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[ 00011 The present Application for Pateft cl ai ms priority to Provisional
Application Serial No. 60/536,307, entitled "Data Transm ssion with Spati al

Spreading in a | ' " {J 2004, and
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to achieve greater reliability. [00041 The M MO channel between the
transnitti A8d bereby sxpaessivineorperated \byreferemeehgreithy  experi ence vari ous

del et eri ous channel conditions such as, e.g., fading, multipath, and
interference effects. In general, good performance may be achi eved for data
transm ssion via the M MO channel BACKREROUNDf erence and noi se observed at
the receiving entity are spatially "white", which is flat or constant
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III. Background

[0003]) A MIMO system employs multiple (N7) transmit antennas at a transmitting
entity and multiple (NR) receive antennas at a receiving entity for data transmission. A
MIMO channel formed by the Nt transmit antennas and Ny receive anfennas may be

decomposed into Ns spatial channels, where Ng <min {N,, N;}. The Ng spatial

channels may be used to transmit data in parallel to achieve higher throughput and/or
redundantly to achieve greater reliability.

(0004] The MIMO channel between the transmitting entity and the receiving entity may
experience various deleterious channel conditions such as, e.g., fading, multipath, and
interference effects. In general, good performance may be achieved for data
transmission via the MIMO channe] if the interference and noise observed at the
receiving entity are spatially “white”, which is flat or constant interference and noise
power across spatial dimension. This may not be the case, however, if the interference
is from interfering sources located in specific directions. If the interference is spatially
“colored” (not white), then the receiving entity can ascertain the spatial characteristics
of the interference and place beam pulls in the direction of the interfering sources. The
receiving entity may also provide the transmitting entity with channel state information

(CSI). The transmitting entity can then spatially process data in a manner to maximize
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signal -t o-noi se-and-interference ratio (ZSNR) at the receiving entity. Good
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t he pl uraI | df¥patiaily %{)E%d,ﬁ@rﬁpgnebgﬁ@nd@@dom zes the plurality of transm ssion
channel s for It)he plurality of streans of data synbols. Spatial processing
Is perfornmed on the plurality of streanms of spread synbols to obtain a

plurality of streams of transmt sy transm ssion froma plurality
of transmt antennas at the transmt ity. [0008] In another

errbm an gnRAk a¥edintknt AYnE@be $6r t%%ﬁﬂtﬁﬁ%détﬂl%&n Aahbhiteng Sititpw

communi cation systemis described whi I ncl udes a data processor to
a receiving entity in a wireless multiple-input mmitiple-cutput (MIMO) communication

system is described in which data is processed to obtain a plurality of streams of data
symbols for transmission on a plurality of transmission channels in a MIMO channel
between the transmitting entity and the receiving entity. Spatial spreading is performed
on the plurality of streams of data symbols with a plurality of steering matrices to obtain
a plurality of streams of spread symbols, wherein the spatial spreading with the plurality
of steering matrices randomizes the plurality of transmission channels for the plurality
of streams of data symbols. Spatial processing is performed on the plurality of streams
of spread symbols to obtain a plurality of streams of transmit symbols for transmission
from a plurality of transmit antennas at the transmitting entity.

[0008) In another embodiment, an apparatus in a wireless multiple-input multiple-
output (MIMO) communication system is described which includes a data processor to
process data to obtain a plurality of streams of data symbols for transmission on a
plurality of transmission channels in a MIMO channel between a transmitting entity and
a receiving entity in the MIMO system; a spatial spreader to perform spatial spreading
on the plurality of streams of data symbols with a plurality of steering matrices to obtain
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symbols is obtained for a plurality of streams of data symbols transmitted via a plurality
of transmission channels in a MIMO channel], wherein the plurality of streams of data

symbols are spatially spread with a plurality of steering matrices and further spatially
processed prior to itransmission via the MIMO channel, and wherein the spatial
spreading with the plurality of steering matrices randomizes the plurality of
transmission channels for the plurality of streams of data symbols. Receiver spatial
processing is performoed on the plurality of streams of received symbols to obtain a
plurality of streams of detected symbols. Spatial despreading is performed on the
plurality of streams of detected symbols with the plurality of steering matrices to obtain
a plurality of streams of recovered symbols, which are estimates of the plurality of
streams of data symbols.

[o011] In another embodiment, an apparatus in a wireless multiple-input multiple-
output (MIMO) communication system is described which includes a plurality of

receiver units to obtain a plurality of streams of received symbols for a plurality of
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plurality of steering matrices randomizes the plurality of transmission channels for the
phurality of streams of data symbols; means for performing receiver spatial processing
on the plurality of sireams of received symbols to obtain a plurality of streams of
detected symbols; and means for performing spatial despreading on the plurality of
streams of detected symbols with the plurality of steering matrices to obtain a plurality
of streams of recovered symbols, which are estimates of the plurality of streams of data

symbols.
BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 shows a MIMO system with a transmitting entity, a receiving entity, and
two interfering sources.
[0014] FIG. 2 shows a model for data transmission with spatial spreading.
{0015} FIG. 3 shows the processing performed by the transmitting entity.
[0016] FIG. 4 shows the processing performed by the receiving entity.

{0017 FIG. 5 shows a block diagram of the transmitting and receiving entities.
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plurality of streans of detected synbols with the plurality of steering

matrices to obtain a plurality of streams of recovered synbol s, which are

estimates of the plurality of streanms of data synbols. BRI EF DESCRI PTI ON OF

THE DRAW NGS (00131 FIG i shows a M MO systemwith a transmtting entity, a

recei UPHS! ent i t FlGafidhovsa transmaiti(d¥) fgtasieesser. andop TX1spafied processgvid the nodel

for data trﬁg}%ﬁﬁ%f' fﬁlo ith spatial spreading. 100151 FIG 3 shows the

processi ng perior rted twthe transmtting entity. 100161 FIG 4 shows the

procededrsy perf FiGed shywt haetedvee(RX)epatisitprooessol GAd 4h KX Qatabprobedssr A theé ock

diagram of the  transmtting and receiving entities. WO 2005/071864

PCT/ US2005/M6R55%DBENEY] 00181 FIG 6 shows a transnit (TX) data processor and

a TX tal pr S : ) Jok o [ : sﬁﬂﬂ a

recei jge%)l?X) spggﬁé?%%?‘g%gﬁsggﬁsﬂgngﬁﬁééﬁ%r a{i%ﬂ&%éﬂgt&pggéeg%orﬁ%mﬁleca ¥/Visng

entity. [OGMitcdstiCe iflerfhrenee cancelxtisrpfRICatecimigeessor and an RX data processor

that inplenent a successive interference cancellation (SIC) technique.

DETAI LED DESCRI PTI ON [ 0021] The word "exenplary" is used herein to nean

"serving as an exanpl e, imtar{ﬁﬁi‘ﬂﬂi‘.{ibﬁﬁéﬁ?ﬁ?ﬁ " Any enbodi nent

descri bed herein as "exenplary”™ 1s not necessarily to be construed as

pr ef erjoéai) or advERtvegddesemplary”’as hexd Tendin b nmeami Sserdifif 22 hn Eeamiiple gustandepr

transmtting data wh spatjal. spreading.in single-carrjer and .
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eigenmodes or spatial channels (described below) of a MIMO channe! simultaneously

with a steering vector. The spatial spreading randomizes a transmission channel
observed by a stream of data symbols, which effectively whitens the transmitted data
symbol stream and can provide various benefits as described below.

[0023] For data transmission with spatial spreading, a transmitting entity processes
(e.g., encodes, interleaves, and modulates) each data packet to obtain a corresponding
block of data symbols and multiplexes data symbol blocks onto Ng data symbol streams
for transmission on Ng transmission channels in a MIMO channel. The transmitting
entity then spatially spreads the Ny data symbol streams with steering matrices to obtain
Ns spread symbol streams. The transmitting entity further spatially processes the N
spread symbol streams for either full-CSI transmission on Ng eigenmodes of the MIMO
channel or partial-CSI transmission on N spatial channels of the MIMO channel, as
described below.

[6024) A receiving entity obtains Ny received symbol streams via Ng receive antennas
and performs receiver spatial processing for full-CSI or partial-CSI transmission to
obtain Ng detected symbol streams, which are estimates of the Ng spread symbol
streams, The receiving entity further spatially despreads the Ny detected symbol
streams with the same steering matrices used by the transmitting entity and obtains Ns
recovered symbol streams, which are estimates of the Ns data symbol streams. The



(e.g., encogdesfwsihnkey | eaves, and nodul ates) each data packefuidodiloisn a
corresponding block of data synbols and nulti pl exes data synbol bl ocks onto

Ns data symbol streans for transm ssionfon Ns transnission channels in a
M MO channel . The transmitting entity then spatially spreads the Ns data
synbol streans with steering matrices to obtain Ns spread synbol streans.
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synbol eans, | | : Shreac mhql. . The
recei v‘@%ﬁlent [ tyw%ﬁ&ﬁm% gﬁ@ﬁ 8%&%@5@&{? §1%g£1ﬁ§q18§éec elategf%fgﬁ%{%ngt reans
with the sa(BNR)efdach ¢ransuhicsionechanaelchsby forldatal trmniesidni 4d seleti 4 suiQbE radet ai ns

Ns recovered synbol streans, which are estimtes of the Ns data synbol
streams. Thiorhe SEpspissiop shamek paspdayouy §DEs 2 dhe gatng qs; differegh smtgsamay be

processi ng | S ' p I QL Nt r tely.
The receivi gg&éér:]dt)? fyﬁ%ehggs %{aﬁ%@é@%%ﬁ gfe%gﬂﬁghﬂé@}é]cféﬁﬂfgﬁoeﬁggg@,ﬂ and
decodes) eanladblates dataffor ech tenalissymrtioinacl bas¢den fissoletadmated synbol streans
to obtain a correspondi ng decoded _ data packet. 10025] The receiving entity
may al E92@st i mat ¥ 200 asPeieAngd Gubrdiments A thﬂﬂ@\éﬁﬂh@ﬂéfﬁ%%hqddn furthgrpetdil each
transm ssi ogelgggnnel used for data transm ssion and select a suitable rate
for the transm ssi on channel based on its SNR The sane or different rates
may 3e[003'5]1ject egFt}Gr ltshngs I']tcdﬂa@ssysﬁm o0 Wﬁl@@&h&miﬁhg én:tx@g&i m,gat feogiviagt i ty
encodes an modul at es data for .each transm ssion anne ased on its
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sour ces 190zeflentdd hidiHs. (nbt ahewn tih iFIG. dint i Injerfeilg sonmes 11008 afdt BWOb dranemiti vi ng
entity 150 via |ine-of
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receiving entity 150 from interfering sources 1902 and 190b may be spatially colored.

1. Single-Carrier MIMO System

[0028) For a single-carrier MIMO system, a MIMO channel formed by the Ny transmit
antennas at the transmitting entity and the Ny receive antennas at the receiving entity

may be characterized by an Ny xN, channel response matrix H, which may be

expressed as:

h‘l.l h1,2 ot hl,u,

h,, - h
R Eq (1)

hNR,l hN,,,z hNR,N-;

where entry #;, for i=1.. Ny and j=1.. N, denotes the coupling or complex

channel gain between transmit antenna j and receive antenna i.
[0029] Data may be transmitted in various manners in the MIMO system. For a full-
CSI transmission scheme, data is transmitted on “eigenmodes™ of the MIMO channel



signals that act as interference at receiving entity 150. The interference
observed receiving entity 150 frominterfering sources 190a and 190b
maybe spat %’éﬂ 3005748¢r ed. 1. Single-Carrier M MO Syst em 10UEYS2g/008828
single-carrier MMO system a M MO channgl fornmed by the NT transmt
antennas at the transmtting entity and the NR receive antennas at the
receiving entity nay be characterized by an NRXNT channel response matri x
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and receive antenna 1. [00291 Data nay be transmitted in various nmanners in
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ei genval ue deconposition nay be performed on a correl ation matrix of Hto
obtain Ns eigennpdes of H, as follows: R=H'.H=EAE" $ Eq(2) where Ris an NT
x NT correl ati onReal i -HeE-W-E*E,is an NT x NT unitary matrix who @! ums
are eigenvectors of R; A is an NT x NT diagonal matrix of eigenvalués of R
; and "H' denotes a conj ugate transpose. A unitary matrix Uis characterized
by the propeherg B isdd N, kN, véreslatidn matrikiof Hentity matrix. The col ums of
a unitary matrix are ortho onal to one another. [0031] The transmtting
entity may perf oEnisspalii % mm@éﬁmaﬁg!‘ﬁh@mcphW|@%ﬁgmiossQﬁR,R to
transmt data on the Ns elbgrenrmdes of H _The ejgennpdes nay be viewed as

orthogonal spati & isaaln&iN: SsenaamtinpbuigmvabiespbBsianlon. The di agonal

entries of
“H» denotes a conjugate franspose.

A unitary matrix U is characterized by the property U” -U=1, where I is the identity
matrix. The colummns of a unitary matrix are orthogonal to one another.

[0031) The transmitting entity may perform spatial processing with the eigenvectors of
R to transmit data on the Ns eigenmodes of H. The eigenmodes may be viewed as
orthogonal spatial channels obtained through decomposition. The diagonal entries of
A are eigenvalues of R, which represent the power gains for the Ng eigenmodes.

[0032] The transmitting entity performs spatial processing for full-CSI transmission as

follows:
x=FEs, Eq (3)

where s is an N;x1 vector with Ng non-zero entries for Ng data symbols to be
transmitted simultaneously on the Ny spatial channels; and
x isan N; x1 vector with Nt transmit symbols to be sent from the Nt transmit

antennas.

[0033] The received symbols at the receiving entity may be expressed as:

=H-x+j, Eq (4)



A are ei gemgnties71864 R, which represent the power gains fedriERod0s2s
ei gennodes. 100321 The transmtting entity perforns spatial processing for
full -CSI transm ssion as follows: x=ES ? Eq(3) where s is an NT x 1 vector
with Ns non-zero entries for Ns data synbols to be transmtted

Si rrultaneou%y on fhe Sfatial ¢channels; and x is an NI x 1 vector w th NT
transmit syWgBEsItH Weliie’ﬁ vestaratheNnrreqervad symbols ghtained yia thed¥grecrive

recei ved synbol s at t%ﬁ&}e eiving entity may be expressed as: r=Hx+] , Eq(4)
WO 2005/ 071864 PCTI US 28 8 wherer is an NR x 1 vector with Na
recei ved synbol s jGRERINIER Vidot Snfdef 68 intEnoiRUbSARES at tﬁ@gedeivﬁh%&ﬁil*\.‘- x 1
vector of interference ‘and noi se observed at the recelving entity. 0034]
The receiving entity perforns spatial processing with an NT x NR spati al
filter[B0&dt rix MIhe receiving entity peefprma spatidproeassing Wit o ANy AN yf spatishilters =M
A-"E' H' (HEs+|) Eq (9) _,=A,  E. EAE" Es+A-' E' H' | =s+] where S" is an
NT x 1 vect ot M=is 1l cMerforfidl,GBbiransovissita as ©Pows! esti mates, which are
estimates of the Ns data synbols ins ; and j = A" E' H' | is the
"post-detection” interference and noise after the spatial processing at the
receiving entity§ AaMeirgennode may be viewed as an effective channel between
an elenent of s and a corresponding elenent ofs with the transmtting and
receiving entities @gr‘f.m”niﬁf’g.(ﬁng.ss.gyt i al processing shown in equations (3)
and (5), respectively. Thetransm fti"hg and receiving entities tyghgﬁl |y

only have estimat es_&l'_i/rg\qp]{%q&?gng%%%@rfe_gg%i X H, which may be 0btai ned

based on pil ot synbo =i s—a | ati on synbol
=_s_+:|i

where § is an N, x1 vector with Ng recovered symbols or data symbol estimates,
which are estimates of the Ny data symbols in s; and
E=A'1 E¥-H" . j is the “post-detection” interference and noise after the
spatial processing at the receiving entity.

An eigenmode may be viewed as an effective channel between an element of s and a
corresponding element of § with the transmitting and receiving entities performing the
spatial processing shown in equations (3) and (5), respectively. The transmitting and
receiving entities typically only have estimates of the channel response matrix H,

which may be obtained based on pilot symbols. A pilot symbol is a modulation symbol
for pilot, which is data that is known a priori by both the transmitting and receiving
entities. For simplicity, the description herein assumes no channel estimation error.

[0035] The vector j may be decomposed into an interference vector i and a noise

vector n, as follows:

j=i+n. Eq (6)

The noise may be characterized by an Ny x N autocovariance matrix ¢ = E[n- n”],

where E[x] is the expected value of x. If the noise is additive white Gaussian noise



for pilot,wyiegdeiigssdata that is known a priori by both thetdaesdhdki ng and
receiving entities. For sinplicity, the description herein assunes no

channel estimation error. [0035] The vec?Por j may be deconposed into an
interference vector i and a noise vector n, as follows: j=i+n. Eq(6) The
noi se may be characterized by an N. x NR autocovariance matrix rp., = E[n

n" 1, wher AWGY) with zew mearendd varitnce off o', thed themoiso awlocovarianteimatie Whi t e
Gaussi an noi se WD 2005/ 071864 PCTI US2005/000828 9 (AWEGN) with zero nean and
a vari ance oiaydn exptesed ashe neiod el adimilay theimbefaraiceimay bayhdractarizpd egsed
as: rpm=a" 1. Si m'IarIy,"“'"{ he interference may be characterized by an NR
X NR aut ocoyanya et bnatdix @ - = Ut VAl tb b P may
be expresse aILsIR ?g‘ﬁ“ :%E{cjb’l?arjmngf 'm:ah’% éﬂ’ql E[!?!i{sglﬁlnﬁn%ﬁ?ﬁe |%1§%r1¥]%ﬁr&}e{ﬁ(£fei and
noi se are uncqQrrelated. 10036l .The interference and .noise are considered to
be spati al | RREEPTERSeifS €, “dili o d 74 &ae HHTIRE B iBeEoEmoE fd Refpartias |
due to the noise and interference being uncorrelated. For spatially white

i nt er f er enciueoE@laid se, each receive antenna observes the same anount of

i nterf gogpce andyol st Bey LLET LE EHSRANT DU SRR Yhlo e weRCh

receiv enna are uncorrelfated w nterf erence oi'se 0 ved at

al | other pageiwRAadid RRREs T RO FrhALP VI apb o5 AL 'agﬁesﬁ@ﬁﬁé}&g%%e?gagi se,

t he autocovariance matrices have non-zero off-diagonal terns

correl ati onyRel e, G dgﬁﬁﬁiﬁ Whitd ifferfefétée AR 7BisE) a8k YERival anftinhh 8b&Bes

receive antennas. In this case, each receive antenna i nmay observe a
di fferent athewamecimount of intexerencesand noises and thisi interfeseneq and nbise heervadnatof

the NR el in the i-th f ' ji . 10037] If th
|t er fer enc EReRtys aatei aug oSl uith it At i gsebref af il or
for f ul | - CSbuicf RS Sicfiflad™Blr et oY ThierfRARITE MY nblsk, ht ARBRIvarifite”)

The eigenvectors E' Pt steer the data transmi ssion in the direction of the
recei vi ng ematrices hayelnéurzerocoff-glageral erms dugl tb comelating bgtwesnt the interfererve

interference. , However, the .transnmtting entit uld need to.be provi.ded
W th the aubbBUT PERCESdE: SiRRAp eooivh sy oo Go S e HIBRAd, <
Est. The maidobbérle bdift@@RCaRélmt L idtétteérce 280 78is8 Which is equal to the sum of

the Ny elements in the i-th row of the matrix ¢ .

[0037] If the interference and noise are spatially colored, then the optimal eigenvectors
for full-CSI transmission may be derived as:

R, =H" ¢  -H=E, A Eg. Eq (7)

==opt it

The eigenvectors E, steer the data transmission in the direction of the receiving entity

. and further place beam nulls in the direction of the imterference. However, the

transmitting entity would need to be provided with the autocovariance matrix 2, in
order to derive the eigenvectors E,,. The matrix ¢ 5 is based on the interference and

noise observed at the receiving entity and can only be determined by the receiving
entity. To spatially null the interference, the receiving entity would need to send this
matrix, or its equivalent, back to the transmitting entity, which can represent a large
amount of channel state information to send back.

[0038} Spatial spreading may be used to spatially whiten the interference and noise
observed by the receiving entity and may potentially improve performance. The



noi se obsegpyedysAiridsde receiving entity and can only be deicqigdnRoisst he
receiving entity. To spatially null the interference, the recelving entity

woul d need to send this matrix, or itslgquivalent, back to the transmtting
entity, which can represent a |large anmount of channel state information to
send back. [00381 Spatial spreading may be used to spatially whiten the

i nt er f er encEANSERLASeBtty pofampetpaliyd srRadingcwithi angerasmbley of stdeming matricest i al | y

i i s g mabicen i
enti Oy por 18 bt ekt bpa i AReatieh At B RRa R PR APk, "

such that ttheimefabmeentiabjsespati al despreading at the receiving entity
spatially whitens the interference_ and_noise. [0039] For full-CSl

transriP@8on wi tfprdpli{GSl tragsmisaign Neth spaféal FPT&ﬁ‘%lﬁéstthF Hransapitting enpst pesfonms
processi ng @cc{s&hh%ﬂoﬁs" ,(M=E(mMY(mM.s(m , Eq(8) where s(m is a data
r-ftor

synbol vect transmssion span m; V(m) is an Nr x NT steering matrix
for transmssion span m E(m is a matrix of cigenvectors for transm ssion

span m and x fg (@)= E(@R) M@)s§nd) ,Symbol vector for transm ssiomEgmn m A
transm ssion span nmay cover tine and/or frequency dinensions. For exanple,
ina single-carrier MMDO system a transm ssion span nmay correspond to one

synbol per i Were YiH)CH aidatd dyentiol VEctkbAtrkdidsior épaisi t one data synbol . A
transm ssion span may also cover nultiple synbol periods. As shown in

equation (8), eaWim)dsan NN, stéerinf Matrios for wRAMBkLY sp@mad with a
respective colum of V(m to obtain NT spread synbols, which nay then be
transm tted on aE(mpigematies sifenbédtogs for thanSrhidsionispan agend/ed synbol s at the
receiving entity may be expressed as: r f., (m =Hm x fai (m +j(m =

Hm  E(m) V(K @Ons atrangmit symibql Yedjor faitteansmissionispgn emt i ty derives a
spatial filter matrix Mfu; (m as follows: Mar(m=A-'(m.EH(MIH M Eq
(10) [ 0041]ATtensmission\spay mayt ¢aver fimefandios frequaicyalimensivnsal Fprexempls, myaand

spati al desgrgading, RO IE L oblMhil Sk Poorb RRSE bslyhindpolsl, o

which is the time duration to transmit one data symbol. A transmission span may also

cover multiple symbol periods. As shown in equation (8), each data symbol in s(m) is
spatially spread with a respective column of V(m) to obtain Nt spread symbols, which
may then be transmitted on all eigenmodes of H(m) .

[0040] The received symbols at the receiving entity may be expressed as:
E oy (m) = H(m) - X 1,y () + j(m) = H(m)- E(m) - ¥ (m) - s(m) + j(m) . Eq (9)
The receiving entity derives a spatial filter matrix M ;;(m) as follows:
M i(m)= A" (m)-E" (m)-B" (m) . Eq (10)

[0041] The receiving entity performs receiver spatial processing and spatial despreading

using M ,;(m) and V7 (m), respectively, as follows:

Spa(m) = XH (m) M oy (m)-tp(m) ,
=V (m)- A" (m)-B" (m)- B* (m)-[H(m) - E(m)- V(m)-s(m) + i(m)], Eq (11)

=s(m)+i,(m)



=VH( A (bBhisbi M LU ME(M . (ms(m) + (], Eq (11) peraiclosmbesdr (M .
WO 2005/ 071864 PCT/ US2005/ 000828 11 where j fr(m is the "post-detection”

i nterference and noise after the spatial”processi ng and spatial despreading
at the receiving entity, which is: Jf11(m=3 "(MA'(MEHMSHMj(m . Eq
(12) (00421 As shown in equation (12), the received interference and noise
in j(m aravhere jndrristhe tpost-ieeasion]” iferfercncecand poisesafiof the(spitial Prodessing d
Hm. E(mM is a mtrix of eigenvectors that may not be optimally conputed
for spati alah§ spatiabdespréadingy dt dierecaiving eotitypwhieh id: t he aut ocovari ance matri x
OU(m is not known, which is often the case. The transmtting and receiving
entities may, by randomchance, ope%ate Wth amtrix E(m that results in
mor e i nterferendg,, mi=001 @8- Bei(ny- Bbeer-Bedmyj(mde recei ving entityEq(1Zhis
may be the case, Tor exanple, if a node of E(m is correlated with the
interference. If the M MO channel is static, then the transmtting and

recei \[0oag] ent i t iAs shavhy it @qhationa(12y, theaeedivedntdifereritat énidxndibdTin tj(m) 40¢ ovi des
poor performance. The spatial despreading with the steering matrix V(m

spatial |y whahifffed Be ﬂdﬁoﬁ{ﬁgﬁfeﬁ%ﬁposé@@f vgrgf,eg(ﬁnemqf HeR) | BYRSSS adatiine

interference and noise whitening is dependent  on  the charactéristics of the

channel resfeigeavesionsithattoay nahbe bhidmally esrhputed ée §patidlly tdlomed ihieglredegr ee of
correlation exists between the desired signal and the interference, then

this |intgndmeisgnitha agpcoyariangs Battided  65) isveotmopanwhichor afita thecase er ence
and noi se. [00431 The SNR of each eigennbde with full-CSI transm ssion maybe
expressed dde tydnsmittiaR andir¢od ving entitins rhay] by . randam clpict39perats yeithl a whednie P1(m)

{7 ansmi 561 GRE R TULE ot dreHE B BRI S5 e OB 6 R 0 o RDE ARG ssi on
SR, T Il i 55, 0B, o, e BRRRRCIE T o By Bl gl 80 ©
el genmode lipjefkotdhB0STH 8 VARG RAMY is'ieOeh B EREmTRE Wrd AR A St fies

may continually operate with a matrix E(m) that provides poor performance. The

spatial despreading with the steering matrix V(m) spatially whitens the interference

and noise. The effectiveness of the interference and noise whitening is dependent on

the characteristics of the channel response matrix H(m) and the interference j(m). Ifa

high degree of correlation exists between the desired signal and the interference, then

this limits the amount of gain provided by the whitening of the interference and noise.

[0043] The SNR of each eigenmode with full-CSI transmission may be expressed as:
PWOTLCLL S YA N Eq (13)
j

where P,(m) is the transmit power used for the transmit symbol sent on eigenmode £
in transmission span m; |
A,(m) is the eigenvalue for eigenmode £ in transmission span m, which is the
£ -th diagonal element of A(m);
o” is the variance of the received interference and noise; and

¥ jesi(m) is the SNR of eigenmode £ in transmission span .



12 B. Partial - Transm ssion [0044] For partial-CSI transm ssion with
spatlal S the transmtting entity performs progesss ol | ows:
X, W(@%ﬁi/ﬁ‘ﬂsa , Eq(14) where xp,r(m is the transmt 2ggstﬂiai}ﬁt\glzfeactor for
transm ssion span m As shown in equatl% (14), each data synbol in s(m is
spatially spread with a respective colum of V(n) to obtain NT spread
synbol s, which may then be transmtted fromall NT transmt antennas.

10045] The receBy jORecej vi ng entity may be expressed as:

re.,, V ff 5 ere r.,. is the
recei EP?&‘“Q%J%%%*@ F?“}fﬁé%)‘ r‘%ﬁ l{’?ﬁﬁ] r?P%éi(ll'&gz-lﬂf‘q‘ aﬂfmﬁt%ngaﬁsé fective
channel reﬁmﬁ@éésgﬁgMIEﬂrsl s: Hff (mMm=H(mMV(m . Egq(16) 10046] The
receiving entity may derive estimates of the transmtted data synbols in s

usi ng various receiver processing techniques. These techni ques include a
channel corr el at,iqm)w@adsimver sion (CCM ) techni que (which is Eggbd)
commonly referred to as a zero-forcing technique), a m ni num nean square
error (MVBE) technique, a successive interference cancellation (SIC

t echni que, wlexe 30, (%) isThe transowt datmygectortfot fransmyissper span m. Aeshowodn equational
processing and spatial despreading jointly or separately, as described

bel ow. | n (1), éazhldatsi sygntebd s 5(xp) isspatisibespieddowitly alredpestiveasioms of M(in)ftor each
el enent of the data synbol vector s. [0047] For the CCM technique, the
recei vi ng ehigin Y spreadisymbads, avlsgdamamheﬂubbm@nsmmd ifvom Ak Nmitrangmit atedras] ows:

H , H. fff 7)
o) HSEL o bbbl AV e B9 0
fol l ows: WD 2005/ 071864 PCT/ US2005/000828 13 Smmt(m) =Mr(m'tPci(m =R
- (my HE(m) [HCm) SCMH) £ m) - g Bl € 5y =L A ) SR ¢ Rhm) Eq (15)

where r,.(m) is the received symbol vector for transmission span m; and

H_;(m) is an effective channel response matrix, which is:

B (m) =H(m)-V(m) . Eq (16)

[0046] The receiving entity may derive estimates of the transmitted data symbols in §
using various receiver processing techniques. These techniques include a channel
correlation matrix inversion (CCMI) technique (which is also commonly referred to as a
zero-forcing technique), a minimum mean square error (MMSE) technique, a successive
interference cancellation (SIC) technique, and so on. The receiving entity may perform
receiver spatial processing and spatial despreading jointly or separately, as described
below. In the following description, one data symbol stream is sent for each element of
the data symbol vector s.

[0047] For the CCMI technique, the receiving entity may derive a spatial filter matrix

;(m), as follows:

ccm:

M, i(m) = [I—Ief(m) H, (m)j™ Heﬁ' (m) = R (m) qu (m) . Eq (17)

The receiving entity may then perform CCMI spatial processing and despreading

jointly, as follows:



where |, 0%@.}&5@ CCM filtered and despread interfereiegusdsdvosse, which
st j (M=K ng ff (rr).j(rr):VH(rr)R-.Iig):RR(rr)j(rr). Eq (19) As shown in
equation (19), the interference and noi j(m is whitened by VH(m.

However, due to the structure of R(n), the CCM technique may anplify the
interference and noise. [0048] The receiving entity may al so perform CCM
spatial processiSag(2hd i(ad) - rddmr eadi ng separately, as follows: Sccnr
(m =VH((m . M (m .t Pm(m =yHm' R(m.AHm[AMY(m*S(m+j(m]
 Fa (200 = s(m + | Coml(m) Mird- B pGh) 60A) - el , (M HH (M) Eqlmsiny
case, a spatial channel may be viewed as an effective channel between an
element of s and a coragmayrgi npypl ement of "s with the transmtting entity
performing spatial processindith the identity matrix | and the receiving
entity performng the appropriate receiver spatial processing to estinmate s.

[ 0049] ThewR fior (#h8s et CiE HitRied iBEPERR & fg,ﬂ(c— .... Ns, Eq
(21) Ycnmti'l a(rr)rJF"f'“{ ?a ] r V\Eere %,ﬁd?rgsbr%g t he po%ﬁ1 use%?’ orhﬁ%ta synbol
streamls,) in transmssion span m rl, (m is the I -th diagonal elenent

of R4 (m ; aj' Jjs, the yari 2,0l the i\ved; i ntegference and noise; and
Yunr,, (m is th!emiéﬁsz" @Y&'ﬁ?'arﬁmmﬁ)dkmgfm){ ,)(”S iﬁt i’ﬁ%’ﬂ&i’ si on %ﬂa@g}n WO
2005/ 071864 PCT/ US2005/ 000828 14 The quantity P,(m16r is the SNR of data
synbol stream {s,} at the receiving entity prior to the receiver Hspati al

pr ocessi ngAsnshowan Boevatipy (15 dhe inéerferense and oissc i{m) oid wistared PireVaGaht ity
yC.,(m is the SNR of data synbol stream {s,} after the receiver spatial

pr ocessi ng Hoveeves duss do rtbe estrustive ofaR(r)e tho SCCNEt techiiique MR ainplifshdhe
following .description, ,"SNR' refers to post-detection SNR unl ess noted

ot her wi se. intexiergpesaand nogse. MVBE t echni que, the receiving entity may derive a

spati ggogh] | ter ML leleiviMy ditfty iy a1s8SpekBbhO¥BMI spatial processing and spatial
despreading separately, as follows:

8 pomt () =2H (m) ﬁ.m(’") '!pm(m) ’
=V" (m)-R™(m)-B" (m)-[H(m)- V(m)-s(m) + j(m)] , Eq (20)

=s(m)+j_,(m) ,

where _ﬂim;(m) =R (m)-H” (m). In any case, a spatial channel may be viewed as an

effective channel between an element of s and a corresponding element of § with the

transmitting entity performing spatial processing with the identity matrix I and the

receiving entity performing the appropriate receiver spatial processing to estimate s.
[0049) The SNR for the CCMI technique may be expressed as:

F(m)

—_t for £=1 ... Ng, Eqg (21)
Ty (M) a'? s

}' comi b (m) =

where P,(m) is the power used for data symbol stream {s,} in transmission span m;
t,,(m) is the £-th diagonal element of Rz (m) ;
o‘? 1s the variance of the received interference and noise; and

¥ eomi o (m) is the SNR of data symbol stream {s,} in transmission span m.



I\/mJa(n') =[ wohbkidomsscPl (M ] ' fI(m Eq(22) The spati al f'PHI‘ﬁfSZ?@FOMS& MMt (M)

mnimzes the nmean square error between the synbol estinmates omt

spatial filter and the data symbols. |f l#he autocovariance matrix cl(r‘r) i's
not known, which is often the case, then the spatial filter matrix Mmi(m
nmaybe approximated as: MM (M=LH ff 6j2 I]-'H-.(m Eq(23) 100511 The
recei ving &hiei dugntityy PyGen) f of ris MENR e tdatal sypibol: stseian gs Al thesgeivag adity
jointly, as follows: snmee(nm) =DQ(mM.Mme(mtPea(m =Q (M Mme(m [H(m
s(m + j (m Jprior Eo thﬂe)cemﬂ@aﬂﬂﬂé(mwngmﬂf( wpmutoatye refimyd-tdras &ienjoceiSed m

Is a dia maf r eIerrets are hedaonal el enent s
or G () SNEIAR ity Ml s o PEGEa EHRbFLSONS. {moite: e Srsi¥ohng
despread |nterference and, noi se, DQ
(£ (oo tng ﬁtﬂw%f i a@thﬁamete‘mw%mvél%@@%( "
PCTI US2005/ &ﬁ;ﬁ% stSeetel: @\@H, filt t
Mmm e(m) ardggu noP’ma iz est Jr)mt es o0 the ata sy 0 s.g%'heI rmﬂi g:ai (r:iat(i on
wi th [pa58) pr oviKbetheWIMSE itechtiiquestheredetdng éntith enayadezive \andpatial. filldnenatexcei vi ng

entity may al so perfaorm MVBE spatial processing and spatial despreading
separ at el y, Msiatmhrasfellawst descri bed above for the COM techni que. [0052]

The SNR for the MVBE technl que may be expressed as: Ym,,.,e.a(m=g9,(m
Pt(m , for P=l . Wé q,, s the f -th di agonal el enent
of Qn); and ymM,a,e EW"B ﬂ%&m)stream{s )y in Eq(2)

transm ssi on span m [0053] For the SIC techm gue, the receiving entity
processes the NR received synbol streanms in Ns successive stages to recover
t he Ns dat aThgndpetialsfilterammatriz-gvl, oa@!) stigigezes the mean square error between the

symbol estimates from the spatial filter and the data symbols. If the autocovariance
matrix @ ﬂ(m) is not known, which is often the case, then the spatial filter matrix

M.,,...(m) may be approximated as:

mmse(m) [-—qﬂ' (m) (m) + o-j _.] - E; (m) - Eq (23)

[0051] The receiving entity may perform MMSE spatial processing and despreading

jointly, as follows:

Smuue (m) = QQ (m) ) -Mmm.re (m) L pesi (m) y
= Do (m) - Mo () - [H o (m) - s8(m) + j(m)] , Eq (24)
=D (m)-Q(m)-s(m)+],._(m)

where Q(m) =M,,,,(m}-Hz(m);
D, (m) is a diagonal matrix whose diagonal elements are the diagonal elements
of Q7' (m), or Do(m)=[diag [Q(m)]]™"; and
i (m) isthe MMSE filtered and despread interference and noise, which is:

i, (m =Do(m)-M,,,.(m) j(m) ,
Eq(25)

=D (m)-[Hoy (m)- g&'(m)+¢ﬂ(m)]-l H . (m)-j(m) .



P, the recgigvogo7esesl ty perforns spatial processing and %ﬁfﬁ | n
either the NR received synbol streans or NR nodified synbo S?’?‘%Iédgﬁségfrom

the preceding stage (e.g., using the cEM, MVBE, or sone other techni qgue)
to obtain one recovered synbol stream{, 1. The receiving entity then
processes &g.g., denodul ates, deinterleaves, and decodes) this recovered
synbol st r §aen symbwbt esfimatesc fome dheo spatiag filtsr ontettixd Mg, Sr)earn vifyrnaliddie
receiving entity next estinates the interference this streamcauses to the
ot her dat aestymdied of thecdats synibolset The emitiplieationT oriths Dij(m) eprovides nirgrafigedence,
the receiving entity re-encodes, interleaves, and synbol nmaps the decoded
dat a st r eanstimatenhef Swndata gymhels. pdhefrgeaivitlg gntityhmay abtsspecformdMSR spagia¥ or

this strea nd.obtains .a,stream of " Yepodul ated” .s ol S i.ch is an
ot mat e oP Rl SORiEh LR poreteip e oyl Fgtrbed Atave ORI 1y
then spati @dMI epkfigae t he renodul ated synbol stream wth the steering
matrix V(m and further nultiplies the result with the channel response
mat ri 10082 m) f oThe SR fardhe MMSE techuique msy be gxpresssd aso obt ai n NR

i nterference conponents caused by this stream The NR interference
conmponents are then subtracied fromthe NR nodified or received synbol
streans for thesur L—:sﬁégi)_t mptai n &t ¢aqdi,fifed synbol strea t he
next stage. The }‘r;"g’é[e(??i nb—en(ml?(t Eén repeats the sgame processi ng o(% t he NR
nodi fi ed synbol streanms to recover another data stream WD 2005/071864

PCTI US2005/ 000828 16 [ 00541 For the SIC techni que, the SNR of each data
symbol st r &dwre 7,.dendadens -th diagonal elament phQ(z); grdocessi ng techni que (e.g.,
CCM or MVBE) used for each stage, (2) the specific stage in which the data
synbol stream i ¥.hedoveisdee SHRoIdate symbokstisamt {soff in transmisionepermdue to t he
data synbol streans not yet recovered. In general, the SNR progressively

| mpr oygsaf Of - dakr eTRRY ¢ 85 oS0 Png olify brobhes IRORR {BREAHIGmbBE
interference fromdata symbol” streams retovered In prior stages i 5 cancel ed.
Thi s then statdmem Ni giweessivet sages do becousrdtle Ngrdathadymboy stredmss t Foraash stegoover ed

in |ater st s. C. .System Model 100551 FIG. 2 shows a del for da
Lransmi Ssi dn THF CRPELYIRE RS patal Brogesting and GCSHEIdI0e on GihE Po iR
spatial s j ] ' r ' -

St ol - corbRe duidoPlcat R \liodiiRh bl HERDS FBh b Hohithl saph (4X,

recei ver smpaingahe C@QYEsMMEES or séme lotlieBltechmiquay to abtaiSlont resvseted symbol bl ock
260) and

stream {§,}. The receiving entity then processes (e.g., demodulates, deinterleaves, and
decodes) this recovered symbol stream to obtain a corresponding decoded data stream
d .. The receiving entity next estimates the interference this stream causes to the

other data symbol streams not yet recovered. To estimate the interference, the receiving
entity re-encodes, inierleaves, and symbol maps the decoded data stream in the same
manner performed at the transmitting entity for this stream and obtains a stream of

“remodulated” symbols {5,}, which is an estimate of the data symbol stream just

recovered. The receiving entity then spatially spreads the remodulated symbol stream
with the steering matrix V(m) and further multiplies the result with the channel
response matrix H(m) for each transmission span of interest to obtain Ny interference
| components caused by this stream. The Np interference components are then subtracted
from the N modified or received symbol streams for the current stage to obtain Ng
modified symbol streams for the next stage. The receiving entity then repeats the same

processing on the Ng modified symbol streams to recover another data stream.



spati al degpsmadiiey (bl ock 270). The description bel ow npkpgsictBiognces to
the vectors shown in FIG 2. [00561 FIG_3 shows a process 300 perfornmed by

the transmtting entity to transmt datd6 with spatial spreading in the M MO
system The transmtting entity processes (e.g., encodes and interleaves)
each packet of data to obtain a correspondi ng bl ock of coded data, which is

al so d8#34bd a cdies thy SKK tashnigque,dhe SNFaefragh driasymbpbsieagn iz )dependent anoda

block is e . . : r et i t] e e

separ at ol y 1 st BReBliEL Yochhichld e QR o AR, dsbd B GecHBT Btbe oy o
maps each opedfiblstupls inowbichahe dat Syoubod sremdi is geddverld, ahd @3)Y thesaniduak of( al so
bl ock 312). The transmtt]j ng entity. nmultiplexes all data synbol bl ocks
gener at ed figterfgrence; due tp fhe dpta symbiel figeares Botsystretoverady clmgenembnibe SNB

née y
vector s) ( . Sl aa I ' t tyye
transm ssi ﬁb%éﬁﬁ%ﬁ@@a ansm ?@ﬁ% setiri\;:t | E?&s&p‘)’%ﬁﬁa |1§@£S@§%%§&B§% thé dat a
?énbm 3 tr gamsfew'nw fiotre d4ta 3ymbal rti)~eat(n§ lremgemﬁti? 'pﬁe% Magess emlo:belbylnHCHis tiefieans

enot e a vector win FIG 2 0] 316). The spatial spreading is
such that calowsdugher rajgsdode used for data %’5&91 %trqaylsgmawgmatprﬁta@ﬁs-m e (NM
steering matrices to random ze the transm ssion channel observed by the

bl ock. The randogi ég&ﬂeﬁiwdef he transm ssion channel results from using

different steering ! nd not necessarily from randommess in the

el emenpgsspf the plery NghoWR! i Gcdel The HbAN Wahdrhisfien SHith! )éF:itHﬂt fadigger f or ns
spatial processing on the Ns spread synbol streams for full-CSl "or

parti al - CSI Transmeiftang eityrl 10 s spasiall sprisading (black 2B0)aandsspatialt praerssing

synbol stre ot ed 005/.0718 P S2005. 00082 vect or X)
(bllock 316150 U et o) ERRESPIE, ool | BENAR SR L0 et )
transmt symbglers aﬁﬁﬂ?xdébébiﬁ%: Cor L CSN S phrtAL LS Adishidsiol QbIcRE E160) REdent i ty
(block 320). [0057] FIG 4 shows a proceSs 400 perfornmed by the receiving
entity to rspatiahdespreading (black27Q) dhevdcsdription below mpkesadferepcesiotthe vedton
system The recei¥#§?%entity obtains NR received synbol streans (denoted by
vector r) ViRg YR ‘ecei ve antennas (block 412). The receiving entity
esti nejpse)t he r ePRYBehoWs atﬁscé\éklyﬁbgési«lmﬁﬁhb(yhhaﬁmﬂﬁ&ang enB6 tb Yati¥mis %I al

processing for full-CSI or partial - transm ssi on based on the M

channel estwithtspatiad srasing insthnMBEOetyststm. s T dransmitiaegrentity qmotesies p-ga

vector ' Mencodes and interleaves) each packet of data to obtain a corresponding block of coded
data, which is also called a code block or a coded data packet (block 312). Each code

block is encoded separately at the transmitting entity and decoded separately at the

receiving entity. The transmitting entity further symbol maps each code block to obtain
a corresponding block of data symbols (also block 312). The transmitting entity
multiplexes all data symbol blocks generated for all data packets onto Ns data symbol
streams (denoted by vector s) (block 314). Each data symbol stream is sent on a
respective transmission channel. The transmitting entity spatially spreads the Ng data
symbol streams with steering matrices and obtains Ns spread symbol streams (denoted
by a vector w in FIG. 2) (block 316). The spatial spreading is such that each data
symbol block is spatially spread with multiple (Ny) steering matrices to randomize the
transmission channel observed by the block. The randomization of the transmission
channel results from using different steering matrices and not necessarily from
randomness in the elements of the steering matrices. The transmitting entity further
performs spatial processing on the N spread symbol streams for full-CSI or partial-CSI
transmission, as described above, and obtains Nr transmit symbol streams (denoted by



FIG 2) (R¥@stsAifdls The receiving entity further spatiapt¥ydanpbfess the Ns
detected synbol streans with the sanme steering matrices used by the

transmtting entity and obtains Ns recdVer ed synbol streans (denoted by
vector s) (block 418). The receiver spatial processing and spati al
despreading may be perforned jointly or separately, as described above. The
recei vi ng ¥ALIPE KX ﬂdﬁcli)ﬁég)essﬁze transgpitting ceridy) | thene somthitionse ande aensls | the i

decodes) each bl ock,of recovere ols jn the Ns recovered synbol streans
o Obt ai 1 ERH S h SRR o e St SRR o i P90y mE Uy elesiy] ng
entity mayzahso estimate the SNR of each transm ssion channel used for data

transm ssion ‘and select a suitable rate for the transm ssi on channel based
on it $00SKR (bl odG4A28howsha pemnass 410 petformed dytthe a¢ceivimpyntiiy is eteeiveathts or t he

Ns transm ssion,. channel s... [ 0058]. Refearrj ack to FIG 2,. the Ns data
synbol stri’ﬁﬂ%mlﬁﬁeg ?I"S RBre &ﬁ%ﬁ%ﬁéﬁ@ﬁéﬁme@e&mﬁegﬁpw Haiphel .
Each t ¥ SS| | gl ' nbol
Cor oam bot eRedRed PO stichn déoldty Yéitor®h Pl the Koo adiindls (6. oY 100

cor r espondigng). elTREReeivihg ehtyV@titates "the Alspdiie ofaRESMIMO cAfiriel Yblofl€484), the K
-th transm ssion channel "is the effective channel between the'l -th élenent

of s and meeorms spatiakpreeesamgder Bil-GSI oripartiah-&ISI Aanspission basgd oartbioMIME: t he

the Moo o RS S5t GRMRY B0 ARRES st DRt Shretet (B IS TRIO0R fhe Ne
o e : r SO

Spatial SpiaGurh ek B0 THE® (eBAE b il B Yesh BICHTNS Blheetll, |

may be geneymbedstréanwatvithuthe samienstéedinganattiess usedesly bl Gmsnlitiingnentieyraadli ment ,
a set of L steering matrices is WO 2005/ 071864 PCT/ US2005/ 000828 18
gener at ed ®BtkinfeNp recgversd symbol greamsi(feroted by vector 8) (blookid8» [Thawgeeiyer any

I nteger greater than one., These, steelin trices are unitary matyrices

havi ng ortﬁB@&iﬂoceéﬁP%ﬁﬁg.SPﬁééem%@@ perirmet jeindy or separaielye 8% ed and

used for s L ed SBHEAATRE g@@é) : b [T o TN Te Ny 20 -\ rmed in

vari ous naﬁla%‘tédrr?e Isdlral gegngiriaﬁdelt énﬁfgggiﬁgg %gbisgegge as nmany dglﬁ]ft%}gag%f

st eeri ng mandideesdea) ehshptk ef fampvarad bymiadls ims thelldg recovered sgmbolhsiteamb do

i nterference. and noi se e ran ] zed acrpss. t ock. .Each data synbol

bl ock | ot R CPBETORIIae b ol HGrshe BiaRl 300 e TecetBing EdmRRAIG ol 5o
estimate the SNR of each transmission channe] used for data transmission and select a

suitable rate for the transmission channel based on its SNR (block 422). The same or

different rates may be selected for the Ng transmission channels.

[0058] Referring back to FIG. 2, the Ng data symbol streams are sent on Ng
transmission channels of the MIMO channel. Each transmission channel is an effective
channel observed by a data symbol stream between an element of the vector s at the
transmitting entity and a corresponding element of the vector § at the receiving entity
(e.g., the £-th transmission channel is the effective channel between the £ -th element of
s and the £-th element of §). The spatial spreading randomizes the Ny transmission

channels. The Ns spread symbol sireams are sent on either the N5 eigenmodes of the
MIMO channel for full-CSI transmission or the Ns spatial channels of the MIMO
channel for partial-CSI transmission.

D. Spatial Spreading
[0059] The steering matrices used for spatial spreading may be generated in various

manners, as described below. In one embodiment, a set of L steering matrices is



referred i pshiBeP! OCk I ength. One steering matriXx in pRyuSRinsHRYsPe Used
for each transm ssion span. The transmtting and receiving entities may be

synchroni zed such that both entities kd8w which steering matrix to use for
each transm ssion span. Wth spatial spreading, the receiving entity
observes a distribution of interference and noise across each data synbol

bl ock even geferatied aptl Monotedrase(V} sor M(g) fort i atr.ods, wheredntmayecbe iyoinkegerhi s
avoi ds the case in which high |levels of interference and noise are received
because t h&reateanthan ianeng These steerng mriess: ate; waitasy TR#HGR hyving orthogenal nat r i x

of eigenv L\ | | I ed

I nt erferengg. | E%O%&eﬁgéﬁ%ﬁgseerl %pﬁé&ﬁﬁ %iegsaéldn%?#ééﬁsg’ﬁ%ﬁ é'gag%a%ct ed for
use i Q006a} i ous rMherspatial spreadinpemapivecharfonhed il easdemhbmgraraly garsal At ds
selected fromthe set in a determnistic manner. For, exanple, the L

steering mégsrabitoEse pemapy dafierent Sierrmesnatrisey avpewible, forseagh data) symbet der |

starting w theafi st | , : ] ( : S ri

g v 2otk et B i el e cadontin Bl ol BEGNY, BRI 4S, |,
enbodi ment gyinbel bloclelid Ggnsiwitied e NyptransiBistor §ng,Mwierk 4, SEX, dnd Ny is also
pseudo-random manner. For exanple, the steering matrix to use for each
transni ssi geiespdto s iz bloek dedgilet €dhe dfeming matria ihuhe setomay b ped foateach
pseudo-random y. sel ects e of the L steerin trices,, or steerin trix
V(r(m). | ERehissioaRen. diisJHamRRIIing SR Teiebars fetes prt be SBroReleBela 1 r om
the set in s HoR BatttRlAdiow WRIE stoeFiRE nEHRRT Bse foBadh RERMikNh SPR! IWARR MaY
be cycled through and selected for uSe in sequential order. However, the
starting spatialispreadingy the recrivingcintityyoiservieny dissribetiorcofcutarference sadidoise andom

manner, instead of | wa i the..fir eering. matrix V(1).. The.L
Sreeri ng nabiet et difa SPbRotloRE it MPED RBnRE i RRE LA LSS i ¢ i
the scope QfiodkeThif%esHS B casd REWhichgtP 196l Iof ShtbHérehee SRY Ridel RO rdtBved! SO be
dependent on the nunber of steering matrices (L) in the set and the bl ock

| engt h ( NMbecguse gthnetransmitting @odoesceivings ertisies nepnfiguailin 5759 74 88d matrix of

PCTI US2005/ 00082 19 matri.ces be..qreater than, equ Q, or less than
t he bl ock |eégp&v?lc§or§t0éél}q W&W?ﬁ’ﬁﬁgﬁﬁ’ %oé’flg%ﬁﬁfo‘f?s?rgﬁ ?‘nggg “?t?ﬁf ilcce’as es may be
perf orpged] as despd hsidess MatrickdROBS sétfmdﬁflfe MctddtBrude1f vassiaehaibrss tiger i ng

matri ces imatches the block length. In this case, a different steering
matri x nay dee embesiment, fthe stegting gnatribes awe! selegtpdniremi the sef jares detsmwinistic send

each data SrXann%%i‘. %JOIQ %i:‘amﬁé? th’é"\ﬂ 3 cgr%g' ﬁ%mnc;%ts Iiljla%'el)se I:ﬁ:liedt En(raouN and selected in

sequential order, starting with the first steering matrix V(1), then the second steering

matrix V(2), and so on, and then the last steering matrix V(L). In another
embodiment, the steering matrices are selected from the set in a pseude-random manner.
For example, the steering matrix to use for each transmission span m may be selected

based on a function f(m) that pseudo-randomly selects one of the L steering matrices,

or steering matrix V(f(m)). In yet another embodiment, the steering matrices are
selected from the set in a “permutated” manner. For example, the L steering matrices
may be cycled through and selected for use in sequential order. However, the starting
steering matrix for each cycle may be selected in a pseudo-random manner, instead of
always being the first steering matrix V(1). The L steering matrices may also be
selected in other manners, and this is within the scope of the invention.

[0062] The steering matrix selection may also be dependent on the number of steering

matrices (L) in the set and the block length (Ny). In general, the number of steering



t ransm ssivm2688NRcday be selected in a determnistic, ppepRiR290§858 Or
permutated manner, as descri bed above. [00641 If L < NM, then the bl ock

| ength is | onger than the nunber of st ed ing matrices in the set. In this
case, the steering matrices are reused for each data synbol block and may
be sel ected as descrjbed above. [00651 If L> NI\{L then a subset of the

st eering nifatiiees ey b geeater dhars sqpalday ar legsthen the,blogk lengtle  Staedag matrinf t he
specific s t r?a@%‘m [Emﬁl I . determ nistic or
pseudo-ranggiaioeo@rg%g?rp éee, t he ?ﬁ)i‘{)@% eefliaggg%gl%)g?gel %’ use for the
curreqgoespt a syabal =M, pokenrthe Manbdreofsteeins Matitds hatckdst the bldek (bmek. @pe used
for a prior data synbol block. [00661 As noted above, a transm ssion span
may cover dlnie cose, mdiffersht stegnigimajrinr inagidbe sehedtedrfon nachoof the My plarsmissimnds .

For inproved perfqrmance, it js desirahle tq,sel.ect the transp ssi span
to be as srﬁ?‘fg" %58&8555P Ieé‘cfédiafangfﬁkoﬁbqﬂﬁ?e%g‘?égw HapEiges glérfﬁﬁg\ﬂd used
for each dyfaasfxsieR!sphOmk; %Cke(e%ied?ﬁc&‘dét@ﬁﬁhiéﬁ@,gps%ﬁ&d&a\hdﬁﬁn of Bbduiatg® ManNy
"] ooks" of the M MO channel as possible for each data symbol block. The

transmi ssi GTﬁnnspahﬁmdbbtﬁalmvso bedshorter t han the ﬁOhﬁr ence ti He oflthe )
gssuni«?o:%?ﬂebe Qﬁﬁﬁoaﬁﬁiﬁ%tb%{bi%kgﬂﬁé‘éil° T:%Ymre@aen IC”t“tP‘%ﬁ%&ms?Eﬁ%l fc f‘r‘@%&asiﬁgugﬁ
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Spati al spiepdieu@icvted d8destiitdd bBoveandom ze and whiten spatially col ored
I nterference and noise for both full-CSI and partial-CSI transm ssion, as

descri[#$8] abovdf LThiNg, nthyn iarspbest of flag steeringwetrices isawsed domeach alatacdymbol

conditions. [Q0681 Spatjal spreadipng rmay al so be used to reduce_ outage
pr obabi | i t?IQf?FdeTh%ER‘TCé‘PH of $Be sRacilifg s iarysg or ﬁ@iéﬁt"e%ﬂkﬁﬂlé’}m& lﬁﬁbgk of

Subbl ooks. ierRiniicC A BIoChdERY B BBt hOTe] adthile MudnS vy Bidhe
the SNR expantsitiskosyrint botkhnay be titostéerihatraatsiy et tHa0as @6 MO HE4 prior

PCT/ US2005/ 00082 éo subbl ock may be transmtted as one el enent of the data
synbol vectdgke symbohblocke NT data symbol subbl ocks may be transmitted in

paral igdeep AN OUL20fF0tER¥hIVE ] tARSHIsstoh sBAY may cover one or muitiple symbol periods

and/or one or multiple subbands. For improved performance, it is desirable to select the

transmission span to be as small as possible so that (1) more steering matrices can be
used for each data symbol block and (2) each receiving entity can obtain as many
“looks” of the MIMO channel as possible for each data symbol block. The transmission
span should also be shorter than the coherence time of the MIMO channel, which is the
time duration over which the MIMO channel can be assumed to be approximately static.
Similarly, the transmission span should be smaller than the coherence bandwidth of the
MIMO channel for a wideband system (e.g., an OFDM system).

E. Applications for Spatial Spreading
[0067] Spatial spreading may be used to randomize and whiten spatially colored
interference and noise for both full-CSI and partial-CSI transmission, as described

above. This may improve performance for certain channel conditions.

[0068] Spatial spreading may also be used to reduce outage probability under certain
operating scenarios. As an example, a block of data symbols for a code block may be
partitioned into Nt data symbol subblocks. Each data symbol subblock may be coded
and modulated based on the SNR expected for the subblock. Each data symbol



one of thaydlodabmesynbol subbl ocks cannot be decoded er peidsholig2d he
receiving entity. [0069] If partial-CSI_ transm ssion w thout spati al

I
spreading is used for the NT data syrrbo:f0 subbl ocks, then each subblock is
transmitted froma respective transmt antenna. Each data synbol subbl ock
woul d then observe the SNR achi eved for the spatial channel corresponding
to its trafghblockmaybetransyaitted agiope slpment pf fhecdata sxnbelayestarrs andnbke d each

tial ch | | iate rate f h.spati h based
onits AR s soreledR Rl be Bandified i Paclil AR iR im et ofr thAny
transnitti gghecstt theYNy GBR syt Sibblotkidcaibt by deddtiet Ribr FREOBE ﬂfb“féc@i‘?ﬁ%' ate

the NT data synbol subbl ocks based on their selected rates.” [00701 The M MO
channel nagnéfange between tine n when the rates are selected to tinme n +r

when t ates e..ae | sed.. Thi. h se, for .ex e.lf the
recei J@Sf enti tf/ﬁ ng& #b%eld%?%mggﬂg%v%%g §f|¥%aﬁx,%1 I%pr%gtﬁﬁgﬁ W‘% ﬁ%fnﬁ‘gﬁ% ﬁlﬁtrarges
faster thagynitoesittistkechier ich subbldcE & tesmithd W aGbpRb@le thASPMAHHEenARL I i X
H at time n +r may have the same capacity as theN%rl or channel response

matrix Ho &achi detarsymiel subblagk wenldihere obesgveadhe SNR achieved for the spatial

Cap( HO) ="' 21 + =2] 002 +r)) =Cap -6 H, . A 1.1 re
y,(n) ist ﬁg@%&ﬁ %’P(e g%%ftalﬂﬁ %c&%;?r%gﬁif %@%F?mﬁﬁ Ig?]%vﬁggﬂﬁﬁﬁ)f%/n E(‘sr]?)“%%,\@ t he
capacity @NRuAlchel spatialiuhahndl, filect eiapptopiate futé forteieh grafalciiahesd bafedida and

H, are the sane, the capacities of_ the individual spatial channels may have
changed betitfic8NRs aadprqvidedhe rates for all Nt spatig] channels to thy transpitting eslityeqihel t o
y,(n +r) . W LR i p, | bl

i ncreases .%*9‘% n év R&%a)nsﬁ?%reﬁ g%‘?/e @g@?ggatgﬁg%ﬁg@% |°is)lg‘|%syl+)d§%§lﬁsseg a
dat a synbolorsiheiriselektedeatés.on a spatial channel with a lower SNR is |ess

likely to be decoded error free, and any data synbol subbl ock decoded in
error BHO}upts t Hee MNQ@hE%eiWn%Pg% eween, Haiern When Hhsorates apgeslented ton.
[0072] If ial - L SSd ' pat.i ' ' f:op the NT
Gat o synbol OB b5 o HERERE 3% Wbty el Bhicthal Bt B LAE F il Pine
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the feedback rate, and so on. The new channel response matrix H, at time »n+7 may

have the same capacity as the prior channel response matrix H, at time n, which may

be expressed as:

N N.
Cap (H,) = ¥ log, (1+7,(m)) = 3 log, (1-+7,(n +7)) = Cap (H,) , Eq(27)

=1 i=1

where y,(n) is the SNR of spatial channel i at time » and log, (1+ ,(n)) is the capacity

of spatial channel i at time n. Even if the capacities of H, and H,; are the same, the
capacities of the individual spatial channels may have changed between time » and time
n +7, so that y,(n) may not be equal to y,(rn+7).

[0071) Without spatial spreading, the outage probability increases if y,(n) < y,(n+7)
for any spatial channel i. This is because a data symbol subblock sent on a spatial
channel with a lower SNR is less likely to be decoded error free, and any data symbol
subblock decoded in error corrupts the entire data symbol block under the above
assumption.

[0072] If partial-CSI transmission with spatial spreading is used for the Nt data symbol
subblocks, then each subblock is spatially spread and transmitted from all Nt transmit
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tial channels of the
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Vector s(k,n) contains up to Ns data s s to be sent via the Ns
ei gennodes partiabGal may resudtfFem sability e feadbarionte wrd e operiod it. Up to
NF vectors, s(k, n) for k =1 ... NF, may be transmtted concurrently on

the NF subbangs yixly,. riod. For the M MO OFDM system a

-

[0074] Spatial spreading may also be used for a multi-carrier MIMO system. Multiple
carriers may be provided by orthogonal frequency division multiplexing (OFDM) or
some other constructs. OFDM effectively partitions the overall system bandwidth into
multiple (NF) orthogonal frequency subbands, which are also referred to as tones,
subcarriers, bins, and frequency channels. With OFDM, each subband is associated
with a respective subcarrier that may be modulated with data. For an OFDM-based
system, spatial spreading may be performed on each of the subbands used for data
transmission.

[0075] For a MIMO system that utilizes OFDM (i.e., 8 MIMO-OFDM system), one
data symbol vector s(k,n) may be formed for each subband & in each OFDM symbol
period n. Vector s(k,n) contains up to Ng data symbols to be sent via the Ng
eigenmodes or spatial channels of subband k£ in OFDM symbol period n. Up to Nr
vectors, s(k,n) for k=1 ... N, may be transmitted concurrently on the Ny subbands in

one OFDM symbol period. For the MIMO-OFDM system, a transmission span can

cover both time and frequency dimensions. The index m for transmission span may
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subband k and OFDM synbol period n. A t¥ansni ssion span may cover one
subband in one OFDM synbol period or nultiple OFDM synbol periods and/or
mul tiple subbands [00761 For the full-CSI transm ssion schene, the channel

response it e subrtitutes wittadh s fobsHbbaad rrﬁyallﬁe mmbd peiwsbai PAt he Ns
ei gennodes _of tha,t subband. The | val ues | di.agonal ., matri.x A(k),
For ko1 et oRRaREy oAVt onl, ARBHRLIC Sps, DEEA oY Fifiod GF e’

| argest ei @FDM)Isytbol Pericdcatbre@iitpe sabbdnds.Nns the next largest ei genv
al ue, and so on, or 1% (k) ~:2.2(k) z ... z 2 (k), where 21(k) is the

ei gen\i@li76k i n t For dhe tfall- €8 Iumansofissiqnk jchefmee thet tlmnncld@spcmge ien B for

ei genval ues for __each matrlx H(k) are ordered, the eigenvectors (or T%Ol ums)

of the ass@é‘ihfﬂ% frmay bedscpmngeed bt Kae Ny cigeamadasplihafspbhamd.

Came: of dor UPRARG, bR Ao LARATAR, BRYCPT 30 R BB ol oo .

-th wi debang, ﬁx‘sﬂ%ﬁﬁﬁ? cbitainddRe 14Best elgehbaﬁe 0@ Rekha¥otithh coﬁtmgq&éiﬁéxt Each

wi deband eigennode Is associated Wth a respective set of el genvectors

for the Nplaghbagigenvahiese andi sacon) ermlaemg(@zgemge(kbsm dpgc) stheci at ed
with the | argest eigenvalue in each matrix A(k) aftet the ordering. Data

maybe transifehtlde o the'& -tiScoliniaANA()i gfsinie @ederih@0 AWhed te difavalaed fozl - CSI
transm ssion schene, the transmtting entity may perform spatial spreading
and spati aleaWMIM)fm otderbd,sthb kipedyectord (biheolumes) of thy assotiated mamtyix
perform recei ver spatial processing and spatial despreading for each
subband. [ GE(t®1fdEatbht sitiband \and elsobdrdered rmyrespontlinghs niA {'witleband’ sgigamsodeanner s

in the M MO OFDM si%ztem For exanpl e, each data synmbol bl ock may be
transnitt edaysberielivgd ap thesset pf %@r@fiersexgenmd%ef al ¢ spbhapds a&ﬂs@sbands

Inthlscas ata.s b | I, Np _su a

achi eves frg%eﬁ@%cg %v@?sfi{ﬁ%ﬁ%&%‘% oﬁgw d& h’f Q rth g‘?ﬁi‘}"tg pr ovi ded
by spatial sgpiaadd). nOEadhaidébaha égﬁﬁﬂﬂdebisoeé@oeiatedam mespeem et ofiipt i pl e
OFDM synbol periods. Each data synbol bl ock may thus span frequency and/or
time di nengigsaLeqtpis @s@énNﬂéé‘bB?ﬂdspl Uhe gpincipké vwidehand | Bgenmgdenissthatqnsg|
spreadi ng) .

‘associated with the largest eigenvalue in each matrix A(k) after the ordering. Data

may be transmitted on the Ng wideband eigenmodes.

[0077] For the partial-CSI transmission scheme, the transmitting entity may perform
spatial spreading and spatial processing for each subband, and the receiving entity may
perform receiver spatial processing and spatial despreading for each subband.

[0078] Each data symbol block may be transmitted in various manners in the MIMO-
OFDM system. For example, each data symbol block may be transmitted as one entry
of the vector s(k,n) for each of the Ny subbands. In this case, each data symbol block
is sent on all Ny subbands and achieves frequency diversity in combination with spatial
diversity provided by spatial spreading. Each data symbol block may also span one or
multiple OFDM symbol periods. Each data symbol block may thus span frequency
and/or time dimensions (by system design) plus spatial dimension (with spatial
spreading).

[0079) The steering matrices may also be selected in various manners for the MIMO-
OFDM system. The steering matrices for the subbands may be selected in a
deterministic, pseudo-random, or permutated manner, as described above. For example,

the L steering matrices in the set may be cycled through and selected in sequential order



[ 00791 Thewstmai7igsmatrices may al so be selected in varipysy Megsss for the
M MO OFDM system The steering matrices for the subbands may be selected in
a determnistic, pseudo-random or perrﬁi”tat ed manner, as descri bed above.
For exanple, the L steering matrices in the set may be cycled through and
sel ect ed irf‘l sequential order WO 2005/071864 PCT/ US2005/000828 23 for,
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entity 150.. At .tr ) tti.ng entity, , a TX data processor 520 receives
and proces§@%@?’g&w§ﬁ@ﬁ‘ﬁé’?é ves, and nodul ates) data and provi des
data symbols. A TX spatial processor 530 receives the data synbols,

per f or s spatj_am{% ;r,gwmand spatial processing for full-CSI or

partial-CSI tra ; ltiplexes in pilot synbols, and provides NT

transm ynbol to ransmitt uni.t.s (TMIR).,5323 thraugh .532t.
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recei ve therddEssihg Fo6 fll-CSY of ipafitll-CSI aResRReidng éxep3n plloP¥fbSls,2and
received signal to a respective receiver unit ( R) 554. Each receiver

unit 554 p@revdtess Norsessut aymbelnpresmsntoalNy trangmittes runys (TdFHRUS e thretsbni tt er
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534a through 534t, respectively.
[0081) At receiving entity 150, Ny antennas 552a through 552r receive the Ny

transmitted signals, and each anfenna 552 provides a received signal to a respective
receiver unit (RCVR) 554. Each receiver unit 554 performs processing complementary
to that performed by transmitter unit 532 (including OFDM demodulation, if applicable)
and provides (1) received data symbols to an RX spatial processor 560 and (2) received
pilot symnbols to a channel estimator 584 within a controller 580. RX spatial processor
560 performs receiver spatial processing and spatial despreading on Ny received symbol
streams from Ny receiver units 554 with spatial filter matrices and steering matrices,
respectively, from controller 580 and provides Ng recovered symbol streams. An RX
data processor 570 then processes (e.g., demaps, deinterleaves, and decodes) the

recovered symbols and provides decoded data.
[0082] Channel estimator 584 may derive H(m), which is an estimate of the channel

response matrix H(m), based on pilot symbols transmitted without spatial spreading.

Alternatively, channel estimator 584 may directly derive I_?[_,f (m), which is an estimate



respecti velwn 2008/@1xgont rol | er 580 and provides Ns recoverge/syiidloesk! eans.
An RX data processor 570 then processes,  (e.g., demaps, deinterleaves, and

decodes) the recovered synbols and prov%jes decoded data. [0082] Channel
estimator 584 may derive Hn), which is an estinmate of the channel response
matrix H(m, based on pilot synbols transm tted wi thout spatial spreading.
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processor 546 to recover the selected rates. Controller 540 may t direct
TX data proeesssed (if 20eded) py oc E&sspatielaprooessernsd, toondisioned by trasiwittere imitsa s ed

o oo SRR b oud ke ARER SRR 15k APRR RO 150° >0

the Np signals sent by receiving entity 150 are received by antennas 534a through 534t,

conditioned by receiver units 532a through 532t, spatially processed by an RX spatial
processor 544, and further processed (c.g., demodulated and decoded) by an RX data
processor 546 to recover the selected rates. Controller 540 may then direct TX data
processor 520 to process data for each transmission channel based on the rate selected
for that transmission channel.

[0084] Controllers 540 and 580 also control the operation of various processing units at
transmitting entity 110 and receiving entity 150, respectively. Memory units 542 and
582 store data and/or program code used by controllers 540 and 580, respectively.

[0085] FIG. 6 shows a block diagram of an embodiment of TX data processor 520 and
TX spatial processor 530 at transmitting entity 110. For this embodiment, TX data
processor 520 includes Np TX data stream processors 620a through 620nd for Np data
streams {d,}, for £=1 ... Ny, where in general N >1.

[0086] Within each TX data stream processor 620, an encoder 622 receives and encodes
its data stream {d,} based on a coding scheme and provides code bits. Each data

packet in the data stream is encoded separately to obtain a corresponding code block or



transm ttiwQ 20807184110 and receiving entity 150, respecticvighssooddao®ey units
542 and 582 store data and/or program code used by controllers 540 and 580,
respectively. [00851 FIG 6 shows a blo di agram of an enbodi nent of TX

dat a processor 520 and TX spatial processor 530 at transmtting entity 110.
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M QAM where M= 2B ). Unit 626 provides a bl ock of data synmbols for each
code bl ock.set e @yterlagved bits ¢o foyn ariR-tityalue vvhesimBor boanslfrtbergpapsgaelt Bit ND

data str CaNG e B % s-}gg&ﬁc modulation symbol based on the modulation scheme (e.g., QPSK, M-
PSK, or M-QAM, where M =2"). Unit 626 provides a block of data symbols for each
code block.

[0088] In FIG. 6, Np TX data siream processors 620 process Np data streams. One TX

data stream processor 620 may also process the Np data streams, e.g., in a time division

multiplex (TDM) manner.
[0089] Data may be transmitted in various manners in the MIMO system. For example,
if N, =1, then one data stream is processed, demultiplexed, and transmitted on all Ng

transmission channels of the MIMO channel. If N, =N, then one data stream may be

processed and transmitted on each transmission channel. In any case, the data to be sent
on each transmission channel may be encoded and modulated based on the rate selected
for that transmission channel. A multiplexer/demultiplexer (Mux/Demux) 628 receives
and multiplexes/demultiplexes the data symbols for the Np data streams into Ng data
symbol streams, one data symbol stream for each transmission channel. If N, =1, then

Mux/Demux 628 demultiplexes the data symbols for one data stream into Ns data



data streagoRi@pess@’ 620 may al so process the ND data StycqaiBegsRosks | N 2
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fromspati al sor 4 nbols tijre division
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transmt aptepgas. [ 00911 FI G 7 shows a bl ock diagram of an RX spati al
processor 560a and an RX data processor 570a, which are one enbodi nent of
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processor 570, respectwely, ax receiving entity 156. Ny receiver units 554a through

554r provide received pilot symbols, {r”} for i=1 .. N, to channel estimator 584.

Channel estimator 584 estimates the channel response matrix H(m) based on the
received pilot symbols and further estimates the SNR of each transmission channel.
Controller 580 derives a spatial filter matrix M(m) and possibly a diagonal matrix
D(m) for each transmission span m based on the channel response matrix H(m) and
possibly the steering matrix V(m). Receiving entity 150 is synchronized with
transmitting entity 110 so that both entities use the same steering matrix V(m) for each
transmission span m. The matrix M(m) may be derived as shown in equation (10) for

the full-CSI transmission and as shown in equations (17) and (23) for the partial-CSI
transmission with the CCMI and MMSE techniques, respectively. The matrix M(m)
may or may not include the steering matrix V(m) depending on whether the receiver
spatial processing and spatial despreading are performed jointly or separately.

[0092] FIG. 7 shows receiver spatial spreading and spatial despreading being performed
separately. RX spatial processor 560 obtains received data symbols, {r’} for



Channel esyprpésaige®4 estimates the channel response nmat k) d on
the received pilot synbols and further _estinates the SN&%@?&%{%}H@?

transmi ssion channel .  Controller 580 défives a spatial filter matrix Mm
and possibly a diagonal matrix D(nm) for each transm ssion span m based on
the channel response matrix 11(m_ and possibly the steering matrix V(m.
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streans. Wthin each RX data stream processor 770, a synbol demappi ng unit

772 denodubtzrags and,provides demodulated dain.s 4 eltannelsdainterleaser ddhdeinterteavesdhece

with the ' h f . . OV t ed

data. A chifHeRILes 6 BTE lipis (Shpleifluard b AU RRH-RIRY bERRAE R BT, 07,

manner Conpr&afe By aaysthidting é@titHt KI0L eA\debgdap 176 AebBdbsahie ideibterleaved data in a
manner complementary to the encoding performed by transmitting entity 110 on that

stream. For example, a Turbo decoder or a Viterbi decoder may be used for decoder
776 if Turbo or convolutional coding, respectively, is performed by transmitting entity
110. Decoder 776 provides a decoded data stream, which includes a decoded data
packet for each data symbol block.
[0094) FIG. 8 shows a block diagram of an RX spatial processor 560b and an RX data
' processor 570b, which implement the SIC technique for receiving entity 150. For
simplicity, N, =Ng and RX spatial processor 560b and RX data processor 570b
implement Ng cascaded receiver processing stages for the Ng data symbol streams.
Each of stages 1 to Ng—1 includes a spatial processor 860, an mterferenée canceller
862, an RX data stream processor 870, and a TX data stream processor 880. The last
stage includes only a spatial processor 860ns and an RX data stream processor 870ns.
Bach RX data stream processor 870 includes a symbol demapping unit, a channel

deinterleaver, and a decoder, as shown in FIG. 7. Each TX data stream processor 830



stream by wdé a0sg¥ilstd N9 entity 110. A decoder 776 decodes%éﬁlgs{bgglgﬁ‘)g{sl eaved
data in a nmanner conplenentary to the encodi ng perforne y transmtting

entity 110 on that stream For exanpl e28 a Turbo decoder or a Viterbi
decoder may be used for decoder 776 if Turbo or convol utional coding,
respectively, is perfornmed by transmtting entit 110. Decoder 776 provides
a decoded iaglpdessaty enpedenyta ehanngl inferdeaver, dad odexmbilt mapning keit, Ao shavecin dat a
synbol bl 100941 FIG 8 shows a block diagram of an RX spatial processor
560b and an data processor 570b, which inplenment the SIC technique for
receijooss) enti tBor bhige IE@gaﬁﬂiprbésﬁdaﬁ 860a\erfupma Rebeier SPatidl ProdekHee 6f e S60b
and RX data processor 570b inplenent Ns cascaded receiver processing stages
for the NsNezcgivey spobolstreamssnd rravidessenesteagpesed symbolstream; {§3. ulBglate

ot oceasol §70N HRGFSIPH A el eSS R eh W0 clocadis e areor s GUIbRL Lites
RX tat ot 1A o HeLBOMideR PAERPRRSE (R SULTERE g an iR o2 tHaho!
o1 oceasor BBEESHE 06 GHOR G Eler BeRIDmP oS e dasotrn st (Gcod . a

For st age st pfRrRecky unlil ARG o 87 o Whatl e pvidbedt ng on

the NRr 'Hﬁﬂteﬁym 1 SdtFeRR s 3Nd IRETHEARS cANB1IEL 882 Sh4l Bdad$ theam
{SS1 1. R)e(fegigta strear% processg‘? 870a dermdﬁl ates, dein eraiﬁgg\i}esa, tattlri\d

decodes t hgnjoatlawdrsgthbsy skedm I REAthe SedriphafixO W(#9Sarll fihEeemARpEENg
decoded data streans??ld,}. TX d{g—{}a stream processo'r—(8 Oa encodes,

interl eavege ABEldTRAM 3heSchdiBcd 960RaEE Qﬁdtﬁxsﬂ@mtbdoi)taiﬂ“ N entefferBedranner
performed by transmitting entity 110 for that Stream and provides a

remodul at egoripoibml duertadathSsymbol rshemﬁe{s?}lc TR N eink st fer&fv acomipinkith laye
spreads the Trenodul ated synbol stream{s,} with the steering matrix V(m
and furt hesubtrat¢ted fibimethe Nehreceived kyraboli stieamb ¢éo obtaimiNg modsfieshsyebobstréamst t ()
to obtain NR [nterferepnce cogponents due to data synbol stream{s,}. The N
i nterferen® ciéé’r'f‘dgﬂ‘é‘ﬁ 10;$188¢ &bt ract ed from the NR recei ved symbol streans

to objggb NR MOglhi S Hhrelbhi SR petfaD R Sl ¥bASH o0 shAYCatBeit

on the Ng modified symbol streams from the preceding stage instead of the Ny received

symbol streams. The last stage performs spatial processing and decoding on the Nr

modified symbol streams from stage Ng—1 and does not perform interference

estimation and cancellation.
[0097}] Spatial processors 860a through 860ns may each implement the CCMIL, MMSE,

or some other technique. Each spatial processor 860 multiplies an input (received or
modified) symbol vector r‘,(m) with a spatial filter matrix M., (m) and the steering
matrix V(m) to obtain a recovered symbol vector §-,(m) and provides the recovered
symbol stream for that stage. The matrix M, (m) is derived based on a reduced
channel response matrix _ff(m) for the stage. The matrix ﬁz (m) is equal to H(m)

with the columns for all of the data symbol streams already recovered in prior stages

removed.



[ 0096] Each of stages 2 through N. -1 perforns the sane procéssing as—steage
1, albeit _on the NR nodified synbol streans fromthe precedl n

i nst ead of WO K¥%cei ved synbol streams. The |ast stad€T zg?ﬁ‘%ﬁ‘%patlal
processi ng and decodi ng on the NR nodif3%d synbol streanms fromstage Ns -1
and does not performinterference estimation and cancellation. [0097]
Spati al processors 860a through 860ns may each inplenent the CCM, MVBE, or

sonme ot her tegh eSelédtidn anatCahm_o__ocessor 860 multiplies an i nput

(received or nodified) synbol vector K jm with a spatial filter matrlx M
,¢(m Rogk t he Stf%?'bbﬂﬂﬁﬂl[@ﬁfhﬁﬂ GQ{sﬁiJ @ﬁ?’ o .
, (M [gnd]prow des the recovere o strgehé%ﬂ’%ﬁf&%éﬁﬁ?%s QAnTﬁ' mat ri x

M k(m is dbeiSNRI obzeeh U@nsrmssmmdnelc hEne SNR eomputmtiontds rdepcﬂde(xmn f(oy the

dat 8. sy bol e G o L CR barmbibn it Baieﬁsébgwioti”"“m%ﬁspr igis
20051 07155 HGHAUE2BS)UBE i o ] g Wyl LOORR) For

both full- and partial - transm ssi o can
estimte tMdSE\Rr SIC)amﬁnWrthcnmemngmﬁe baseﬁf@aﬂmaﬂimnsmissmn Fer

d dent h f ul d, (2
et her s pdt MIMQ IR Siipern the, SNR B ebi sntfendpt pod apmissinsbarudlara,
spati al pr%ﬁﬁa&dtaﬁam%ﬂgsﬁ@o&mmmo Bran@fnisslchc hagﬁéi waﬁl%e OFDM

receiving entity in the case of partial -CSi transm Ssi on

system t heanSigerating S8y, D bfordadi tramotissioractmnhalahaybe banpeed besgd ohehe
estimated and averaged to obtain the SNR of the transm ssion channel. In any

case, an O§NRaf thegranibiitission dh@imelf pJ, (B3ahd tn SNROSS6L,00, (hpawfellowry be
conput ed based on the SNR of the transm ssion channel, yp, (t) , and an SNR

of f set, (1), as follows: Yo, (t)=Y,d(f)+Y.(t) , Eq (28) where the units

are in deC| bel' s #d@)= yTt‘(ee)SblR(@)‘fset may be used to account for egqg@®fion
error, vari abi I|ty i nthe channel, and other factors. A suitable rate is
selected for each transmission channel based on the operating SNR of the

transm ssi owheré dhe ehits GRORO Hedibels NABY) Sﬂﬂsmﬁsalm@pfnb used pecictount Fot  of
rates. One of the supported . rates may be for a null rate, which is a data
rate of zerS§timatemewer, wwéah*b%mﬁhﬁghqnaﬁlew gther factors. A" suitablo rate is selected

for each transmission channel based on the operating SNR of the transmission channel.

[0099] The MIMO system may support a specific set of rates. One of the supported
rates may be for a null rate, which is a data rate of zero. Each of the remaining rates is
associated with a particular non-zero data rate, a particular coding scheme or code rate,
a particular modulation scheme, and a particular minimum SNR required to achieve a
desired level of performance, e.g., 1% packet error rate (PER) for a non-fading AWGN
channel. For each supported non-zero rate, the required SNR may be obtained based on
the specific system design (such as the particular code rate, interleaving scheme, and
modulation scheme used by the system for that rate) and for an AWGN channel. The
required SNR may be obtained by computer simulation, empirical measurements, and
s0 on, as is known in the art. The set of supported rates and their required SNRs may be
stored in a look-up table.

[00100] The operating SNR, y,_,(£), of each transmission channel may be provided to
the look-up table, which then retwns the rate g(£) for that transmission channel., This
rate is the highest supported rate with a required SNR, ,,,(£), that is less than or equal
to the operating SNR, or 7,,(£)<y,({). The receiving entity can thus select the

highest possible rate for each transmission channel based on its operating SNR.



associ at eqygvbdoRfugpfr ti cul ar non-zero data rate, a parti gefRk2d096d08s% schene
or code rate, a particular nodul ation schenme, and a particular m ninum SNR

required to achieve a desired |evel of3berformance, e.g., 1% packet error
rate (PER) for a non-fading AWGN channel. For each supported non-zero rate,
the required SNR may be obtained based on the specific systemdesign (such
as the parti Sul SteeripgeMatrix Gengrationavi ng schene, and nodul ation schene
used by the systemfor that rate) and for an AWGN channel. The required SNR
may bpondl] ai nedThy steeriii! iitrices Misdd for OSpatialBprchdia Wﬁﬂr%ﬂ&@ie&in iou$O On,
as ispknoyfm in the art. The set of saﬁ)orted r.at%s and their reqﬁifb?lg3§SNRs
may be stBARReTS, angd sofak cxemplan schemesare] deprribash belami. nA SRIROf o sleeding of

h t LSSl i the,.l bl e... whi th
Cotur no. t peRegfhat 18 e ool ind LOlCA Bink Sanbifin 88 HBNBR Gitietlang "
hi ghest suthpreaftedretri¢ved bt tisetay theiafec e,  AiternBlively] thebe btSerdiShatritad or

equal to the operating SNR, or The receiving entity can thus select the
hi ghest po®3Y Be eompputed fmyrealdiae ag theyana Besdsd channel  based on its operating

roorofF1Ac"s: oZBY Rl edes, 8K b Mluery b8 A8 HRH) BecRBNba a1 o

various neondétios; and sone exenplary schenes are described below A set of L
steering nmatrices may be pre-conputed and stored at the transmtting and
receiving entiti es and thereafter retrieved for use as they are needed.
Alternatively, MdgeWieeking foatr=ilcesL.may be conputed in real tiBge(28% they
are needed. [00102] The steering matrices should be unitary matrices and
satisfy the following condition: vH(i)v(i)=I, fori=l ... L. Eq(29)

Equat i on (EgyationdiZ8hindicatesathabeash eodnmobiV(H) ishowldodve wdt energy tandrtbe gy and
the Hermtian inner product of any two colums of V(i) should be zero. This
condi t i on Hewmitie dnnep produgtof\gnygeocolymas of Néd)t should be gewvouEhiy cordiignt he
steering matrix V(i ave the sanme power and are ,orthogonal to one_anot her
prior to tPUsHESS;tha t13!31 .I‘?ﬁ[ éﬁi@@?&b@ﬁﬁ@ﬁﬁ‘m‘m@nﬁ%& Pige g Fieedng marin I N6) be
uncorrel atgd z_ﬁ%é hat the C@rrel tion betweerlB%n .two, uncorr.el ated steering

matrices i 8% B1C RO\ PG A1 5 og?ﬂa; tQSHEPJE(i’ Of {0 transuission

[00103] Some of the steering matrices may also be uncorrelated so that the correlation

between any two uncorrelated steering 1matrices is zero or a low value. This condition

may be expressed as:
Ci) =V (@)-V()=0, fori=1..L, j=1..L,and i # j, Eq (30)

where C(if) is the correlation matrix for V(i) and V() and 0 is a matrix of all zeros.
The condition in equation (30) may improve performance for some applications but is
not necessary for most applications.

[00104] The set of L steering matrices {V} may be generated using various schemes. In
a first scheme, the L steering matrices are generated based on matrices of random
variables. An NgxN, matrix G with elements that are independent identically
distributed complex Gaussian random variables, each having zero mean and unit
variance, is initially generated. An N, xN, correlation matrix of G is computed and

decomposed using eigenvalue decomposition as follows:

R, =G”-G=E;-D; -Ei . Eq (31)



may be expwesHh VX Vi 0, fori=1...L, j= ,
Eq{30) wher e %(g?/?%%c'glh{a)corﬁel) a'gll Zjn rrgtrl; for VQ)J 1)\(/1( #zoﬁgﬂ%dz

matrix of all zeros. The condition in &uatl on (30) nay i nprove perfornance
for sone applications but is not necessary for nost applications. [001041
The set of steer|£g matr.i ces { %ener ated using various schenes.

In a first “@déﬁéét?ﬂ'ﬁlgrﬂﬁ%xc teythsgsaba B Pevreptlsr i ces
of random va matrix G wih eI enents that are independent
i denti cal | )}-ep ﬁg‘lﬂ @&t"%ﬂ%ﬂ%‘@&&%ﬁ%‘%dom vari abl es, each having zero
nean goelospit  \Ard s6M1 sétemie)ithé 3) bieriie) alati®d  aré\penbrated Was6®Bn ] &dti ¢in

matrix of Gis conputed and decorrposed usi ng ei genval ue deconposition as
foll ows: H (oRL}e1dndpemdsnt isey¢pipllyisinssO(IIYomiteGTihaERea s 68a8 31 The
matrix E. is used as a steering matrix V(i) and added to the set. The
process is repeated until aII L steer| ng matrices are generated. [00105] In
a second schene, YV{hE,. wqge@,maﬁ - QF €¥s ,are giendyal gd. -Péged0dh, a Eg(3)f
(loge L) + 1 independent isotropically distributed (RID) unitary matrices,

as follows: V (&t2fQ=QLz ....LQQV, for P" P2, ..., 2QE {0, 1},

Eq(32) wherwhere V) $s anNNk N, Nslepaﬂbpﬁsdemicélgodiswibhtedluhjtaq&maﬂikbut ed unitary
matrix; '=11R2 ... '.,where Q=1loge L and ii is thej-th bit of index i;
and Ql', for j:i1=£,£2...Q whaeraQMoggINInd?wglmﬂleyah}mtnﬁhmdex1,ﬂihb second schene
is described by T.L. I\/arzetta et al. in ructured Unitary Space- Tine

Aut ocodi ng Constgth fri . Q,55&n N aRsacHDAhifry maffy, mati on Theory, Vol . 48,
No. 4, April 20027 [O 106] I'h a thitd scheme, the L steering matrices are

gener at ed b]?he%é@&ﬁﬁs%héﬁﬁé!s GecAbed Oy TN, Mila!rﬁe't@'ez Wi ih aR¥ruste&l Uﬁﬂax?‘%ﬂabéi VO
in an NT-di nensi onal conpl ex space as follows: V(i+1)=0 V(1) :

L-1, Eq( 33)Tmem§0®dm§ CansteliationsT JEERG Sreasaction tar Information Theory, Y anddit s
that are L r%ptsz@ unity. The third schene is described by B M
Hochwal d et ¥ Stemati c Design of

[00106] In a third scheme, the L steering matrices are generated by successively rotating

an initial unitary steering matrix V(1) in an Nr-dimensional complex space, as follows:
Vi+)=6-V(@), fori=1..L-1, Eq (33)

where ®' is an N, x N, diagonal unitary matrix with elements that are L-th roots of
unity. The third scheme is described by B.M. Hochwald et al. in “Systematic Design of
Unitary Space-Time Constellations,” JIEEE Transaction on Information Theory, Vol. 46,
No. 6, September 2000,

[00107) In a fourth scheme, the set of L steering matrices is generated with a base matrix

B and different scalars. The base matrix may be a Walsh matrix, a Fourier matrix, or
1 1
some other matrix. A 2x2 Walsh matrix may be expressed as W,,, =[1 ] A

larger size Walsh matrix W,y,,y may be formed from a smaller size Walsh matrix

W » 2 follows:

Eq (34)



Unitary Spaoeodsiifessgonstel | ations,” | EEE Transacti on on |lpgfraisdmisionskd heory,
Vol . 46, No. 6, Septenber 2000. [00107g%In a fourth schene, the set of L

steering matrices is generated with a ba%e matrix B and different scal ars.
The base matrix may be a Wal sh matrix, a Fourier matrix, or sone other

matrix. A ZgX lsh,matr.i x_may be expressed.as W2,2 A |arger size Wl sh
mat ri x V\Ehk%yﬂsﬁﬂv SPS\CGH@HEP?IB%’%“ %S?%?rssqq‘ﬂ%\al sh matrix WWN , as

f ol | owpg N VAN XFourfek tidhix VSN ‘g}ﬂ@g\l - /

PCT/ Uvsrg%lgg\béow% %%Igh mat r | ces‘haveeil |nen§&|'{\gn%0%§ar?ﬁ%§%§8£m%? J's" of two.
[001081 An ciiubnn wiicH by b&ExpTBiskd ¥s:D has el ement w, in the n-th row of the
mth colum, which may be expressed as: -12" w.,,,=e NT , for n={l ... NT}
and me{1 ... NO EQq(35) where nis arowindex and mis a columm index.
Fourier matrices of apy%¥ti@re dinmension (e.g., 2, 3, 4, 5 and so on) may
be forned. [00108]. A8 NT X' NT,ar i+ et Nod #9d poadl er Nsgtri x D, or Egdd®
other matrix nmay be wused as the base matrix B to fort other steering

matrices. Each of rows 2 thrg];gh NT of the base matrix nmy be independently
nul ti pl i ed WHeE® nol§e? 50W Nndexr ard ehis peobms) ndexe aFapder atricss wf>any. squrre- -

different st ls t4 ihC Q ' fr.om MNT-i different

per mut ation‘éﬁgﬁlé}ﬁ{ae%%éa%’zsfé%gts)?g?ﬂg&ﬁ%%nregm. For exanple, each of rows
2 throgaieoNT MayAR e | NS PWARR Ridtix "W, Fomtidrdaiixt D dr $6@b¥ihe? imatdx malbeti . OF
-j, where j =. For NT'=4 and M =4, 64 different steering matricés my be
generated dsed tHedbabematrixaBr toxfolinWilieh stebiin & @ntriclsf fRACAYT rows Rahfough Nt

Addi tional steering matrices my be generated with other scalars, e.g.,

et' 3"14 , aif the baseempttixemay hadndapendently mujeplicd with ess bf MWiffdrenthmoshiblee
matrix nmay be nultiplied with any scal ar having the formelJe, whereNTg may

be any phas¥alges whereNYl X1 NMsT e dtifergntptering dBatiiass ey ferbiapetifram M/(T) =
ONT B(1) . tihelef Sifhufabiohs H'n8M sl fortnd RE, L1'BwiP bt &A5HE A S W the

2 through Nt may be independently multiplied with a scalar of +1, -1, 4, or —, where

J =+/-1. For N, =4 and M =4, 64 different steering matrices may be generated

from the base matrix B with the four different scalars. Additional steering matrices

tj3xi4 + i tjnf8
H y

may be generated with other scalars, e.g., e e e , and so on. In general,

each row of the base matrix may be multiplied with any scalar having the form e/,

where @ may be any phase value. N, xN, steering matrices may be generated as
Y(@i) =gy, -B()), where g = 1/1fNT and B(Z) is the i-th matrix generated with the
base matrix B. The scaling by gy, ensures that each column of V() has unit power.

{00110] Other schemes may also be used to generate the set of L steering matrices, and
this is within the scope of the invention. In general, the steering matrices may be
generated in a pseudo-random manner (e.g., such as the first scheme) or a deterministic
manner (e.g., such as the second, third, and fourth schemes).

[00111] The spatial spreading techniques described herein may be implemented by
various means. For example, these techniques may be implemented in hardware,
software, or a combination thereof. For a hardware implementation, the processing
units for spatial spreading at the transmitting entity and spatial despreading at the
receiving entity may be implemented within one or more application specific integrated

circuits (ASICs), digital signal processors (DSPs), digital signal processing devices



base matrix B. The scaling by gNT ensures that each col um of V(i irers=prrriwmm
power . 100110q] O her schenes may al so be used to generate the set of L
steering MEP#0038E8640d this is within the scope of the THl/ERAOPUPO838,

general, the steering matrices may be 3fenerated in a pseudo-random nmanner
(e.g., such as the first schene) or a determnistic manner (e.g., such as

the second, third, and fourth schenes). [001111 The spatial spreading

t echni ques(DSDS)] pedgrammable ﬂﬁ%cbéeviidmﬂ ¢PEDbRdfibl prégra@meablediate drRNs

exanpl e, these techni ques may be inplenented in hardware, software, or a

conbi nat i oc’fﬂ(ﬁﬁ)eawcess% SOMEQLea TRCTOrE P RIISTSa tTRISHOPTOGRES QI8 .oRlhess Plgstronie) t s

for spati al;. i Mg e I eadi ng at
t he Pecei Wﬁsg&eg%ﬂlé?% %}%?%ﬁn%?gngnéégﬁ%ﬁﬁ t |éﬁﬂ’o(ﬂ.e%dc(??l%#t§natgp |f(:':ati ong
speci faot1d]nt egr Bored scofiwarei implémGitaiion, thegispatial sspramlingrieclatiquess naPShs) ,
digital signal processing devices WO 2005/ Q71864 PCT/ US2005/ 000828 33
(DePDs) . pHBAFHEHES oY Birelonse o aEoqeaEs) Nurhions Bidogt SANAA FHATE B r ays
(FPGAs), pﬁﬁﬁﬁé@&%eﬁlﬁ%&%ﬁ&h.‘ e soMQbS@éfétﬂx !bers&ram ARG SRR (S g., O NET

el ectronic units designed to pertormthe tunctions described hereirny or a
conbi nat i ometrdvey enmits 54208 5B i FIG 25 )sid execwted byplagracdsadr (6rg., dohtrol@a i@l
spreading te i qu i npl enented with dul es (e..9., procedures,
functi ons, a%fﬁ g E@ o g’i‘)‘!”&% a&gﬁ éﬁ‘%%‘?ﬂ%mab’m?c@?ﬂ%?e@@é d’é’lﬁﬁlg $he, DFQSEFFOT PRe

sof tware ¢ 66 thNwhBHQ [ ecﬂnmunﬁ‘@ﬁ%" j and
582 in FIG andﬂ%ﬁg@;&?ggdﬂblyn‘g pr ocaéggglrc gggc contro I%rdg{}%l%g tégtﬁ%l 580
in FI G 5) proth®omaawagiousth¢ansay isd@oivmpindheat.ed wi t hin the processor or
external to the_pracessor, in jch case it can be co ni catively cqupl ed
Co ¢ neHIoces S BRRGRES 36 Tnatilieoheion dor SeRAORR 0 {haihip. PR SFeMad ngs
are i ncl udgguBR eirfesk HeadifLCAEHOE it liddQo Airlt b 4RBE8 1K ML SRkt Wescied | ONS.
These headings are not Inténded to limt the scope of the concepts descri bed
t her ei n unttergin ander; hed theso nemepts mayy havey epplizpbilitylin biltey sections Hmmouglanst i ons

t hr oughout he enti.re specification. [00114] The previous description of
the di scl ol GFFEH@- i s provided to enable any person skilled in the
at to Or USQe hRRiddE BERBPtLMYLME Idietlost@ EhBBinTRM fs'prdHlR dndblelallfSe
enbodi[drgﬁis Wil %g rleadi 'y gpparent to (%Shose skill ed1 ip?] the art, gnd?t he
generic ppéensocn philed tethe agdo make ion usm thelpeeseppinventiony Vatious mndifidationstte

w thout de %gé Eﬂlgogi;n%ms will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from

the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



the spirit or scope of the invention. Thus, the present invention is not

intended to be |limted to the enbodi nents shown herein but is to be
accorded the wi dest scope consisteni4d with the principles and novel features
di scl osed herein. 34 Wat is clained is: |I. A nethod of transmtting data

from a wralksdMihéd 8g entity to a receiving entity in a wireless nultiple-
i nput multiple-output (MM conmunication system conprising: processing
data to obtain a plurality of streans of data synbols for transm ssion on a

plural ity ofA mkthaMsitanshi@ihg@R@TRE Stranbmtidd eidy G ARBEinP SR A WiRess multiple-
perform ng spatial spreading

transmtting entit n he receiving entity;, .

on the “b‘?"lﬁl”g]“ipp y “Bg‘téﬂﬁ@é}@“ﬁf““&é?% YFHBSPEPUFRR at | east two different
steering matrices for a plurality of subbands to obtain a plurality of
streams of SPLRathoMHARObHain Wk otlsh b Qmbo R ARG is\H ality
of steeri ng_sp?r_rat rices T andglr]nw?es i;t)ph‘()a Sp tﬂr}sg)??{tﬁy'@&b%t rfﬁﬁ?ﬁ?@g%ﬁ\&%@ﬁrg%?h or

t he pl draasmipsjonghanpelsdnaIMO chamg! bspyiteaithe trapemifting entify andihe regtivivg edtfssi ng on
the plurality of streanms of spread synbols to obtain a plurality of streans
of transmt s ols for transm ssiqn froma pl it f t smt ant.ennas
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t r ansm steesymibattisesforamhirhléy pf subbdnids ¥ obfain a Fmskiy bf arhanobpread dmbbhhewhetihdd of
claiml erei.n th erform spatial progcessi onprises nultiplyi t he
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t r ansmithe plalitylofistedaint yf dafa symbelas of spread synbols on a plurality of

ei gennodes of the M MO channel. 3. The nethod of claiml, wherein the

perform ng spatial processing conprises providing each of the _plurality of
streans of dJFERHN&IPAIA PEOCessNG A themlurdlisy ¢f stipamsiof pregd sympela Hsobiin 4 plrglity;

SYymbol Syredhns off@ngtBi HR8019 For GainMision fURES ﬂhﬂalilglﬁ?trﬂ{sﬁﬁ%t%hﬁbg afkfl ﬁ‘arﬁﬂm?ﬁéfe%ﬁ@;
encodi ng and nodul ating data for each of the plurality of streans of data

synbol #M8ased on a rate selected for the streamof data synmbols. 5. The
met hod of claim4, further conprising: obtaining the rate for each stream of

data synbol . I i 1 0-cN0j Se-
and-i nt or f er Bacing PG SEEEHORAIRP SR R hEPBb TR amennas.
data synbols. 6. The nethod of claim1, wherein the processing data

conprises 3 engodi an dul.atin h.of |uralit f kets of data
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of dat gplwylith of Sregrenalisateadisyhdolstwith nttices bf digenodctopatol@bsniothe giatadityorftsoeams of
spread symbols on a plurality of eigenmodes of the MIMO channel.

3. The method of claim 1, wherein the performing spatial processing comprises providing each of the

plurality of streams of spread symbols as one of the plurality of streams of transmit symbols.

4, The method of claim 1, wherein the processing data comprises encoding and modulating data for

each of the plurality of streams of data symbols based on a rate selected for the stream of data symbols.

5. The method of claim 4, further comprising:

obtaining the rate for each stream of data symbols, the rate being selected based on a signal-to-noise-

and-interference ratio (SNR) of a transmission channel for the stream of data symbols.

6. The method of claim 1, wherein the processing data comprises



the plurality of streans of data synbols. 7. The nmethod of claim®6, wherein
t he encodi ng and nodul ating conpri se encodi ng each packet of data based on a
Turbo code, a convol utional code, oB5a |low density parity check (LDPC) code
to obtain a block of coded data, and synbol mappi ng each bl ock of coded data
based on a emgdih@inidifodERiagEach @f@{amh@dﬁ pRkes bt dita td3b@in aWUSHR QK Sata FmbdBRSand
nmet hod of claim6, wherein the multiplexing the plurality of blocks of data
symbol s conprises nultiplexing each block of data synbols onto one of the
plurality ofuliiplcxings pblral@a@fabl frbfclats symbolygreersied fieydheflwalityiofipBketnpledamiontot he
nul ti plp@plundint SR et bt ¥yold! ocks of data symbols conprises nultiplexing
each bIock of” data synbols onto all of the plurality of streans of data
symbol s. 10. The nmethod of claim1, wherein the performng spatial spreading
conpri ges p?ﬁé.ﬂstﬂamc&mw Fherfih B SRIIAG aRPmbALE tﬁ%%lﬁ}lnjjstey of streams of data
synbol s using a set of L steering matrices, wh I'S an integer greater
than one. If. The nethod of claim 10, further conprising: generating the L
steeri ng matncodiegemb panket cldyta based bic @ Suthavedega amvdlogmaibdode o atonsdensity dariffhe
met hod ,of 1 rth Q electing a steering matrix from
anDng me ﬁJﬁJ §9%&%°ﬁ%%?%@5§0 oﬁﬂi % ?fne interval, and wherein the
spatial spreading is perforned for each tine |nterval with the steering
matrix sel egingd! magpidgack bloEk dfitb&id\data basd on 4 dodulit@n¥BhkeRRdo Bbtaifi b Blodk data
further conprising: selecting a steering matrix fromanong the L steering
mat ri c8Mboly each group of at |east one frequency subband, and wherein the
spatial spreading is perfornmed for each group of at |east one frequency
subband with the steerin natrlx selected for t oup. 14. The met hod of
claim ¥ fulbgesthediofsiaine pnyhergip 8’8@&%?%‘@‘%&’&??16‘?1‘%’r‘?gb‘ﬁ?‘ﬁroéfi‘i“? ympolsspmpas of
transmt symbols for orthogonal frequency division nultiplexing (OFDM. 15.
An appar at Ug,,jifelin ¢ RIbRRR oftled LyRbSrs! oﬁﬁ%e githe leJaﬁ?/%lFEtPéAhs()M mbols,

conmmruni cati on syst conprising: a data processor to process data to
obtain a plurality of streans of data synbol s for transm ssion on a
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entity and a receiving entl

multiplexing each block of data symbols onto all of the plurality of streams of data symbols.

10. The method of claim 1, wherein the performing spatial spreading comprises

performing spatial processing on the plurality of streams of data symbols using a set of L steering

matrices,

where L is an integer greater than one.

11. The method of claim 10, further comprising:

generating the L steering matrices as unitary matrices having orthogonal columns.

12. The method of claim 10, further comprising:

selecting a steering matrix from among the L steering matrices for each time interval, and wherein

the spatial spreading is performed for each time interval with the steering matrix selected for the time interval.



the M MO system a spatial spreader to perform spatial spreading on the
plurality of streanms of data synbols with at |east two different steering
matrices for a plurality of subband® to obtain a plurality of streans of
spread synbols, wherein the spatial spreading with the plurality of
steering matrices random zes the plurality of transm ssion channels for the
plurality of streans of data synbols; a spatial processor to performspatial
pr ocessi ng Tonmethad pi ghaiy 10 {prthgr compesings of spread synbols to obtain a
plurality of streans of transmit synbols for transm ssion froma plurality
of transm : At b rm’ (Wola k! jo & i

confi uredts%l(@)&{ngg%%"t%n%%%@g?%fgli yé%fﬁg;@%&%&ﬁ??@%%@pg@%ﬁ 'S from

t he pliigaugney subband; and ndwiein thrspatial apreading, is mivtormeshiar eachy group ofdt ddashonsirequbmyei n
the spaddagd Wit B Ses i Miiée@cie&?orttﬁ%}ﬁ&l urality of streans of spread synbols
with matrices of el ggnvectors to transhit the plurality of streans of spread
synbols on a plurality of eigennodes of the M MO channel. 17. The apparat us
of clgim 151“’he\‘}43§15§5f'cl%el shatd &l ggi? essor provides each of the plurality of
streans of spread synbols as oné of°t he plurality of streans of transmt
synbols. 37 18. The apparatus of claim 15, wherein the data processor
encodes angrovegingaichof datplurdly ofstredmydf thahsenit $yinboR fortoythedonsitifeg@idy ditisidat a
synbol s.i.n acc ﬁgﬁce with a rate selected based on a signal -to-noi se-and-

i nt erf"é‘#tépﬁ?f‘é"gr@? (SNR) of a transnission channel used for the stream of
data synbols. 19. The apparatus of claim 15, wherein the data processor
encod and nodul ates each of a pluraljty of kets of data to obtain a

bl oc keléf déat“afipgfifﬁﬂﬁ)insa,w'é‘ﬁ‘ﬁs Wﬂllt‘i’leﬁ?@&E’é‘lt'g}gﬁuﬂ}“éw)(ﬁmm“&l?ﬁ%o“&wﬂ&t a synbol s
gener abmgridugy the plurality of packets of data onto the plurality of streans
of data synbols. 20. The apparatus of claim 15, further conprising: a
controller to select a steering matrix from anong L steeri ng{l matrices for
each time iarfe8MPQEESSORLR prasess Eatago%wur nplagghty of steaime of davmsymbaks fordrasmipianang t he
spat i alurARYy SALRIMREST BARISIRAMIMO SRARRANEN A Fan§RR M bhiT and HeEiVAY oifityliR t he
steering matrix selected for the tinme interval. 21. ITr‘he apparatus of claim
15, wibsMiMOspenspat i al spreading by the spatial spreader results in
whitened interference and noi se observed by the receiving entity for the
plurality qf . f pL Lng. by .
recei vi ng Cé)lnsP i;‘{aw’@‘?"%rﬂégﬁg‘gﬁg%ﬁa s%%e%%lﬁ é érf{aktlle H%%%%w (\?tmjs'g?%?snd? %gs V “(f:lhlgaﬁnel

i ncl udest tplodiferant steaping spaicesafor g plarahi] o subdmdls todteaien plutahiey fpatanalof speadadi ng
by the_spatial spreader, results. i ach of. the plurality of transm ssjon
channevEBat s RERAEA syigiing Gt By ERRlNST piPEeRatRt hdortes R <
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a spatial processor to perform spatial processing on the plurality of streams of spread symbols to
obtain a plurality of streams of transmit symbols for transmission from a plurality of transmit antennas at the
transmitting entity and a transmitter configured to transmit the plurality of streams of transmit symbols from

the plurality of transmit antennas.

16. The apparatus of claim 15, wherein the spatial processor multiplies the plurality of streams of spread
symbols with matrices of eigenvectors to transmit the plurality of streams of spread symbols on a plurality of
eigenmodes of the MIMO channel.

17. The apparatus of claim 15, wherein the spatial processor provides each of the plurality of streams of

spread symbols as one of the plurality of streams of transmit symbols.



channels. 23. An apparatus in a wireless nultiple-input nultiple-output

(M M) communi cation system conprising: nmeans for processing data to
obtain a plurality of streans of d&ffa synmbols for transm ssion on a
plurality of transm ssion channels in a M MO channel between a transmtting

ent i t ygandThe spa@iuY bNdaifnits! &Merélﬂ thetciaﬁ pMc%r%Yn@&ﬁmnd%ﬁtth Qﬁta RE i AOFIHRY
spatial spreading on the pluralit streans of data synbols with at | east

two  @luralisr of streasisof datp symhels i ager vathmreiﬁaqlweﬁ besed oy sisigneldoneisobdai n a

pl ur akdedrierédte @b NS oPh r2RbARMGN IHFRA uSed foVRELRER of BRa SRRHIAl Spreading with
the plurality of steering matrices random zes the plurality of transm ssion

channel's for the plurality of streams of data symbols; 38 neans for
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to obtain a plurality of streams of transmt synbols for transm SI 0 roma
pl ur aPpgkgts of «'ﬂa@bﬁﬁnnta tlorkof data symrbolshand multilexss 2 ploradjiyeribloeks afdata synlsls

trans rgrbl{e}dtéagfogtn@plgllaﬂé@f Eﬁcy(etgt)f Fhd &R Re Elfuralil §lr1]3a§ns gmv\}ﬁnbforsom the plurality

of transmt antenn he appar at Ial m el n the neans for
perform ng spatial processing conprises neans for nultiplying the plurality

of strzgarrsmgap%glragggfa%( Sprgmg@licgm ihd-ces of eigenvectors to transmt the

plurality of streans o a s on a plurality of eigennodes of the
M MO channel . 25. The apparatus of claim 23, wherein the neans for
per f or m ng aspatolled to pelat e steéring ntattrm)ﬁrdm;mnorrﬁan&rihgma@‘rcewﬁodéaogumamerm‘l wieee

plurality of stre of s e of the plural t reans
b 1t ik leg s RE S ne i Bl e R pfstys Sl Rt o s i £ o
pr oce$merng wdihttlee scripg mstei’ setamgdsof the timath@avalg and nodul ating data for each of
the plurality of streanms of data synbols in accordance with a rate sel ected
based on a signal-to-noise-and-interference ratio (SNR) of a transm ssion

channel. f o rl"hta h]g;aﬁws efcmial 150 ahéerein iR splehding B the RpaiaPdprd@frestltsih Mhidéhed

wher ei, n sing. data.c es.means for_ encodj and
modul &4 “6%1 fse Sgsﬁg’ﬁg EY ﬁ’F;‘F" ‘“ﬁé&%?@%"?‘ﬂéﬁt&“{a eﬁ‘Bi%ﬁqﬂtaéy’Bi’fgg@%f dat a
sy mbolsgatiabdishrémmig Sy i reddillind datigxi ng a plurality of blocks of data synbols
generated for the plurality of packets of data onto the plurality of
streans of data synmbols. 28. The apparatus of claim 23, further conprising:

22, The apparatus of claim 15, wherein the MIMO channel includes plurality of spatial channels, and
wherein the spatial spreading by the spatial spreader results in each of the plurality of transmission channels
achieving a signal-to-noise-and-interference ratio (SNR) that is an average of SNRs of the plurality of spatial

channels.

23. An apparatus in a wireless multiple-input multiple-output (MIMO) communication system,

comprising:

means for processing data to obtain a plurality of streams of data symbols for transmission on a

plurality of transmission channels in a MIMO channel between a transmitting entity and a receiving entity in
the MIMO system;

means for performing spatial spreading on the plurality of streams of data symbols with at least two
different steering matrices for a plurality of subbands to obtain a plurality of streams of spread symbols,
wherein the spatial spreading with the plurality of steering matrices randomizes the plurality of transmission

channels for the plurality of streams of data symbols;
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means for selecting a steering matrix fromanong L steering matrices for
each tinme interval, where L is an integer greater than one, and wherein the
spatial spreading for each tinme intgval is performed with the steering
matri x selected for the tine interval.

means for performing spatial processing on the plurality of streams of spread symbols to obtain a
plurality of streams of transmit symbols for transmission from a plurality of transmit antennas at the

transmitting entity means for transmitting the plurality of streams of transmit symbols from the plurality of

transmit antennas.

24. The apparatus of claim 23, wherein the means for performing spatial processing comprises

means for multiplying the plurality of streams of spread symbols with matrices of eigenvectors to

transmit the plurality of streams of spread symbols on a plurality of eigenmodes of the MIMO channel.

25. The apparatus of claim 23, wherein the means for performing spatial processing comprises

means for providing each of the plurality of streams of spread symbols as one of the plurality of

streams of transmit symbols.

26. The apparatus of claim 23, wherein the means for processing data comprises

means for encoding and modulating data for each of the plurality of streams of data symbols in
accordance with a rate selected based on a signal-to-noise-and-interference ratio (SNR) of a transmission

channel for the stream of data symbols.

27. The apparatus of claim 23, wherein the means for processing data comprises

means for encoding and modulating each of a plurality of packets of data to obtain a block of data

symbols, and

means for multiplexing a plurality of blocks of data symbols generated for the plurality of packets of

data onto the plurality of streams of data symbols.

28. The apparatus of claim 23, further comprising:

means for selecting a steering matrix from among L steering matrices for each time interval, where L
is an integer greater than one, and wherein the spatial spreading for each time interval is performed with the

steering matrix selected for the time interval.



