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(MM) systemor a multiple-input singleoutput (M SO
system A M MO system enpgRscdRoughe (Nx) transmit
antennas at a transmtting entity and nultiple (NR)

Llecei Fel@dntennas at a receiving entity for data

transpm ssion, and is denoted as an NR xNt system_ A

M MO dRarimeient dryasdiopyrelates Ranerallin dor data poemmication, and more
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apdti-hEbehaneliscation spstemsed to transnmit data in a

manner to achieve greater reliability and/ or higher
overall throughput. A M SO system enploys nultiple

ﬁ\b() h%aggsrmlhdantennas and a single receive antenna
or datadra

nsm ssion. A M SO channel formed by the N

T tr aAsnulti-andr@n casmaumicatibe sgdtég letipl@e ehvlEplRnE@RNAR ahfennas and
conposed. of a single spatial channel. [0003] .Each
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capaci ty, I's typi cal™'y duanti
MR riahgit ahtedlfdstand the Ny receive antennas may be decomposed into Ny spatial

channels, where Ng <min {N;, N;}. The Ng spatial channels may be used to transmit

data in a manner to achieve greater reliability and/or higher overall throughput. A
MISO system employs multiple (N7) transmit antennas and a single receive antenna for
data transmission. A MISO channel formed by the Ny transmit antennas and the single
receive antenna is composed of a single spatial channel.

Each spatial channel may experience various deleterious channel conditions
such as, e.g., fading, multipath, and interference effects. The N spatial channels of a
MIMO channel may also experience different channel conditions and may achieve
different signal-to-noise-and-interference ratios (SNRs). The SNR of a spatial channel
determines its transmission capacity, which is typically quantified by a particular data
rate that may be reliably transmitted on the spatial channel. For a time variant wireless
channel, the channel condition changes over time and the SNR of each spatial channel
also changes over time.

To maximize throughput, the multi-antenna system may utilize some form of

feedback whereby the receiving entity evaluates the spatial channel(s) and provides
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each spatial channel al so changes over tine. [0004] To
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antenna communication system.

SUMMARY

Techniques for generating and using steering matrices for pseudo-random
transmit steering (PRTS) are described herein. PRTS refers to spatial processing
performed by a transmitting entity with steering matrices so that a data transmission
observes an ensemble of “effective” channels. These effective channels are formed by
the actual MIMO or MISO channel used for data transmission and the steering matrices
used for PRTS. With PRTS, the data transmission does not observe a single bad
channel realization for an extended period of time, and performance is not dictated by
the worst-case channel condition.

The steering matrices may be generated such that the computation for PRTS is

simplified. A set of steering matrices may be generated by first selecting a base matrix,



[ 0007] Techni ques for generating and using steering
matrices for pseudo-randomtransmt steering (PRTS)

wae®sdeser i bed herein. PRTS refers to spatial PCT/US2005/008738

[0009]

[0010]
[0011]

[0012]

[0013]

[0014]

processing performed by a transmtting entity with
steering matrices so that a ddta transnission observes
an ensenbl e of "effective" channels. These effective
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FIG. 3 shows a block diagram of a multi-antenna transmitting entity, a single-

antenna receiving entity, and a multi-antenna receiving entity.

DETAILED DESCRIPTION

The word “exemplary” is used herein to mean “serving as an example, instance,
or illustration.” Any embodiment described herein as “exemplary” is not necessarily to
be construed as preferred or advantageous over other embodiments.

FIG. 1 shows a multi-antenna system 100 with an access point (AP) 110 and
user terminals (UTs) 120. An access point is generally a fixed station that
communicates with the user terminals and may also be referred to as a base station or
some other terminology. A user terminal may be fixed or mobile and may also be

referred to as a mobile station, a wireless. device, a user equipment, or some other
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PRTS, the transmitting entity performs spatial processing such that the data
transmission observes an ensemble of effective channels and is not stuck on a single bad
channel realization for an extended period of time. Consequently, performance is not
dictated by the worst-case channel condition.

The spatial processing at the transmitting entity for pseudo-random transmit

steering may be expressed as:
X(m) =V (m)-s(m) , Eq (1)

where s(m) is an N x1 vector with up to Nt data symbols to be sent in transmission
Span m;

¥V(m) is an Ny xN; steering matrix used for transmission span m; and
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1. Steering Matrix Generation

The transmitting entity may perform spatial processing for pseudo-random
transmit steering with a set of steering matrices (or transmit matrices), which may be
denoted as {V}, or V(i) for i=1 ... L, where L may be any integer greater than one.

The steering matrices should be unitary matrices and satisfy the following:
V@) V@) =1, for i=1..L, Eq (2)

where I is the identity matrix with ones along the diagonal and zeros elsewhere. Each
steering matrix V(i) includes Nr columns and may be expressed as
Y@ =[v,(@) v,@) ... ¥y, (©)]. Equation (2) indicates that each column of V(i) should
have unit energy, or ||v,(i)||= gf (0)-v,(@)=1 for a=1 ... N;.. This condition ensures
that the Nt data symbols transmitted simultaneously using V(i) have the same power.

Equation (2) also indicates that the Hermitian inner product of any two columns of V(7)
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EZNsz =|i
ENXN “ﬂNxN

As indicated by equation (4), Walsh matrices have dimensions that are powers of two

(e.g., 2, 4, 8, and so on) because of the manner in which these matrices are formed.

For an N x2 system, with N >2, four exemplary steering matrices may be

generated from the Walsh matrix W,,, as follows:

1 1 ) 11 , 1 1 ) [ 1 1}
Wl = H Wx = > Wx =l . i a'nd _W_x = . .| ?
—1.2x2 I:]. _1:| —=2x2 [_1 l:l —2%2 |VJ - 2x2 —j j

1 . .
where W,,, isequalto W,,,;
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matrices. The other L-1 steering matrices may be

generated by nmultiplying the rows of the base matrix

as descri bed bel ow. |PCT/US2005/008738
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mul tiplying the second row o f W2x2 with - 1 or e p

w _Forj ang 4isyeamp wWith Nkt B MQX@m@aéyeﬁmgr@#@es may be

W2x2 with + j_or elpl2_: an i s obtained by
&%"Ieﬁt‘iﬂ%?rﬁéh‘i Wé?%lée%ﬁazx‘_’@w 36(%‘?1\{‘\?/70'%x2 with - | or
e~Jpl2 . Additional steering matrices may b e

gener at ed y Itli pl Y41 ng the secon L oW 40 flwg 2
with other|scalars, e g., -/3ff/4 e

;1 -1 1 -1 B S T B B
=1 -1 -1 —T-1 -1 1 1)
1 -1 -1 1 -1 1 1 -1
1 1 1 1 1 1 1 1
Wi = J —J. J _J. , and EV_:m: A >
J oJ - —J 1 1 -1 -1
jo-j -i 1 -1 -1 1

where _W_f,x4 isequal to W,,,;
W2 , is obtained by multiplying each of rows 2 through 4 of W,,, with—1;
W3 , is obtained by multiplying each of rows 2 through 4 of W, , with + j; and

W, is obtained by multiplying row 2 of W,, with + j.

The set of L steering matrices may be formed as follows: V(I)=g, - W,.,

V(2)=g,-W:,, and so on, where the scaling by g, =1/ N4 =1/2 resulis in each
column of V(i) having unit energy.

In general, for an N xN base matrix, each of rows 2 through N of the base
matrix may be independently multiplied with one of K different possible scalars. Thus,

K™ different steering matrices may be obtained from K™ different permutations of
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‘?}‘(i H2ay by ettier? E

energ h general, for an NxN
sl nath row o€telbase fnatroma? bt hnﬂxnmiedl\lwdl :ﬁnﬁ seelabhgeng the form
rmtrlx may b e independently nultiplied with one of K
ei’t, fehersn® Mmep bs iaby phase azlahnes Alsthingenemi, IN kN sfegjing gjatrices may be
steering matrices may b e obtained fromK N 1
gapraadsmpN %%t"&alislé Fhatises Ao Vik)sogs aWaud OFDarR e 1/ VN -

|r ﬁ\gz p%tggfr@?ﬁe |)§€a St @%}a"%gdbaﬁp iy az‘é}élﬁ] O}Jn%fm%jlgvg _pfretalg jdesirable
p:rogerllesé 4&3%1% ¥ovd'd of th® WAsH Rladixake md1Bplidd Witk 868ars b8 Nand + 7,

erent steering matrices nmay be generated

fheR Bhdhh@eéhisIT anraéuliant Wéetthgmbthixtibe-1f,our, dijf ber-entand thus has a
scalars. Additional steering matrices may be generated

nori-rerot vedue sfoal eulg, the. ra] @) 3magipany) pomponehpl Inathis sese, the
r%?lltiplligation of a data symbol with an element of the steering matrix may be
performed with just bit manipulation. For example, a multiplication of a complex-
valued data symbol, a + jb, by —1 may be performed by inverting the sign bit of both
the real and imaginary components of the data symbol, or (a + jb)(-1+ j0)=—-a— jb.
A multiplication by +j may be performed by swapping the real and imaginary
components of the data symbol and inverting the sign bit of the real component, or
(a+ jb)(0+ j)=—b+ ja. A multiplication by — j may be performed by swapping the
real and imaginary components of the data symbol and inverting the sign bits of both
the real and imaginary components, or (a+ jb)(0—~ j)=-b— ja. Thus, if the elements
of the L steering matrices belong in a set composed of {+1, -1, +j, —j}, then the
computation performed by the transmitting entity for pseudo-random transmit steering

can be greatly simplified.

In another embodiment, the base matrix is a Fourier matrix. A 2x2 Fourier

matrix D,,, is equal to the Walsh matrix W,,,, or D,,, = W,,,. A 3x3 Fourier matrix

D, and a 4 x4 Fourier matrix D,,, may be expressed as:



general, each row of the base matrix may be nmultiplied
Wi th any scalar having the forme]q , where gmay be

wa@poospase val ue. Al so in general, NxN steeri nBCT/US2005/008738

[0029]

matri ces may be gener at ed from NxN Wal sh matrices as

V(z) = gN WXN, where N = 1/9N . [0027] Steering

matrices derived based on a Wal sh matri x have certain

desirable properties. If the rows_of the Wal sh nmatrix

are nultiplied with scalars of 1{%and! j 1 tHAe¢n each

el ement ofla rbsul taht steering riy is +% - 1, +

j . 0Dy =|1and*Thug/fds andoB.zerp value for only the Eq(5)

real or i glnazr/zy gompgnent . I n thi &ase1 tIJI

mul tiplic i 6n of a data synbol lth—gm—e]lengt of the

steering matrix may be performed with just bit

mani pul ati on. For exanple, a nmultiplication of a

RossRbak ot are i xiblt Bowyertodtrix iy , he, elpent d, nitytheer-th row of the

performed by inverting the sign bit of both the real

ARE chiBg ITD Y, Canpbaetiressed athe data symbol, or (a

+Hb)(-1 4 q) == a-j b. Anultiplication by + may

be perforned b);( swappi ng the real and inaginary

conmponent s J@,f_i—ﬁé"‘ a synbol nd i nverting.the sign

bit ofl.ife& real n‘péﬁ’ {l orN aang 5157 flo- ﬁ} " b+ a B4
A rrultlpllcatlon by - j may be perfornmed by swappi ng

t he real and.i i nar onmponents of t.he da I
ks FAsh g e LR S o P SRS 4%316?81315 & gEEH, 5, andso
qlﬁqﬂm ¥raedponents, or (a +Jb)(O - j =Db- j a.
f the elenents of the L steerlng matrices
bel onBori an &, 9ed systemowatth D X 31four exemplafy steering mpatrices may be
then the conputation performed by the transmtting
garteratyd from theBortist meatido 6 raafeeWs:st eer i ng can be
greatly sinplified. [0028] hi anot her errbodl ment, the

base matrix is a Fouri matri x. ourl r
matrix D2x2 islequal lto|the V\&Ish Lor
D2x2 $IVEX] . A3 %-BrFpuri er xa"”énde HAXA
Fouri er” tr| X4l M X4 _ppy e expr essed as In,,,g;enef,,al for
an NxN Foudj &’ ITHtIeIX , the el nt® dnm £n the
n-th row of the mth col unn of DNxN maybe expressed
as: d m—forn—{l...l\r}andm—{l... . Eq
(6) Unl i ke- WAl sh trices, Fourier i ces of an
square di ion?zg ,12 3, 4, 5 an sodﬁ) may ble
for ned)§x3= ejIZ'/Z e—_]ﬂ'/6 e—-}Sﬂ/G , and D3x3’_' ejﬂ2 ".17" e’ 7/6 ,
ej7r/2 e—-jSzz/6 e—jﬂ/6 1 e—147rl3 e—j2z/3

where D, is equal to D, ;
D2, is obtained by multiplying each of rows 2 and 3 of D, with—1;
D.,, is obtained by multiplying each of rows 2 and 3 of Dy, with + j; and
D}, is obtained by multiplying row 2 of D,,; with + .

Each of rows 2 and 3 may be independently multiplied with a scalar of +1, -1, +j, or

— j. For N =3, atotal of 16 steering matrices may be generated with the four scalars.

Additional steering matrices may be generated with other scalars, e.g., e L

et g75 and so on. The set of L steering matrices may be formed as follows:



For an NR x 3 system with NR > 3 , four exenplary
steering matrices may be generated fromthe Fourier

woradositsa3DBx3 as follows: L -Dt-.t3x3, where DLPCHUSIPOED08738

[0030]

[0031]

to D3x3 ; D_ 3X3 is obtained by multiplying each of
rows 2 and 3 of D3x3 wth-1; x3 i s obtained by

mul tiplying each of rows 2 and 3 of D3x3 with + | ;
and D3x3 Ls obt ai ned 2by mul tiplying row 2 of D3x3 with
V(1) = gEalh; .oV (2)ows; -Diandnd soray, Wherk degalite by | o, =1/ 3 results in
rrultiﬁmlied with a scalar of +1 - 1, +j , or - j .
eegh qlumm of VAi)t kavang wiit adrest eering natrices may be
generated with the four scalars. Additional steering
matr i %@’é Vrbet gesienavidl N i, doresxeawddrasteering mafrices may be
elJ2pl 3 ej pnl . ejpl elp/6 g.s eerin g matrices nmay
§8n£‘6tF‘?T§8ma%e1% 8@?&§W§34xgas-fg°§°‘,”5hnd so on, where the
scaling by 3 = 1/V3 results in each colum of V(z)
havi ng uni ¢, engrgy, [Q@30] For the R}xgllsyte with
NR > 4 | fpur exenplary steering matrtces ma bé
gener gtied flromyt hel Foeuri er mat rjx U ag foll ovws:

wher e X4l 1 s_gquay tq|P4x4 ; 9!4)@4:i_sl obt aigled kl >
mul ti plying each of ro 2 t hrough of 154x4 by | 1;
D4x4 is obtlainéd By miltiplying each-bf vowsl 2-t/Hr ough
4 of D4x4 by +j; and D4x4 is obtained by nultiplying
row 2 of D4x4 by + j . Each of rows 2 through 4 nay be
i ndependen Joy ﬁultipli d wwth a scalar of + 1, - 1 +

L or -j . [For M=4 Y total of 64 ktedrind mdfrices
may be ;genef at-ad wyth four scal grs.i Addijtiopal 1

steerinpg T ]tri_ces may be oder Bued= Wi t h ot her 3 al ars,
e.g., el3pi4 ,Jer/6 Jle}xl %, and |s ot. The dét of L
steering ri des-jmy-lbe 1 -j -1

where D), is equal to D,.;
D, is obtained by multiplying each of rows 2 through 4 of D, by —1;
D>, is obtained by multiplying each of rows 2 through 4 of D, , by + J;and
D}, is obtained by multiplying row 2 of D,,, by + ;.

Each of rows 2 through 4 may be independently multiplied with a scalar of +1, —1 ,

+j,or —j. For N=4, a total of 64 steering matrices may be generated with four

scalars. Additional steering matrices may be generated with other scalars, e.g., e*/*"/*

+j2x)3  _%jmi3  _tjzlé  _3jml6  _jzl8 . .
e , el e , €777, /7", and so on. The set of L steering matrices may be

formed as follows: V(1) =g, -D,.., V(2) =g, -D>,, and so on.

For N=4, the eclements of the Fourier matrix D,. are in the set
{+1, -1, +j, - j}. If the rows of D,,, are multiplied with scalars of +1 and + J,then
the elements of the resultant steering matrices are also in the set +1, =L+, —-j}. In

this case, the computation for spatial processing can then be simplified, as described

above.



fornmed as follows: V(I)
and so on. [0031] For N

g -D4x4 , V(2) =g -D4x4 ,
4 . the elenents of the

woomsite3Inat ri x D4x4 are in the set {+1, -1, +PCT/UP3005/008738

[0032]

[0033]

[0034]

If the rows of D4x4 are nultiplied with scalars of 1
and /, then the elenments of tlﬁe resul tant steering

matrices are also in the set {+1, - 1, +, - j } . In

this case, the conputation for spatial_processing can

t hen Hne Ni=np) thej elemends of daec Fousisy 1apE% D0 0m2]n £6Ft fpraposed of
3, the elenents of _the Fourier matrix D3x3 are in a

et cdnposBd ofl | f.+BHe f D3 | £ipli
§ﬂ,h-§c god ofL e 51, Rl Rt DL G HLAREL S scatars of
ro;at!on by 620 ) ;e pl2 (rotation by 90 ), e j2 /

48 1,on 0 2d . ' by idb ' o
é = ?é‘ltat(‘?lbpét %éﬁ )Oyéi180;t?gt?thc;er{18%ﬁ%%gﬁén%intso((})?tat eb9]i90 ),
BSE . r eissn t t iz i

G ool BfiofHyt 1396 RE Y Rolbliah b = LT3 aRI S =1 (rotation by
¥80°3, therd fliz}eleméntsnof thepksuiani matrices atetsuch twitpbleasitongwpmponent

be perfornmed with shift (if n ed.for a, divi.de b .
oG SPGRBPEe el oh T doddl A milipfedibn for s
nmul tiplication lex- I - Ia o :
dpimbcgPht 85 b8 Befffe L PR s Bl 6k 3 DS 2) Byl sign b
fheRiohqdUicege®! Arnsiltigitatiseal a tothpleplvylubdraa syotbpbnentb , with
with a magnitude of 3/ 2 . [0033] FIG 2 shows a flow

ati elgmam affsuch psteering n2Ox Woulgethen taguire pbmoptRpeFatlmeliply for a
and steering vectors used for pseudo-randomtransmt
eamamienigwitina inzegeitde ofi %3 (% initial |y obtai ned (bl ock

212). e, hase trix na e ' rier

mat 1 TC g A Bow ot o7 ok 73D [lishibte Bopiltchffices and
Ged ctols WEdS ForPablidoxraiaym Shaipiitl fedring. cArbast atatrbnis initially
for TS but has a dinmension that is_a_power of_two

. A
Sitainied (bloele 213). oThe kgscamAHSTIEN Dy VoS!t BRI 2 Bygic marix, or

certaj,n_ di.nensi . r oM ' i fi Qi
S Bk D 39 R painf sl gTRfonR W NEEAEIRY o Simplity
He cofPuRKioN ifsr RRESbatHas atdidedsion thatiew potvee of tvgp. ndfolmer matrix

to be generated (bl ogck 214), The fj.rst . f the b .
pheRy imensigry n@al(lpey forayed. é’%@) ﬁ@%&rél{?%mlig%wﬁeg@ \f), 22y provide

%&%q%iffgﬁgmgﬁg@ﬁggf&@ﬁ_her N-I rows may be multiplied

A different combination of scalars is then selected for a new steering matrix to

be generated (block 214). The first row of the base matrix is typically left alone (or
multiplied with 41), and each of the other N —1 rows may be multiplied with any one
of K possible scalars, where in general N>2 and K>2. The selected combination
may include N —1 scalars for rows 2 through N of the base mairix, one scalar per row.
The K scalars may be selected such that the elements of the resultant steering matrix
have formats that can simply computation. For example, K may be four, and the four
possible scalars may be +1, -1, +j, and —j. For the first steering matrix, the
combination of scalars may all be +1. In general, zero, one, or more of the scalars in the
selected combination may be equal to +1, which corresponds to no change to the row of
the base matrix being multiplied with this scalar. In any case, the new steering matrix is
formed by multiplying the N —1 rows of the base matrix with the selected combination
of N —1 scalars (block 216). The generated steering matrix may be stored in a memory

or used right away for spatial processing.



of K possible scalars, where in general N> 2 and K >
2 . The sel ected conbination may include NI scal ars

wo e00sn@sg9 2 t hrough N of the base matrix, one BCHIUS2005/008738

[0035]

[0036]

[0037]

[0038]

per row. The K scalars may be sel ected such that the

el enents of the resultant stédring matrix have formats

that can sinply conputation. For exanple, K nay be

four, and the four possible scalars ma){ be +1, -1, .+j

and -4 detepromationeisf them mage sdieflisg OF#PY FBOthe fieering matrx ¢ needed

@%@E bT%t ! I?ﬁleoins%ﬁlsa?és MR B #)r&@ssﬁ%turﬁsntogﬂw #14 and a different
ero, one, or nore o the scafars in the sel ected

oaibatiohicdscam ibackecied|fot the+kext wieemtg vwties fomde afol steering

g%ﬁgg%gigtgg{gageglgreattq{ﬂ?\é\il%zgfﬁ&q%aﬁce% Brtg(gxlé f)o .tsﬁglaﬁe%e used so that
(ﬁ%\iﬁ\g&% ?l%terﬁZé %’Jgﬁ’idé afeOfdTend el b fhBlsyd. " stdéﬁnn%manflqes are being

se matrix Wth the sel ected conbination

gehensted dn ‘Ehezgllya rtlsen( thiecxoknbizgipn of isealarsrfer aachosteqring agix may be
tri.x m e stored.in. . . T s

Tt TR, LTS IR RS Sl g it

%%W&E oNRhnsAAGiReEpags.ceri ng matrix i s needed

_ If the answer is 'yes, then the process,
[ et urHis dificishboRnaatos ! soaius Faas e SeissHgi 1A drdeisamghstio manner

scal ars j.s . ,selected for.t ext__steeri -1 I

8o frdtpliSdl, AR e PPILF NS ar R DI S 4 ophor may
i fideqr Rnth BOWRES aigiteneingflabded as 3, Aradus eDigiox miwtbe associated
dgﬁllcate steering matrjices are not generated for the

with 10 £ fitea i gualits Jigs AR HARIPE > GR figd 2 may be

fly,. then,t (o]220]] I: I a [

st S B LT A e e o O 3 PRRE Qemay be
e gd&ﬂt ¢ 1ef lél'b wﬁeb meirixgf gene tht echlare-1gmay bé tsedrif & =1, the scalar
predeterm ned nunber of transm ssion spans.. [0Q36]..T

giJf maw et used ibinTag i ane ther scalay | wf 3pbe E@e'bi@ %gedbﬂ%}psgy and z

etermnistic nner _to avoi d. dupl i gap |

SSURY dekgpik WRigh o O el ol g 3ot el Blely of e base
AR EeTHS 86ntéH thlly bbendrbmested i) blosk PaUNYr eadbehexd stesrixg matrix.

y , and z. Digit X may be associated with row 2 of the
Bersaxampls; ithe, catintgr may et Gem09dhroxeh §03 thep Pb%ﬂ%?“?i]n%l 3, then

t 7 e Og | i r di.qq
e e
820\houzh 3BBe Tha Seredraigits Xvkf ofthe céuntertvheuld determine whichesgalars to
be used if x =1, the scalar + j rﬁa be, used if, x, 2
wsedfor revss2 firaygh 4 of thebase malidy Pt o mechanisipy i Schpks ppay also
fe géeg] th ikt ér%ﬁtlrgoﬁ?oi ioﬁ@ og&ﬁie&‘é & <@ fSe k@ks HOMB bise matrix
ah , respectively, of the base
to generate different steering matrices. After a different combination of scalars has been

selected in block 214, another steering matrix is generated using this combination of
scalars in block 216.

Back at step 218, if another steering matrix is not needed (e.g., because all L
steering matrices for the set have been generated), then a set of steering vectors may be
formed if needed for MISO transmission (block 220). The steering vectors may be
formed with the columns of the steering matrices generated in blocks 212 through 218.
The process then terminates.

The steering matrices generated in the manner described above are different
permutations of the base matrix, where the permutations are determined by the different

combinations of scalars. The scalars are selected to have unit magnitude so that the



matri x. The counter nmay be increnented in block 214

for each new steering matri x. For exanple, the counter
woreapsaewsnd from 000 t hrough 003, then 010 t hr oRgiUSZB5/008738

then 020 through 023, then 03Q through 033, then 100

t hrough 103, and so on, and flBnally 330 through 333.

The three digits (xyz) of the counter woul d determ ne

whi ch scalars to use for rows 2 throu 4 of the bhas
siearingmatopasere Wi HadeSatde §%4¥9éﬁ€ga>’%329h%ﬁ’§ée§8teg S that the
! L i | i i  eThdélements
gl sl St lncotH A BeBbopbahghp sy
Sft @b ist@ring tnfidtde $enekbteé rirom i Whishenatris oris Reuriepmmagfix also have
scal ars has been_sel ected in bl ock 214, another )
auebmaggtudatof i1V, whichstmelifiagshngpating of thermelaments angprovides
scalars_in block 216. [0037] Back at step 218, if
ofher Draefitst eer | ng matrix i s not needed (e.g., because

[0o39] & I Lrgd §\)%Eﬁﬁ% MBGiddsCaRl §iriddQeci®b el SfoP @edudo-random transmit
generated), then a set of steering vectors may be
fteerinerinay bo geteated baseo8@ hasa maatiis sndbsioredip @ngmeyy. Thereafter,

The steerin ectors e f it : f

RS Ber PG NEEof Eby bRt R R e SAL BTl and the

L StedRrRE IERES/vedteNis taFievdtak@a thd BOASTy. TAkerattiwely, titp steering

matrices generated in the manner descri bed above are

tiafrices/ventors arayi heeneatpd dn readms s dhgyears psededher e t he

per mutati ons_,ar I if ;
ovant 251 51 HEeoBRGE)E A SBRERe: If PO 2 dogoperated steerng

B edtitdiniip gkt toud @olentt. WEus; hesteddrereiy, avmkirixcmey gpefain one or

unitary matrices. The scalars may further be sel ected

iole pRltmphe el ements of the steering matrices can
simplify the conputation for PRTS. The el ements of

each st ed%iaﬁgg'}mlﬁii% Slﬁ%ﬁoﬁt ed froma Wal sh matrix or
a Fouf'i et ' qual nagnitude of 1/ VN ,

whi ch_si ppli f.i h K f :
oo o 556 kb e B o4 RS T SOl manners.
808 eSb6@HicRY tNEGEQTHE Maeded A sBeeted dronatsboset of Ansietiring matrices

steering may be generated based on a base matrix anq
&t odetgrministic manpety . Forespmples the L gparing maliicrignay be cycled through

@ngcil:qél)ﬁ(étéi ﬁ:li) gero%lﬁ% lbozﬁ%,e |§ G }ngd {tﬁ) :}é@?&lfeﬁ My c,:t?md so on, and then

el ecC eermr

r |r ﬁﬁ/ gﬁ?gtﬁ & érﬁadéd‘{%%ﬁte‘{]’féj atfe%x%légr TG EE MR Yelected from the set in a

rve eerin I ces/vectors may be
IERRb LA thahfd! -Hdr BRardfle] HRYstckkiAg MRAALE 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 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 V(1). The L steering matrices may also be selected in other

manners.

[0042] The steering matrix selection may also be dependent on the number of steering
matrices (L) in the set and the number of transmission spans (M) in a transmission block
over which pseudo-random transmit steering is to be applied. The transmission block

may correspond to a data packet, a code block or codeword, an OFDM symbol, a



[ 0040] As noted above, each steering vector may be
viewed as a degenerated steering matrix containing

WO o®s/101329 col uim. Thus, as used herein, a natrPEI/DB3005/008738
contain one or nultiple colums. 2. Steering Matrix
Sel ection [0041] The L steerildg matrices in the set
may be selected for use in various manners hi one
enbodi ment, the steering matrices are selected from .
protocgkdatafunit (BDEBy ahsaram.r ile @sngral, sheyairaber of sigaring matrices (L)
nannper . X , . F =
R PE el i QR s of 85 o HEERRIER I GRIGH (W5, 1f L= M1,
R b Qi fgemistdarivg inatrix inhe be M12jted foardelsal tha M tradsniikston spans for
V(L) . In another enbodinent,éﬁhe st.eer | matrices

the crapsméssiondbloplm Khb <M g 4he StasHBE MBRHET Mgntraped for each
HsnBEAPhBek.t e 1S ﬁle,rﬂhglg aréﬁB{e't R 48&ideOha®R6dis used for each

ransm ssion span m nay be selected based on a _
frampatission blook. tHmtalp fwes oasesnitio ndtseringl matriseomaydie sdlected in a

Ggeinninpsorhesstat ot agee i eonst af Ser SRRl om

the set in a "pernutated" nmanner. For exanple, the L

st eer s NVITRED &ShsHRYsi®F cycl ed through and sel ected

c
for useTIm sequentral order. However, the starting

t j fri | e. i s
I b
dhiy langt £ efultignienid feeewingayntay.s Fdrea simpleedaederi systetdyghe MIMO
manners. [0042] The steering matrjx selecti y a}l SO h
handelferaehby Biv Nenteruysah S IaBs iR, ek Py Hied g pyeniyss at the
t he. set LS Sj - .
{PEER oS B 58I RAGkRked BTN RG SRS kol atix H,

VhRAhRObd SptQsdifasappl i ed. The transm ssion bl ock may
correspond to a data packet, a code bl ock or codeword,

an OFDM synbol, aprotocol data unit (PDU), and so on.

I n generalk, thé nurberhqf |steering matrices (L) may be
greater n, equal .to, orl less than the transm ssion

bl ock fength (M2 If L* "M, then a different steering Eq(7)
matri X naybe selected fér jeach of the Mtransm ssion

spans fof zthe gransm gsion block. If L < M, then the

st eeri ngln®¥t'ri ¢&& are fPElfised for each transnission

block. If L > M, then a subset of the steering

le%fé S8S 4.3, 1564 1f OrNEaR AL BNSNI_S dbiesithO6dupling or 8bthplex gain

three casés’ the steefing matrices may be selected in
Between transmit antenna ¢ and receive antenna i. A different MIMO channel exists

between each different combination of multi-antenna transmitting entity and multi-
antenna receiving entity. For simplicity, the MIMO channel is assumed to be full rank
with Ny =N; < N;.

[0044] For a MIMO transmission, the transmitting entity may perform spatial

processing for pseudo-random transmit steering as follows:
X_mimo,pr (m) = Y.(m) ) §(m) > Eq (8)

where X (m) is a vector with N transmit symbols to be sent from the Nt transmit

Zmimo,pr
antennas in transmission span m. The steering matrix V(m) to use for each transmission

span may be selected from the set of L steering matrices, as described above. If the

system utilizes OFDM, then one substream of data symbols may be sent on each subband



determ ni stic, pseudo-random or pernutated nmanner, as
descri bed above. 3. M MO Transm ssion [0043] In system
wao®s/1a3dd MO channel exi sts between a nul ti - anP@nms2005/008738
transmtting entity and a nulti-antenna receiving
entity. For a single-carrierl8ystem the M MO channel
formed by the NT antennas at the transmtting entity
and the NR antennas at the receiving entity my be
usérhfarataty fransthigsjoran TRIRMEIEHEANE) TePR S r?élétlﬁsaWPW then perform
ich may. be. expresse : ntry hi , for i =1

Sﬁg}aﬁﬁﬁ?cg%sglg: %.eg:&l C}S@a %gﬁﬁde%%%gel}goupl ing or conpl ex

[0045] 0ai N ThRhv@eRdlsHADSE  tRneasiviag eatityt mayche exprassdideasna i .
A different M MO channel exists between each different

conbi nati on of multij-ant t mittj tit d
ey et ek Y- Karai Mg RO B FQER SEDTA@). ¢ he

M MO channel is assuned to be full rank with'Ns = Nt E4(9)
NR . [ 00z v - kB r ansni ssion, the transmtting
entity may perform spatial processing for
pseudo-randomtransmt steering as follows: where m

wilerr ¢ f (m)nis)a Vestoa withdforecgived syurbals asythe Neyaesayesanignnas;

be sent fromthe NT transmt antennas in transm ssion
span Hi,(Fhe ist eer Nyg< Nt effectie iYIMO whenreb resperise matrix for
transm ssi on span may be selected fromthe set of L
steering nednsnission spsn trewhichtie 8 a0y H(i) - Y(e) sapdt em
utilizes OFDM then one substream of data synbols may

be sengm)is aride veotobandused for data transm ssion. The
transmtting and receiving entities would then per oréR]) .
Epaimplicity; awitery asswmed e e addisive m;tar@a%%ap@@%ﬁéw with

[ 0045] The received synbol s at e receiving ent] .
GO BB AEFIO0 S04 2 G0V TT YOy 3 Ot IreS e 4 iy variance of
o Y D i Dbk, = €b- (rn)-s(m+n(m

Rﬁ%g}lée?{){?f‘(e%b iﬂsu_agéc\g?gclz‘fggern(h? ‘th N R received synbols

[0046] T T OM ThesHib HoeiskReoan tienR@asmiting ehtityswith tiéTstrerME matrix V(m)
effective M channel response matrix for
results in the data symbols in s(m) observing an effective MIMO channel response
H ;(m), which includes the actual MIMO channel response H(m) and the steering

matrix V(m). The receiving entity may perform channel estimation in various

manners.
[0047] If the transmitting entity transmits pilot symbols without pseudo-random
transmit steering, then the receiving entity can obtain an estimate of H(m) directly. For
simplicity, the description herein assumes channel estimation without errors. The

receiving entity can obtain an estimate of H(m,) for transmission span m, based on

pilot symbols received from the transmitting entity in this transmission span. If the

transmitting entity transmits data symbols in another transmission span m, using a
steering matrix V(m,), then the receiving entity may derive an estimate of H(m,)
for this transmission span as follows: H_(m,)=H(m,)-V(m,). The MIMO channel
response is assumed to be constant across transmission spans m, and m,, so that
H(m,)=H(m,). The computation for H,(m,) may be simplified if V(m) is suitably

generated, as described above.



transmssion span m which is H(m = Hm V(m ; and
n(m is a noise vector. For sinplicity, the noise is

waz®aerIs o be additive white Gaussi an noi se (PONEN$2005/008738
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with a zero mean vector and a covariance matrix of L =

s2 | , where s2 is the variadfe of the noi se observed

by the receiving entity. [0046] The spati al processi ng

at the transmtting entity with the steerlng mat r

v]g ?’ If dletremsmittingestishs transsyitfopilod symbelsnyitly !B§"é}d9rrﬁ ogy transmit
ef fective annel.. re I
Slt??émgcfh[?ﬁltl\{lﬂ/lr%“@ﬂ%r?ﬂ ty Faé"golgtﬁ e%%ggmgﬁgifﬁé’ Q@eg? ?ﬁl - The

mat.ri x V

@nglﬁgtepg Gap ne ra]ggs i{éﬁl\# gif ife ﬁk y4EﬁH%T & Lsgfoﬁl sﬁg?%elgased on
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1%%%1{1&2 an estl H?élmv)e f%lr t% ?Lgirl]ésltbm g%l o%l(;sy%z)an arrpS follows:

He ?ziff;'sf%?ﬁ ol o1 bt i
%rg’gz ﬁ:ﬁ@;ﬁ:’?’?tay 2 me;g,x |d n% & §t§(eqp(grﬁr5a{}1%< t_h@r?;ﬁ : hee%Sﬂlgr}ecelvmg
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&ﬂwam%ﬁ&?v@ an reliﬁé"*%ﬂ@%iﬂﬁ%ﬂ”ﬁdaﬁﬁa@g g goppge o be
S G AL S M
ppmnptatigins| B0 X Auch %«3’8 m@%‘%ﬁﬂfg{] 5??‘? matrices are

then the receiving entity can obtaln an estimte of H
syigplycgre@iady. The receiving entity can obtain an

esti g, e, r%fe Vit Ry hnal e hﬁé?@lﬂh&?hlﬁﬂorseﬁﬁﬂ& Glﬁtl&ﬁﬁﬁﬂ)tﬂﬁ MIMO

pil ot sy s recerved fro he transmttin ent|t
HiHIJﬂelt reapase sstimatespdivr expmplee thyi trmsnwmgwrgltmaé/ Yansmit pilot

AT 584 R el sl 55 Wb st

E\ﬂi\&@v@xannel response estimate H(m) or an effective MIMO channel response

estimate H,;(m) for each pilot subband m (which is a subband with pilot transmission)

based on the pilot symbol received on that subband. If the receiving entity obtains

H ;(m), then it can derive H(m) as described above. The receiving entity may then

interpolate and/or extrapolate H(m) for all pilot subbands to obtain H(m) for all
subbands of interest.

For each transmission span m with data transmission, the receiving entity may
perform spatial processing (or spatial matched filtering) on the received symbols in
r, (m) with either H(m) or H,;(m) to obtain a vector 8,,(m) of detected symbols,
which are estimates of the transmitted data symbols. The receiving entity may also

derive the detected symbols using various receiver processing techniques including (1) 2

channel correlation matrix inversion (CCMI) technique, which is also commonly



.(mp) =W - nmp )-\_(np ) . If the transmtting
entity transmts data synbols in another transm ssion
WG pas/10a39usi ng the steering matrix V_(tnd ) , PEEOS1008008738

receiving entity may derive an estimate of He -(md )

for this transm ssion span astfollows: H nmd ) = H (np

)-\_ (md ) . Again, the M MO channel response is

assuned to be constant across transni ssion spans np

refiradeto as gzerqriareipg fgchniquey 3nd)(2) a pHERBAFAARSAHE eEpr (MMSE)

éé'@lgﬁqﬁe and H (tnd ) may be sinplified if the steering

nmatrirrces are suitably generated. [0049] The receiving
[0051] enti t Yheveegeivaey émity hpgl peifoon racwiveprspaticl papebsng omthtthe effective
obtai n MEVI O channel, response estimtes. Faor exanpl e, )
MIMQ channgl resperpecastimale gﬂazy(m)r-a%hletl SmBrariges S| 1gcedyer spatial
a subset of the N F total subbands. The receivin .
Biocessiperfay oY h aah MR B AHHIVES BBk gl (7D edpIREE 1, M., (m)is
estimate H(nm) or an effective M MO channel response
e spatiahfibertngtnix forthe €41 sthroques Mbas(d) ris @wpatigh filtsr matrix for the
subband with pilot transm ssi onl based on the pil ot. .
MMBE [techatapry @ Dot (ot s Gagemal matrix fog ﬂi*%W§€ fgphnique (which
entity obtains He (w), en it .can derive H(m as
GRS BEG BB oo e (R EenftX may t hen
i nterpol ate and/ or extrapolate Hm for all pilot
subbands to obtain H(nm) for.al,l ,subbands of interest.
[ 0050] For each transm ssi o;qg@ﬁén mw th data
transm-ssion—thereceivi-nrg—enti-ty—ray—performspat
pTadbmiqieng (or spdRecxivemSpatialdPrfocessirg ng) on fhe
recerved gynbors Tn T pr (n) win eitner H(M oiﬁeHei%rS atial
(M to obfadp, @) M g(ndpr, (w) of detected sy § P
whi relestimates of the transmitted data synbof¥°essIng

The'Teceiying entity may al so derive the detec¢tedyatial Filter
synbol s usi E!ﬁm(ﬂ?)i?ﬁ]&ﬁf’@}:'éieyé’ﬁ)]pl_r'&bgﬁ) ng techni qg%atrix

incl ||rthg (1)
(CCM ) tec¢hnique, i sral so, commmnl yr ef er | eRec@versSpatial
tj’fi)e"(:ﬂ : %%T%%Pm ni mum nmgan Processing
g 005t —The Tecgivimg

a zero-forn c’?"ﬂg
SQW@EGH or—{VBE)—technmique: ug:u] i _
the effective M MO channel response estimate ( M%t}ix

pi

i)

Tabl e 1 synBgyi@9s- diag [Mece(meH somlli al procegsing
Mccm . (vvz IS
[0052] The receiving entity may also perform receiver spatial processing with the actual

MIMO channel response estimate H(m). In this case, the receiving entity derives a
spatial filter matrix M(m) based on H(m) and using, e.g., the CCMI or MMSE
technique, in which case H(m) substitutes for H ; () in Table 1. The receiving entity
then performs spatial matched filtering on r,,(m) with M(m) to obtain X(m) , which is
an estimate of x(m), as follows: X(m)=M(m)-r,(m). The receiving entity also
performs scaling with D, (m) for the MMSE technique. The receiving entity then

performs spatial despreading (or equalization) on X(m) with V() to obtain §,,(m), as

follows: § (m)=V" (m)-&(m).

—.pr



a spatial filter matrix for the CCM techni que, Mmse
(m is a spatial filter matrix for the MVBE techni que,

warasiose () is a diagonal matrix for the MVEECT/US2005/008738
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techni que (which contains the diagonal elenents of

Mmse (m) -H-( ) ). Table 1 [®052] The receiving

entity may al so performreceiver spatial processing

with the actual M MO channel response estimte H(m .

I n t hilge@hees despaptiacassunega &t rank MEBYIOvesnpelspigh N = N, <N,

filter matrix Mm based on Hm) and using, e.g., the
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s(m.is an Ns x_1 vector with data synbol s f

epetial spyeading lor p AARMO drpasmisriony dqpm;ldmg oa rlnomh& sﬂeemmatnces are

SR ST R b Do PE o g

sgd‘rh)«ihtal pnmchamyugaa: blokk @i sigiat sy&wmlmawbahmﬁaﬁﬁltté@%n multiple
Ns so that the full transmt power

%}@g’?@ib |a%df161r nadigplet syaRRat perigdennke i achigyedtrersmit diversity, the
R0 ?an d Ny dad ﬂ? AERek s?éeﬁﬁ%a%t%éeg Qiggdgs he rultiple subbands

Pseudo mtTranshit steering e use
bmdﬁbmetSMe\Mwngynabﬁx spats tie mm@a&nﬂ@nfswer@l Priiba of the PDU

b BRSPS et eesmB RS Thcare iy Ml a5 Uy 5 function of
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portion (ta rying a a sy
AsrpR9sibletacfids g sibbdndPteachieve greater transmit d1vers1ty.

To achieve spatial spreading, the transmitting entity may use (1) different

steering matrices across the multiple subbands and (2) different steering matrices across
the pseudo-random steered portion of the PDU for each subband. In this case, the
steering matrices for the PDU would be a function of both subband and symbol period,
or ¥(n,k). For spatial spreading, only the recipient receiving entity has knowledge of

the steering matrix used by the transmitting entity for each subband and each symbol
period and is able to perform the complementary spatial despreading to recover the
transmitted PDU. The other receiving entities do not have knowledge of the steering
matrices and the PDU transmission appears spatially random to these entities. As a
result, these other receiving entities have a low likelihood of recovering the transmitted
PDU.



subbands and in multiple synbol periods. To achieve
transmt diversity, the transmtting entity nmay use

W@ 1905dof3per ent steering matrices across the nmuPCT/pEm05/008738

[0056]

[0057]

[0058]

subbands but (2) the sane steering matrix across the
pseudo- r andom st eered porti oh9of the PDU for each
subband. In this case, the steering matrices for the
PDU are only a function of subband

or V ( k#{e. The. .
t r anSispudormgden trangmitsieenag may dsmbe BiodrBrashieve sRaia] pRyeading

L p t [ i
3P RS UL IOF i, GoBd 0% (E RISl BRT P singular
vaRiceREbRgositiditoft Homp astfbileigs:ent i ty may use (1)
different steering matrices across the nultiple
subbands and (2) different steering matrices across
t he pg_@,u)ie{_}(agzo_z_xm)sggemgaq portion of the PDU for each Eq(10)
subband. In this case, the steering natrices for the
PDU woul d be a function of both subband and synbol
wigsre ol(mpis an Wi XY, .unftery rsgtakioflefogigadttory, ofoﬁ('y) i he
reci pient receiving entity has know edge of the
st eerZimy ivanrNx xd%ediagonal matiix efsingulen valpes of His gpd
each subband and each synbol period.and is a if So
per f oEg} iseancympy NenBRtay patig of Aght GiacpY eeiQfs ﬁg @
recover the transmtted PDU. The other receiving
ent i tTiestraeniitinghantity lmywperfigm sfativheresessang fiy the steered mode
matrices and, the transm ssi on appears spatially
W%W‘(Q?r?ﬂé&’easéﬁﬁg‘f’?:es. As a result, these other

receiving entities have a low |ikelihood of recovering

the transrg fyte ,@Dk): Pseudo-random transmt Ea (11
st eer#ﬁ@”&@ﬁg b‘é[’ﬁgéggl])t'o achi eve spatial spreading (b
for a steered node. For the steered node, the

A% SRS i Equ@teA (L 1)y tHeryangeittiog ehsiynfysl perforalswpatial processing on
deconposition of H( r) , as follows: Hr) = 'LEJ\(LM- .

§Gmy) with( ¥j(m) fog spri®y spreadingUing) thes penforps Rl Mregessing on the
matri x of left eigenvectors of

esultinheraead symbols With fE(@ED gt ﬂl&rstﬁggﬁ%éd%ﬁ IMIK gpfg%% S?ﬁ’&)éls (instead

IS N1. Nx _unitar. trix . of right.ei ve
3 e dafe Srpbelsh frereniided R b F elepPrpaduft BEAIRT chanve
PRAL | @berMdIEE S84y Be | AEwbD Qs Ir@Rkeshl dpdtatlidtneleadbitdihed by the
spreading as follows: (") = S")"V(") '(") Eq (Il) i
decomposition of H(m). For the steered mode with spatial spreading, the effective

MIMO channel observed by the data symbols for each transmission span includes both
E(m) and V(m) used by the transmitting entity. For spatial spreading, the transmitting
entity uses different steering matrices across the pseudo-random steered portion of a

PDU, and only the recipient receiving entity knows these steering matrices.

The received symbols at the receiving entity for the steered mode with spatial

spreading may be expressed as:
¥ 1y (1) = H(1) - X 10,5 () + 1(m2) = H(m) - E(m) - V(m) - 8(m) +0(m) . Eq(12)

The receiving entity performs spatial processing for the steered mode and spatial

despreading as follows:

$n(m) =M, (m) 1, (m) = V" (m)- 27 (m)-U" ()£, (m) = s(m) + W(m), Eq(13)



As shown in equation (11), the transmtting entity
first perforns spatial processing on s(m with V(m

wo or0sapaPd al spreadi ng and then perforns spatiBCT/US2005/008738
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processing on the resultant spread synbols with E(m

for the steered node. The spread synbols (instead of

the data synbols) are transmitted on the Ns ei gennodes

of the M MO channel. These ei gennodes_may be viewed as .
wherh Mor(zt) isprasnatipl Sliermetris fonths siestedjpodpavith spatial despreading
deconposition of H(m, . For the steered node w

sami (@) é*'pﬂ@aﬁ‘i’sﬁ’&?teg‘@‘ &pisect T SR F‘Férfﬂ%@xob@fep@)ednay be
b% t he, data synbols for each transm ssion span

PAPEFSSHLS bot h E(w) and V(m) used by the transnitting
entity. For spatial spreading, the transmtting entity

uses qkf ERH Shesn| Iﬂqit,,[i_ces across the Ea (14
pseudggsf'grﬁ%o?rir s(?@e‘regngmt c?n of a PDU, and only the 14
reci pient receiving entity knows these steering

mat r i AeSsholvAO@8tqubkiens €13 mell (SYiied secaivinghentitycernviavgver the
entity for the steered node with spatial spreadi nlg)frm%/ .
essing with

wensayitieck latag syrgbolp Rypyfirst pgrfgroungythe gecshyer fpatial,

HGM -E(p) -V - + : 12). T, i Vi )

s T

node and spatial despreading as follows: ,(m = Msm

() 7430t Datlimissioh( ™ X () ¢ sm () =s(m) & (1

, EQ 1(‘1 _ is a spatial filter matrix for

e bt TE a0 Rk B BESREA rRA el i
t ingle- MISO

A S e e L) e (T rhe

clenaelfonged hy ithe/ Ne antennesoatdhe traesnpittingsentity aed Higrsingle antenna at

synbol s, by first performng the receiver spatial

Blegeesiving g?nWyt‘H‘“Sgif ragteaized Y # & Xy SBPuE! Fpise row veotor b,
followed b jal. despreading with V( ) . 4. M SO

?’?‘ cr?slﬂ?@el %Xr?%‘?sg%de#j In system 100, a M SO channel

exi sts between a nulti-antenna transmtting entity and

a si nglepankenna receiving entity. For a Eq (15)
single-carri'er system the M SO channel formed by the

NT antennas at the transmtting entity and the single
¥FHeRN@RryAN, , for i=1 ... N, denotes the coupling between transmit antenna i and

the single receive antenna. A different MISO channel exists between each different
combination of mulfi-antenna transmitting entity and single-antenna receiving entity.
The transmitting entity may transmit data from its multiple antennas to the
single-antenna receiving entity using pseudo-random transmit steering. The
transmitting entity may generate a set of L steering vectors, which may be denoted as
{v}, or ¥(i) for i=1 ... L, as described above.
For a MISO transmission, the transmitting entity may perform spatial processing

for pseudo-random transmit steering, as follows:
X miso (ﬂl) = X(m) : S(m) > Eq (16)

where s(m) is a data symbol to be sent in transmission span m;

v(m) is a steering vector used for transmission span m; and



the receiving entity may be characterized by a I xN x
channel response row vector h , which my be expressed

w@2005304399 [AL h 2 ... N , Eq (15) where entryrPdI/pS100$/008738
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i =1 ... Nx , denotes the coupling between transmt

antenna i and the single recéilve antenna. A different

M SO channel exists between each different conbination

of multi-antenna transm tting entity and

si ngl Bxatknna veeor Wﬁhn@T tranRsnEly symbols 19 byigent from the Nr transmit
transmttln% ent |t transmt data fromits

mul tipl e aHIEPRE 9515 100 SRET B~ ant enna recei vi ng

entity using pseudo-randomtransnit steering
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The effective SISO channel response A, (m) for each transmission span m is

Eq (17)

determined by the actual MISO channel response h(m) for that transmission span and
the steering vector v(m) used for the transmission span. If the transmitting entity

transmits pilot symbols without pseudo-random transmit steering, then the receiving

entity can obtain an estimate of h(m) directly. The receiving entity may then derive an
estimate of ., (m) for each transmission span used for data transmission as follows:
h.y(m)=h(m)-v(m). The MISO channel response is assumed to be constant across

the transmission spans used for pilot and data transmission. The computation for

b (m) may be simplified if v(m) is suitably generated, as described above.

If the transmitting entity transmits pilot symbols with pseudo-random transmit

steering, then the receiving entity can obtain an estimate of A, (m) directly. The
estimate of 7, (m) for each transmission span m includes the steering vector v(m)

used for that transmission span. To estimate h(m), which is of dimension 1x N, the



n(m is the noise at the receiving entity for
transm ssion span m [0064] The effective SISO channel

wo e®pomsed h (m for each transm ssion span m i BCT/US2005/008738
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determ ned by the actual M SO channel response h(m
for that transm ssion span aRd the steering vector
v(m used for the transm ssion span. |If the

transmtting entity transmts pilot synbols w thout
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st eer Sy i ed(mbt n(Mese transmi ssion spans. Eq (18)

" Heyr G

The receiv ity may then conmpute Jt -Qn) for each
transm ssion span with data transm ssion based on hQn)

deri fr o, pi i .
W?x%ev egme) q rlE‘? g‘r&e ﬁ,tae:a' %ﬁﬁbo? HBP BbsrABdod QﬁTnS%zg g&fﬂl% éé’ 8f eSimate of

ransm SSi on span.

I | YUY iERE bby%-ERYLREASISE, Bhd e teTddnBits GRofljugateBt ched
P e b O e mhol S it h the Sffective

Sl SO Thapreividgespionsay ekb parom receia) spatialsprbedssingsvith the actual
where sQi) is a detected synbol for transm s ionfoﬁg%g

MIS@rhenngl sespanssostimatech(ar) and)the stpermg vector (Ww) , as

post -detection noise, and " * " denotes a conjugate.

§(m)=g,-¥" (m)-B" (m)-r(m) = s(m)+n'(m) , Eq (19)

where g, =1/|y" (m)-b" (m) .
Pseudo-random transmit steering may be used to achieve transmit diversity or
spatial spreading for a MISO transmission, in similar manner as that described above for

a MIMO transmission.

5. System

FIG. 3 shows a block diagram of a multi-antenna transmitting entity 310, a
single-antenna receiving entity 350x, and a multi-antenna receiving entity 350y n
system 100. Transmitting entity 310 may be an access point or a multi-antenna user

terminal. Each receiving entity 350 may also be an access point or a user terminal.



[0067] The receiving entity may al so performreceiver
spatial processing with the actual M SO channel

w0 e®pomse9 est i mate hQn) and the steering vect oPCH/QB2005/008738

[0070]

[0071]

[0072]

as follows: Km =g a - HQn) hH Q1) rn) =s@) +n’ ,

Eq ( 19) where g a = 1/ 1\ HZ2n) hH Q) f . [0068]Q)

Pseudo-random transmt steering may be used to achieve

transmt diversity or spatial spreading for a_M SO

t r ansii seisonittingrengitsid 1 Gura rensmat (RS dHAPTeRsSOF 358 processes (62,

ahove r a M ransnl s§i t 0069; ;
Bamis et B Ooh Gp] A pRoke ST VB S, oresponding

lﬁB%k 6ﬁ/da&11?{m‘tﬁ>l§ | Aghesmkitieprocess@G80veeives ahd tymBHEiplexes pilot and

and a nmulti-antenna receiving entity 350y. jn syste

G0 syTrblh g PPTARGEEn T 1 FDaHerusRRL e BIOSH g o pseudo-

%g@&ﬂm Yian @k %ﬂi@ﬁngﬁl‘?&/of BLBRRAG mEAS And PEKRiNsNr &RatdsYof transmit

may al'so be an access point or a user

$yetslsial Nf GaTdlittét unitsaTMTRY 338 thrvigh 3331 0T Xespatial pspgessor 320

(TX) data processor, 32Q processes., codes,

may perferay wpatialpracesying St sigreys 5%3@{@ > 8- FFQWR dn equation

t ai di ng. . )
o8 O g B3 EpsfisdioBHg aBleaflAl SR TR bt processor
af! g?tﬁ%o paah Spatfal PRRcORg Hith steRfink Recteisv@M, e.g., as shown in

perfor pati al " processing for pseudo randomtransmt
§x%1ﬁﬁ61h om)?m laVIIS (M eranséreiRsion tormedeiyvimenehtity 3§0:eBadk tfansmitter unit
streans of transmt synpals to T.trapsmt nit . .
EYMTRCES3a O Sbol e otand bERERE DEPM Sigoigtion, if
PS50 RRRhEAHe PhoGASEH 3gni tTRaShARE dHits FBLA {EASN\G id
,ﬁ{el.cg.?ja_rsé%s O\Emaolirnn equatgf%gn (8) or (11),S for a M I\/DmproVl )
Nransdiulsidosignalsr doreitranamiseioni fipne5dy . anfoanapa3idal through 334,
processor 320 may al so perform spatial processing wth
ESSRRYVAY- vectors \ () , €.g., as shown in equation

(16) . Af Qindle-ihiShd hERETAE Sty BOOK, capiatichga IRkl seceives the N
350k Each"transmtter unit 332 processes its transmt
srymenaitteds Signakn dndnpropisies or veseioRbRgRBl atrpesiveriynit (RCVR) 354x.

ppl.i cabl g) engrate a I ' .
%ﬂgeﬂg‘?’ﬁ f"f”zr 3 %fﬁft er%ggg PrRf g%g% %é%gle?#f%w o1 et performed by
pRskshiabe ks @32l & OTORDMN dshsdilatiod, rifraplidatdelt emhgsovides (1)
334a through 334t, respectively. ) )
received data symbols to a detector 360x and (2) received pilot symbols to a channel

estimator 384x within a controller 380x. Channel estimator 384x estimates the effective
SISO channels between transmitting entity 310 and receiving entity 350x. Detector
360x performs detection on the received data symbols based on the effective SISO
channel response estimaﬁes, e.g., as shown in equation (18), and provides a stream of
detected symbols. A receive (RX) data processor 370x then processes (e.g., symbol
demaps, deinterleaves, and decodes) the detected symbol stream and provides decoded
data for each data packet.

At multi-antenna receiving entity 350y, Ng antennas 352a through 352r receive
the Ny transmitted signals, and each antenna 352 provides a received signal to a
respective receiver unit 354. Each receiver unit 354 processes a respective received
signal and provides (1) received data symbols to a receive (RX) spatial processor 360y
and (2) received pilot symbols to a channel estimator 384y within a controller 380y.
Channel estimator 384y estimates for the actual or effective MIMO channels between
transmitting entity 310 and receiving entity 350y. Controller 380y derives spatial filter



[0071] At single-antenna receiving entity 350x, an
antenna 352x receives the N T transmtted signals and

w@e@di10e339 a recei ved signal to a receiver unitPCROVRP5/008738

[0073]

[0074]

[0075]

[0076]

354x. Receiver unit 354x perfornms processing
conmpl ementary to that perfor@éd by transmitter units
332 (e.q. C]:DM denodul ation, if applicable) and

provi des é recei ved data syrrbol s to a detector 360«
rmatic¢sPhase@ oni(Vethe NGO c&gam@ussppaseae%wndé@? Sigig matrices

%Séyﬁﬁa etfecF he M@E@c?‘ rve §%§%§schanne s bet wgarﬁ A1°filtet idfrices for

the TV b MMSE fiéchihiqus bthyeeddarived iav ishgyve it Table 3505he spatial filter
Det ector 360x perforns detection on the rec

d .
g it st dgRode S AL ST AR RS ARTEY B ehHE o equation
e
(g i)v :‘ig%ss?)a @t grogen{s'%l%rf § R Ber éé‘lgfsqki%tlgp grc(c%\&%%gc gfistge (rg&e)lved data
sattlpwih dﬁs‘patlﬂmrhmcqsr egs9s ebowr i Table ey siquation (13), and

demaps,, dei nt od
e N A T
ﬂ?@% %éésdﬁco&@&daltafwtewmtw&%ﬁu ng entity 350y,

ante nas 352a through 352r receive the N T

t r ans@onttadirs34Pn 3663, aad $86ncpntselithe pperamm of e PrRegssing units at

e ReaP R 10 Be R L e B R R Rteildy, Coprroter
SAQEHoxandd p3soyi fRs éeh)eralt@@féleﬂﬁgi rﬁﬁhﬁe@%ﬂiﬂﬁﬂssm deseribed above.
recei ve (RX) spatial processor and (2) received

Metmry syithdd 3Bax,andiAnsiore é@m@a oF pgmmwp% Pspdzpy controllers

?%den?ag@ ll e? 3%59 rp?pggw E}F{%a@ tlé) rth%é%% éﬁ%'uﬂﬁé ﬁr%y sfb?e a set of

Lfsﬁﬁéﬁﬂ% trédt@g (S‘Vi) iidyor3d3t afil steexing matrpee (8M).y 350y .
Controll er derives spatlal filterpatrices bag1
on (1Yhe Ff@lqmm dessrind hetewlonganorals ARG PSS SERPS frigtiices/vectors
?otr s%sre{l&graﬁﬁﬁ ol GERnB _?_%@1 %I?ﬁa}ﬁf)é & !léfﬁ‘enMd'\@y Gh#BAE means.  For
onse est1 mates. at ral ter matrices for
T o ﬁlé;l‘lﬂws:?_ :t]edkmﬁﬁes mlajn be qnplemytetlen Handimaesd sefswarhotrs ¢ombination
a . e atjal filter t

thserofwiFph2 gﬁrélpfaéq IIQR}PIE%P“@’I ﬁ prggesalgxlgl%g ugesde tgl%eglerate steering
ﬁﬁﬂ?&eb@&t&&%d/o??eﬁ@ﬂ ssatiaP b %653%% with @Yesp 8teb i gatrices/vectors
spatial processing on the received data synbols with
tring Bedtipidmdnitdd: avithimtaniec el maere gappligationh sherific: itgsragedy circuits

I N T

P o a8 d1dY O Vet Res A@T DR fidhl Pprégamenble datea arrays (FPGAs),
packe
processors, controllers, micro-controllers, microprocessors, other electronic units

designed to perform the functions described herein, or a combination thereof.

For a software implementation, the techniques described herein may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit (e.g.,
memory unit 342, 382x, or 382y in FIG. 3) and executed by a processor (e.g., controller
340, 380x, or 380y). The memory unit may be implemented within the processor or
external to the processor, in which case it can be communicatively coupled to the
processor via various means as is known in the art.

Headings are included herein for reference and to aid in locating certain

sections. These headings are not intended to limit the scope of the concepts described



[0073] Controllers 340, 380«x, and 380y control the
operation of the processing units at transmtting

weniosiy43390 and receiving entities 350x and 35PgT/US2005/008738

[0077]

[0078]

respectively. Controllers 340, 380x, and 380y may

generate steering matrices/védAdors as described above.
Menmory units 342, 382x, and 382y store data and/or

program code used by controllers 340, 380x, and 380y

thexspreundev.einyl thees coneaptp ey haves@rHeabolity 1 othey sqgions throughout
tQre f L steering vectors (SV) and/or a set of

1§63F§S%P%%h%%?Pices (SM. [0074] The techni ques

descrihegtehioueisctipigeofthatnclasdl asodihens isygovided to enable any

matri ces/vectors for gseudo-randéﬁLtransniifsteeﬂ

pRESOkiHdondhe ARt SmBYS ORPIeINS PHRSEHIIVEGP &%P%{noﬁ%catmm to
e | e SIATIBAEHWRY £, and the generic

%%%fﬁ%%@?ﬁg?ggﬁggﬁg¥%§§i%ﬁB#%EEQEEE For a hardware .g

prieatiysl e ddfatei drerein ey hecppiisd togother ¢nsbadiments ovithentdeparing from
teering matrices/.vect.ors . and/ or perform spat.al . .

%‘F&E%ﬁgﬁﬁow ?ﬁg‘f’ H’é%eé‘thg?'e uﬁ’gt%ﬁﬁ’g PRty ?fidc% or §10Frg{/[elbdeed to be

[i9RbE 15 'the Lrddthéht® RBowh HERGS tHPAk it6d Qscosdrcitel widest scope
Integrated circuits (ASICs), digital signal processors

¢dmsREnt withghe principlemand novelclestrasglisstospd BereinpspDs) |
progranmabl e | ogi ¢ devices (PLDs), field programmabl e

gate arrays (FPGAs), processors, controllers,

m cr owgAI ™ CEASMED £$:0pr ocessors, other electronic

units designed to performthe functions described

herein, or a conbination thereof. [0075] For a

software i nplenentation, the techniques descri bed

herein may be inplemented with nodules (e.g.,

procedures, functions, and so on) that performthe

functions described herein. The software codes nay be

stored in a nenory unit (e.g., menory unit 342, 382x,

or 382y in FIG 3) and executed by a processor (e.d.

controller 340, 380x, or 380y). The nenory unit may be

i npl emented within the processor or external to the

processor, in which case it can be communi catively

coupled to the processor via various nmeans as i s known

in the art. [0076] Headi ngs are included herein for

reference and to aid in |ocating certain sections.

These headi ngs are not intended to limt the scope of

t he concepts descri bedt herein under, and these

concepts may have applicability in other sections

t hroughout the entire specification.




[0077] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed

WO pooshet3gat to make or use the present inventiPCI/US2005/008738
Various nodifications to these enbodi nents will be
readily apparent to those skidfled in the art, and the
generic principles defined herein may be applied to
ot her enbodi nents w t hout departi ng fromthe spirit or
scope of the invention. Thu§&LABMSpresent invention is
not intended to be limted to the enbodi ments shown
herein but is to be accorded the w dest scope
consi st ent Awhéthod biEgepeianiag pleesn@mdirivey esedf fomspatiebprocessing in a
di scl osed herein. [0078]. WHAT IS CLAI MED | S: CLAI M5 1.
Wlfﬂ@ﬁsriéﬂltlo%m"gi@ﬁ@m% iPREYSHE EIISESs used for
spati &ltaﬁn%caet?a%éﬂﬁtﬁ){] a wreless multi-antenna
conmuni cat iPon system’ conprising: obtaining a base
mat r i selectiag eatt iaagt ahe | diffstent roendidationeof scalatsi reach membination

of scal ars, each tion inclu at | east on
SEBRTE 7 Gt WAGE RO TPt ioph el A des SRy Ongglar per row,
éa% |sed1aiifin %1&%!{11 &@J/aqﬁe hging a real or corrpl ex

ue; and Torm ng at | east one steering matrix
rrul ti mrmmwattlh@t bas etenmg inatrigi b muh@lamgltbgb@sedmtnx with the at

T = Y

dha caﬁﬂbhﬁqo@f)fgdaﬁjrgn 1, furt her conpri si ng: form ng a
plurality of steering vectors with colums of the at

| east one steering matrix. 3. The nethod of claim1,

whereipn t I IS .iX. 4. The

g A e L

Four i ffrmivet & ploralfiy of beeriteg hedorsfwith edlumitbs ofitherat least ¢ree steering
base matrix Is a unitary matri x havi ng orthogonal

Beltikms. 6. The method of claim1, wherein each of the

at |l east one steering matrix has orthogonal col ums.

3. The method of claim 1, wherein the base matrix is a Walsh matrix.
4, The method of claim 1, wherein the base matrix is a Fourier matrix.
5. The method of claim 1, wherein the base matrix is a unitary matrix

having orthogonal columns.

6. The method of claim 1, wherein each of the at least one steering matrix

has orthogonal columns.

7. The method of claim 1, wherein scalars for the at least one different
combination are selected from a set comprising +1, —1, 47, and —j, where j is a square

root of —1.

8. The method of claim 1, wherein each element of the at least one steering -

matrix belongs in a set comprising +1, —1, +, and —j, where j is a square root of 1.



7. The nmethod of claim1l, wherein scalars for the at

| east one different conbination are selected froma
w@edsaospri sing +1, -1, +j, and -j, where j i SPEI/EHa5/608738

root of - 1. 8. The nethod of claim1l, wherein each

el enent of the at |east one st®ering matrix belongs in

a set conprising +1, - 1, 4, and -j, wherej is a

squar roo The. met hod of claim 1, where

oach & ih%tfnelﬂt—%ls‘t fcdpim Liwhareganhnof fhe 4tr1@4s09@%steenng matrix
ﬁicﬁmepa%m'aﬂeyha&ng% a1 dgde. 10. The method of

claim1, wherein-t base matri x has a di nension of N

by N, where Nis an |nt eger greater t han one, and

vvhere ea tion |n | ude | ars_.for
"tk e RRTRICR i Fheiin Dothase BN bf gnsion of N by
Nowh%QiI % 4h ibkelosr ?eﬁ%ﬁn @ﬁe A0 whirein I8 dERIVARRioR includes N — 1

claim1, wherein The at |east one conbination of

saalarafos N s 1 spvapfihd basethataixbase- K count er havi ng one

digit for each of the at |east one scalar in a

conbi nation, where Kis the nunber of different

possi bl.e STh¢ Akthod ®8blatm 10y whasi N a4 fdwdrltg thase

matri x. 13. An apparatus operable to generate steering
matrices used for spatial processing in a wireless

mul titante i10 t I.Si

cont r 511 er TemERBUE S 1 el . £ 3R Sinaflan pf scalars s
alitained stithonkeaseikt f:mnﬁmha@mghrmahg@ forcfack o8 kRS & ,le206he scalar in a

inatio ing at le one scalar_ for at |east
Yﬂ?@gol?%m ‘PWZ(E nHoes o di & gfﬁl@ngwswe ysalars wibledlge pach row of
sedh@'mhgikng a real or conplex value, and form at
| east one steering matrix by nultiplying the base
matrix with the at [ east one different conbination of
scal , erei n _one stebjrlng matrix is forned by

conbi trat | on® FPPEEHISaPRETAUR dO SRHERHT FioHHRg Matyesst '6968 % spatial
Profeseink e a RasfesiBiulti-tntefa doREn@licdtRAS st@ﬁec&ﬁﬁ%ﬁé’ 9

matri x, or both the base matrix and the af 1 east one
st eerd ¢aptieller operative to

obtain a base matrix,

select at least one different combination of scalars, each combination
including at least one scalar for at least one row of the base matrix, one scalar per row,
each scalar being a real or complex value, and
form at least one steering matrix by multiplying the base matrix with the
at least one different combination of scalars, wherein one steering matrix is formed by
each combination of scalars; and
a memory operative to store the base matrix, or the at least one steering matrix,

or both the base matrix and the at least one steering matrix.

14.  The apparatus of claim 13, wherein the base matrix is a Walsh matrix.

15. The apparatus of claim 13, wherein each of the at least one steering

matrix has orthogonal columns.



14. The apparatus of claim 13, wherein the base matrix

is a Walsh matrix. 15. The apparatus of claim 13,
wob@sad4azveach of the at | east one steering nmatPCRURZSS/008738

ort hogonal colums. 16. The apparatus of claim 13,

wherein each el ement of the a48 | east one steering

matri x belongs in a set conprisi ng +1, -1, +J and -],

where/ is a square root of - 1. An appara

oper abb.e t@hgé\néaraﬁlé oftdaim A W@Pﬁeﬂbé%c}u%]é@emolaf the at least one

ati al c S |-t ] -sant

B reBl A B bl B -TL e P RAR) i o square oot of

albase rratrl X; means for selecting at |east one

di fferent combination of scal ar s, each conbi nation

including at |east one scalar for at |east one row of

the bgge mabr La-H0e og&ﬁi)l%r’tgpg‘sne?ﬁw StRARD ASBS ubll RE spatial

a real or co ex val ans for formng at
pastsinyia asﬁimieésngultrmltenma bgmmuhicatbly systent, lsemipaising:
matri x W%ﬁ’éf)ge at ast ne di fferent conbi nati on of

scal af¥an ﬁaﬁu%% M Py matrix is formed by each

conbi HfbtahﬂrTonse?&ﬁhgrﬁ 16a8t ohBedFRPat abstfibiahticl ajfmsdalars, each
wherein the base matrix is a Walsh matrix. 19. The
apqnhmtlms inefudihig pimiedst onatsenler foreddensbpng rev af theohase matrix, one

st eerl has or.t hocon I 20. The
%frpﬁff@v CI?:T;C’&{ §ig A fRa o ogm XV%R{ é%rﬂeh?}t of the at
| eaSt nfé@ﬁs Fre@fhing ABEdst ¥nd Bﬂe@xﬁ‘}% niafi:a b etultisiyingi the bgse matrix

+j, and -j, where/ is uare _root of -1.

mth therpétlmstj opg d;féqrmﬁ rqﬁ»irrﬁ)gnaﬁa@atqfaﬂcglms@ Fdigreiy gne, stegring matrix is
tran L ta transnmssion in a

Sc‘ier{; seac}? Ilgﬁgaln%éeéln%ggc%lommm cation system
conpri sing: processing data to obtain a block of data
symbol s to be transm {ted i pl.urali of . . .
transiPssi die epparatus ghelaing; Hrd”alher‘i)‘?l Gb%l?qsg }P%fx SacWplsh gpatrix.
matrices, one steering matrix for each of the
plurality of transm ssion spans, wherein the plurality
of st deri ngheetpphmes aff elaiperid; athekin each of the at least one steering

matrix has orthogonal columns.

20.  The apparatus of claim 17, wherein each element of the at least one
steering matrix belongs in a set comprising +1, -1, 4, and —j, where j is a square root of

-1.

21. A method of performing spatial processing at a transmitting entity for
data transmission in a wireless multi-antenna communication system, comprising:

processing data to obtain a block of data symbols to be transmitted in a plurality
of transmission spans;

obtaining a plurality of steering matrices, one steering matrix for each of the
plurality of transmission spans, wherein the plurality of steering matrices are generated
based on a base matrix and at least one different combination of scalars, each
combination including at least one scalar used to multiply at least one row of the base

matrix to generate a corresponding steering matrix; and



based on a base matrix and at | east one different
conbi nation of scal ars, each conbination including at

WO e@stione scal ar used to multiply at | east onBCT/US200$/008738
the base matrix to generate a correspondi ng steering
matri x; andperform ng spatial2%rocessing on at | east
one data synbol to be transmtted in each transm ssion
span with the steering matri x obtained for the

t L angﬁfﬁﬁm spasil PIORESSHYST af leptt swe<istmeymkad e therfgpospitted in
SRR PP RBISsh sHAL RLBKED R8P ARt Sl KA trbdonilsion span, the

§atiel bRgestly rd@Ring2id. thEhblooktdfodhtafsyaibalsmolbrvingier plunality of
the nulti-antenna comuni caéi oqr}f.ﬁsyst emutilizes

eifeqtiyg shammels fagpdwifh theynlepbly ahsieerps BgfHGS-(oFDV) , and
wherein the plurality of transm ssion spans correspond

to a plurality of subbands. 23. The method of claim

21, whar ei Thé heethad toif - daitre 2ha whereim rthe atiltiranégnon egpmmunication

%@tﬁmt L1 ,ﬂzlﬁﬁéq%ggra}%%&gaﬂlrﬁre&ée L}Ifg 1%' H)gll l\élpﬁipgqgﬁn%/uk@]?ﬁlkﬁ} ia»r?cigwhelrein the

i i SRS £OEREPHINS atphuAlE dFsubBkngs.Subbands
Pﬁﬁ%ﬁgbfléénlg&ﬁ%t er vgl . 24." The r?ept?%og@of Sgl ai mSZl,

wherein the plurality of transm ssion spans correspond

to a uraljty i i.nterval,s. .2 The..n f . o
cl ai ngj‘ﬁl @h% rtg%ﬂocgggﬁclg%g}t ﬁ”é“eﬁ% E[P(?( ]glg%g{rt}%%go oannrﬁ?mcatmn
b £sbrdid Sortk ik ﬁéﬂé’ﬁ@ivibi&n nfatipleking §OFDM)g and wherein each
transm ssi on span. 2%. The nethod of claim 21, wherein

efithe phuralityi afgranemission SRANSAPIIEFRINES $Q PRAASMOL YRS dp que time
nﬁ‘latéllpl e data synbols are transmtted simultaneously
M€4¢ch transni ssion span. 27. The nethod of claim?2
1, wherein the base matrix is a Walsh matrix. 28. The

met hod of claim21, wherein the bas tri.x is.a . .

Four i &f mafthe smethed ofg Hi’?"eﬂwoﬂh?ﬁmc‘i%ﬁiqﬁ?f?@y ﬁﬁ&ag?lﬂlssmn Spans
b We RlterShigeri ng matrices has

g@?%gg%%{gﬁlg%aﬁmﬂ%? Hic'II['%e!llrgnE‘t hod of claim 21, wherein

each element of the plurality of steering matrices

jbe! gngg Sagg‘ﬁ%%}eeg@:do (gll_aﬁﬂ 99, %ﬁéreihléacﬁjsfeegrrfg miakrix ﬂ@secgr% column,

and wherein one data symbol is transmitted in each transmission span.

26. The method of claim 21, wherein each steering matrix has multiple
columns, and wherein multiple data symbols are transmitted simultaneously in each

transmission span.

27.  The method of claim 21, wherein the base matrix is a Walsh matrix.
28.  The method of claim 21, wherein the base matrix is a Fourier matrix.

29.  The method of claim 21, wherein each of the plurality of steering

matrices has orthogonal columns.



31. The nethod of claim 21, wherein each of the
plurality of steering matrices includes el enents

whawsngiequal magni tude. 32. The net hod of cl aPen/B942005/008738

wherein the plurality of steering matrices are unknown
to a receiving entity for the®l ock of data synbols.
33. The nethod of claim 21, wherein the plurality of
steering matrices are known only to the transmttin

ent i t30.andThe mestledd, iof claimy 24y wherein f?édble(lﬁmer@fofdg{eaplurahty of
rrb I
Sf{ I}%effc’l%tglgesnl{ﬁ'i\?ng% ?g%t;ég)%i ﬂ@m gg???ﬁ 5}? gﬁl@fé ]t1¥ a sﬂuare root

eonprising: a data processor operative to process data

to obtain a block of data synbols to be transmtted in

a plurality of transm ssion spans; a controller

oper aki ve r
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a controller operative to obtain a plurality of steering matrices, one steering

matrix for each of the plurality of transmission spans, wherein the plurality of steering
matrices are generated based on a base matrix and at least one different combination of
scalars, each combination including at least one scalar used to multiply at least one row
of the base matrix to generate a corresponding steering matrix; and

a spatial processor operative to perform spatial processing on at least one data
symbol to be transmitted in each transmission span with the steering matrix obtained for
the transmission span, the spatial processing resulting in the block of data symbols
observing a plurality of effective channels formed with the plurality of steering

matrices.

35.  The apparatus of claim 34, wherein each steering matrix has one column,

and wherein one data symbol is transmitted in each transmission span.
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claim 39, wherein each steering matrix has one col um,
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transni ssion span. 41. The apparatus of claim 39,
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matrix to generate the corresponding steering matrix; and

means for performing spatial processing on at least one data symbol to be
transmitted in each transmission span with the steering matrix obtained for the
transmission span, the spatial processing resulting in the block of data symbols
observing a plurality of effective channels formed with the plurality of steering

matrices.

40.  The apparatus of claim 39, wherein each steering matrix has one column,

and wherein one data symbol is transmitted in each transmission span.

41.  The apparatus of claim 39, wherein each steering matrix has multiple
columns, and wherein multiple data symbols are transmitted simultaneously in each

transmission span.
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matrix to generate a corresponding steering matri x;
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45.  The method of claim 42, wherein each steering matrix has one column,

and wherein each spatial filter matrix has a dimension of one by one.

46.  The method of claim 42, wherein each steering matrix has N columns,
and wherein each spatial filter matrix has a dimension of N by R, where N and R are

integers greater than two.

47. An apparatus at a receiving entity in a wireless multi-antenna
communication system, comprising:

a controller operative to derive a plurality of spatial filter matrices based on a
channel response estimate and a plurality of steering matrices, one steering matrix for
each of a plurality of transmission spans, wherein the plurality of steering matrices are

generated based on a base matrix and at least one different combination of scalars, each



synbols via R receive antennas, where R is an integer
one or greater, and performreceiver spati al
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spans, R sequences of received synbols via R receive

antennas, where Ris an integer one or greater; . and
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matri x has one columm, and wherein each spatial filter

matri x has a di mensi on of one by one.52. The apparat us
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col ums, a reirn each spati fil'ter matrix I§1as a
donmmnmicatiowfysienyycoRprisingr e N and R are integers
great %geaglsb %‘r Eig\r/?\}ing a plurality of spatial filter matrices based on a channel
response estimate and a plurality of steering matrices, one steering matrix for each of a
plurality of transmission spans, wherein the plurality of steering matrices are generated
based on a base matrix and at least one different combination of scalars, each
combination including at least one scalar used to multiply at least one row of the base
matrix to generate a corresponding steering matrix;

means for obtaining, in the plurality of transmission spans, R sequences of
received symbols via R receive antennas, where R is an integer one or greater; and

means for performing receiver spatial processing on the R sequences of received

symbols with the plurality of spatial filter matrices to obtain detected symbols.

51.  The apparatus of claim 50, wherein each steering matrix has one column,

and wherein each spatial filter matrix has a dimension of one by one.
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52.  The apparatus of claim 50, wherein each steering matrix has N columns,
and wherein each spatial filter matrix has a dimension of N by R, where N and R are

integers greater than two.



