero or more parity bits. This allows the
receiver to recover the data packet with just the first coded subpacket under favorable

channel conditions. The other Q —1 coded subpackets may contain the remaining parity

bits, with each subpacket containing parity bits taken across the entire coded packet. An
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sbylrrgbo'l th-gt1 Icg'ntgms e d hl%ps The repeated portion is called a cyclic prefix and is

used to combat intersymbol interference (ISI) caused by frequency selective fading. A
TX radio frequency (RF) unit 918 conditions (e.g., converts to analog, filters, amplifies,
and frequency upconverts) the stream of chips from generator 916 and generates a
modulated signal for transmission from the associated antenna.

[0072] FIG. 10 shows a block diagram of a portion of base station 110. R antennas
752a through 752r receive the modulated signals from terminals 120 and provide R
received signals to R receiver units 754a through 754r, respectively. Within each
receiver unit 754, an RX RF unit 1012 conditions and digitizes a received signal and

provides a stream of samples. An OFDM demodulator (Demod) 1014 performs OFDM
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deinterleaver 1114. Deinterleaver 1114 is initialized with erasures prior to receiving the
first block for the data packet. An erasure is a value that substitutes for a missing code
bit (e.g., a code bit not yet received) and is given appropriate weight in the decoding
process. Deinterleaver 1114 deinterleaves each block of demodulated data in a manner
complementary to the interleaving performed for that block

[0076] Whenever a block transmission or new detected symbols are received for the

packet, the decoding can be performed anew on all blocks received for that packet. A
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may be implemented with an interference processor, or may be part of a processor that

also implements RX spatial processor 762. Various other implementations of the

processing units are also possible.

[0079]  For a software implementation, the techniques may be implemented with

modules (e.g., procedures, functions, and so on) that perform the functions described

herein. The software codes may be stored in a memory unit (e.g., memory unit 782 in

FIG. 7) and executed by a processor (e.g., controller 780). The memory unit may be

implemented within the processor or external to the processor.



Wthin RX data processor 764, a synbol demapper 1112

recei ves detected synbols for each bl ock transm ssion,
wdeomdatsases the detected synmbol s in accor danceCniusoe/020611

t he nodul ati on schene used f?é t he bl ock, and provides

a bl ock of denodul ated data to a deinterleaver 1114.
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seopewonsistaht with e lpsintliane dofd fedtiiat dReloksl herein.
Areassenbly unit 1116 fornms a packet of deinterleaved

data that contains (1) deinterleaved data for al
[@gﬁks WAEATMSUF R facket and (2) erasures for
oCks not receive or the packet. Reassenbly unit
1116 perforns reassenbly in a conplenentary manner to
the partitioning perfornmed by the termnal. An EEC
decoder 1118 decodes the deinterl eaved data packet in
a manner conplenentary to the EEC encodi ng perforned
by the term nal and provides a decoded packet. For
exanpl e, EEC decoder 1118 may be a Turbo decoder or a
Viterbi decoder if the term nal performs Turbo or
convol utional coding, respectively. A CRC checker 1120
checks the decoded packet, determ nes whether the
packet is decoded correctly or in error, and provides
the status of the decoded packet. [0077] For clarity,
the data reception techni ques have been specifically
described for reverse link transm ssions. These
techni ques nay al so be used for forward |ink
transm ssions. A termnal may receive packets from
mul ti pl e base stations and may process these packets
with interference cancellation in the manner descri bed
above. [0078] The data reception techni ques descri bed
herein may be inplenmented by vari ous nmeans. For
exanpl e, these techniques may be inplenented in
hardware, software, or a conbination thereof. For a
hardware i npl enentati on, the processing units, e.g.
processors and controllers, used for data reception
may be inplenmented within one or nore application
specific integrated circuits (ASICs), digital signa
processors (DSPs), digital signal processing devices
(DSPDs), programmabl e | ogic



devices (PLDs), field programmabl e gate arrays

(FPGAs), processors, controllers, mcro-controllers,
wonerapzssessors, el ectroni c devices, other el eCrmusmio6/020611

units designed to performthg functions descri bed

herein, or a conbination thereof. For exanple,

interference estimator 768y A ference cancel |l er

760, RX spatial pr ocessoré'}&% data processor 764,

and TX data processor 766 may be inpl enented on one or

nmore processors, DSPs, and so on. Interference

est i fat or ArG@paithsicapwriti®gence cancel l er 760 may be

i mpl 2) [nterfer e . processor., or be
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processing units are al so possibhle. [0079] For a
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processor operative to estimate interference due to a
ngyzeweandrfeagupncydli visign anuliiplg access ENFIPMEA) r equency bl ock
and to subtract the estimated interference from i nput
synbols for the at | east one tine-frequency block to

obt aBn i ntrae bprencestilsiel edusieriohprisieer ei n t he
packet is decoded correctly; a spatial processor
oper &t5PPEOHS qperatine (o deteapingra sabf jahleapl enceliaquegcibpubband for
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or the packet.

4. The apparatus of claim 1, wherein the spatial processor is operative to
perform receiver spatial processing on the input symbols for the at least one time-
frequency block to obtain detected symbols for the packet, and wherein the receive data

processor is operative to demodulate and decode the detected symbols for the packet.

5. The apparatus of claim 1, further comprising:
a transmit data processor operative to generate data symbols for the packet, and

wherein the interference processor is operative to multiply the data symbols for the



a receive data processor operative to denodul ate and
decode detected synbols for at | east one packet that
woversliapgsssat | east partially with the packet. BCT/TIS2006/020611
apparatus of claim1, whereigyeach tine-frequency

bl ock corresponds to at | east one frequency subband in
pBéket QaGtchamee] SYiRRks REthOfacken® WMigh thdlediBid inte?R3dnce due to
one frequency subband for each tinme-frequency block iIs
thamagleta plurality of frequency subbands formed with

ort hogonal frequency division nmultiplexing (OFDVM,

interl eaved frequency division nultiple access
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access (NFDMA). 3. The apparatus of claim1, further
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of claim1l, wherein the spatial processor is operative

to performrecei ver spatial processing on the input
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obtai n detected synﬁ%?sf?bg t%quacket,a§n39®%§5§%QMISyﬁmn’

comprisingei ve data processor is operative to denodul ate

and decode t.h etected synbgls for the cket. 5. The
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rocessor i s operatiye tqQ assenbl e detected synbols

Op%t aps FLigag P Wﬁyéﬁf“}l %‘SQPCI%:‘F\e packet based on the

det ect ed synbol s obtained fromthe
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ti me-frequency bl ock and decoded correctly;

sahhgndntormad vitiordosens fisauinsy divisior redtinlexng (QPOM), interleaved
ﬁ%}iﬁ@\%grsdifv%ont t}ﬁulﬁfﬂel Ga=ks C(Jpﬁ)MA), or narrowband frequency division

multiple access (NFDMA).

9. The method of claim 7, further comprising:
determining a set of at least one frequency subband for each of the at least one

time-frequency block based on a frequency hopping pattern used for the packet.

10.  The method of claim 7, further comprising:
performing receiver spatial processing on the input symbols for the at least one
time-frequency block to obtain detected symbols for the packet; and

demodulating and decoding the detected symbols for the packet.



time-frequency block to obtain interference-cancel ed
synbol s; and processing the interference-cancel ed

woeyodsaBm3for at | east one packet that overl apsprat/use@sn20611
partially with the packet. 84, The nethod of claim?7,
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frequency division nultigle access (NEDWR). 9. The

met hawligplyimigathm data fspmbplsr fog dhe iagket gwitly eohennrel reistigpatgs for the
paa& of at | east one frequency subband for each of the

a Peast one time-frequency bl ock based on a frequency
hoppi ng pattern used for the packet. 10. The net hod of
claim7, further conprising: performng receiver

spat &l pride daethosdyofghaipnp Whepein the pasesssingdhe iniesfegence-canceled

SBSk ildsme- frequency bl ock to obtain detected
Sgyﬁ%ofg&ﬁgésthe packet; and denodul ati ng and decodi ng

t he getfemiieg reoeiveolspatfad pracessiggaok ghe ihlerfefdrecmahdedal ofmbols to
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for the packet, and multiplying the data synbols for

t he packet with channel estimates for the packet. 12.

The t hod, _o ' mwherein the processing the
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received via at |east one_.tinmef requenc bl o?k and

decod¥gns HF rRERgessing the nterference-canceled symbols for at least one packet

that overlaps at least partially with the packet.

14.  The apparatus of claim 13, further comprising:
means for determining a set of at least one frequency subband for each of the at
least one time-frequency block based on a frequency hopping pattern used for the

packet.

15. The apparatus of claim 13, wherein the means for estimating the
interference due to the packet comprises

means for generating data symbols for the packet based on coding and
modulation schemes used for the packet, and

means for multiplying the data symbols for the packet with channel estimates for

the packet.



means for subtracting the estimated interference from

i nput synbols for the at |east one tine-frequency
wohoewki32350bt ai n i nterference-cancel ed synbol spcams2006/020611

means for processing the intggference-cancel ed synbols

for at |east one packet that overlaps at | east
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channel estimates for the packet.16. The apparatus of
claim 13, wherein the neans for processing the
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interference due to each packet decoded correctly and
cpgeiincel the estimated interference due to each

packet decoded correctly, and wherein the receive data
processor is operative to decode each of one or nore

pac kdBs oVidel| agprargs atf ¢leiastl7p awhérallnl yhewirédaivichdatat processor is

| east one packet .decqded cqrre 18. The ~appar at us
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request (H-ARQ) transmission for the packet.

19.  The apparatus of claim 17, wherein the controller is operative to send an
acknowledgment (ACK) for each packet decoded correctly to terminate the transmission

of the packet.

20.  The apparatus of claim 17, wherein the receive data processor is
operative to receive at least one symbol block for each of the plurality of packets and to
decode each of the plurality of packets based on the at least one symbol block received

for the packet.

21.  The apparatus of claim 17, further comprising:
a plurality of receiver units operative to receive each of the plurality of packets

via at least one time-frequency block used for the packet.



operative to receive each of the plurality of packets

via a hybrid automatic repeat request (H ARQ
wonerssisesssi on for the packet. 19. The appar at uBCDfUS2006/020611

claim 17, wherein the controhter is operative to send

an acknow edgment (ACK) for each packet decoded
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20. The appar us of claim 17, wherein the recerve
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time- requ ncy I's anbng a plurality frequency
timebiequescy docefbrehthreorairting) omadf tﬁc plyudity pf packesi on

mul tiplexing (OFDVM, interleaved frequency division
mul tiple access (I FDMA), or narrowband frequency

di vi son mabt hiPafat@C 6 SSaitdNAPVA herdid thEheoaaﬂ@f ak Uspepdtive to
claim21, wherein the at | east one tine-fr uency

dplegeine bleaginan tigte-Erequepyiblatk vseddpr wblp@d@t gcoded correctly, and
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re uenc renmal ni n one
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Pregt tecoded ¢9FetYr equency bl ock used for each packet

decoded correctly, and wherein the interference

processor is operative to cancel the estimated

i nt e2ber eflbe apprratie oﬁalaim pa,ckletreid dloocmdrotior isexpbtayivé toogstimate

he at one t.i cy bl ock usdfor e
aﬁ&&?@{lt %@8@6&%&6%6 PP%?} ﬁ%ggh 4&8%95%%%?& da? gptgetly, and
whéreinRRY BidifckdiRe (p%lfe'éé& i€ bpdriti RPN &titnAe Al @eﬁl‘bél%fe EntBfference
amount of interference due to each of the at | east one

dpeékedch dwekd aldcedsd rcoretty, if dhelesiineated amotns of interféreneaneeeeds a
PR%? giﬁggﬂhgﬂgmpratlve to estimate and cancel the
I'n

erence dué to each packet decoded correctly if
the estimated anount of interference exceeds a
26.  The apparatus of claim 17, further comprising:
a plurality of receiver units operative to receive the plurality of packets from a

plurality of terminals via a reverse link.

27. A method of receiving data in a wireless communication system,
comprising:
decoding each of a plurality of packets; and
if at least one packet is decoded correctly,
terminating transmission of each packet decoded correctly,

estimating interference due to each packet decoded correctly,



predeterm ned threshold. 26. The apparatus of claim

17, further conprising: a plurality of receiver units
wopercat283e to receive the plurality of packet sPETas2@6/020611
plurality of termnals via aj¢everse link. 27. A

nmet hod of receiving data in a wireless comuni cation

system CQERli3h NGe GGARALA%nRAEREE ud!ifr Bldyt t decoded
packet s; a?}qg{elhgéatglel egst onenpacEaélt i's decogée(gl1 %a&ge ecode
cor r eotrégtly, bt ni nat i ng transm ssi on of each packet

packet - doGBHEPEHEPARONS O AREG PG NE S Pl It Borialy with

| nt erfesedteoiacke RasIRIRBEKELy. decoded correctly, and
decodi ng each of one or nore packets overl appi ng at

| east partially with the at | east one packet decoded

corrggtly~.28. .Th t.h f.claimz27 further
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transm ssion for the packet. 29. The nethod of claim
(B7ARRQ) prepspissomfnriths pagketr ecei vi ng at | east one bl ock
transm ssion for each of the plurality of packets, and
wherein each of the plurality of packets is decoded
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for the. packet. 30. The nmethod of clai 7, . further
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tiangyaissipn recetvedl ferfthe hacket.ural ity of packets is
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plurality of packets is pseudo-random with respect to the at least one time-frequency

block for each remaining one of the plurality of packets.

31.  An apparatus comprising:

means for decoding each of a plurality of packets;

means for terminating transmission of each of at least one packet decoded
correctly;

means for estimating interference due to each packet decoded correctly;

means for canceling the estimated interference due to each packet decoded
correctly; and

means for decoding each of one or more packets overlapping at least partially

with the at least one packet decoded correctly.

32.  The apparatus of claim 31, further comprising:
means for receiving each of the plurality of packets via a hybrid automatic

repeat request (H-ARQ) transmission for the packet.



means for estimating interference due to each packet
decoded correctly; neans for canceling the estimted
wonveyiBeasence due to each packet decoded correeCirs2@am20611
means for decodi ng each of o or nore packets
over| apping at |least partially with the at | east one
pack de . ﬁgﬁ@ tus of claim
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of the plurality of packets is pseudo-randomw th

respect to the at |east one time-frequency block for

each remaining one of the plurality of packets.



