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31 August 2006 DATA TRANSM SSI ON W TH NON- UNI FORM DI STRI BUTI ON OF DATA
RATES FOR A MULTI PLE- I NPUT MULTI PLE- OQUTPUT (M MO) SYSTEM BACKGROUND
Field [1001] The present invention relates generally 31 August 2006
comuni cation, and nore specifically to techniques for determ ning a
non-uni formdistribution of data rates to be wused for nultiple data
streans to be transmtted via nultiple transm ssion channels of a
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Background

[1002] In a wireless communication system, an RF modulated signal from a
transmitter may reach a receiver via a number of propagation paths. The characteristics
of the propagation paths typically vary over time due to a number of factors such as
fading and multipath. To provide diversity against deleterious path effects and improve
pesformance, multiple transmit and receive antennas may be used. If the propagation
paths between the transmit and receive antennas are linearly independent (ie., a
C- transmission on one path is not formed as a linear combination of the transmissions on
the other paths), which is generally true to at least an extent, then the likelihood of
correctly receiving a .data transmission increases as the number of antennas increases.
Generally, diversity increases and performance improves as the number of transmit and
receive antennas increases.
[1003] A multiple-input multiple-output (MIMO) communication system employs
multiple (V7)) transmit antennas and multiple (Ng) receive antennas for data
transmission. A MIMO channel formed by the Nr transmit and Ny receive antennas
may be decomposed into Ns independent channels, with N <min {Ny, Np}. Each of
the Ns independent channels may also be referred to as a spatial subchannel (or a
transmission channel) of the MIMO channel and corresponds to a dimension. The
MIMO system can provide improved performance (e.g., increased transmission



2 capacity) if the additional dinensionalities created by the multiple
transmt and receive antennas are utilized. [1004] Fgé fU||éi M MO
channel, where NN = Nr S NR an independent data str L3¥58"§,
transmtted fromeach of the NT transmt antennas. The transmtted data
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rate and_codi ng and dul ation schene for each data stream based on this

linited PNRSr Sincedhe chanpelajonditions typicaly yany witk timenthedatarratersupported by
techni qu t ) .set..Qf data rates for nultiple data streans to
achi evg %%Br@%%%%g‘é&\ﬁﬁ%mﬁ%'t ed information is gvai | abl e at the
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be sel ecipgbckfitable level of performance (e.g., one percent packet error rate) may be achieved
for the data stream. However, for some MIMO systems, this information is not
available at the transmitter. Instead, what may be available is very limited amount of
information regarding, for example, the operating SNR for the MIMO channel, which
may be defined as the expected SNR for all data streams at the receiver. In this case, L
the transmitter would need to determine the proper data rate and ;:oding and modulation C)
scheme for each data stream based on this limited information.
[1006) There is therefore a need in the art for techniques to determine a set of data
rates for multiple data streams to achieve high performance when limited information is
available at the transmitter for the MIMO channel.

SUMMARY
[1007]  Techniques are provided herein to provide improved performance for a
MIMO system when channel state information indicative of the current channel
conditions is not available at the transmitter. In an aspect, a non-uniform distribution of
data rates is used for the transmitted data streams. The data rates may be selected to
aéhieve (1) a specified overall spectral efficiency with a lower minimum “received”



achleve (1) a specified overal spectral eff|C|ency with a |l ower mninmm
"received" 31 August 2006 3 SNR (described bel ow) or ) a hi

overall spectral efficiency for a specified received gﬂﬁi iC

schene for achieving each of the above objectives is prOV|ded her ei n.
[1008] In a specific enbodi nent that mgy be used to achieve the first

obj ective noted above, a nethod is provided for determning data rates
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that nmay be used to achieve the second objective above, a net hod
is provi mdthndammesimn@qmlama‘fe@bcﬁu” Ml{d@enbdbeiaw}aforsam to

Zﬁtéﬁagim@ﬁ 3 ity RelBined Shoed gh ey %%g%&%ﬁﬂ”m Saw%ew%g' 5o ﬁ°
Thi o 1 oce Shiibn eSS thé el Aal] ackhoed bUOA)' € iplts 86 0

based onsﬁmasur’Hrml;mrai SNRefor each dat steenth isithén cothpeaed ygahist diecsffbcti ve t he :
transm’t . TE@ ffective SNR for each data streamis also determ ned
Efmﬁéﬂm

based on deemed tobespupparted ifithe sequired SNR

et or m i %%s‘e’%*s SRGH Uy (B o Y S SRS B IS T

two of thembetof set ©f daed faes magedévalpatad Gnd \Be irod Ssef agR6iatedawith the
enbodi ments of the invention are described in further :
minimum received SNR may be selected for use for the data streams.
[1009] In a specific embodiment that may be used to achieve the second objective
noted above, a method is provided for determining data rates for a number of data
streams to be transmifted via a number of transmission channels (e.g., transmit
antennas) in a multi-channel (e.g., MIMO) communication system. In accordance with
C the method, the received SNR is initially determined. This received SNR may be
specified for the system or may be estimated based on measurements at the receiver and
periodically provided to the transmitter. The effective SNR for each data stream is also
determined based on the received SNR and successive interference cancellation
processing at the receiver. The data rate for each data stream is then determined based

on the effective SNR for the data stream, with at least two of the data rates being

unequal.

[1010] Various aspects and embodiments of the invention are described in further
detail below. The invention further provides methods, processors, transmitter units,
receiver units, base stations, terminals, systems, and other apparatuses and elements that
implement various aspects, embodiments, and features of the invention, as described in
further detail below. '



‘detail below. The invention further provides nethods; processors,
transmtter units, receiver units, base stations, terpginals, %ﬁi‘serrs,
and ot her apparatuses and el enents that inplenent var &“W )

enbodi nents, and features of the invention, as described in further
detail below 31 August 2006 4 BRI EF OESCRI PTI ON OF THE DRAW NGS [ 1011]
The features, nature, and advantages of the present invention wll becone
nore apparent fromthe detail ed description set forth bel ow when taken in
conjunction wth the drawings in which |like reference characters
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successive interference cancell ation ceiver pro to
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streans; |. Ollﬁnlg %G. 3 js a flow diagram of an enbodi ment of a” process
for det ePthi Wings; 1y which clike s okaracserst identifyp cvorrespanidingly set

of data W%W[Wﬂ%ﬁhﬁ 4 shows plots of packet error rate (PER)
versus S rail, "M MO system for spectral efficiencies of 1, 4/3,
5/3, and [W1ags! HAP. (L 4Blofk Biaghuh of i bl frfer i of a
transmtter unit; and [1017] FIG 6 is a bloc %Fgg}r[%mo §3Rg%bo |énent
of a recEICHBVEr §iyftam sifsteni;npl enent i ng t he successive interference
cancel | a4 Tecaiver. pracessi ng technique. DETAI LED DESCRI PTI ON [ 1018]
The techiuil‘géés' gg?é?l 1&aadﬂ‘f‘l‘gr ?ﬁ@o‘ﬁ“ﬁ%‘ggrﬂ fichepstyesiaterferenge cangelladen f or
C~ mult peReRref Setd o€ ROBniBaS § | i ted,. S informatign may
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E hg)lQl AI01SD syHGed shuwsoplotsnof pagkee eﬁbﬂ'}mbrm}i,te@ﬁtmaﬁrapql,ml tiple
MIMO system for spectral efficiencies of 1, 4/3, 5/3, and 2 bps/Hz; |
[1016)  FIG. 5 is a block diagram of an embodiment of a transmitter unit; and
[1017]  FIG. 6 is a block diagram of an embodiment of a receiver it capable of
implementing the successive interference cancellation receiver processing technique.

DETAILED DESCRIPTION

[1018])  The techniques described herein for determining a set of data rates for (‘ )
multiple data streams based on limited channe] state information may be implemented
in various multi-channel communication systems. Such multi-channel communication
systems include multiple-input multiple-output (MIMO) communication systems,
orthogonal frequency division multiplexing (OFDM) communication systems, MIMO
systems that employ OFDM (i.e., MIMO-OFDM systems), and so on. For clarity,
various aspects and embodiments are described specifically for a MIMO system.

(1019] A MIMO system employs multiple (N7) transmit antennas and multiple (Ng)
receive antennas for data transmission. A MIMO channel formed by the Ny transmit
and Nr receive antenmas may be decomposed into Ns independent channels, with
Ns Smin {Ny, Np}. Each of the N5 independent channels may also be referred to as a

spatial subchannel (or transmission channel) of the MIMO channel. The number of
spatial subchannels is determined by the number of eigenmodes for the MIMO channel,



‘receive antennas for-data transm ssion. A M MO channel formed by the NT
transmt and NR receive antennas nay be deceonposed in Ns ir} dent
channels, with Ns 5 min {NI, NA}. Each of the Ns ind S els
may al so be referred to as a spatial subchannel (or transm ssion
channel ) of the M MO channel. The nunb&r of spatial subchannels is
determ ned by the nunber of eigennodes for the MEMO channel, 31 August
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(CDM) Tl}ll pilot is typlcally a known data pattern that is processed in a known
manner (if at all), and may be used at the receiver system to estimate the channel
response. The multiplexed pilot and coded data for each data stream is then modulated
(i.e., symbol mapped) based on a particular moduiation scheme (e.g., BPSK, QSPK, M-
C PSK, or M-QAM) selected for that data stream to provide modulation symbols. The
data rate, coding, and modulation for each data stream may be determined by controls
provided by a controller 130. _ _
(1023]  The modulation symbols for all data streams are then provided to a TX
MIMO processor 120, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 120 then provides Nr modulation symbol streams to Nr
transmitters (TMTR) 122a through 122t. Each transmitter 122 receives and processes a
respective symbol stream to provide one or more analog signals, and further conditions
(e.g., amplifies, filters, and upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO chamne]l. Ny modulated signals from
transmitters 122a through 122t are then transmitted from Nr antennas 124a through

1244, respectively.



OFDM). TX M MO processor 120 then provides NT .nodul atj on synbol streans
to NT transmtters (TMLR) 122a through 122t. Each tr mtter(#@%)

recei ves and processes a respective synbol streamto nor e
anal og signals, and further conditions (e.g., anplifies, filters, and
upconverts) the anal og signals to provbde a nmodul ated si gnal suitable
for transm ssion over the M MO channel” NT nodul ated signals from

transm tt[iéiﬂlﬂa t hrough 122t are then transnmtted from NT antennas 124a
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system 110.
[1026] RX MIMO processor 160 may derive an estimate of the channel response
between the Nr transmit and Ny receive antennas, e.g., based on the pilot multiplexed
with the traffic data. The channel response estimate may be used to perform space or
space/time processing at the receiver. | RX MIMO processor 160 may further estimate
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, and
possibly other channel characteristics, and provides these quantities to a controller 170,
RX MIMO/data processor 160 or controller 170 may further derive an estimate of the
“operating” SNR for the system, which is indicative of the conditions of the
corgmmnication link. Controller 170 then provides channel state information (CSD),
which may comprise various types of information regarding the communication link
and/or the received data stream. For example, the CSI may comprise only the operating
SNR. The CSlis then processed by a TX data processor 178, modulated by a modulator
180, conditioned by transmitters 154a through 154, and transmitted back to transmitter
system 110. |
(1027] At transmitter system 110, the modulated signals from receiver system 150
are received by antennas 124, conditioned by receivers 122, demodulated by a
demodulator 140, and processed by a RX data processor 142 to recover the CSI reported

a
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provi de or and data used by controllers 130 and
170, resﬁ!’% vel'i;‘h ?%g?ﬂ?ﬁﬁﬁgﬁérs%mmw tem may be expressed
as: y =Hx+n Eq (1) where y is the received vector, i.e., = (Y, y2..

YN, Ir , Wnereyi%.,_}. |s the entry received on t he I-Fh rm Zed ant enna

and i e (1, X is the transmtted vector, [ xI xx

: X Nf ]T, wher e {x} |sthe entry transmttedfromthej-thtransm't
tennaa | S.the_channel respon r|x r the M MO

channel : ¥ cqes_l ﬁ%%%‘% ‘(ﬁﬁ?% @a&sninymm% ft}h aEWE%HFX/eCtor

of 0 and a covariance matrix of A = 02l, where 0 |s a vector of zeros, |

is the identity mvgdmﬂwﬁhmv@@tqmamagdbal Nedd zeros everywhere

else, and a2 is the variance of the noise; and 9[ ] T denotes the
transpose of [ s the transmitted vector, i.e., x=[x x,... , where {x,} is the entry

transmitted from the j-th transmit antenna and je{L, ..., N;};

H is the channel response matrix for the MIMO channel;

n is the additive white Gaussian noise (AWGN) with a mean vector of 0 and a
covariance matrix of A, =¢*]1, where 0 is a vector of zeros, I is the
identity matrix with ones along the diagonal and zeros everywhere else,
and o is the variance of the noise; and

C _[.J" denotes the transpose of [.].

[1030] Due to scattering in the propagation environment, the Nr symbol streams
transmitted from the Nr transmit antennas interfere with each other at the receiver. In
particular, a given symbol stream transmitted from one transmit antenna may be
received by all Ny receive antennas at different amplitudes and phases. Each received
signal may then include a component of each of the Nr transmitted symbol streams.
The Ni received signals would collectively include all Ny transmitted symbols streams.
However, these Ny symbol streams are dispersed among the Ng received signals.

[1031] At the receiver, various processing techniques may be used to process the Ng
received signals to detect the N transmitted symbol streams. These receiver processing
techniques may be grouped into two primary categories:



[ 1030] Due to scattering in the propagation environnment, the. NT synbol
streans transmitted fromthe NT transmt antennas jn‘tﬁfere Wi ach
other at the receiver. In particular, a given synbol Adighst itted
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di fferent anplitudes and phases. Eachgeceived signal may then include a .
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interference etnceBaticni’opnsuceessive gancellption’ aeeqiver precepsing teehnigeglch i s al so
referred to as "successive interference cancellation" or "successive

cancel | af1032] r dagienenal, theospatiali ang spacsatiine weseiver phiedsing techaiques lattempt

spatial and space-tine recgeiver processing techniques ,attenpt  to

separ at etspparatroout the,\brapsmitied symhol streamsalthe Feceivee Hachdrapgmitted gymbol

transmt “ ErEa rde i i he.vari ous
corrponen%tg&gfmceﬂet rdgnsm ﬂbggh s! \Witiits "ggt?l%ggrrwg%{%g | nlf{&ke MR ved
signal s b6l siealin€laded it the Oy redvedd base@ DRGMSEBtimAt dfdhe charmel Ng
(or cancg?iﬁng) the interference due to the other synbol streans. These

recei ver rspeRsesyidn () maiaiing s caneelingd the inierieronce dye dedbe clcaisImbRe
from t ho s 10t e Bbrestie” RARALS mctibe, toocitie, () a0 oG
synbol  sifd@adhdl tranb@ittedl s9EMBOF Sredins WAk thad Mikré ¥ £6 hftérfetéifee! friithd\8thet her

synbol streans. Each detected synbol streamis then further processed
(e.g., dsymboll streaths oe(2)t maximive dheSINRI exf ozhchi) detected: syrobelr stream in alief i ¢

data for_the synbol. strea 1033]. The, successi ve,cancel | ati on,recej ver
bt 0cess! RFsE o EisS A0AJHSFERRSe o dDe oUaek SYbh SHPiRe S oMt eans.
one at asirhPal stréiniOtheR Firtler e&&%&;ﬁ UERoddI&E8! defijteriéalEed 2 ABcodaflf 1 O
cancel the interference due to each "Fecovered” synbol stream-such that
| at er r etmrecoed they/tniffit detarforthe spmbel streame | ess i nterference and nay be

[1033] The successive cancellation receiver processing technique attempts to

=

recover the transmitted symbol streams, one at a time, using spatial or space-time

receiver processing, and to cancel the interference due to each “recovered” symbol

stream such that later recovered symbol streams experience less interference and may be

able to achieve higher SNRs. The successive cancellation receiver processing technique (A)
may be used if the interference due to each recovered symbol stream can be accurately '
estimated and canceled, which requires emor-free or low-error recovery of the symbol

stream. The successive cancellation receiver processing technique (which is described

in further detail below) generally outperforms the spatial/space-time receiver processing
techniques.

[1034] For the successive cancellation receiver processing techmique, the Ny
received symbol streams are processed by Nr stages to successively recover one
transmitted symbol stream at each stage. As each transmitted symbol stream is
recovered, the interference it causes to the remaining not yet recovered symbol streams

is estimated and canceled from the received symbol streams, and the “modified” symbol

streams are further processed by the next stage to recover the next transmitted symbol

stream. If the transmitted symbol streams can be recovered without error (or with



able to achi eve higher SNRs. The successive cancell ation receiver
processing technique r ) may be used if the interferggﬁe due. iﬂbé%wh
recovered synbol stream can. be accurately estinmated whi ch
requires error-free or lowerror recovery of the synbol stream The
successi ve cancel |l ation receiver proc?ssing techni que (which is described .
in further detail below) generally oufperforms the spatial/space-tine
receiver processrgg techni ques. [1034] For. the successive cancel | ation

r ecei ver mipimek anskc Hn they ehanel response estimaty) is yeasenably raceyrates then

processed by, NT s e ol
bt roam armsdiahon B ﬁ'ﬁérf)%‘iﬂééﬁ?@ﬁi‘% R T Sy B S 2T
the int e§NRr 6 éagh Ishbsequsitly feBovei@l §yiBl 3irBm 19 impived.c 16 s Sdyshigher
streans 1s estimated and canceled Tromthe recelved synbol streanms, and

the " rrodpd:rfmnianeq,/maylbe whmadrfomﬂbmned spmbelesterarns y gasept §Qfage to
recover &ghext tr iwe st rea If the transmtted synbol
streanms jdrap, r‘?ﬁovﬁ? ‘Wi th 31 August 2006 9 ni ni mal

errors) fllw# t’l‘?ﬁfﬁﬁ@@iﬁ 'teﬁ:ﬁﬁ&lﬁé‘?fsl&édh € is reasonably accurate, then
d

cancel |l a e Inte ference ue to the recovered synbol streamis

effective, and the NR ch su sed reaoverﬁﬁ ﬁ% streamis
i nproved. I°n %‘? qﬁ’dé @ﬁent%s ?!B'l‘r at

transmtted sy treams (possrbly except for the first transmtted

synbol streamt e recovered) [ 1035] The followi ng term nol ogy is used

herein: "tor dnsgivedtsymbolstreamst thednputs td hepmhbntpaewawwasmsmthet ed

fromthe transnit antennas; _"recejved" nﬁ r ans - theﬁg}pts to a
atial or spaﬁesttstaseoﬁaams%‘remwrfpmce ver (85

terference.ca Lati r g Qiobds&d
synbol st r San® oﬁﬁf thhﬁg@ﬁ%&gﬁpgﬁ%%ﬁcﬁu% ceesor i n
each subsequenga&tsﬁg&q%n sipeDf the SICHeddver; “detected” synbol streanms -
the outputs fromthe spati al processor (up to N7. - k +1 synbol streans

maybe det eot Edetedtedt aymbh) streams - thecautputs dfromy theospasial quecesson @pnisol
streamthat has been decoded at the recei ver onI angle det ected synbol

streamis recovreh +k symhol streamsanay be deegted f1 ow di agr am

illustrating the successive cancellati recei ver
ogrccov T symbol stream - a sym wsmamthathasbeendwodedatthe

receiver (only one detected symbol stream is recovered at each stage).

[1036} FIG. 2 is a flow diagram illustrating the successive cancellation receiver
processing technique to process Ny received symbol streams to recover Nr transmitted
symbol streams. For simplicity, the following description for FIG. 2 assumes that (1)
the number of spatial subchannels is equal to the number of transmit antennas (i.e.,
C, N; =N, < N,) and (2) one independent data stream is transmitted from each transmit

antenna.
[1037] For the first stage (k =1), the receiver initially performs spatial or space-
time processing on the Ny received symbol streams to attempt to separate out the Ny
transmitted symbol streams (step 212). For the first stage, the spatial or space-time
processing can provide Ny detected symbol streams that are estimates of the Nr (not yet
recovered) transmitted symbol streams. One of the detected symbol streams is then
selected (e.g., based on a particular selection scheme) and further processed. If the
identity of the transmitted symbol stream to be recovered in the stage is known a prion',
- then the space or space-time processing may be performed to provide only one detected
symbol stream for this transmitted symbol stream. In either case, the selected detected
symbol stream is fusther processed (€.g., demodulated, deinterleaved, and decoded) to



processing technique to process Nt received synbol streans to recover. NT

transmtted synmbol streams. For sinplicity, the follloying descyiption
for FIG 2 assumes that (1) the number of spati al sub&ﬁ%"@i‘tﬂ%qual

to the nunber of transmit antennas (i.e., C. Ns = NT 5 NR) and (2) one
I ndependent data streamis transm ttegofrom each transmt antenna.
[1037] For the first stage (k =1), thé receiver initially perforns

spatial or, spage- ti processjng.on the NR recei ved synbol streans to
at t enpt P?}'%‘gﬁﬁmdedﬁg@ Smcgﬂ%ma&pfw streqrn forsthe trangmigted) .
For the fg : | 2l .Qr e-4d processing can provide NT
det ect ed smloﬁﬁegfﬂ%&ﬁréﬁ%%alrﬁgu&?%é%get he Nr (not yet recovered)
“transni t {#B8]y nbAl dedrérution i%%n&%e@%%hsﬁmm}%s N en

selected (e.qg., based on a particular selecti’on s urther
processedave beem gcovered ((stey 236).t HE the answertis ges,stheibdhe s¢ceb@mprocebsing

recovereq_l e age. i s .kno a priori, then the space or space-tine
processi ngfhﬁ%@&()eam%m 'P%W d@'eémtbc Ybrereveresd o aymbol eamsen eam
for this ehstpobile NEecS I | r t cted detected
synbol st ream‘iﬁgﬁurt hgéﬂ)g%%sﬁsseﬁ Zies%ﬁhfa%gr{%%@?g?}edﬁﬁ@%%%% and
decoded) beesthmated dydirseRomcodifig ahé deooded daa etesindinteileatingans redkiceed S an
estimate of the data streamfor the transmtted synbol stream being
recover e&‘ﬂﬁﬂnaﬂfﬁ@a@f&&m@s&rpmm\feq det@sing the-samen¢oding, intédleavingeandrade
whet her :nal ] |..str ave been recovered (step
210). 1 £ HqoaRioR cchbind"abd bf e HaBhindt Wi Hor SH3. Gare ga] 3P IR
O her wi s &rentddalated” esybbol seeans\URhich is &g émr&@a%ﬁmughbaf i@ on
18) . e (j

each of the NR received synbol streans is estinmated (step
i nt er f er 85t deqaypred - The remadelated \symbok istream &in dbeti convdieedd by eackl of Vg

stream Later]eavi t he re-encode data, and, synbol mapping the

i nterl ea&iéE%H 4 "(%P'h“g r???ém?:a'ﬁ%’t@ij F&;‘,Ee"fvﬁt '} € Componeats dpeita on
schenes ysed at the transmitter unit for this data streanm) to obtain a
"r emodul ﬁl‘éH‘"@%ﬁEﬂd WMM& dhe vectemh pista gplman of ther(@V,1 Np} channel
synbol streamjust recovered. The renodul ated synbol streamis then
convol velFSBOnssoatays MR correspanding: to the jrthc transmit antenpe nmed \for tthe jistt 0
derive NR interference conponents due to the just-recovered synbol
stream W@V‘%‘E‘itw‘i’ﬁ, streany, The veatoroh; includesiNryelamnents thatdefine the shamek
matrix, 11, correspondi.nt% to the j-th transmt antenna used for the just-
r ecover eEFSBYNSEOEtWSCR e th transmit antsnng and the Nxaeceiveranienpasnt s t hat defi ne

the chanffzg]  The Ny interference components are then subtracted from the Ny received
symbol streams to derive Ni modified symbol streams (step 220). These modified
symbol streams represent the streams that would have been received if the just-
recovered symbol stream had not been transmitted (i.c., assuming that the interference
cancellation was effectively performed). (—)
[1040) - The processing performed in steps 212 and 214 is then repeated on the N
modified symbol streams (instead of the Ny received symbol streams) to recover another
transmitted symbol stream. Steps 212 and 214 are thus repeated for each transmitted
symbol stream to be recovered, and steps 218 and 220 are performed if there is another
transmitted symbol stream to be recovered.
[1041]  For the first stage, the input symbol streams are the Ny received symbol
streams from the Ny received antanas. And for each subsequent stage, the input
symbol streams are the Nz modified symbol streams from the preceding stage. The
processing for each stage proceeds in similar manner. At each stage subsequent to the
first stage, the symbol streams recovered in the prior stages are assumed to be cancelled,



response between the j-th transmt antenna and the NR receive antennas
[1039] The NR interference conponents are then subt r'acéf%iéis@ NR
received synbol streans to derive NR nodified synbol ( 220) .
These nodified synbol streans represent the streans that woul d have been
received if the just- recovered synboljjstream had not been transnitted
(i.e., assumng that the interference cancellation was effectively

t)ﬁreao:rergg%. Cl‘| 10n§413 Th%fﬂ{?(;q(iessi!ng perfgéﬁmsstegsééZ g&é}}ﬁp&s

recei ved nb st rea t cover another transmtted synbol stream
o5t tor BTt slof

Steps 21 ®ated for each transmtted synbol stream
to be repoggned,mshc%&@% CahSel Pfidn 3% &AE TR influbbes QuinbepBPt her
transmttied synbol streamto be recovereé 1041] " For the first stage, the
i nput systages, Ineestage foreedch draiBmittesle symobl sstrebml to bé mewerelr oBadhhetafiiR
recei ved antennas. d for each subsequent stage, the, ipput ynbol

st reans aqcevsrﬁ@nmmfr%mm syabolstrtamtand (etkeph fﬁh"e@éﬂﬁ?&s’s@a@f‘& The
processi e [ L.l t

subs equeﬁ?’ {ngér{qggﬁgf(ﬁe:?y gﬁ%&&%ﬁ% Sg?ﬁ%g}&%ﬁl} g@sgﬁ?eeg@vtg?%g‘gﬁwl prior

stages agtecaiiss foEdhé Ondye @agcel Each sabseQuentBt rédVered dymmbolt ecam thus

di mensionality of the channel response matrix H is successively reduced
by one expegigncesolestk interferanssctndeist able 49 cachieye mhigiereSNEcthen syithout the

cancel l ation recei ver. proc ' t I ncl udes upber of a, one
tage 1 oatarhice aHdRaBp 1B sfihs & the ttpyased Srbud sfesitn S deBiion

r ecover sgheRfartiuldritRddria Whidhi the syrfiiolRelearis i@asFovand. (except for the |ast
jgﬁge) cancels the interference due to this recovered synbol streamto

i ve t{i848bdi fFardhssuroessivesancsliation weeiverproesssing; thg inputsymrbal ssamsient | y
recovereg s treamt hus, experiences less . interference and is.able
o achi cips e it is® GiRbmite ot iR GiteTRRece fibape Baiel SEHRE BEPYRa i The
SNRS Of l8riof ROVEARA HVETBEn eHebARIY cAicBlcdPRAPYEBspRedbli® par ti cul ar
order in igﬁ ?he ésa;)rrbol streans a g reco)\iergg.e [[.)L043] For the
successi ve cancel l ation receiver processing, the input synbol streans
for the k-th $tagH,&kasaumi ng that the interference from t hEggpbol
streans recovéfed in the prior k-1 stages have been effectively
cancel ed) may be expressed as: yk=Hkxk+n Eq(2)

where y, is the N, X1 input vector for the k-th stage, ie., y, =ly" »" T,

where y,k is the entry for the i-th received antenna in the k-th stage;

»RaT,

x, is the (Ny—k+D)x1 transmitted vectbr for the k-th stage, ie.,
%, =[%, %y Xy, I, Where x, is the entry transmitted from the j-th
C transmit antenna;
H, is the NyX(N,—k+1) channel response matrix for the MIMO channel,
with k-1 columns for the previously recovered symbol streams removed,
- ie, H, =[h; b, ... hy J;and

n is the additive white Gaussian noise

For simplicity, equation (2) assumes that the transmitted symbol streams are recovered
in the order of the transmit antennas (i.e., the symbol stream transmitted from transmit
antenna 1 is recovered first, the symbol stream transmitted from transmit antenna 2 is
recovered second, and so on, and the symbol stream transmitted from transmit antenna
Nris recovered last). Equation (2) may be rewritten as:



where yk is the NR x1 input vector for the k-th st age, i.e., j,,.:[y,k
, 2k ... yN. ]T where y,k is the entry for the i-th reggi,ved ain
the k-th stage; xk is the (NT - k +1) x| transnitted @ngﬁﬁm k-th

stage, i.e., gk =]["'xk xk+, ... X,,,. ]T, where xj is the entry
transmtted fromthe j-th transmt aghenna; Hk is the NRX(NT-k+1)
channel response matrix for the MIMO channel, wth k-1 columms for the
previ ously recoverﬂed synbol streans renoved, i.e., Hk =Lk bk+r ... hNT];

and nis the dlie i te Gaussian noise For sinplicity, tion (2)
assunes that the }mé%ﬁ éd synbol streans are recovered Eﬁﬁ?he or der
of the transnit aftennas (i.e., the synbol streamtransmtted from

transmt antenna 1 is recovered first, the synbol streamtransnmtted

from tr el amiReQansehiitdd syl Gl 18 86 et A0 gﬁlg:s{i?@e%éﬂgo'

streamtransmtted fromtransmt antenna NI IS recoVer tion

5 ) . . . ) 1 044
(2) may lbex_ngmpétwat aPmsﬁlwg%léﬁoﬁpﬁﬁm%?&M dde (o0 )_The-044]

The transm synbol streamio be reco in stage may De vi ewed

as  bei ngrapgmitied spaibol steaiss depentient oA dARRAbIN thethakiret fedpéiRe Vebos Pace

(or plane) S . The transmtted synbol streamis dependent on (and
defined W) Amintetferamce-freccequponent/efthe tranduhitted\symbdl stréam amayche obegined
component of the transmtted synbol stream nmay be obtained by projecting
t he chanb¥Iprejectingthe chanpebrespanis vector hyn onmnénterferenceefrée sb-spabe, sykicle,
which is orthogopal to the interference sub-space. This projection may

AR it g ool syl s cuprhi il
tSBgESI ;gs |?ﬁ§h u *s%&@ga ﬁﬁt[ﬂﬁﬁl@?% ; nfﬁ("g_nﬁ;t E@eiﬁf@r%{]ms tﬁef N n(J
2 5P Soaxigpl el er W rolbetion i e onb it s 78 sHrspRE SoPlsulpL oL U,
1512k 1 e B2 Y FOREPRRE R gict 1, WP | F i ok -y ek 5B

and {i,}, for n=1, 2, ... N; ~k, are orthonormal basis spanning the interference sub-

space S'. The average energy after the projection is given by:

Ellw"h, '] =E(bh, P1-E(S'" b, ]

T

N Ny =k
= 5= 3 1 Fb Y P, Bq (4)
ju

_Ne=N; +k |
N, ()

where w " b, represents the projection of h, on the interference-free sub-space (i.c., the
 desired component), and

§"Hg,‘ represents the projection of h, on the interference sub-space (i.e., the
interference component).
Equation (4) assumes equal transmit powers being used for the transmit antennas.
[1045] The effective SNR for the symbol stream recovered in the k-th stage,
SNR 4 (k) , may be expressed as:

P,(Ng-N, +k)

SNR , (k) = e
A

Eq (5)



NR -NT+k NT , C where w'hk represents the projection of hk on the

i nterference-free sub-space (i.e., the desired conponepj),, anqiﬂo hk
represents the projection of hk on the interference s @“@“v%e., the
i nterference conponent). Equation (4) assunes equal transmt powers being
used for the transmt antennas. [104%] The effective SNR for the synbol
streamrecovered in the k-th stage, Re W nmay be expressed as: SNR g
(k) = PM(NR NT_+ k) Eq (5). eaNT 31 August 2006 13 where Pr" is the
total tr 'Emmmmﬂmmm@weéﬁmbab&ﬁormmaaw,onmh@hls%mtmﬂ)brmy

di stributed across NI transm nt ennas, _such that B, ./ .NI i.s used
for each transm td'&ﬂl%é%@f%ﬁﬁzﬂ%é’fﬁ@“ﬁ%an% s\'?‘ﬁl?ﬁ?ﬁcpmlvldﬁgﬁ"d

received SNR for all ,NR recei K%g s%lgbol streans, SNR,, may be defined
as: SNRR = P,,, NR WEB‘!‘T@P‘@P B%7] Conbi ni ng equations (5) and (6),

the effective - . ol streamrecovered in the k-th stage may
AN o1#e
: , 11 =

be expressed as: NR -NT +kJSNRR . Eq (7) | NrNR The
effecti VEIOABR f OrtgUteakived SNIRWor idll dViURLEIVEd G¥inbbE shédns] SNRSE vifiydbe
assunptions. First, it is assumed that the interference due to each

r ecover edefiedsaasst ream i s effectively canceled and does not contribute to
the noise and interference observed by the subsequently recovered synbol
streans. Second, it js.,assuned that no (or low) errors propagate from
one stage to aNE he ird, an optimumfilter that maxim 6PNR i s

used to obtain edth daetected synbol stream Equation (7) also provides
the effective SNR in linear unit (i.e., not in log or dB unit). [1048]

Ao 0t e9 Y ° bl SR MR, B SR8 b Syl b "

C recovered in the k-th stage may be expressed as:
' Ny—N, +k
SNR (k) =| —2-—I—ISNR_ .

The effective SNR formulation shown in equation (7) is based on several assumptions.

First, it is assumed that the interference due to each recovered data stream is effectively

canceled and does not contribute to the noise and interference observed by the

subsequently recovered symbol streams. Second, it is assumed that no (or low) errors

propagate from one stage to another. Third, an optimum filter that maximizes SNR is

used to obtain each detected symbol stream. Equation (7) also provides the effective
C SNR in linear unit (i.e., not in log or dB unit). _

'[1048]  As noted above, the transmitted symbol streams may experience different
channel conditions and may achieve different SNRs for a given amount of transmit
power. If the achieved SNR of each symbol stream is known at the transmitter, then the
data rate and coding and modulation scheme for the corresponding data stream may be
selected to maximize spectral efficiency while achieving a target packet error rate
(PER). However, for some MIMO systems, channel state information indicative of the
current channel conditions is not available at the transmitter. In this case, it is not
possible to perfonn adaptive rate control for the data streams. |
[1049]  Conventionally, in some MIMO systems, data is transmitted over the Nr
transmit antennas at the same data rates (i.e., uniform distribution of data rates) when
channel state information is not available at the transmitter. At the receiver, the Ng

. received symbol streams may be processed using the successive cancellation receiver



channel conditions and may achieve different SNRs.for a given anount of
transmt power. If the achieved SNR of each synbol ﬁ%ﬁm %m

the transmitter, then the data rate and codi ng and me for
the correspondi ng data stream nay be selected to naxim ze spectral
efficiency while achieving a target p ket error rate (PER). However,
for some MEMO systens, channel state | formation indicative of the
current channel conditions is not available at the transmtter. In this
case, it Processing techiguel el ong eohventiondlapttieme, rthe SNRsnof die (A ~thelyat a
streans. [1049] Conventionally, in some MEMO systens, data is transmtted

over t he dgdected symbel streams aheash stage krage detnmnuad,aandahaa@t@tedesymhm istrganm

avai | abl W B SNRIRe e in ol g Thistonsmep sehesto v il o
streans dpuikiRion'of d8BTEs provitis ,5‘9.0@555 ncel | ation receiver 31
August 2006 14 processing technlqu one conventlonal schene, the
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Techni ques are pro ereln to provi

M MO sysdatmratesiis aitinfor thes tradstnitted dﬁtﬁ@h’eﬂﬂsl I’Itliec‘cﬁld M&s(ﬁla)t be seleéte@td
channel conditions is not available at the transmtter. In an aspect, a

non- uni f 8hieYs 1 a EYeNoAr specifipgt gverall sspestral afficieney Withea dowers miniprun dat a

pec 11 eToaEH AR BF{ZAA Hhtc Bl sielySfethRienty Be Sy siitinEerlyed -

or (2) aSNRyhar eabﬁewmhcmevmgfeh@u 61 abéve éb]&'!h%é‘lscﬁroﬁﬂé&bélb%d

received (_ ) SNR A specific schenme for achieving each of the above
obj ect i vwanéae;sh@wnmtlwemwmfmm cbatnbmmrmfcdm tatea gendrallyoutperforins the

distrib t t per f th t |
ans 1 or m el Bhffofs? UEERE oF tack st et HBietichs T 1051] a6 shown i n
equat i on[105)1] t has ahbeftinVQuehéh ), sAER VSN@O%HHP &rﬁ&ad%i

dependent on the particul ar” stage at whi ¢ 'S recovere as I'n cat ed

by the steamis ddpendentpnéhmpm‘uctﬂanmgmateﬂueh iitais récoyeredas indicated bgfthect ive
SNR i hi eved .f t he f t nbol st dthhht
ot fect i v IR 40 e pUSHERtor o cqtion(dh. The Jovest electpRtuY ot schisved 0052)
To achi ey firdPreedRded Snibtl BBEGE, and¥he Highth 'efective! SNR ¥ Achkvel rolahe1dspt ©S

recovered symbol stream.

[1052] To achieve improved performance, non-uniform distribution of data rates
may be used for the data streams transmitted on different antennas (i.e., different
spectral efficiencies may be assigned to different transmit antennas), depending on their
effec;.tive SNRs. At the receiver, the transmitted data streams may be recovered in an (
ascending order of data rates. That is, the data stream with the lowest data.rate is
recovered first, the data stream with the next higher data rate is recovered second, and

so on, and the data stream with the highest data rate is recovered last.

[1053] The data rates to be used for the data streams may be determined by taking

into account various considerations. First, earlier recovered symbol streams achieve

lower effective SNRs, as shown in equation (7), and further suffer from lower diversity

order. In fact, the diversity order at stage k may be given as (N, ~ N, +k). Moreover,
decoding errors from earlier recovered symbol streams propagate to later recovered
symbol streams and can affect the effective SNRs of these subsequently recovered
symbol streams. The data rates for earlier recovered symbol streams may thus be
selected to achieve high confidence in the recovery of these symbol streams and to

)

-



may be used for the dat a streams transmitted on different antennas (i.e.,
different spectral efficiencies may be assigned to diﬂé rent .t m t
antennas), depending on their effective SNRs. At the P&“g‘bﬁti(ﬁﬁ
transmtted data streans may be recovered in an ascending order of data
rates. That is, the data streamw th ke | owest data. rate is recovered
first, the data streamw th the next higher data rate is recovered second,

d d.th t t it he. hi ghest dat te | d
oot . S0 BlerS O S e ot proiadistn, (o st B TRler P Qe bR OGRS ©
det er m nggg%g\@mﬂmbmred ﬁgxg&l@wﬁﬁ Y e GhoEE vilRieAibleOiderroly #f Sy st | i er

recovere streans ac ve lower effective SNRs, as shown 'in

equat i ondésignatetntb suppomelargerf Spectrdlr efficienvies, eiemethoughy theyr miay bel ablé dat, the
diversity order at stage k may be given as (NR -NT +k). Moreover,

decodi ng aehiexsrhigher sifeeiye SRSy ecover ed synbol -streams propagate to |ater

cubsequoll9sHY o cupisE S RpRE AT v IRERmerlR £ (BF delifmil e bt
[ €COVer.egec3iBAOSNR! meaded E@ysup?él@ Deivene distiRfionoof alatae vatedi(gh speotfal dence

in the recovery of these synbol streans and to 31 August 2006 15 reduce
or |im t efficiensies) or,p(2d sletpmminenthe rlistributionc of speciral efficieasisy dhat Atipghe
streans. Seclqtn the_ | ater recover

d, | Str
vul ner abbestisriappanee for 3 giygn Ipcerved o %a g%l sﬁ#@%g@?@f@%@%ﬁﬁh@&r al
effici e”%k&?ﬁv@‘l@&es&:ﬂﬂ%l&ﬁ?y may be able to achieve higher effective
a

SNRs. [1 rious schenes may be inplenented to (1) determ ne the

mi ni mum [1058%i v FIGSISHs mdhnte diagrans ofpoembadigientof ajprocess 300 fordeterminipg r at es
¢ spectral  _efficienc] or, (2) determ.,ne the. distribution ectral
et.fi ci endieamini|pym %‘X%gmg’%wﬁm Brﬁ'r‘éﬁ‘ks&p?fo&ma véﬁ?‘ﬁ'%&g SNR.
One specific. schens fo f thesey ohi i ; | OW.
[1055] FfE¥es 1 %O@fﬁso{ﬂ‘ E‘?fgg rg?nl'o ’ 'é?@h@dﬁﬁn\en; o# §%&S‘?‘g{:§§g§g%}* or
determ nip t he m,ni nu ecej vied SNR needed, {0 | of
data rat a&¢ dﬁ‘?i’%‘%é’?sﬂf{pdgtaﬁe {orlae[lésgd?gr @82@%%&&& EW%PW:% 2,

NT , and are ordered such that r, 5rc... 5r)T . The data rates in set
Jr. } aréhet!gﬂﬁ@sffggﬂnﬂﬂasthe Nr data streans to be transmitted from the

NT transpgsepnt epidsly, (A0 SNR |eiplited! Atythet Reei%iRtd eappoitedacht ddthaatee(ei ver
to support each data'rate (or sSpectral efficiency) in set {rk } is
det er m nepectral efficizh2y) inEet ¢r, jriydéternsined tap312). Thismpy be achieved by using

a look;up table of required SNR versus spectral efficiency. The required SNR for a

given spectral efficiency may be determined (e.g., using computer simulation) based on

an assumption that a single data stream is transmitted over a {1, N,} single-input
multiple-output (SIMO) channel, and is further determined for a particular target PER
C (e.2., 1% PER). The required SNR for a data stream with data rate 7, is denoted as
SNRq(72). A set of Ny required SNRs is obtained in step 312 for the Nrdata streams.
[1057]1 The Ny data rates in set {r,} are associated with Nr SNRs required at the
receiver to achieve the target PER (e.g., as determined from the look-up table). These
Ny data rates are also associated with Ny effective SNRs that may be achieved at the
receiver based on a particular received SNR using successive interference cancellation
processing at the receiver, as shown in equation (7). The data rates in set {r;} are
deemed to be supported if the Nr required SNRs are at or below the corresponding
effective SNRs. Visually, the Nr required SNRs may be plotted versus data rates and
connected together by a first line, and the Nr effective SNRs may also be plotted versus
data rates and connected together by a second line. The data rates in set {r,} are then

deemed to be supported if no part of the first line is above the second line.



a | ook-up table of required SNR versus spectral effigi ency. The required
SNR for a given spectral efficiency may be determn . 4., '
conput er simulation) based on an assunption that a S%Mhﬁtmgeam S
transmtted over a {1, NR } single-input nultiple-output (SIM) channel,
and is further determned for a partigul ar target PER C (e.g., 196 PER).
The required SNR for a data stream wilPh data rate rk is denoted as

SNR, Ty(rk). A set of NI required SNRs is obtained in step 312 for the NT
data str[d658] [Thenwigintfer AlEiveat data mite mayrbesdefindd a3 ther diffsrnoe betweednwi t h

NT SNRs required at receiver to . achieve the target, PER (e.g., as
det er mi rfgﬁ reffrenys, e gﬁk-ﬂﬁ't&‘?ﬁe)‘ﬂ%segl‘lﬁr o o they data,, gatg) sie.,

associ at W R ffegti S t e. ireye i ver
based onﬁgr%%hr}i"(lz‘kfﬁﬁ“ cemdﬂgaR Eﬁ% ﬁ@iﬂg%%aﬁdg\fllﬂfg%égndgéﬁg&
cancel | ati,on rogessing at . he ei ver.. as sho In equation (7). The
dat a ra?‘@sbeisﬁp&&ea(ft,ﬁ? @pé’or éﬁéﬁ?tﬁl%mﬂb%d If the NT required
il qagsorr e effedtive SNIRY foit IR \GtA Streafils’dp€ BipeRdeth'sh the/teetivbd BNR,he N
require NRs may be plotted versus data rates 'and connected together by
a first dndway bedetives fiomethé redeived SINRws shown lis eqiationl (3).t e wminmmmm dat a
rates and connected together by a second |ine. The data rates in set {rk
} are t HepeivebSNReededrto spppd theiridptaates in setd, )i iscthe received; SNR ithatapove

the second |ine, 31 August 2006 16 [1058] The margin for a given data
rate nayrepitsgdaithe, elective SNR @f raf dgashone data fate heingirguali todthe requirsiSNR g  he

e aa 5 rarbmarmin o DDEAGHE on 18 ers-E Bt el B M oY (e
For t he HRE Bk ety duky $8 aftiielof Bhine se Mgy BB 4D S ()
deri }/eddfll)ﬂg t higior greirvtciteratidn, &fe BildMGm! Hargi is abstihed (d be htidevad byntha

recei ved SNR needed to support the NT data rates in set {rk } is the

r ecei vedaSNecovezed date stream, and thecindéx satidble AShRsebto Mr (Leask=dhd (gtpa rate

being equal to the required SNR _(i.e., zero nmargin). Dependi‘g? on the
speci fi c3Hat aTheaeffestive SNRifer the Adh recavered data, stroapm isnthen ek equal todtszer o)

may be achi ev or, an ne,.qQf dat a es.tn the s (.1 1060]
For the ‘Pﬂ\"ﬁdegpbﬂ' GtSon! m@}mm&%gf@ a?&'ﬁrf@?‘ﬁf%@%@hp ed by
the | ast recovered data stream and the index vari abl s set, to NT

I
(i e rdetmmingds bassd am dhe. cffprtiver SR ot SNEUR(Dofor, e Arth oovseed, 8R8d dat a
streamis then set equal to its required SNR (i.e., SNR ee (1) = SNR q

(A)) (steypany gying pauationdd) (stap 34%r For the,first iteration when A= N, the received
SNR may be determined using equation (7) with k = N,, which may then be expressed

as.
SNR_ =N, -SNR , (N;) . Eq (8) O)

The effective SNR of each remaining data stream is then determined based on the
received SNR computed in step 318 and using equation (7), for k=1, 2, ... N, —1
(step 320). A set of Ny effective SNRs is obtained by step 320 for the Nr data streams.

[1061]  The required SNR for each data rate in set {7, } is then compared against the
effective SNR for the data rate (step 322). A determination is next made whether or not
the data rates in set {r,} are supported by the received SNR determined in step 318
(step 324). In particular, if the required SNR for each of the Ny data rates is less than or
equal to the effective SNR for that data rate, then the data rates in set {q}'are deemed

to be supported by the received SNR and success is declared (step 326). Otherwise, if
any one of the Ny data rates exceeds the effective SNR for the data rate, then the data



determ ned based. on the effective.SNR of SNR e (A) for the A-th

recovered data stream using equation (7) (step 318). r.the first
iteration when A= NT, the received SNR may be determ':ﬁggwsi&o@@ation

(7) with k = NT, which may then be expressed as: SNRR Nr SNRae(Nr) Eq
(8) C~ The effective SNR of each renﬁni ng data streamis then

determ ned based on the received SNR Cconputed in step 318 and usi ng
equation (7), for k =1, 2, ... Nr -1 (step 320). A set of NT effective
SNRs i s ratesdnsed{ty ase deenpdomet be supparted By he raceiyad SNR. 1inghis casep the
required SNR for each data rate in set { rk) is then conpared against the
ef f ect i vearitie flois daceemented €&t el E3-dp sB2hYt. A& Net-drfor the sesand itertion) nade
whet her or not the data rates in set (rk) are supported b§ t he received

SNR det efstep328)i Thepapressithen refums to step 31640 geterming the setiof effetive SRS eq”
SNR for eac f the Nr datargtes is less th or..equal to the.effective
SNR for Fafdbe ata stpsinset 1ad wodercihg stsgmplivn SRt e miniil mackfi s dghified ™
be suppopted by t recei ved and success is declared (step 326).

& hor nt obor e Sdegng o 1% Bpedfrred draieat, ks soany egtiions p ner by i Y ¢ o1
t he dat t ﬁ&@ssqg t feéei i ined ift re
deened '?Bé@%@ege@f)porte %lﬁfcﬁéﬁ?@e%%ggﬁg R. :;]?1& ?ﬁ}ks&(%g%?# hes}el:ﬁl

vari abl e3 ifer theciterasou ehht (results, inXhi-declagationheft suéceds is thénothet minimooond 1
iteration) .(stg&328). The process then returns to step 316 to determ ne
the set wceived SNR needesifssuppert therdatayates in setdddi l.n set Jr.) under the

assunption that the m ni num m_ari%in Is achieved . for the secqnd to | ast

recover ebl063] a stheracesnshoyghip BABRORISO Be used ta detgrmi T Oh80k % med |

il success . ' e d %&%ﬁr n
;,(nep 31 BIVER St e‘g?‘ft‘?‘%‘ﬁgé‘#pﬂ‘ﬁ%?%@%@?g%t § ecITaﬁirgatlon 0 sggacyess i s
then t hecfrddpiiino EHeCperaing BIRNSNRG( viicls wiap el the averdad or expeetedi(buset {r
a} . [1062] The i)rocess shown 1n FIG 3 rrgi/wal so be used to detekln{i ne

whet her et nesessarilyythedinstartanesus) sacaived SNR jat the reseivete d The operghing»

SR il el Sasra o Bnearorpmetia ot 45k Btieivef sbd 3L B8 Bebiplegly
| nst ant ag@ﬁgﬁh 6 FLirRhitiR Aﬂferﬁd?ﬁefy,eﬁﬁi OfRFatinf SN iy Heiad @stiite offtlye be

determn ased on neasurenments at "the receiver and nay be periodically
pr ovi ded MIM® rehannel ninnwhichr the Aransmittari ise¢xpectetl toopnerate.i N ENRCafgy thee an

g;t;r g?te?rq%kvéag g@&%&égﬁ&lﬁgﬂflggﬁw ’E{s&r&m tter is expected to
'- [1063] Referring to FIG. 3, to determine whether or not the given set of data rates is
= supported by the given received SNR, the required SNR for each data rate may be
determined initially (step 312). A set of Ny required SNRs is obtained in step 312 for
the Ny data streams. Steps 314, 316, and 318 may be skipped, since the received SNR is
C already given. The effective SNR of each data stream is then determined based on the
given received SNR and using equation (7), for k=1, 2, ... N, (step 320). A setof Ny
effective SNRs is obtained in step 320 for the N data streams. _
[1064]  The required SNR for each data rate in set {r,} is then compared against the
effective SNR for that data rate (step 322). A determination is next made whether or
not the data rates in set {r,} are supported by the received SNR. If the required SNR

for each of the Ny data rates is less than or equal to the effective SNR for that data rate,
then the data rates in set {r,} are deemed to be supported by the received SNR, and

success is declared (step 326). Otherwise, if the required SNR for any one of the Ny
data rates exceeds the effective SNR for the data rate, then the data rates in set {r,} are

deemed to not be supported by the received SNR, and failure is declared.



received SNR is given or specified for the M MO system [ 1063] Referri ng
to FIG 3, to determ ne whether or not the given set :{ gta r%i'%
supported by the given received SNR, the required SNR b a rate
may be determined initially (step 312). A set of Nr required SNRs is
obtained in step 312 for the NT data streans. Steps 314, 316, and 318
may be skipped, since the received SMR is C already given. The effect ive
SNR of each data streamis then determ ned based on the given received

SNR and| g erpialarfty, 4 exaniplé isidescibed’below ford {25 #E MIBEO kystémswith of NT
effective SNRs is obtained in step 320 for the Nr data streans. [1064]

The I eqiwivh QSR mmﬁgg le.JaVa=Ht gnd fous Gecdivadk adtentfast (le) NpEPs) end

agai nst the effective NR for that data rate (step 322). Adeterm nation

I's next deslipheatodh e fs podt an roverdllhspedaalacfficiensy iof 3 dits {pek spcandeperubpntz t ed by
the recei ved SNR the required SNR for each of the Nr data tes is
| ess thdbpsarlz)ecﬁsmms@xmleetwrém obdatapateparecyaluates; sLherfistesel Inciges ¢ he

and sut Set@&%ﬂé@rk Yot DRV b By BRY bR scbtnd B ARG 1
any one (ﬁﬁag&g R4BBRALENIESI Dpb/ie. effieSperfotmanidbfl cach rhe setds a

rate, then t at es I'n set Jr. are deened to not be supported by
t he receieteaﬂnﬁle(egarinhséduolnmhe precesse shawmedn F3G. A)godtcompasd agairst 086] For
clarity, an exanple is described below for a {2, 4} MM systemwith two
transrﬁtmaﬁ’i‘F’énnas (i. ., Nr = 2) and four received antennas (i.e., NR =

4) and gna c&h?ﬁgg)/qﬂ%)&r@g eﬁgluk @m% ql {ﬁ%lmx opi ts

per secaon S exarrp sets of data rates

are eval }aﬁés'deI i gl S/EB! £5d QGpsAED OThEsa Plote 1 )
bps/Hz a bps ,_and the second set |nc udes data rates
cor r es panay beygeneratédby pemputen siciudatidnigssotie othirangass | asrisknewn &1 thewrh rat e

compar ech MIMASoSs SrisRCASSPRRICH Qe At & PEO dRs i Retn JAP.

SNR T or 'ME};%Y ey Ettmtfs:féacﬁl effdiericybing Ué 413
bps/ Hz, %%psm an P ?ﬂé % the se plots be generat ed
conput erdetamilﬂedtandmtaedamraelodt-hp rtah]eaﬁox example, llf rthm/mrgqt HEPeISalr%. t.hen M MO
systemis_typicall nated._to e at, a artlc r .tar In
this cauesiofel Ql\&ﬁ’-r%al.ﬁ%gdl 8@ %‘ﬁgg\/@ FIB@F' i?ﬂk"g’a éct ral
efficie f e k-up table. For exanple
Lol gmx@gn&e% g/m/géshaﬂﬂ PHRIRS rbdpetivedy

[1067)  For the first rate set, the required SNRs for data streams 1 and 2 with spectral

efficiencies of 1 and 2 bps/Hz, respectively, may be determined (step 312 in FIG. 3)

using plots 412 and 418 in FIG. 4, as follows:

SNR . (I)=—2.0dB, for data stream 1 with spectral efficiency of 1 bps/Hz, and ( )

SNR, (2)=3.2dB, for data stream 2 with spectral efficiency of 2 bps/Hz.

The effective SNR of data stream 2 (which is recovered last and under the assumption
that the interference from data stream 1 was effectively cancelled) is then set to its

required SNR (step 316), as follows:
SNR 4 (2) =SNR . (2) =32dB .
The received SNR is then determined based on equation (8) (step 318), as follows:

SNR,, = 2-SNR 2, for linear unit, or
SNR =SNRM(2)+3.0c[B=6.2dB , for log unit.



values of -2.0 dB, 0.4 dB, 3.1 AB, and 3.2 dB may be stored in the

| ook-up table for spectral efficiencies of 1, 4/3, 5 and Hz,
respectively. [1067] For the first rate set, the requ?f’e@‘@“éﬁ% dat a
streans 1 and 2 with spectral efficiencies of 1 and 2 bps/Hz,
respectively, may be determ ned (steplg"slz in FIG 3) wusing plots 412 and

418 in FIG 4, as follows: SNRleq (1)"=-2.0 M for data stream 1l with

spectral efficiency of 1 bps/Hz, and SNR(2) = 3.2 dB, for data stream 2
with spefl068] efFhesitestiye figaeh remaining dafarstrean fiee- it sfream d hisdexeam 2

(which ig recovered,l ast and I tion that the interference

from dat‘ietﬁ?‘iuﬂ ?%B%?&@&W@F‘?%@ﬁ&gﬁg@sw s then set to its

required SNR (step 316), as follows: SNRm (2) = SNR eq (2) = 3.2 dB . The

recei ved SNR i han_dgikesppned based on eqggly ) of Step 318), as
RSN g0 5B ESR e e e

foll ows: . SN for linear unit, or

=SNR, , (2) +3. OdRw6. 24B or_ wny 31 Au 6 19 [1068] The
effective SNRggf%ﬁﬁ%lgﬁnﬁi n+'ggBdajt'gd]sat’r eam%.%.&fﬁgdat a stream 1) is next
determ ned based on equation (7) (step 320), as follows: SNRe (1) = 3/ 8
SNRr , f i ne b1 e, OF, %%ﬂ?mfe > z = f; | og
unit. [1%&}” Th?hgﬁégp rgean%n reéu#ﬁ%sdméﬁégl%?%%cﬁﬁggg& rlgfﬁesﬁtrﬁhe
first ragRes@tcolofms @ andB inTadé AmTheZnapih fr eschTdatd eatd is alsoedetamyjned f or
each data rate is also determ ned and given in the last rowin Table 1.
Tabl e 1 @d given i the dast rosebFable bt e set unit Data stream1 2 1 2 Spectral
efficiency 1 2 4/3 5/3 bps/Hz SNReff 1.9 3.2 1.8 3.1 dB SNR Cy -2.0 3.2
0.4 3.1 dB nmargin 3.9 0.0 1.4 0.0 Gl'%bic]iom] The required SNRs for data
sgream 1 and 2 are then conpared against the effective SNRs for these

ta stregre—{step—322—SHhee—SNRg—{2—SNRe—(-Z—atc—

First rate set Second rate set Unit
Data stream 1 2 1 2
Spectral efficiency 1 2 4/3 513 bps/Hz
SNR.# 1.9 32 1.8 3.1 dB
SNR ey 2.0 32 04 3.1 dB
margin 39 | 00 1.4 0.0 dB

[1070]  The required SNRs for data stream 1 and 2 are then compared against the
effective SNRs for these data streams (step 322). Since SNR,(2)= SNR ;(2) and

SNR,, (1) < SNR (1), this set of data rates is supported by a minimum received SNR

C of62am.
[1071]  Since the first rate set is decmed to be supported by the first iteration through
the process shown in FIG. 3, no additional iterations need to be performed. However,
had this first rate set not been supported by a received SNR of 6.2 dB (e.g., if the.
required SNR for data stream 1 turned out to be greater than 1.9 dB), then another
iteration would be performed whereby the received SNR is determined based on
SNR,,, (1) and would be greater than 6.2 dB.

[1072]  For the second rate set, the required SNRs for data streams 1 and 2 with
spectral efficiencies of 4/3 and 5/3 bps/Hz, respectively, may be determined using plots
414 and 416 in FIG. 4, as follows:

SNR ., (1) =04 dB, for data stream 1 with spectral efficiency of 4/3 bps/Hz, and



SNR, tq(1l) <SNRm(1) ,7 this set of data rates is supported by a m ni num

received SNR C of 6.2 dB. [1071] Since the first rate t is dto
be supported by the first iteration through the procéﬁm(}\%ﬁ FIG 3,

no additional iterations need to be perforned. However, had this first
rate set not been supported by a received SNR of 6.2 dB (e.g., if the.
required SNR for data stream 1 turnedlout to be greater than 1.9 dB),

then another iteration would be perforned whereby the received SNR i s

det ermi ned tgNRd (@p=33B 0 fot Hatarttexn ) witlo speztraidRsieadyest 573 BpsiBz. [ 1072]"
For the second rate set, the required SNRs for data streamsBl?L and 2 with
spectral efficiencies of 4/3 and 5/3 bps/Hz, respectively, my be

det er m rpg dffdcfive BNK 6f datd StrédR12 4sl theh RetoGts réquifedl SIUR| aWe receiVed SNR = 0. 4
dB , for data stream 1l with spectral efficienCy of 4/3 bps/Hz, and 31

August 39tfen d2ersiRddaged) onequationi(s), asffollowtsit a stream 2 with spectr al
efficiency of 5/3 bps/Hz. The effective SNR of data stream 2 is then set
toits required SNR.__The received SNR is then determ ned based on
equation (8),SNR Bl (DN dB =pykdB4 (2)fordogumis = 6.1 dB , for |og
unit. [1073] The effective SNR of each remaining data rate (i.e., data
rate 1) is next _determ ned based on equation (7),_ as follows; SNR ff (1)

= SNR 4.1307H =1 Thesffective SNRy ofi greh remaympp date rete (e dot@ By 1)} igBexted

SNRs for, each | nd.rate set are given in colums 4
and 5 |§%’§@§f{§#§?d@ﬂé@1%§§pf’g’5 SNRs of data streans 1 and 2 are
then conpared against their required SNRs. Again, since SNR M 2)=SNRff

(2) and SNR ,gmgsﬁggsw ~434P=138dB Of dafc 16@ufi€ i S supported by a
i ni num recei ved *8NR of 6-1 dB. [ 1076] The above description is for a g",

"vertical" successive interference cancellation schenme whereby one dat

stream if3074]ans Thetefféct veOutidaqdirdd SNRETdr cach it Jatd ifltheakcdndaratersec giever ,
one data streamis recovered at each stage of the successive interference

cancel | giveminceobuwhnse4 and 5 $ing the streamfromone transnmt antenna.

i
The plotgon) P chedhih $U8s bPAA RekP Gl Fard o' SihgaRls dghsie 517 | ©2

schene.

required SNRs. Again, since SNR, (2) =SNR ,(2) and SNR, (1) <SNR (1), this

set of data rates is supported by a minimum received SNR of 6.1 dB.

[1076] The 5bove description is for a “vertical” successive interference cancellation

scheme whereby one data stream is transmitted from each transmit antenna and, at the
receiver, one data stream is recovered at each stage of the successive interference
cancellation receiver by processing the stream from one transmit antenna. The plots in

FIG. 4 and the look-up table are derived for this vertical scheme.
[1077] The techniques described hercin may also be used for a “diagonal” ()
‘successive interference cancellation scheme whereby each data stream is transmitted

from multiple (e.g., all Ny) transmit antennas (and possibly across muitiple frequency

bins). At the receiver, the symbols from one transmit antenna may be detected at each

stage of the successive interference cancellation receiver, and each data stream may then

be recovered from the symbols detected from multiple stages. For the diagonal scheme,

another set of plots and another look-up table may be derived and used. The techniques.
described herein may also be used for other ordering schemes, and this is within the

scope of the invention.

[1078] For the above example, it can be shown that, for the diagonal successive
interference cancellation scheme, the minimum received SNR needed to support a
uniform distribution of data rates (i.e., spectral efficiency of 1.5 bps/Hz on each of the



[1077] The techni ques described herein may al so be used for- a "diagonal "
successive interference cancell ation schene whereby e dat a ?bb amis
transmtted frommultiple (e.g., all NT) . transmt ant A&!g"(si gossi bl y
across multiple frequency bins). At the receiver, the synbols from one
transmt antenna may be detected at h stage of the successive
I nterference cancel |l ation receiver, dand each data streamnmay then be

be

recovered fromthe synbols detected fraomnultiple sta &s. For the
di agonal twacéasarstreamas) s approximately 05 dBshigher tham peaded %ﬁ“’tsﬁ?ﬂ"g

derived and. used., The.t echni ri r:ei.M: f or
ot her or%&gﬁ'ﬁ’gs@(‘f C%ﬁﬁ%&?ﬁ?? F%&%B?hfﬁﬁgﬁgﬁ lgc?gtﬂ)le o#@ttﬁgutibsggggﬁion.
[ 1078] Féymﬁmtigé)ﬂiéeg A ®sien. i t can be shown that, for the diagonal
successive "I ntefferénce cancell at'ion schene, the m ni mumrecei ved SNR

needed t[1039ppoilh oadertnireducethl minintum resmived SHNR neaded do aghieve the dgrget ¢ o)
efficiency of 1.5 bps/Hz,on each .the 31 gust 20 2 t
“streans)PER fop& given.qverall %“@B" CUREY aﬁ.&tm?v%ggggt& wwg?s%cond
rate se i . i gg&hg Peffici - violite thedfd ErrdrS
achi eveaﬁs\ﬁn{@ﬁ%mmgtgggﬁaﬁéa%%% Icatl n%ﬁ%ééggg?gﬁ@ivbog&. [1079] In
or der t Opopspationt didition formanyeof:hee priGiNRbcoverde datan steeamse v &f thecspestrale

t
PER for ‘a given overall spectral efficiency, the |ast recqvered dat
st r eam nefficisacy of theglastirespyered data Sigamds tfe%ﬁ@i tg%ﬁ?p’ﬁm’gl &é‘?’ﬁ“‘@ﬁ %tﬁcy
that does not violate the np.ert ' b1 7 t he
ot or - r <o mire s repErRE o pameP R RS bt e RO coRfiglf o BRbipR 11
recover efiedabch Sterfid Fpéciral effitiidy. (TiRNintRasedpgettealleffifitnay fondhe edrliene or

n@r—]e prior Tecovered data streans needs to be increased aggordingly, to
a

i eve rectreered vieta stveams wouldethen aesult in bighet yequimed SNRs. o AL e § al
ffici for t lier Cr. ta st | t i
b ghor - r lGePEHOBREESHE 4 the SR ERa G5 Rt HErodeld B0 bR e ¢ 1 1
earlier RS Fegeﬂaasm {seREmifed Byhe SNR i lthis darstredm andinoi mum
I'S

receive etermned by the réquired SNR for this data, stream and
not by binehel lasttrecaverndedatal stam (whick isnthe wasecfor the unifera distribegion; ofdatpi f or m
distribution of data rates). [1080] In the above exanple, the second
rate setT™@#dds a smaller received SNR because the | ater recovered data
ST eam 2;fgpoRSSaNGE dbotdexhibles BRF1dcBhd thik!set 75k 4 Bdhllerdieceived SR ol at e
the no error- propagation condftion for the first recovered data stream 1.
' because the later recovered data stream 2 is assigned a smaller spectral efficiency that

does not violate the no error propagation condition for the first recovered data stream 1.
For the first rate set, the spectral efficiency assigned to data stream 1 is too conservative

so that, while it assures no error propagation, it also hurts the overall performance by
forcing a higher spectral efficiency to be assigned to data stream 2. In comparison, the
C second rate set assigns a more realistic spectral efficiency to. data stream 1 that still
' assures no error propagation (albeit with less confidence in comparison to the first rate
set). As shown in Table 1, the margin for data stream 1 for the first rate setis 3.9 dB

while the margin for data stream 1 for the second rate set is 1.4 dB.
[1081]  The techniques described herein may also be used to determine a set of data
rates that maximizes the overall spectral efficiency for a given received SNR (which
may be the operating SNR for the MIMO system). In this case, a set of effective SNRs
may be initially determined for the N data streams based on the given received SNR
and using equation (7). For each effective SNR in the set, the highest spectral
efficiency that may be supported by this effective SNR for the target PER is then
determined. This may be achieved by using another look-up table that stores values for
spectral efficiency versus effective SNR. A set of Nr spectral efficiencies is obtained



For the first rate set, the spectral efficiency assigned to data stream1

IS too conservative so that, while it assures-no err(e){ ro a?gbhgn It
al so hurts the overall performance by forcing a high 13{5&{5
efficiency to be assigned to data stream 2. |In conparison, the C second

rate set assigns a nore realistic sp?QtraI efficiency to data stream 1
that still assures no error propagatl
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data str, glues
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maxi m z ggte sétGnanimizses mmcﬂrqiecwélfefmmfof the givegirveived SNR,ved SNR (whi ch
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ef fect i [10RARs Inmilye m@sqnﬂttpnaabqvedéheerd%em
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achi eve y using anofher |ook-up table tHat stores val ues for spectral
ef fi ci engpically MIMC §stems. vMMerﬁe@anom(T)NﬁakpabnNed basedlioni thease of i s
obt ai ned 31 August _2006 22 for the set of NT effect set of
data r atSHECEsHYE @&gmqqgammp@eﬁssas aNFhe TRGRAYALy &lﬁgﬁﬂgmﬁ%

det er M 56k h thbiPihal f1ds sk fo BiErmiTe 4R Gredlive SRs of thedark drchmitcfor
maxi m zes overaf I spectral I Cl ency or t e given recelved SNR

[ 1082] Idifférest ?ﬁﬂiﬂ@ﬁdﬂdiumbanélor tifferedtfremfiver préisitiing techhiqueka tand this eans
are determ ned based on the received SNR and using equation (7). This

equatioﬂsmmf& ofthe igv ﬁ!ﬂﬂ!ﬁmtlons as not ed above, which are

L85 then

()

gener al | 0 uu I MSM‘%@S%ES eover,
equat [ O ?%] ﬁé&s‘%};’h‘%&fve‘g&%sed on Haet}lol?lse (0] successl Veﬁlﬁ?ll% errerence

cancel | & IMIMO' 8%st&iR] NTheie ttbchniqeesinisy -alsd Gef iedefsr othentmuiti-chanwel
| ook-up table nmay also be used to determne the effective SNRs of the
dat a st reommeurfication$ystemB.ent operating conditi ons and/ or different

mvent | GAOBE°T 2 FRQRSINET oy, iy SorpBrds iy MBRRC Pl

been desgkithfchaRRdrizes BY (diffdrext amouhmf%néﬁ@ﬁbnmembemmw al so

be used for other mu t|-channel comuni cation systens. [1084] . A

wi debandlhis M@quenaye selectivecfading canses fintersshmnko) intsirferance B,dwhg:h is a
phenomenon whereby each symbol in a received signal acts as distortion to qubsequent

symbols in the received signal. This distortion degrades performance by impacting the
ability to correctly detect the received symbols. ‘

[1085] OFDM may be used to combat ISI and/or for some other considerations. An
OFDM system effectively partitions the overall system bandwidth into a number of (Nr)
frequency subchannels, which may also be referred to as subbands or frequency bins.
Each frequency subchannel is associated with a respective subcarrier on which data may
be modulated. The frequency subchannels of the OFDM system may also experience.
frequency selective fading, depending on the characteristics (e.g., the multipath profile)
of the propagation path between the transmit and receive antennas. Using OFDM, the
ISI due to frequency selective fading may be combated by repeating a portion of each
OFDM symbol (i.e., appending a cyclic prefix to each OFDM symbol), as is known in
the art. _ '

{1086]  For a MIMO system that utilizes OFDM (i.c., a MIMO-OFDM system), Nr
frequency subchannels are available on each of the Ns spatial subchannels for data
transmission. Bach frequency subchannel of each spatial subchannel may be referred to

()



which is characterized by different amounts of attenuation across the
system bandwi dth. This frequency sel ective fading cauges interzsynbol
interference (1SI), which is a phenonenon whereby eaﬁﬁ*@?gﬂéfipﬁga
received signal acts as distortion to subsequent synbols in the received
signal. This distortion degrades perfggnance by inpacting the ability to .
correctly detect the received synbol s [ 1085] OFDM may be used to conbat

| SI and/or for sone other considerations. An OFDM system effectively
partiti ons atthmsmissionl chanyel, and b&p iV dtrinsinissionachanntle rarp favgilable for data
frequency subchannels, which may also be referred to as subbands or

f r equenciraisnissior-betiwetn ¢hpuNp bansib ahtermas| and Nereseive antennas t Fheadatemteect i ve

subcarrier on which data be dul ated, .The fre n subchannel s of
e FDMAsREATORgesaribeH bae i 08 perprastl ok e 364 iy paniit, ARG,
dependi ng._of) t h LB L JoC Hre( . ti QRdda I he) he
pr opagat PO f'abép ﬁh%eg\ﬁgg{ﬁ&{ ﬁg&{er gorgsﬁf %{%g]syg?g]il've ant eﬁ%eg;s’. ﬂ‘%sqa%&aézu\/l
the 1Sl getefnihetidn ﬁﬂDKAetﬁcperﬁﬁmeamcwpeﬁd@dﬂwoma seeofcNptrahemit agtenmasefet i ng a
portion of each COFDM synbol (i.e., appending a cyclic prefix to each
OFDM sy niadh)of thesNi frequensy sbbchanemds art . [ 1086] For a M MO system t hat
utilizes OFDM (i.e., a M MO OFDM system). NF frequency subchannels are
avai |l abl e on each of the Ns spatial subchannels for data transm ssion.

Each frequency subchannel of eMﬁMchannel may be referred to
31 August 2006 23 as a transmSston channel, and NF - Ns transmi ssion

channel s [£087] av&FIhl5lie aftdockidiegranm ofaarisputterinitci0fe whichris aprembediment ¢
antennas and NR recei ve . antennas.. The dat at determ Lon.: cri bed

ove. magt B ERsTERsRPTGh of Rassainco e 1103 Fre” L dh ThA Hsgtanch ' 00
that desgp] ?&f}?‘ﬁ i schRhieSi R bl \18kd/ forl éeh @t Nat e
determ ngéqag%gh@;qé%%@; or %?@%ﬁ%&%ﬁl y forﬁf‘t he set0 of l\ﬂ'_trangm't
ant ennas ditarstregms ho &k trimnditfed or ghe Ne \transinit ratennhs (iR aseparate epding gu

&m
1087] FIG 5'is a block diagram of. a tr; i tter i t,.500, ,whi,ch,.L.Ss an
Eanbod% rrem‘)dubﬁl(’slﬁ‘@%l’qr%ﬁt{n?%ﬁsgnr % ctS Ealtﬁ?’ij M%P%‘H’lf?ﬂﬂﬁ'?no.

Lonepe pegeBE e RER S a0 W oias v it
the NT t paRsdEdibyasdntblles130, amd thesiapaaies mayddideprmintd asdeseribed aboven a
e ANt e 8] Rhansmitier vost 300 snchudes (18 Tt Bata Frocessor Yo Bl 1e2hiV
codes, ‘and modulates each data stream in accordance with a separate coding and
modulition scheme to provide modulation symbols and (2) a TX MIMO processor 120a
that may forther process the modulation symbols to provide transmission symbols if
OFDM is employed. TX data processor 114a and TX MIMO processor 120a are one
. embodiment of TX data processor 114 and TX MIMO processor 120, respectively, in
C' FIG. 1.
[1089] In the specific embodiment shown in FIG. 5, TX data processor 114a
includes a demultiplexer 510, Ny encoders 512a through 512t, Ny channel interleavers
514a through 514t, and Ny symbol mapping elements 516a through 516t, (i.e., one set
of encoder, channel interleaver, and symbol mapping element for each transmit
antenna). Demultiplexer 510 demultiplexes the traffic data (i.e., the information bits)
inio Nr data streams for the Ny transmit antennas to be used for data transmission. The
Nr data streams may be associated with different data rates, as determined by the rate
control. Each data stream is provided to a respective encoder 512.
[1090] Each encoder 512 receives and codes a respective data stream based on the
specific coding scheme selected for that data stream to provide coded bits. The coding
increases the reliability of the data transmissic_m. The coding scheme may include any




schemes to be used for each transmit antenna may be determ ned based on
controls provided by controller 130, and the data rat b

determ ned as descri bed above. [1088] Transmtter unigfsﬁé\'ﬂaMS (1)
a TX data processor 1l14a that receives, codes, and nodul ates each data
streamin accordance with a separ ateziodi ng and nodul ation schene to

provi de nodul ati on synbols and (2) a“TX M MO processor 120a that may
further process the nodul ati on synbols to provide transm ssion synbols if

OFDM i s compinagionl of TYclia redupdancysehock (CRE) sadingxconvabitionet eeding, Turba are
one enbogj ne f TX dat rocesgor and. TX M roce r

r espect 98I, ‘toﬁﬁ & @8[§0§9] ?@%&c@?fa&%}?}ﬁpﬁgnﬁﬁ%mn FI G
5 TX d ?é@%ﬁaséﬁé{ic{l I IC; 4.1 péeas 512a
t hr ough ) C nn%%ﬁ?ﬁgg@g‘ggﬂgﬁgﬂt’ﬁéﬁg vegill%cd&g%gﬁf\rr synbol
nmappi ng onl £ pRimicelab iterlédvimpgrheme6t The( interleavinp provides tifmeediversity forcthannel

I nterl eaver, and synbol mapping el enent for each transm:t tenna) .

Demul t i soded: bits,1 peranitey, thei gatatesbe teansmitted; based on Pp.aé{e}'agﬁh%ﬁﬁnf%rﬁﬁt i on
bits) into NI d [ f t r ) n for
dat & ¢ r PSR PrapRaS SRIPGor the U sitbab SRS ARRETARE GirdhoP FrtinRE | O

dat a r at@srelafisn BRWRERCHGMA Bit Usb®to folf eadiombdhtiorrfelibdlat a streamis
provided to a respective encoder 512. [1090] Each encoder 512 receives

and coddd0%1]r esfbe tdoded candainterieased hats cftomneache chanpek: iintedeayerisdd arehene

| ected f hat dat a. st t i.d d bits. Th '
et easdEoTd Kb reBpRe B0 Hpebing.Piihent o1ps whish mamr esH R om o 1y
i ncl ude 1&%&%%&7‘61&2%@ paficuia RbAAA RN shbmeVo! be impideaad by RCk

(CRC) coding, corvol utional” coding, Turbo coding, block codi n%édand so(j
on. The symbeH nizppmgf clement 616 @ dewtemingd dyathe modiatiqn conted prowvided by -

respective chann ipterl eaver 514; I ch i rl eaves the coded,bit.s
based cﬁ‘i’nﬂ"’%rlf'iul 'memgﬁm.%ﬁWeﬁ%ggi%gc Wies
time diviers f [ i rgxht tach QoRBidar Bymbdlt ed
based onﬁﬁ%%gr%ébgﬁ&ﬁgggﬁ%g rans’rﬂmsigl&c??\&c nnelcs Ssed for” the data
stream tocivipeciict pointin aaighal vonstellation romresponding rtel the iselectod mestationded
bits used to form each nodul ation&nbol. [ 1091] ;’51 code ang
i nt er | ecighempi(e8.,i QBB e MFSEs MRAM. o1 sqmae, pther jmodulation ﬁ‘g’ﬁm" e 4
respectiy [N 1 1| rﬂaﬁﬂa e 2m@b swtthf
nodul ati%ﬁp@%@#g@ﬁg paﬁ‘ﬁgﬁ artgrrg‘i:lumw;n SC et‘r#ét% ei'i np erreMr{{ned by
each - coresponds to the specific modulation scheme selected for the j-th transmit antenna and

M, = 2% . Symbol mapping elements 516a through 516t then provide Nr streams of

modulation symbols.

(10921 In the specific embodiment shown in FIG. 5, TX MIMO processor 120a
includes Ny OFDM modulators, with each OFDM modulator including an inverse ()
Fourier transform (IFFT) unit 522 and a cyclic prefix generator 524. Each IFFT 522 '
receives a respective modulation symbol stream from a corresponding symbol mapping
element 516. Fach IFFT 522 groups sets of Nr modulation symbols to form
comresponding modulation symbol vectors, and converts each modulation symbol vector

into its time-domain representation (which is referred to as an OFDM symbol) using the
inverse fast Fourier transform. IFFT 522 may be designed to perform the inverse
transform on any number of frequency subchannels (e.g., 8. 16, 32, ... , N, ...). For

each OFDM symbol, cyclic prefix generator 524 repeats a portion of the OFDM symbol

to form a comesponding transmission symbol. The cyclié prefix ensures that the
transmission symbol retains its orthogonal properties in the presence of multipath delay

spread, thereby improving performance against deleterious path effects such as channel
digpersion caused by frequency selective fading. Cyclic prefix generator 524 then



synbol mappi ng el ement- 516 is determ ned by the nodul ati on control
provided by O controller 130. Each synbol mapping el (:gltra 51 B@gu
sets. of qi coded and interleaved bits to form non-bi 3“&"@%3 and
further maps each non-binary synbol to a specific point in a signal

constel lation corresponding to the sebected nodul ation schene (e.g.,
QPSK, M PSK, M QAM or sone other nodul ation schenme). Each mapped signal

o e SPIEUICERA o t°9§‘€r M ar%mandﬁ éoc Sied g {2, EORDRIRCCL

and M AIEEH the Hduldion syinbul de NT
streans ?t?eﬁ%%%t I on synbol S. [1092] ﬁﬁﬂg speci fi c enbodi nent shown

in FIG mmmsmmmpmemmdmﬂmmmmmnmmm wi th each

OFDM nodul at or i_ncl] udi ng, an |£ver se r- Fouri er tr,ansfo ‘m(gl FEI })Of.ml t
522 and HO8JL| | @aﬁh&aﬂ%ﬁé? reseives and E’é’&?ﬁsﬁ#ﬁs

cl ehont St i MINED, ISR ORDABAE GRAGEGECHHRTIRCAEco NN AP 1D

corr espoomw) {BPgAE i Qﬁnﬁ{mhétl sigRal, Which i8NHerc@MARitted mmmmubn
synbol vector into its tinme-domain representation (which is referred to

as an G:ﬂwm;ariﬁél) usi ng- the I nverse fast Fourier transform |FFI' 522

T CauenchiV8khen el Gesghegtor o' (isimifer vl B 8D 32 DR i wr

synbol , ¥ the Mmaeeﬁogr 524 repeats a portion of the OFDM synbol

" to forma correspondi ng transm ssion synbol. The cyclic prefix ensures

that t he[1095hns fitesiodingsandtmbdulation fos MIMO systérog withl andrwitheut OFDM gre: he
esence _of | el, read, re rovi ng performance

Fgal nst é’e’F@ggr Jﬁ&fwgw@%f%@%% Pegré?ﬁ?@‘mlﬂ Mdver si on caused by

frequency selective fading. Cyclic prefix generator 524 then 31 August

2006 25 prov GRS NS 589! I Ak

transmitter # FMIﬁdng%%%t enp Ilgéegglggﬁ Tinkllﬁel\% mgg}géor 120a

si nply provi dpﬁﬂﬁlﬂe.mﬂulmu]@te-emﬁml (Mﬂtlloaalﬁcﬁmmmuem sYysbexh,” ndibgd ng -

el ement 516 to the associated transmtter 122. [1093] Each transmtter
122 recei ves HNevembes 3RE 5 respective nodul ation synbol stream (for

gener at 2“3”%0@5024%% t ArpfARIDee oL S90Sy oMt A 10
associated apjreNPRcdsdthg Data in a Multiple-Input Multiple-Output (MIMO)
Communication System Utilizing Channel State Information,” filed May 11,
2001;
e U.S. Patent Application Serial Nos. 09/826,481 and 09/956,449, both entitled
“Method and Apparatus for Utilizing Channel State Information in a Wireless
(_ Communication System,” respectively filed March 23, 2001 and September 18,
- 2001,
e U.S. Patent Application Serial No. 09/776,075, entitled “Coding Scheme for a
_ Wireless Communication System,” filed February 1, 2001; and
o U.S. Patent Application Serial No. 09/532,492, entitled “High Efficiency, High
Performance Communications System Employing Multi-Camrier Modulation,”
filed March 30, 2000.

These applications are all assigned to the assignee of the present application and
incorporated herein by reference. Application Serial No. 09/776,075 describes a coding
scheme whereby different rates may be achieved by coding the data with the same base
code (e.g., a convolutional or Turbo code) and adjusting the puncturing to achieve the



[ 1094] Ot her designs for the transmtter unit may al so be inplenented and
are wthin the scope of the invention. [1095] The cotj and 5&@ | ation
for MMO systens with and without OFDM are C describ f det ai |
in the followng U S. patent applications: U S. Patent Appl i cation
Serial No. 09/993,087, entitled "Miltiple-Access Miltiple-Input

Ml tiple-CQutput (M M) Communication %é/)st em" filed Novenber 6, 2001,

U S. Patent Application Serial No. 09/854, 235, entitled "Mthod and

Appar at udesired rat@r Bdmgodiggmqudnlaaowmhem@s enayradse benased, anddhigis within M MO)
Conmuni Eﬁlgl on S(éi‘ﬁe.m Utilizing Channel State Information,” filed May 11,
2001; CIRYEAUOL i on Serial Not 09/826,481 and 09/ 956, 449, bot h
entitled "Method and Apparatus for Utilizing Channel State Infornmation
in a Wreless Comunitation System" respectively filed March 23, 2001
and September 18, 2001; U.S. FRéeeiverSyplencati on Serial No. 09/776 075,
entitled "Codi n%chheme for a Wreless Comrunication System' i | ed

Febr uar y[1096b00 #3Gafids ableck diageam OMNMW%NQ&PSSRB 160 papsbieofy

entitled, h Efficie Co st

Empl oy riPRiEeRng, B¢ cRickpeeifed banfetlaiGh OGS TARRANRE, WeBia e Rx
appl i cat MINO/AR S6rS16DACKH drie éﬂ&&éﬁ:%mmommmqﬁﬁms@pm @mati on
and incorporated herein by reference. Application Serial . 09/.776, 075

descri beEIG koThngignals m@nmnmdrfwy A&mmmmaasemmw lamcb\péd%y

Code) antisiAs J5Eh ot LR RO AN % Fppcty érmwgi?%"%éi%g"f o

desired Ediiditior ([la%re RO, Mn W&aﬁ&ﬂv&& TeSpelBYe Rlcsi fumeﬂxd and

this is wt scope of the invention. Receiver System[ 96] FI G (6

is a bl odigmheagrea:m&hoaﬂd%ignﬂllt@dmbqnmmegmdm

|rrpl e l\/[ﬁ?g&ht %Wf@gﬁ) LBﬁhgfethg recei vgs %(ocesm ng teﬁ{ug_ggggor

160 N received symbols. Each receiver 154 would then provide to RX MIMO/data processor
160a a respective received symbol stream, which includes a received symbol for each
symbol period.

[1098]  For MIMO with OFDM, each receiver 154 further includes a cyclic prefix

removal element and an FFT processor (both of which are not shown in FIG. 6 for
simplicity). The cyclic prefix removal element removes the cyclic prefix, which has
been inserted at the transmitter system for each transmission symbol, to provide a
corresponding received OFDM symbol. The FFT processor then transforms each
received OFDM symbol to provide a vector of Ny received symbols for the Np
frequency subchannels for that symbol period. Np received symbol vector streams are ( )
then provided by Ng receivers 154 to RX MIMO/data processor 160a.
[1099] For MIMO with OFDM, RX MIMO/data processor 160a may demuitiplex
the Ni received symbol vector streams into-Nyr groups of N received symbol streams,
one group for each frequency subchannel, with each group including Nz streams of
received symbols for one frequency subchannel. RX MIMO/data processor 160a may
then process each group of N received symbol streams in similar manner as for the Np
received symbol streams for MIMO without OFDM. RX MIMO/data processor 160a
may also process the received symbols for MIMO with OFDM based on some other
ordering scheme, as is known in the art. In any case, RX MIMO/data processor 160a
processes the Ni received symbol streams (for MIMO without OFDM) or each group of
Nr received symbol streams (for MIMO with OFDM).



FIG1. The signals transmitted fromNT transnit antennas are received by
each of NR antennas 152a through 152r and routed to respect |

recei ver 154. Each receiver 154 conditions (e.g., fi flleﬁfg“aﬁﬁbﬁﬁu es,
and downconverts) a respective received signal and digitizes the
conditioned signal to provide a corregponding stream of data sanples. ( )
[1097] For MLMO wi t hout OFDM the data sanples are representative of the

br ocess b0, T f8cmbfimisty andvy Ji”HirR by Rx PUIMO/ath oriitedin o8 ®
;Sgg: xgﬁﬂi%lgpé) ll‘JPt er i ngﬁu%ggbgleé’%agg?r%ﬁ%gbﬁga e égrraelg? Ggﬁ?jéhaﬁalcng
pr ocess of10ph ohd stage fiorieath of thetminsmitedrdatastienss i@ bé aecoveredyp Bach reggiverThe
heer t ccpmpsing saBE RRERCERt Loy Bemtetnge S0 o s Selighprichatrg dap "
DT s o BX G pRRPABOEAS shR SRIMERLRAN AP bag THfe Tisf o6 RRRfEIGAS "

t ransf or recelve 0 provide a vector of NF received

synbol s &ﬂyﬁgﬁmyﬁ,@s@eemﬁmwsmfﬁeml hat synbol period. NR
recei ved synbol vector streans are then provided by NR receivers 154 to

RX M MO 408 pr Jos sheofirst gage 610gspatial-processan 2 mecedyespnd Rsockssri g e,
processor 160a may derultiplex the NR recegived synpol ctor streans
i nt o- NF 1geeived smgolmtre@@éi(dwt%%@n ‘@Fﬁoée!’_?r% @%W&P&ﬁﬁdﬁ%‘&ﬁ Hg‘i‘f

frequency subchannel, with each group including NR streans of _refei ved
symbol s based ona particplampytial 05 Shacertame reegiver FROCERSInG tsrkuguestoprovide 4R,y

L T or o Mhdetacteddymibal Spmemms (Gaotedanths Heemkny Jior IO sp i DB, TR
Wit h Gerhe mesash e Sres comBER e desrd STmoR B Tt
| “ .
Sybol SRPEhaneL EHE RRANABE sGant SOespBidIRETS e folsl fied PRE, 205
YOl L AP ahd BrolR RN GAE Bibecssth @08 Troia 63 fithéhplocksscs he

enbodi nent shown i'n RX M'MJ data processor 160a. includes a
nunber ofe. @ Udarodilates, deinterleavess audidebodes) died dotecteat symbol istreams.t B g seledtada
through 610n, one stage for each of the transmtted data streans to be
recover efbr thadirst stags tee provideos alscodeg data gueanl.0 Spasialkeprocesser 6202 fusther st age

610n) includes a spatial_ processor 620, an , s
) provides an esgmatc of the channel response matrix H, which is used to perform the -

spatial -or space-time processing for all stages.
[1102} For the first stage 610a, interference canceller 640a also receives the Ny
received symbol streams from receivers 154 (i.e., the vector y' ). Interference canceller
640a further receives the decoded data stream from RX data processor 630a and
C performs the processing (e.g., encoding, interleaving, modulation, channel response, and
so on) to derive Ny remodulated symbol streams (denoted as the vector i') that are
estimates of the interference components due to the just-recovered data stream. The
remodulated symbol streams are then subtracted from the first stage’s input symbol
streams to derive Ny modified symbol streams (denoted as the vector f ), which
include all but the subtracted (i.e., cancelled) interference components. The Ni
modified symbol streams are then provided to the next stage.
[1103]  For.each of the second through last stages 610b through 610n, the spatial
processor for that stage receives and processes the Nz modified symbol streams from the

interference canceller in the preceding stage to derive the detected symbol streams for
that stage. The detected symbol stream corresponding to the lowest data rate at that



RX data processor 630, and an i nterference cancel |l er- 640. The | ast st age
610n includes only spatial processor 620n and RX dat*g,d‘processiggog%n
[1101] For the first stage 610a, spatial processor 62

processes the NR received synbol streans (denoted as the vector y') from
receivers 154a through 154r based o\? a particular spatial or space-tine
recei ver processing technique to pro Pde (up to) NT detected synbol
streans (denoted as the vector a' %@(For M MO with CFDM t he ?J{\l
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spati al dgfa MMI ¢ SRS oFeTRYoS jted § F ' 80P st
stage 6 ﬁwﬁ!ﬂﬁﬁ I receives the NR received
synbol M kTOm reggmvers lir?tqﬁgﬂmﬁsﬁ!gevector y'). Interference

cancel | 1104} 64FRBe fsucdebsive eamrlluticn t&e}ﬁﬁ@ﬁdﬁﬁhﬁ@mhﬁiqueam&smheaxmat a

processor 630a and perforns the ﬁ!r ocessi ng ., encodi rbtﬁe avi ng,
nodul at ifortherdetailialthe afoprspendionedh §.S. Fiatesh App w.%%ﬁovgﬂfm é®dsynbol
streans as the vector i') that are estimtes of the

i nterfer nponents due to the just-recovered data stream The
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I nput syrrbol streans to derive NR rmdlfled synbol streams (denoted as (“}.
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cancel | mhmltehpeqnne&eﬂatrfgdmgdge apprdnmat&y equal dotouot elatteppslion eaaressans
for tha age. ect rrbol rrespondi.n he | owest
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may be used to process the received signals to provide the detected symbol streams.

These spatial receiver processing techniques include a channel correlation matrix
inversion (CCMI) technique (which is also referred to as a zero-forcing technique) and a
minimum mean square error (MMSE) technique. Other spatial receiver processing )
techniques may also be used and are within the scope of the invention. ( J
[11071  For a dispersive MIMO channel, time dispersion in the channel introduces
inter-symbol interference (ISI). To improve performance, a receiver attempting to
recover a particular transmitted data stream would need to ameliorate both the
interference (or “crosstalk”) from the other transmitted data streams as well as the IS]

from all data streams. To combat both crosstalk and ISI, space-time receiver processing
techniques may be used to process the received signals to provide the detected symbol
streams. These space-time receiver processing techniques include a MMSE linear
equalizer (MMSE-LE), a decision feedback equalizer (DFE), a maximum-likelihood
sequence estimator (MLSE), and so on.




i nterference canceller in the preceding stage and the decoded data stream
fromthe RX data processor within the sane stage, ghhgs h@ dul at ed
synbol streans, and provides NR nodified synbol stre ext
stage. [1104] The successive cancell ation receiver processing techni que
I's described in further detail int af orenenti oned U.S. Patent
Application Serial Nos. 09/993, 087 an 09/ 854, 235. [1105] The spati al

processor 620 in each stage inplenpents a ticular salal
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2y, be stored in a memory unit (e.g., memory 1
executed by a processor (e.g., controller 130). 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.
[1111] Headings are included herein for reference and to aid in locating certain
C sections. These headings are not intended to limit the scope of the concepts described

therein under, and these concepts may have applicability in other sections throughout
the entire specification.
[1112]  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.

[1113] WHATIS CLAIMED IS:



09/ 826, 481, and 09/ 956, 44. [1109] The data rate determ nation and data
transm ssion techni ques described herein may be inpl eﬁxt ed g& r| ous
nmeans. For exanple, these techniques may be inplenent

software, or a conbination thereof. For a hardware inplenentati on, the
el ements used to determ nate data rates agnthe transmtter and the data
transm ssion at the transmtter/receiver y be inplenmented within one or
nore application specific integrated circuits (ASICs), digital signal
processors éE?&F}gﬁ)s digital signal processing devices (DSPDs),

pr ogr anmabl c devices (PLDs), field C programmabl e gate arrays
(FPGAs), processors, controllers, mcro-controllers, mcroprocessors,

ot her el ectlr oni & wireless ammlgﬁaﬁondeﬁewm;rrisidge functions descri bed

herein, or a,co ation thegeof 1110] For oftware i | ement ati on,
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transm ttera/ﬂ or%ﬂﬂﬁ%ﬁed GUEEthe lu)‘!l&f‘oﬁ@é@ﬁ&%yﬁﬁo&tnm@hﬂﬁdures,
functions, and so on) ormthe functions descri bed herein. The
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compare a required SNR for each symbol stream against the effective SNR for the symbol stream
and to determine whether or not a rate for each symbol stream is supported based on the

comparison.

4. The apparatus of claim 3, wherein the required SNR is a minimum SNR for a

communication system utilizing the apparatus.

5. The apparatus of claim 1, wherein the first processor and the second processor

comprise a single integrated processor.

6. A method for determining data rates for a plurality of data streams to be
transmitted via a plurality of transmission channels, comprising:

determining a required channel state information parameter for each of a plurality of data
rates that may be used for the plurality of data streams, wherein at least two of the data rates are

unequal;



CLAIMS 1. A wreless comunication device conprising: a plurality of
antennas configured to receive a plurality of synbol ans; first
processor configured to process the plurality of receiﬁi:é%?loogtreans
and to provide a plurality of detected synbol streans, one detected
synmbol stream for each stage of a succgé$sive interference cancellation
processi ng; and a second processor configured to process each detected
synbol streamto provide a correspondi ng decoded data streamand to
determ ne a received signal-to-noise-and-interference ratio (SNR) and an
ef fective Sumphring theedquirkd chennpl stdte Inféynatibn efeffbr Sadhdka sifcaMmaghinftased
on the rgceived SNR 2. The apparatus of claim1, wherein at |east two
data ré e &‘F"#eéﬁféﬁe ipfggmaion; pasamater forthe dyta sreams@adlved synmbol st reans

2, el TR el 1L b 6 e B OIS '

agai nsdompasingf f ecti ve SNR for the synbol stream and to determ ne whet her
or not a rate for each synbol streamis supported based on the
conparison. 4. The apparatus of claim3, wherein the required SNRis a

m ni nrum SNR f or c‘Eﬁfni edh Z1 t : he
appar at us 2" cl z;[?‘% 1, % rein @%g%%ﬁ@gbg%&g‘(gggg@elaﬁe ﬁﬁ%@%ﬁﬁ?ﬁlm?
pr oc e scomprisesannffestivessighiahtp-roiserarelyinterferknpe mtio §SNR) arfil thé reyairbd chahnel

determning dat.a rates for a.plyralit data streans to be transmitted
via a Sﬁ?qﬁf'&?’i"l °5PW’§W§H?’§B‘?‘%§HE’H8%@]&&%0@H sing: determning a

requi red channel state information paraneter for each of a plurality of
data rates that may be used for the plurality of data streans, wherein

at |east tvb of Themethodofrclaims’, avherein the gffedtive SNRAfog each daGOsreand is futherar i ng

th i d,ch | tate d J t for t t
hgai nobbr it AR A Rl Sk SRR R BT irReTR condPlionctife PtTnef oy »
st r eangrangiéksidg chédie’l Ng whet her or not sone of the plurality of data

rates are supported based on conparing. 7. The method of claim6,
wherein the effective channel state information paraneter

9. The method of claim 7, wherein the received SNR is determined based on the
required SNR for one of the plurality of data streams.

10.  The method of claim 7, wherein the plurality of data rates are deemed to be
supported if the required SNR for each data rate is less than or equal to the effective SNR for the
data rate,

11.  The method of claim 6, further comprising:
evaluating a plurality of sets of data rates; and
selecting a rate set for the plurality of data streams based upon a minimum value for the

required channel state information parameter.

12. The method of claim 6, wherein the data rates in each rate set are selected to

achieve a specified overall spectral efficiency.

13.  The method of claim 6, wherein the some of the plurality of data rates comprises

all of the data rates.



conprises an effective signal-to-noise-and-interference ratio (SNR) and
the required channel state information paraneter corrgﬂ?%as thgph%qui red
SNR. 8. The nethod of claim?7, wherein the effective dat a
streamis further determ ned based on a received SNR indicative of an
operating condition of the plurality ofgp transm ssion channels. 9. The
nmet hod of claim 7, wherein the received SNR is determ ned based on the
required SNR for one of the plurality of data streans. 10. The met hod of
claim7, wherein the plurality of data rates are deened to be supported
if the required SNR for each data rate is less than or equal to the
effective SNR for the data rate. 11. The nethod of claim®6, further

conpri si ng 14, ey dibgan M@Cﬂﬂlmrﬁﬁhﬁvﬂﬂh‘m@@l%@ dnia Wireams ep transmitted owent | ng
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cl ai m@stem/nerel n the data rates in each rate set are selected to achieve
a specified overall spectral efficiency. 13. The nethod of claim 6,
wherein the sorre of the plurality of data rates conprises all of the

data rates.y brafRGh a midtithann Im{f‘@@%ﬁpﬂfsﬁrﬁ %Is‘ erein the

pIuralltyo dat reans are transmt Ity~of transmt
ant ennas i nnmsrfdrtdephammgn@qmﬁd chahreel stutepnﬁmﬁﬂﬂd@armmtmfm eaoh bHm

syste us i channel onmuni cati on system
corrprllg\“ﬂgty"%aé @‘P”Hél’ ?H‘HCH% g}l"%Plt“ A SeANSl state i nformation
parameter f ?ﬁﬁ*}o ﬁ:g:gnr%dﬁh%c@h’e& ?haﬁif:el%ft@mf&h%ﬁ%eﬁﬁhn%b’fo?‘éadﬂ%ﬁﬁ for the

plurality o ata st conparing t requi red channel state
i nf or rmr.ammgpastmffectnfedlmhstatdamfanmtmn@armfwshe data stidagy;tand e channel

state informati rarreter r the data.stream. a means for

et er mi ni ngna KB RERIRS whess oSt samie )t MeatotaleviH Cata ey s parted
Supporyagsl orPebmfpariag. comparing. 16. The apparatus of claim15, wherein the
effective channel state information paraneter conprises an effective
signal -to-noi se-and-interference ratio (SNR) and the required

16.  The apparatus of claim 15, wherein the effective channel state information
parameter comprises an effective signal-to-noise-and-interference ratio (SNR) and the required

channel state information parameter comprises the required SNR.

17.  The apparatus of claim 15, further comprising:
means for evaluating a plurality of sets of data rates; and
means for selecting a rate set for the plurality of data streams based upon a minimum

value for the required channel state information parameter.

18.  The apparatus of claim 15, wherein the means for selecting the rate set comprises

means for selecting the rate set to achieve a specified overall spectral efficiency.

19.  The apparatus of claim 15, wherein the some of the plurality of data rates

comprises all of the data rates.



channel state information paraneter conprises the required SNR 17. The
apparatus of claim 15, further conprising: neans for gval uati

plurality of sets of data rates; and neans for sel ect |:ﬁgid'g‘§ﬁg%93t for
the plurality of data streanms based upon a mininmum value for the
required channel state information paranméi®r. 18. The apparatus of claim
15, wherein the neans for selecting the rate set conprises neans for
selecting the rate set to achieve a specified overall spectral
efficiency. 19. The apparatus of claim 15, wherein the sone of the
plurality Q0. dafTheappeastus 6£¢Rin E5; whelein hé plunslityl of datd streRfns afelraid@itted 2006
33 20. The apparatus of claim/15, wherein the plurality of data streans
are t reyss#pluralify ofgransmy aptennag in aynulfipleinpwg muﬂtlmrp@tnm%wo}apommumcatm

mul ti -input multiple-output (MM conmunication system 21. A
conmput ér readabl e nedi um enbodyi ng instructions for performng a nmethod
for determning data rates for a plurality of data streans to be
transmtted . via a pluralit t ransm ssion channel's, the nethod

f
conpr i si ng:2ldet ¢t FAMPYIE T @mdélaﬂew g instgyctionsfos prrierming pEIcERdt er
for eapPadmaning Héﬁh’ét&&’t;?i)g P“?%'a of@&:fa:éfan@&o H@Mﬁieﬁﬁaaapiemmﬁop' urality

of data streans, erel t two of the data rates a equal ;
conpartrangmiskien chapnelsctiie atethodedomptising: | nf or mati on paraneter for each data

[ . ffectj | i nf i h
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of claim 21, ' ffective channel state |nformation paramneter

erein the
conpr iuneguakn ef fective signal -to-noise-and-interference ratio (SNR) and

the required channel state Jnfarmatian ranmeter cpnpris t he required
SR 23, TIEmPA e o isdchannel Rk iorplaoR mmmelst Tofachifara siam ABRBY 1 v o
SNR f ain ffastive dhasiriel %fﬁﬁ!&m&iénaimeﬂsiﬁé dhta@ffeddnpd On a received SNR
i ndi cative of an operating condition of the plurality of transm ssion

channel s. Zsterminingwhesherar npesometnfshepluality ofidateiratesrare 3upported dased pne
recei v&&ﬁh&i s determ ned based on the required SNR for one of the
pl urali )? of*dat a streans.

22.  The computer readable medium of claim 21, wherein the effective channel state
information parameter comprises an effective signal-to-noise-and-interference ratio (SNR) and

the required channel state information parameter comprises the required SNR.

23.  The computer readable medium of claim 22, wherein the effective SNR for each
data stream is further determined based on a received SNR indicative of an operating condition

of the plurality of transmission channels.

24.  The computer readable medium of claim 22, wherein the received SNR is
determined based on the required SNR for one of the plurality of data streams.

25.  The computer readable medium of claim 22, wherein the plurality of data rates are
deemed to be supported if the required SNR for each data rate is less than or equal to the
effective SNR for the data rate.



25. The conputer readable nmedi umof claim?22, wherein the plurality of
data rates are deened to be supported if the required:’ixﬁgforr@ h data
rate is less than or equal to the effective SNR for t

August 2006 34 26. The conputer readagéﬁ medi um of claim 21, the rret hod
further conprising: evaluating a plur ty of sets of data rates; and
selecting a rate set for the plurality of data streans based upon a

m ni rum val ue for the required channel state information paranmeter. 27.
The conputer readabl e nmediumof claim2l, wherein the data rates in each

rate set e S@he@bmﬁuﬁeﬂrea@dhlmedlﬁmiﬂeﬁhﬁIZ@Cih@mﬂﬂ*ﬂﬁlﬁlW%mphsm
efficiency. 28. The conputer readable nediumof claim2l, wherein the

some of th@v?JPMamlyrab Uéatﬁé'fﬁ%@éajﬁ@ #fbri ses all of the data rates. 29.

IPreeg?mrrpu; %e@ﬁ%ﬂm{e g@i’ By tglo?hgqa%@rmﬂm% srh%m nlrw{gflsaxlfﬁ'fthgata

mul ti nb@nteﬂmhﬁmewtateﬁﬂfemtomp‘araﬁﬂ\ddvm conmmuni cati on system

27.  The computer readable medium of claim 21, wherein the data rates in each rate set

are selected to achieve a specified overall spectral efficiency.

28.  The computer readable medium of claim 21, wherein the some of the plurality of
data rates comprises all of the data rates.

29.  The computer readable medium of claim 21, wherein the plurality of data streams
are transmitted over a plurality of transmit antennas in a multiple-input multiple-output (MIMO)

communication system.



