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rel ates generally to communication, and nore
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antennas at a receiving entity for data transm ssion.
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channels may be used to transmt data in parallel to
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achi eve greater reliabil iBACK@ROMNIEach spati al
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experience different channel conditions and nay
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ratios (SNRs). The SNR of each spatial channe
determnes its transm ssion capacity, which is

[upicghﬂ¥¥guﬂmtified by a particular data rate that
may be reliably transmtted on the spatial channel.

[0003] For aAt Wieleyamudile-inpuvonelialenaitput; (IR sigpm employs multiple
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varvi ng nature of the SNR for each ati al. chanpe
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or t€ ques to e ent ransm t ata in a
to achieve higher throughput and/or redundantly to achieve greater reliability.

[0004] Each spatial channel may experience various deleterious channel conditions
such as, e.g., fading, multipath, and interference effects. The Ns spatial channels may
experience different channel conditions and may achieve different signal-to-noise-and-
interference ratios (SNRs). The SNR of each spatial channel determines its
transmission capacity, which is typically quantified by a particular data rate that may be
reliably transmitted on the spatial channel. For a time variant MIMO channel, the
channel condition changes over time and the SNR of each spatial channel also changes
over time. The different SNRs for different spatial channels plus the time varying
nature of the SNR for each spatial channel make it challenging to efficiently transmit
data in a MIMO system.

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

time-varying wireless system.
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wireless (e.g., MM) conmunication system are

described herein. According t9% an enmbodi ment of the

invention, a nethod is provided in which the age of

channel information available for use to transnmt data

via a wireless channel is iged. A transn ssion
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Data is transmtted via the wireless channel in .
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According to yet another embodiment, an apparatus is described which includes
a controller and a data processor. The controller obtains channel state information
indicative of received signal quality for a wireless channel used for data transmission,
determines the age of the channel state information, and selects at least one rate for data
transmission via the wireless channel based on the channel state information and the age
of the channel state information. The data processor processes data in accordance with
the at least one rate selected by the controller.

According to yet another embodiment, an apparatus is described which includes

means for obtaining channel state information indicative of received signal quality for a



of the channel state information. The data processor
processes data in accordance with the at |east one

wo atoe/0swbect ed by the controller. [0011] AccorBCTgS1005/015818
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yet anot her enbodi nent, an apparatus is described

whi ch includes neans for obtatning channel state
information indicative of received signal quality for
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?ﬁ?%t and data transm ssion schenes. [0015] FIG 2

shows a frame structure that nmay be used for the M MO

system [0016] FIG 3 shows a process for selecting a
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DETAILED DESCRIPTION

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

The transmission mode and rate selection techniqhes described herein may be
used for various wireless communication systems. These techniques may be used for
single-carrier as well as multi-carrier systems. These techniques may also be used for
time division duplex (TDD) as well as frequency division duplex (FDD) systems. For
an FDD system, the downlink (or forward link) and uplink (or reverse link) are
allocated different frequency bands, and the channel response for one link may not

correlate well with the channel response for the other link. For a TDD system, the



used for various wreless communi cation systens. These

techni ques nmay be used for single-carrier as well as
wondioemar ri er systems. These techni ques nmay aPEDUBm05/015818

used for tine division duplex (TDD) as well as

frequency division duplex (FDBD) systens. For an FDD

system the downlink (or forward |ink) and uplink (or
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in€jrovdtiaperfotagde arkd gieﬁl@r fekdilitgd Each agnamiseion| @ode may perform
station, a user e pmrent, a wireless device, and s
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f vV,

o8 1 TR DRP AR RIS Pl R GHeriny YafsSion modes
a&ftharnhmpd&scaptlcmsoces& ng (if at all) in a different
manner and may or may not require channel information
for spatial. processing. TabilreD 1.1ists sone exenplary
transm ssi on nodes and t hei § rt descriptions. Table
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dirgesmissioor™pde ¢ transnit data onDBscﬂip@@nal sioatfal
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to transmit dat g SR B?ﬁ“l“ LA nel-he MBYI O

channel . [0022] | MigitiMeMataSehaihidayanSmitte@onsmalipR spatial
s pHBglerg Toge t hep Hnsi R HRAMIDRECHAnanhance

per f orms spatial processing with different steering
TRL I {eQ ?é aazﬁinﬂEIamtf&ﬂ%% EleONei PHRREMERS t@rlransmlt data on
ensenb ective channels and is not stuck on a

exrtlmggoealbmiitlehalmmbls r@al“eiganmodestopf anVéMiCe shigueberlihgdunsteered
{nﬁ)ge m?%qo% écg q&@hg}ﬁqéﬁzl 13{30%%({}? t%ct?anlsrsr’utn&tta gn (s:pt)a%a{s&a%}(els of the
MIMO channel.

[0022] The MIMO system may employ spatial spreading for the unsteered mode to
enhance performance. With spatial spreading, station A performs spatial processing
with different steering matrices so that a 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.

[0023] Each transmission mode has different capabilities and requirements. The steered

mode can typically achieve better performance and may be used if station A has



condition. [0023] Each transm ssion node has different
capabilities and requirenents. The steered nbde can

wo yeoeddby achi eve better performance and may PeET/USBU5/015818
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if station A hassufficient channel information to

transmt data on orthogonal s@ati al channels. The

unst eered node does not require channel information,
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requirenents, and so on. [Q024] For the steered npd

¢ppending wrtaﬁmlﬂ%béedcwnﬁlsmé@ iAPdBs capawmesmfwtwns 'A and B,
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: esﬁ? O o DO Cos e B HAUES S RBL s ey antennas at
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ar val ue deconposition o i genval ué
ﬂﬁ@&rrppswmlcp & b@ “eREsRIliEd O HRhini the X dlgenniibies Ibfithe MIMO
, Where H denotes the conjugate transpose of H
cha‘nihd sTng Ldlmonahiamendaay)bpcashlbvmbpfpeﬂorrpmgbmher singular value

expressed as:: _ H=U--V , Eq (I). where Ujis an NR xR )
@mpmpw%pf ik opreigeayplug F@”&g‘%’é‘t‘l&‘ é)?afcor:relatlsn inaattx gL, which
X NI1. (;J,l agonal matrix of singular val ues and V

of .
issRanHNH xwhare Hni fepgjesnte rqoauusﬁte rtra@ﬁﬁosgﬂjeﬂveéfbs sgyfar value
A unita ix Mis characterized by the

%?CBB@Pf‘?oWﬁAﬁmaybemB’fﬁé 35 the identity matrix. The
colums of a unitary matrix are orthogonal to one

anot hg Tgcéé # ght eigenvectors in V may be used for
spati yr sing by station Ato transmt data on
the Ns eigennodes of H. The left eigenvectors in U

gﬁé(rebﬁl Pssa%deR?{]N jﬁlﬁh&%atﬁR e et %Q&%&%&' (ﬁsgﬁby station

to recover ta‘transmtte
ei gengpdes. NT'%N daﬁg&mlmm bf ngal& VARl B8 H ; and
non-négative real values along the di agonal and zeros

el sewveisan Mhege, dhAg9madtrieof figlteignecdtekof MBd to as
si ngular val ues of H and represent the channel gains

hoghnephE clasRdes. . The, di.adonal, GAEn SuRhe 3, identiy
rglatn\ﬁ aﬁ'ﬁe nsbgf g ru%ﬁ ?mﬁﬁl{ r%%p%%l 819«11 yt%) cﬁ(;l% 2|msother. The right

escCri bed ow. SI ngu eCofposi
Q@&Webtl@%jmbz Qalybﬁrdse&fdh&fp@tlalrprocessmg by station A to transmit data on

Eq (1)

the Ng eigenmodes of H. The left eigenvectors in U may be used for receiver spatial
processing by station B to recover the data transmitted on the Ng eigenmodes. The
diagonal matrix X2 contains non-negative real values along the diagonal and zeros
elsewhere. These diagonal entries are referred to as singular values of H and represent
the channel gains for the Ns eigenmodes. The diagonal elements of £ may be ordered
from largest to smallest, and the columns of V and U may be ordered correspondingly,

as described below. Singular value decomposition is described by Gilbert Strang in
“Linear Algebra and Its Applications,” Second Edition, Academic Press, 1980.

Station A performs spatial processing for the steered mode as follows:



"Linear Al gebra and Its Applications,” Second Edition,
Academ ¢ Press, 1980. [0025] Station A perforns

WG paboaloopr ocessi ng for the steered node as f oPdDUS2085015818

[0026]

[0027]

[0028]

=V -s , Eq (2) where s is a vector with up to Ns data
synmbol s to be sent on the Ns &igennodes; and xs is a

vector with Nt transmt synbols to be sent fromthe NT
transgi+ vagt.ennas. As used herein, a "data synbol" is Eq(2)
a nodul ation synbol for data, a "pilot synbol" is a

nodul ati on synbol for pilot (which is data that is

Wingons & pyécteriwiyumhstNs datasyrobas 1w engnB)n the Nstei gangides; and
synmbol " is a synbol to be sent froma transnit

ant enxajs aavedtos WitheN-eiramesthissymitmlls' toite santsyorb thie Nbtransmgtiantennas.
froma receive antenna. [0026] The recei ved synbols at

A4 §§édq{éro§n TRYJRE s BxBEIe $5£ thodfatibn Eynibdl for dhtY, H“pild symbbl” is a
s +n, Eq (3) wierer 5is a vector with NR r ecei ved

modiaian syorbol frs PRt vjeh iselatenthatnip §8oWHapriqriby Bothstations A and
f & rt IIISII%{ 8%1%/5 dc I;sg‘g s mbcgl 38 BEUS £ Eltlzéngrgﬁ nt\égrga’zg}{d 2 “received

nits a nolse vec

ssmml’i 1@Iatsymbbh@btﬁlﬁe($ﬁom8a ®@eSudBstedm. be additive white
Gaussi an noi se with a zero nean vector and a

covarTfé?nr@eel?‘i“é{SrMWpoé?athta“@“Blmayhﬁé’f‘leeﬁ% #fe variance
of the noi se Station B may recover the data synbol s

ins UsS| rl 0 e el v pr cessi ng t echni ques.
(0027} S Y g’eff YR Csl spati al Eq)

proceSS|ng for the steered nDde as follows: sfcsi = ~!
+n/

Wiep e s§ af\cf'g}or.vet wEschigS SIS o Ne récgiye agienpas

dat a WhIC ar.e f the up to

symbotsy Frts lseﬁ‘i‘oe FFC?IY?J Whe‘“ﬁ FESBOTSE TRALTIK 19 Ser"e& E‘y s for
recei ver Stﬁlgtl al qcfﬁess ng. [0028] Alternatively,

station B Wgyteped f"?)? i mum mean square error (MVSE)

Spat'ﬂ';sQ%st@%étBﬂ as follows: I =S M=s nmse Qns

mse s+ nnmse , Eq (5)where M= [HH + sn

For simplicity, the noise is assumed to be additive white Gaussian noise (AWGN) with

a zero mean vector and a covariance matrix of ¢ =0’ -1, where o>, is the

variance of the noise. Station B may recover the data symbols in s using various

receiver processing techniques.

Station B may perform full-CSI spatial processing for the steered mode as follows:

§% =2 -U"-r' =27 -U'H-x"+ng, =s+n,,, Eq (4)

where §; is a vector with up to Ns “detected” data symbols, which are estimates of
the up to Ng data symbols in s; and

n . is the noise after the receiver spatial processing.

Alternatively, station B may perform minimum mean square error (MMSE)

spatial processing, as follows:

§S =DS 'MS r __D.mmse Q .S+E:nm:e > Eq (5)

—=mmse =—mmse ——mmse —mmse =



2wse |l ] His an MVMSE spatial filter matrix; Gs mmse
=[diag [Qn5 M) ] is a diagonal matrix ; and n i MVBE

wo 20ob@0®A Nnoi se for the steered node. The spatP@l/US2005/015818

[0029]

[0030]

[0031]

filter matrix M mse mnimzes the nean square error
bet ween the synbol estimates fromthe spatial filter
and the data synbols in s . Th% synbol estinmates from
wige SPEL | /I[HE T tHf. Ap€ unporgel)'| ged MMSBRLes fifer flaeix;
dat a @mﬁ’éol[sTe}ThEe mul f'”i“pﬁpga]tjf%]on with the scaling

mat ri s T>s ypse gprovi des nornal i zed estimates of the
dat a g‘yﬂbol‘s’."’"“{ 9] For the unsteered node with

spatial s adi ng, .station A perforns spatial

proce s'i«sn%licﬁggt@ﬁ&e 18 g(&gg%tga In@tn,x &9 6) where \ _5s

is an Nt x Nt steering matrix for spatial spreading;

and xDni.sisdhe MM filfered nisederths sieeredynadsi s for t he
unsteered node. Wth spatial spreading, each data

%@Qﬁ%ﬁd] Fiir nfardPNIF al b¥iniSRL&AHe Widah sBuir8 SABE bERen the symbol
col u of VJ . Thé fatrix VSJ typically changes over
tektifRatB8 EHOAY thé EFAMENIRYr Andithé Sati ROMBOIRYN BOtTheSlyaboDESi nfates from
and B. Each transmit synbol in x " includes a

clonpmtiehfiltef areawhomhalizhd eMimatas af thendntd symipols Th Gad@oplication
The recei ved synbols at station B for the unsteered

o thetheragaling meaiix d¥s.e raydes normalipgdestimates of theydatasymbgls.

= H -s +n Eq (7) where r " is a yector with N .
- ecei Gathey wisugeded Sodfn @i Resnanal SrdadfE e fudh A piopme. spatia
Ih'océésiing adfolRMsecti ve M MO channel response matri x

observed by s for the unsteered node with spati al

spreadi ng. [0031] Station B may perform channel
correkasiVon-smatri x i nversion (CCM) spati al Eq (6)
processing, which is also conmonly referred to as a
zero-forcing, as follows: iL, =Mr , -r" =s+ n:c , ,

Where s)ﬁméraeglﬂ/‘r M. steqring/magrixjfor sppfiplspeeadior) anghat i al

filter matrix; and n"ccmis the CCM filteréd noise

for tKeisumwactarvath Notensmit symbols for the unsteered mode.

With spatial spreading, each data symbol in s is spatially spread with a respective

column of V. The matrix V typically changes over time and/or frequency but is
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known by both stations A and B. Each transmit symbol in x* includes a component of

each of the Ng data symbolsin s.

The received symbols at station B for the unsteered mode may be expressed as:

r'=H-x"+n=H-V, -s+n=H_ -s+n, Eq (7)

where r“ is a vector with Ny received symbols for the Ny receive antennas; and

H,, =H-V_ is an effective MIMO channel response matrix observed by s for

the unsteered mode with spatial spreading.

Station B may perform channel correlation matrix inversion (CCMI) spatial

processing, which is also commonly referred to as a zero-forcing, as follows:

Seomi =M X' =s+n,, Eq (8)



[0032] Alternatively, station B may perform MVSE
spatial processing as follows: IL=se M r " D J Q
wa 200600190975 , Eq (9) where Mu mmse =[H'/ b + BCHUA2005015818

an MVBE spatial filter matrix; O - M H' D = [diag

[@]1]- 1; and n" "mse is the3 MVBE filtered noise for

the unsteered node. [0033] As shown in equations (5)

Phde (B, . STATI"aM'B) ﬂanlg{,d’e ff OCOMYNBR: 8 Bifte RbtriX: @6€SSI Ng

for botf the?stéefed afd unsteered nodes. However,

di fferent. otk . . H, rthe steered

and unst e%g%dé %zlétge?&gbsgg?%gPysag%ﬁ%%gfé'lf spati al

spreading is_not used for the unsteered node,. the %{)}ve
[0032] ¢ ansiiterngiaedy stafiay BypayRefrasiy I spaial mogﬁS?lﬂStaa??l s:

B may recover the data synbols in s using CCM or MVSBE

recei yer spati gh. process ng,«However, the spati al

11t ebnmmit Do et Pbe Dreri Pode Badbeeon H instead of F4©)

H' . [0035] Station A perforns spatial processing with

V for the steejed node. Station B performs spatial

where hMH,.f i1 BBy i .t Oh U1 orHyi t is an MNEBspptigldilter peatrix;

steered node and with H and V for the unsteered node.

An esQ'matMpf, M pay be obtained by one station based

on an "uUnsteered MEVIO' pilot sent by the other

- stati pn. Angiaprpeengd; MdMO pilot is a pilot conprised
of N pi'l6t trans#‘ssions sent from N transnit

ant enpas, is"iﬁeeﬂfﬁwﬁﬁ?ilﬁ@%c?'d%js%{fgﬁ%g"ugitéé} foag each

transmit® antenna 1 s enti e receiving

entity, = N if the unsteered MEMO pilot is. sent :

(00331 St i $h Showant dguting [4)°HE (ot B0Rel HRVERRTBMMSE spatial
sent by .statjaon B, This may bhe achi eyved, for,.ex Le.. s
Bt 4o T Rt BT A6 Rt o R8I s 1,
transm ssion fromeach transm t antenna and/or sendi ng
et pesused So1dhe gesreth apd pnstecred mpdassispecvel¥nna on a

[0034] (rjr:a;f Sl(rgesg;&f{l ég g gggs rsl’gl':t?ufjsgg?ér( h&(ll#gtf -ep)ro%g, %ﬂarl}/(t?\ep tlrzlm%%ﬂt vector

| O) wher e 1) J.S_a pil.ot mbol to bhe transmtted in

bt PRperbd - Gy PRl L Riesh e RE b AP 7, dohe comr
SRS ET RBS Vit spARACPoRSssingl  $6WR0L:, RS 50Mial fil@P Gnatrix would be

derived based on H instead of H,; .

[0035] Station A performs spatial processing with V for the steered mode. Station B
performs spatial matched filtering with U (or with H and V) for the steered mode and
with H and V_ for the unsteered mode. An estimate of H may be obtained by one

station based on an “unsteered MIMO” pilot sent by the other station. An unsteered
MIMO pilot is a pilot comprised of N pilot transmissions sent from N transmit antennas,
where the pilot transmission from each transmit antenna is identifiable by the receiving
entity, N =N, if the unsteered MIMO pilot is sent by station A, and N =N, if the
unsteered MIMO pilot is sent by station B. This may be achieved, for example, by
using a different orthogonal sequence for the pilot transmission from each transmit
antenna and/or sending the pilot transmission for each transmit antenna on a different

frequency subband. The unsteered MIMO pilot may be expressed as:

X it (1) = W(0) - p(i) , Eq (10)



\ Hpilot (i) is atransmt vector for the unsteered
M MO pilot for synmbol period i. [0036] For exanple, if
wWO\26064019094 hen four Wal sh vectors WO = [I 1 1pd1/US2005/015818
WIl) =1 -121-1] , W2 =[11-1-1] 7, and
Ww3) =[l -1-11171r my used for four synbol
periods, where " t " denotes a transpose. A conplete
whege eptidds MWD Symbet torhgiranemistedtin symbpl(esd écut | ve or
non- consecutive) nbol periods, or one synmbol period
for edéh lémvsctelrw’ct%é’ 951%@@81@&}1 tré@%@éﬁ@é““%ﬁ%‘rﬁymb‘)l period ; and
receiving the conplete unsteered M MO pil ot,
recei Xib.-zng) éne regsiEh reohrfpoihgunpiecred HPE?O)‘? Symb01 period .
processing on the received pilot to estimte H. For
simplgcit e I ngndes p SUOFES enyf or
[0036) in cH%%nc%am@%fné?lggMa 8%? ﬁﬁ%rw%9$bD§systeﬁ¥R? (17
nghrup k. ghanmnelyr 0 e 175 SHAE
be rec?p?]oca*ﬂiobf %ng gné][ h:ar%rai ﬁ?ts_ Hayl bl ltl Qe used for
foRPERHBAIL Feridds,Vangel« Tespaneea Mihspose f 120 rcbmpmm nasteered MIMO
array X to antenna array Y, then a reciprocal channel
Pikgsimaysbe; sat int N dcansemivg gr PoRTAOTSEFULYe)s¥abel ergdsy of gne symbol
ne by 0
n\c/?%r ggeclezi\?é c gbns‘(lgetr ogt{'xa ngﬁ%%éﬁ%rﬁgétypp&r'ere&rl@lﬂgnﬂhte complete
wistefeerdeifl MIOr plrtott the reesyiog sestyafan tpthotm almfsmmplamdntary processing
recei ve chains at station B. Caljbratiaon may
?}bﬂ\edﬁ%é\‘.?dtlaloaé? espamate, H o For sinphgtty; Egokl%‘ﬁwgéj&ﬁmp“on assumes
account fference in the responses of the
Y EREAT € I‘%““& ?Sgcr:nea:n\(/)re' chains at the two stations. The
[0037] app! i E&td DDDOfystehe tigoddvatinkandrmplink ckenal resp@ases inap be assumed
stations allows a calibrated channel response for one
toi heleegiprasal af ope anether. akhagis; i sigpresenss a ghanapl 1gppanseimatrix from

RSt nggrﬁérg{a?aﬁfa&“% tﬂéri‘g G i Py the cowping
{rﬁlzlpﬁainne e ponsé(}énnbi ,E(im f gi;o%{:eﬁféy ﬁtllen{}%é}%% 'ét ﬂxtep_t'rdn§mit and

r%c&% §ﬁ:ﬁﬁ§ é’crktz%'on% gre"i!y chlly &iffeRst GRANMES |re§'p6§§:@'?)$%e transmit and
matri x for the romstat|0n B to station A

{e@@&@]chﬁhfea@taﬁ@ul&r Cylibhraordmap ivp psifeinmd tofdenive gpmedsign matrices

%a 4 ﬁtr)lleﬁcgé(bﬁ‘ré ?(zrst@g df}’gér%ncg dﬁrb}f% é%épvoéﬁ%nog tPeE] trgqs\r/@f z‘?’r{dAr_seyeiVe chains at
th@ QWB stafiof€UBhd Splicatich) of the aditlectio meatiBdsrdt EiRSe OFo k@fibns allows
and right eigenvectors of Hn , and V and U* are

arsdlitraied cimnebresponsel ferge liskde he sapisssdas aganspose of a calibrated
gﬁaﬂhél%?poﬁ%@fbg %l% SR 1HHE F&%lrﬂ@‘&ﬂycﬁé fylld?\{)ﬁlﬁqescnp on assumes a

respéctiv or spatial processihg to tra

flayr frédiensy essponkentodahe (AN} aBeaacedbe oiaind)eHr, eeﬂaﬁ@dw channel
channel , one station may performthe singular val ue

response matrix for the link from station A to station B, and H,, = H' is the channel
response matrix for the link from station B to station A.

[0038] The singular value decomposition of H,, and H,, may be expressed as:
H,=U-ZzV" and H,=V.2'-U", Eq (11)

where V' is a complex conjugate of V. As shown in equation (11), U and V are

matrices of left and right eigenvectors of H,,, and V' and U are matrices of left and



deconposition to obtain either Vor U. This station

may then transmt a "steered MMD' pilot, which is a
w@doehowent on the ei gennodes of the MIJVI O chedmes2005/015818

The other station nmay then estimate its matri x of

ei genvectors based on the st dlred M MO pilot. [0040]

Station A may transmt a steered MEMO pil ot as .

righlt | edgesivestbsr ef \Hy), i s StdienmA handi Bemwg atserthe ahatnmesofV \Vand U,

; pmis a pilot synbol to be transmtted on the mth
respgetyR B donIPatipl Pro¢assing tasensmiy datyfar thansieared mede-or f or

t he e d ] h AIEY
00391 0% ARG YR, LBind r YRR PR OB v
RXBNLBSsfch 85 obRin SHE <V UL UPi This stdllofi hhy theh- tran¥mit & “steered
n, Pn, + D=umsmp m+n, Eq (13) wherer s pih,
MEMUOepilooshivierd a/sitt 8éntfodrihé figeriheds of tHEMIDAéHaahelf dhe other
the mth eigennode; smis the mth diagonal el ement 8f_
stationgAdy heRFitumate §S Mk of Yemvedrshres emie sieergd MIMO pilot.
[0040] Equat$t9@01{ %3%})’ %sﬁ@ttaefeér&?ﬂ/lm fl&rbsﬁs%le:Obt aln an
estimate o , one columm at a tinme, based on a
steered M MO pilot sent by station A Station A may
send g conpyetg steered MMO pilot on all Ns Eq (12)
eigenﬁ%dés in one or nore (consecutive or
nonconsecutive) synbol periods. Station B nay al so
Wh&BSHI tis hesi-aegigch Wt plumatoftw; station A in simlar
manner using the colums of U . [0042] Pilot and data
may b, tis apgoi syt fonbesaansmitsedrmnthe rsthi aigdnneodwofiBl,, ; and
system For the steered node, station A uses channel
i nfor ght i 0B at@nsmitiveeosfor eid yigred MIBIOTBilotfoY the @n-th eigenmode.
transmt data on the ei gennodes of the M MO channel.

oosn 1o CIREBE ALK SRR B RSel BGe) B PPl fh, "

station B) or in the formof Uor V (which my be

obt ai ped frgm g:steepedyM M p{l 0f sgAty bysstatign B). gq (13
St at i offB ar &o ~ti¥¥s cthannel—i nt'driiht ronu"( eq”g.p,’j'l" H, U, a(13)
or V forthe steered node, and H for the unsteered

TR, RN R AL ML LA, e

cre - 1S
P bttt B receive

SNRs for. Efﬂcﬁniﬁgfakgﬁal%ﬁ%@@%{f%;g% ermne the rate(s)

suppopbéa ceive and send either the
Loe e R gk BgPyRRRGhHl £ o() o station A
Equation (13) indicates that station B may obtaiﬁ an estimate of U, one column at a
time, based on a steered MIMO pilot sent by station A. Station A may send a complete
steered MIMO pilot on all Ng eigenmodes in one or more (consecutive or non-
consecutive) symbol periods. Station B may also transmit a steered MIMO pilot to

station A in similar manner using the columns of U.

[0042] Pilot and data may be transmitted in various manners in the MIMO system. For
the steered mode, station A uses channel information (or “eigensteering” information) to
transmit data on the eigenmodes of the MIMO channel. The channel information may
be in the form of H (which may be obtained from an unsteered MIMO pilot sent by

station B) or in the form of U or V (which may be obtained from a steered MIMO

pilot sent by station B). Station B also uses channel information (e.g., H, U, or V for



sui tabl e transm ssion node and suitable rate(s) for
data transm ssion to station B based on the received

wo e@dloerok9 and possi bly other information. For BCEHUB1095/015818

[0043]

[0044]

[0045]

the rates selected by station B are referred to as the
initial rates, and the rates del ected by station A are
referred to as the final rates. Also for clarity, the
the Istegweidrigodie sod | Bt foo theaunstaseesl mpde) tatreaavena HdagetFansmission from

rate infor on (instead of SNR inf rnatl

Sl hn o TR TR NRUON B Sha A e TEFN! SRS oy spatial
dahReld," FRAGHiISS N8I HEBpl bPlthd RIS (41 send either the
Initially, station A'transmts an unsteered M MO pil ot

1ebtiverk SINR3) or Ekteasupcpnrtﬁl rge@) vestaind Ar oYedereA miy then select a

{ | nat
THERG dfralss beBbdscne e AR Taf By i 1 g B based
&S theTBicevedt 1’6@dtfa@16 ahd¥ pdssﬁi}ﬁatrfeﬁ inféidgation! HoPGRAAY}, e rates selected
non- ort hogonal ) spati al annel s of the M MO channel

Dasedon B FTRdeicEed w @y ths Ingal (reipfo@vad theyatessielgcteshbysstation A are
%k&%ddt%t KMt a3 Eﬂtésh eAls%”fg% a({} 8;" thd %lﬁ)v& %dgﬁ‘ﬁﬁnon anumes that
e or a sin

€l genno St eere
statich B e¢nds hate beﬁxmtmxr(nsteadbﬁ SNiRhefqmanaertmdk nogietion A.

based e recei ved SNRs (.al so, hl ock 116
o e LR GpeTE Sh S ampIr 2ok b M tiatepion ehrag 1R for the
MO0 8{hONinAidg, StaBibh A0 tBnsrhi®04dt hinstb&td MANO ;t)llot (block 112).

transnits either "an unsteered M MO pilot or a steered
mamzn @u nee«cwgssandgpmh@sm e nueeerod MM ipilotiand obaias an estimate of

¢ eBial BroumEraRat (hReS Fl4)o S g SERISs R ceived SNRs

%aﬁ%%%@w Gl AR OO0 L MY ) b

the rs¢ea1\te|dcpllot\(lélbtlod:k6)12$)ltjor@ aﬂlsoaietﬁrmm_e’.llth_elsart tmgtial rate for each

siprr el B Sleo 2 qnSR B ariate sl e Brrahe MM it or he

Fhstete d£D8E) RREU BRWdcBives ISNREA hiso FI&dK PIH)A ”Fﬂéeiﬂltlal rate(s) are
d

transmts data to station B using the sel eCted
appdinebit Sori aodatamarsnussiorf fromlstation &Y w)statisndb k 1 26) .

Statign..B n elve RrO a nsm _SSi .
from gEag?n ge I’AHS(HE}F X eizflg)un%‘fe ﬁ%ﬁ)ﬁp&ﬁ@ tsén}eﬁsM?IOIO pilot

aed BRrei BRbAT derived fond M (slatpllg)armml&m%céc&em processes
102for he M MO system [nitially, station B

theasiened st ansteered 84O pildvido piblioh a( tHanodd &stizjare Sirathedimk from

A receives an 0 S the upsteere | ot, and .
LSy R sTa b HBEE TV SR om e Bl Mo B e i station A
(ﬂ?&&cmz;l@anoﬁt&tre&ﬁweé thd Bftidl rrﬁ{e(%mahcs d6leti@Es @Mransmission mode
unsteered MEMO pil ot or a steered ilot using the

mcbénaﬂet@teé&)stowpufvedaﬂartoaﬂsmw(smnd@kst@!m) &t descghedbelow (block
E)?ﬁgltglt t10 ?ﬂhgﬁ’ DG %%?s deftg] r[ ﬁq.%s%rg t{ﬁnssgll%g{?g qlfaMrM:s)sion mode

ai'h a Channe rom
ﬁ@fihﬂﬁa&(i)qblﬁcatll%m Btz(tb;anB lfecb?\&)s andfiocesses the data transmission
from station A (block 128). '
FIG. 1B shows another exemplary pilot and data transmission scheme 102 for
the MIMO system. Initially, station B transmits an unsteered MIMO pilot (block 112).
Station A receives and processes the unsteered MIMO pilot and obtains an estimate of

the channel response matrix H (block 114). Station A then transmits either an
unsteered MIMO pilot or a steered MIMO pilot using the eigenvectors derived from H

(block 118). Station B receives and processes the steered or unsteered MIMO pilot to



remai ni ng processing for blocks 116, 122, 124, 126 and

128 are as descri bed above for FIG 1A [0046] As
wah@anoim FI GS. 1A and I B, pilots nay be transpCTASZIOF/O15818

vari ous manners to allom1both stations A and Bto

obtain a channel estimte forl2the link fromstation A

to station B. Both stations may transmt an unsteer

NN Joehappel ontimats, farj the | lipk e station; '6rf0rﬁé‘i}10Pr%r(§‘r?F'E 1&9) The
ﬂéﬂﬁ‘n%?g ?l%c Mger eéﬂ)‘é i\/%ﬂ;j IPB elﬂlt I]% afid "1158 QR Mscﬂ‘lbred above for

trans 'n this case,
BiGatliAon A or B may transm t the unst eered M MO pil ot

as sho in Fl LA and | B. 0047 FI G hows
100461 2 ook PP YT HHHETCES 1A BB 205t RAY Dot Gd dav risispgmers to
M%VJ Q}tﬁ%ﬁltti%m ADR{EB b 3B 8 ShfMePESIMte Fd? theiihie fiehn station A to
frames, with each frane spanning a particular tine

datroat BonBth sgationg mayetrinsnEneh vhstaered rMLM@eplbm tAlmrorﬁe@ly, one

P i BN BRAT PR, 8 S e 1T B Rady ramsmic

dedre MO GlilotatTa iRdcapt,| éitherBiitibe S onB afaytikmsipl thekinsteered

For each frame, a M MO Iot rray or may not be sent on
C MRMQypigs| @WOWQHGFbGM Bt may or may not be sent
on t h
[0047) recerlsled %ﬁ%la%atl glrgtrﬁﬂanne@%%g?&fb d &%g for the MIMO

sisear. e Daa ttamsmsenoedodvms’[)npumm of érames,eduthrmhsﬂrané @panning a

UGS G SRFRI Ao By TBBUN Erdt TORE ROty Btliotrsefto (1) @

E&avnlmeprfafs@aﬁﬁﬂg mﬁ&] a\m& RAnd Blibr A2y beaeRi Y@ rtheswmaik and (2) an

processin each ei gennmbde may be expressed

uRdinkghRsen urlr(g w)nch dg@la@gmlof may)be;sepign the upfipk. Foredch frame, a
v e it Ptk BEofhad PSR Saf kgl MR, plgmgy or may

ﬁotsbmsbﬁdnhﬁe[rpmﬁk.dl agonal elenent of (n) for franme n ;
and SNR/C/ m) is the SNR of the mth eizgenm)de in
[0048] f r aneStation Remeg csligatsripelaecchirg SRy Ereheispatiel ehanngiyrgsed on a

d f
SRUSE b MRS Sy L R i oy st
dépeedend onick apasalqmrocmdmng);iasﬁomeﬂrbyl‘mﬁ&tammmmd Bpati al
[0049] 2;8?: érgtgg stee EIF@?F% {%le %;J]F ESi tsljdgll'lﬁpart}tgp Sr%lcqﬁsgg t?)%C?NR of each
éléé)mode may be expressed as:

P,(n)-0.(n)
2

SNR fm.,m(n)=1010gm( } , fori=1, .., Ng, Eq (14)

noise

where P, (n) is the transmit power used for the m-th eigenmode in frame n;
o,, is the m-th diagonal element of X(n) for frame n; and

SNR (n) is the SNR of the m-th eigenmode in frame n.

fesi,m

The Ns eigenmodes may achieve different SNRs. Consequently, different rates may be
used for the data streams sent on these eigenmodes.
[0050] For the steered and unsteered modes with MMSE receiver spatial processing, the

SNR of each spatial channel may be expressed as:



where g (v n)' is the mth diag onal elenment o f - Q
-nmse or - Q" for frame n; and SNRmmm(n) i s the
wWEbiReob199he mth spatial channel in frane n. [BOBLUF20D015818

the unsteered node with CCM receiver spatial
processing, the SNR o f each §pat| al channel may b e
expressed as: SNR ccm,m (") = 10log 10 f "(yal,

for i _=I1. Ns , [Eq 3h) n(n) the mth
di agowmate%n‘[loi?gn[ 1Ak ; o Do f or Eq (15)

frame n ; and SNR cc n?"(% he SNR o f the mth
spatial channel in frame n. [0052] In the above

B W B i
P o CSRENS. i s BIESNR b e gPif ga's‘i\*ﬁg“%]?lﬁaframe{ls o

deci bel (dB)) after the recel ver spatial processing

[0051] and aFa thd susteerddempédel with CGCMI rdvei veesmatiabpro@iNkiag, the SNkeof each
fol.l é‘gw%tldesg? gtlon "SNR' refers to received SNR

patial F8PLFEE 287 0053] For the unsteered node

vvlth spatial spreading, the N s spatial channels

achieve sinmlar SNRs becayse o f the spatial spreading
wi th SRR _nat@) x 1¥lag,, i jl,y, tfoe isdpe.,Mfe my b Eq(16)
m tgllo

e used for all o f t st/r eans sent o n these
spatial channels. Wth spatial spreading, each data
synbol i s transmitted on all N s spatl al channgls and

whaer yga) anthavetladeg@iRefearenabdl [RHIT ald RijandE] s, H,, for frame
which may b e expressed as:

n; and
SNR ... »(n) is the SNR of the m-th spatial channel in frame n.
[0052] In the above equations, the quantity P (n)/O'nm is the SNR (in linear units)
prior to the receiver spatial processing. The quantities SNR ;. (n), SNR,__  (n), and
SNR . .(n) are the SNRs (in units of decibel (dB)) after the receiver spatial

processing and are also referred to as the received SNRs. In the following description,
“SNR” refers to received SNR unless noted otherwise.

[0053] For the unsteered mode with spatial spreading, the Ng spatial channels achieve
similar SNRs because of the spatial spreading with the matrix V. Consequently, the
same rate may be used for all of the data streams sent on these spatial channels. With
spatial spreading, each data symbol is transmitted on all Ng spatial channels and

observes an average SNR for all spatial channels, which may be expressed as:

N
NR, _(n)= 101og,0( ——M)——Pm(n)) _and Eq (17)
=11—q,,.(n)
NR..,(n) = Imogm( —5‘—1—] . | Eq (18)
m=1 m(n) O-nmse

The SNR averaging may be done in linear unit, as shown in equations (17) and (18), or

in dB.



SNRMm e (n) 1Q Oy 10 S P1n (w) and E q (17) SNRccm (n)
= 101log 10 f 2 ) . Eq (18) noise . The SNR averagi ng

worenpe@otone in linear unit, a s shown in equakrdDUS2005/015818

[0054]

[0055]

[0056]

[0057]

(17) and (18), o r in dB. [0054] For the steered node,
statloanay det erm ne an|r¥|41|al rate for each
ennode based on its SNR n , Which nmay be equal

to Sl\lﬁ@r/th%StPerEﬁiﬂnoéﬁr?&SlO@@ a@ygﬁ@mnﬁﬁnéﬁfu ragsrfor ?&F}‘ eggenmode

k?a%%cfon fﬁewﬁmywﬁk H)nn]éi SS%rt?SSﬁggvm ’%) Isggtteh AN s shown in

equgtrl]onr gbgart £\ WI at %n \@o%_rr)gu%dpfsré %vl’” n ec?uaa'ﬁ%n (15). The

r “codimg s a par cul

requi ?i%aﬁ 8%2 Oé"a g%g?gﬁ, t ga%ggfgﬁcﬁnegfe &ﬁ'élg?ssomated with a

Retiduddrndiie eatd, e 1gamcu’l% mtﬂgadchemeoar paratelhr mbdelaties scheet, and a
SNR for each non-zero rate may be obtai ged by co%ute
RATREH %ftmshmuw&r&&lrlreﬁiéasw@ef%m@em ifd devregrevefipd pegprmance

@fe. SUPRAL:R grrf)f"l:a?e? afd rEtgﬁfeﬁ I e ceclgh §Bﬁ§efm¥teb1ﬁay be obtained

storedlna ook- up 't abl The SNR n(n) for each
e gremprdelesi malatipe, qmmm:ad ed:aswemhetSJ amil«somn tT2iel set ofhippérted rates
t en returns

t@em%“quglgé§ d&4Ya f‘ea Owdt or t %aé)it{] aé"gg gsRI}I%tméne) for each
to SNR

and a c{e o‘%géh%d?rggﬁfé?ﬁ‘?ﬁ% Iess ﬂe)an }8{:}6 alrel‘-‘HPs e R,
#%?ér? R PRESRE T B #?Z%@”ﬁé% a%?%%% R e gy and o

r(e T‘?)re or € éﬁ%llwssn@ﬂﬁ?f)) ?ﬁ“%PP’;J r'r'g u} ;frkole\i}g uﬁtsl S n(n)-
equat F(Q-r} t(, %ﬁgt%a%rgg' %o%NRgtagoﬂTEym?)? dgfxqg{.\lng %ﬂ ihfiafr tfg ?&'tﬁg MIMO

t abl e, nrTeturns a ra supporte
dwamlmadm@i SNR(n$ hehidh shBebeequapee SNRr  t bt co'ﬁ&ﬁtedTibeshown in

mmse

same or different | ook-up tables may be used for the
&juaesred1ANGr wgsdleer SNRIDARS . cdniififed] aStsabwaninBedidoak®). The

cemi

an initial determination as to the transm ssion node
SNR (nptmafde providektd olook-upahblef whith whexsieamnd & oate R(n) supported
station Ato station B. Station A maX make a fi nal

lope ther MIMQ icbanngk farothe HasteprsA medesfas thaodIR anthe sareq oy different
ToBi B é&’% msfnbé ?&ﬂ.tfgr &E@fé&g@d%fsg %Hst?&§§ thoges, f eedback
ro ana o

rece ation pertinen
i nf or&tatlom)IB nma@Ghake i Aiitiad deferminatiorlagad thértrafsmission mode and
or data transm ssi

O SEL e, 0teg, or oL 4 AL SS! 8N 0Re
ﬁﬁ’e{lrﬁéﬂénﬁlﬁﬁ% ahqo PRS Strdsdhission mode and rate(s) to use for this data
transmission based on feedback received from station B and other pertinent information.

Station A may select which transmission mode to use for data transmission
based on the age of the channel information available in the current frame and possibly
other information regarding the MIMO channel. The characteristic of the MIMO
channel may vary over time due to a number of factors such as, for example, fading,
multipath, and interference. For a time variant system, the accuracy/reliability of the
channel information degrades over time. Poor performance may be obtained by using
inaccurate/unreliable channel information for data transmission. Since the channel
information is derived from a MIMO pilot, the age of the channel information may be
determined based on the age of the MIMO pilot used to derive the channel information.

The age of the MIMO pilot may be determined as described below.



ot her information regarding the M MO channel. The
characteristic of the MEvl O channel may vary over tine

woadue/dooa nunber of factors such as, for exanpC®/Us2005/015818

[0058]

[0059]

[0060]

fading, nultipath, and interffsrence. For a tinme
vari ant system the accuracy/reliability of the

gg??grglnlt\a/inﬂgfgé) Irqgglt %lg)r/] 8%?%51%8@%83}{%%?}{1 t{gr%e, gro Sériodically in every few
Frames, Wrap6vattaRy.i 8Rtien AhARPabril MEPEMRA©Br TP hadAlGh an unsteered
transm ssion. Since the channel information is derived

MIMO pilbEet&ved from, stithn Bgad afaytdacoripesa Nl tol gbian B meix V of
may be determ ned based on the age of the MEvl O pil ot
gigerivectpreinseidite ttahsmit atareel the migenmreddsod . thef MEMEQ eharfnet. h8tation A

=Y 1] ot y .be determ ned as descri . .

Y i f oot TR TP Robrohy n i SHERF SEMO, Rl derpived from
ftaaore.B.or He®eladitial diaerdd) MMROY pll@t\Wisk (rafndRsitte@ by station B using
sporadically. Station Ad@(an)r/ derive an estimte of H

pigsenecons mnUundiicheare demaeddrgrn aoestineate iof di obtagmeddtyastition B from
B and rrgg deconpose H to obtain the matrix V of )
a7 yaHeaed MMQpalgt seat by stasinntA-ddhas. dhe eigenvectpshim Je btained by

f.th L.O ch t gt | bt ai th
TS R BTSN A TPl R SE. S rom
URGQHMEMIMO BlISE Rht B stio BWeMRI quality & BE BRERIENMMA V derived

pilot . is transmttied by station B using €l genvectors
fromUhe swhiedMEVIO piot iracetlefl fravim swatiers Bi ivali® dépeddient on (and is only

obt ai ne st.at i B froman unsteered MEVI O pil ot _
Sortod ) 40 ARy AT T erTeSpaing HRracd B ol sent by station A,
B8LAVRIEH WPYand tidtdOferfVefir 0M t he steered MEVI O pil ot

sent by station B are, in effect, derived fromthe

unst egtatidn M May RiebPtrackestt wish BIIRIO pilotareltishseifed foYanQfreceived
the eigenvectors in V derived fromthe steered M MO

prmostatie &t v eprf $9Mmpke atation B maytkegs alcerordi@ht(1prihe time each

' I -t he gual ity of . )
et MINS Bo0RO IrBShidely A i el Steepeg, MIMQ, pilot s
f(rarmmimkﬂ,c(h) H'lfea'nv\ﬂe éhchrmsﬁeweFMMO[@Eﬁ% reséi&bdi,mgxd/mm dtime each

ee when. M ilots are transmtted to an
?%%Eﬁi %‘35‘5 rP?Jm IS Eehe V&H-Ng.hﬁnf_s‘fori Ky heanaiatagied dp var ey formats. For
keRthl@ theFRbAl Bhy Cdntaih Nr LidHEI-EAEN, féﬂ?ﬁ&%feﬁﬂi&’s&x‘ '\}ge four MIMO
pi | ot (2) th e v Cg

' is transmtted, e time each steer
pilotevents. 1f a MM ipildt waghott thenstmiitiosl @aetei vetkineregi@en frame n, then

10O pi.lot i,s ived, ,and (4) the tinme each steered
i Biehtor ke MIREO P fofRibulor balii ey s ahe g deaored for
framy al (VB tiofeeBidSforta! ineaﬁg;gweex,fratdi@n,rs@ﬁ%dtx MY readily determine
contain, for each frane n, four tine entries for the

flduhe it thapithodatesy dp g10s) recanthmpsiermsdl | MIM@apilofowas transmitted,
RE B ect ERE B Ol Bt 58 b6 et PE B i s
reHuF ofheh ok g o ProaméShihe Sen s et igocred MO

readi |y determ .
pl?ot wasyrece?ved, UV]hpC% is denoted as ¢, (A < B,n), and (4) the time the latest steered

MIMO pilot was received, which is denoted as ¢, (A« B,n). Station A may use this

information to determine the age and quality of the channel information that is currently
available.

Table 2 shows a list of variables used in the description below.

Table 2



(1) the tinme that the latest (or nobst recent)

unsteered MEvIO pilot was transmtted, which is
waewoerhoas t"x {A - B,n) , (2) the time the | BCEEE2005/015818
steered MEVIO pilot was transmtted, which is denoted
as tl s x {A- b,n) , (3) thd6time the | at est
unst eer ed vl O pilot was received, which is denoted
as s)rmp;ol(A B n) , and (4) the Ddsmﬁpﬁb\e Iat est
bl ctl cu IVI:VI P was 1 CL.CI VCU V\IIII bll LIRS) UCIIUl CU
tF (8 % By sTﬁy late%ttlatq thaF stetiomyA {raRsmitsiag ynsteeredagQ pilot to
t & det erm ne statien Bgas determgined intfyanag 7t he channel

T OF TR T Of TN [.§ (HEEenELop oY Bl ARG o [ODBITTS o
Yyt ? Seded MIMG

2t,$howsB.a) |
beféow TgblI %gf”étB S%d WEOC% efd 'ﬁ'ﬁ the aoe of the

channel ;i 0f Qrif@lin@iutaMii ablich Amedeh%s eHe Ia@Burfsfeafid MIMO pilot
(forl e e url repyps siaiaNBeAs doirfHiNEalih 9 as fol lows. If

+he nt or 1N fraom An
tHhe—edr+eit ullullll\,l t |1| Of ||u.L| S \,ICI Hea—+oemah

upsyeer ey M| (ibe sineoat whictestotéen Amenei e thei lotestBteer¢rbMIMibpilot
age of t’ P ifroino statn Bnas deterguradd in dratieer. age of t he
unsteered M
neudted to Bi}%ésggg dsleY tfer s Eerena iR ini gt opian eagine!
t he channel PHPMAY on or. equival ently. the channel

i nformation |igo@Yahs a&hf fét albteBr QPRI Rt 1 & bbraBCHaMhdl g

the fnst eer ed, M N Thus, the | atest unsteered
M-MND. r\l l ot tthat cotH r~| have Inaan used to-derive—the

curr @lfl.t char rPebcessnﬁg)dﬂay Farra MEMOY IelmwetdalatSNIya@e information.

dn"1 | Al copoandac Anrl @ Ay and e rodont 1 £ AAd oo
UI'J T 1 U1 SOCUUITTUO CAaArrTirm el Aalrtru IIM UC ruciITitiriTd Cu Ao

fol IMwg: max Nfximunmage® perna} pse; of thg, channel gfogrmaor.

the |afncf anfnararl MMND nllnf fnr fha current frann

n \/\laph'f”ecel \ ddaxamulrezgstto qbpﬁmt oje afelboBNR/remrihfoemati¢rhen

this ubst eeded MM n| Lot was used tao derive the

gﬁ?{( e%h %Ir g2t b $NRIBbianRd blycwgive A, froth stdiien [Bafeqs | derived from
Nﬂ?ual ﬂafg(s)fr@crentéaefrcqﬂ 6a8Hi BS. rame n was

ICbCIVCU IC\. lllall U IIUI DCL,UIIUD CaIIICI, lIICII llllb

ustdeer Ba)MIAhO tisng Qitwkwélg; SAR( A fs B ) vas obtained by station A.

[0061] Station A may determine the age of the channel information available in the
current frame n (or the “current channel information”) as follows. If the current channel
information is derived from an unsteered MIMO pilot received from station B, then the

age of this information is equal to the age of the unsteered MIMO pilot. However, a

delay of d!,, is incurred to process the unsteered MIMO pilot to obtain the channel

pilot

information or, equivalently, the channel information is available d“, , seconds after

pilot

receiving the unsteered MIMO pilot. Thus, the latest unsteered MIMO pilot that could

have been used to derive the current channel information was received at least 2

seconds earlier and may be identified as follows:

max {[t,,.. — 1. (A B,i)]= dp,,o,} . Eq (19)

If the latest unsteered MIMO pilot for the current frame n was received at least d,,

seconds earlier, then this unsteered MIMO pilot was used to derive the current channel



derive the current channel information. Equation (19)
determ nes the nbst recent frane i in which the | atest

waonebeered MEVlI O pilot for that franme i coul d PemEShHORMSS1S

[0062]

[0063]

used to derive the current channel information. The
age of the current channel infformation derived from
the unsteered MEVIO pilot may then be expressed as:
infpsmation. Hopever, ifghe lgtest upstegreMEMIO pilios fariibe puraens frame n was

e

urrent channel information_is derixed froma steered
VB ST Seend B Par L ERIRT LS RisrRS higBOgpecent frame
A i WhicRiRE TRt QRstesre@ MBVIOL Bildt TBr BRI fidfnet NEuld have been used to
correspondi ng unsteered MEvVI O pilot fromwhich the

derivertbel cNEMChannaltinfasmatien.y e agedel] g aredipckanneloinformation
c?)elsrivé{i] ?r%H t%g ug%lte?srgg[ M@{g@il&o m%{ H%ﬁ %ﬁ g%@'éfs%i/ ggr ed Mevl O

recerve rom I'on of dp u ot
Is incurred by station B to process the correspondi ng
unsteg%gd;wg¥$Cth4@IB§¢Qt by station A Thus, the Eq (20)

| at est "unsteered vl O pilot that could have been used

to derive the current channel information was received
ahert e agtthel sl tinded pletepmieddyredsatear (1P rndind may be
identified as follows: max {[tcurrenl - trx (A - B,i)]

dpi | oAZF" AND Het Unpteesed Wé})ﬂot waangtaeegivesh | dp” Uol

} . Eq (21) Equation (21) determ nes the nobst recent

f r amelf; thie ncusene chhineel | iafeaiatiom St edetieed MEarh Q- pidectd MIMO pilot

that frame j .coyl d have been_ysed to derive the
6V eh OB SAHEY B ihel ik 15 Of e ”g@’én%’font‘ﬁeeqb‘g]r oo e -age of the

edm@g@ldiﬁgmm%di VLSl SFbnt KAt st 8@ MIIDIMR is derived. A
pil ot may then be expressed as: Agc s =tcurreni -C(A

detay Y, iEGnduZRY bylseitionjA tosprobes tieasierédIMEMO pilot received from
deternmined by equation (21); and Age = -o0 if a

Shiesy BdaM YQepiy &t gnasisnipbuk&CBY ¥&€lon [BQH locddieha@ereéponding

the current channel *"'nformation, AgecL nf (n) , may

GivesRrdIEMVENIT BHSESENASY Afttioh A/ Thi}, the Matest (WhgRered MIMO) pilot that
. E 23
coulc? hgve een used to derive the current channel information was received at least

+d"

s
d pilot

pilot seconds earlier and may be identified as follows:

max {[t,,,., —t. (A< B,i)]|>2d%,,} AND max {[t! (A« B,i)—t.(A— B, p1=d"%,}.
i 7

current pilot pilot

Eq (21)

Equation (21) determines the most recent frame j in which the latest unsteered MIMO
pilot for that frame j could have been used to derive the current channel information.
The age of the current channel information derived from the steered MIMO pilot may

then be expressed as:

Age’ =t -t:(A—> B, j), Eq (22)

— Yeurrent

where j is the frame index determined by equation (21); and

Age’ = —oo if a steered MIMO pilot was not received.

The age of the current channel information, Age,, ,.(n), may then be expressed as:



[0064] A transm ssion node may then be sel ected based
on the age of the current channel information, as

wo 2doboo09 [ Steered node if Age O Th , Transm BGI/US2005/015818

[0064]

[0065]

[0066]

node =<, Eq (24) [ Unsteered node if Agec _ip/ () >

Th . The transm ssi on node msl§ al so be sel ected based

on ot her pertinent information. For exanple, the tine

var i ahge ngt (m) e roi (Age’ .M\3O)channel may be considered. Eq(23)

If the M MO channel is relatively static (e.g., for

fixed stations A and B), then the channel information

may b trassmissipa| yode rayathen dedsajestqdy basgdrom theopggepf the current
ly, if the M MO channel changes

%arﬁql%%&n%l@n%sr%ﬁgﬁls for nobile stations A and/or B),

t hen the channel |nfor mati on may be accurate over a

shorter time period. gvar {o-Nat sietr he
M MO fﬁﬂmgg‘f’gﬂﬁ’ be a%—tcgzgrﬁgt “f or llfal}‘%eﬁé”f g'g))erfpﬁl{l‘ﬁ‘tl 0N Eq(24)
e

of the age o chlapn for matd qn. .and/ or sedr NE
age threshold, Th r 0 et xranrcr"SFe,f %‘&Sm larﬁ” >Ag€“8°rray be
a functl on of channel type (e.g., fast or slow

’Iél-?efdt]}r AN %é{]ég&eeﬁlta}/ ARG btel'yél%gl!ag lbqg‘edn&f/%tggrs?ﬁ@?ent ﬂ{fomAatlon For

ermmpmeIt&c:mrrtdweaﬂannaiaturatoé(tse MIMOdettaand]r mag e singideded.  If the

t at B b d h derl
06t Shrspel e seurrly e 10 ey hdoes X' ATV Rphe channel
15%%{%% RAPRELLISGVEY adddard hﬁH‘veflfdQWe?B%dg@f‘ﬁmé\pEHocB @&?versely,

dependent On the received SNRs at station B, which
i eheeMtIMﬁaaclnadntiaéledeSrfalelyt xhpudlm(eg ,e@r otbbilE mtlpns Atandfor B) then

d d f
@8 gﬁg@tgﬁ %@%agavwgw%%e{nec S%C\l,lg}. ?e Iggee 9 sho ﬁ{n of ; 1tgraet }I?eg{c])g'(a‘ ’l;h-grhme variant

Vi€ fof BRYMIMENcHM@nElenly Basdcolifted @t inQRe ComMitatidnOst the age of the
may estimate the recei ved SNRs at station B based on

¢Haendl riformaationadngl(w)in dlist ageribslialdnTf At iFon eBimplor Age” and Age’
exanpl e, station A may provide each initial rate to an
may be gefuhctcm ofpchtaabélelypave. g fastipr slownfading)i diffetenkage thresholds

t.h I Th f SNRs
; eqH Jo'i %‘ﬁfgfegf F%aﬁ‘“‘/l‘ i I S 'é({ 2&%" ent ef fgireon (or the

“cur rSiﬁﬁorSNRnhﬁ@&édmﬁd ﬁﬁh'l )ratb(%) tarite@ammissR(td sFatloZ'B based on
n) and is obtained at tinme tsnr (A <- B, n) [ 0066]

A
belagy offtheigmderyng AMIMOepilqt ised de derivg theotnitial gatetn lhe actual
lté’get(ﬁ ?@(ﬁ%ﬁg)yftfeug g{ﬂ\?/e Hgﬁ\ﬁs{b% %g{oqg ﬁ (:ngelﬁiehpén {hg received SNRs at
stati@(B,) whialn chay e dstilatei bageidain eithted stperbd MO piotdr annunsteered

{hf dpi(]g reI:(g\r/edS }rg;nl S(%Qtlcﬁl B‘o ﬁeor%(e:esﬁec} EﬁRls r}hgyl ge! ccgnavteggg )to initial
rate(s), which may then be sent back to station A. Station A may estimate the received
SNRs at station B based on the initial rate(s) obtained from station B. For example,
station A may provide each initial rate to an inverse look-up table, which may then
provide the required SNR for the initial rate. The set of SNRs available to station A in

the current frame n (or the “current SNR information™) is denoted as SNR(A « B,n)

and is obtained at time ¢__(A < B,n).

snr

A delay of d_, is incurred in order (1) for station B to process a steered or

unsteered MIMO pilot to estimate the received SNRs, derive the initial rate(s), and send
the initial rate(s) back to station A and (2) for station A to process the initial rate(s) to

obtain the current SNR information. Thus, the latest MIMO pilot that could have been



obtain the current SNR information. Thus, the | atest
M MO pilot that could have beenused to obtain the

wae 0em905NR | nf ormati on was sent by station APEL/UB®as015818

[0067]

[0068]

d nr seconds earlier and nay be identified as foll ows:

[ (A- .,n) - max {C(A (r)B,KHP, tt s x A (r)B k)}]

dnr . Eq (25) k Equation (25) determ nes the npst

ysed émpbthinatire ckrrent SR afotrhaidnawasssens b etatidn dy at least d,, seconds

unsteered M MO pilot for that frame k could have been
éedat‘@)“ti'éfrhev@eft“ﬁ‘éd@&ﬁ”@ms SNR i nfornation. The age of

the current SNR i nformation nay then be expressed as:

(O A S A T AR BB Sl © (A EaeS)

determ ned by equati on (25). [0067] The fi naI rate(s)
on the cu rent, SNR

| ted. b
ﬁ'ﬁéu eégk %gwgnm%% %frﬁ?ﬁ‘mﬁe%ﬁ ryAg ’(pb%é’fflﬂay %%"ﬁ%?st Steered or

ﬁd@fe@fe@%ﬂﬁ@ pifR FortthaMRARe k'ct)ulidhﬁav@%@elpﬁseﬁhg dedved @B lurrent SNR
SNR i nformati on exceeds an SNR age threshold (or

infpemation.nThe age of The Jurrenh ENRtihforsakon miay theatbesnpreasediss:
deened to be too stale and discarded fromuse. In this
case, ,the st robust trap n Sm)de t he | owest
rate (‘8%g. i BheldeneSX &@é‘{n—hg e@?‘gh »mode) may £4(26)
be used for data transm ssion to statlon B. If the age
oé t he urrent ? tnfor tion j.s s than the SNR
e iy BB nfoeietmin e plich (B4 by st ation A may
be adThstifd rfasPchagbetsbRcREDagd dihtie SMRehtrENR Afefbirdlion, the age
and the adjusted SNRs nay then be used to sel ect the

ofi the SNRatnégraptiomrrndqesiBlyj iasrriplermatign. porsapmplenifthe age of the
006 snr
SRfenRSRR TPThGan bER i SRR IR (oRBen (0> Thiz ), then

f h d
RS RO B R EhETRTBA o e TRl Mifocom goe. tn s

¢a3¢,ahd Bost 1ddlst@ipSRTEIda matechnddhe! Edwetshfater @) the (lbvﬂ*dRrate in the
for each eigennode based on the age of the SNR
ynstesradampde). may beussfPe dagniranymissigniostationsBr Ihthe(age of the

B i LT T b S

snatlonrrAana)s bt hdjustat dasged @djhesﬁgﬁmﬁtthé SNR InforSidRof camgl. the adjusted

| e =50, dB/ g
@E@ ARBY g{el%age wsed tq) églgffn%ﬁt %’&ﬂ ‘%QR Irﬁf rﬁ%hgqﬁ]qstment may be
pdHdbhed fNRirleis maAnék) -SNR o , Eq (28)

If the steered mode is selected for use, then station A may receive an initial rate

for each eigenmode m, determine the required SNR for each eigenmode based on the

initial rate for that eigenmode, and adjust the required SNR for each eigenmode based

on the age of the SNR information. For example, an SNR back-off, SNR ,,, ,,(n), may

be computed based on a linear function of age, as follows:

SNR .
adj _rate ' Eq (27)

SNR n=————,
“ge_bo( ) Agesnr_inf (n)

where SNR is the rate of adjustment for the SNR (e.g., SNR =50dB/sec).

adj _rate adj _rate

The adjusted SNR for each eigenmode may then be computed as:



where SNRr i? nm(n) is the required SNR for eigennode
m (obtained fromthe initial rate); SNR 00 is a

whawkoofh f or the steered node (e.g., SNR O = BCTIBS)005/015818

[0069]

[0070]

and SNR, m(n) is the adjusted SNR for ei gennode m for

the steered node. Station A @y provide the adjusted

SNR for each eigennode to a | ook-up table, which then

provi SR %n(m)fq SR 1 ,@(me—SNRaFehg(n)aSJﬁhmde Station A Eq(28)
may use the same | ook-up table that station B used to
obtain the initial rate for each eigennode, or a

whdré eBNRY, |, 0Okisuipe teqiniesl SNRF6O]i gdrimddeen (nisdipet fomrtbalmitial rate);
is selected for use, then station A nay receive an

i ni ti QNRE alsea Baek-ofBfoR iRl sgertEedea@d. NSyRg et 0dBi)Nenda

single fi'nal rate for data transmssion in the

unst egNRd, rrpge]s tmad;@tassmd fi émxyodaen eqrThelitested aode.

each ei geh e as foI ows: SNR) = SNR ) -SNR?
oSy S B2 By TR G LR B e
t‘h@l? pasliastigd frﬁhﬂaﬁ@for&hﬂ@g@%cﬁ‘ fSUtidMA WA LS RGsame look-up
node. SNR O may be used to account for various factors
whielthatstation @ used peobtainghe initaal s fornagke pigrinade, or a different look-
i 8l buted over all Ns spatial channels (even the

ppoor ones), loss in performance due to variation in

SNR aKrths angeqéd drida ipedéeéd fande sthew ltatl&h\lRQnaSjNEiEHi)vc an initial

and SNR adJ rate may be .determ ned b
SS1en{OF 0 1DR ECRpAG Ay, SelSTR B REle SRl 8 fﬂﬁdataoteam?nsswn in

thB Curl3EBREr mdlie SPAR éﬂhus@éﬁagﬂﬁl $nalyObd! T6m! Ng)ﬁ'lred gt Qzach ei genmode as

transmssion in the Current frafe n, , may
fodlodet er m ned by counting the nunber of "good"
ei gennodes with adjusted SNRs greater than an SNR

threshol d, For,6 ea i gen if SNR m(n) > '
SNR IiS_NRtaJmea‘ %T?!R ?n%@n@wmqg%]glo 'sch (n) . The Eq (29)
nunber of spatial channels to use for the unst eer ed

mode is thus less than or equal to the nu

Bhgen S Ban 1 bPacket] { he susteeroh merFele B NN 7 B ¥ied
unst eer ed node, SNRav may be conputed as ’
f ol | oAW1 (TENR the 9«11&%%%1!8 fgr QJgVEaW (¢ rﬁ?r the ppsteesed mode.

[0071] Station B selects the initial rate for each

SNEENIRYHRREGEh LAo@R FESHHTRL FRRbrE BiRth as, e.g., the total transmit power

being distributed over all Ng spatial channels (even the poor ones), loss in performance

due to variation in SNR across each data packet, and so on. SNR; , SNR; , and

SNR may be determined by computer simulation, empirical measurements, and

adj _rate

SO on.

The number of spatial channels to use for data transmission in the current frame

n, N,,(n), may be determined by counting the number of “good” eigenmodes with

adjusted SNRs greater than an SNR threshold, SNR,. For each eigenmode m, if

SNR*® . (n) 2SNR,,, then eigenmode m is counted for N_, (n). The number of spatial

adj,m
channels to use for the unsteered mode is thus less than or equal to the number of

eigenmodes, or N_,(n)<Ng. An average SNR for the unsteered mode, SNR, (n),

may be computed as follows:



all Ns eigennodes are used for data transm ssion and
that equal transmt power is used for all eigennodes.

wo ode@s®0e han Ns spatial channels are used for P€CH®S2005/015818
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unst eered node, then higher transmt power may be used
for each selected spatial chdhnel. The first termon
the right hand side in equation (30) accounts for the

use of _hi gher tran mleo r flor patial channel

i f 1 e¥NRg e NG y ? igg%-b@é’(‘bd for use. £4(30)
The second term on (r ht SH‘ nd Side in equation

(30) is the average SNR (in dB) for the NJcA (n)

; pat i ghrighBRERLS 1REhRG B fReattPEigtinddc@Bedon Enq Q¢sénption that

tion A may provide the average SNR to a | ook-up
aﬂlalﬁi; exgean«bds ard ewdpfpodatd émnsrhissibn pad thragequdl dranshig power is used

eer ed se the sa
BRBh SRTRY ot B B e B S AR b ffgerd moce
thél hidher HASNAE HERerMRAQ . beOlsed fo# EAchr @Mdctddogiatibipchanbéle. The first
[ 007 Alternatively, station A may receive a single

tern onahe righe hped sidadn pqyetisy €9) reeraints fon the ase 6h hgher fransmit
t
R 528 1) LA T OB S LMo, e
secljridisterrh lva the gight lechd SR inagieatican(30h & thgaveafage SNRS(\RdB) for the -
informati on, and deternine the final rate for the
Nastg espatipl eharnelssleqtedion s imfpmstied SNR | 0074] For

both the steered and unsteer t he .
7ot o orbd TRACHOBL 4] BB A8 B10 bt hich then provides
tREFinhNERE fdrnh@uABREL LM nfvdeh AAsidmA hibyBse/ fel Afte 108k-UpQable that
of the M MO channel. For exanple, the SNR back-of f,

SSNRNOB (usyd fo ghi@imoan iralagie ok ke hestepredraodey or a difgrensdook-up
X 1f unction of channel type (e.g., fast or slow

F% di ng). For sinplicity, the SNR back-off was conputed

bas edAREmaxi el y)8&itioh Un élayaBeadie agidgleagitiaheus forthe unsteered mode

equation (27). In general, the SNR back-off may be any
fromedatiosy noﬁnlthﬁe‘éﬁse’f sfAden éh Y deferming/the rBqiEsd SRR for the

lﬂﬁfe@%trﬁétgeob#sgg%ﬁ]t ElifRialda® QRsBht Ir (1)1%H§ngl@'ﬂfa ﬂ\athe age of

process or se ectl ng a transm ss
the SNRmirderinoationnaral ddterelinshedirsd eare fdrrthe vadtesred Uh:aln ha$ed on the

i pf or jon used to transmt data via a wreless
‘t‘ﬂ%ﬁ?ﬁg@&*s obt ai ned (bl ock 312). For a M MO system
the Ch@NBsth tHaf sl & TBMeOIRho&S, Shd TG GhR(s Mg?dalso be

to transmt data on ei gennodes of a M MD channel
drsgriieedobased e dthar pertinest inéoraation suﬁisa%@ﬁéunwmm nature of the

m rﬁhﬁxgrgel ag Oflgx%rga Ch}?eh%g\h%; ]]ngs'lefﬂ (n), and/or the age
tg%/q%g{?ﬁ\[ r{]&%’e v\%?aé’h G A Slgﬁltgﬂﬁf& ch(arme(‘il typel'I Pesft; © ast %r slow }admg) For

simplicity, the SNR back-off was computed based on a linear function of age, as shown

in equation (27). In general, the SNR back-off may be any linear or non-linear function
of age and/or other parameters.

FIG. 3 shows a flow diagram of a process 300 for selecting a transmission mode
for data transmission in a wireless system. Initially, channel information used to
transmit data via a wireless channel is obtained (block 312). For a MIMO system, the
channel information may comprise eigenvectors used to transmit data on eigenmodes of
a MIMO channel and may be obtained from a steered or unsteered MIMO pilot. The

age of the channel information is determined (block 314). This may be achieved by



information is derived. A transm ssion node is then

sel ected fromanong nultiple supported transm ssion
wormesolveased on t he age of the channel i nformekpdDOSANEI015818

possi bly other information (e.g., the tinme variant

characteristic of the M MO cH&nnel, the capability of

the receiving entity, and so on) é&lock 316)

deesminpadhe sEa einther feams wnteaed WIRO) il 8hrashich the channel

I rd e

RARAGSY i BL5RL ANt o8t BECCLIAAT BBD DR muliple
suippoged 1$an‘sm1ssam ma@xrﬂawcyoﬂwhk/@gs yEthe whameal irfoppaionsind possibly
t transm ssij des - the steered nod n

SRS PR IeB ol Bt M e, HEan RS ENEN iy e MO chgppel, the
Jaﬁ)ﬁ‘ﬂﬁf? SfSihe Qeég?ﬂﬁg JRGyadYd 8BREMLIRK 163N IS S Pn processed and
nodes.” For exanpl e, a’system nmay support a

ttrmnmmcts\ga@lnﬁ wirelesd ehanhélgh adeardanice withaths selected transmission mode

Egﬁgg spatial channels with spatial spreading, a
Qf sion node in which data is transmtted on

[0076] Ort hoE&nalhn?p ahé adesaijpivnehtsovel i hfodtans pRérhpllarys MBAOI §@tem that
(the steered node), a transm ssion node in which data
wpﬁm%ﬁwr@wamw 58S althe Hesind modgiapd ugpigereg|mode. In general,

[
(B el ' Bt By, B0 o bt ad RN o oA modes.
Ecp“aw(bmlplesplsgsmn mapy smppmmamnssusnm lmnde in whichi data idataasmitted on
tra smt on. a Singl.e best atial channe
‘}%8{}% Sgﬁ‘éf’ﬁ g?““&lfr‘?é’é‘ﬂ? jal Sé’r"tardéﬂ%g AITSBIBISSIAD &éOdFﬁ“ which data is
Mﬂsﬁf‘tt&ﬁérﬁoﬂﬂ%g‘ohé‘l%ﬁhﬁltcﬁgmfelsosmu%lfé s pdiaf s;%]réﬁiiﬁ%‘f‘(the steered mode),
antenna, and so on, or any conbination thereo 77
Flt@nsnyissiopvsode fih ovhieh algieain tsansanm%@es@an@b chfmnels WIt spatial

EFERT 0 AT SEL PRl PSR B e n

dpRdel v%mlsgwahouquqbatmy speadifig Wa I edr8Atsstdnanitele ihS@dhich data is
for data transm ssion is obtained (block 412). The
EuAEEd ov & WnglprispinErafigihchmyelprithopt spatial osprﬁaémg, a transmission

g?g '}ﬁr/n @ﬁucﬁl\ﬁﬁa il Bhhdritted HoBPa. sﬁ%qeaﬁgnﬁﬁ]it aﬂ{éqng%dbs% on, or any

a receiving ent sent t
¢mnMsmntmhagoEntity The age of the channel state

i nf or pgt, i s d te ned (bl ock Thi_s b .
100771 Lo R 5o Sl s o6 6 2o Ahor pRTGring Filg selgption in a
MreldbstRemned IMiMB), tHahfd] skdt© MBkh&idnt iRBicalBE theSteadi®ed signal

infornation is derived. One or nore final rates are
qupdity &ulewirelgshelwadelgised her datmrarsmistien & otinedrhlpdngl2). The

5% bF AR B Bk OB PONRRBPPRLLLYG 50 on,

il ©a$ be ABerhmed dlyer wtdietlg bﬁﬁ@dmdl’sehlhte d trafadfitagientity. The age

node sel ected far use (e.qg. ered or unsteered
%@g)cha@ﬁe})a@[@ wi¢rmation is determmed (block 414). This may be achieved by

determining the age of the (e.g., steered or unsteered MIMO) pilot from which the
channel state information is derived. One or more final rates are then selected based on
the channel state information, the age of the channel state information, and possibly
other information (block 416). For example, the final rate(s) may be determined based
on the transmission mode selected for use (e.g., steered or unsteered mode), a back-off

factor that is dependent on the age of the channel state information (e.g., SNR ,, ,, (1)),
a back-off factor that is dependent on the selected transmission mode (e.g., SNR;, or

SNR;,), the time variant characteristic of the wireless channel, and so on. Data is then



factor that is dependent on the age of the channe
state information (e.g., SNR bs(n) ), a back-off

wo awboo19vhat i s dependent on the sel ected tranBoi/BES1005015818
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node (e.g., SNR Oor SNR O ), the tinme variant
characteristic of the wirel e$d channel , and so on.
Data is thenprocessed and transmtted via the wrel
RrReashrd aﬁdﬁr@é@eﬁe&awe theyyvirglessirbanpg] &9@@f¢%ﬂﬁ%w1thah%§%9cted final
R%@Q@o g). [0078] The techni ques described herein
a trgnsnission node and final rate(s) for data
tr ans’ﬂhestsclﬁnqmmsbrmedtth&xmmt auranemissionfroodeadniddimal rate(s) for
vai l able at the tr smttln tion.Aan&the e of .
34 SranSFIoH AR ORI, orr OO G a\e) 3 E ransmitting
$ERSTH SRLOMhe™ o?ehﬁ§t1hf?>?m§ﬁ% t hen& haamed ﬁxtfé}ﬁ?atlon used for
Information used for rate selection nay be derived
tfrarsmitsite wade selectifinf drsk thatchiviel Gagd Indersnationfysed dent rate selection

%’F‘?E%H] R Idfofn%{ﬁgdes and %ﬁfe&eﬂtele@%{ipﬂ%st? oﬁﬁtgerggtf tr%gn%smn modes

ddderaRe Iy Kef seldaredi fof @iffé&tnlt OfAmas Bade@ Bhithé Yarkd fi€srmation due to the
factors. [0079] As noted above the transm ssi on node

agiee plihe infermeattongind pessibly gthes f a¢t8fS-be used for a

nulti ég Z.E)L ed®bo %West fhtsﬁﬁgsm%weogﬁd FAL él@&? Plkﬁgues may be

provi y orthogonal frequency division At t1plexing
(<H Didr mrmslummmdsmMIM(bnststem:t SMuliiD @ffiegst nupl e prov1ded by

I‘tltIOSthe veraII tem dhlnt mul ti
Siasobii iRt SE SRR P ECHIM & Synd bhef FatrbyS. OFDM
é’f?ech%&i DRjallrﬁHQ&artlﬁé va@ra]lbbﬁfem %ﬂd@[&lﬂqgf@)‘mﬁhﬁen@bﬁ orthogonal
each bband i's associated wt

subbptst whishsuhalae mferrrect 9as tomep, HdCHDAS htnedanﬁh fmugmyachannels

1 Q yst ht utl ze
B Ortin, ey srifeltesr SRl RipedRE' Wi dhac may e

woeslafea rw1dﬁﬂéta t Fafls TMM@QQsterQﬁﬁQitlhEéH OFDM Sstpﬁ&:ilqﬂocessm g may
node, a channel response matrix be

bropesfasmgd pB cagbeiiihe stbands yseq Fprﬁmnswsmd i and
decorrp t%% s‘eer cp }n%rigf ;} hl%nNgl 1%' ﬁo%gggrga%gx OIII% gla}n r‘rgtbe obtained for

subband. "TREE ngul ar~ val ués i

éeif;h's)lbbafn@rk i syhbol perldd z’anmc&ﬁpdéécﬁjﬁf&ﬁal§Liﬁ@N% ré?éenfnt}@es of that

first colum cont alns the |argest singular va
sbbamt] Thd mngﬂaomlmm etaciednagoatal hmtxg:ei‘t(k,s) rfgu Ika=r1 NF, may be
val ue, and so on, i) 3
ordmérsecfs&hekthp)ﬁrﬁtscolw g@%@m e l%raﬁsea singpi yalug. rth% PPCO“ column

\c;or{talf{r@ th e&é(lahceﬁ:stagl ﬁflart\%ﬁ.\ rﬁfasrol dor \Ah@nz)t>h(%e(§'z?9l“!!. airO'Ns (k,D,

al ues or ea are ordetr

P A

are

ePh%Q oq'?é ﬂ? \Yaluébs‘ fo\fyl e%glp%%inx gc?{g??rgﬁ?rﬁﬁ% Eb &Emgtors (or

saneor der ei gen

@rgl{n%‘hs)t be v d&bLIARd HaRicE: tVeM)deRaNg (18I 8" MEE subband are also

ordered correspondingly. A “wideband” eigenmode may be defined as the set of same-
order eigenmode of all N subbands after the ordering. The m-th wideband eigenmode
thus includes the m-th eigenmode of all subbands. Each wideband eigenmode is
associated with a respective set of Ng eigenvectors for the Ng subbands. The
transmission mode and rate selection may then be performed for the Ng wideband
eigenmodes, e.g., similar to that described above for a single-carrier MIMO system.
FIG. 5 shows a block diagram of transmitting station A 510 and receiving

station B 550. At station A 510, a transmit (TX) data processor 520 receives traffic data



thus includes the mth ei gennode of all subbands. Each
w deband ei gennpbde is associated with a respective set

w@booklBowrgenvect ors for the NF subbands. The PCT/US2005/015818
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transm ssion node and rate selection may then be

performed for the Ns w deband4ei gennodes, e.g.,

simlar to that descri bed above for a single-carrier
ﬂn@vleoiasa/ squeen 5 {b@sx]esxs @ g5 farmoatss cedes| intdtledyesgangdnngflulates) the

0! 0 R, 05 MLl By

&80015 e&ﬁle\{@ﬁ‘mtddaf dridccacintiach G nthgtire éi\@bldlddemﬂlﬁodulated based on
processes (e.g., formats, codes, interleaves,
'{hﬁa@h ratee@jeCEqdefOf that sireanygiganmadyy BeloWe d@steerss anode multiple data

s?%gplglmc‘ay §e%ent gr?m%'rirggé ?Sau’a?{P&?amﬂQ ?mqq}n@ fitlal &"ﬂmng?fﬁe kil@ed for all
sent on’eac nd. eac ta stream nmay
ereaoded\ Hﬁ@spmdupmtexdobmgerﬁcnm sfpamrﬂlprocassang eh ehxt éata symbols
for that stre gennod For. t.he unsteered e

3160 PG eyt 10t Peaslentel BB SO GHOdR Y BT GEgalty dfreams of
ﬁmmmbow@ op ?raﬁdrﬁﬁlar bt TNRYR P §3 245@ebuloR53@4. | Each transmitter
streans. A TX spatial processor 530 perfornms spati al
Wwrib&8% geaeiyes rantdh@rxdamssﬁyrﬁbm@lvarmhnpnmtosyn@iama‘c@nft@r generate a

RPSIE OGRS RS O TRURLEE B 58 MheRidSMs 5320

thardghtsBeoarg Inraﬁaﬁﬂtted BNt aaeaidsts3es thivigdh 532, repeeti vedyn
and conditions a respective transmt synbol streamto

gener At #2680 Bryfs H@rﬁﬂfqlﬂgasfmﬂ thraugh S ghegrei vthe madulated si ignals
E%‘%Hh@éde% §ia98ﬁ!ﬁ§, zfngoéycﬁ ARARA h}(ﬁﬁdéénd fe2eivad & %uzg IBCSPCCUVC
t are transnitte

from tennas 534a th oug
te8eiver undiS(REEVR v EF4y . E@@Oﬁ@}lve&tunstféﬂl mrfanSﬁtbped’ng complementary
a as 55 thro h 552r ei,ve t.he nodul
QR EPTorma o PGSy WV P ar A PaNGE SO Ve GRpels. A receive

E0)V4 ée%@@ SE0pSTdIma Ispitfal Mndt@RAGtNE JnARERIved symbols
uni't #(ARQ}QO Each receFver unit 554 pgrforms vee s

frocab @IRngacclamp Iueme Ab4hrbpsedoon haspapelr flhmmmtrbg/ M(n) and provides
transmtter units 532 and 8@0\” des received synbols. A
d@@éqtd/@atq mb@laaﬂharmq@%é}é o dsgredoleased parghessgipcteg transmission

mat che t th
R P ey Ker S B < ale SERE P FOR Y9 (& WSk MMSE, or
%FMI) ang E?X%tégﬁ%&i@&e?meﬁo@@‘éé @¥TR9hbol ddifapiBddihtérieaves, and

deri ved based on the selected transm ssi on

ﬁ@déﬁséﬁlf detestadedngd shambaly anskrrevides deseter dasefasstation &d
for uéﬁa&%h%lmgtgljs 5’3%%Ind SAMSEHO% We)l esmat@é t%?ts%tlons A and

processor processes (e

Betaspetiveldy eSontesilérd 64 drd 580 kentislt e tc@dradaﬁ af Sxrio@ processing
and provi des decoded data for station

EHinfettatansi Aeindr B. sspeciiyg! Y57Meaarvw %nﬁ&%z store data and
progteh OH&Q ug&fbdﬁéo% dfoﬂ@:% 540 3hd gﬁa,t E%é&%” vel y.

ers 54 580 control operation of
var i ober lmartstmssmmglodm iahd rat sslectionpwhankehpglinBytor 578 may estimate

trh%Sé z?n%te respgnse I}/Ernge X/HWE&) Eanne?frgrrrlldstastlsc% Ac’ oosrtz?tiocril nd H]% received
SNRs for the spatial channels of the MIMO channel. Controller 580 may determine
initial rate(s) based on the received SNRs and provide feedback CSI, which may
comprise the initial rate(s). The feedback CSI is processed by a TX data processor 590
and further multiplexed with pilot symbols and spatially processed for the steered or

unsteered mode by a TX spatial processor 592 to generate N transmit symbol streams.



program codes used by controllers 540 and 580,
respectively. [0084] For transm ssion node and rate

wa@edembison, channel estimator 578 may esti mat eP¢h@S2005/015818
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channel response for the M MO channel fromstation A

to station B and the recei ved3SNRs for the spatia

channel s of the M MO channel . - Controller 580 may

Ne trensitfer pritst 3 thpugh §§41b@§@ Gonditiom gher Ne éﬁaV%Hlt SKRYol streams

0
B S o B Rt g e A DRI B s 32 hronet y52r
dat a pr enass 5300tenmotivlatetievigmald fropl etaton B tate r.‘dchﬂbd by Nt
synbol s_and spatial ly er ocessed for__the %gger ed. or

Qj\t@tﬂééééﬁ aﬁﬁd)éoq;ﬁeg by Ng Jegqivar Ysits Sd248r0bkp regsived symbols for
Q& Bt efh%"?e{?‘i\%ﬁ% oRVAFD @ik ?%eh"% Jnalﬂﬁrﬁ‘pﬁt‘iaqrﬁrocessor 544

units 554a through 554r then c on“the NR'tra
ayinboR Xsdate ansessor §4h1¢o abrin\Renfoedtagk €51 Siagmatagon \Bm €hntroller

Slieraesabs Bodbiehd Fotiress B8 Tagnar on i g APROR ) o use for

@E rhRERkEH td¥taln BNpRIVIRS a0tk eifiroPfP888 $66kc®¥ 1NEnd TX data
receiver units 532 to obtain received synbols for

proeasbemd29, aTi @revides (e delppied dransayssionympge ang chanagk gformation

Bl BB X B AGPRRRE ST an RX data

eedback CSI from station
B. Odmlid arhhoerisshe) modle aind&Steté&&cflexed&maﬁiquéﬁﬂescﬁhécbhémm may be

the transm ssion node and final rate(s).to use
ARRIEMETEH B¥ S eI s Pt PR tb?ﬂ&&é%agquas Py e Smplemented in

EREVAR! séewslal Br SOMRKinaih ARFEFX Bt & hRfRNGES %ﬂf)legx%gtatlon the

and provi des the selected transm ssion node and
p[bammg imfsoupet it npe(r@mgl fradngiesive cnodes Jand oralex seisetioralmay be

B GRRREh B it dRorn ABgiqeliBh SR AikeR Rt (RS, digita
$iBd] QIFBEdsQsts QDSPW 'd?giﬁal TRARD prdcetsifX 3 asAkes (DS®SY, programmable

t echni ques may | enent e har dwar e, software,
l@glcaiefymi(l?ldPs)oﬁelﬂlm@&rémmahlﬁrgaée AERYSEPEAs), processors, controllers,

”c‘% SORPAIRL, “Ricrd B Eé’r&e?sﬁl'epgel&é?ﬂohﬁ Hﬁ‘?sd d%&gHeecf k@ Wform the
mod

ransm ssion sel ectl
funipli @seiet@ibedihttin ooleombmrmmermmdfl cat | on speC| fic

i nt egrated CI rcuits (ASICs gi tal signal ssors
(DSPss:Of di 80 fiware o gperﬁgt&%’b cglp nﬁar&gwsggg mn gg(f rate selection

REAAGATTRRY B krg%@eﬂéwvaaﬁn{o%ﬁxe ?%c@duﬂ%@%ﬁéﬂ%?' £nd so on)

gate arra processors lers
thiat perf@on theoﬁulnetncms dnsmlmdrlm@ss oFhe; saftwese cedescmapecstored in a

units de ned tao d cribe
S [ ReRBrP | ok pdeot i iobe3) SREeSIEd by a processor
& Y@@l lePAG ARDLASBO), Th@@ndrﬁc%@&lﬂxtsﬁiayfbeﬁﬂﬁﬁerﬂé’ﬁﬂed within the
rate sel ection techni ques may be inplenmented wth

meftﬁS@rsor(@tqgnal tp thscrsaenseay, infWhich icasedt caree asnmpicatiygly coupled
gé g{d&gsggv1§1l¢?§{)ﬁes§ﬂ§aﬁlqg§% ko HGRENLE- The software

The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



menory unit (e.g., nmenory unit 542 and/or 582 in FIG

5) and executed by a processor (e.g., controller 540
w@ob0019680) . The nmenory unit nmay be i npl emrent Bdr/wszobs/onssis
the processor or external to the processor, in which

case it can be conmunicativel§ coupled to the

processor via various neans as is known in the art.

[ 0088] The previous description of the disclosed

enmbodi nents is provided to ﬁﬁgﬁhﬁsany person skilled

in the art to nmake or use the present invention.

waidt ioukim&dlisf i cati ons to these enbodi nents will be

readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to

ot her; embogli pEpt s o%él@&“@ A eRALhisAGn ThQD fof YaBPirkdshni®fon in a
scope of the i nvention. Thus, the present Invention i1s
windlessrrbamaledicdtion bgstémjdongutising: t he enbodi ments shown

hereip but .is to be_accorded the w de scope : .
Cons i CIEMN ¢ AR T BHATTE ProstraBan 4 Hele PEdre fpdtansmit data vi
A EesS@Ednhg! fidn. CLAIMS What is clainmed is: 1. A

met hod of selecting a transmission node for data

t r anslestingn transmisgionemeds fioorramang at plorality of éjgnsmission modes

conpri sing; term nin . ag f.. C ' ' .
ST o e oF s Ch M [arkiff Rl RN R b B BATRL 68ireiss
chaAN @l accanthnsevith thengleatedniansmissi®hamobdende from anong

a plurality of transm ssion nodes based on the age of

t he channel information, wherein data is transmtted

via the w ; i .wWth the
fie il ﬁéﬁo&apamh,mﬂge%%ﬁgﬁigm

sel ected transm ssi on node. thod of claim1,
f ur t hebtaiogpe gemivegors alstchionirangmed dpsa ve at Wumlitysefdorthpgonal spatial

ransmt. data.qn.a plurality of opal spati al
ShaREIE omaieb s frs o RPP St i he chanmel
iAfRARAbn cORBHRE hddigensbanpnrel information conprises the
ei genvectors. 3. The nethod of claim1, further

conprising: determning the age of a pilot used to

derive therchann F ' %5]9 erein the age of
t he chianne hﬁrﬁlftgrg!?rgtggﬁﬁ ?"saﬁ]gggrecrom hed thased on the age

of t h@et@nlitihg the afbBeofmetphilot ueéd ¢d alerivd thevicammieh ififoemation, and
lurality of transm ssion nodes, i ncl ud

: first .
‘tehedﬁié‘ﬁ’f‘"s ageorf the ghangeldniormalionis dﬂﬂ&ﬁ%@é&&rﬁr{éa age of the pilot.

wherein the channel information is used for spati al
processing to transmt data in the first transm ssion
node, 4. The method of claim 1, wherein the plurality of transmission modes

include a first transmission mode and a second transmission mode, wherein the channel
information is used for spatial processing to transmit data in the first transmission mode,
and wherein the channel information is not used for spatial processing to transmit data

in the second transmission mode.

5. The method of claim 4, wherein the selecting one of the plurality of
transmission modes comprises

comparing the age of the channel information against a threshold, and

selecting the first transmission mode if the age of the channel information is less

than or equal to the threshold.



and wherein the channel information is not used for
spatial processing to transmt data in the second
WO e@asmssi on node. 5. The met hod of cl aim4, MPUSI05/015818

the selecting one of the plurality of transm ssion

nmodes conprises conparing thé&7age of the channel

i nformati on agai nst a threshold, and sel ecting the

first6trankhe Bsihed ofodaim . thercig dheo selesingcpngakthe plurality of
f or [ or equal to the threshol d. 6.

%S&%ng&ef&%‘{ugé%’@m%er ein the selecting one of

t he plelecahg the wetord masmistonomod® ifahe hge dbhethe changml iiifesnation is

sel ecting the second transm ssion node if the age of

@ﬁ%ﬁ%ﬁéﬁﬁﬁﬂ‘eﬂF%¢natlon is greater than the threshol d.

7. The method of claimb5, further conprising:

determ ning the threshold based on a function of a

time %ari ablte mhtaoéiof@aiinsﬁ,if@rtbér comprisingel ess channel .

Con-prﬁleg‘?rﬁ‘gr it Ltjlieo g?l\f/i/i S orbgglgr}cmﬁgﬂé ?h}lér?egés a&# Ehdracteristic of

BB aRelss thdnaeImat i on avail able for use to transmt data
via a wireless channel and to select a transm ssion
node from anong a plurality of transm ssion nodes

basedg on t t
spat i 51 prig st i LEufRapBmb AL AIGRLER: caRfhifhe
accor daomeollsr tth deteemivel the tagd dfrcmaﬁmlsafmarmdeva&blewa use to

p us of claim8, wherejn the controller
‘65158}‘ Heya fviglsss aha@eﬁﬁn%fo EFZT&EI 3 FangEyssie pRde from among a

ﬁh?&ﬁlﬂﬁd)f thdHs R TR rRGHER 'Bgseg%QﬁéThébeéf thdEhAE! 19forf’na§on and
channiel 1 nformation based on the age of the pil "10.

The appspatal pgoasksog| tai spa@allyABmcessndathenmnond@meewnh the selected
n‘g_@res the age of the channel information against a
W8 sel ects a steered node if the age of the
channel information is I ess than or equal to the
t hreshol d, and wherein the spatial processor uses the
chann®| i nTks arparases @fcfrlalgp&tw%ﬁrelprtb% eenirallgr deferrpiaes the age of a

]‘? Lgel{sg&i t?‘ﬁ%ﬁva ]cﬂE FH}.[%eF‘HHM ion zﬁlfd ﬁétaj(rjrﬂhésotl}ev%%;gf'e{h& channel

cont &F Selects an unsteered
infemmabiam baded ionftiy apetdfolre pitotgr eat er than the threshol d,
and wherein the spatial processor does not use the
channel information for spatial processing in the

10.  The apparatus of claim 8, wherein the controller compares the age of the
channel information against a threshold and selects a steered mode if the age of the
channel information is less than or equal to the threshold, and wherein the spatial

processor uses the channel information for spatial processing in the steered mode.

11. The apparatus of claim 10, wherein the controller selects an unsteered
mode if the age of the channel information is greater than the threshold, and wherein the
spatial processor does not use the channel information for spatial processing in the

unsteered mode.

12.  An apparatus in a wireless communication system, comprising;
means for determining the age of channel information available for use to

transmit data via a wireless channel; and



unsteered node. 12. An apparatus in a wreless
comruni cati on system conprising: neans for
waledosomond ng t he age of channel infornmation avedT/aktoes015818

for use to transmt data via a wrel ess channel

andneans for selecting a traR8ni ssion node from anong

a plurality of transm ssion nodes based on the age of

t he oheama br selrcngra tiansmissipe mada fepam ampsg # Phalify of &gnsmission
t €
i aSes bl e of Mol I DERARAE MRt Wi P Bpmempited via he

\ﬂ.iZeles‘sLﬁhbiﬁle ircageprdagéengith teabkcled Itradﬁhﬁmfm modg. t he age

of a pilot used to derive the channel informtion, and

wherein the age of the channel information is

det eryq ne @g@ﬁ 14. The

appar?t usdT g{a%ﬁ nga g?eﬁlﬁhtgﬁgon?r%ans for selecting

one ohearlsdopdateralining tiof agerafraspii sisahtondedios tisoehanig @sformation,
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le if the age of the channel information is |ess

than or equal to the threshold, and wherein the
channel information is used for spatial processing to

tr ansfﬁ t g_”gﬁ rgtlrfse f%ﬁ% ‘?9 TRE&in gh% m ;{}S QPQQE&&\% one of the

of clarm meahs Tor selecting one
;tlhﬁhrycbﬂtadnlsmyssmfn mmc&@samﬁﬁse@n nmodes further conprises

nmeans for sel ec an unst.eered de if.the age of
t he CR&HKAPT mmnﬁgtt.eo%ge t*gercé@t"é%qn fﬁgﬁa%waaﬂgb%ﬁﬁ?saold and
and WaesRi Br k& nBaniighed MHAE Rt ABe bE tHeQthat® SnfoRhation is less

spatl al processing to transmt data in the unsteered
theler eq6al e\ theethiastioldf agbwherein thg chanrel swfbeuaticoris fused for spatial
data tr | ess conmuni cati on system

@8%?’?%%18”%’8 Qﬁf%t&egﬁgwﬁ&xo tate information

indicative of received signal quality for a wireless
channel used for data transnission; determning the
age of5-t heThmméatus;p%@lélm Afohareithe magnsster selesting ene of the

hiEATE OB Sid dhodldidult BARRESR on via the wirel ess

ased anne ate informati on and the
age Ofedr3efoe bﬂ&t’tﬁig @it @isecetadf modaifi the agé.Bf thEhehanmed] hefdrmation is
of claim 16, wherein a plurality of tes . ar
ggf)tﬁbma@dh%g})rgqlp@ld and whr:e)relijn theI ch%nnel information ?s not used for spatial

processing to transmit data in the unsteered mode.

16. A method of performing rate selection for data transmission in a wireless
communication system, comprising:

obtaining channel state information indicative of received signal quality for a
wireless channel used for data transmission;

determining the age of the channel state information; and

selecting at least one rate for data transmission via the wireless channel based on

the channel state information and the age of the channel state information.

17.  The method of claim 16, wherein a plurality of rates are supported by the
system, and wherein each of the at least one rate is selected from among the plurality of

rates supported by the system.



system and wherein each of the at |least one rate is
sel ected fromanong the plurality of rates supported
woyotshervsyst em 18. The nethod of claim 16, furP@EUS2005/015818

conprising: determning the age of a pilot used to
derive the channel state |nf8§nation, and wherein the
age of the channel state information is determ ned
based on the age of the pilot. 19. The method of claim
16, fwrth [ ack-off factor
basedﬂ%n t eﬁgggaa§fag% gﬁgﬁ%engt rlgm?nformatlon and
wher edetertiiing thd @sctf mplmtmatcmd derfwerthb eharel aattesdformatlon and
based on the_bac f act 20 The net hod of cl
WhereipHB ?ég‘hmf&@ Ea 1 gt wpirengfion is SRlpERG 'é%fe%ggé@eﬁa?of the
éag¢mct|on of time variant characteristic of the

rel ess channel. 2 1. The nethod of claim 16, further
conprising: determ ning a back-off factor based on a

transy ssi no, |.ect use f.or data
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nmode sdedrtnisivp I@Qfabl@-@ffﬁﬁctbhsas%&%hﬂm a@d6f thBehaingl tthe iAformation,
| east one rate is further sel ected based on the

andokhesein thexttlenst onexraterh furthet prderiest baspd Phthebackiofh farter.

t he channel state information conprises a plurality of
initial rates for a plurality of spatial channels of a

mul t i 21) e- i Tiputetiod of plasm a0} whﬁrei@l\fhh/bﬁ)k -offi favtvel is derasmined based

|n| e for eac ati al .chann he net hod
“ﬁf‘ﬂ’]‘ Qé time K aniant ﬁl!?"lr ﬁ‘ge‘%sé‘lcé’étﬂ?en‘ﬁ“? e %‘f’“? ast one
rate for data transm ssion conprises determning a
required signal -to-noi se-and-interference ratio (SNR)
for eadkh oThqmethpﬂQfallalm9{6dﬂrtbgalomﬂsmgannel s based on

taﬂe Sll\ﬁét%'lgﬁ{}mrgf%gbaslf( g%f Ofa&ﬁ E%s%&'o%la t(f\?n%ﬁ‘h %rsgﬁ%%c@%@gr use for

ddta thaabmissib® s wheRie anplotaligy an taﬁhjsmsdsﬁﬂ ﬁNE?es‘ afe aegpbrted by the
t he pl urallty of sgatl al channel s based on th

TY6H§) PR WORIRIT B 2t eastoparatafs f@ﬁaﬁnS@ieC%d)aﬁwréthack-off factor.
back-off, and determning a final rate for each of the

pl urali ty of spatial channels based on the adjusted

SNR f22. t hEhes patthadi afhaiainal 17y\m1neﬂféin tlet xhasnel state information
transmtted a spati al ann of .. .
GBI AP T oF TUH e o R BT patal RAHE g Multiple-input
gl &?Qt VMO EnaRhI! Ghd lhmapfatéﬁﬂfeha{ sgal@nih@hsel. and

wherein the at | east one rate selected for data
transm ssion conprlses the plurality of final

rat estz%_f]'g ”;[‘FECZ me, Oc% v{f;lmcbf“ ‘U%‘eégiPoﬂr{}@ %élgj:tﬁ]ngt f3€ at least one rate for

sel ec AL 4 Bher'a
data transmission comprises

determining a required signal-to-noise-and-interference ratio (SNR) for each of
the plurality of spatial channels based on the initial rate for the spatial channel,

determining an SNR back-off based on the age of the plurality of initial rates,

determining an adjusted SNR for each of the plurality of spatial channels based
on the required SNR for the spatial channel and the SNR back-off, and

determining a final rate for each of the plurality of spatial channels based on the
adjusted SNR for the spatial channel, wherein data is transmitted on the plurality of
spatial channels of the MIMO channel using a plurality of final rates determined for the
plurality of spatial channels, and wherein the at least one rate selected for data

transmission comprises the plurality of final rates.



data transm ssion conprises determning a required

signal -to-noi se-and-interference ratio (SNR) for each
wmtoosh@opl urality of spatial channels based onPdHheS2005/015818

initial rate for the spatial %hannel , determning an

SNR back-of f based on the agé of the plurality of

initial rates, determ ning an adjusted SNR for each of

the plurality of spatial channels based on the

requis£d SNR hithddt GRRF 28! wikhaRRe s@Blirgh@e SN ast one rate for

back-off, determ ning an average SNR for plurality

ddta trapspssseeh Grisget ermi ned for the plurality of :

spatial channels, and .determning.,a final rat.e t.he
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Mﬁ?ﬂj&@ffsgtaﬁgo%me@g,iaw of spatial channels. 26. An

apparatus in a wreless communi cati on system
conpr detémyning adorad rasé farithe plutahityaohspatialhehneals based on the average

Laformation i ndicative of received.signal, quality for.
SR PP Ch R of BT 0y ST sufls e’ s rae
dateiiitd ol iR Aty of patdiadhaghel st At whefeh MRS 1abMeast one rate
and to select at |least one rate for data transm ssion

salegtaddfer datp HapynisypmAeEPriATES N Tathe channel state

i nformati on and the age of the channel state

i nformati on, wherein a plurality of rates are

suppo2i.ed Pye nieehal of elmimal] wiereiai theeatjistal SNRe fat each of the

| east one rate is selected froma the plurality._of
by Of spufa &2 T8 potucifer éiﬁt.ernal.’ilamg3’%15%9[1 8n i trceud SR gack-off
gﬁé{%@lﬁé wh@h 8nt RnRAGERTEARAToMME BldrRy 3F shRAPENARGsT at e

ected by the controller. 27. The  apparatus of claim
26, wherein the controller determ nes the age of a
pi |l ot ,used,to dergve t he Fhannel st at e i.nformation and
det er A nes PRBPEEWS 8 2 P e SR ISEUR Yo 16D FRRPT B RS
baseda @Bnirbleerageohint dhanil | sdte IBfornhh@ord PiREGvE Sof Okceived 'signal
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ity forh yévglash champehyieddior dple teangmisions tydetermine the age of the
&mafn%lr@&tk qgfoﬁﬂgti@he,laﬁﬁ ttoc‘ sélQ& a@tleés?@ﬁé 0 Forl 8£t§ transmission via the

wireless channel based on the channel state information and the age of the channel state
information, wherein a plurality of rates are supported by the system, and wherein each
of the at least one rate is selected from among the plurality of rates supported by the
system; and

a data processor to process data in accordance with the at least one rate selected

by the controller.

27.  The apparatus of claim 26, wherein the controller determines the age of a
pilot used to derive the channel state information and determines the age of the channel

state information based on the age of the pilot.



further based on the back-off factor. 29. The
apparatus of claim 26, wherein the controller

waledoeomones a back-of f factor based on a transPQBEBESNS/015818
node sel ected for use for data transm ssion and
selects the at |east one ratélfurther based on the
back-of f factor. 30. An apparatus in a wrel ess

commi- c at T anpsatenet Jaihe§.-syhegein tha aantradier gereEminpng back-off
ﬁ@t%? Bﬁéealibglﬁbg ;}k{f)f){hg%hbrmg EtQt@'xﬁ%‘fﬁX@ IP]:mcf %‘fe%%'ts t‘ﬁg at least one rate

sl gha or a w re ess ‘channel use
furthestased b the baekoff fhaor.det er m ni ng t he age of the

channel state information; and nmeans for sel ecting at

| east one rate for data transm ssion via the wireless
channgy bapgd, GRrdifieoCIanNes, Whatia thO Lol QBeAfifled ABack-off
age of the channel state information, wherein a

fattor dhsedyornod trapsmaissiom elosla pplected doyset floe detpgtansmisaiod and selects
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31. The apparatus of claim30, further conprising:
means for determning the age of a pilot used to
der i v30.t heAnsaPATRIUS &t ErclepT PMURIGR I ONRYStelh EPBPHSifgie

age olfnegrlle o‘%h&%‘iﬁl {: 'ﬁﬁel' td@r l@é\"nﬁ%ﬁohsmgﬁ%&%mo?qg?ewed signal

based on t e age of he apparatus o
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i nf or Wﬁ?’?s %{ﬁ%‘“mé' éhea appe] sfaigiplormatign; and
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apparatus of claim30, further conprising: neans for
demmlnbaﬂedgora theachanet statec infortatinad aush the tagarpfnthesehonnel state

el ected for r.data tra and
TSR e 4 Batdf o0l wwﬁ?@h@w Spigy gpd wherein each
bmecht 0¢hst bee BAE ks Sdciddob@ranish 5 priaRg 6ff rates supported by the
performng transm ssion node and rate selection in a

$¥skd-ess conmuni cation system conprising: detern ning
the age of channel information available for use to
transmt data via a wireless channel; selecting a
t rans®i.ssi Dhe appaeathy afrol @nig fiathel vompridipg:of
transm ssi des . . .

means ?or geotenémng the age of a pilot used to derive the channel state
information, and wherein the age of the channel state information is determined based

on the age of the pilot.

32.  The apparatus of claim 30, further comprising:
means for determining a back-off factor based on the age of the channel state
information, and wherein the at least one rate is further selected based on the back-off

factor.

33.  The apparatus of claim 30, further comprising:
means for determining a back-off factor based on a transmission mode selected
for use for data transmission, and wherein the at least one rate is further selected based

on the back-off factor.



based on the age of the channel information; obtaining

channel state information indicative of received
wak@gaabidgual ity for the wirel ess channel ; det ep@i/ns10g5/015818

the age of the channel state information; and

selecting at |east one rate f8r data transnission

based on the channel state infornation and the age of

the chhnnef wethod ofnperforming irangnigsiphemeft agdtmatg selection in a

%{@E&{%}éﬁ,ﬁ&nig{&%ﬂts el £ @*SE“ hannel in accordance

ransm ssi on’ ND the at |east one rate
sel ecieendinihg diad spet ofehsimes fiformatidh avdileblafop asatousansmit data via
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dot cr 13 SR8 Gy Rled I noRBTRE) arRh "Plskélity o? tgnamission modes
baspdipmthesage fof teaihamidA infobumdtioer conpri si ng: det er m ni ng
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determining the age of the channel state information; and

selecting at least one rate for data transmission based on the channel state
information and the age of the channel state information, and wherein data is
transmitted via the wireless channel in accordance with the transmission mode and the

at least one rate selected for data transmission.

35.  The apparatus of claim 34, further comprising:
determining the age of a pilot used to derive the channel information, and

wherein the age of the channel information is determined based on the age of the pilot.

36.  The apparatus of claim 34, further comprising:
determining the age of a pilot used to derive the channel state information, and
wherein the age of the channel state information is determined based on the age of the

pilot.



