WD 2005/ 104399 PCT/ US2005/ 008738 1 SPATI AL PROCESSI NG W TH STEERI NG

MATRI CES FOR PSEUDO- RANDOM TRANSM T STEERI NG | N A MULTI - ANTENNA

COMMUNI CATI ON SYSTEM BACKGROUND 1. Field 10001] The present invention
relates generally to data comunication, and nore specifically to )

t echni quesohms/pspd or mi ng spati al processing for dat a POTAMSSHETSN i n a

mul ti-antenna comruni cati on system H. Background [0002] A multi-antenna
comuni cati on system enpl oys nmultiple thransnit antennas and one or multi pl e
receive antennas for data transm ssion. The nulti-antenna system may thus

be a nultiple-jn t I nput
si ngl e- out pu transm t
ST bRICRSYING W LSRRG, Sradultohs TR
antennas at a RSEUW#RAM)E)MTWBMM.[‘ STHEERINT INeAMIELER ennas at a
receiving entity for W@Mj@@gtﬂ%@s an NR x NT
forrred by t NT

system A M MO channel transmt antennas and the NR

recei ve antennas may be deconposed into Ns spatial channels, where Ns 5 mn
{NT, Na } .. The Ns spatial channelgy¢ghemgsd to transnmit data in a
manner to achieve greater reliability and/or higher overall throughput. A

M SO systed.enplftgtd nmultiple (NT) transmit antennas and a si ngl e receive

antenna f trans Ssion SO ¢ nneI formed b transmt
At ennBWIE g ¢ hdbe Hgee tNERaTY aSaRt BETL K ol SO Reata e ofat | |
channel . [ QR&3ficaligad te%ﬁﬁﬁqh&‘ fof %&@&ﬁhﬂ@?@éﬁ@(ﬂ@éésﬁﬂg ForVddtd QSR Brd ous
channel conditions such ‘as, g., i'ng, multipath, and interference

ef fects. Tmulmntmﬁq@mmmnnmtm a M MO channel may al so experience

di fferent channel conditions and may achieve different

signal -to-noi se-and-interference ratios (SNRs). The SNR of a spatial channel
determ nes Ji{ s tgy@ LWfigi on capacity, which is typically quantified by a
particular data rate that may be reliably transmtted on the spati al
channelt®2for a 4 mlivani¢naa cominupication SYéthlarﬁiT@IIOYStnfﬂéﬁldhélﬁnmlt gwenhes psh changes

over time and | AR eRlivE 8Bn Ry Al FRBAER. Fhe BnfRANGSD QUERL iy
thus be a multiple-input multiple-output (MIMO) system or a multiple-input single-
output (MISO) system. A MIMO system employs multiple (Ny) transmit antennas at a
transmitting entity and multiple (NR) receive antetnas at a receiving entity for data
transmission, and is denoted as an Ny xN, sysiem. A MIMO channel formed by the
Ny transmit antennas and the Ny receive antennas may be decomposed into Ny spatial

channels, where Ng <min {N, Ny} .. 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 Nt transmit antennas and the single
receive antenna is composed of a single spatial channel.

[0003] Each spatial channel may experience various deleterious chamnel conditions
such as, e.g., fading, multipath, and interference effects, The Ny 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 ifs 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.

[0004] To maximize throughput, the mulii-antenna system may utilize some form of

feedback whereby the receiving entity evaluates the spatial channel(s) and provides




[ 0004] To maxim ze throughput, the nulti-antenna systemmy utilize sone
formof feedback whereby the receiving entity eval uates the spati al

channel (s) and provi des WO 20051104399 PCTI US20051008738 2 feedback

i nformation indicating the channel condition or the transm ssion capacity of
each spaticedoo{vasmeel . The transmtting entity nmay therCHUpWST008T® dat a
transm ssion on each spatial channel based on the feedback infornmation.
However, this feedback information me¥ not be available for various
reasons. For exanple, the multi-antenna system may not support feedback
transm ssion fromthe receiving entity, or _the wireless, channel may change

nore rapi dfeydhaﬁbﬁpfgwﬁpati@ii@&ﬁnﬁﬂhwhﬁ@ EBEEPY Ph Hredrusission fapacty 9fat e t he
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the transmtti entl S no ow t channe I'tion, en It my
need to temhsphtial ddbenehtbaged o thatfedbakt hfitnmktien. ddiewdvegnihisi fsdlowkcan be
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expect ed Wk&hr 68 fotGiibREleedhaBElivkdsRissiontTioat it Feddivany dhtityl RF i WirdMsg. [ 0005]
To inprove performance when feedback information is not available, the
transnmitt i ¢hynesltmey change papicorapidlp Brh dhe geto cas sehiply theiaeveiving eatie wgat a
transm ssi )¢ 0 - | t] of: an

ext ended panr e i BRE Brd ARalSRk hARA AR AGE 0Bl T e
for the dathe tansmiitihs ehidy. dddowey &how thBichasrhtcoadition, obes i ngyrepd asent s
additional conplexity for the transmtting . entity and, possibly the

recei vi ng BHismildaty goosy I‘Fﬁe‘&"éh"rtéﬂti &?r)é? EPIE)“’P‘éSWnrf@éa’eifﬁh"leb@de&P@e Wrtheechni ques

to perfor r%'éa%g%hﬁ@re@%ﬁh B wor¥dalb maﬁ}are&n&@dﬂ?'ﬁéip%ﬁmﬁﬁpé SRRy g the

performance of data"transmssion in a nulti- antenna comuni cation system
SUMVARY [ §e67 wawd hadigtate! Hothe gameted iorsi-casedharsichepnditiony whigh ssdtighilges f or
pseudo-randocfn. %:l'anSMt steering (PRTS) are described herein. PRTS refers to
spati al pr'é% & eg performed by a transmtting entity with steering

mat ri gewesiso t hafo dmgaive feroRaiceSkheh feldbakYBoraatiensie it eavaflablgf fect i ve”
channel s. These effective channels are formed_b t he actual, M MO or M SO
channel usBanspling sptEy mayperogs sppiahpracespiag seddhatibe deta tapsrission does

not observe the worst-case channel condition for an extended period of time, as

described below. A higher rate may then be used for the data transmission. However,
this spatial processing represents additional complexity for the fransmitting entity and
possibly the receiving entity.

[0006] Thefe is therefore a need in the art for techniques to perform spatial processing,
with minimal complexity, to improve the performance of data transmission in a multi-

antenna communication system.

SUMMARY

[0007] Techniques for generating and using steering matrices for pseudo-random
fransmit steering (PRTS) are described herein. PRTS refers fo 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 fransmission 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.

[0008} 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,




used for PRTS. Wth PRTS, the data transm ssion does not observe a single

bad channel realization for an extended period of tine, and performance is

not dictated by the worst-case channel condition. [0008] The steering

matri ces may be generated such that the conputation for PRTS is sinplified.

A set of wO=00i/MgeIatri ces may be generated by first set'BUsi00p08I3BASE

matri x, WO 2005/104399 PCT/ US2005/008738 3 which may be a WAl sh matrix, a

Fourier matrix, or sone other unitary Ratri x havi ng orthogonal col umms.

D fferent conbinations of scalars are then selected, with each conbination
at, | east one row_of the ba |atri x, one

I ncludi ng at_ .l east on | ar .for e
scal ar per Which mey bR ag\é’saﬁgﬁn%wmwa% EBW%Qﬂ\?’.éP{’}W ﬁat%‘?’% BHE st eering
TRL T CoS  Rf@o@RAEtARts DYDiMuchl Blritifiioh B¢ Baes W Fiex ieklacRah i t he

different conbinations of scalars, as described below. The different
st eeri ng nepmbimeBomineludingsatdedst enecsvalar furainleash ¢rwovos! thadatatiaenrd x and

rat . By SOt R el sy LR aheoR SRR, DGR sl HRARAST
sui t abl e segd gandrated by multiplyinglthe bise neandl with ehudy of the different binléhaizenes of the

steering matrices bel _ong In a set conposed of {+1, -1, +j, j}. . In this
case, the rEdEspies dsesindobelow. (dhg diffeenl Sigeting dnetarsnaist twe  diffesesler i ng
matri x may | ] | j+ ' ' : | bel ow.
100001 A LdbiaReEbE ol bRl o B L 8 SRR RS e
with the ofltherbsseahattine By eeleiting aratitablelase Baattix £¢.eori Wolshenttux) amly al so be
viewed as a  degenerated steering matrix containing just one colum. Various
aspect s andultéhberalaees, of Lhy, erd ohvhere Are/dos thei Adeenthof ihe stsernglet ai |

bel ow. BRI EF DES PTL ON THE N ,00.10 |G 1._sho |t -antenna
Syt em v t O CEEE b FOBREORELH e shiv il oo By HRARERP B b o

process 10 L@ek@htdh] SHifea Blememt & @ﬁﬁerﬁlgcinﬁiﬁ%éy% ¥eedved Swiﬂhsﬁﬁﬁleflﬁf
pseudo-random transmt steeng}&;& and [00121 FIG 3 shows a bl ock di agram of

a mul ti - antresniRilatioangatlescribygl keity, a single- antenna receiving entity, and
a mul tjgg@t enna 4 Eeg %E‘éfe@ﬁnnge?éét&y nsddtrof MiSE HnatRbEL 'nﬂ}"plfeoﬁnﬁﬁ&d %ﬁ dgor d
exenpl ar is Used herei 0 nean "serving as an exarpl €, 1 nstance,
columns of the steering matrices. Each steering vector may also be viewed as a
degenerated steering matrix containing just one columm. Various aspects and

embodiments of the invention are described in further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019] FIG. 1 shows a multi-antenna system with an access point and user terminals;
[0011] FIG. 2 shows a process to generate steering matrices ahd steering vectors used
for pseudo-random transmit steering; and
[0012) FIG. 3 shows & block'diagram of a multi-antenna transmitting entity, a single-

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

DETAILED DESCRIPTION

[0013) 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.

[0014] 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



or illustration.” Any enbodi nent described herein as "exeéenplary" is not
necessarily to be construed as preferred or advantageous over other

enbodi ments. [00141 FIG 1 shows a multi-antenna system 100 with an access
point (AP) 110 and wuser termnals (UTs) 120. An access point is generally a
fixed station that communicates with the user termnals and nmay al so be

ref err edwignoasi0azdoase station or sone ot her term nol BOYUSAOLSNETIEt er m nal
may be fixed or nobile and may also be referred to as a nobile station, a
wirel ess. device, a user equipnment, or4some other WO 2005/ 104399

PCT/ US2005/ 008738 4 term nol ogy. A systemcontroller 130 couples to the
access points, and provides coordination and control for these access

poi nts. 10BIBMoREXessd PHtom conteelies 188 5oHBEE tothe: 2ReRst iNgIds AL dWIASST or dat a
transm ssi ehyrainkimint $6kirdl S becka,difty, be equipped with a single antenna
or multiple antennas for data transm ssion. A user termnal nay communicate
wi t h titd5laccessApssnpoiand 19y equibpwl withrmowliplet sitgpmes forodye dransthissiormnot her
user termanal,. In the follow,g descriptiaon a.transm tti.ng . enti may be
an access Egcfhnlfse tlmﬁmﬁ]sgp B e;gé}}}{peég’gt}lg Srigleniemng °ém‘%t”i“§}e %ﬁﬁlﬁ}mﬁ o be an
access poi fita Gandnibdel. BeisdatermbAP may 26Siinhicki@Gvig thet A6céss poftiapdathywi t h
multiple (NT) transmt antennas, and the recejving entity may be equi pped
with a sindlsecommiina resr-torpperiviiteanetiey ussnicanings . In Abavolieyvingslsssmipianon exi st s
when the r g i i L 1 | t : =3 M MO
transm ssi ggﬁgﬁl@tﬁg ﬁynﬁltx}ﬁgé a?%@%*’?%ﬁﬂﬁ%ﬁﬁ%%%‘@Q‘Lf‘gu@gp“g‘%%"?ﬁ Iagrrtlljt?t iple

ant ennas. (29 1Bé bSys tenrsdiintroay vber tansnalgThe ransmiiiting syttt enequippad with

mul ti-carrier, m Miltiple carriers.may be obtained wth orthogonal
requency Eupindd B Rapbisuioky shbkanoovitb s maube savpresit fheRodurat i on
t echni ques gifiinaSQNBURHIRENS ftehhiddC A NISOMrahfigedd wakty vaRh ithd tRBisnkhe

overal | system bandwidth into nultiple (NP) orthogonal subbands, which are

al so ref er pigly tlb capRedneih asingls prtpanes and p AIMQrsnsmisgigarreistcWhemiles.  Wth
OFDM each_sud y Cliat: i pective subcarrier that may be
modul at ed Wi P’h%g%g%{ﬁf g@i&ﬁh?&ﬁ&%ﬁé@na%ﬁ)@% transmtting entity may
transmifiedat a t Bystent ¢0@may by acshiiglé-yartied sygtempereimoki-candanyitedn Mialtiplst eer i ng
(PRTS) to achieve ipproved perforpance. Wth PRTS, the transpmtting entity
perforns s BHFEIME BE cBatieg Gt rbeanias fedugapadivision muftiplexing (OFOM)

some other multi-carrier modulation techniques, or some other construct. OFDM

effectively partitions the overall system bandwidth into multiple (Np) orthogonal
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.

[0017] In system 100, a transmitting entity may transmit data to a receiving entity using
pseudo-random transmit steering (PRTS) to achieve improved performance. With
PRTS, the transmiiting 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.

[0018] The spatial processing at the transmitting entity for pseudo-random transmit

steering may be expressed as:
x(m) =¥ {(m)-&(m) , Bq (1)

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

¥V(m) is an N, x N, steering matrix used for transmission span m; and




transm ssi on observes an ensenble of effective channels and is not stuck on
a single bad channel realization for an extended period of tine.
Consequently, performance is not dictated by the worst-case channel
condition. [0018] The spatial processing at the transmtting entity for
pseudo- r ecmos/tea@asmi t st eering maybe expressed as: PEWESHATWF38s(M) , Eq
(1) where s(nm) is an NT x|l vector with up to NT data synbols to be sent in
transm ssion span in; V(n) is an NT X9 NT steering matrix used for

transm ssion span in; and WO 2005/ 104399 PCT/ US2005/008738 5 x(m) is an NT
X1 vector with NI transmit synbols . tq _be sent fromthe NT égansmt ant ennas

in transnissi on-’i(é’ﬁaf? s %xhs?é%fmﬁ@’fi i M “’é“snﬁhﬁﬁfl@ﬁﬁbpa spiyf %.E%Nat i on
synbol for data, ai S"%ﬁ‘%{,“%ﬁ%&#lﬂ”%@“% Ssiogggéﬂ%_tlon synbol for pilot, and a

"transmt synbol " sen oma transmt antenna. The pil ot
synbol s are kn a priori b ath t Jansm tting.and, ..receiVvi,ng entities.
bone] At s Sedtn Bl sbsas o aiotiiskipf SR ot Sk denbb I P ane.  For a
singl e- capolBlbticy Svl fé HilANERA 5 StrABmKNFThHIEYis GOSyeHD N be bent Grgn gy nbol
period, which is the time interval to transmt one data synbol. For a

nul ti - car r frapsmil antesep. dibepilat syanbolavie kagwe enprigra by beth the dissopitine aad

transm ssi Peﬁei%ﬂlg%nffﬁéé. correspond to one subband in one OFDM synbol period.

A transm ssion Span may al so cover nultiple synbol periods and/or multiple
subbarn@d9] Thus, Aitransmigsibrespn maydexerftome dridfve fimgubnoy dfmewioen clor aAingle-

transm ssion _span may al sqg be referred to as ,a transmssigon interyal, a

Si gnal i ng. P, YAFTE. & SoRTBESIoTL a0 1A SBERGPRS & FHAORGY PoH B BB ado- r andom
transm t stgRNihteealB)raR8nk 986d4tP sPEkYI S ¥6r 4 FdftRfrkierHy¥iems kick 20 MBpet i al
spreading, and may al so be used in conbination with"a steered node, as

descri bed Bysteywthafnwdizep QFDM, ajravemission gpam masheorrespanid\ip age swbbpnd/inapeal so
descri bed symbol pRHSE! A HaBlilch b s%ﬁﬁ‘%{agtdls%” o@rQP&# }gﬂ‘@:&ﬁoﬁ‘@?ﬁ%&st' ng.
entity may perform spati al “processi ng for pseudo-rando ransmt steering
W th a set and/oisiekiplengibbmids CHus,(armby bosniihdexefor itieesind/ovhirefuengy he

transmission span may also be referred to as a transmission interval, a signaling interval,

a slot, or some other terminology.

[0020] Pseudo-random transmit steering may be uvsed to achieve transmit diversity or
spatial spreading, and may also be used in combination with a stecred mode, as

described below. The spatial processing at the receiving entity is also described below.

1. Steering Matrix Generation

[0021] 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 ¥(i) for i=1 ... L, where L may be any inieger greater than one.
The steering matrices should be unitarj matrices and satisfy the following:

Vi) ¥@H=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@ =¥, (@) ¥,() ... ¥y ()]. Equation (2) indicates that each column of V(i) should
have unit energy, or ||v,(#)|=¥7 ()+v,({) =1 for a=1 ... N,. This condition ensures
that the Nt data symbols transmitted simultancously using V(i) have the same power.

Equation (2) also indicates that the Hermitian inner product of any two columns of V(7)




denoted as {V} , or Y(i) for i =1 ... L, where L nmay be any integer greater
than one. The steering matrices should be unitary matrices and satisfy the
following: VH(i)V(i)=l , for i=1 ... L, Eq(2) where | is the identity
matri x with ones along the diagonal and zeros el sewhere. Each steering
matri x V(iwoRens/igeses NT col utms and nay be expressed acr{scsioys7gd i ! (i)
v_Nr(0]. Equation (2) indicates that each colum of V(i) should have
unit energy, or 11 vt (i) 11 = v Q (i)®- v_, (i) =1 for a =1 ... NT. This
condition ensures that the NT dat a syrrbol s transmtted sinultaneously using
Y(i) have the sanme power. = Equation (2) also indicates that the Hermtian
i nner pr odushouldf bamrsrot wo ¥ dHu(d =df Ru( iv)= MO HPOBH-AD4389, M/WOOEMI@OS?% 6
shoul d be zero, or v-a or a=1 ... NI, ... NS, and

(i) :
a # b. Thi sconghieaiensees 'éﬁémﬂ"d@thaxmh%ﬁwmmdasn@ﬁmwlx #raﬁgh%m@do
si mul t aneou I I ;one another at the transnt antennas.
[ 0022] The @Le%/ gftilg]i_ﬁst%é;tgzrgﬂgﬁgaﬁl%ti?l ces may be generated in various manners.
I n an [0822jodi meriThe ¢chefll. stbeary mngirves may &s @nﬁa@énamhenh temrers ase matri x,
which is preferably i ag\é matri x. The base_.matrix na beue as one of

nit
the L steer PAYPIREY Fbceeg“l‘ obAigices arp gRgkHqdn foma? rhase N4HE BBICHRer at ed

by mul tipl ypRgedohe a eiiery @htrikheriRasRe Mkt YoM Yehusdil fab @8 F 1BE Bl @deding @S
descri bed below. In genéral, a scalar may be” any real or conpl ex vaI ue.

However , t omefises: cTherethert he | stasting n:gtrwaa miay bg genesatedhby swjtiplyiag tecews t he

scal ars are n t d 2)r
(or 0 and 3%%5.&? %ﬁfwn%ﬁﬁfeye%aﬁ elégl?tﬁabglo ]Fell%é ":{\g%%l 8@?% m)atrl X.
A2 x 2 V\ala{ymltcsﬂoomp\iwealwdﬂawévex,téédairshhamher*weﬂ%nﬂatﬁw deuekpyessed
as: 111 (1-11-11 -1 Wxz and Waxa_ = 11 -1-1FEq (3) -1-11A
| arger si zeWpECeH theeseplpss WW@F@%&PWW&PW@‘?%@WGW&WQ%Q Al sh

mat ri x V\P\b({groomj@laj_om VWAXN VWNX N

t0023] In one embodiment, the base matrix is a Walsh matrix. A 2x2 Walsh matrix
W,., and a 4x4 Walsh matrix W,,, may be expressed ag:

I 1 1 1
1 1 1 -1 1 -1
W,.. = d W,..= . Eq(3
_——2%2 [l __1] an —dxd 1 1 _1 _1 q()
1 -1 -1 1

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

Wi » @s follows:

_W_NxN _“_’NxNjI Eq ( 4)

Wonen =[
W_NxN - .‘_W_NxN

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.

[0024) For an Ny x2 system, with N 22, four exemplary steering matrices may be
generated from the Walsh matrix W,,, as follows:

1 1 11 1 1 1 1
Eixz =l:1 1:| s Eixz =|: 1 }:l s ‘_v..;xz zl: , :I , and ..W_;xz ={ . :i s
A -1 - J o7 —J J

where W, is equalto W,,,;




WZNx2N = Eq (4) WWN -WAXN As indicated by equation (4), Walsh matrices
have di nensions that are powers of two (e.g., 2, 4, 8, and so on) because
of the manner in which these matrices are forned. [0024] For an N. x 2
system with NR ? 2, four exenplary steering nmatrices nay be generated from
t he Wal shwoapesim4®x2 as follows: 1 1 1 2 1 11, 1 1 4.pC/us2008RR%3&[1 1 Wxz
=[-1 land W2 =[- . JJ where W21 .2 is equal to Wex2 ; WD 2005/104399

PCT/ 13S2005/ 008738 7 Wax2 is obtai ned by multiplying the second row of
Wx2 with -1 or e" W2.2 is obtained by multiplying the second row of W2x2
with +j or ei" /2, and WZXx. is obtained by multiplying the second row of
Wex2 with -j or gy gbtainedintinuliplyinlg the seepndrgwindt W,.q esithalohe” gener at ed by
mul tiplying the second row of Vx2 wth other scalars, e.g., ,1J3>r14,
al,rl4, 6j' /", Mg, sootdeinediemuléplyste the speend towp B, i wils + /netye’Hé; ¥0dr med as
follows: V(1) = gz Wzx2, V(2) = g2 W2, and so on, where the  scaling by
g2=1 /- results&hxﬂl%ﬁmwmﬁM(ﬁgsmmﬂmyﬁn%xzéw& gy.o®&075] For an NR
X 4 system wWith NR z 4, four exenplary steering matrices may be_ generated
from t he Vtddiionaksteexingumatrices nay be gracrated by mujtiplyipg thejsecqnd rowiof Wog -1 1 -1

1 Wx4 = Wi4x4 11 -1 -1 -1 -1 -1-11-1211-1 11111111 3
4 4= ] and'ithmiber sqalas, eg., g*]ﬂ"ﬁx ej;fi”lj ef]”"j‘, agd so on. The set of L steering matrices

may be formed as follows: V()=g, - W,,, V(2)=g, -W2,, and so on, where the

scaling by g, =1/ /2 results in each column of Y (@) having unit energy.

[0025] For an N, x4 system, with N >4, four exemplary steering mairices may be

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

1 1 1 1 1 1 1 1
1 -1 1 -1 -1 1 -1 1
w o= , w2 = ,
e PO R S -1 -1 11
1 -1 -1 1 -1 1 1 -t
I 1 1 1 1 1 1 1
Wo=|? T T T e W=t T ST
JoJ -J -J 1 1-1 -1
i -i-i J 1 -1 -1 1

where W, isequalto W, ,;
W, is obtained by multiplying each of rows 2 through 4 of W,,, with—1;
W, 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 -+ ;.

The set of L steering matrices may be formed as follows: V()=g, Wi,

V(2)=g, -W.,, and so on, where the scaling by g, =1/+/4=1/2 results in each
column of V(i) having unit energy.

[0026] In general, for an NxN 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



1-1-11 where W x4 is equal to Wix4 ; WAx4 is obtained by multiplying
each of rows 2 through 4 of Wlu4 with-1; E3 04 is obtained by multiplying
each of rows 2 through 4 of WIx4 with +; and WXx4 is obtained by
multiplying row 2 of WAx4 with + ] . The set of L steering matrices nay be
formed asW®IHUEINV(1) = g4 Wx4, V(2)=g4Wix4, and BOT/OR00¥#8T38 t he
scaling by g4=1/V=1/2 results in each colum of V(i) having unit energy.
[0026] In general, for an N x N base ri x, each of rows 2 through N of the
base matrix may be independently mul tiplied mjth one of K different

ossi ble scalars. . Th N dlff ent steerl trlcs be opt ai ned
Prom KN- ' cfﬁ? %{e?C@ g‘gr%t t'llo‘i‘??;"s 73?9 FOBEH éﬂdﬁ@’? 8 the
K scal ars f. F. ea agh _of rWSZth;afu N mpy be

; ﬁy pEﬁt%Fﬁ’%lmﬁgiﬁﬁecE Ptk ©4 ?P ENQf e 21 ¢ th—.],, /gP‘ :

i ndependent h"a sca e]0 =741, : +j, or

e In this c L r IHtEs‘%yase(Sforde-f@r?tf(;Hlfﬁ%eﬁﬁt%&& %&ﬁbf?&aﬁ% Qﬁ‘eras@erat ed

fromthe Wal sh rix Wx, with the erent scal ars d|t|onal

st eering f@dnﬁltE@EWiIﬁi’%tM@an at @fth Whé Hot MieereSt atadrs., Rd(ﬁ‘umna?}ste%nﬁé
"f e, and so on. In genera’i each row of the base matrix may be

mJl tiplied mam&samy&%h%teamhmdr@&m@rerg 7714, eWrér @*0” nay sbenamy phase
val ue. Al so inageneral N x N steering natrices nay be _generated fromN x N

Wal sh mat r 8588 §a°br(rpyv of thpasgymayx Mpehemyiipkiad yitl &ny Sf{ab@ hayingthedprmg

matri ces derﬁg ve

T the T ows® of "ESHE CODAR PP VAPE miPer BREs Sk Eesﬁﬁévé%wﬁh%pe”' e
then each eéeﬁg{,g{%& ﬁ%I:nﬁ ?ﬁﬂﬁ{m&%@?{wﬂ?e%t WX '&rhere%)y or - j and

t hus has a " non-zero va or on o™ hagi n onent In this

case, fopgny mul t'@é&ﬁgtm&ﬁc&f déhv%@tl?aséi’ BROL Wik n?dih:@'lﬁ@‘@%rtﬁfl dedRabis eering

matrix may be performed with just bit manipulation. For exanple, a
mul ti pl i catproperighs. df henpiest the AValgumeixarsynisiphicd with spddars lof +-11anded  be
per f or med b inverfing the si n bit, of both the real and |ma%l %
conponent s n?%@ gt %%Prﬁﬁ’é‘ﬂ anb$tef(1‘é‘3mﬁhb’5(s th by .08 =J e thuphasa

mul tiplicati ARy vk FRYoR§ hR' fa m%dm?é’gnﬁ"f‘pc% Me iUk TRY! Nary

multiplication 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 +; 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+ jbYO+ j)=-b+ ja. A muliiplication by — j may be performed by swapping the
real and imaginary components of the data symbol and invertihg the sign bits of both
the real and imaginary components, or (a+ jb)(0— j)=~b— ja. Thus, if the clements
of the L steering matrices belong in a set composed of {—Fl, -1, + j, = j}, then the

computation performed by the transmitting entity for pseudo-random transmit steering
can be greatly simplified.

[0028] In another embodiment, the base matrix is a Fourier matrix. A 2x2 Fouricr
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:




conmponents of the data synbol and inverting the sign bit of the real
conponent, or (a + jb)(0+j) =-b + ja. Amiltiplication by - j may be
performed by swapping the real and imagi nary conponents of the data synbol
and inverting the sign bits of both the real and imagi nary conponents, or
(a + jb)(0¥YO[29058043% - ja. Thus, if the elements of thedrseasnigtss matrices
belong in a set conposed of {+1, -1, +j, - j} , then the conputation
performed by the transmtting entity f of pseudo-random transmt steering

can be greatly sinplified. [0028] In another enbodi ment, the base matrix is
a Fourier matrix. A2 x 2 Fourier matrix 4 iESe ual to the Wal sh matrix
W.., or 112x2 = W<py A3 x 3iFoprier matrjx x3 antl a 4 x 4 Fourier
matri x D4x4 may be e gre_s,sgd AR 2005/ 104399, PETI USRP05/008738 9 1 1 1 1
111 _3x3 =1 Djoxis a"Jan®s ang WP alf -1 -, Eg ¢5) 1 Fuld3 e
j2a13 1 -1 1 -1 1 -j |t leP**n gBrikfal, for an N X N Fourjer matrix DNXN , the
element d., in the n-th row of the mth collumyJofl may be expressed as:
-j2n(n-1J(m1) d =e Nforn={l...N} and m={1 ... N}. Eq(6) n,mUnlike Wl sh
matrices, Fourier matrices _qof any square di rrensionwl(e._g., 2, 3, 4.5 and so
on) rmaybe fBrafderal foromolN 2 FoyeimatixaD gy s therglemgnt 1, arn the-th wvt ofhenpl ary
steering matrices may be Il generated fromthe Fourier matrix D3x3 as

fol | ows: 1 #-thcqlugmpl Dy maydeexmrgssedps:. j 713 -jrr/3 -3x3 =i ee, W3 -1 e
e lejd4s/3 e32ul3 -1 e jnl3 en/3 111111

_jzﬁ(n—l)(m—l)

d_=e N o, forn={l..N} and m={l .. N}. Eq (6)

Unlike Walsh matrices, Fourier matrices of any square dimension (e.g., 2, 3, 4, 5, and so
on) may be formed. '

[0029] For an Ny x3 system, with N =3, four exemplary steering matrices may be

generated from the Fourier maftrix D,,; as follows:

1 1 1 1 1 1
1 - - 2 . s
sza =il e f27(3 e jani3 , .]..).,3x3 =|—1 eﬂrlﬁ e Jjml3 ,
1 g7 g iald | -1 e o
11 1 111

3 | =iz —-jzl6 -~f5xi6 4 | imi2 —~jxl6 —i5miG
Dy =|e e € ,and Dy, =|e e € s

jxl2 _—j5nlé —jrl6 1 ~jAwl3 =j2al3

e e € e

where D, is equalto D, ,;
D, is obtained by multiplying each of rows 2 and 3 of D,,, with—1;
D.,, is obtained by muliiplying each of rows 2 and 3 of D, 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, + 7, or

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

Additional steering matrices may be generated with other scalars, e.g.,, &%, ¢85

e=/ % | ¢*7¢ and so on. The set of I steering matrices may be formed as follows:




3jnl2 -3 /6 -j5,d6 4 jx12 -jr/6 -j5ul6 D3x3 = e e e, and _3x3 = e e e
elJrrl2 e-J5 6 ejnl6 e 4ul3 C 2"13 where D3x3 is equal to D3x3 ; p2 3X3 is
obtained by nultiplying each of rows 2 and 3 of @B x3 with-1; p3 3.3 is
obtained by nultiplying each of rows 2 and 3 of D3x3 with + j ; and p4 3X3
i s obt ai mashoosoasdot i pl ying row 2 of D3x3 with + j . EBEHUSINOFWRESE2 and 3 may
be i ndependently multiplied with a scalar of + 1, -1, +j, or - j. For N =
3, atotal of 16 steering matrices mayl(be generated with the four scal ars.
Addi tional steering matrices may be generated with other scalars, e.g.,
etj2s/3, etja/3 etJrz/a e&, and so on. The set of L steering matrices may
be for med éé(l)‘%giﬂlm VAR 200040080 PCTHHsB2BO5L0B8 138e, 21/V3 Gestlisil ts in Y
(1) = g3 D3x3 ﬁ(& 93 Dsx3 , and so on, where the scaling by g3 =1
each col urrﬁac@fcoimr) () havipgieit erveg¥gy. [0030] For the NR x 4 system with

NR > 4, four ex steerl ng i ces may be ner at ed fromt e Fourier
mat i 0B 4 as F fh’Sv&n mawilmﬂ‘&ff fqurj exe%PlaigY speerig matrjoss mayAe, = 1 -1
1-1" Ddxa_l 1.1 11, -1 -J1 D04 = and D4.4
I mﬁgi‘eéat%}jdﬂ%nlﬂéel%%ﬁlﬂmﬁ%m@%ﬂas f°§a‘5£% |s obt al ned by nul tiplying each
of rows 2 through 4 of D4.4 by -1, V U4 is obtained by nultiplying each of

rows 2 through 4 of x4y byq+j ;qjand "1 1 1 1
1 j -1 -j 2 -1 -;j 1 j
D = , D, = ,
=l -1 1 —1 =TI 1 -1
1 -j -1 -l J 1 =
1 1 1 1 't 1 1 1
-1 -7 1 -1 -7 1
..Q:m = J . J ., and -D..jxd = J ‘ / 5
j —J Jj —1J 1 -1 1 -1
J 1 -5 -1 11 -j -1

where D, isequalto 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, —

+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., ¢*/**"

gtitwl? | ghIml GRS | pximlS | p2/F8 and so on. The set of L steering matrices may be

formed as follows: V(1) =g, ‘Dl Y(2) =g, -Di, and so on.

[0031] For N=4, the elements of the Fourier matrix D,, are in the set
+1, -1, +j, —j}. Ifthe rows of D, are multiplied with scalars of =1 and % 7, then
the elements of the resultant steering matrices are also in the set {+1, -1, + 7, —j}. In

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

above.




D ax4 is obtained by nultiplying row 2 of D4x4 by + j. Each of rows 2
through 4 may be independently nmultiplied with a scalar of + 1, -1, + j, or
- j. For N=4, atotal of 64 steering matrices may be generated with four
scal ars. Additional steering matrices naybe generated with other scal ars,
e.g., etj3Vaa005104389 2" ' etj X13, etiR'4, erib5l6, etjxl&cande@omrzs The set
of L steering matrices may be forned as follows: V(1) = 94 MUx4, V(2) g4
D4x4, and so on. [0031] For N = 4, the 4| ements of the Fourier matrix D4x4
are in the set {+1, -1, +j, - j}. If the rows of D4x4 are nultiplied with
scalars of 1 and ILI then the el enents of the resultant steering matrices
are al §833n t he Eogt N3y, the glements of the Fourier gnateipRyec gigdn %Wéce‘aﬁ?ﬁ?g&fi on for
spatial processi Bg c thgn b inplified, as descrl bed above.

2005/ 104399 / JS 00873 1 F f ¢t he
Fouri er IEFT grze inga sgthoﬂrfrpq%géhv & 3"41 niﬁlgﬁe?f@%ﬁar?&%s of
D,, are rrultlplled wth scalars of e*nb (rotatlon by 30"), efJdn)3

(rotation by:60' g (nOt%t it &ggogt 3“’@?@&&10‘?10?% + 6] @fﬂdS(rg{a%ﬁtb?, R@y)héZO )

et'5' "6 (rotatio =-1 otati‘on by 180

el ement s of /HE (reaubﬁ Bt TP |g’é§’6a(r@taﬁ¢mbytmn )a,tantleagt:-qn@otaﬁdsfpbylent

bel ongs in a set conposed of {O +1, -1, +1/2, -1/2}. A nmultiplication for
this conpoh®h 9, theny the elements i heirogyiiant laa@ﬁ?srareémh thalerd depsk en1e QUEPHe by 2)
and a sign Qélangsllﬂvegélcg)ﬁnp()g gfg@'eﬂ% X A 4Tyb L ploh catyl Hl%kﬂafhc oﬁ%P'ﬂ% - val ued

data synbol such a’'steering rix would then

require at pRgoneRSnd FFkabd® kaithfOhife 1fﬁ@éﬂé@@&nidmdefb fmﬂrb.lél gitof / 2.
[0033] FIG 2 shows ayelfdl%w di agr am of a(process 200 to ytélzn)erate %?eerl ng

matri ces an@iversioadi mn@;led)scAowéhpiy@tlon @ﬁa peRleroV mﬁh@m ﬁ}ﬁléhﬁ%anﬁl t /8t widhi ng. A

base matrix is initially obIalnd ck 212).. The I X be a
Vel <h mat r 38 Sl Pusty sEing s Hudhe i ARt SR FOH P

or t hogonal coI um Jay simplify the corrput ation for PRTS
but has a dff r%l?on V%L”%%éhmﬁgé of two. A Fourier matrix of any

di mens r[m may bepf@nBhws a'ﬂéwctﬁégrﬁh%fd FBRESI 20090 EEhetate stbQiHymATEYesRh@Vi de
sinpli conputation for PRTS. [0034] A different conbination of scalars

i s then sel ¥ewrsg welorsussdpispssadq-Fagdemirensinig steering. A base matrix is initially
obtained (block 212). The base matrix may be a Walsh matrix, a Fourier matrix, or

some other unitary matrix having orthogonal columns. A Walsh matrix may simplify
the computation for PRTS but has a dimension that is a power of two. A Fourier matrix
of any dimension may be formed, and certain dimensions (e.g., four) may provide
simplified computation for PRTS.

[0034] ‘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 lefi alone (or
multiplied with 4—1), and each of the other N—1 rows may be multiplied with any one
of K possible scalars, where in general N>2 and X >2. The selected combination
may include N —1 scalars for rows 2 through N of the base matrix, one scalar per row.
The K scalars may be selected such that the elements of the resultant steering matrix
have formats that can simply compntation. For example, K may be four, and the four

possible scalars may be +1, —1, +/, 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 mafrix may be stored in a memory

or used right away for spatial processing.




be generated (block 214). The first row of the base matrix is typically left
alone (or nultiplied wwth +1), and each of the other N1 rows may be
multiplied with any one of K possible scalars, where in general N > 2 and
K> 2. The selected conbination may include N -1 scalars for rows 2 through
N of the D¥Q@04HP43P%, one scal ar per row. The K scal arrcTspodseosa ect ed
such that the elenents of the resultant _steering matrix have formats that
can sinply conputation. For exanpl e, Klﬁay be four, and the four possible
scal ars may be +1, -1, +j, and - j. For the first steering natrix t he
conbi n n scal ars may .l l.,n general ., zero,. one of the
scal ar @quﬁ t he ‘g gﬁ&@&@%&ﬁﬁi‘eﬁ‘aﬁ‘% T gé ngt apgfhef geqring ’\'ﬁ’ﬁﬂé H® 8%’?1?@5 ponds
to no chang®ideR 218 IF ¥ :@bwerlib &/cbAREn B hEdc¥ssReiuftS teBlock R i a6l Wilifferdnbi S
scalar. In any case, the new steering matrix is formed by nultiplying the N

“1 rows of ¢ombinpiee ofsealary iswielevtadnfor dhe next sigeringnpptaat 1619 sebpf Msteesag| ar s
bl ock 216
Coea’r © gnymatioss H30eE Rty b ofen DIafRIh! orWieatds B S b Bed BRI 000

12 [0035] Ahghtitae Btﬂﬂ’ﬁigl mfirics dréeot genetetedifet the setorlIf ste¢riranmsthiess ¢ bang ng
matrix i s needed bl ock 21 Ifth answer is. _yes, then t ess

"ot urns to GRoeiEdsnina . Hen ke wrutiatoR g oTaE T aCR seemrarat i RER b ot ed for
the next stQeticAGn FBlabher-to hioid dﬁﬁﬁca&fstéenﬁﬁ ﬁﬁfﬂc@gbeﬂggéﬂe&ﬁéi o3, Qﬁtbﬂga
generated, then L different conblnations of scalars are useéd so t hat

dupl i cat e spredatérmipedampmberef tepnemisgon gpaner at ed for the set. If steering

For ealiPgt cor: rife AT Brftslon cati ey B Je bl SO BUORULER omf 0.7
st eer l ng rraﬁoramasiupl@daﬂgn gapen ataathle for N = 4wintl 'K & 43 a 3pdigit Biserdngonsidr muyrber of

transm ssi on spans, [0036] The di fferen conbi nati gns_ of scal ars
sel ect ed i nbeusgds & thrde digisrhving labgedigor.d AUPF é%iﬁﬁtéﬁname aﬁoea@a I e f or

N =4 and ‘[lﬂﬁb o@fﬂé’lﬁbém@ﬁ'ﬁem t L 5el asitiated t\ﬁbﬂ&'ﬁﬁpb’ ‘ﬁ%{d?ﬁv\# B%er ow 2

digits being ed as Xx, Yy, git X may be assocl at

of the baseasamated(mthlrrwttl yEathydlgiehasesmngabﬁﬁl tlwough3oWh6,sc@arrd’r1dmgy bez may be
associ ated w row.4. E | it. has range O.through 3, .The scal ar +1
may be use‘ﬂ;eﬁag‘?“?‘g\% Egﬂﬁef g5 f%sq "? may bet“ﬁ%‘*ﬁc‘é‘l‘%rﬁ“% f?’ﬁy be
used if x =1, ﬁllaf‘bt%%@é@ff x*QJ aﬂ@ﬂleb&a!d?‘:‘—% !Iﬁayﬁ)e-usgd PRt 3 Nigiea) afd 2 | My
be used if x"= 3. Digit syandz simlarly determ ne which Scalars to use

for rows 3 mdaﬂty detesynec twhvedl scalaed tot dwe basews 3 and 4, respectively, of the base
matrix. The counter may be incremented in block 214 for each new steering matrix.
For example, the counter may count from 000 through 003, then 010 through 013, then
020 through 023, then 030 through 033, then 100 through 103, and so on, and finally
330 through 333. The three digits (x)=z) of the counter would determine which scaiars to
use for rows 2 through 4 of the base matrix. Other mechanisms and schemes may also
be used to select different combinations of scalars to use for the rows of tli_e base matrix
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.

[0037] 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.

[0038] 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 selecied to have unit magnitude so that the




matri x. The counter may be increnented in block 214 for each new steering
matri x. For exanple, the counter may count from 000 through 003, then 010

t hrough 013, then 020 through 023, then 030 through 033, then 100 through
103, and so on, and finally 330 through 333. The three digits (xyz) of the
count er woNMPAMGae4LPM ne which scalars to wuse for rows peTidiwasgbs7de of the
base matri x. Qther nechani sns and schenes may al so be used to sel ect

di fferent conbinations of scalars to usl® for the rows of the base matrix to
generate different steering matrices. After a different conbination of

scal ars has been selected.in blaqck 4, anot her, steeri trix i

gener at ed uSPHHEIRANECES GFRAHTHAT BATIETS- %‘Eéﬁ’@?@@ﬁ%ﬁﬁe Qeﬁ%ﬁe%[a%%}jat %ﬁck at
step 218, i ficRBRt bethe 3lcBfid MASiE&RIdah Sinkptity ik csﬁﬁﬁﬁﬁbﬂ fr ORTSLaCaURGeAL! L
steering matrices for the set have been generated), then a set of steering
vect or s mayoheach fsteerag mairixngangeateds Bom M Beish meatdxios ¢ iFonrighmaigix @oave The
steering vectors ma%{l be L‘?r—rred,vm't_h t he col ums Ot{l the steering natrices
gener at ed i v} Bagutud of {4y I, grhichsmplifiesdhesealingof thess sloments; a9d PEyides 0038]
The steeri ngthgﬁ;eglftgs generated in the manner described above are different
per nut ati ons of € base matrix, where the pernutations are detern ned by

t he di fdoeslent cOmbsteaingomatricés swbbiaering Fvtors aaddhifw preadeahéat achntmithave
unit magni tuyde, so that the 2005/ 104399  PCT/ US2005/ 008738 3 steering
matrices ar ewgt%%WPﬁa@ﬁgaseﬁ%‘% P Ayt SEQTPY fe? mﬁ@"%lb@f“@%“’éuch t hat
the el emengge QerfnbonaatOoEHAIAPSd idR kB us! PLAchrahiRisGON B2 bdef OF
PRTS. The elenents™ of each steering matrix generated froma Wal sh matri x or
a Fouri er nealecied stdegng trairix/vegtgn il retmigvad frar dreghenmoryy Niternahivedys the sigaringi es t he
scaling of fhese el n nd. prowvi des.. ot her nefikts. [0039] The steering
matrices ang °8%¥‘?°ﬁ"3§ Wéi?%gesne aéegl&hf% "uﬁ]gé:‘tsj §Y enlﬁ’g‘?ﬁd?r ansmt steering may
be gengquoatied basgened abdas eachimtdeting abdorSihay Belvieed aprarepsheralddesiaminger, one
steering matri x/vectqor pay be sel ected for 5 e for each transnj ssion span,
and the sel@EBSPREIERg IusoneeroMg-  Eilisops 1sed heter, ayeririy msn coREmRAFYy

Al ternativelyiidid@nsigeri ng matrices/vectors may be generated in real-tine
as they are negded. [0040] As noted above, each steering vector may be
viewed as a degenerated steering matrix containing just one colum. Thus,
as used herein, % Seori riseledtionone or

p—

[0041] The L steering matrices in the set may be selected for use in various manners. In
one embodiment, the steering matrices are selected from the set of L steering mairices
in a deterministic manner. For example, the L steering matrices may be cycled through

and selected in sequential order, starting with V(1), then V(2), and so on, and then
V(L). In another embodiment, the steering matrices are selected from the set in a

psendo-random manner. For example, the steermg matrix to use for each transmission

span m may be selected based on a function f () 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 exampie, the I. 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 psendo-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




multiple colums. 2. Steering Matrix Selection [0041] The L steering
matrices in the set may be selected for use in various manners. In one
enbodi ment, the steering nmatrices are selected fromthe set of L steering
matrices in a determnistic manner. For exanple, the L steering matrices
maybe cyclVe@2@hn@agh and sel ected in sequential order pcstatdosmog7si th V(1),
then V(2), and so on, and then V(L). In another enbodinent, the steering
matrices are selected fromthe set in d4 pseudo-random manner. For exanpl e,
the steering matrix to use for each transm ssion span mmy be sel ected
based on a function f ( t hat pseudo-randomy selects one of the L

steering mefpiogelsdataunit (FDWnd so pp. o gengsds hemueyshel pasing mpdcest@er i ng
matrices r [ . : , : L @xanpl e,
The L ot cerny e ERerAL M e AL e caBERRUbELG0: |IRATED, HRC I
sequenti al thewediffemeteaing midtax mey e sélemedsioe each of thead tiarsrhissioregehs foycl e may

be selected,in a pseudq-rand er, Jnstead of, al ways bei Vi . The L
oteor | ng. el EESEREYH BB bl L Vo iR (B SEREIE MRTIRAL TOCH I SFh
steering MefrirshisaRhadédkO N NBY M| Gen ReubRPeNthettceANe hidGidey iIg¥ed Fbr &kREri Ng
matrices (L) in the set and the nunber of transm ssion spans (M in a :

transni ssi ofamission Woak: Hpu alh thyse gefss,rhp Gleeiing mabides maveks solertesin & be
applied. Th I S8 liock packet, a code
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protocol data unit (PDU), and so on. In general, the nunber of steering
matrices (L) ne3 MIMOSEtsismhigsion equal to, or |less than the transm ssion
block length (M. If L =M then a different steering nmatri x naybe sel ected
for eaﬁiﬂcﬁ]f t he iy dysRAMSTO0S 2l IAMVIBPasind] Vxistd Pwhdnod SsshRmdirdGkithg L < M,
then the steering matrices are reused for _each transm ssion block. |If L> M
, then a sutisy aed armpeltigmicans epelving endids For gsdnple-earrieneystem, tho JHMQi on

bl ock. For ' g S ip a

det or i i st (eon ZaEa 936 eN: il SPHE bt il TRY AR REEREUBE S
M MO Transniceé&ivial dnflfAdhy e SufdcRizdd0y aa NerI\@&rp hannel repbiksniekvESn a
multi-antenna transmtting entity and a nmulti antenna receiving entit. For
a si ngl e- cawhick mayYetexpressehas: M MO

hm h1,2 T kl,N-r

P hz,z ot hz.NT

H=| ) Eq (7)

hNR,l hNR,Z hNR,NT

where entry k;,, for i=1 .. N and {=1 ... N, denotes the coupling or complex gain

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 Ng =N, <N;.

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

processing for pseudo-random transmit steering as follows:
er‘mo,pr (m) = ..Y.(m) E(m) » Eq (8)

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

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




Y channel fornmed by the NT antennas at the transmitting entity and the NR
antennas at the receiving entity nmay be characterized by an NR xXNT channel

response matrix H, which naybe expressed as: hl 1 h1,2 ... hl NI H hzl h22
... hzNT E q(7) [|iNx,I hNR 2 ... hNn, NT where entry h,,, for i =1 ... NR
and f=1 . WORPS@8MOt es the coupling or conplex gain |lretwsensbs@assm t
antenna | and receive antenna i. A different M MO channel exists between

each different combination of multi-antlénna transmtting entity and mul ti -
ant enna receiving entity For simplicity, the M MO channel is assunmed to be
full rank wth N < [ 0044] . For aMI\/Dtransmsmn the
transmitti i§odHridalp Wmﬁ&mor@hestﬁatmlatmg ﬁ?ﬂd&@é‘é%@mﬁt?ﬁ then psierEm

transmi t stgeki BehodRinbi QR da GiMBnPicbBhieRY(M ! (M . EQ (8) where

xnmopr (m ect or NT transmt “sy osto be sent fromthe NT
t r ansnj0p45] ant enfds réosived ayrabdls atithewesqiving entity Tay betexpressadasrat ri x V(m) to use
for each transm ssion span may be selected fromthe set of L steering
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subband separately. [ 0045] The received synbols at the receiving entity may
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transmission span m, which is H gz (m) = H(m) - V(m); and
n(m) is a noise vector.
For simplicity, the noise is assumed to be additive white Gaussian noise (AWGN) with
a zero mean vector and a covariance matrix of A =¢?-I, where o is the variance of
the noise observed by the receiving entity.
[0046) The spatial processing at the transmitting entity with the steering matrix V(m)
results in the data symbols in s(m) observing an effective MIMO channel response
H_;(m), which includes the actual MIMO chamnel response H(m) and the steering
matrix V(m). The receiving entity may perform channel estimation in various
manners. |
[0047} If the fransmitting entity transmits pilot symbols withouf 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: ¥, (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.




n(m is a noise vector. For sinplicity, the noise is assuned to be additive
whi te Gaussian noise (AWGN) with a zero nmean vector and a covariance matri x
of A=o0z | , where c2 is the variance of the noise observed by the
receiving entity. [0046] The spatial processing at the transmtting entity
with the S¥@ESASHMAtrix V(iii) results in the data syemdisgossnossan)
observing an effective M MO channel response H6,(m, which includes the
actual M MO channel response H(m and tlRe steeri ng matrix V(in). The
receiving entity may perform channel estimation in various mnmanners. [0047]

If the transmtti entity transmits pilot s ol s w t hout pseydo-random
trans mmto‘@t eeri rfﬁ%‘ﬁ%%ﬁmﬂ‘ﬁag F@iwwqtfﬁggﬁ v %ﬁeﬁg(ﬁﬁng%qlilﬁ?ﬂfrgﬁof H(m
directly. FQferinsi G -vgl{ée%qﬁf | Bbi@n i ' | timation
wi t hout er régéeslj.lléTquéh tfriéegéeéimvi ng en ?%B%%ﬁl aggt@%tiﬁ%ﬁea?%n?%%%gqﬁeHg?}%) for

transni ssi opcSPRR ety R3S 66taBn Rkl PYTDOLS £RERhNELISH G iACDAEABSM tti ng

entity in this tfansim ssion span. If the? "t¥ansmtting entity’ transnmts data

synbol s i n gRthekold FBASEH B&h Wb BRERitEentity) MGhie trafdnBiShidt\afBIfthepil md)
then the receiving entity may derive an estimate of Heg (nnd ) for this

transni ssi osynsiodn veese ftoinbmitied Bking (MR, Henp H; @) Hiz JhE(W)IMO dhannel

response i s assuned to be constant across transm ssion spans nip and ind ,
so that H(teneyingi mpjity Tineycdhgut detiven dor biginiaterd pf mel¥Ge, )si mpl iilews:i f V(m)
is suitably generated, as described above. WD 2005/104399 PCT/ US2005/ 008738

16 [0048] | H(p=H, 06N VT (9. enFithy tiahanisirgt sntity| ednseyte ks sybdls in
pseudo-random transmt steering, then the receiving entity can obtain an

estimat e of addeHer (aRImiBéib® Gpdry m, Théng BRCEbINB Mm@tk VimPanthab R fReddingst i mat e
of Hif (np) for transm ssion span np based on- pilot synbols received from
the transm gdtitnanagnlérivg am esthinge tof afg(ng B i fon tisip atunsthissibh esppi lagtfollgysybol s
were transmtted using V(np), then He(nmp)=H(nmp)1l(m ). The receiving entity

nmay then deH y@r e B@ (e, )of Adahy e MIMO whbess respblisezis) sbighéd epbY 1( ) .
If the transmtting entity transmts data synbols in another transm ssion

span and usgdigtahin@crdése Gahd@issi@m shansVin)zend A fiebo tthet HEH@L) ¥ HI(g,) entlhey nay
derive an estimate of Heff(nd) for this transm ssion span as fol | ows:

computation for H(m,) and H,(m,) may be simplified if the steering matrices are
suitably generated.

[0049] The receiving entity may use interpolation and/or extrapolation to obtain MIMO
channel response estimates. For example, the transmitting entity may transmit pilot
symbols on a subset of the Ny total subbands. The receiving entity may obtain an actual

MIMO channel 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.

[0050] For each {ransmission span m with data transmission, the receiving entity may
perform spatial processing (or spatial matched filtering) on the received symbols in
x,.(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) a

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




H~ff (nzd)=H(np)V(nd). Again, the M MO channel response is assuned to be
constant across transm ssion spans np and nd, so that H(nd)=H(np). The
conputation for Hnp) and Heff(nd) may be sinplified if the steering
matrices are suitably generated. [0049] The receiving entity may use

i nt er pol awiomoosagdoer extrapol ation to obtain M MO chareets»nesponse
estimates. For exanple, the transmtting entity may transmt pilot synbols
on a subset of the NF total subbands. The receiving entity nay obtain an
actual M MO channel response estimate H(m or an effective M MO channel
response estimate Hell (zn) for each pilot subband m (which is a subband
with pil ot refesed i A ong-lorprag éathwigue, lsad (A) [Agningyws sheap sgeary egordy VR
subband. Ift ct]:'H_=\uEecei ving entity obtains He(m, then it can derive Hm as
descri bed a%ovg The receiving entity nmay then interpolate and/or

ext r appbsit e H( MTh etcedling @itity inag poifomd s:ctiverodphidal prodesding with dlkd effestibbands  of
interest. [0050] For each transm ssion _span. mwth data_ transm ssion, the
recei vi ng eYHNIPychaanel rpspeunss ostimpiat Hal (m)r obablss | sympsrizesthe iregelven seatiah
filtering) on the received synbols in ry,(m wth either H(ﬁ&or He(m to
obtain a vdweesssing or theCE¥I aad MM teghnigess vith Pigi(en)- dn d 2@l M@t t he
transmtted data synbols. The receiving entity may al so _derive the detected
symbol 5 usirpaNel AlieUBaiE fer e COBdedbuR Al aci § da8atia BltecmHgx fathn

channel correlation matrix_invers, on_((:%]rgl t echnj que, ]xé\hi h is, al.so
comonl y WYDseanigiso wsSSP0 05 AiRBPRE Maftx (Eft%ﬁ"g@és GFogRqge ﬁ"g?lﬁ;lfor cing
t echni que, and. m ni pum ne quar.eer.r (MVBE) technique. [00511 The
recei vi ng ecr‘?f’%f'%%#a‘ga%gﬁe WnFSem'eg(a”@%tﬂ@ﬁ'processi ng with the effective
M MO channel response estinmate Hi (m. Table 1 sunmarizes the receiver

spatial processing for the CCM and F techniques with He, (m. In Table ‘
1, Mecm (rn) is a spatial filter mattiX for the CCM technique, M.. (m %

i s a spati pt—Ftterratrx—for—the—WBE-techni-gque;—ang-B———(+m)—s a
di agonal nhthechnifise |t he MvSER¢ceivenPpatial Prgessing cont ai ng t he di agonal |
elenents of MmHNd . mn Table | : .
e () = ML () K, () Receiver Spatial |
Processing ‘
CCMI Soatial Tl
o . -1 patial Bilter
_Mccmi (m) - [E@' (m) .I:I-eyj’(' (7?1)] ..H..ejj“ (m) Matﬂx
a -l - ) Receiver Spatial
-S—n:mse(m) ""..D.mmse(m) M—mmse (m) !pr(nl) PIOCBSSiIlg
MMSE ¢ i -
D, () = it (M () By ()] Matrix
[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 uvsing, 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 £(m), which is
an estimate of x(m), as follows: R(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 £(m) with V(m) to obtain §,,(m), as

follows: §,,(m) =V (m)-&(m) .



Techni que Receiver Spatial Processing Receiver Spatial S.i (m = Mcm (7?n)
- EE (m CCM Processing Me,na(m =[HHmM Hey (na)] ' H (n) Spati al
Filter Matrix a Receiver Spatial L. (m| = A (n) Mnnse (na) r p. (na)
Processing MMSE M TSe(nm)=H(m 2. -1 Spatial Filter Dmmse (m) = diag [ Mmse
(m  He Wwo)hosMeizwd X [00521 The receiving entity nay HEITEE2PE0DEEM recei ver
spatial processing with the actual M MO channel response estimate H(n). In
this case, the receiving entity derivd§ a spatial filter matrix Mn) based
on Hm and using, e.g., the CCM or MVSE technique, in which case H(m
substitutes for Hell (m in Table 1. The receiving entity then perforns
spat i H1053at chedlle dbpee flesgriptivnraspingasie Lok MAERIC chapbrlavith NGl S™hhich is

an estimate of x(m, as follows: Xx( =Mm r_p, (M . The receiving
entity al s¥nd the pRmEgatihesing Na&ns@emnsmﬂweqﬁ@smpf@émqué The

Oy i £ 56 bAibdo (Bt BRpleagent et Nog R0r R fif RemBHE oh F2EVe ) (y
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an NTx | veehon Wihi aNIndas 2968 s&%ﬁﬂ%@ﬁ{ Odn slc%leg Sﬁét{}%ﬁs\%%ﬂogiﬁsﬂw o@nt ennas.

The transmtfing entity can scale each data sy
each transmit symbol in X, .- () by g =N, /Ny so that the full transmit power

available for each transmit antenna is used to transmit the Ng data symbol sireams.

[0054] Psendo-random transmit steering may be used to achieve transmit diversity or
spatial spreading for a MIMO transmission, depending on how the steering matrices are
applied. For example, a PDU containing a pilot portion (used for channel estimation)
and a data portion (carrying a block of data symbols) may be transmitted on multiple
subbands and in multiple symbol periods. To achieve transmit diversity, the
transmitting entity may use (1) different steering matrices across the multiple subbands
but (2) the same steering matrix across the pseudo-random steered portion of the PDU
for each subband. In this case, the steering matrices for the PDU are only a function of
subband, or V(%). The transmiiting entity may use as many different steering matrices
as possible across the subbands to achieve greater transmit diversity.

[0055) To achieve spatial spreading, the fransmitting 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 mafrix 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.




each transmt synbol in xm,,,P,(m by gs = NT /N5 so that the fall transmt
power available for each transmt antenna is used to transmt the Ns data
synbol streans. [0054] Pseudo-randomtransmt steering may be used to
achieve transmt diversity or spatial spreading for a M MO transm ssi on,
dependi ng VEh20agW484%e steering matrices are applied. FecTEszophmrsa PDU
containing a pilot portion (used for channel estimation) and a data portion
(carrying a bl ock of data synbol s) mayl%e transmtted on nultiple subbands
and in multiple synbol periods. To achieve transmt diversity, the

transmitting entity may use (1 i fferent, steeri trices.across the

nul ti &@%ubbanh%ﬁuaﬁ"ﬁ?}&f’%t?ﬁg%‘?‘t n%%@ﬂsﬂg’eﬁﬁ?éj%(%ﬁ%&a{aﬂ@mﬁ o-random
steered porgsd PReddéd Mbee. PEYY thé Sker8dHBAS tﬂk&)@iﬂdzxﬁﬂiﬂ%mnﬁ nedSRriofh emgilger i ng
matrices for the PDU are only a function of subband, or V(k). The
transmtti rigluedejomponition of Bl(ze3 , sscfolloviti: f f er ent steering matrices as possible
across the subbands to achieve greater transmt diversity. [0055] To achieve
spatial spreading, the transmtting entity may use (1) different steering
matrices across Hmd=li(mi- B(m) &Eiwhnds and (2) different steerinddfd®rices
across the pseudo-random steered portion of the PDU for each subband. In

this case, the teering.matrices for .th DU would b function of both
subband and¥ "Sp‘él"“i‘ * Ng fungjpry marix g Eﬁﬁ&?’feﬂor%?)‘fggﬂ?hg, only the

reci pient receiv,ng.entity has. know edge .of he .St eeri matrix used by the
transnitting en\tﬁl(i”g 1?%}Nlé§<clﬁT ?‘&ﬁﬁﬂﬂmgﬁtoofgﬁlgﬁfagmﬁﬁg@%i’@ and is able to
%s

performthe co a Iy ! he transmtted
PDU. The ot her%wgﬁy"ﬁ@?%co ?o@%gggéﬁgﬁﬁgg\é;ﬁ%pthe st eering
matri ces_and ther PDU transm ssion a E)ars spati al I%( rgnd mto thes

entiti @SN As a Ihediappmithnge sty mpay, oo spptia) pEpRessie orhke stesred JRPYS kel i hood
of recover iyg dbial kprREN hd BfowfDU. WO 2005/ 104399 PCT/ US2005/ 008738 19

[ 0056] Pseudo-fandomtransnmt steering nmay al so be used to achi eve spati al
spreading for a steered node. For the steered node, the transmtting entity
may perform si n@hLak(mvaE(e) depgesition of 11(m , as fol | owsEqiilnz)
=15(m E(nz) E (m , Egq (10) where Un) is an NR x NRunitary matrix of

| eft ei genvectors .of 1l X nz) is.an NR NT di agonal. .matri x of singul ar
val ues gf ﬂs( sr];yawn igﬁauati(oH) 1D, El(e tra)nsnngcting enwlty 1>§1rst pex%orm% spattal processing on g

s(m) with V(m) for spatial spreading and then performs spatial processing on the
resultant spread symbols with E(m) for the steered mode. The spread symbols (instead
of the data symbols) are transmitted on the Ng eigenmodes of the MIMO channel.

These eigenmodes may be viewed as orthogonal spatial channels obtained by the
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 mairices.

[0058] The received symbols at the receiving entity for the steered mode with spatial

spreading may be expressed as:
Y (1) = () X i (1) + 0(m) = H(m) - E(m) - V() -s(m) +n(m) . Eq (12)

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

despreading as follows:

8o () = ML, (1) X () = X (m)- 27 () U () - () = 8(m) + 0'(m),  Bq (13)




K(in) is an NT x NT unitary matrix of right.eigenvectors -of 11(nz). [ 0057} -
The transmtting entity may perform spatial processing for the steered node
with spatial spreading as follows: xmn+tosm(m = B(in) V(m s(nz) . Eq

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

per f orns SP@LINAI0439%Dcessi ng on the resultant spread sypaiFalssoonbdshizsE(m) for

the steered node. The spread synbols (instead of the data synbols) are
transmtted on the Ns ei gennodes of t h€OMLMO channel .  These ei gennodes nmay

be vi ewed as orthogonal spatial channels obtained by the deconposition of
111(m . For_the steered node with spatial spreading, the effective. M MO

channel obs¥hsre Mp) Hé adRatial Ut matix for theatgerad mada ik spatial desHreafi@g udes
both E d, V d the t 1fti ity. F i al di ng,
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pseudo-randggprﬁge%%rspd portion of a PDU, and only the recipient receiving
entity knows "these steering matrices. [0058] The received synbols at the
receiving entity for the steered node with spatial spreading nay be
expressed as: r smsmmﬁ&m.ga‘,(&m'f‘?mn_( m =H(rn) E(m V(m s(rn)+n(rm (14)Eq (12)
The receiving entity perforns spatial processing for the steered node and
spatial despreading as follows: s rm(n:)=Mn(rrz)r, m(m=V8(m Z'(rn)UHm
r, m(m) 0969 +n' (rA3 shawgy iB)eqyations (631043 09),PHT/ 1983008/ <OUB7 88 rezOverhidee Msn( m)

and e (| St o bl By G BRERRG BRCReAYAT pRBE bRerPRENER 1 Oy
be _expr essed ag.uMbi( 5 YT oKy snFAl ecal0SRh YEnzhown 1

equations ( the receiving entfty can tecoveér the ‘transmitted
data synbols by first performng the receiver spatial processing with r'

(m UH (m for 4.haMNeIratdswi@dmnf ol | owed by spatial despreading with V(m
4. M SO Transmi ssion [0060] Tn system 100, a M SO channel exists between a

mul ti - aipk@nna t rangehi 16 a MISO channel exists between a multi-antenna transmitting

entity and a single-antenna receiving entity. For a single-carrier system, the MISO

channel formed by the Ny antennas at the transmitiing entity and the single antenna at
the receiving entity may be characterized by a 1x N, channel response row vector h,

which may be expressed as:
h=[A b .. el Eq (15)

where entry %, for i=1 ... N,, denotes the coupling between transmit antenna 7 and
the single receive antenna. A different MISO channel exists between each different
combination of multi-antenna transmitting entity and single-antenna receiving entity.

[0061] 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
fv}, or v(i) for i=1 ... L, as described above.

[0062] For a MISO transmission, the transmitting entity may perform spatial processing

for pseudo-random transmit steering, as follows:
...X.misa (ﬂ’l) = X(m) * S(m) L) Eq (16)

where s(m) is a data symbol to be sent in transmission span 1

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




entity and a single-antenna receiving entity. For a single-carrier system
the M SO channel fornmed by the NT antennas at the transmtting entity and
the single antenna at the receiving entity may be characterized by a 1 x NT
channel response row vector h, which maybe expressed as: h=[h, h2 ... hxs]

, Eq(15) WheH&1eay hi , for i =1 ... NT, denotes thectmsplosng7izet ween
transmt antenna i and the single receive antenna. A different M SO channel
.exi sts between each different conbination of nmulti-antenna transmtting
entity and single-antenna receiving entity. [0061] The transmtting entity

may transmt data fromits multiple antennas othe i.n t enna
receiving enti tyx@sd'"ﬁglsp?slé‘?i’%"i’l g@ﬁ‘@?ﬁn&héﬁﬂ? %{%E??%ﬁog"r]@ TSR ¢ i ng

entity may generate i ectors, which nay be denoted as
{_v}, or v(i) for i—%mse%a‘o’%il%nﬁggsggcr#%le “above. [0062] For a M SO
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PCTI US2005/ {38 ?@ﬁyrm%i‘r disBHADstdefin gvateds. O o Wille thelfulitans it Eoﬁ%”&b@i’l@lé fr be sent
fromthe NT transmt antennas Ih transm ssion span m The steering vector

_v(m to usecharangait hntehnd)eabls sblmnseraN (eyapbe desled gl {NoMatdesagiess aof L
steering matrices. The NT colums of each steering matrix V(i) in set {V}

may be usesdedrimgfvectom. NT di fferent steering vect ors To utilize the full
trans ower |Iabl fo h transm L, ant each colum of V(i) may
be scal Ot@&ﬂby NT ?}s E%ES EE@FIHB@\?E%W&?&Y e&ﬁ% recei ved synbol s
at the receiving entlty may be expressed as: r(rr) -h(

Ky 9L £ SRV BT OB ISR hPBORLEIGBALT)  where r(m) s 2
recei ved synbol for transm ssion span m Is an effective Ef'-l q e I nput
si ngl e- out put (Sl SO :ckll;l(m)eb(m)es'r(mblsg for transm ssion span in, ichis
heff(m =h(m _v(m ;

where #(m) is a received symbol for iransmission span m;

hy(m) is an effective single-input single-output (SISO) channel response for
transmission span m, which is & (m) = h(m)- ¥(m) ; and

n(m) is the noise at the receiving entity for transmission span m.

{6064 The effective SISO channel response h(m) for each transmission span m is

determined by the actual MISO channel response () 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

h5(m) may be simplified if y(m) is suitably generated, as described above.

[0065] If the transmitting entity transmits pilot symbols with pseudo-random transmit

steering, then the receiving entity can obtain an estimate of k,(m) directly. The
estimate of A,z (m) for each transmission span z includes the steering vector y(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 in. [0064]
The effective SISO channel response h,(m for each transm ssion span mis
determ ned by the actual M SO channel response h(nm) for that transm ssion
span and the steering vector v_(m used for the transm ssion span. If the
transm ttiwvig2eseBy transmts pilot synbols w thout peerds20030605m transmt
steering, then the receiving entity can obtain an estimate of h(m
directly. The receiving entity nmay thed2derive an estinmate of he, (m for
each transm ssion span used for data transm ssion as follows: hef. (ns) =
h(m v_(m . The M SO channel response is _assunmed to_be constant_ across

t he transm $8iiviAg Splysneas ebramoﬁstlma&mof digrelmd afon N wansmilssionomansTpased 8fput at i on
for h.. (sn) may he simplified if v(m is sujtably generated, as described
above. [ OOGBiOt symbole trapsaried by ihsdrapsmitang soiifh@rine ﬁrﬁrams}%mél%wg UHPE h

SV oo LA s BT 5 Mo b CAPRRLALT, 21,
AN 1 CLYAESN S8 0 S i e gl gt goRegion Spen

PCT/ US2005/ QQ3i638ecidds LRACHY ItRGe GRkikh¥siBR ¥pAR! aThe e&bivith! 8fitPimdy e for NT
transm ssion spans based on pilot synbols transmtted by the transmtting
entity in témenple tAm3 nfos shantrapaissionsipay witliTdas densmigsive bussdson Tifre)
receiving entity may then derive an estimate of h(m based on (1) the NT

di ff erent hddrived ést thapdst symbolshed KB steesing nedai wim )spmd Jorthet ifa@@ymiskien NT
steering vectors used for these transm ssion spans. The receiving entity may
then conpu¥ihef(m for each transm ssion span with data transm ssion based

on N Mneglr | venky QA BHPE.SYRES AASN%.S! SRELNG AREha K(m) used

for that transm ssion e recerving'entity may orm
detection (mcgived sphibdiedvitti Ithe effogive 0BISOnehantele raspehss yextinlate W i(x) | lae

ef fective SI SO channel response estinmate hel (n), as i'. follows: s(rn)=
hef- (k) r(njollesém +n' (m) , Eq (18) | hef (k) | Z where S*(in) is a detected
synbol for transm ssion span m which is an estimate of s(m , n"'(nm) is the

post - det ecti on noi se, ,_a(r}g " * " denotes a conjugate.
§(m)=ili—-——-£(—§"2-—-s(m)+n’(m) , Eq (18)
1y ()

where S(m) is a detected symbol for transmission span m, which is an estimate of
s(m), n'(m) is the post-detection noise, and “ * ” denotes a conjugate.

[0067] The receiving entity may also perform receiver spatial processing with the actual

MISO channel response estimate h() and the steering vector v(m), as follows:

§(m)y=g, -v" (m)-h" (m)-r(m) = s(m) +n'(m) , Eq (19)

where g, =1/|v" (m)-B"(m)[*.
[0068] ‘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

{0069] FIG. 3 shows a block diagram of a multi-antenna fransmitting entity 310, a
single-antenna receiving entify 350x, and a multi-antenna receiving entity 350y in
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 ierminal.




[ 0067] The receiving entity may al so performreceiver spatial processing
with the actual M SO channel response estimte h(m and the steering vector
v(m , as follows: s(n) =go vH(m hH (in) r(mM =s(m +n(mM , Eq
(19) where ga =1/ | vH(m.hH(m 1Z. [0068] Pseudo-randomtransmt steering
may be usétP EWSaMAI%ve transnit diversity or spatial gpraatiomgsiar a M SO
transm ssion, in simlar manner as that _described above for a M MO

transm ssion. 5. System[0069] FIG 3 Zfows a bl ock di agram of a

mul ti-antenna transmtting entity 310, a single-antenna receiving entity

350x, and . a nultj-antepnna receiyjng enti.t 5 in system 100. Transmittin
entity[081 nay HY LHSTHERS §nt]515i3m’ %Fmgwp‘gcgé @Hﬁ?s%s@ﬁ PIPEPHP N&E> Each °

recei ving eqfibd xnt&%&vemnalsgﬁbbﬁm 8%&?%@@@&&9&0 JbMELR cb/EFbABhg VO
2005/ 104399 PCY/ US2005/ 008738 23

 10070] At transmtting entity 310, a
transmt ( Tolpckordatasyobelss 4rT28 swptiglnreenstns 339 eeceives andalgamltiplgrespildanes, and

synbol naps . i rr& ' f data
Symbol s, A U SERER Bhosrdfiet 8 st Pt shARERRARe By BN C0
dat a synbolgnden apphopsicating ahdior theatesed tnaode, pelrgrovides Npaltéaals qitaaesisi ng f or
pseudo- rando tsran m t stgeri,ng nﬂéo t% stelgr(;d de,. ar?d royi des NT
streans of %ngﬁ P Tt&‘aﬁi‘ﬁlﬁjﬁ%u{”&s@ g?@?ri pegh 333t ;QSHW)PI%ES&I?’%QOUW
332t. TX s ' =) Lal . pr i) 1.5k steering
mat i ces Vo PioBna5aRE Bockehly TS BLMGEP VS, o §) AAEHRSRT pllh

transm ssi ofg) bP(I§CRt WiNBMONdrkissioR Yo reb¥iviipadntity 3500 CEZSHhtial pébesi@y al so
performspatial processing with steering vectors _v(m, e.g., as shown in
equat i on (1330 mesbelsapeaviosD sprld Preosssingwitlo steertng Wectoss &(in) t8/2-3B0ROWEAR h

transmtter unit 3 r ses its transnit synbql stream (and perforns
CFOM modut oEen (19, R bSO donlaeravias S daPE: B oryagiter Hibnon t ¢ or
uni ts 332a 43 gf&ﬁ&sé’é”@ﬂs RuMlideymbh] SReH FRdpeifgial OFDM mbansErsskon from
NT antennas 334a through 334t, "respectively. [00711 At singl e-antenna

recei vi ng esppiicapledsogencente ampowipiad S5l Tweahifesuniisa 3Rerthreugh3Sai nrewide si gnal s

and provid Lye i 0 . [secel ver,unj 3 ei ver
unit 354x Slg? ﬁg@(ﬁ@eﬁg@’oﬁ Zéissi @ cﬁ)aﬁr%q%églnglﬁtﬁaor@ {\% "%‘%"F&‘%\e/r 4gr ﬁrgrﬁuggly %&t’
respectively.
[0071] At single-antenna receiving entity 350x, an antenna 352x receives the Ny

transmitted signals and provides a received signal to a receiver unit (RCVR) 354x.
Receiver unit 354x performs processing complementary to that performed by
transmitter units 332 (e.g, OFDM demodulation, if applicable) and provides (1)
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 estimﬁes, e.g., as shown in equétion (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,

[0072] At multi-antenna receiving entity 350y, Ny antennas 352a through 352r receive
the Nr transmitted signals, and each antenma 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 gpatial filter




transmtter units 332 (e.g., OFDM denodul ation, if applicable) and provides
(1) received data synbols to a detector 360x and (2) received pilot synbols
to a channel estimator 384x within a controller 380x. Channel estimator
384x estimates the effective SISO channels between transmtting entity 310
and recei Whloaing4pe9y 350x. Detector 360x perforns det ectritsmosmstise recei ved
data synbol s based on the effective SISO channel response estimtes, e.g.,
as shown in equation (18), and provi ded*a stream of detected synbols. A
receive (RX) data processor 370x then processes (e.g., synbol demaps,

dei nterl eaves,, and decodes) the detected synbol. streaman rovi des decoded
data for edEﬁnﬁﬁﬁﬁﬁgﬁﬁkggﬁgﬁkéhgﬂgh%méwﬁ%wﬁﬁﬁ¥E¥WEF @?ﬁfﬁﬁn%ﬁ?FF§5350y, NR
antennas 35237} the QUBRIBIAIMOCGRINGE respbise NEtith£R5)S Thé kRsiab ilRahSric&NE, each
antenna 352 provides a received signal to a respective receiver unit 354.

Each recei wbe CoMLor28XISH tocmipesnay hecdepimed fs/showadnileblg 1. sThyrmpptial didtepr ovi des

1 . _ o , d (2
Focel ved piTBeR g Y et Smfe fich RaRalGrceitb siaa Sk RESHR I Mo T saoy.
Channel est(i#nt @X 3Patial pedcessbi 860y perforhe spatialaprocussitf fomcthe wecddeliQithannel s

between transmtting ent] 310 and receiving entjity 350y. Controller 380y
derives spabmgplsryifh e SE@%%@@/@W@QG-PW theypdn /lgbls Ay cauationdd$) év& pased

on (1) the %ME&C&@&%' sﬁompngﬁ I@étdafa%s&sﬁa!e%gj@%&tﬁe&sf&affﬂ@u@th&@@ or (2)

the effecti M MO channel response esti mates. e spatia Ilter matrices
for the CGymbols ap/BiEvides eviodededatafpr bashdletaipagittt.as shown in Table 1. The

dori vl showCTHele R oi% 5 SR BBt et R B L e B S sl e
spatial proeasgigs ity BE) seretaieids éafittes 35506d S50, tdipédiRely P Tonablldrd | t er

matri ces, e.4%.x, as shown in Table 1 or equation (13), and provides detected
synbol s. AP4RX 388kaansl 3805 51y grnoRpia Blesring Bekicsyvendnes avdewribed 2kgMehol s and

provi des doarse itk 345,002 260 434 BoRARKEhny b RS LIS/ iy 380%

and 380y contr [ he "operatio rocessi‘ng"units a ansm tting
entity 310 30d380xceid/380y, wnectivedy BaGxampld, (BE@ymemaymait mupgbkipre Cambf ol | er s

340, 380x, and 380y nay nerate steering nmatric endors as descri bed

above. %£§@ermgi\%égto§4§9?@1gg%aagﬁ%fe[ggﬁ%gmoeaz@gdand/Or program code used

by conjoppijl ers "ﬁl@oce(%lﬁﬁ&és d&REbEBR ein 116 TREGAE \WaH Yise FRErMX AARIcBs/vdchgse nenory
0

units may store a se ) ) ] )
for pseudo-random transmit steering may be implemented by various means. For

(o’

example, these techniques may be implemented in hardware, software, or a combination
thereof. For a hardware implementation, the processing units used to generate steering
matrices/vectors and/or perform spatial processing with these steering matrices/vectors
may be implemented within one or more application specific infegrated circuits
(ASICs), digital signal processors (DSPs), digital signal processing devices (DSPDS),
programmable logic devices (PLDs), field programmable gate arrays (FPGAs),
processors, controllers, micro-controllers, microprocessors, other electronic umits
designed to perform the fimctions described herein, or a combination thereof,

[0075]) 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. '

[0076] 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




L steering vectors (SV) and/or a set of L steering matrices (SM. [0074] The
t echni ques described herein to generate and use steering matrices/vectors
for pseudo-randomtransnmit steering may be inplenented by various nmeans. For
exanpl e, these techniques may be inplenented in hardware, software, or a
conbi nat i o¥O 200k@e48f . For a hardware inpl enentation, treTwscmesmag units
used to generate steering matrices/vectors and/or perform spati al
processing with these steering matricedfvectors may be inplenmented within
one or nore application specific integrated circuits (ASICs), digital

signal processors (DSPs), digital signal processing devices (DSPDs),

pr ogr anmabl Befegginden apd daase cppaepts may kavg %P%P&%ﬁb?‘g%%%wgrt}?@ygh PGAs) ,
processors, ¢ gtk dcBicaniod Cro-controll ers, m croprocessors, other

el ectronic units designed to performthe functions described herein, or a
conbi nfOFAN t herBuefprevi@B d6icription af thofisclased eimbpllimrentstisipioutded thenableehyi ques
descri bed herein .b il emented with dul es ( . r dure

functi ons, BHESTERO T 28 DI ST RS DRERE 1 P LR BB R o The

sof tware cogless diodiigentd RIIEBE teadidy aFpamhy tohbde dkélled.in the'RADMY thpdnedd?2, 382X,
or 382y in FIG _3) and executed by a processor (e.g., controller 340, 380x,

or 380y). Trréncidslofinethhereinggasie dpnfiedkiocaibes gmppt e%tStW@O&F gensgingrirosm

external to s j i ch i : 0 L cativel oupl ed
o the . proidgsf opBERENd Avilfen 2T fretlR lenfRl IOk SEHKE A o nas
ar e i ncl udelimitet & rhe embodifnente rshewarhdrdiro bat i i bk aredrilery thee widesinscopect i ons.
These headings, are not intended fo limt the scqpe of the concepts described
WD 2005/ 104 SW%S&’SQB‘P@ ¥ nggffg]ﬂﬁﬁeéaﬁc%ﬁgﬁmhnd t hese concepts may
have applicability in other sections throughout the entire specification.
[0077] The previous description of the disclosed enbodinents is provided to
enabl e[04A] per SOHAKILS CAAIMERP RS art to nake or use the present invention.
Various nodifications to these enbodinments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other enbodi nents w thout departing from the spirit or scope of
the invention. Thus, the present invention is not intended to be limted to
t he enmbodi nents shown herein but is to be accorded the w dest scope
consistent with the principles and novel features disclosed herein.




[0078] WHAT IS CLAIMED IS: 111 26 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLOAS: |. A nethod of generating steering matrices used for spati al T
processing in a wireless nulti- antenna conmuni cati on system i ncluding:
obtaining a base matrix; selecting at |east one different conbination of

scal ars, each conbination including at |east one scalar for at |east one
row of the base matrix, one scalar per row, each scalar being a real or
conplex value; and form ng at | east26one steering matrix by nultiplying the
base matrix with the at |east one different conbination of scalars, wherein

one steefi riX | I ion of scalars. 2. The net hod
-of c|aiﬁﬁ?ﬁgﬁﬂﬁgﬁ%f”ﬁﬁ@ﬁ&ﬁ?ﬁg@pﬁ8ﬁﬁﬁﬁdgig@Lﬁﬁﬁiity of steering vectors with
colums of the at |east one steering matrix. 3. The nethod of claim1l or 2,
wherein the | X i . el . ¢ laiml or 2,
wherein {'he %ﬁe@o%*ﬁau}@szgn oua?rslé{@%%é?aﬁépgjm%gﬁ %rg'? ﬂg’gtﬂg) claiml or 2,
wher ei n anitenasargmunicgtinisystsmsingluding: t ary matri x havi ng orthogonal col urms. 6.
The method ofyn@hMg PEMGe RfrisC! @i M8 1to 5, wherein each of the at |east one
steering matrix has orthogonal colums. 7. The nethod of any one of clains
| to 6, wher &fl§ftingahlesst e fifferentsembiationeoh scplarsfach @ombingiigiipcludingspFaEaf on ar e

sel ect edschiirsPapleadne M BPIhE BdsW@atii] one-sdalar fir rowdéheh schlar bARLE R of Somlegquar e r oot
of-1. 8. The nethod of any one of clainms Ito 7, wherein each el enent of the.
at | east'¥fig"Steering matrix belongs in a set conprising +1, -1, +, and
-j, Where | ifsmig atqe¢sioRe steafig mutrix-b¥ mulliplyihphe basd adx with thay leaseneof clains Ito
8, mherehﬁ each on.thg qt I%ast one steening n%h;ix i clyde§ el enent s

havi ng eJUSF™ FREGREicn gEscalars WheFRR OneSeREE maF™ K ATmeh 4F ceTarE Pt 0 9, wherein

t he basescamt.ri x has a dinmension of Nby N, where Nis an integer greater

t han one, and wherein each conbination includes N - | scalars for N - |

rows of the base matrix. 27
2, ' The method of claim 1, further including:

forming a plurality of steering vectors with columns of the at least one steering matrix,

3. The method of claim 1 or 2, wherein the base matrix is a Walsh matrix.

4, The method of claim 1 or 2, whérein the base ma.trix is a2 Fourier matrix.

5. The method of claim 1 or 2, wherein the base matrix is a unitary matrix having orthogonal
columns.

6, The method of any one of claims 1 to 3, wherein each of the at least one steering matrix has

orthogonal columns, : _ l

7. The method of any one of claims | to 6, wherein scalars for the at least one different

combination are selected from a set comprising +1, -1, +j, and -/, where J is a square root of -1.

8. The method of any one of claims 1 to 7, wherein each element of the at least ane steering

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

2 The method of any one of claims | to 8, wherein each of the at least one steering matrix

includes elements having equal magnitude.

0. The method of any one of claims 1 to 9, wherein the base matrix has a dimension of N by N,
where N is an integer greater than one, and wherein each combination includes N - 1 scalars for N - |

rows of the base matrix,




11, The method of claim 10, wherein Nis a power of twd. 12. The nethod of
any one of clains | to 11, wherein the at |east one conbination of scalars
is obtained with a base-K counter having one digit for each of the at | east
one scalar in a conbination, where Kis the nunber of different possible
scal ars usabl e for each row of the base matri x. 13. An apparatus operable to
generate steering matrices used for spatial processing in a wirel ess

mul ti-antenna comruni cati on system i2hcluding: a controller operative to
obtain a base matrix, select at |east one different conbination of scalars,
each conbi nation including at |east one scalar for at |east one row of the
base matrix, one scalar per row, each scalar being a real or conplex val ue,
and formiat | eRShettddef chiir® 60, ivAg@einB israipywdyfwdll ti pl yi ng the base matrix with
the at |east one different conbination of scalars, wherein one steering
matrix is formed by each conbination of scalars; and a nenory operative to
store t heizbas®hemethod af anponetoheaiat | @B shereimte attla phexgmbiastion &fscadars is bot h t he

base matr Ibélﬂ?ﬁ{}gth arﬁgse %CO{U’E&%&VH’%Q%C c@éﬁﬁre'aéﬂ%{ lq?& 'iea gne%%ﬁar-ilmaecoﬁlgpﬂ@?t us of claim

13, wher €1'n aratus of claim13
or 14, wheheriKris @amimbgfof thffereraposmblw@lanan@blsfoe@ph noy ohtie bqs-;(mﬁa?s ort hogonal
colunns 16. The apparatus of claim 13, 14 or 15, wherein each el enent of
the at | east one steering matrix belongs in a set conprising +1, -1, +j,
and j, whérej Ap gppara'gwarﬁ@e fogeferafsisteqring yrptriceapised [op spadA €f§°eésﬁ$r"h‘b‘l“‘é°‘ﬂsso generat e
steering - 5;{[@,momﬁ,e,dcaf.@fsyﬁmmcahmgar ocessing in a wireless multi-antenna
conmuni cation_s i ncl udi ng: nmeans for obtaining a base matri x; neans
for selectlngaénnwgagmeﬁ§’dlfferent conbi nati on of scalars, each

conbi nati on i ncl udibnt abade ragast one scalar for at |east one row of the base

T X, One SCal ar et Qe SRGD, 36 An BEHAS Bk Sllns B SURL Ffaal ue and

means for formin _ he b
mat ri x wah Scaihé'orat ledseams tow afthe bai fbtex, ome scabio pdsiravatichsraiaf bemg afealros, wher e| n one
steering JaRpikd ik Sad Or med by each conbination of scalars. 28
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 lgast one steering matrix.
14, The apparatus of claim |3, wherein the base matrix is a Walsh matrix,

5. The apparatus of claim 13 or 14, wherein each of the at least one steering matrix has

orthogonal columns.

16, The apparatus of claim {3, 14 or 15, wherein each element of the at least one steering matrix

belongs in a set comprising +1, -1, +7, and -/, where/ is a square root of - 1.

17. An apparatus operable to generate steering matrices used for spatial processing in a wireless
multi-antenna communication system, including:

means for obtaining a base matrix;

means for selecting at least one different combination of scalars, cach 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

means for forming 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,



18. The apparatus of claim 17, wherein the base matrix is a Wal sh matri x.
19. The apparatus of claim 17 or 18, wherein each of the at | east one
steering matri x has orthogonal colums. 20. The apparatus of claim17, 18
or 19, wherein each elenment of the at |east one steering matrix belongs in
a set conprising +l, -1, 4, and -j, where j is a square root of -1. 21. A
nmet hod of perform ng spatial processing at a transmtting entity for data
transmission in a wreless multi-amenna comuni cation system including:
-processing data to obtain a block of data synbols to be transmtted in a
plurality of transm ssion spans; obtaining a plurality of steering
matrices, one steering matrix for each of the plurality of transm ssion
spans, weer eiThe dph@ati ofielaeimi 17 ywhefeinslietese imagyx ivatWalshestrar e gener at ed based on a
base matrix and at |east one different conbination of scalars, each

conmbi nation including at |east one scalar used to nultiply at |east one row
of the bise rFatpaatuseof geima’at &, whepshraachapheatileas) orgrsiceningrneptrvedey i x; and
perform gg.sRathidhysPr ocessing on at |east one data symbol to be transmitted
in each transm ssion span with the steering matrix obtained for the

transm ssion span, the spatial processing resulting in the block of data

synbol s epserpiL fgardustreibiad ! 18 o fo, ﬁ}ﬁJr@rPetaéhVe&n{e‘ﬁl%ﬂtﬂ@h%ait@ﬁéﬁdnd@hﬂahlxt he
pl urallt%/ of steering matrices. 22. The method Ef claim 21, wherein the

mul t i - anPeRBEN & SHOPTRTIENGH o *6yad & hees 15 # 8ae §Pthdgonal  frequency di vi sion
mul tt pl exing (OFDM), and wherein the plurali ty of transm ssi on spans
correspopnd to lural it subbands .ai.m 21 or 22,
wher ei n ?‘he rﬁu@?‘?ﬁgﬁ?cgjﬂ’ﬁﬂ}ééﬁwmcﬁﬁﬁ a(')?‘ltrqé'%'{"éﬁf"ﬁgﬁ rd(f?[éga"sg' KRy 8nal

f r equenc yirdésyinglii-amennutominpphieaiomgystéafiiodiing:and wherei n each of the plurality of

L ansi 551 0N SRANR, A SROAR L RLRNS JBIGGHEPRAdR A e L1 e Trterval.

24. The neth one plurality of
transmni skingmissi Apes: correspond to a plurality of time intervals. 25. The

met hod of anyobfamﬁg%mﬁin%gg&e%ﬁgr&aggéélonewémﬁg%&lw@ oiARGAGYTRL T X has one

colum, and wheréin onée is transmtte ach transm Ssi on
span. 26tanyRigsiotErans hessin e plughipg OGfeefwaiaﬁ*ﬁﬁs e gengrated basmrﬂéi’%ﬁ makiE Adst eer i ng

mat ri X hageahe di kRt ©AbHAIS of séiars, @a@ldco\MB%t%h Melbdihd dt RhLodatafhr gxaigol s are
transmtted si transm ssi on span. 27. The nethod of any

d gyfl taneoufslh% in each
one of cMAFRREat3epst oFF rows of ftRasematyix!pgentsals BeoEPPNdine F‘%"”ﬁg REMFSHAYat ri x.
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 cffective channels formed with the

plurality of steering matrices.

22, The method of claim 21, wherein the multi-antenna communication system utilizes orthogonal
frequency division muitiplexing (OFDM), and wherein the plurality of transmission spans correspond
to a plurality of subbands.

23.  The method of claim 21 or 22, wherein the muiti-antenna communication system utilizes
orthogonal frequency division multiplexing (OFDM), and wherein each of the plurality of

transmission spans corresponds to one or more subbands in one time interval.

24, The method of any one of claims 21 1o 23, wherein the plurality of transmission spans

correspond to a plurality of time intervals,

25. The method of any one of claims 21 to 24, wherein each steering matrix has one column, and

wherein one data symbol is transmitted in each transmission span.

26.  The method of any one of claims 21 to 24, wherein each steering matrix has multiple columns,



28 "The nmethod of any one of clainms 21 to 26, wherein the base matrix is a
Fourier matrix. 29. The nethod of any one of clainms 21 to 28, wherein each
of the plurality of steering matrices has orthogonal columms. 30. The

nmet hod of any one of clainms 21 to 29, wherein each elenent of the plurality
of steering matrices belongs in a set conprising + 1, -1, +, and j, where
j is a square root of -1. 31. The nethod of any one of clainms 21 to 30,
wherein each of the plurality of steering matrices includes el enents having
equal magni tude. 32. The nethod of &3y one of clains 21 to 31, wherein the
plurality of steering matrices are unknown to a recei ving entity for the

bl ock of data.s | s. lains. 21 to 31, wherein
t he pl ura&ﬁjP’E“’ﬁe“b%ﬂg}ﬁ’e%ﬁsﬁ'abollf‘effertfaﬁs&mgf iggul aR“r?B%f%‘“S?‘fP Ja"tsmw%'?l" P ansmi tting
entity and a recei ving entity for the block of data synbols. 34. An

appar at ugy at o hEANSEL LIS GBS b ¥ od UnBetht BbERffYl WaRkiana communi cat | on
system “incl udmen dat oCess oper a to process data to obtain a
bl ock of data synbols to be transmtted in a plurality of transm ssion
spans; a,ontr, ol L o?ﬂ?%ﬁédf&@im&?l 58, Whg}el@thpbﬁé Ahdid ¥ a @burRl BRI, N Matri ces,

one steering matrix tof each he plurality of transm ssion spans,
wherein the plurality of steering matrices are generated based on a base
matri x apd atrp Rakdd oPAR ofd JrEBiRe DI 10 QM RIREER EdcPEF tIRfplSAR ARBering@Hces ONDI Nat i on
including at | east one scalar used to nmultiply at |east one row of the base
matrix t s gERemaeluanse or r espondi ng steering matrix; and a spatial processor
operative to performspatial processing on at Ieast one data synbol to be
transm't d| ransms nW|th ri . obt ai ned for
t he tran i ssﬁ'&ﬂetg‘%&’ka"y e e 16‘5?1 5’3‘3?5"%‘ ‘Flemer&eoser ppugah%tfg[% %é)bl ock of
dat a synmhaties edmesiv b segecomppdingr+dl -l L, amf;.amreousnearcmatmﬁell s forned with the
plurality of steering matrices. 35. The apparatus of claim 34, wherein each
steering matri x has one columm, and wherein one data synbol is transmtted
in each Bk andiht mehwlel epyane of gigims 3o 3:whersip pash efitieplisglineaf siesing Matrigiher ei n each
steeri ngmg‘ggeguggmlagﬁamleadap,h%nmgurms and wherein nmultiple data synbols are
transmtted sinultaneously in each transm ssion span. 37. The apparatus of
claim34, 35 or 36, wherein the base matrix is a Wal sh matri x. 38. The

appar at usz, of TRBMerRsHRf Ay ot FcAEns 34 tol30, whérein HIBILRILIR obachinghan®Ridre Of t he

pluralit Xnkﬁgwnsict) 5 %ccwu% entity for the block of data symbols.

3% The method of any one of claims 21 to 31, wherein the plurality of steering matrices are

known only to the transmitting entity and a receiving entity for the block of data symbols.

34.  Anapparatus at a transmitting entity in a wireless multi-antenna communication system,
including:

a data processor operative to process data to obtain a biock of data symbols to be transmitted
in a plurality of transmission spans;

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 cne
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.



matrices belongs in a set conprising +l, - I, 4, and -j, where j is a
square root of-1. 39. An apparatus at a transmtting entity in a wireless

mul ti-antenna comruni cati on system including: nmeans for processing data to .

obtain a block of data synbols to be transmtted in a plurality of

transm ssion spans; neans for obtaining a plurality of steering matrices,
one steering matrix for each of the plurality of transm ssion spans,
wherein the plurality of steering mai%ices are generated based on a base
matrix and at | east one different conbination of scalars, each conbination
i ncludi ng, at .| east one , scal ar use o. mul t.i pl I of the base
matrix tgﬁ'gengF ﬁp%ratflsrfgc%l rjr%e\ghﬁ(r)e}?cﬁ’ %ﬁIc%q"g&F?'ﬁgaS%ﬁgi&F i@?ﬁ%hag@%é{ﬁg for
per f or mi mgltigpdata sainbahy s wiiteg siomitatouipmsech grramigeierespanynbol to be transnitted
in each transm ssion span with the steering matri x obtained for the
transm ssion span, the spatial processing resulti nlg in the block of data
synbol s 8bserii arparatuptfgleim 34 35 o5 6, whqreiethe baee mavraineVaSh ®led with the
plurality of steering matrices. 40. The apparatus of claim 39, wherein each
steering_matrix has one colum, and wherejn one da{a synbol,is transmtted
in each %ansiiF appays daarpne atclaims i o uetsin sach glement g thy @é‘,"]“‘(l\?fé?eﬂlnﬁ each

st eer i NQ makites beforldei a B34 kdripPikif 10! 1LHITIRG -/, aWheke MO @ EqRirBroonaflit | pl e data synbol s are
transmtted simultaneously in each transm ssion span. 42, A nethod of
perform ng receiver spatial processing at a receiving entity in a wireless
mul ti- ang.enndn Hedmusnat CeshindtinSandty émng witeress! muth-mgnnacemmvnicagoresypénur al i ty of
spati al finicauéi% matrices based on a channel response estimate and a
plurality of Steering matrices, one steering matrix for each of a plurality
of transm ssimnanspramsessingatariephtain 1tdock pidataymbls ifbe sanseitich i apbralilyoés ar e
gener at eq,Ranach P2 base matrix and at |east one different conbination of
scal ars, each conpbination including at |east one scalar used to nultiply at
| east one rovnens PrduRisRga plvmliviokstaconegeatiispsaqne steeripd AtES {5 PAdk Pighest eeri ng
Matrix; QREBiydF M@smitsidn biAs, Rhédiddhé Sivra@f offsl@@i\?ﬁﬁﬁhtﬁ&ls @ p&RARSE bask chaquences of
recei ved synbols via ei ve antennas, ere Ris an lntlﬁ%er one or

R rec ; .
greater; 'b?fﬁﬂ““@’la"dﬁb]Fﬁsb‘}“ﬁij‘ﬁ-ﬂe'Pé?f@"\?@“ of g5l g1ch gophinatian ipglpding 2t IfRst ofF sequences
of recei ¢athr @ydip aluBiphyiat lkusttdAeroprloBthabasd rifat to Senerhte ik cdriebfofdingwlbdinigces to obtain
detected synbols. 43. The nethod of claim42, wherein the multi-antenna
communi c&FFEH"Syst em uti i zes ort hogonal
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.

42, A method of performing receiver spatial processing at a receiving entity in a2 wireless multi-
antenna communication system, including:

deriving a plurality of spatial filter matrices based on a channel response estimate and a
plurality of steering matrices, one steering mairix 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;

obtaining, in the plurality of transmission spans, R sequences of received symbols viaR

receive antennas, where R is an integer one or greater; and



frequency division nmultiplexing (OFDM, and wherein the plurality of

transm ssion spans correspond to a plurality of subbands. 44. The nethod of
claim42 or 43, wherein the plurality of transm ssion spans correspond to a
plurality of tinme intervals. 45. The nethod of any one of clains 42 to 44,
wherein each steering matrix has one colum, and wherein each spati al
filter matrix has a dinension of one by one. 46. The nethod of any one of
clains 42 to 45, wherein each steeridy matrix has N colums, and wherein
each spatial filter matrix has a di nension of N by R, where N and R are
integers great t han . An a cei,vin ntity in a
wirel ess nul t?eré ‘%?fﬁ‘“%’é%r‘?f"&?ﬁ‘?%%%&s‘foé‘ Ceso e ‘ifg ol “%h @'ﬁt rol | er
oper at i veliraityd@spanabfileer phicea tol obitin déteced stmbalks. f i | ter rratrl ces based on a
channel response estimate and a plurality of steering matrices, one
steering matrix for each of a plurality of transm ssion spans, wherein the
pluralitysof Sheaesttionf cirite #3, wheseimhemyi-aaenas commppicasion wyeiera Wiizesorthegeral x and  at
| east Oneﬁeﬁuen.{y%rv&ma mgfapbimbrﬁpn Qfd »&E@in%fe%!uraﬂ@%btr&%udﬂ%& dnPfbrkpsilgudi ng at

| east one scalar use ply at | east one row of e base matrix to
gener at e o hidurely pleuiyaeli ng steering matrix; and a spatial processor
operative to obtain, in the pI urality of transm ssi on spans, R sequences of
recei'ved synbg ye ant ennas ere. ninte one or
greater, 4nd Bé"r ﬁPE@H’% %/%Fr -SPEED P'ﬂ?%‘&ﬁ@?l‘ws%s&a?ﬁemﬁs%‘ E?eances of

recei ved pyatbalf smevnfetvalb.he plurality of spatial filter matrices to obtain
detected synbols. 48. The apparatus of claim47, wherein each steering
matri x has one columm, and wherein each spatial filter matrix has a

di mensi orfsof @mandihed ofivey ont9f clafing42apfrawherairseadif steetingimeirikhas ank edluminnandac h
steering , I ach spatial filter matrix has a
di nensi on\n%#e{nﬁl&%hgﬁ%lw\l/\ﬁglragw&an %n%ﬁ&?ﬁ ergers greater than two. 32 50. An
apparatus at a receiving entity in a wireless nmulti-antenna conmuni cation

system dghcl gel fidhiod GBANSneloPélaifl e wumhe?e..péawsael:ﬂﬂgwagfx haREdlhns fahd t er
matri ces based on a channe|l response estinate plurali %{\é_ of steering

mat ri ces, W55 ca spapial fljermatrinihgs ardipensionof Noy R W*ﬁ!"'lﬂ'*’&? iRtaff Ifees BEAE i on spans,

wher ei n tthe. plurality of steering matrices are generated based on a base
matri x and at |east one
47, An apparatus at a receiving entity in a wireless multi-antenna communication system,
including: :
a cantroller operative to derive a plurality of spatial filter matrices based on a channel
response estimate and a plurality of sleering 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 the corresponding steering matrix; and
a spatial processor operalive to
obtain, in the plurality of transmission spans, R sequences of received symbols via R
receive antennas, where R is an integer one or greater, and
perform receiver spatial processing on the R sequences of received symbols with the

plurality of spatial filter matrices to obtain detected symbols.

48. The apparatus of claim 47, wherein each steering matrix has one column, and wherein each

spatial filter matrix has a dimension of one by one.

49, The apparatus of claim 47, 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.



di fferent conbination of scalars, each conbination including at |east one
scalar used to nultiply at |east one row of the base matrix to generate a
correspondi ng steering matrix; means for obtaining, in the plurality of
transm ssi on spans, R sequences of received synbols via R receive antennas,
where R is an integer one or greater; and neans for performng receiver
spatial processing on the R sequences of received synbols with the
plurality of spatial filter matrices32o obtain detected synbols. 51. The
apparatus of claim 50, wherein each steering matrix has one colum, and

wher ei n %Ch Cﬁ%parat@ talrletnﬁfgéem%mawm %m%ltlda {TFHQ%EJFS)FFI'U Cath(T)II\FSlEQ‘Y one. 52. The

appar at us of umms, and
wher ei n deebidingispatial filter matrix has a d| mensmn of N by R where N and R

are integers glEa‘?@Fo?ﬁen%h@QplErmy of@%lal'ﬁhmmc&%asﬁfﬁ%lﬂén%el RERAnE RN Ng

instructions for processing data for qgeneratl ng steering matrices used for
spati al pPoOERE e siepring marires| a8 geeriag rpatrixdprieah 95 RIWBHUMICIMISSAN ¥§8t em  t he

i nst r uct i @R iniuRelurtiyRgsieAsemduides aragzﬁ@étwba@mahﬁmamtam MleasiGheeCting at | east

one-di ffe(g&nt cog‘ol natH on of scala eagch conbi nat %nclﬁ f lg at | east
one scal Gferpemaipatiopy §falab%%a°?‘é$\wb8?“°f' el 'é\gféle?fh‘fnlcf‘i? ”é?ﬁ ! PAP per row,
each scal !aarstobeﬂoﬂgftacEaeahauﬁ)rto@@Bf@ﬂeeksonespa:ldu@,steamglmﬁtﬁfm ng at | east one
steering matrix b mat ri x ast, one

l.t.i pl yi ng t.he
di fferent conﬁ’ear?éthg%'mgog%ﬁglpg‘fai"y° f‘%‘ss'(’"é‘?‘?gs‘ g‘tseeé?mes O?recefveé %lsfor med by
each comnigftereiva aménnasseieeredt © an ibger duememdrienerd eadabl e rredl um haV| ng

| NSCrUCti ons {0k, BRI/ 1ok R BN roRERER HeRlefthncth o e IR Wl Uy et Ly T or

data transm ssion n" system the

i nst ruct i thapurélinodf spdtia Gl odieicds oy cbtapprdoteatsdsimigisdat a to obtain a bl ock of data
synbols to be transmtted in a plurality of transm ssion spans; obtaining a
plurality of steering matrices, one steering matrix for each of the
pluralityslof TheaprssnseEsiam S8 3derein eiﬁh@?"él‘&f""c"l’f‘ehaf)‘l"ﬁF%{F’I"b?"dd‘l’m?t"é@rhl ng matrices

are generghRdiiRasack N dmbBRnRofRs fyiose.and at | east one different conbination
of scal ars, each conbination including at | east one scalar used to multiply
at |l east one row of the base matrix to generate a correspondi ng steering

matri x; ajdd 33he pearfiarofitlsig 58,pdtkiakach steciegmsatichadN caltmisezms whaeieeadat a synbol to

be trans ”;'pét&ﬁﬁtel rpatr?xq\%pa dimension of N by R, where N and R are integers greater than two.

53. A machine-readable medium having instructions for processing data for generating steering
matrices used for spatial processing in a wireless multi-antenna communication system, the
instructions in¢luding code for:

obtaining a bas¢ matrix;

selecting 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

forming 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.

54. A machine-readable medium having instructions for performing spatial processing at a
Iransmilting entity for data transmission in a wireless multi-antenna communication system, the
instructions including code for:

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



transm ssion span with the steering matri x obtained for the transm ssion
span, the spatial processing resulting in the block of data synbols
observing a plurality of effective channels forned with the plurality of .
steering matrices. 55. A machi ne-readabl e medi um having instructions for
perform ng receiver spatial processing at a receiving entity in a wireless
mul ti-antenna comruni cati on system the instructions including code for:
deriving a plurality of spatial fil t& matrices based on a channel response
estimate and a plurality of steering nmatrices, one steering matrix for each
of a pluralit ity of steering
matrices are aégﬁinrrgt %Q?l%]éoge;sé %&ﬁ%@@%i@%daﬁ}ﬁﬁﬂ%g‘%smn elggétCLone di fferent
conbi nat |‘f6ﬁmt§$'°"§éﬁ‘l“aﬂ1éhe seertng mewpltsiesd ifos e renenisdinsganathe spatiab progsii@gscal ar used
to mul ti pdsitidatin ihé BEklor &Ry MY oeienﬁdge ptaaﬁ of@ﬁ:&h&cﬂa%eg%Emlﬁl tRe cor respondi ng
steering matrix; obtaining, in the plurality of transmission spans, R
sequence§“E?I'“)’PE%QST“%%EF"%MOI s via R receive antennas, where Ris an integer
one or greater; and perform ng receiver spati al processi ng on the R
sequencess.of Ameimedda}embanhs\ hwlrtghnstnlrbeonslﬂdrple"rahmﬁg/reafve&patal pi&cesfsink iter matrices
to obtain detect

subst ant ATy ELT R R RPate SRpHPuPerEt bP TSt BBt i ng

drawi ngs,for57. An apparatus as clained in claim 13, substantially as herein
described wt apparatus as
claimed in %Irll‘}ﬁ %ﬁglﬁmﬁ(ﬁ% n%lpgt ﬁﬁﬁ&%ﬁ%‘?ﬁa%ga gégé%og&}m\ﬂ% ?g hanéng erence to the
accorrpan;PilUfP@t)’d’fféW'Fﬂj%a““’SQU“CA‘cm H@W £ps eagh ofiapbeplityef eanghissi@ Epans ubst antial |y as

herein d%@re.hhﬁgnumltybfsne%ﬂ@rneames afr@gcﬁe%d bRAELANNAR WY 2R ANbRER. 60. An
apparatus_as clainmed in claim3 substant i aleal ¥P as herejn descrl bed with

ref erencéd’ RIS ﬁiﬁ&ﬁy‘iaﬁb“’ﬂl"a%"wg” ing pt leaspng pralar used 18 myWPI¥ faj ned i n
cl ai m 39,lcaf ghes @bt thetateynatri 1gh@itda Q&Ss@diridh@ﬂee%é Hatfixgf erence to the
acconpanyi ng Hbst antially as

ner of 1 duscr SR fnie By hER Tl & Sabea Ry g 3a 6 A

appar at useceige aniemmwernﬁlsmhmtmmbﬁq orgrielistadti al |y as herein described with
reference to ‘Sepfgnning receiver spatial processing on the R sequences of received symbols with the

plurality of spatial filter matrices to obtain detected symbols.

56. A method as claimed in claim 1, substantially as herein described with reference to the

accompanying drawings,

51. An apparatus as claimed in claim 13, substantially as herein described with reference to the

accompanying drawings.

58. An apparatus as claimed in claim 17, substantially as herein described with reference to the

accompanying drawings.

59. A method as claimed in ¢laim 21, substantially as herein described with reference to the

accompanying drawings.

60. An apparatus as claimed in claim 34, substantially as herein described with reference to the

accompanying drawings.

6l. An apparaltus as claimed in claim 39, substantially as herein described with reference to the

accompanying drawings.

62. A mt_:{hod as claimed in claim 42, substantially as herein described with reference to the

accompanying drawings.



acconpanyi ng drawi ngs. 64. An apparatus as clained in claimb50,
substantially as herein described with reference to the acconpanying

drawi ngs. 65. A nachi ne readabl e nmediumas clained in claim53,
substantially as herein described with reference to the acconpanying

drawi ngs. 66. A machi ne readabl e nmedium as clained in claim54,
substantially as herein described with reference to the acconpanying

drawi ngs. 67. A machi ne readabl e medd#um as clained in clai mb55,
substantially as herein described with reference to the acconpanying

drawi ngs. 68. A nethod substantially as herein described wiwth reference to
any one of the enbodinents of the invention illustrated in the acconpanyi ng
dr awi ngs$3.69. Arﬁmpaaqnpas diiwel is clbgitddstlisabilally aberbie detrnbedeiicrefelred tavhte h r ef er ence

to any Oc%oé? d;%\e&rae,;@gdl ments of the invention illustrated in the

acconpanyi 70. A machi ne readabl e nedi um substantially as herein
descri bed vmth reference to any one of the enbodinents of the invention

illustr ake di Ah &Dﬁauﬁ%&&ﬁﬂ@d}){ i:lg'ig\ ﬁ,rs%aﬁmﬁy as herein described with reference to the

accompanying drawings.

65. A machine readable medium as claimed in claim 53, substantially as herein described with

reference to the accompanying drawings.

66. A machine readable medium as claimed in claim 54, substantially as herein described with

reference to the accompanying drawings.

67. A machine readable medium as claimed in claim 55, substantially as herein described with

reference to the accompanying drawings.

68. A method substantially as herein described with reference to any one of the embodiments of

the invention illustrated in the accompanying drawings.

69.  An apparatus substantially as herein described with reference to any one of the embodiments

of the invention illustrated in the accompanying drawings.

70, A machine readable medium substantially as herein described with reference to any one of the

embodiments of the invention iliustrated in the accompanying drawings.




