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[0001] The present Application for Patent clains priority to Provisional

Appl i cati No. 60/569, 201, entitled "Transm SSIIR?I%"M?IQ! ction
and Rat e %zgiﬁodgngfor a Wreless Conmunication System ESI@E %7 2004,
and assigned to the assignee hereof and1 her eby expressly |ncorporat ed by

reference herein. BACKGROUND . Field [0002] The present invention relates
general ly to communi cat | on, and nor e speC| fically to transm ssion node and
rate selection for ‘i" §I SEPRdTIORG R ound [0003] A
W rel ess nultlplelnp %@1 @u‘ﬁ? B l'oys nultiple (NT)
transmt antennas at a [ gFeK?NR) receive

antennas at a receiving entity for data transm ssion. A M MO channel forned
by the NT transm t.  antennas and recelve antennas may be deconposed into
Ns spatialtlshanﬁﬁgnoflxﬁélpélty neder ; @éhé’l %NR 1. The Ns spatial channels may
be us tran t I I ” / or

Patént i 95 ProtitioAMI AR caRBA
redun ant y to ac |per€:gernij1 é%thg%&?’e (J'?aba%n(P H'F‘é)o{'ﬁ’rﬂ“ Eacnoslpatla Bigﬂri1anne may
experi ence Sestl NusﬁOiEﬁQeI(Hr |emm$ed:‘ﬁanmiussmn Made Sedectionahd Raite Belectionffadang,
mul tipath, and interference effects S channe eri ence
di fferent cHHRIA EEG‘HH%“EQE‘HHQ %Vﬁt?%ﬁl%f{‘jﬁﬁ vé g&i“réf‘grﬁsswg#é‘? nﬁ%aﬁﬁ 8- and-
interferen A QIEN%?} e &@B o b%ﬁrﬁﬂ: sRahkRin channel determines its
transm ssi gl(fé\re(r?g%)a(gl?er | csﬁyllsct I call'y qtrJant ified by a particular data
rate that may be reliably transmtted on the spatial channel. For a tine
variant' M MO channel, the channel anges over tinme and the SNR
of each spati al channel al so change?“gggﬁi@w The different SNRs for
di fferent atla} ahannel s plus the tinme varying nature of the SNR for each
spatial channel NERe it challenging to efficiently transmt data in a M MO
syst enpod2p005]  TiheIReseit inhemtiinoeRited gepadlly fo Editmanicafien, ahé efure speeifidatly

efficiently transmt data in a
to transmission mode and rate selection for a wireless communication system.

II.  Background

[0003] A wireless multiple-input multiple-output (MIMO) system employs multiple
(N7) transmit antennas at a transmitting entity and multiple (Ng) receive antennas at a
receiving entity for data transmission. A MIMO channel formed by the Nt transmit
antennas and Ny receive antennas may be decomposed into Ns spatial channels, where

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

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 Ng 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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[ 0006] Techni ques for selecting a suitable transm ssion node and one or nore
suitable rates for data transmssion in a wireless (e.

..MM
comuni ca¥Po%8Md2%8m are descri bed herein. According t%%”%’ﬂﬁ%‘a?mnt of

the invention, a nethod is provided in,which the age of channel information
avai lable for use to transmt data via a wireless channel is determ ned. A
transm ssion node is selected fromanong nultiple transm ssion nodes based
on the age of the channel information. Data is transmtted via the wreless
channel in accordance with the sel ectSIgMMARYM ssion node. [0007] According
to anot her enbodi nent, an apparatus is descrjbed which includes a
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spatial |y processes data in accordance with _the selected transm ssjon node.
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use to tra da Vlia a wreless C nmeans ctin
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d dat
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w rel ess channel based on_ the channel  state .infor tion an é‘fg Fl e of the
channel st atfermatignopyailaplsnfor [45e 110) ransedt Batagyie yféﬁe o ,
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The controller o tal ns anne ate’in or mat1on 1 ndicative of Tecelved
si gnal qualchinnef mfomauonelﬁm&paﬂ@rpmjesmeplatﬁmy ladeasdsrdaresin &soxlance with
det er m nes the age% t?gnsrtrl?sesm(r:nr}r?gy state informati on, and selects at | east
one rate f

[0008] According to yet another embodiment, an apparatus is described which includes
means for determining the age of channel information available for use to transmit data
via a wireless channel and means for selecting a transmission mode from among
multiple transmission modes based on the age of the channel information.

[0009] According to yet another embodiment of the invention, a method is provided in
which channel state information indicative of received signal quality for a wireless
channel used for data transmission is obtained. The age of the channel state information
is determined. At least one rate is selected for data transmission via the wireless
channel based on the channel state information and the age of the channel state
information.

[0010] 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 transtmission,
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.

{0011) According to yet another embodiment, an apparatus is described which includes

means for obtaining channel state information indicative of received signal quality for 2



transm ssion via the wirel ess channel based on the channel state information
and the age of the channel state information. The data processor processes
data in 0, with the at |east one rate sel ected roller.
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two exenpl ary nd data transm ssion schenes FIG 2 shows a
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[0019] The word "exenplary” is used herein to nean "servi ng as an exanpl e,

i nst af@d3] or i Maneus aspecis and gmpodinsotsi ofshe indestiomi e desoribed in fustherdetaipl ar y"
I S not nec%a%%ri ly to

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A and 1B show two exemplary pilot and data transmission schemes.
[0015) FIG. 2 shows a frame structure that may be used for the MIMO system.
[0016) FIG. 3 shows a process for selecting a transmission mode for data transmission.
[0017] FIG. 4 shows a process for selecting rate(s) for data transmission.
[0018] _FIG. 5 shows a block diagram of stations A and B.

DETAILED DESCRIPTION
[0019] 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.

[0020] 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



be construed as preferred or advantageous over other enbodi ments. (0020] The
transm ssion node and rate sel ection techni ques descri bed herein nay be

used for various w reless comunication systens. These te ' y be
used for W %&q/@_lgog”i er as well as nulti-carrier systen’l’sc.g't}%ﬁ&?g%hni gues
may al so be used for time division duplex (TDD) as well as frequency

di vi sion duplex (FDD) systens. For an FDD system the downlink (or forward

i nk) and Lir or rever,se L.ink e allpcat if.fer f requengy. bands,
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correl ati 0ReschiBed BEIBW foY anleRemplany sifile Tagier MHIR MIMOY Sk@ns eAkotfopdlarity,
described bel ow for an exenplary single-carrier TDD M MO system Al so for
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their short descriptions, Table 1 Transm ssion Mde Description Steered
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nmode uses ahddgd shontfdesoriptionsn (e. 9., eigenvectors) to transmt data on
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Table 1

Transmission Mode Description

Multiple data streams are transmitted on multiple orthogonal

Steered mode spatial channels of a MIMO channel.

Multiple data streams are transmitted on multiple spatial

Unsteered mode channels of the MIMO channel. ’

The steered mode uses channel information (e.g., eigenvectors) to transmit data on
orthogonal spatial channels (or “eigenmodes™) of a MIMO channel. The unsteered
mode does not need any channel information to transmit data on spatial channels of the
MIMO channel. | '

[0022] The MIMO systern may employ spatial spreading for the unsteered mode to
enhance performance. With spatial spreading, station A performs spatial processing
with diff;:rent 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



ort hogonal spatial channels (or "eigennodes”) of a M MO channel. The
unst eered node does not need any channel information to transmt data on

spatial channels of the M MO channel. [0022] The M MO s¥stem may er?l oy
spatial spYQHIPAY#%r the unsteered node to enhance per PoFWatO&IISN% n

spatial spreading, station A perforns sp§1tial processing wth different
steering matrices so that a data transm Ssion observes an ensenbl e of

ffecti hannel d.i. t .st ingl d ch | ' ign f
o ext endedurat cane iniamaudt, I roBfinf Rl h BrRBf el A% ERMET NG 01
t he wor st - GasRefeBano® dock aitd irédudre. chiaffbl Infolragtion ban perfeIraMoe MgendIas as

different capabilities and requirenents. The steered node can éz%&lgcal |y
achi eve betgoed gsetheoviensed anaded Aaguitpbleyransmissien Madsnmay rhesselqot / ¥81909

PCT/ US2005/ Cgeégﬁ% of 188, A bR ARE AR R ! AR LB fed SPUSHS Aahd B |

or t hogonal es hot require ¢

informatiorgyst@mreq@fd‘mgﬁmraﬁ@sdsray, not be as good as the steered node. A
sui tabl e transm ssion node may be sel ected for use depending on the

avai | d80%] channdfori the otersed arpde; datacisplaaismittadesn dYs staenmedss Af gl MMMOsy st em

requir ement %%m%? q?rrsqged&@'\}g[: %thﬂns { z}ngﬁ dstgs%ft?ﬁeﬂ%ﬁ thedﬁtg %e({eﬁrgt NG &t €d on _

Ns ei genm)ace channe tran ntennas at

station A apflidn® hRe MDBOVchadf] 8RAA5e Sarackdrized 85 8. NIBeNMdMbhntdh adspshsemay be

characterized by an NR xNT channel ‘response nmatrix H, which may be

" di agonal i zagtrixt H ,0bfiich indyhbe MSiagbpdinedydesoltdintihe N digenimbdesrufl the MIMO

di agonal i zati on nay be achi eved by perform ng either singular val ue
deconposi t ichanudl. Hilds diiggealizatioe da bepokicvddohy gerfarmingr @ither ismmgulaatvalue of H
, which is-R = H' H, re H' denotes the conjugate transpqse_df H.. The
singul ar valsGemMPORteHS tOFGH%GB’f"ﬁFF HesP eSO §§85°Q§‘?“I%%W°f%é(wlcher e
Uis an N x NRupitary matrix of left eigenvectors of H, E is an NR x NT
di agonal e Ry B B WaereoH v denples e cpnjugats drangpase of nHNT The ingwfar nalug

mat ri x of r'%ht ei_ggnvteﬁjors of H A unitary matrix Mis characterized by
the pr opert‘%f' pmpggiton of B max be exprepied asigent ity

H=U-Z-V", Eq (1)

where U is an N, x N, unitary matrix of left eigenvectors of H;
2 isan N XN, diagonal matrix of singular values of H; and

V isan N; xN; unitary matrix of right eigenvectors of H.

A unitary matrix M is characterized by the property M” M =1, where I is the identity
matrix.  The columns of a unitary matrix are orthogonal to one another. The right
eigenvectors in ¥V may be used for spatial processing by station A to transmit data on
the Ns 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 X 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.

[0025] Station A performs spatial processing for the steered mode as follows:



matri x. The colums of a unitary matrix are orthogonal to one another. The
right eigenvectors in V may be used for spatial processing by stati on A to

transmt d ta on the Ns eigennodes of H The left eigenvectors in be
used for PELBVE*®patial processing by station B to re’é%T/sz“Pﬁglsaleﬁa
transmtted on the Ns eigennodes. The agonal matrix E contains

non-negative real values along the diagonal and zeros elsewhere. These

di agonal entries are referred to as singular values of H and represe&é t he
channel gains fo¥ TNeSNs e gennodes. The di agonal el enents of E

ordered fromlargest to smallest, and the colums of V and U may be ordered
correspondi ngl as descr.i r val ue_d 0si on i,S

descri bed | S Vesiar XYt ?mto%q_&qg%ymlxﬁb@easca ‘ihfg\?sﬁgg?"i“b PiRg, -

Second Edition, Academ c Pr 5] .Station rforns_spati al
processing for t¥1e’s§tv§§wéd”‘mb“%(§”flb§m‘]O\PBSEWB‘?@ 9"?’@9@&@%@‘6@)’;015818
6 x'=Vs Eq(2) where s is a vector with up to Ns data synbols to be sent on
the Ns ei getmudddiereamck Sdatd synsbol’e it omodilatio\Eyrbbal rfendlata,say bt syinbolbias gent
fromthe NT transmt As used herein, a "data s ol " i

rodul at | on AR SORLR PIgt Cpiee ElABE & kPavRa PGB Seghb A or

pl | ot (whi Cﬁ)ﬂ%QFgl%ﬂt §abol” ?s :l‘ 130 BE 'séHt oY a lﬁ%ﬁﬂnﬁ%ﬁ{eh%‘%n&‘aa?&elﬁh a

"transmt sy I's a synbol e sent froma transmt antenna, and
"received symbbblis alssmhobgmhotdﬂbmmeﬂvdaMcnm recei ve ant enna. [0026] The
receiv ynbol at stat y. he essed as: =Hx"' +n=HVs+n=H $s+n,
Eq(3) [ S&t?i;re r h§r§ e\}\éeéftﬁfnt\ﬁlstﬂsﬁﬁc’?gc‘g e’ﬂ’if??ﬁﬁqgsfor the NR receive
antennas; Hff = H Vis an effective M MO channel response matri x observed

by s for the st % %gawsqd sHa nso_me vector. For si rrplicitgq?tghe
a‘zero

noi se i s assune T eGaussi’ an noi se (AWGN) with _
nmean vector and a covariance matrix of ¢, = ~ | , where cr ; is the

vari ance of the noise. Stat B ma dat a, synbols in s using
various retS ek SAYEEOEW, @%‘b’@ﬁ?ﬁ é‘b ‘%f%f% KPR 2BIRES per f or m
full-Csl tial f th node foll

! spatia _S;-—c-) if-?llg%n e frectlvceMsIMO channel respc?nsse n?atm?vgiservcd by s for

the steered mode; and

n is 2 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 e, -1, where o?  is the

I'IOI.I! noise

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

receiver processing techniques.

[0027] Station B may perform full-CSI spatial processing for the steered mode as follows:

S =2 -U" r' =27 -U"H -x" +np, =s+n,, , Eq (4)

where S}w is a vector with up to Ng “detected” data symbols, which are estimates of

the up to Ns data symbols in s; and

n . is the noise after the receiver spatial processing.

[0028] Alternatively, station B may perform minimum mean square error (MMSE)

spatial processing, as follows;

X

Smse D mmze * Mmmn ' !J = —D-:nmu ) Q:,,,,,,, '8 +.11mmu ) Eq (5)



S/crl =E~~ U' r' UlHXx'+nn" +nfr,j Eq (4) where sh”" is a vector with up to
Ns "detected" data synbols, which are estinates of the up to Ns data
synbols ipn s : and n fr,; is the noise after the receiver ti

pr ocessi n&’o’[{’%%?“gAl ternatively, station B nay perfor m%ﬁﬁ%ﬁ%gw square
error (MVBE) spatial processing, as foldows: Smse = Dmse M,e r' =

Dhmx' -. Me' s+nmi’ Eq (5) WO 2006/ 001909 PCT/ US2005/ 015818 7 where Mmm _
[HgHH+ vii, ~ 1] i spatial filter matrix, Q =M H$ ,
nmmat " nsavhees be, H,~ [ﬂ@algaﬂ@ HITT'Iqu]]lS an MMSEspatia) fller Fathiix : and
nm$e is the MVSE flltered noi se for the steered node. The spatial filter
matrix Mm, m Qm zeM’t he]—lrjgean square error between the synbol estinates
fromthe spatlal =™ ter and the data synbols in s. The synmbol estimates from

the spatial filt ar rgl- zedy; lamhﬁﬁ -Qfpdt he data synbols. The
mul tiplication l?\ﬁ"r"'t“ @h@g&mng matlr ,,. provides nornalized estimates

f the d mbal h h I di
Ctation A per ! oniw-dp WS{ﬁBﬁf&gﬁPﬁg?ﬁﬁ?%ﬁ% S S R

where V. is an NT x NT steering matrix for spatial spreading; and x" is a
vect or w t hTAH spatiahfiftet mashoOM's, . f miniiniges uhs neen equare drror Bétivees et $yabol
spreadi ng, each data synbol ins is spatially spread with a respective

col um of Vestimatéscfromtthe spatial fiilyeri and ltheydat symeals av er Tﬁbw@nhtﬁ&ﬁmﬂ%é@x&ncy
but is known by both stations A and B. Each transmt synmbol |n x" i ncl udes

a conponent thefspagaldiitesfare panowmnaliaghestipaies ef thg data wmyéa The mytplicatign
synbols at station B for the,unsteered m)deega be exa]ressed P%

=Hx" +n=HvWilhibq raling matrey Dz, Pipasies normplized e§iiRplss opihe faRRYMEOk: ved
syrrbollaozfg?r the Plng tflecuer{sYeere%n node Xwith & gual spreading, station A performs spatial

processing as follows:
x'=V,s, Eq (6)

where ¥, is an N; XN, steering matrix for spatial spreading; and

x" is a vector with Ny transmit 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

— 55

typically changes over time and/or frequency but is

known by both stations A and B. Each transmit symbol in x“ includes a component of
each of the Ng data symbolsin s.

[0030] The received symbols at station B for the unsteered mode may be expressed as:

(e ]

“=H-x"+n=H-V -s+rn=H, -s+n, Eq (7)

where r" is a vector with N received symbols for the Ng receive antennas; and

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

the unsteered mode with spatial spreading.

{0031] Station B may perform channel correlation matrix inversion (CCMI) spatial

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

tcm: = Mccmf _I: = § +..l!:cm:' ’ Eﬁl (8)



ELI" = H V' is an effective M MO channel response matri x observed by s for
the unsteered node wth spatial spreading. [0031] Station B nmay perform
channel correlation matrix inversion (CCM) spatial processin which is
al so comm P& ed to as a zero-forcing, as foll om:P‘éTf!ﬁﬁ‘\ﬂﬁfPlss#&' $+n"
Eq (8 rM ccm -ccmi + WO 2006/ 001909 EFCT/ US2005/ 015818 8 where M,,,,;
=[H(c)HHB] "HpH is a CCM spatial filter matrix; and n","; is the CCM
filtered noise for the upsteered mpde. [00321 Alternatively, station B may
per f or m MVBEhesp ! al= [Hjcelk} Y- HY fisla GUM spatial fileumagig; M Y1 1.fL ' 1 u
I

=R Quj,,.3sS1nms, , Eq(9) where M, _[HuH H$+Ua,,, I] - H N
i's an MVBE spatigtl fid thk @CMRBfilieAd nofes forThé unsibered mode.-eg D'"""" = [diag [Qu
11 -* ; and n., Ts the MVMBE filtered noise for the unsteered node. [0033] As

or ocodbf 1o BfertativeRL Rabbln TP RIrMVRE RERCHSIRRE SRR, .,
matrices H and H' are used for the steered and unsteered nodes,

respectively. [Q@34L @4 s | al.» spyreadhng s grot used for the unst d |
nmode, then the ?ﬁ'&‘hs%’t’""vgcﬁ{f"ﬁr” n@s}""b@@%prsges‘é"&ﬁ ‘as: x" = s. St ati%g(% may

recover the data synbols in s using CCM or MVSE receiver spati al
processing. However, the spatial , filter matrix would be erived based on H
i nst ead of e M. 50Hz Hatt Gl eTHi—(arn'éaE‘W%gl SPBP%‘J@E%F‘?‘?@"WM V for

the steered node. Station B perforns spatial matched filtering with U (or

with Hand V) fo@'theM}geld: node and with Hand V' for the unsteered

mode. An estimate of H may be obtained by one station based on an

"unsteered M ND'DPULIQ[diQﬁQ“ by)t:h@dot her station. An unsteered M MO pil ot
i

is a pilot conprised of ot transm ssions sent fromN transmt antennas,

where the pilot fa atr%f{ﬂmmtgl%%g&g f&rtﬂé‘ﬁf{@ééemgﬂé‘a Is identifiable by

the receiving entt the unsteere pilot is sent by station

A, and N= NRif the _ X , .
[0033] As shown in equations (5) and (8), station B may perform MMSE spatial

processing for both the steered and unsteered modes. However, different matrices Hif

and H, are used for the steered and unsteered modes, respectively.

[0034] If spatial spreading is not used for the unsteered mode, then the transmit vector
may be expressed as: x“ =s. Station B may recover the data symbols in § using CCMI
or MMSE receiver spatial processing. However, the spatial filter matrix 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 i () = W() - p(i) Eq (10)



unsteered MMO pilot is sent by station B. This may be achi eved, for

exanple, by wusing a different orthogonal sequence for the pil ot

transm ssion fromeach transmt antenna and/or sending the pil ot

transni ssYOPPUI¥Ech transnit antenna on a different ¥y band.
The unsteered M MO pil ot may be express as: Xonm(i)=w(i).P(i) , Eq (10) WO
2006/ 001909 PCT/ US2005/015818 9 where ggi) Is a pilot synbol to be

t itted i ol iod, i i) is t i t.h. N chi f the N
tranom t - artErns8r re Bsopup EhirensRisia T REtel BPERGH | veotor for the
t d MMO pil.ot f i0d, i | = @,
then four Vil sh BBt By B G e P niles SR plelod i |
1] T, d W(3) .= [1.-21-11] T d nbol .iods, wh
71 7 Genotes  NmdbisduEmsRI ST dhe RETERRLATMQ BToc Y SERralfREEen: T N
(consecutive or non-consecutive) synbol periods, or one synbol period for

each (ﬂj]j:;@% of thq:oprEm_ﬁ;lge’alifsgquqr;cqhenu%nr r aGidhv i igtdrde wEyRI[Etle 1 Yhist eered
M MO pilot, the receiving entity can performthe conpl enentary processing

on the receyued(pi|of. 0, astd)egt el H - [0 animel3)a il 1ihe]T ehdyowd Qged for
descriptiori assumes no error in channel estimation. [0037] For a TDD
system t hdowtosymbodlperiods, wteraK "Chdsmoeds 1 eamposes Araympleta ssuese] MIM®e
reci procal of one another. That is, if Hrepresents a channel respons
matri x froonmRY RAgenR A (Rnicsut SniRp-canserplive) symhel Repeds: BF 8ty RI04nnel

i nplies thaf bherQupl |y Jfrf?lgngﬁﬁ(%énm. Eéﬁu@'{l{fe?y (%r? r&e‘fﬁﬁ#’%e Hompiuever,

the responses of the transmt cei ve chail ns station A are‘typically
di fferent fuheseret MOV ahe odceivineg emtinsan pediorth theamenplemeritaryoadssiagat i on
B. Calibration may be performed tg derive correction matrices . that can
account f orontthe regeived pHati® ssimatie B e Eposigwlicisy. the follawing descriphan agvaiey e
chains at the two stati ops. .The application of the correction matrices at
these two JPAPOHLCHANLSUMAL, | b at ed channel response for one link to be

expr ege@e} as a tHRBSIISE QyRbmathe Aowaiak GAd uSANERNNEIGSRRMASE hAy bé haumkder

link. For simplicity, the followi ng description assumes a flat frequency
response f ao bt eigroeal efiote amdhere dhivie, i€ tHirepresehits, a chaninelgesjoasehatnixdkom
response matrix for the link fromstation Ato station B, and H,,, = HT is
t he channelantenas poay & teeantanga pgpy thdhen miectorensl shannebimpliasghattthe capling

from array Y to array X is given by H'. Howevér, the responses of the transmit and
receive chains at station A are typically different from the responses of the transmit and
receive chains at station B. Calibration may be performed to derive correction matrices
that can account for the difference in the responses of the transmit and receive chains at |
the two stations. The application of the correction matrices at these two stations allows
a calibrated channel response for one link to be expressed as a transpose of a calibrated
channel response for the other link. For simplicity, the following description assumes a

flat frequency response for the transmit and receive chains, H_, =H is the channel

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 decomposttion of H,, and H,, may be expressed as:

H,=U2YV" ad H,=V .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



[ 0038] The singul ar val ue deconposition of H, and H,, may be expressed as:
H ,=UEV' and H,,,=V*ETUT Eq(11l) where V* is a conplex conjugate of V. As
shown in ti 11), Uand V are matrices of left an I ght _ej vectors
of H,,, r%m’i?@ﬁ U are matrices of left and WD 2006/ gg{i@ggms;ﬁisg?sn

PCT/ US2005/ 015818 10 right eigenvectorggof Ha, . Stations A and B may use
the matrices V and U , respectlvely for spatial processing to transmt
data for the steered mode 0 Bec se ,of the rec rocaJ nnel ,,0ne
station na;}“%S‘ér%ﬁ"H?‘iﬂré %f %ﬂu @Qc%n’ﬁﬁ%l'{s%ﬁq t‘Ba%‘SF%rﬁ & e v oor

U*. This st which is a pilot
sent on ther% °8‘2‘h Jb%][]a é{g%téhanneféa%gﬁmmyﬁ kerBd gt ion may then

esti mgHEsot s rTBthc)éu&fofetlhaewpmbﬂr&abﬁaﬁd\wﬂatﬁdﬁemywﬁedmhvb sivigulair Ivalue
(0040) Station A nmay transmt a steered MMO pilot as follows: Xpilol.

vm P. , Eqgletddpositi@r e wbtaini sitheheVnet 1 ei Gleis \seatioar hey themtrarsmit 2 “pmned a
pilot symbol to be transmtted on the ‘mth eigennmode of H..; and_ Xxijinr.mis

a transnit MBYOSpilobrwhipheiss pitat sentinits gigewnodes of thieMIMO cangel fggeoth erp
0041] Th d { t. at t,l
ool e S8 SRS LR bk ollasbhh e RO 22,

recei geohoyector Sidtiort AtnH 1eaishtt MibddMINIO bidét & 6llewd:h ei gennode; vmis the
mth diagonal element of E; and umis the mth eigenvector/colum of U.

Equation (13) indicates that station B may obtain an estimate of U, one
colum at a time,,hased ppn,a steered M MO pilot sent by station AEq8tZtion
A may send a conplete steered MMO pilot on all Ns eigennodes in one or
nore (consecutive or non- consecutive) synbol periods. Station B may al so
transmt a wheered iMhbimi-fi digénviector/sblatminard W;in sim | ar manner using the
colums of U+*. [0042] Pilot and data may be transmitted in various nmanners
in the M MO syst pmis Foilot iyhﬂ)oi;tCEImrMSnmw,orstham—tbrcigcmm aofhdgnend
information (or "ei gensteeri ng" information) to transmt data on the

ei gennodes of thg’ M MOackasnmilvectbhfor chicstereéd MIMD pRbH fonthaay-th eigenmode.

Zpilot,m

[0041] The received steered MIMO pilot at station B may be expressed as:

I_';:ilar.m =Hab _x.spdm,m +H=.I_-]_'.Z'.V_H '.Y.m 'pm +ﬂ=!'l..m .O-m 'pm +ll. ] Eq(la)

where r,, is the received vector for the steered MIMO pilot for the m-th eigenmode;
o, is the m-th diagonal element of X ; and

u_, is the m-th eigenvector/column of U.

M
Equation (13) indicates that station B may obtain 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



be in the formof H (which nmay be obtained froman unsteered M MO pil ot sent
by station B) or inthe formof U or V (which may be obtained froma
steered M MO EI | ot sent by station B). Station B al so uses_channe

i nf or nmat | S 1089401909 U or Vv for WD 2006/ 001909 PCT/ uszb‘é“é’Pé&‘!%’ﬁ@msll t he
st eered node, and H for the unsteered nqqe) to recover a data transm ssion
from station A For both nbdes, station B nmay estimte the received SNRs

Lor (" =P3h B e NSRS AP e SHRLR P P 58, 1o,
A S [
A S Ten Ay P ol Bked PO SGRBBRESLO SRR Biple |

and possi blchamidhs rdeteminirienhiei rate(s) Fsmppaortal by yhe tduewadt%ﬂlsedndcstﬁedl elthgir teati on
B are referred to as the initial rates, and .the rafes selectech tation A

are refermeeeived SNRsH therspppried sate(a) &y, statipn (ﬁ‘ar 1gyon ¢hangYoegietrgt @

descriptio ( SNR
et | onpRERLFERghBy Rl gy Bune MRl B Rl BRI Ao h o Bt ST
dat a tr ansninsthe eetebel demibadoaddpodsibdy ofleMofeysitiom Foniclarigy,|the ras¢saselesredA
transmts an unstegred MND ilot (block 112 Statio cei ves ,and
processes tHestaha Bare eikmabioas b @Hﬁ‘f&'ﬁ?sai %\g t%raégstqeﬂeé:geé( Stafife A BSnnel
response I 1 S, | NRs
for the (gﬁjteﬁggglr_lgl(‘i@é?&ﬁg%l %%%Shoégﬁa ? gjtlal R’Bﬁann %S&?ﬁ?ﬁ?ﬁml\%qgﬁannel
based on tshmdn@snmzledatplﬂfonnz(thalnc(msteﬁdﬁf SNRtlafarmati@a)djasbtcdﬂammAnes e| t her

initial d h d d
bRl 6% 5 TR ey h R B P e 0 BB R b 08 B
recei ved SNEaVOALdRn?! %hlaﬂ}fihatﬂm tethdnhi®dl ar Bh@éeied Mﬁaoaﬁmtl(gﬁ;ekqﬁz or a

data transm ssion from st on Ato station B. [0044] Station B transmts
ei ther an \StstieeBadcdivasiangi frocesses the snsesredi MIMIDppliot and obiginsgintdsimate of

ei genvect or}s1 derived fromH (b 1 tation A receive and sses
o Fhamet Egrasas s i (pck ﬁl)% Shfion B uipiiaraiesahe e e SRS

Itlhﬁks;regine & ti 0y, Ab tati bo éllg > 1%{@ S 3 é%%’hg Q% thﬂg

initial rat 8{@3 @ %%é’tafg‘in %ﬁ?%’@ ¢ i ok h vesm{eﬁg TR al

rate(s) andheescervet PeIst blodkaDEE) Sttt mma detrthirdes Rither @i Rigal rhe foseachor
data transmission to station B, as described below (block 124). Station A

then t r ansriigenmpgedfardhe staered maded o aginglednitial mée & the MM%Q&WI (fedthe and
final rat e( Srpstc&%ldorﬁgdejj%)%ed §1]i ?h | %rc]eﬁeci gﬁﬂs (glsso %ﬁ‘ockpfl%se & lmtﬂ? r&afs?me

transm ssi on
applicable for a data transmission from station A to station B.

[0044] Station B transmits either an unsteered MIMO pilot or a steered MIMO pilot
using the eigenvectors derived from H (block 118). Station A receives and processes
the steered or unsteered MIMO pilot to obtain a channe! estimate for the link from
station A to station B (block 120). Station B also sends the initial rate(s) to station A
(block 122). Station A receives the initial rate(s) and determines a transmission mode
and final rate(s) to use for data transmission to station B, as described below (block
124). Station A then transmits data to station B using the selected transmission mode
z;nd final rate(s) (block 126). Station B receives and processes the data transmission
from station A (block 128). .

[0045] 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



fromstation A (block 128). [0045] FIG 1B shows anot her exenplary pilot and
data transm ssion schene 102 for the M MO system Initially, station B

transmts teered M MO pilot (block 112). Station ei nd

pr ocesses“@’é’ﬂé}ﬁgg@er ed M MO pilot and obtains an esti m&{/ﬁ&mgﬁés hannel
response matrix H (block 114). Station Aothen transnmits either an unsteered
M MO pilot or a steered M MO pilot using the eigenvectors derived fromH

bil ot o witSBh RS RERle D JRE R SBTE 38n o MERTS (BlockTBECTRE M o
the |ink fremuisingtprocessing dosblatksoni 68122 1Qdk12@8)d 1Z8hare asaasdribed gbpveofoessi ng

for bl OCkSﬁ}éts 122, 124, 126 and 128 are as descri bed above for FIG I|A
[ 00461 As whdin FIGS. | A and 113, pilots may be transmitted in various

mannefgodep all %9%@ A EESO R a@datgg tpﬁols%%PB@irQns@ni&@@ﬂP%ﬁdﬁ%t:ﬁdﬁ%x% thor the

link from station station stations may transmt an unsteered
M MO pi | ot .alléivtletinstationed X, andri® to shtaini dchamagl dstimatenfor tienlink Sbomesta v MO

pilot, and the qQther station nay transmt a Esf% (SIVJIVD ilot, lnthis
case, eith&ugp %-i %‘P“ASE?F‘OBS R F3NSARRn upfieer S’ﬁéﬁ RIOLAESTIAYVELY: OBE shown
in FIGS. | Az0d Jﬁ%}gtraﬁwﬂzﬂ}l N@k@m& NS Dgﬂ&, exET 8y 5habk n§at|yr Y&dsHiiea 200

that nmay be use r the M system ta transm ssion occurs in units of
franmes, wi tsieesdcMIMCupHos pdmnhingase, eithert statidraA of Bemdyrteansmit the ugstee2dnsec) .

Each frame be partjtioned int downl i nk phase during which data

and pi l-ot WQ ‘@gﬁﬁshﬁw?ﬁbﬁiﬁ%ﬁﬂﬁi%@]ﬁd (2) an uplink phase during which
data gpglzpi | ot A, 'Qeshé%fan%ﬁeﬁabﬁgiﬂ?ﬁnh@&m&% 200 Ghat A B usdd A hVEOMIMEt MRy
or may not be sent on the downlinK, and a MMO pilot rray or nay not be sent

on the upl isgitem] 0D4B trdvsmission Beowry iesunitsacfefrumes,r withi eachl 8RS spaminghe
spatial chan based, o

el .a ,steered or unsteered M I .ot receivyed from
station A gufaéctgpgéiar%m e Aetpass 'en‘it:‘|ac n'TARE 'E%%gaﬁarb sty 91(5?) 2
performed Rwhhk phat ity PhRAdUaE ald mﬁ&be bR & BRI ®RviRRend ©H an
full-CSI receiver spatial processing, the SNR of each eigennode may be
expressed apliniShkase)duriogovifch fige and pilot may beysény onithy uplink. For each frame, a
MIMO pilot may or may not be sent on the downlink, and a MIMO pilot may or may
not be sent on the uplink.
[0048] Station B may estimate the received SNRs for the spatial channels based on a
steered or unsteered MIMO pilot received from station A, The received SNR is
dependent on the spatial processing performed by both stations A and B.
[0049] For the steered mode with full-CSI receiver spatial processing, the SNR of each
eigenmode may be expressed as:

P,(n) -0 (n)
2

SNRfc,f‘m(n)zlologw( J , fori=1, .., N;, Eq (14)

noise
where £, (n) is the transmit power used for the m-th eigenmode in frame n;
@, is the m-th diagonal element of Z(n) for frame n; and

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

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:



anise where P. (n) is the transmt power used for the mth eigennode in
frame n; amis the mth diagonal elenent of E(n) for frame n; and SNR f, ,;
.m(n) is the SNR of the mth eigennode in frame n. The Ns ei gennodes may
achi eve dM¥BPEIMIBNRs. Consequently, different rates neBCHES20HYESEBor t he
data streans sent on these ei gennodes. i 050] For the steered and unsteered
nodes with MVSE receiver spatial processing, the SNR of each spati al
channel may be expressed as: WD 2006/ 001909 PCT/ US2005/015818 Yq, (n) 13 |

SNR(n)=1OIogio§iﬁgP n)J.~for [i g.n) ., , E9(15) e. mwhe ye (n)
is the mth dia +ms=g1((53“r§rw{°§f° Q- r(n)d')m(f' ’ ff?%g’rﬁg”n';"’?;g me - c%e m
(n) is the SNR of the mth spatial Thannel “in frane n. [0051] For the
unsteered nmode with CCM receiver spatial processing, the SNR of each

R o R R e o (B et AR e
| f [R = .8, =k, | H8 for .f . Ng d SNRccm [
The SRR of 1 he. AN Bwepdr) i SR04 B -Progalel sh8fbatiafRl, (E7EEC, ™™ 1 °

equations, the quantity Pn(n)/vL Ile is the SNR (in linear units) prior to
the rggasiyer sp&or 8e yisrestdahad: with € OMBreteiverespatiprocessing) the PNR &NaoirSCm
(n), and SNR, mm(nz)'eare the SNRs (in units of decibel (dB)) after the
recei ver sﬁﬂ@tﬁ’&FhaﬁBF ay be prprassed a¥'e al so referred to as the recei ved SNRs.
In the follow ng description, "SNR' refers to received SNR unl ess noted

ot herwi se. [0053] For the unste reg @de Wi th spatial spreading, the Ns
spatial channel sgpaghi eygy = §6 13k causegopf =tthe, gpatial spr (18y With
the matrix V,,. Con‘iﬁ'@'&’sﬁe?)ntly',ggi0 & jate may be used for all of the data
streans sent on these spatial channels. Wth spatial spreading, each data

synbol is transmitted on all Ns spatial channels and \
where 7,(n) is the m-th diagonal element of [R;1™ and R;; =H;; -H; for frame

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>.  is the SNR (in linear units)
prior to the receiver spatial processing. The quantities SNR .. (), 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 Ns 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 Ns spatial channels and

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

N,
- 4n(n)
SNR,,..(n) = 10log,, Li} Bl (n)) , and Eq (17)
- <~__B,(n) |
SNRccmr' (n) - lOIOgIO [mﬂl rm(n) . o_:am) : Eq (18)

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



observes an average SNR for all spatial channels, which may be expressed as:
SNRmmStn(n) =1010g101 t 4m(n) Pm(n) | , and Eq (17) m1l-9m(n) J

SNReemi (n) =1010810 ~ P. (n) 1. Eq (18) n¥l rn(n)-~noi n)rﬁT}l}? ragi ng
may be doW® /90 ¥&ar unit, as shown in equations (17) ngmlg%% in dB.
WO 2006/ 001909 PCT/ U82005/015818 14 [0Q34] For the steered node, station B
may determine an initial rate for each ei genm)de based on its SNRn(n),

whi ch be equal .tao 4 or
equal PSR dgt e i rade- S OB beiEriRe 3 Bflgl e BRLRH RN O o
may suppor %a@edsc% 1t9f SNRL €8), whigh Qﬁ@hbé sl rtamm 125 60C cahpatetiat Bhawn in
particular data rate, a partlcular codi ng schene; '‘a particul ar nodul ati on

schene, an | i iSRRN SN,y eaphed dsoshdGhi BY BqutidReEs). | e
desired Ie\%ﬁatmﬁag&?for Iil'F‘lce e."g " le)r/o pagket error rat%1 1Th§ requi red SNR

for each IO & steRl EndiPYu %nopfsal BE FhtesDYind QEBMIRE By bealssGiiate @Mty b Cal
measur enent s, so ondya ﬁ@ set of sup%sorted rates and their required SNRs

may be st orpadlclular @ataomle; apartihilla . cofing sShing.rd) p&rbculelauﬂ@duléhg@ﬁww aed/ape

ded to the | ook- whi.ch t t ted b
Phat| SNR | PAEICaMY VR ﬁgﬁﬁg%@hém R I U o
required Sgth rl% kel &36r xtaﬂﬁn'mé h SR RIRaBK ﬂém z268fo raliRnhy 6k Bhfatmkd _SNR

.(n). [005 For eunsteered no statlon B nay determ ne an initial rate
for the M 49 coaiprensimidased empnrﬂdk@npsummemm amel\so lva. él“qwalet ofosugpimied raten)

computed as shown in uation (17) or, equ to SN d as, shown
in equat i orﬁ“@l‘hﬁ”’ rq%red&wmn% Ef@reﬂr‘(’iv? g?—?é‘ ‘ﬁbtaz?fgl m Lﬁ'}&ggg’%e? OLEACRh t hen

returns a rate R(n) su%ported by an el for t he unsteered( ﬂode
for that SNEEenmede JARE: 6rpravlf%#%me lqoadw Eﬁ§ By TR Setfles frm (P
steered and unsteered des._[ 0056 tation B |t|a

det er.mi nat i YRPYEEdLRY 'thﬁggNBan’E‘Fﬁ s %ﬂ})él%aséﬂ‘aatgaa’flg“(ng’?%a" alp gate én‘éiét a
transm ssi on f,romstatlonA ostatlon : t|o mf

det er mi nat iT6aRiEed SR that 13 less{aan esqyal g@ﬁ%)eq(t% nt1hie s dat a
transm ssion based on feedback received from statlon B a mbnent
i nf or iB®35n. For the unsteered mode, station B may determine an 1n1t1a rate or t e

channel based on SNR(n), which may be equal to SNR (n) computed as shown in

mmse

equation (17) or equal to SNR_, . (n) computed as shown in equation (18). The

ocmi

SNR(n) may be provided to a look-up table, which then returns a rate R(n) supported
by the MIMO channel for the unsteered mode for that SNR. The same or different

look-up tables may be used for the steered and unsteered modes.

[0056] Station B may make an initial determination as to the transmission mode and
rate(s) to use for a data transmission from station A to station B. Station A may make a
final determination as to the transmission mode and rate(s) to use for this data
transmission based on feedback received from station B and other pertinent information.

[0057] 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.



[ 00571 Station A may sel ect which transm ssion node to use for data

transm ssion based on the age of the channel information available in the
current frame and possibly other information regarding the nnel .
The char a@&mgﬁql&&of the M MO channel may vary over tiWET’Hggé’l{Y%?%ﬁg&nunber
of factors such as, for exanple, fading, jsmultipath, and interference. For a
time variant system the accuracy/reliability of the channel information
degr adqgostgyer ti m?-l\?ﬁ@@ iR mhey BRRERNTRYD REcRRRINAE briperiddicly in every few

i naccurate/unreliable ckPanneI information for data transm ssion. Sinhce the
channel i nffeanmat oosporadickdlyl \Sratid Ammay ddrive apielstitnatet dfeHabased fontanainsteendel

I nformati on nay be determ ned based on the age of the MMO pilot used to
derive the QYIBYOepilat méaeivedtiram statigin® angemay dedeeposdEL po lobtaimthg mairisie¥ exfni ned
as descri bed bel ow. WO 2006/ 001909 PCT/ US2005/ 015818 . 15 [0058]. A M MO pi |l ot
may be trangigenyedonsised intransapedatypn ghe ¢igenmaedes of the chanpel. t}talinsA or
sporadically QN . : | et t ed
VD pi ot Taar Bl o FiskRleckls et bORLE sierdd NARY difly SRR T,
V of ei-genwegioar B. Usvdver,!t thi steieddBIIM® rpilohds argminete Syostatidre BViubing
channel. Station A may also obtain the eigenvectors directly froma_ steered
M MO pi | ot reigsaivecsarsfin dih whichtarederived Fiomeareestimaig of Bt ebtaingd by statipn Bofrom s
transmtted by station B using eigenvectors in U which are derjved from an
estimat e of 34 wisicaradaMIMEO pilet seahbBstelioA. ahhusn eedigeyestoronp ¥ ebtaifisd bypy

o210 1 ik PRS0 B B A e R A TG
unst eer ed M&ﬂﬁeﬁfgh?ﬁfl&i{%lﬁﬁglﬁﬁt@{bn&. The ggh'lft&'dﬂhé)éitg&ﬁk%c rIRNVeatRed 1NV

derived fro receiv om st at’l on I S Thus

dependent OnfrdraMkk dtSered MIMODildORLeiFEd frohestalisH BHY titls depéndef! 6@§dhﬂri§|bﬂlg

unsteered M MO pilot sent by station A, fromwhich H and U are derived.
[ 0059] St at iasrgoad ragy theeqyality af theorgbrandivighvbsisietedt MIMGQ: pilptasenbrby tstadion dd.and

received frpom stati B, .For exanple, station A may keep a record of (1)
the tine ea ﬁomﬁ‘ﬁg?lbgé‘ﬂf”af%%i"lvg& is transmitted, (2) the time each
Ssteere pi | I transm t , tl‘ﬂgl ' s Q@-Eill ot
i's receoggeyz/,o and tﬁ%lér[ ﬁe&@{ rﬁr%gpe%%% Ofs &8re H'ﬁ%tﬁﬁég{&ﬁ@éﬁ&%&@?@g& I's
record may biforfedtatici Bed Fob exaimbley Station At may keep sxeorl of (1hehd €arr gactiny

contain, for each franme n, four tine entries for the four M MO i
unsteered MIMO pilot is transmitted, (2) the time each steered MIMO pilot is

transmitted, (3) the time each unsteered MIMO pilot is received, and (4) the time each
steered MIMO pilot is received. This record may be maintained in various formats. For
example, the record may contain, for each frame n, four time entries for the four MIMO
pilot events. If a MIMO pilot was not transmitted or received in a given frame n, then
the time entry for that MIMO pilot for a prior frame n —1 may be copied and stored for
frame n. With this record format, in any given frame n, station A may readily determine
(1) the time that the latest (or most recent) unsteered MIMO pilot was transmitted,

which is denoted as t2(A-> B,n), (2) the time the latest steered MIMO pilot was
transmitted, which is denoted as ¢, (A — B,n), (3) the time the latest unsteered MIMO
pilot was received, which 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.

[0060) Table 2 shows a list of variables used in the description below.

Table 2
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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,

pilor

information or, equivalently,

is incurred to process the unsteered MIMO pilot to obtain the channel

the channel information is available d“, seconds after

pilot

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

have bcen used

to derive the current channel information was received at least d,,,

seconds earlier and may be identified as follows:

max ([t

If the latest unsteered MIMO pilot for the current frame n was received at least 4

current

~tr (A B,i)]2d,

pilot } '

pilor

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

Eq (19}



Thr"™ Maxi mum age to permt use of the SNR'rate information. age SNR(A <-
B, n) Set of SNRs obtained by station Afromstation B (e.g., derived from
initial rate 2 recelved fromstation B). t nt (AF B,n) The tine at which
SNR(A (-- ™ %’f’ 0%bt ai ned by station A. (00611 Stati onPQVEEBMYESEBY ne the
age of the channel information available,in the current frame n (or the
"current channel information") as follows. If the current channel

i nformation erlvdfrom eered e|ve f tion B,
hen the dyePl i EowRYSr tabe Bt SRtcead MO puBl gt e RN o
pi 1ot HoveBiveddess il Of scndd califtr REHHChslcBr A APORPpi I 440 BRad M MO
pi | ot to oBEf G N the chaneel T ntor rati on or, equivalentl 8/ t he channe
informatio M MO
o1 1 ot Thusieife, BB SaticiinroRERCTEANEH (15) SERIKIrR e ol PEecRerate N
derive the ianrwisch tiehkreseunstedred Mﬂ\d@rpﬂmforr éxaefmmd :a:toulldahate Ucﬁh usedetoonds

earlier and may be identified as follows; maxll&lanrra aéiﬁ a}
Eq (19) denve pee pemen chaprel defosgaiignvo 1 ase ofd ¢ RNgeHLhRE! MR e

recei ved at Ry, tﬁﬂﬂﬁl teered M MO pil ot was
used to derdle\kllgé}t;js elq]cﬂt]‘?}"ésrt\‘t?e?g annecﬁa(}%lﬁ@otgﬁngggg%%b%&?%szoow015818 17
information. However, if the latest unsteered M MO pilot for the current
frane n was recg%y&dtlenss;:tr(bpp.ym ,a seconds earlier, then this uBg{2mred
M MO pilot was nof uséd™ o *derive the current channel information. Equation
(19) determnes the nost recent franme i in which the | atest unsteered M MO
pilot for tidadre f fignie fraeinddx katcembedbyeqeaiond19xlend ve the current channel

i nformation. The age of the current channel information derived fromthe
unst eered M MO pikot= meryiftanainstgered MIMQ pilat wes ngigeceived. -t x(A(--B,i) Eq (20)
where i is the frame index determ ned by equation (19); and Age" _ -cc if an
unst eqoeszM MO gf l1aé Mnﬂ@haﬁr@?tht@ﬂawﬂrQQ§2ienbéd tffin CAllstefdd GAIMID epilot
information is derived froma steered MMO pilot received fromstation B,
then the adgeceifed: fipm statir Batthemthesageqefathis hfermatignds snuahte thepigecefpbigdi ng

unst eer ed Mowgspp ndﬁnt Jns%n}emotglﬁ)t ?}o%)e&;ﬁ%h %e’@e&&& R&IM@ pﬂg{ fsvcﬁgvedo.‘ A

delay of 4, is incurred by station A to process the steered MIMO pilot received from

pilor

station B, and a delay of d,, is incurred by station B to process the corresponding

pilat
unsteered MIMO pilot sent by station A. Thus, the latest unsteered MIMO pilot that

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

d i +d 4y SecONds earlier and may be identified as follows:
miax{[twmm -1, (A« B,)]2d,,,} AND max {1, (Ae=B,i)-1,(A— B, j)]2d,,}.

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" = tcurrznl - t:t(A - B' j) * Eq (22)

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

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

[0063] The age of the current channel information, Age,, . (n), may then be expressed as:



delay of d'"", is incurred by station Ato process the steered M MO pil ot

received from station B, and a delay of d" ", is incurred by station Bto

process the corresponding unsteered M MO pilot sent by station_ A.__Thus, the
| at est unNQHEBORYND pilot that could have been used tBCHEUSFIFIBY current

channel information was received at Iea% dP,,a +dv;, seconds earlier and
may be identified as follows: max{[tc" .7, -ts(A<--B,i)]>do,a} AND
max{[tF(A-B,i)-t,' (A~-B,j)]?dv,",} ,Eq.(21) Equation (21) determ nes f.he
nmost recent fran%g?c»_ifnn("\kﬁ"&’r’i‘(ﬁgé | A8%3t unsteered M MO pilot for nﬁ%#)frarre
] could have been used to derive the current channel information. The age

of the current channel information derived.fromthe steered MO pil ot may

t hen H80pr esse’g LAgSmgsion ’:'—"‘EE‘? may 8‘93(%— %‘Etc‘ﬂ’a%e%é{' ?}ﬁ?ge \%ét?eeg]m?rg t he

frame i”“&h‘ﬂﬁﬁeﬂﬂfbiﬁ?ﬁioﬁt’a@&ﬁ?%fm (21); and Age' = -o0 if a steered M MO
ved.

pil ot was not recel 0063] The age of the current channel information,
Ages ,"f (n) , may then be expressed as: WO 2006/ 001909 PCT/ US2005/015818

18 Age,h ,a! (n) = mn (Age", Stedred rigde ( 23)f p[égq'GiElﬂn%q"hafﬁsm ssi on node

may then be sel @&ﬁ%ﬁ%ﬁﬁ%d&@é he age of the curr&nf chanffel inf ogqrgzggon,
as follows: Steered node It Age, - 5. TheB . Tr 840N Node = Eq
ok i B

(24) Unsteered node if Agen_in nsni s on node may al so
be sel ected based on other pertinent information. For exanple, the tine

o atat] el el aRphi fATANG oo e B RRCA BB porhert iforiltn, DO

i nfornat i Orbxfiﬁ?ld?&hé &ingd vaedny raage rofitthe MIMOQathiagnelv ey el corgilerddi M ther i od.
Conversely, _if the M MO channel changes fai rlﬁéﬁ'r api dly ée.‘g. , for m)gi | e
stations A MiCoehagpel isielauvelystaticalg ol for fixed statioah Angid Be thew thetiengtler a

shorter ting i T ' ' Wgﬁ} :pgn a8y be

account ed ?@? | ﬁllﬁgaggﬁsﬁkgﬁl%g&g@% ﬁ%&]géglg@fegtgr%&?{: an gﬁgl&npg}r“r’mt R

and/ or in tifiche@EMIhelemhel chandds' firly fapidlefeagipfoe mokdle 'staiods Agmid/or B), then
the channel information may be accurate over a shorter time period. The time variant

nature of the MIMO channel may be accounted for in the computation of the age of the

Steer
age °

channel information and/or in the age threshold, Th For example, Age” and Age’

may be a function of channel type (e.g., fast or slow fading), different age thresholds
may be used for different channel types, and so on.

[0065] Station A may select the final rate(s) for data transmission to station B based on
the age of the underlying MIMO pilot used to derive the initial rate(s). The actual
rate(s) supported by the link from stations A to B are dependent on the received SNRs at
station B, which may be estimated based on either a steered MIMO pilot or an unsteered
MIMO pilot received from station A. The received SNRs may be converted 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 ¢

sar

(A< Bn).
[0066] 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



may be a function of channel type (e.g., fast or slow fading), different age
thresholds may be used for different channel types, and so on. [0065]

StationA select the final rate(s) for data transm sgi ion B
based on Og@ég%’f the underlying M MO pilot used to déﬁo/g%%oﬁ?@ts?ﬁi tial

rate(s). The actual rate(s) supported hy the link fromstations Ato B are
dependent on the received SNRs at station B, which may be estinmated based
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t hen be se Lon A may estimate the received SNRs at
station B %grshggg@nﬁl?%%?&enﬁ 18%Vs) obt ai ned from station B. For exanpl e,

station A nay provide each |n|t|al rate to an inverse | ook-up table, which

may then provide t(hQ—rt?qleh?aq §P\Btf—9B bhe (AL Ba) 1288, . The set diq GiRs

avail able to statfo in” the clrrent frahe n (or the ™ current SNR
information") is denoted as SNR(A F-- B, n) and is obtained at tine t,,,, (A

t- B, n). [ I e | (o] t to
pr ocess a 2%@%0@(%55 Beias he oo erénl dfaehd SO0 S d e el g
derive the unieére@MINOg R foraRat feainelk cbdﬂﬂ Haté béew usedte Gefveme kutrentsSNR i on A
and (2) for station A to process the initial rate(s) to obtain the current

SNR i nf or ndefopnatiopn jhe agpof thercasren\pIND ipforpatianmay Hisnibg exBiFsscHdEn WO
2006/ 001909 PCT/ U82005/015818 19 used to obtain the current SNR i nfornati on

was sent by statjon A | east d, rli dmay be i i&ied
as follows: [t, n‘%‘&FFB-m ) redeurrint ufnﬂx*{é' 9 iﬁ’(%ﬁ %}"?E . Eq((jg(ggiﬁ
Equat i on (25) determ nes the nost recent frame k in whi ch the |atest steered
or unsteer | ot .f a have been used to derive the
current SNR F‘%Mk%ﬁm%ﬂ‘e egdé’ at)tyhélu%urr " SNR informati on may then be
expregeggr) as: AdRhe final i€y kY be Reletda bided dpAhE Buﬂf&mSNR(iﬁonﬂatﬁn the)ageq (26)
where k is the frame i ndex determ ned by equation (25). [0067 The f| nal

rate(s) mayfisee SHRdoformation aad grssibly other iRfArmENR. | sxampleo, the Age 9@@6 of
the SNR i nf ormat i ssi bl i nfor For exam the age
of the curqUBRR! in HFBF‘EH’( ?’tfﬁe‘éﬁf‘eggé agh t@ﬁi\%é"tﬁﬂ%@h@f@ JB'F ,&gg‘

Ehn )sz;_? éég ftet%%@forﬁq%%pﬁ:\ga)} Qé %tr:gt% d be t% sbtaeledae%ndalscarc%db ortttou%e.s altﬁlsand

case, the most robust transmission mode and the lowest rate (e.g., the lowest rate in the
unsteered mode) rney be used for data transmission to station B. If the age of the
current SNR information is less than the SNR age threshold, then the SNRs obtained by
station A may be adjusted based on the age of the SNR i.nformation, and the adjusted
SNRs may then be used to select the final rate(s). The SNR adjustment may be
performed in various manners. '
[0068) 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

adf _raie , - Eq (27)

SNR n)=
“83-”"( ) Agesnr_.inf (n)

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

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



case, the nost robust transm ssion node and the |lowest rate (e.g., the

| owest rate in the unsteered nobde) nay be used for data transm ssion to
station B. If the age of the <current SNRinformation is |less than the SNR
age t hresMf) YO6PHEY t he SNRs obtained by station A may PETH§NPBE%Hased on
the age of the SNR information, and the ﬂgi usted SNRs may then be used to
select the final rate(s). The SNR adj ustfent may be performed in various
manners. [0068] |f the steered node is selected for use, then station A may
receive an initiWRiat@) 3R gadn) eShBapnae) P NRigter ni ne t he requkd €8) SNR
for each eigennode based on the initial rate for that eigennode, and adj ust
the required SNR for each eigennode based on the age of the SNR

i nf or mat i orwherdr SMRappi0, is Hie renirrad-NR derreigenmmrsis & (0btained frampthe watiad saplit ed

based on a linear function of age, as follows: SNRnge bn(n) = SNRS,;i_ne Eq
(27) + Ages,, -i8ifR{ nis atiaek-effIRthdtstaered medd (ee.,r INR , of 0dBj)usntdrent for the
SNR (e.g., SNR,,,, role = 50 dB/ sec ). The adjusted SNR for each ei gennode

may then be conpSNRY, a&:) ¥he(HPGtdA0NOR ForRiHdnnsda O fdt thd4dt8ere@ thodbRNd;
. m(n) =SNRr eq. m(n) - Smhnge no(n)-SNR , Eq(28) where SNR eq,nm(n) is the

requi red SNR for,ei gennod bt ai rom;the initial rate); is a

back-of f f ‘atf%Aéf’%éPré’a‘q%ég]%g@ stgd ,gﬁ%r\h’.c"‘%h B‘gﬁ‘g“?“{‘e g’nﬁf%?ﬁﬁkpﬁa‘,’%\‘?ﬂ?hi s the
adj ust ed SNRed BfovRledeREBdR Mtd R thitei ded SRl ASha ued R e PbRYpde the
adj usted SNR for each eigennode to a Took-up table, which then provides the

final rate thble thayatatien Beusad teobignabe imitighrate joriegeh eigenmads or 8 dlifferpnt leely| e
that station tBblused to obtain the initial rate for each ei gennode, or a
di fferent |'WoR® eUp table. [0069] If the unsteered node is selected for use,

then sjpgéeion A Nyhe BRkéer&d AddE N tdidhed fortuge, tEn _e@ﬁbgewﬁzrfe@i&v@ﬁmiﬁmaa
determne a single final rate for data transm ssion in_the unsteered node.

An adj ust edraGNRr aesh ¢igenoedsianddmey detereine aisipgierbinal mée fordlataoiansmission in
SR ”(tﬂ?: :ll%ls}{l:e{ér%gx%ggg_ Sklg{na%?uspe’d( §?~1P8r'\111§90be cgl%pgég) for each eigenmode as

follows:

SNRY,, (1) =SNR,, (1) ~SNR,, ,,(n)~SNRY, , Eq (29)

reg.m

where SNR;, is a back-off for the unsteered mode (e.g., SNR;,, =3dB); and

SNR_ ;. (1) is the adjusted SNR for eigenmode m for the unsteered mode.

SNR;, may be used to account for various factors such 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.
[0070] 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;

agi.m (M) 2SNR ; , then eigenmode m is counted for N, (n). The number of spatial
channels to use for the unsteered mode is thus less than or equal to the number of

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

avg

may be computed as follows:



where SNRbo is a back-off for the unsteered node (e.g., SNR bo = 3 dB); and
SNRbdj . m(n) is the adjusted SNR for eigennode m for the unsteered node.
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for the unsteered a different |ook-up
station B used to obtam an initial rate for the unsteered mode, or a different look-up

table.

[0073] Alternatively, station A may receive a single initial rate for the unsteered mode
from station B. In this case, station A may determine the required SNR for the
unsteered mode based on the initial rate, adjust the required SNR based on the age of
the SNR information, and determine the final rate for the unsteered mode based on the

_ adjusted SNR.

[0074] For both the steered and unsteered modes, the final rate(s) may also be
determined based on other pertinent information such as the time variant nature of the

MIMO channel. For example, the SNR back-off, SNR_, , (n), and/or the age

age_

threshold, Th/’", may be a function of channel type (e.g., fast or slow fading). For

age *
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.

[0075] 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



table. [0073) Alternatively, station A may receive a single initial rate for
the unsteered node fromstation B. In this case, station A may determ ne
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spatial channels without spatial spreading, a transmission mode in which data is

transmitted on a single best spatial channel without spatial spreading, a transmission
mode in which data is transmitted from a single transmit antenna, and so on, or any
combination thereof.

[0077] FIG. 4 shows a flow diagram of a process 400 for performing rate selection in a
wireless system. Initially, channel state information indicative of the received signal
quality for a wireless channe] used for data transmission is obtained (block 412). The
channel state information may be in the form of received SNRs, initial rates, and so on,
and may be determined by a receiving entity and sent to a transmitting entity. The age
of the channel state information is determined (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,,, ,,(m)),
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



For exanple, a system nmay support a transm ssion node in which data is
transmtted on orthogonal spatial channels with spatial spreading, a
transm ssjon node in which data is transmtted on orthogonal ati al
channel s WAHBUI&ati al spreading (the steered node), %:’{’Pﬁ’r‘?gﬁ?‘ﬁ]ison node
in which data is transmtted on spati al ghannel s wth spatial spreading
(the unsteered node), a transm ssion node in which data is transmtted on
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be performed on each of the subbands used for data transmission.
[0080] For the steered mode, a channel response matrix H(k,i) may be obtained for
each subband k in symbol period i and decomposed to obtain the Ng eigenmodes of that
subband. The singular values in each diagonal matrix Z(k,i), for k=1 ... N, may be

ordered such that the first column contains the largest singular value, the second column
contains the next largest singular value, and so on, or o,(k,i) 2 0,(k,i)> ... 2 oy, (k.1),
where o, (k,i) is the singular value in the m-th column of X(k,i) after the ordering,
When the singular values for each matrix Z(k,i) are ordered, the eigenvectors (or
columns) of the associated matrices V(k,i) and U(k,i) for that 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 Np eigenvectors for the Ng subbands. The
transmission mode and rate selection may then be performed for the Ng wideband
cigenmodes, e.g., similar to that described above for a single-carrier MIMO system.

[0081)] 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
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510, a transmit (TX) data processor 520 receives traffic data WO 2006/ 001909
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synbols. F ere one d eam may
from all Ng receiver units 554 based on a spatial filter matrix M(n) and provides

detected data symbols. The matrix M(n) is derived based on the selected transmission

mode and the receiver processing technique selected for use (e.g., full-CSI, MMSE, or
CCMI). An RX data processor 570 processes (e.g.., symbol demaps, deinterleaves, and
decodes) the detected data symbols and provides decoded data for station B.

[0083] Channel estimators 538 and 578 perform channel estimation for stations A and
B respectively. Controllers 540 and 580 control the operation of various processing
units at stations A and B, respectively. Memory units 542 and 582 store data and
program codes used by controllers 540 and 580, respéctively.

[0084] For transmission mode and rate seleétion, channel estimator 578 may estimate
the channel response for the MIMO channel from station A to station B and the 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 Ny transmit symbol streams.



sent on each eigennode, and each data stream nmay be encoded and nodul at ed
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micro-controllers, microprocessors, other electronic units designed to perform the
functions described herein, or a combination thereof,

[0087] For a software implementation, the transmission mode and rate selection
techniques 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 542 and/or 582 in FIG. 5) and executed by a processor
(e.g., controller 540 and/or 580). 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.

[0088] 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.



25 NR transmtter units 554a through 554r then condition the NR transmt
synbol streans to generate NR nodul ated signals, which are sent via NR
antennas 552a t hrough 552r. [0085] At station A 510, the nodul ated signals
fromstation B are received by NT antennas 534 and processed by NT receiver
units 532 to obtain received synbols for station B. The received synbol s
are further processed by an RX spatiabkeprocessor 544 and an RX data
processor 546 to obtain the feedback CSI fromstation B. Controller 540
recei ves the feedback CSI, selects the transm ssion node and final rate(s)
to use for data transnission to st@LASMSB, provides a rate control to data
source 512 and TX data processor 520, and provi des the sel ected

transm ssi on node and channel information (e.g., eigenvectors) to TX
spatial processor 530. [0086] The transm ssion node and rate sel ection
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provi desbdeovterabtiaa srtyanspétedon tbd(@lgérmtbdemoﬁtheMiMO tlmnnelkadan uogecredhe present
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her ei n MIBYORRarmBRLh®d to ot her enbodi nents wi t hout departl ng from

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

in accordance with the selected transmission mode and the selected at least one rate.

2. The method of claim 1, 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; and

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.

3. The method of claim 1, wherein the selecting one of the plurality of transmission
modes comprises

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



the spirit or scope of the invention. Thus, the present invention is not
intended to be |limted to the enbodi nents shown herein but is to be
accorded the w dest scope consistent with the principles and novel features
di scl osed herein. 26 CLAIM5S 1. A nethod of selecting a transm ssion node
and rate selection in a nmultiple-input multiple-output (MM) wreless
communi cati on system conprising: obta¥ning channel state information

i ndicative of received signal quality for a wireless channel used for data
transm ssion; obtaining channel information used to transmt data on

ei gennodes ofledtinghdBtesedhmede if theage af the shanad! informatiereisresd thanpegeal & the
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t r ansmilgsdigenst gedd from N transmt antennas; determ ning the age of the
channel information and the channel state information; selecting a
transm ssion node fromanong a plurality of transm ssion nodes based on the

age of the ghanne,. h&ﬁn@g;@&}@ﬂe_,wﬁ@{eﬁ{ ﬁg%ﬂ@ctmﬁ%n@loifttﬂ PliralifyPo¥SHIns® e Modes

\ &
conprises a steered erein data is transmtted on the el gennodes of

t he M MOdehtunthet compdisesn unst eered node wherein the channel information is

not used to transmt data on spati.al ch els of t M MO channel ;. and
sel ecting a?el?cglélggh%ﬁlgﬁf’%{?‘g “}06'? 'ﬁg}eaagter%ﬁtg?ﬁcﬁ%qn(%mggrg}:a&logﬂs tgﬁeea%(r:ﬁaarrfn@f: state
i nf or mglreghald. and t he age of the channel state information, wherein data is

transmtted via the wirel ess channel in accordance with the sel ected
transm ssi on node and the selected at | east one rate. 2. The nethod of claim

1, further gpnprﬁﬁéﬁgihog%\%‘\ﬁl%ﬂ@jﬂﬁhé&% ggng:f a pilot used to derive the
0

channel information, an erein the ag the channel information is

det er mi ned Weisewinig thhehmefeldfbasddeorpial fungticanol aleiner minrnt ghethdenge of tha pi | ot
used to .derive the channel state information, and wherein the age of the
channeIW‘Eefeéf’%hainH? ormation is determ ned based on the age of the pilot. 3.
The met hod of claim 1, wherein the selecting one of the plurality of

transm ssion nodes conprises conparing the age of the channel information
agai nst a t Br eshOndpparagys for selecting a transmission mode and rate selection in a multiple-

input multiple-output (MIMQ) wireless communication system, comprising:

a controller to obtain channel state information indicative of received signal quality for a
wireless channel used for data transmission, to obtain channel information used to transmit data
on eigenmodes of a MIMO channel from a steered or unsteered MIMO pilot, wherein the steered
MIMO pilot is a pilot sent on the eigenmodes of the MIMO channel and the unsteered MIMO
pilot is a pilot comprised of N pilot transmissions sent from N transmit antennas, to determine
the age of the channel information and the channel state information, to , to select a transmission
mode from among a plurality of transmission modes based on the age of the channel information,
wherein the plurality of transmission modes comprises a steered mode wherein data is
transmitted on the eigenmodes of the MIMO channel and an unsteered mode wherein the channel
information is not used to transmit data on spatial channels of the MIMO channel, to select at
least one rate for data transmission based on the channel state information and the age of the
channel state information; and

a spatial processor to spatially process data in accordance with the selected transmission

mode and the selected at least one rate.



selecting the steered node 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 transmt data in the steered node. 4. The net hod
of claim3, wherein the selecting one of the plurality of transm ssion
nodes further conprises selecting the unsteered node if the age of the
channel information is greater than the threshold. 5. The nethod of claim
3, further conprising: determ ning the threshold based on a function of a
time variant characteristic of the wreless channel. 6. An apparatus for
sel ecting a7t r an¥hé appamtusmdateimrdd wherem tbetmmilmthmqagslﬁa pilptpsed

I I
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qual i t ygé effthépilod &Rl ess channel used for data transmission, to obtain
channel information used to transmt data n ei gennodes of aﬁhd\/lwgo channel
from a st eefegrmypingag aesodg PPISeHIq dprive rh"l fiRle 18kogaptn 2 B ot is a

| ot t d M MO
pilo ?l‘f‘e@ge%? Hg?ﬁ%@ﬁgrﬁl Wtﬂgﬁ?eﬁhn 1?%&%&1{@%&6@ the gk dfife Pﬂ?t eere

pilot is ons sent fromN transmt
antennas, to determ ne the age of t he channel infor rratl on and the channel

state inforpatio |.ec tr.a sms node from a

plurality Oga t raﬁgﬁ?@’sﬁfa&w ?ﬁ)ﬁ%@ EEF'S %ﬁ?&ﬁageé csmPetes theags g?h‘gﬂ?{}?%u on,
wher ei fnfbAfatidh wa@hittaythdshd 0 ang Bé1eqé @RtcbiRd @fode A iage ST thesdhamiet chivmegiowher ei n
data is transmtted on the ei gennbdes of the M MO channel and an unsteered

mode whedesh dhamer ehvairtel thej threshola anch whereip they sragiak gracessas wises that ehappe!
spati al, &hann gfgrsggmhf&g% h@lmﬁelnﬂ&lredﬁﬁ?desel ect at |east one rate for data

transni ssi on base annel state 1 nformation and the age of the
channel state information; and a spati al processor to spatially process data

i n accordange w t he sel ect ed nsni ssi on nd the sel ected.at |east
one rate. g Irl%‘ﬁ 9.5%‘”’0# CLG IR cc\mggfg’lsﬁlefﬁéméﬁ'ﬁttef%ﬂ I“@dedfétﬁgr m nes

the agagat)f ﬁaeR!hlaﬁ’ﬁel %%Hnét@no@r ksker A GEANBGold, '&B@W@Hu@'ﬂwaﬁﬁnﬂeﬁrﬁée@ﬂdﬂes the
age of The channel informati on based on the age of the pil

det er mdagsmyt usretheghanse! infopnptan @Swtlﬂ@r@@ﬁslv@lmth@u%ﬂwoéﬁ at e | nf or mati on,
and wherein
10.  An apparatus for selecting a transmission mode and rate selection in a multiple-
input multiple-output (MIMO) wireless communication system, comprising:
means for obtaining channel state information indicative of received signal quality for a
wireless channel used for data transmission;
means for obtaining channel information used to transmit data on eigenmodes of a MIMO
channel from a steered or unsteered MIMO pilot, wherein the steered MIMO pilot is a pilot sent
on the eigenmodes of the MIMO channel and the unsteered MIMO pilot is a pilot comprised of N
pilot transmissions sent from N transmit antennas;
means for determining the age of the channel information and the channel state
information; and
means for selecting a transmission mode from among a plurality of transmission modes
based on the age of the channel information wherein the plurality of transmission modes
comprises a steered mode wherein data is transmitted on the eigenmodes of the MIMO channel
and an unsteered mode wherein the channel information is not used to transmit data on spatial
channels of the MIMO channel,.; and



t he age of the channel state information is determ ned based on the age of
the pilot. 8. The apparatus of claim6, wherein the controller conpares the
age of the channel information against a threshold and selects a steered
node if the age of the channel information is less than or equal to the

t hreshol d, and wherein the spatial processor uses the channel information
for spatial processing in the steered node. 9. The apparatus of claim8,
wherein the controller selects an unstX@ered node 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
node. 10. Ameappior atlessingat leasslone rdin fpr satatansmissigi basedron éhecahdniredstatesel ect i on

mde. 10, Amapy ot lsglooc it se) bircrodéened
compr 1 arirge R A et et KR oAk, YRR RATRARKE it 2 o °

recei vegirgésg 0Rdnnglialabdarddnoe wath thid fetdcrdsraadiningieh mede and e seladted ftrleassdnessi on;
means for obtaining channel information used to transmt data on ei gennodes
of a M'M© channel froma steered or unsteered M MO pilot, wherein the
steered MMO pilot is a pilot sent on the cigennodes of the M MO channel
and the unsteered MMO pilot is a pilot conprised of N pilot transm ssions
sent from N 1tlr andile sppanitenciadaimnida fistheoeonaetsérgri ni ng t he age of the channel
information and the channel st at i.nf ormpat i on: and neans. for. sel ecting a

L ransnss: o ABuIo PGS ot aripl a5t P AR helRS ptbhioh $5Cea "ot ne
age of wiegei Az bf iefcRiniRt infstmahet BidetethiRed bakedbh the 4k of (MG 964 On nDdes
conprises a steered node wherein data is transmtted on the ei gennodes of

the M MO chardas for drgrmainingribe eserf@ pilptiesediedasive tharhapprl siata infoshatioratidn i s
not us%etr&n ﬁl{e EBHheQE%rﬁlep%]at%%f) tion?@@e@egﬂ[inc‘ed%faséd% t%%@&tﬂﬁé‘@ﬁh .; and 29
ecti ng at or da bas

neans for se east one rate a transm ssion on the
channel state information and the age of the channel state information,
wherein data is transmtted via the wreless channel in accordance with the

sel ected transm ssion node and the selected at | east one rate. 11. The

apparat us ofyacl airme _119par£tH§ bN@hinf PTRIHeRiIM the ARAD ForlselecGiRf &lcBMhdPluldig @ge of
a pilot used to derive the channel information, and wherein the age of the

channeltranginisginmtriodes ¢anpdiseer ni ned based on the age of the pilot; and

means for comparing the age of the channel information against a threshold, and
means for selecting a steered mode if the age of the channel information is less than or
equal to the threshold, and wherein the channel information is used for spatial processing to

transmit data in the steered mode.

13, The apparatus of claim 12, wherein the means for selecting one of the plurality of
transmission modes further comprises

means for selecting an unsteered mode if the age of the channel information is greater
than the threshold, and wherein the channel information is not used for spatial processing to

transmit data in the unsteered mode.
14, The method of claim 1, 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.

15.  The method of claim 1, further comprising:



means for determning the age of a pilot used to derive the channel state

i nformati on, and wherein the age of the channel state information is

determ ned based on the age of the pilot. 12. The apparatus of claim 10,
wherein the nmeans for selecting one of the plurality of transm ssion nodes
conprises neans for conparing the age of the channel information against a
t hreshol d, and neans for selecting a 80eered node if the age of the channel
information is less than or equal to the threshold, and wherein the channel
information is used for spatial processing to transmt data in the steered
nmode. 13. THetemppingan backedft dacso @Qd ontibe @ign of ke plesnel state igbirmetidm@ndne of
the pluralit ransm s he nmeans for selecting
an unstégﬁﬂh%ﬁﬂg@aéPn?ﬁga53@85 c%ﬁ%% &e% %?%% f%ﬁ is greater than the
t hreshol d, and wherein the channel |nfornat|on is not used for spati al

processing to transmt data.in the unsteered e. 14. The thod of claim
1, wherein &6pl ufag mefhodrol claips 13- wheseip 3by pak- %3?%%@ @f@f"é‘ﬁ]‘“@ﬁéﬁa‘*\/ﬂb%l n

each ofuldify B ihediarPiRridiRul o HEMGRIGHaTRAM among the plurality of rates

supporte e system . The nethod of claim1, further conprising: 30
determ ning a back- off factor based on the age of the channel state

i nformati on,.,and st one rate is further selected based on
t he back- ofl”“f ac{r %88 %’tf;:] '"?nl’ttjl"fﬁger&f)m@flgfpgn 15, wherein the back-off factor
i s determ nggteRAGE aDBacﬂt—oﬁ” aedr BMedbn ta EnsHAdsicaaNino 8 a¢laatE farSise fopHath he

wi rel ess channel. 17. The nethod of claim11, further conprising: determ ning
a backlieRsmissien ovheseigedl Rhprakityt olaHanAmissiom Megere atse PurpeBEd oy thgssiedh &dt a

Lr ansir o} Qe WDREE b, fhePlith bl Wfe 8l BB BhANoIRARS, ar e Suppor ted by t he

system a 'east one rate 1S further selected based on the
back-off factor. 18. The nethod of claim 14, wherein the channel state

i nformation ses al i |n| for lurality of
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the selecting the at |east one rate for data transm ssion conprises
(MIMO) channel, one initial rate for each spatial channel.

19.  The method of claim 18, wherein the selecting the at least one rate for 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.

20.  The method of claim 18, wherein the selecting the at least one rate for data

transmission comprises



determning 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, determ ning an SNR back-off based on the age of the
plurality of initial rates, determ ning 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 detgim ning a final rate for each of the
plurality of spatial channels based on the adjusted SNR for the spati al
channel, wherein data is transmtted on the plurality of spatial channels of
the M MO cdetamahingsa rrgquirqdl sigadlito-poioé-afd-imdrferaice sratiet SNH)nfed daoh afhihe

lural . and th | east te selected
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nmet hod of cligefhihfhg aMSNFEbatkidTEbAaed @;ﬁ:tﬂerage bme @turém)asfmqmrat@,te for data
transm ssion conprises 31 determ ning
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spati al. h@@gﬁ%ﬁ&g@@it F%Jﬁgellaia ﬁeﬂé]ﬁ%%& &?r t he spatial channel,

determn ng an ase e age of the plurality of initial
rates, detedeemrinimgan agckaps ENE fENRphmht;eaﬁ:deL(stedtSi*éllq)di&tcmirnetdyfootheﬂhaalntal
channel bas cgﬁr’lon the, required SNR for the spatial channel and the SNR
back- o Sp éf AReli-ABd an average SNR for a plurality of adjusted SNRs

det er i ned {@&rminfg] ﬂﬁaalrhttewor e p‘hﬁl@hiyadf I RBAThelsARdedBl @AVt gg SAK, i nal
rate for the pl uralg atial channel s based on the average
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t he at ate selecte ransnm ssi on

rate. 2démprife tnefirvdehtef clai m 20, wherein the adj usted SNR for each of the
plurality of spatial channels is further determ ned based on a second SNR
back- of f applicable when one final rate is used for the plurality of

spatial chanpel sThEferfi HMUISE 9{5 e»@'he%lﬁ G Edjﬁﬁéd §ﬁheﬁ)fr leB¢h @ffh%%ﬂ\%%t?sdfon
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22.  An integrated circuit for selecting a transmission mode and rate selection in a
multiple-input multiple-output (MIMO) wireless communication system, comprising:

a processor operable to:

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

obtain channel information used to transmit data on eigenmodes of a MIMO channel from
a steered or unsteered MIMO pilot, wherein the steered MIMO pilot is a pilot sent on the
eigenmodes of the MIMO channel and the unsteered MIMO pilot is a pilot comprised of N pilot
transmissions sent from N transmit antennas;

determine the age of the channel information and the channel state information;

select a transmission mode from among a plurality of transmission modes based on the
age of the channel information, wherein the plurality of transmission modes comprises a steered
mode wherein data is transmitted on the eigenmodes of the MIMO channel and an unsteered
mode wherein the channel information is not used to transmit data on spatial channels of the
MIMO channel; and



channel used for data transm ssion; obtain channel information used to
transmt data on eigennodes of a M MO channel from a steered or unsteered
M MO pilot, wherein the steered MMO pilot is a pilot sent on the

ei gennodes of the M MO channel and the unsteered MMO pilot is a pilot
conprised of N pilot transm ssions sent fromN transmt antennas; determ ne
the age of the channel information andpthe channel state information; select
a transm ssion node fromanong a plurality of transm ssion nodes based on
the age of the channel information, wherein the plurality of transm ssion
nodes conpr i skt & |sdseareadie fondbea idamadsiondatal dnsthi claansel stdte thf@matibeand

ei gennodes of, t M MO Cha nel .,and, an st eer ed de wherej n the channel
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channel state information and the age of the channel state information,
wherein data is transmtted via the wreless channel in accordance wnth t he
sel ected transm ssion node and the selected at | east one rate.



