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for variations in signal properties. These signal

properties may relate to channel and interference
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mtted data streans, etc. The derivation of the
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transmit M data streams from the M transmit antennas. These data streams are distorted
by the wireless environment and further degraded by noise and interference. A receiver
receives the transmitted data streams via the N receive antennas. The received signal
from each receive antenna contains scaled and delayed versions of the transmitted data
streams. The transmitted data streams are thus dispersed among the N received signals
from the N receive antennas. The receiver may then process the N received signals with
a space-time equalizer to recover the transmitted data streams.
[0004] The receiver may dynamically derive coefficients for the space-time
equalizer to account for variations in signal properties. These signal properties may
relate to channel and interference statistics, spatio-temporal processing of the
transmitted data streams, etc. The derivation of the equalizer coefficients is
computationally intensive. Updating these equalizer coefficients to match the fastest
changes in the signal properties may result in a very complex receiver. Updating these
equalizer coefficients at a slower rate may result in performance degradation.

[0005] There is therefore a need in the art for techniques to efficiently receive a

MIMO transmission.
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performance degradation. [0005] There is therefore a
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may be derived for each channelization code. Partitioning the receiver processing into
multiple stages simplifies the derivation of the front-end filter and the combiner
matrices while achieving good performance. The front-end filter and combiner matrices
may be updated separately at the same or different rates.

[0008] According to an aspect, an apparatus is described which includes at least one
processor and a memory. The processor(s) filter received data to process non on-time
signal components in multiple received signals and obtain filtered data. The
processor(s) also process the filtered data to combine on-time signal components for
multiple transmitted signals.

[0009] According to another aspect, an apparatus is described which includes at

least one processor and a memory. The processor(s) derive a front-end filter for

processing non on-time signal components in multiple received signals and also derive
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various blocks within the receiver. [0015] FIG 5
shows a process for recovering a M MO transm ssion at
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dthiuRicgtidc §R%EM{ GiMAhs VoI eMBrision Multiple Access (CDMA) systems,
Time Division Multiple Access (TDMA) systems, Frequency Division Multiple Access
(FDMA) systems, Orthogonal FDMA (OFDMA) systems, Single-Carrier FDMA (SC-
FDMA) systems, etc. A CDMA system utilizes code division multiplexing (CDM) and
transmits modulation symbols in parallel using different channelization codes. A
CDMA system may utilize a radio technology such as Wideband-CDMA (W-CDMA),
c¢dma2000, etc. cdma2000 covers 1S-2000, IS-856, and IS-95 standards. A TDMA
system may utilize a radio technology such as Global System for Mobile
Communications (GSM). W-CDMA and GSM are described in documents from an
organization named “3rd Generation Partnership Project” (3GPP). ¢dma2000 is
described in documents from an organization named “3rd Generation Partnership
Project 2” (3GPP2). 3GPP and 3GPP2 documents are publicly available. An OFDMA
system utilizes orthogonal frequency division multiplexing (OFDM) and transmits
modulation symbols in the frequency domain on orthogonal subcarriers. An SC-FDMA
system utilizes single-carrier frequency division multiplexing (SC-FDM) and transmits

modulation symbols in the time domain on orthogonal subcarriers.
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a modulation scheme such as PSK or QAM. Pilot is data that is known a priori by both
the transmitter and receiver. A TX MIMO processor 114 performs spatial or spatio-
temporal processing on the data and pilot symbols as described below and provides
output symbols to multiple (M) CDMA modulators 116a through 116m. Each CDMA
modulator 116 processes its output symbols as described below and provides output
chips to an associated transmitter unit (TMTR) 118. Each transmitter unit 118
processes (e.g., converts to analog, amplifies, filters, and frequency upconverts) its
output chips and generates a modulated signal. M modulated signals from M
transmitter units 118a through 118m are transmitted from M antennas 120a through
120m, respectively.

[0020] At receiver 150, multiple (N) antennas 152a through 152n receive the

transmitted signals via various propagation paths in the wireless environment and
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sequence is the length or spreading factor of the channelization code. In general, any

set of one or more channelization codes may be used for each transmit antenna, and the
channelization codes may have the same or different spreading factors. For simplicity,
the following description assumes that the channelization codes have the same
spreading factor. The same set of C channelization codes may be reused for each of the
M transmit antennas. For MIMO, up to M symbols may be sent simultancously via M
transmit antennas. For MIMO-CDM, up to C-M symbols may be sent simultaneously
via M transmit antennas with C channelization codes. MIMO processing may be
performed separately for each of the C channelization codes. MIMO processing is

performed across all M transmit antennas for each channelization code. CDM
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used for each of the M transmit antennas. In one design, the same channelization code
is used for pilot for all M transmit antennas. In another design, M channelization codes
are used for pilot for the M transmit antennas, and the remaining C—M channelization
codes may be reused for each of the M transmit antennas. The same scrambling
sequence may be used for all M transmit antennas, as shown in FIG. 3. Alternatively, a
different scrambling sequence may be used for each transmit antenna. The spreading
and scrambling may also be performed in other manners.

[0026] A MIMO channel is formed by the propagation environment between the M
transmit antennas at transmitter 110 and the N receive antennas at receiver 150. L data

symbols may be sent in parallel from the M transmit antennas for each channelization

code, where 1 <L <min {M, N}. Receiver 150 may analyze the performance (e.g.,

throughput) of the MIMO channel for different values of L (and possibly different
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Table 1
MIMO Mode L M B. Source of Data Symbols
CLTD 1 2 B.=B_, From a single encoded frame.
PARC L=M| >2 B.=1 From L different encoded frames.
CRBLAST L=M| >2 B.=1 From a single encoded frame.




and scranbling may al so be perfornmed in other manners.
[0026] A M MO channel is forned by the propagation
wepwrnorment between the Mtransmt antennas aPCT/US2006/061440
transmtter 110 and the N receive antennas at receiver
150. L data synbols may be sefit in parallel fromthe M

transmt antennas for each channelization code where

1<g.rxAdn { M = N{} Recei pei= Bﬁmg :)Frcﬂﬁ%k))féﬁ etne&ied frames.

nce \v g- fhrnuanufT he M

di fferent val ues of L (and p033| bly differ enttransmt

| cesfRGhRLS) 1 RRLy TRYHRfESIAL 42! 18 b @ ansmit ant
[Hrag(ﬂsmt rrrrgsﬁlﬁilvect o?’?e Rat Cg%hlAe Céss g%esetth ansimit anfehna
penfeachngmnd®! pEd@Rsy s Tolbmsm tter 110 may perform
transmtter spatial processing for each channeli zati on
code c |n eggh synbol period s, as follows: d =

R P R G

c(s) Kz(c)(s

synbols, Bc is an L xMtransmt matrix for

channeli zation code ¢, d c(s) = [<il c(s) d2c(s) ...
dhkiessynbodl pericains erespondmg tr chof peuedphiis siyebdy s,= add C = \_k/ Cj
" denotes a transpose. [0028] Each el enent of bc(s)

by g@org,espantie sab cqualitd fep dort cadmtbanathzaion cddethdais aot used.
streans nmay have different gains, in which case matrix
Bd3Hay Hﬁvharmieﬁmioemodcs) mwathmdifferems spreadidg fficons rare da¢da then the

CA T A R assSEaT- St ARty HhE 0y RRSEELNg 11 B

transmt d| versity (STTD) may al so be perforned but is
not shown Lquation (1). [0029] Dijferent transmt

mat r i ggsk) ;bée Lusad nierC gi 4 f gk et C M|Mtkyndes such as

cl osed | oop\&Eransnit diversity (CLTDy, per antenna
rate control (PARC), code reuse Bell Labs |ayered

et tive array
?fﬁa% ct isrfﬁe 5@%@0@9%@@%@@%&@ @%g&ges and. for

each die thegivmger bf cinn@ezationl codves usalior grandmit hE et

synbols. In Table 1, Bc may be a 2 x 1 vector selected

foodn t heFos stmgljcltyefhe/ llpwing, ddsdrigign Bsumeq thiat cha{niheléijatian codes
4 1 I 2 2

x/j\_/ith] sp}rea’din[g face:tor 0¥ C 1sdustec)1( ?or eac% tlkr)a%sr?nt an)t(enna m%n equatlon (2} output

symbol d, .(s) is spread with channelization code ¢ with spreading factor C and scaled
by gain g, . to obtain data chips. The spreading is achieved by replicating output
symbol d,, (s) a number of C times and multiplying the C output symbol copies with

the C“ chips v,(k) of channelization code c¢. The data and pilot chips for all C

channelization codes are summed and further scrambled with scrambling sequence

p(k) to obtain output chips y, (k) for transmit antenna m. The same CDMA

processing is performed for each of the M transmit antennas.
[0033] The received samples at receiver 150 in each chip period & may be expressed

as:

x(k)=Hy(k)+n(k) , Eq (3)

where y(k) is a Tx1 vector of output chips, where T is described below,




selected fromthe set ej pl Ae -jl pl A. |1 is an
identity matrix with e i plL e-]plL ones along the

walc@gonghs and zeros el sewhere. Tabl e 1[ 0030] PCT/US2006/061440

Transmitter 110 may perform CDVA processing for each
transmt antenna min each syftbol period s, as
follows: ymk) -vc(k nmodC) -dmk d p(k) , for / =1,
M is @gReD) chimmckresganse maprey, ivderesR dodesedprinutiowg t o
chip period k is given by s =k div C=\_k IG . The
gai n &P way el seetosgliegceived senmdes 8rd each
channel j zation code that is not used. [0031] If
channéﬁlf)zlétapcﬁﬂxéd’@é%’wt?ﬁ di fferent spreading factors
are used, then the CDVA processing for transmt
B84 nna Rocomyr b#) sweprdessedthesecgied) signal ok caahd€cdive dmenna at

k div (k re Cc is the spr.eading factoy of
et 251l S0GE £, 4 ipennors R qufggecpral K 1. 1n cach
ahggseﬁb& % aleb Q0erCOBERaHeREin PI Kt §ARNAET fro@Nth8NRReer 154 and form
[0032] For sinplicity, the following description

asiubesstackatz dhdindel samates dinoro ddescavdrh 1§ dladigly 154n. E is the
factor of Cis used for each transmt antenna. In

kgedcafdhe fropt-ensieqyatizes piessrivanty yn ngmbgyrefzding tI general, E>1

. / . i g '
GREPIE L SOLLOROERI® S A DRt OISR SO0 gy
6k aaRIRER RYcikeP kdrglﬁbé AYMONt e v Y@ as FBE ESchif periods, where
nunber of C tinmes and nultiplying the C output synbol
copNeE- W th the C(c) chips vec(k) of channelization

code ¢ .. The data and pil ot chiﬁ)s for all C

O833nel iMafixoH evtias Hms-domave ahaviagl aputlireiesranseidor @l transmit

with scrambling.seqguence p t bt ai n _out put chi ps

S RS BT Knteialh RorheReis S et dilhg pevveen
behPRifAiMRAtchR aBdChcRirebdife MhichanSoi b @Ml &4MAS.N propagation
[0033] The received sanples at receiver 150 in each '
ehinpelp detvargnkherdyd) tieesraik prigsrascandsN reqekve antgoRy. Eaglk propagation
'thGanglg’l)has a particular impulse response determined by the wireless environment. The

response of a single-input multiple-output (SIMO) channel between each transmit

antenna m and the N receive antennas may be given by an R xT_ submatrix H, . The
number of rows in H,, is determined by the number of entries in x(k). The number of

columns in H,, is determined by the equalizer length E as well as the time span of the

impulse responses between transmit antenna m and the N receive antennas. T, may be

given as follows:
T, = ’VE +max {£, }-‘ , Eq(4)

where [/, is the time span of the impulse response between transmit antenna m and

'
receive antenna #, in number of chips.

[0036] Matrix H is composed of M submatrices H,, , for m =1, ..., M, as follows:
H=[H H, .. Hy]. Eq (5)

H has a dimension of R xT, where T=T, + T, +...+T,.



where y() is a T x | vector of output chips, where T

is described below,His an R x T channel response
woredoriixi7isshere R is described bel ow, x(k) is aPCRUS2006/061440
vector of received sanples, and n(k) is an R x | noise
vector. [0034] Receiver 150 ndy digitize the recelved

signal from each receive antenna at K tines the chi

A3, wh&ctorky(ks iamompesedanfpVli sugvecters oy ARdl, fon ngerleraM for the
K> 1. In each chip period k, receiver 150 nay obtain

M Krananp| @seriaom Eabhsutecetbrv ey (Ep4inalnded di,moutpkt) chips from one
stacking N -E -K sanples from'N receivers 154a through
brbinit dntérhatih ecrlt@B@hhctp péisi £ rvmtoﬁ?@)%d%hb‘z&for%t (k) may be
recei ver 150, in nunber of chips. In—general, E >

affcdiBYade sel ected based on a tradeoff betmeen

recei ver conplexity and performance. x(k) includes R

recei ved sanples from N receive antennas for E chip

peri ods, = N E K . [003B}, (Kat/dj,x2H1¢ont ai ns

time- donalnyéﬁb nel inpul se responses for all| transmt

and recei veydghd enna pairs. As shown in FIG 1, there

i s a pffyagati on chapiel Beffeen each.tansmit- ant enna Eq(6)
and each recéive antenna, or a ftotal of MN
propagat i orv,¢fannel s bet ween t he M tr n251 ant ennas
and N recelve antennas. Each pr ;hnel has a
particul ar inpulse response detern1ned by the wirel ess

AT o B ol BresRsste Bl veen each ¢ ransmi

antenna mand the N receive antennas may be given by
an R x Tmgyubmatri x Hm The nunber of rows in Hnis
det er X(@ed%;ﬂ,x We(kuninék) of entries in x(k) . The Eq (7)
nunber of wolumms in Hnis determ ned by the equalizer
length E as well as the tinme span of the inpul se

ons e
Qg?ﬂénnag%r_?% Iﬁfggél gng?\S;lglﬁ&%ag%%gﬁF% &&r@u B@m{}l £ EE, dni{ﬁut chips
greBent| fromEgcl ansnie e i sintl Réa 4 SIMOS(pianntﬂfthe response of H
i npul se response between transmt antenna m and
toetbeN/eeceimt enteanas, The rocemedrsamiplos i p¢k) [ro086]coMatbutismsfrom all

I s conposed of M submatrices Hmw for m=1, ..., M, as
Moiranpet antennas.  x(k), y(k), and H may be relatively large As an exarnple with

M=2,N=2,K=2,E=20, T=48,and R =80, y(k) would be a 48x1 vector, H

would be an 80x48 matrix, and X(k) would be an 80 x1 vector.

[0040] The noise may be assumed to be stationary complex random vector with
E{n(k);=0, and Eq (8)
E{n(k)n"(k)}=R,, , Eq (9)

where £ { } is an expectation operation, 0 is a vector of all zeros, R, is an RxR
noise covariance matrix, and “ /> denotes a conjugate transpose. Equations (8) and (9)

indicate that the noise has zero mean and a covariance matrix of R,
[0041] Receiver 150 may recover the data symbols in b_(s) for each channelization

code ¢ by filtering the received samples in x(k) with a bank of L filters for



S=[HH ... HM] . Eq (5) H has a dinension of R X
T, where T=T1 + T2 + ... + TM.[0037] Vector y(k)
wo soocomposed of M subvectors y (k), for m = 1,PCT/US20M/061440

for the Mtransmt antennas. Each subvector y (k)

i ncl udes Tm out put chips fromlone transnt antenna m
centered at chip period k . Vector y(k) and subvector
ghanpglizetion wedeg mnd deagdesgreafjipgamy degerambbing (1®) filigrpd samples, as
Fj%g,be expressed as: M (k)= nymk) +n(k) Eq (7) m= \

6 3] For the nodel shown in equation (7), in each

chip period k, Tm out put chips are sent from each
transn1t antemnaéfﬂang via a SI MO channel with a

respo®s Y Iﬁ(lf)e[:‘é(/v@oﬁﬁt)eﬁ@?éﬁ The recei ved
sanples in x{K) include contributions fromall M
transmt antennfg» ¥{k) , y(k) , and H may be

rel ativel y=¥W.g i Hey(@irpIng) ) | Vit (h tddC 2 p(k N ,
K=2, E=20\V§ =48 —and R = 80, y(/t) would be o E0(10

48x1 vector, I n.80 x 48 matrix, and x( )
woul d be anfgb ﬁfézeﬁéﬂb )][0040] The noi se nmay be

assuned to | onary conpl ex random vector with E
{n(k)} =0 dl (8) E {n(k) nH(k)} =Rn Eq (9) where
E{ } is an expectation operation, 0 is a vector of

aII zer os IS an R x R noise covariance matri X,

" enot Roge- Equat i ons (8)
&?(Pnii¢—tg§;§§?9q%@ n0|s€iﬂg fo nmean and a Ea D
covarlance matrix of R 1111 . [0041] Receiver 150 may
recover the data,synbols in bc(s) for each
channg| (s%ate@én > n(k)-[v,(k mod ©) - p(k)] j

k=sC

Eq(12)

(s+1)C-1

10(8){%- . x(k)-[v.(k modC)-p(k)]*] HO.(s)+n.(s), Eq (13)

k=sC

W _isan L xR overall filter for channelization code c,

ﬁc(s) is an estimate of b_(s), and

“*” denotes a complex conjugate.
[0042] 0.(s) isa T x1 vector of despread symbols for channelization code ¢ and is
obtained based on the transmitted chips. n.(s) is an R x1 noise vector for
channelization code ¢ after descrambling and despreading. n.(s) conserves the
statistics of n(k), which are independent of channelization code ¢.  y (s) is an R x1
vector of despread symbols for channelization code ¢ and is obtained based on the
received samples. W _ includes the bank of L filters for channelization code c.
Equation (10) indicates that the processing with W _ may equivalently be performed on

the symbols in y (s) instead of the received samples in X(k).

[0043] Filter W_ may be a Weiner filter, which may be derived as:



code ¢ by filtering the received samples in x(k) with
a bank of L filters forchannelization code ¢ and then
waele®pnedds ng and descranbling the filtered sanpdEES2086061440

follows: () x(*) -[ve( nod O />(*)]'" Eq(1Q =2z )
where Q(s) = U=- y(k) -[vc(& nodQ p(k)f , Eq (1 1)
C =sc J nc(s) = n( [v kmodQ -p(k)]" \ , Eq (12) + n
() . ¥y %lBIxV@)I)&‘)(ﬂ)) LEX R(oMer@)yl filter for
channellzatlon codé ¢, bc () is an estimte of c(s)
, and " " _denp X (qonjugst 2 'S
a T x| veﬂt‘ort{@? %gg%ﬁl sy rrlb!J g_f o;{d%?mnel | zatl on  Eq(14)
code c and[irop‘ai rRed '"may ed on the transmtted chips.
nc () is an Rx | n0| se véctor for channelization
code c aqu( z ¢ g and despreadi ng. nc (S)
conserves the™s atlstl cs of n(k) , which are
|ndependent of channelization code ¢ . ¢ (s) is an R x

vec f d synbol s for channelization code c
‘é’ﬁﬁrl (Tb@ée) §§%§§gd on the received sanples. W Eq (15)
i ncludes the bank of L filters for channelization code
c . Eguatd 06, (30} ($H)hdiandt es that the processing with  Eq(16)
W may equival ently be performed on the symbols in c
(s) ipstepd of’the received sanples in x(k) . [0043] Eq (17)
Filter ‘W may be @ Weiner filter, which may be derived
as: \\¢ c.(s), - c (s s H 5 H +
[W#]{Q:EL{;C%S(E} x% c%)‘ialg(an)ce[(n,qrp((p_f b Q:Q;JQ: _Jggs\(ﬁih }%é‘ Rqatlon matrix
=H{ Q( ) qbf (s)} . Eq (15) _g c=E{ c(s) Hc

of ©_(s) and b.(5) and is indicative of the transmitted signal characteristic. R, is an
R xR correlation matrix for the wireless channel, signal, and noise statistics. Matrices

I'., y_,and R, are dependent on channelization code ¢ through transmit matrix B,
and gain g, .

[0045] Matrix I'. may be expressed as:
tr. T Eq (18)

where T is a part of I, that is not dependent on channelization code ¢. It can be

shown that only M elements of y are non-zero. The indices of the non-zero elements

of y are such that the R x L matrix @, may be expressed as:

.,=HG_ B, ,

Hy =

Eq (19)

where H is an R xM matrix containing M “on-time” columns of H, and
G, is an MxM diagonal matrix containing \/E "> for m=1,...,M, along

the diagonal and zeros elsewhere.

[0046] As shown in equation (5), H contains T =T, +T, +...+T,; columns for the
M transmit antennas. H contains M columns of H, or one column for cach transmit

antenna. The M columns of H multiply the M elements in y(k) that have their chip



(s)} , and Eq (16) R=HEH+ Rm. Eq (17) [0044] F
cisaTxTcovariance matrix of c(s) . gis a Tx L
w@ororelEgis on matri x of Qc(s) and c(s) and is iPCI/USI00&/€51440
of the transmtted signal characteristic. Rc is an R
x R correlation matrix for thE wirel ess channel
ignal, and noise statistics. Mtrices and R

tzmﬁ rdgathwbdi doprcademperation dn @waéleaélQ) tﬂm%columns may be
che%éﬁ&s d@@é Beﬁb@ﬁmﬁnd gain gnc. [0045] Matrix F c nay

expr essed g (18) where Fis a part of F c
fooay) is M@thdeE@mQ@faho@(ﬂ"ﬂ)Wﬁéﬂ Badippsssege ¢ . It
can be shown that only Melenments of g are non-zero.
The indices of the non-zero elenments of g are such
that tghe RHTLHffaIRlx Fc may be expressed as: Hr c =
Fc = H'Gc Bc ,” Eq (19) where His an R xM matrix

cont ai ni ng ol of H, and Gc is an M x
oI ;i_zegﬁng s Eq (20)

M di agonal ~ma cng C-gnt, for m=\, .. M,
al ong the_guai'o and zeros el sewhere. [0046] As
shown in e ( (5, Hcontains T=T1 + T2 + ... +

TM colums for the Mtransmt antennas. H contains M
columas of. H,, or one colum for each transmt
whelsrRa HEd MRal ums of Hrmultiply the Mel enents in Eq2D)
). that have their chiptinme aligned with the
ﬁ’@é&lread\éﬁtﬂé -aRicArAtoR (&GLAERY BID OE6FPIeE4E M col ums
may be identified as described below [0047] Matrix R
cin Sﬁuatl onﬁ)l??B may then be expressed as: =HEH + Rm
+Hr ¢ HE( c—cR+FCFHCV\hereR—HfH+Rm
Eg (21) [0048] Matrlx W in equation (14) may then be
expressed—z{§+® ®’1"HG, B,

L . . Eq(22)
=R HQCEC(IJFEC G.H R HG B)
=FA.
where F=R 'H , and Eq (23)
A.=G.B.(1+B/G H'R HG.B)". Eq (24)

[0049] In equation (23), F is a relatively large R x M matrix that is not dependent
on channelization code. In equation (24), A, is a small M x L. matrix that contains all

of the code dependent matrices in W_..

[0050] Equations (10) through (24) indicate that the processing at receiver 150 may
be performed in two stages. The first stage filters the received samples x(k) with a
front-end filter F that is not dependent on channelization code and further despreads
and descrambles the filtered samples to obtain filtered symbols. A single front-end
filter may be used for all channelization codes. The second stage combines the filtered
symbols with a combiner matrix A, for each channelization code ¢ to obtain detected
symbols for that channelization code. The front-end filter and combiner matrices may
be updated separately at the same rate or different rates.

[0051] The multi-stage receiver processing may be performed in various manners.

In the following description, pilot symbols are assumed to be sent with a transmit matrix



w =R HGB = Dwere F=RH, and Eq (23) Dc = &
Bc (I +Bf Gc | ' HGB) 1 Eq (24) [0049] In
weeuwatiom (23), Fis arelatively large R x M P@EL/UE2006/061440
that is not dependent on channelization code. In
equation (24), Dc is a small M x L matrix that
contains all of the code dependent matrices in W .
pOABOT I Byuanisiopsth¢ seinct ¢rongiration)codadi dert eadhhaf thhé transmit
proceSS|ng at recelver 150 may erfornmed jn two
atgyrs. TRl Pt wﬂ balg srcjealffq ‘I‘Sts%‘?%‘? fhie preasiclates QpeRbagenal so that

?@ﬁm 28T oAt O ek SpPE LB SR from the M

g esélthe fb terre({ll sanples to obtain filtered
e%%%ﬁ'néqﬂpgﬁ? %nd filter may be used for all

Fb!ﬂ g nel 'Iﬁ%’e%c&%iie&ﬂgﬁhﬁroﬁte&fanﬂlt@rt POR £&QRBI NARE KEE for the first
| tered synbols with a conbi ner matrix Dc for each

ﬁﬁgeﬂ(‘tﬁ I I&tblaék ¢e0ien <FIG0lpbﬁlaldbndﬁﬁ&%ﬁﬁxsbmb@bcsmﬁﬂéd for each
that channelization code. The front-end filter and
clombelnatiomaddd andsusedifor blee sepoiat eaesieparfat Bbgk 510 mHAG. 1).

BB, 2 S gL S SBR e a2 %Rt symbols

PRANRLS-sqhdted Befigh, la@hingvdescri ption, pilot symbol s
are assumsd to be sent with a transnmt matrixof Bc = 1

and using the sane channelization code p for each of
t he ransm ?ﬁ nas Lot synbol s are al so
assu prén e g@&?&ia@éa—@ érthogonal so that {bp
(s) bp (s)} "=I'™% where bp (s) is an Mx | vector of
pil ot synmbols sent fromthe Mtransmt antennas in

wyeRol, g)r isQfl ©x1 Fv[egg)ggf désBre%ﬂ‘fnlee%%%r desi gn,

front—eVn ter i's derived and used for the first
%???)ﬁ@&g?i‘% Ojglpflatngﬁﬁ @Qeéé%aﬁn%’ﬁanﬁél | ?2?| gﬁngloggrand
1501 8854] HESSPEORHRhROS iy f bastbn BLACSPHER. bl By
o 68 ROSGALET OGO R SRy oo sateres

(s) \' \ 2, Eq (25)
[0054] The despread pilot symbols in x, (s) may be obtained as shown in equation

Eq (25)

(13), albeit with pilot channelization code p instead of channelization code ¢. The least
squares criterion selects a candidate filter matrix from among all candidate filter
matrices such that the quantity on the right hand side is minimized. The selected filter

matrix is provided as the least squares filter matrix W .

[0055] In the limit, with P —0 in equation (25), W may be expressed as:

W, =[E{x )z, " E{x, ()b, ()} . Eq (26)

[0056] For symbol level training, W, may be derived as follows. Despread pilot

symbols in X, (s) may be obtained from the received samples as shown in equation
(13). An RxR outer product x, (s) lj (s) may be computed and averaged over a

sufficient number of pilot symbols. An R xM outer product X, (s) pf (s) may also be



where ¢ (s) is an R x | vector of despread pil ot
synbols, Wis an R xM candi date filter matrix, Wp is
wW@eooR1xivig i [ ter matrix derived based on pil ot Bym81086/061440

and P is the nunber pilot synbols used to derive W.
[ 0054] The despread pilot synbols in ¢ (s) may be
obt ai ned as shown in equation (13), albeit with pilot
edrapired iandtaverageddeVy inreyt bagompuisHaned iorath diocoideagsd outer
. The least squares criterion selects a candi date
piodnets. M1, ringy flsohe demyrgl kased emradiuthatceledst sqearemnlyS) clelock least
such that the quantity on the right hand side is
puaray gte@meTrkersedhauesikiawn ertherditty j x is provi ded as

| east squares, fi.lter rix . 0 | he. ..
Margn”t, vﬁv:it"{ KR 1eE FIEgEaf :@Eﬁr (78)°° 9@%&35%86‘{;%@%%@8 samples
asing Wededst {quages(coijerdhpas(B)lopwg | E {c p (s) bHp (s)}
Eq (26) [0056] For synbol |evel training, Wmy be
derived as foll ows. Despread pilot synmbols in c (S)

may bgyobt ai n%’%? r ﬁw ggk r_ipgis\(%d(ksr%g@bgs @$ shown in Eq (27)
equat roh -wP (¥3).. Q ut ef produ /¢ Hs) c H(,

s) may be conput’ed and averaged over a sufficient

nunber of pilot synbols. An R xM outer product c (S)

there{ B) (stBY, (- 0k P BCOHMMIL ed/cad oft pabadeps oMby bhepreading and
conput ed based on the two averaged outer products. W
serymBbllirgOthb §ileedyimitts. based on recursive | east squares

(RLS), block |east squares, or some other techniques

KRBRIn i rintheelimit with 8057 inranationi (87), Vel may bg eiptgpschas:

filter may be derived based on received sanpl es using

the | east squares criterion, as follows: | |W x(k) -

p (s) Wyp [6K xtibyx ) (K E 4x(b) B, () Bg (kR PkMhere _p (s) Eq(28)
-vp {k) -p{k) is an Mx | vector of pilot chips

obt ai ned by spreadi ng and scranbling the pil ot

ppadiol s.For @Bf8leveintraihmg| Wi, t mawibe hleRved>as folkgusat AonR xR outer
(27), Wmay be expressed as:

product x(k)x" (k) may be computed based on the received samples and averaged over

a sufficient number of pilot symbols. An R x M outer product x(k) pf (s)-v,(k)- p(k)
may also be computed and averaged. W, may then be computed based on the two

averaged outer products.

[0060] From equation (22), W , may be expressed as:

W, =R HG,(I+G,H' R HG,)"
4 ’4 ’4 4 Eq (29)
-1
=FG,I+P))
where P, =G, H" R HG, Eq (30)
[0061] The M xM matrix P, may be estimated as follows:
1 S+ P-1 H H
B,== 3 E 2, (0b)(s) Eq(31)

8 =5,



Wp =[E {x(k) cH(k)}] 1 E {x(k) bHp (s) -vp (k) -p(k)}

Eq (28) [0059] For chip level training, Wmy be

walesoraedisas follows. An R X R outer product x(ROT/UH{0kG/061440

may be conputed based on the received sanples and
averaged over a sufficient nulfber of pilot synbols. An
R x Mouter product x(k) bp (s) vp (k) p(k) may al so
bhe esimaic of Bynbiccawes s acauatayn threhmbewdbrputed Svadedto W,
on the two averaged outer products. [0060] From
@quaty dro Pe@timdfdieascden piprabgsaustenst of\Mlot Fnihals.Q + G
HRHG) 1Eq (29 =FG(l +P) 1 where Vp =@ HR
oolo2Fp . Hront(<d)fil{ed d6 fjay Deeleiviod Bisedhom equaHong3d)bas follows:
estimated as follows: () !'>>) Eq (31)The estinate of
P becones nore accurate in the limt, with P -.
Si ni | &=, WPPGRy al so be estimated based on pilot Eq(32)
chi ps instead of pilot synbols. [0062] Front-end
filter F may be derived based on equation (29), as
foob3lows :CdmbEndl/ hdtrik B, )mdy; bd deriveq {a832) oh @Q68Jon€qdd) arelr (30), as
matri x Dc may be derived based on equations (24) and
fdloys: as follows: ¢ =GB (I +Bf GG1 P G1&x B) 1

Eq (33) [0064] Filter W may be expressed based on W

and P, ol | ops: . W =, F | # Bf G HR H GOBC
eq (34 r@ﬁfégsﬁaﬁﬁéé 1P G1G B 1 [0065]) Eq(33)

As shown in equation (32), front-end filter F may be
deri ved S on and P |, i ch [ urn b
U8 40 6 a0 dh P PiTsessiy Hvs 6 O il AL Shetin i n

W

—_

FG.B. (I1+B"G. H'R 'HG.B)"
Eq (34)

-1 H -1 -1 1
Ep (1+Bp)gp Qc EC (l+Ec Qc Qp Bp Qp Qc Ec) °

[0065] As shown in equation (32), front-end filter F may be derived based on W,
and P, which may in turn be estimated based on pilot symbols or chips. As shown in

equation (33), combiner matrix A, for each channelization code ¢ may be derived based

on P, , gain matrices G, and G, for pilot and data, and transmit matrix B, for

channelization code ¢. G, Q: is also referred to as a traffic-to-pilot ratio and may be
known (e.g., via signaling) or estimated by the receiver. It is normally sufficient to

estimate the traffic-to-pilot ratio G. Q:, and G, and G, do not need to be estimated

separately.
[0066] Receiver 150 may recover the data symbols in b_(s) as follows:
R 1 (s+1)C-1 .
b.(s)= A (— >, E7 x(k)-[v.(k mod C)- p(k)] j : Eq (35)
'\/E k=sC
[0067] Receiver 150 may perform the processing for equation (35) in two stages. In

the first part of the first stage, receiver 150 may perform front-end filtering in each chip

period £, as follows:



equation (33), conbiner matrix Dc for each

channel i zati on code ¢ nay be derived based on P, gain
woredoritcess Go and Gc for pilot and data, and trBeEDE1006/061440

matri x Bc for channelization code ¢ . Gc & is also

referred to as a traffic-to-pi1ot ratio and may be

known (e.g., via signaling) or estimted by the

recei wér).= Ff x(B) normal Iy sufficient to estinate the Eq (36)

traffic-to-pilot ratio Gc G , and G and Gc do not

need to be estimated separately. [0066] Receiver 150

Whyrerg@)\imn Mel dza«‘:tar s&iﬂﬂimbcswmples( s) as follows: b

c(s) = | . %mé [0067] Receiver 150 may perform

t0geSIpr od@s@ﬁn@c r@qtuaf ithr frg5ptagey tagelvet dgBsmay ndasprgad and

flr st iver 150

LR RE I gl el 8 P ST RO g Bl

folloms (k) = Hx(k) , Eq (36) mhere (k) is an M x I

vecton of fijlteed sanples. [0068] Jn the second part

of thd @Drgy=st (kﬁdféﬁGQQ G5@(kHy- despr ead and Eq(37)
descranbl e i9tered sanpl es for each
channel i zati on code c, as foll ows: -[ve( nmod C)

é/vﬁére)é é%) aIF%QEZ)ect%S ﬁltg‘&q %ﬁt)l‘%(??l ?he o}q%gﬁf{[it)e%ff d. (s).
[09686°] 1R Hﬁe s&RBANGta S AfReivEL ISV Blay 1 PO fHMRY &)%{Hlﬁh@ for each
combi ni ng for each channelization code c, as fol

fleandjzaRec epdear, a Bdlomsy al so recover the data synbols

in c(s) as follows: L(S) =A" " -[vc(k modC) p(k)f . Eq

(39) [.0071] Equation (39) may al so be performed in two

st ages- SPn¢¥h§ ) r st part of the first stage, receiver Eq (38)
150 may despread and descranbl e the recelved sanpl es

rnicr s HEPEREY BRLHREIFDLT B lnBoR iU BB & s

part of the first stage, receiver 150 may perform

filtering on, the (despread synbols for each

channdl.is2atA’oR” ¢ %xﬁh)ﬂv[@%&n&b@bﬁ(kﬁnt end filter F Eq(39)
to obtain fllte syivtbol s for that channelization

code. In the second stage, receiver 150 nay

[0071] Equation (39) may also be performed in two stages. In the first part of the
first stage, receiver 150 may despread and descramble the received samples for each
channelization code ¢ to obtain despread symbols for that channelization code. In the
second part of the first stage, receiver 150 may perform filtering on the despread
symbols for each channelization code ¢ with the same front-end filter F to obtain
filtered symbols for that channelization code. In the second stage, receiver 150 may
combine the filtered symbols for each channelization code ¢ with the combiner matrix

A, for that channelization code.

[0072] W is obtained based on pilot symbols or chips and may not have

P
converged to the optimal settings, e.g., because a finite number of pilot symbols (P) is

used for training. In such instances, using F and A, derived based on W, may result

in performance degradation.



conmbine the filtered synbols for each channelization
code ¢ with the conbiner matrix Dc for that
webannet7igat i on code. [0072] Wis obtai ned baspdr/os2006/061440

pil ot synmbols or chips and may not have converged to

the optinmal settings, e.g., because a finite nunber of

pilot synbols (P) is used for training. In such

[0923]1ancds,angthich gecrivan dedign, dB i vedsddaaselic drontwendyilter for the first

result in performance degradation.[0073] In another

stegei Axenontbassr gmatriD siswoaghuted foheachrabannedipatidni ¢aderc dndrused for

the first stage. A conbiner matrix Dc is conputed for
SRCUHSHASE! | zati on code ¢ and used for the second

e. [®Q7 T i bt S ' j W may
e S derSnliply YT S A AL PGt By YL A0
bc(s) +nc(s) where Ac = WH Gc Bc , and Eq (41) z c(s)
is an % | yector of filtered synbols for
channét 'Siaﬁ%{m £38dk ¢ . [0075] The data synbols in
bc(s) may be obtained as: bc( ) =DH zc( ) , Eq (42)
where Dc i s Wn WG B. b.dsibt nds) matrix for Eq (40)

channel i zati on code ¢ . [0076] Conbiner matri x Dc may
be derived=thskdsbhniishi rum nean square error ( MVSE)
criterion, as follows: [0077] The noi se covari ance

trix Rop £ y. be estimated as follows: n+t P-1 ,c =
shoe W RE(R) gds)] \2p (3) - A(s) p(s)] HEq Fa@D)
(44) r S=S C where A p =WH & . The second equality
i n eqéats) e Moy 1 vegar efsfilaresheintols fr chammglizagign code ¢.
unbi ased estimate of Apis sinply Ap =Yp . [0078]
rgms(]z/Is;( Therdata dyxbdts ey, (Pemey pe ebapddas: A = A 1G B .
q

b.(5)=D z.(s) , Eq (42)

where D, isan M x L combiner matrix for channelization code c.

[0076] Combiner matrix D, may be derived based on minimum mean square error

(MMSE) criterion, as follows:
D.=(A A’ +R, ) "A, . Eq (43)

[0077] The noise covariance matrix R, . may be estimated as follows:

R =2 2 [£,06)-A,()b,6)][Z,(5)-A, ()b, ()]

Eq (44)

so+P-1

> 2,z (5)-P, Py,

s=5,C

1
P
where A, =W HG, . The second equality in equation (44) results from the fact that
an unbiased estimate of A, is simply A =P .

[0078] The M x L matrix A, may be expressed as:



[0079] As shown in equation (45), matrix Ac may be
conputed for each channelization code ¢ based on (a)
woradoritx17i8 est i mat ed from pil ot synbols or chi pRCEOS2006/061440

applicable for all channelization codes and (b)
traffic-to-pilot ratio Go Gc khd transmit matrix Bc
that are specific for channelization code ¢ . As shown
in eql@tigﬁ Q;ﬁ@c,ﬁcc.orrbi ner matri x Dc may be conput ed Eq (45)
for each channelization code ¢ based on (a) noise
covariance matrix R mc that is applicable for al
pe29inel iZatshown codeguaiva (49), maitrik X AAC monhet edmpated for each
channel i zati on code ¢ . [0080] Conbiner matri x Dc may
ehagoclivaties todeat babed on (@aundiris Hynestiniazeat from pelotisynebadsor chips and
follows: D=R-; 1 AEq (47) where Rzz is an M xM
gpltblameeal NEahhdikB6n €4del and (O ickdrpReruatio (I_Il; (G'69nd transmit
an outer product zc ( ) zf (s) may be conputed for
pagtk @amachiZidcit fR0anidiRRtidY es@ged QY ehowh lin equation (43),
channeli zati on codes with the same transnmt matrix Bc
comabiderf thatrbeD away agecbnapired forsetich i chbaidizatioibesdeoé based on (a)
synbol periods to obtain covariance matrix R zz . Dc
neiye thremiabee cpnputRegd. bhateid appligeblana dlhehimvkzasion afod& and (b)
zz [0082] Receiver 150 may recover the data synbols in
e(rs) Aascohplutadvier cHap&ylizabn coder. (48) [ 0083] In
equation (48), receiver 150 may filter the received
HABYI es Ganebin¢rrwatrixeBd nidyl aleg byrestimeted fojessph shenngheption code ¢
degﬁranble the filtered sanples for each

H&Pi zati on code c, and then conbine the filtered
synbol s for each channelization code with conbi ner

matrix D . (¢]0084] Receiyer 150 may al so recover the
dat a g/znbaﬂ%—i- lgp(@zfas)gf,olalndws: -[ve(k nod Eq (46)
O-P(A)]" C 1 (49) [0085] In equation (49), receiver

150 may despread and descranbl e the received sanpl es

for each channelization code c, then filter the

despr &ad-Bynbol s for each channelization code with Eq (47)
front-end filter W, and then conbine the filtered

synbal's for : :

w%ereokzz isan M xM covariance matrix for z.(s).

[0081] In equation (46), an outer product z (s)z. (s) may be computed for each
channelization code, then averaged over all channelization codes with the same transmit

matrix B,, and further averaged over a sufficient number of symbol periods to obtain

covariance matrix R_. D, may then be computed based on A_ and the inverse of

BZZ *
[0082] Receiver 150 may recover the data symbols in b_(s) as follows:
R 1 (s+1)C-1 .
b.(s)=D7 [— Y. W, x(k)-[v.(k mod C)- p(k)] ] : Eq (48)
'\/E k=sC

[0083] In equation (48), receiver 150 may filter the received samples with front-end

filter W, then despread and descramble the filtered samples for each channelization

code ¢, and then combine the filtered symbols for each channelization code with

combiner matrix D..



each channelization code with conbiner matrix Dc .
[ 0086] The receiver processing may al so be perforned
WO poorit7ipl e stages in other manners. A speci fPCT/US2006/061440

recei ver design is described below. [0087] FIG 4

shows a bl ock di agram of a deX] gn of various bl ocks

within receiver 150 in FIG 1. In this design,

{0084t - erReceiver B0 may iso pesovarthedatpsymbols @ BLiv as follows:

denodul ati on. Bl ock 160 includes a front-end

filter/equalizer 310 nd a CDVA denodul at or 420.

Denodgl or #A0ri_ncl u espreaders

422a ?ﬁ %gécf_oggziﬂé%ﬂéﬁﬁﬁanneﬁﬁgéflon codes Eq(49)

used for traff| c data. Block 170 includes C conbiners

432a through 432C for up to C channelization codes

(0983 f orlntadaptione (494t mceiyon s8] mayt drispreat and slespripbleste received
g r t f

g’%gplesg g&eﬂ {,Egeﬁ ch%ﬁhélfﬁh% ?@ &éﬁe% %tgrgtﬁ}ewg%s %éaﬁ‘agr}ﬁlnq%ls for each

chaputisRtibe SPaNS RIS frdandé filpevir | dﬁldl &én pombincabe fiRéred symbols for

di fferent antennas and may determne the center of

84c@\thhnhcBibatidhecod b aih&onibim i geponses and/ or power

del ay profiles. Unit 442 may then determine the tim ng

@o8élhe ﬂéreenem&dersprgmlsmg bmsjedscmlhe tpegfomaett er maftiple stages in other

aV| ty ?91':9 A coe ftici é‘go(%)%t ation unit 444

PW%S COET T E°ENES ?S&ﬁn 1 FSIC d¥ed on the
[J il Ve*l@%h@%ﬂ aeolgck di %{Iﬁmdés&ne@f‘%tnoﬁﬁbﬁ)%@ within receiver
nit 444 may al so derive based on RLS, bl ock | east

$3uan &G of. shnthiptdeeigns éontkrglidilteTihg isi parfogmed prior to CDMA
nfo tion m nma €. _us for trainin

O STRO HHSTTE) el Toknlrate el Rbelited 410 8w coMA

d&eodieaet ¥EX DaRpdBstor Y0 tnchdids Qrdé%rﬁﬁﬁleW/&é%pfeﬁ@é}E 42Plthrough

filter 410. (ﬁLOOQO] Filter 410 perforns front-end

ﬂ%@@ é@ru wiy e uahanpghizagian sedeshusadefositindidc datepl Block (I includes C
}éﬂr{l ?ga B %h%%dfolrﬁ g fgﬁg}%lﬁaﬁmn oh&' ed for traffic data.
emodura ) an

e€ach u 6Spr ead
pess)r anblabintdheniddl Ipt@icesdr $ a6l 1@1$mfgoa’st1ﬁ1adirf4f49 fdettimines the timing
cgéhnellz tion code and provides filtered synbols z
g

§ r¢sEVer [pinalsh Anet422aey ewinadgiehanpelogppl AT%‘RP’PSG&%WOT power
g&?yptrp &s %}ddlﬁ%s—cﬁf %H@h%% Ml‘lemfﬁ}lllcfeﬁeﬁﬁﬁlesﬁ eﬁ%r fo®r. gravity of the
pi o ep

annel 1 zation co . its 422 an
plemhelr impdt&rresmdsersgandmi p@wc dalap Ipmfgeb abedar2trhey then determine

i ded . A ch i mator 448
tnethinile BE RSl beoion B SORCES arhabt Tt or ed
Riogst SyATJ@Qéf?imeﬁPé'Brﬁﬁﬂtﬁtlo‘h“lﬁnt ATy et 20 FEORRULBS filter W, based

on the received samples, €.g., as shown in equation (28). Unit 444 may also derive W,
based on RLS, block least squares, or some other technique. The timing information

from unit 442 may be used for training, e.g., to align the locally generated pilot chips

with the received samples. Unit 444 provides W to front-end filter 410.

[0090] Filter 410 performs front-end filtering/equalization on the received samples
x(k) with W = and provides filtered samples. Within demodulator 420, each unit 422
despreads and descrambles the filtered samples for a different channelization code and
provides filtered symbols z_.(s) for that channelization code.

[0091] A unit 446 despreads and descrambles the filtered samples for pilot

channelization code p. Units 422 and 446 perform despreading and descrambling based



the outer product zc( ) zf (s) for each channelization

code, averages the outer product across channelization
weowed1aml synbol periods, and provides corr el BET/O82006/061440

matrix Rzz , e.g., as shown in equation (46). A unit

452 derives the coefficients 3lor combiner matrix Dc

for each channelization code ¢ based on matrix WH

on e timing pryidednley govt ELat Aorhapag! rsiimptor A48y eshimatastan M xM
450, e de-specific trices, .as foll.ows: [0092
Wi WRH Pey %&f@e g Tilpg synabolp froghih a6 44 unit 450 computes

combines the filtered synbols for a different
tieamites | nreduct dn(s¢ 8d6s) cfobaadidchennelizatiero adrlen everages thg omer product
and provides detected synbols for that channelization .
pEaY, chrpudEption edoy apd pEmbaReriogs, gk Rrovies FeEdpti@ymatrix R,
signal, quality, .whj .b antified . a . .
S e Aarn T im sl ot e A o 8 badie Opr&fighs fop pqmbiner marix
3 I r ' 2 .
B oSk Th Ry R o L BRAUAMER DM AT uBP 48, the eqrreation
. Thepcovariance of _nc(s). my he. given J- = E
REPSRE BB 0T nd G p Tl BRSR VR FNN be gi ven
Rwwe = Df Rc Dc . [0094] The SINR of the /-th
el ement of, bg(sSk ~ Pt c(s) , may be expressed as:
wher e Cé%éﬂ?ﬁésﬁé%@gir,l)-th el ement of Lc , and is Eq (50)
the >th element o f [0095] SINR {bi (s)} is the SINR
he / . Uhe | chammgl £t :
Efo%idd navy}tglgq?éggﬁ\tdg @gf;%g? %\mdtg%?%{l rat eﬁ%ﬂo@t %oglﬁblgéa%?t ge filtered
rilgagnfor ThdiffrMR dhann@iaetishasdet ibasddi @ tHeogignisindrSmatrix D, and
ependent on transmit matrix Bc used for that
plvaniee detzettd symbalsl éor tlRe cbannelizdtle® cody. det er mi ne t he
| for, differept possj.bl ransmt matrices..and ..
B0t CBreetParSi PR KR o GHEL G Which may be
Rea@iiver byl 20 s[lwl-ﬁ)eia%rfee@ﬂ@aﬁ&nbﬁ& OfafiBt [(INR)O etc.  The detected
transm tter 110. This feedback information nay

onksls Gemrdqeationade iney hacxpigsssérsict ed for each
channel i zati on code, the SINR or data rate for each

channel j zati Qn cqde, raverage SINR or data rate for

al | cﬁdhﬁefi a#¥3$fﬁbaﬁs}kgvc. [ 0096] In general, Ea (51
front-end filt r&ﬁ%‘ggg)be performed in the first a5
stage to proce r-on-tinme signal conponents in the

M received signals. The front-end filter is, in

general,, ngt dependent op how the signals are ,
pheiceks edlatA+ #id . 6nsTRt tets)pr Ths cqvgriance of n.(s) may be given as
R, .=E{n,(s)n”(s)}. The covariance of w,(s) may be given R,.= D’ R,..D..

=Xmn,c

[0094] The SINR of the (-th element of b, (s), b,.(s) , may be expressed as:

|L.(0,0)]°
L 9
R, (LO+ DIL(LD|

i=li#{

SINR {b, .(s)} =

Eq (52)

where L_(/,7) is the (£,/)-th element of L, and
R, (£,0) is the ({,()-th elementof R ..

[0095] SINR {b, .(s)} is the SINR of the /-th data stream sent with channelization

code ¢ and may be used to select a data rate for that data stream. The SINR for each



transm ssion. For a CDMtransm ssion, the front-end
filter may be applicable for all channelization codes.

wab®78ecod st age may conbi ne the on-tinme si gneCT/US2006/061440

conponents to recover the L transmtted signals. The

combi ner matrices used in thelsecond stage may be

dependent on how the signals are processed prior to
thaanelidagen @ﬂde( e ngdepetldﬁmt ondregsinit meftixi &, Becdated thpdichannelization
matrlec used by the transm tter) and other factors

fleg. eqth@réﬁgﬁw dytgraypn e %éorsei'éﬁ%aqnt Spble iapgmig matrices
51?(1 Qelect E&qggazl]smﬁl rﬁ?’atmr? vﬁﬁf)ﬂ’@ %@?t%lgﬁ'{ OR @ik 956 ﬁﬁy%ggd feedback

recoveri ng transni ssion at a receiver.
fnfmttanen do ftnahssrmttef d) i 0.plboeSsdngk (elogmatiamompe mempnsfgthe transmit

EGlHoRRet: Forgih Shiineleiopefoud ol SR Feghfioguee for cach
cthaekzafidr todel BE a'ffefrﬁ)gbt SIRof ddtd Rike ﬁl@@ﬁ cR&inelisRoatc8ddshetc.

non on-tine signal ngonents Instead, the front-end
fOiOPQ]er ﬁn @@@@gleﬁonhen Hergng maynbe @plg“ﬁmledcmrfb@ HERSEEE o process
]8? eSI et %g{lalbc%nl%é) %ntg 1% the, N/Ierecgwaﬁi] S &ala Sﬂle fri)nt engt filter is, in

n-tine onen

g@@sdl ﬁ@ted@pm@emﬁ & H&W rthy sfghﬁlsC&’ﬁ’quﬁw’sgedOﬁlt- theNBarShi@tia! prior to
conmponents for nmultiple transmtted sngnal s is also
Hermyedon. bFeck M) tranppassiqno e ERe-gnd filier may bpappicable for all

&%hé[l%tleﬁ C JEEV\&B‘%: e dp%r H%{ ﬂlaglqﬁ)%bnﬁptﬂe ton Sinf é)%l‘gﬁap gésn.ponents to

matrices fved as’s in equati

Fﬁaeve‘rrtth-temknfttekitsegnarsamil cdmblixecr Waﬂlecrds\ueeti msths bﬁwnd istage may

equation (26) or. (28), and the combi ner trice :

B derendet tiopehpw thegigrialisare pERgTSIcH HagH 49 rraﬁsnelassyn &( &7{11@ transmit
T r e n [

Ao o Eahr A E] Wi RN BRI 86y TG B8Gs . the

éﬁala.harre@%%gag&{%ﬁgﬁgﬁgﬂ lgnl)recel ved data for pil ot

nce S “l'east squares criterion.

[00g7)COMFIRS sHBHE b @eSigiBYa Pﬁ)cgﬁrﬂmffgr RasRMingRA MO transmission
transmt matrices used to send data, the gains used

flor regaiver. A fEondrend filice §y5dmecesaag (ot ompensaing . wipgressing, or

%164}%3_?%1%} ?lblgn(ﬁ‘l il ds/ n%t{al rlﬁ%hﬁ)%gér{t?t hsl{l{l %le RlGived N§ 2& a%ngles is derived

matrices e deri ve I'n accor

Wilddk SMIHE Tie ﬁs@ma:ndtfher doesd h@riselnte[tBO A8H oRemee vigaldmhgonents.
isfilteredtOﬁ cess the non on-tine sig
bstrgdrianfiont-gng léerrﬁsp%qsmSéh? %%P%aleﬁ%%mmea&*km a desirable/

ﬁéx@imal:h{ahﬁére% n%afs§ (Rl %ﬁﬁﬁ?ﬂ%ﬁo i€ sfglﬂgl com}%ongnts At

on-time signa onents for tlpet ansm t
biagnaﬂles coboek rﬁeﬂtﬁ) foRemei bradg dat-ame omgnabrcmmﬂmanntsnfer multiple

nmb d fil d t th
‘Esg%(psp?l glg oéps alSo Qéerlveld l%rcl(ie 514)(.) Jlgf;eo ggtsend fe lter rnay be F derived

as shown in equation (32), and the combiner matrices may be A. derived as shown in

equation (33). The front-end filter may also be W derived as shown in equation (26)

or (28), and the combiner matrices may be D, derived, e.g., as shown in equation (43),

(47) or (50). The front-end filter and combiner matrices may also be derived in other
manners. The front-end filter may be derived based on received data for pilot and in
accordance with, e.g., least squares criterion. The combiner matrices may be derived
based on the transmit matrices used to send data, the gains used for data, a channel
response estimate, the front-end filter, signal and/or noise statistics, etc. The combiner

matrices may also be derived in accordance with MMSE or some other criterion.



conponents. Filtered data for one synbol period may be
processed to conbine the ontinme signal conponents. The

wo emeiiygas data and filtered data may be gi ven PEI/US2006/061440

sanpl es, symbols, etc. [0099] For a CDMtransnission
sent with nultiple channeliza®i on codes, a single
front-end filter ﬁhbe derived and used to process

t0888Inon Recivperdatgiiyhliered snprorestis naren-Hie sigsplcomponents in the
ﬁﬁlﬂml@%cel%& i ﬁ?ﬁ? FBIBM( ?196 d% ljte\[l da@{'% é)?gﬁg%etqu %81%9 |fd&he on-time
e ‘on-trnme

sibagi nehipoatito Iﬁ)rCtbd emltlpln tmnensteh sighalst(bick 6c1 8).vRdcdwadidadata for

is first filtered w.t the ndf|Iterto obt ai n
Merethasd PR eyerkeh pe A &f nigl(gqrg{? d0 prpsess he op on-time signal

f -
?‘I%ﬁ er eg et ﬁg'ta e ch m %&&g§ bk gr&g%_s%tei@o combine the on
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1%1)1/03\)5116 gﬁet, e.g., based on (a) samples for the received data and known pilot chips for
chip level training or (b) despread pilot symbols obtained from the received data and
known pilot symbols for symbol level training. The combiner matrices may be derived
based on the transmit matrices used for the multiple channelization codes, the gains for
the multiple channelization codes, a channel response estimate, the front-end filter,

signal and/or noise statistics, etc., or a combination thereof. The front-end filter and
. . .. H o2

channel response estimate may be estimated jointly, e.g.,as W, H.

[00101]  The multi-stage receiver may also be used for other communication systems.

For example, in a time division multiplexed (TDM) system, a front-end filter may be

derived based on pilot received in a first time interval, and a combiner matrix for a

second time interval may be derived based on a transmit matrix used in the second time
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f@oi@¥htsArasingtbatk tragynidely transsmtitad: edoroynd afterahs rh:snred symbol.
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darandendn e Sy MRt Renh@ksS, Fahanrpld, 288 itdRsBRd@n&ion may be
frequency slot or subcarrier index n, etc., and may be
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i d th
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nl =n2 , e expressed
for Cliffereht Qyn?ocﬁ@nf’a%'%zarthogonal so that < f(s,e,n), f (sz,cz,n2)> #0 only if

§,=S5,, ¢, =¢, and n, =n,, which may be expressed as (s,,¢,,7,) =(5,,¢,,1,) .

[00105] A received signal may include (a) desired signal components from a desired
transmit function f(s,,c;,n,) defined by tuple (s,,¢;,n,) and (b) other signal
components from other transmit functions f(s,c,n), with (s,c,n)#(s,,c,,n,). The

front-end filtering in the first stage would process the other signal components. The
combiner in the second stage would process the desired signal components.
[00106] For CDM, the transmit functions for symbol period s are determined by

channelization codes of length C multiplied by scrambling sequence p(k) . The transmit

function for symbol period s and channelization code ¢ may be denoted as f(s,c).
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/(.S 1,Cl) . [00108] In a single carri ef system

mhatS] dods amﬁgleltcaﬂriez systihthdt hioed nangtitiz EINIC theomsnsirety functions
be sinply digital deltas in time and nmay be given as
foex besymply dlggal deltag in fiFRs an af&%ﬁ% @évent%ef pOsi 4 orf) ofAs time 7
t he del % q? g i (1h n@ I n an OFDM based
%‘@PgﬁthFWSS PRR HF Rl %glﬁﬁ be for different

fObeRr 1 iRl & GFDNMEWSEE sGitMBN tHRS trhrdsnih functiohE meayNbs far different
subcarrier index. The subcarriers in OFDM may

wca@@tﬂoaml gy bfhﬁlVélh anriér.in2 avhens i @eﬁ@b%ﬁrlmem The subcarriers
1n 8’9 BR)[ %ntag rcorres){)msl(? to the channelization codes in CDM. A transmitter may send
N data/pilot symbols on N subcarriers in an OFDM symbol period from a given transmit
antenna by (a) converting the N data/pilot symbols to the time-domain with an inverse
fast Fourier transform (IFFT) to obtain N time-domain samples and (b) appending a
cyclic prefix to the time-domain samples to obtain an OFDM symbol. A receiver may
obtain received data/pilot symbols for a given receive antenna by (a) removing the
cyclic prefix in the received samples and (b) converting N received samples to the
frequency-domain with a fast Fourier transform (FFT) to obtain N received symbols for
the N subcarriers. The received symbols may correspond to z.(s) in equation (40),
where subscript ¢ is replaced with subcarrier index #n. For OFDM, the on-time signal
components may be signal components sent on a particular subcarrier from different
transmit antennas. The non on-time signal components may be signal components sent

on other subcarriers. The front-end filter may be implemented by the FFT and cyclic
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eI binations ofy ﬁ? F gg I ﬂlaétrat? iF lﬁﬁmhaﬂge@g}ﬁ Af hardware and
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t hroughout the above déscription may be’ represente
d@lcnb@eéaovc genaalsin tetrecof tham dwetiooalvmy éi%hetlnmgnelt ﬁmctlonahty is
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bdopusf thatpeesehi disdlodues.changeabi | ity of har dvvare and
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ncti ona
purpose processor, a dlgltal signal processor (DSP), an application specific integrated

circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[00113] The steps of a method or algorithm described in connection with the

disclosure herein may be embodied directly in hardware, in a software module executed
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[00114] The previous description of the disclosure is

provided to enable any person skilled in the art to
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the disclosure will be readily apparent to those

skilled in the art, and the g%heric princi pl es defined

herein may be applied to other variations w thout

departing fromthe spirit &LABMPe of the disclosure.
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t he exanpl es described herein but is to be accorded
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of claim1l, wherein the at | east one processor filters

time sigdekgopaengafa in tine dommin. 4. The apparatus of

claim1l, wherein the at | east one processor derives a

front-end filter for processing the non on-tine signa

conpoBent sThodpetestuy ef caiml le agtcramehe anfeasieme mabdedssor filters the

for. c ining the on-time signal conponents. 5. The

5%&%?§E%§“bﬁgﬁﬂﬁpﬁﬁﬂ, wherein the at |east one

processor derives the front-end filter based on

received data for pilot and derives the at |east one

conbi her n#he hppdratsedf chimt 1, |velastinche at teastsorict pnoagssdrxderives a
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one combiner matrix for combining the on-time signal components.

5. The apparatus of claim 4, wherein the at least one processor derives the
front-end filter based on received data for pilot and derives the at least one combiner
matrix based on at least one transmit matrix used to send data in the multiple

transmitted signals.

6. The apparatus of claim 1, wherein the at least one processor derives a
front-end filter for processing the non on-time signal components and derives multiple
combiner matrices for combining the on-time signal components for multiple

channelization codes used for the multiple transmitted signals.

7. The apparatus of claim 6, wherein the at least one processor filters the
received data with the front-end filter and processes the filtered data with the multiple

combiner matrices to obtain output data for the multiple channelization codes.



6. The apparatus of claim 1, wherein the at |east one
processor derives a front-end filter for processing
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wher oF ¢ hah fnegdut ogﬁlél%gozv Sist PR Fepscondrocbor drives the

frbAdriaeiIfr bhddi®h t(RARLEVEN diGnd RESLY lpidat @ and known
pilot. 11. The apparatus of claim6, wherein the at
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chi poP15° Thiariigiut 8 Seiftp. SR BF Arer Rkessyr derives the
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the received data with a pilot channelization code to obtain despread pilot symbols, and

derives the front-end filter based on the despread pilot symbols and known pilot

symbols.

13.  The apparatus of claim 6, wherein the at least one processor derives the

front-end filter based on least squares criterion.

14.  The apparatus of claim 6, wherein the at least one processor derives the
multiple combiner matrices based on multiple transmit matrices used for the multiple

channelization codes.

15.  The apparatus of claim 14, wherein the at least one processor derives the

multiple combiner matrices further based on gains for the multiple channelization codes.



13. The apparatus of claim6, wherein the at |east one
processor derives the front-end filter based on | east
waeowanesigriterion. 14. The apparatus of cl ai nP@I/US2006/061440

wherein the at | east one processor derives the
mul tiple conmbiner matrices ba¥ed on nultiple transnit
matrices used for the nultiple channelization codes.
15. The apparatus of claim 14, wherein the at | east
one proces ' ’ [ .t ol onmmj I .
Furt hit bag e RrESe A MR RO B B dcrives the
oattgde d@mbifiiematpieay Airthsr biscd loai anchhdnel whspoasaestineteadnd the front-
%%fét one processor derives the multiple comnbiner

{&es further based on a channel response estinmate
and the frontend filter. 17. The apparatus of claim
14, wherein the at |east one processor derives the
mul ti pT.e cOhbaperatuaof ¢laies | hagedeio thanatdeastiomerp@oessor derives the

square err.or (MMBE), criteri.an. 18. The appar f . .
RS e GiRGy ah e OF miSfiughen) SueeRB R aitsBLererion
conbi ner matri x for each channeli zati on code based on

a noi se covariance matrix, the front-end filter, a '

channé$. r eShoapeerays iofgtadn @nhacinrthnghidastneiter precdsser derives a

%rﬁbi%@ra&?ﬁ{xl % te%l&lnclfa%gglizagigﬁ C(-)r eebaas8§ %Eaat Iyﬁseogov%lrigrllcrg 1161atrix, the
erern € at Teast ohe processor derives a

fontaldatfilen natdhhnddasspodn themiit) teded @dahani@nehatrix for the

derives a conbiner nmatrix for each channelization code
#lizgHor pedecorrel ation matrix, the front-end filter,

a channel estimate, and a transmt matrix for the

channel i zati on code. 20. The apparatus of claim®6,

wher ei® t h€hatppaast obrkipr@oessan thpdataast drveprocessor derives a

front-end filter at first dat ate and dat es .
?ﬁé@qﬁm PRirE BasfiioReihe feFadc i 4d goBucion dOmBIY St dor cach
didher0bn fdoaidabiel 1h e HREALIEN MRlthx, &t frdft€end filter, a channel

apparatus of claim1, wherein the at 1east one
prtiores sod adening saagrix fayithe éndndélizatier cdslesed on pi | ot
received in a first tinme interval, derives a conbi ner
matrix for a second time interval based on a transmt

mat ri %0.Usethé Bppangu$ 8EAAGN bi Wherelt BE Meloastf dnlet@b&essor updates the
received data for the second tine interval with the

froatendefiliers at| & Brst ppdyptraterpnd updates the multiple combiner matrices at a

second update rate different from the first update rate.

21.  The apparatus of claim 1, wherein the at least one processor derives a
front-end filter based on pilot received in a first time interval, derives a combiner matrix
for a second time interval based on a transmit matrix used in the second time interval,
filters received data for the second time interval with the front-end filter to obtain
filtered data for the second time interval, and processes the filtered data with the

combiner matrix.
22. The apparatus of claim 1, wherein the at least one processor estimates
received signal quality for at least one data signal sent in the multiple transmitted

signals.

23.  An apparatus comprising:



filtered data for the second tine interval, and
processes the filtered data with the conbi ner matri x.

WQ2007Thg1@ppar atus of claim 1, wherein the at PEHES20061661440

processor estimates received signal quality for at
| east one data signal sent iMithe nmultiple transnitted
signals. 23. An apparatus conprising:at |east one )
pr ocedislpstt RNCARIPPSPEOTALOF HesiHe- & APNE-FIA Eilter HIr Proeeseids iy on-time
B B A RE eh B B B Bl i matrces or
canbiningngnoimd isighab icgmpbnansfonantlsipfeotranamhittel sgnals sent with
transmitted signals sent._ with multiple channel|zation
Bytade chame|iTatiop qodesito Ui AsRsEd Simp SOHB i poiegy filter and
I)l:g]tlaﬁleﬁlté}@&i sPRbals Yof kid BleHhIS YRRALEZBh doRss, Mkt %@ ess filtered
channel | zation codes, and to process filtered sy afs
$yonbada tdr @afh ol chavonuttiphd ehaphalzagibn zadésowith admsnbandrimatrix for the
onbi ner. matrix . the channelization cade.to qgbtain
ez ligEd < hfin paPufiAeR Hf e shibiasioueds @
nmemnor Xnﬁé@ﬂﬁ* eI foliBe @tlcdseand prob& e ocessor. 24. The
apparatus of claim 23, wherein the at | east one
processor derives the front-end filter based on the
recei yed s | es and wWn,pi Lot .chips., .25, The .
cppar Sus SE R ARSof LSRR U Epn fiocssor deives the
poRcariSflter Besdd\@Rh@rdeoivbd Refiplsdrd okl piRachips.
channel i zati on code based on a transmt matrix used
for the channelization code. 26. A nethod conpri sing:
filterkng ] r -1] [ .
corpotint's. 1o R £1:o 0Ll 28 Q6ER ME Ak bEP RN derives o
torhbiacredtatat for cacidclpmeclemsbmgoddibaskd loher gahsdat matrix used for the
conmbi ne .on-time signal conponents for nultiple
ehanneiAafiPR A% gnal s. 27. The nethod of clai m 26,
further conprising: deriving a front-end filter for
processing the non on-tine signal conponents; and
deri v2hig at methed conprisiggrbi ner matrix for conbining
the oﬁftérlinqgerescle%g Idata to process non on-time signal components in multiple
received signals and obtain filtered data; and
processing the filtered data to combine on-time signal components for multiple

transmitted signals.

27. The method of claim 26, further comprising;:
deriving a front-end filter for processing the non on-time signal components; and
deriving at least one combiner matrix for combining the on-time signal

components.

28. The method of claim 26, further comprising;:
deriving a front-end filter for processing the non on-time signal components; and
deriving multiple combiner matrices for combining the on-time signal

components for multiple channelization codes used for the multiple transmitted signals.

29. The method of claim 28, wherein the filtering the received data

comprises filtering the received data with the front-end filter to obtain intermediate data,



conponents. 28. The method of claim26, further
conprising: deriving a front-end filter for processing

W0 b@7normi®on-ti me signal conmponents; and deri vi PGI/US2006/061440
mul tiple conbiner matrices for conbining the on-tine
si gnal conponents for multipl¥ channelization codes

used for the nultiple transmtted signals. 29. The
wiet fsarasfling| the mtorgnedigie detp Aok epshidf|the piuliple Bkanmgkiwitipa godes to

' fi . cejved data with the
?@%ﬁ?ﬁgﬁgfééfﬁg}ﬁ%%ﬁ%ﬁ %P%&f%(%f%%%iate dat a, and
despr edadicilgthichgotastiag nedfiitted datacdoprieaphowbsitig éhe filtered data
nultiﬁlﬁrch nnel i zati on, codes to obtain ﬁ%ltﬁred.data
fogreach chamehzatianzedeopith Gaeombiper MRERFef thpghannelization code to

??t%ﬁfuﬁéaﬁga{a*}& fk 'cheﬁ{n%ﬁzaﬁﬁ)h%off&”p” ses processing the

[te ata for each channelization code with a
conbiner matri x for the channelizati on code to obtain

out put,,data, for th hannel jzatj on. cqde., 30. The
et potof - ShaiTietbal dlnarer i e enderviee o rongd fler
Edthprides CRAPIgSAS BeHtiond NGltdrhBastd dnt s@iifles Fdrt @E LaSEH data and
on sanples for the received data and known pil ot

kdvpspil@rhipfhe net hod of claim 28, wherein the
deriving the nultiple conbiner matrices conprises
deriving a conbiner matrix for each of the nmultiple

channgl.i zaThem&ase st BRyAD Y Rvidréin aRs Metivitgt the Xnu&pE combiner
for the channelization code. 32. An apparatus . o
BQHiSES §PMBFIselsHEINg Gy combipery mafix for e3aherf thammaleiRje channclization

- .. 1 K -‘ t . |
SR Bﬁs%g%‘ﬁ.rh it sﬁﬁt’ﬁﬁﬁ% %?@d fo?ﬁﬁﬁ?@@%&%gﬁ&h Bdktiple

recei ved signals an ain ata; and neans
for processing the filtered data to conbine on-tine

signak%co onents for nultiple transmtted signals.
33. The apPArPRPHEUSCORPESIAE32, further conprising:

means o fereting réodiveaate A plocbds&lont H-tiRE QGRS b&8ponents in
the non on-tinme signal conponents; and neans for

thektiplé regeined sigpdle abolishingtltenat ditg@esd f or  conbi ni ng t he

on-ti Mears for 81|rocessing the filtered data to combine on-time signal components for

multiple transmitted signals.

33. The apparatus of claim 32, further comprising:

means for deriving a front-end filter for processing the non on-time signal
components; and

means for deriving multiple combiner matrices for combining the on-time signal

components for multiple channelization codes used for the multiple transmitted signals.

34. The apparatus of claim 33, wherein the means for filtering the received
data comprises means for filtering the received data with the front-end filter to obtain
intermediate data, and means for despreading the intermediate data for each of the
multiple channelization codes to obtain filtered data for the channelization code, and

wherein the means for processing the filtered data comprises means for
processing the filtered data for each channelization code with a combiner matrix for the

channelization code to obtain output data for the channelization code.



conponents for multiple channelization codes used for
the multiple transmtted signals. 34. The apparatus of
web@rmBy wherein the neans for filtering thePCEUS00€0H1440

data conprises nmeans for filtering the received data

with the front-end filter to bbtain intermedi ate data,

and neans for despreading the internedi ate data for

each &% t h&heraprargpeoklaimndp.i wharpisthe yars fop demyiag he front-end
' -dat reth - [ ' '

fe’ SoERuR Ren B B RARTIEY LR (R0 as B S MR for the

reeainsd tata gpddeessi pippt tchgsf add ehadindiht andans fe@addiiving the multiple

channel i zation code with a cgpbiner matrix for .the

EFRNAGN MARTGCH FORBHESS: Bedhst Lr flcHtgut CaRPECF ghatiipdor cach of the

RAE Che el Aor S0e BuaT R, SEAFREN fRull VLGN e ghamnlization

caitpri ses neans for deriving the front-end filter

based on sanples for the received data and known pil ot

chi ps, and wherein the neans for deriving the nultiple

conbi per ”Rhﬁb&ﬁ§x9@ﬂﬁbk§ﬁ§ﬁ£§ﬁ@ﬁnﬁ?ﬁnﬁ@&ﬁ&ﬁ&@eﬁbbta

conbi ner matrix for each of the nmultiple ' '
chann8lt¢rz seceyed cdade 30 birrseads arpna ontiams wignalmgompanansedn multiple

QL LG SAnReLIZ At A £O0R 36, A processor readable

nedi a for s?orlng i'nst ruct Sns operable to: filter

recei yRdesdatha fller@ ag@sd aRibitnohitike SiggnlatorpdRaRERt Smultiple
in multiple received signals and obtain filtered data;

Hepnpttesbugdalshe filtered data to conbine on-time

signal conponents for multiple transmtted signals.

37. An apparatus conprising: at |east one processor to

per f 0BTn pr Aeeppimags ktomprisingon-ti me si gnal conponents

in multiple received signals to obtain recei.ved.

symbofisleast gng BFchoétOcB‘?gfgqfﬂ]eRroﬁf‘é?ng Off BN X5 HBICigRg! components

NmbliipR ftaval siﬁ%%&iﬁ_ré&qvmglﬁfbeis?t& d@R 1 dobfher matrix for

signal's sent on~a subcarrier, and to process receive

symbiolng bortinicheignabcampoemtsnifoth niteple ompismettedratgnals samt on a

t ai tput symbol s for th ier: ar .
S5aren P8 Rk Pedued bl e dEEhbe i 3R 4o BB matix
fARgbAdiAbUHuO Sy for 3o subbatiel And he at | east one

processor perf orns
a memory coupled to the at least one processor.

38. The apparatus of claim 37, wherein the at least one processor performs
processing for the non on-time signal components by removing cyclic prefix and
performing a fast Fourier transform (FFT) on received samples to obtain the received

symbols.

39. The apparatus of claim 37, wherein the at least one processor derives the
combiner matrix based on at least one of a noise covariance matrix, a channel response

estimate, and a transmit matrix for the subcarrier.

40. The apparatus of claim 37, wherein the at least one processor derives a
second combiner matrix for combining on-time signal components for multiple

transmitted signals sent on a second subcarrier, and processes received symbols for the



processing for the non on-tinme signal conponents by
renmovi ng cyclic prefix and performng a fast Fourier

wo e@naionsn (FFT) on received sanpl es to obtai nP€TES2006/061440
recei ved synbols. 39. The apparatus of claim 37,
wherein the at |east one proc¥ssor derives the
conbi ner matri x based on at | east one of a noise
8es0Rd isubreaigrawith the sccond waBIbincs Spms do @btdinapput symbels for the
E%Bﬂfﬁhka trix for the subcarrier. 40. The apparatus
of claim3/, wherein the at |east one processor
derives a second conbiner matrix for conbining on-tine
signal components for nmultiple transmtted signals
sent on a second subcarrier, and processes received
synbol s for thesecond subcarrier wwth the second
conbi ner matrix to obtain output synbols for the
second subcarri er



