1 CODI NG AND MODULATI ON FOR MULTI PLE DATA STREAMS I N A COVMUNI CATI ON
SYSTEM 1. Caimof Priority under 35 U S.C. 119 [0001] The present
Application for Patent clains priority to Provisional Application
Serial No. 601691, 461, entitled "Coding and Mddul ation for Miltiple
Data Streans in a Comunication System"” filed June 16, 2005,
assigned to the assignee hereof, and expressly incorporated herein
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reliably sent on the transm ssion channel. If the SNR varies from
transm ssign gﬂﬁnghuﬁg)transnission channel, then the supported
data rate woul d alSo vary from channel to channel. Furthernore, if

t he clébilel corddiatcommyinication syistein, & itiresmitibremay trensdutraultiplatdets stegupovit ed

by the t r%ﬂﬁl%l%sﬁ&gnfsgi%ﬂnc%laﬁneww gré”geiizgr.v%rhx t}@ngrgittteiL 'E%icaﬁy encodes and

modulates (or symbol maps) the data for each stream prior to transmission in order to

combat deleterious channel conditions. The receiver performs the oomplementéry
demodulation and decoding to recover the data sent by the transmitter. The coding and
modulation performed by the transmitter have a large impact on the performance of the
data transmission.

[0004] Rate selection refers to the selection of an appropriate coding and modulation
scheme for each data stream to achieve a specified level of performance, which may be
quantified by a target packet error rate (PER). Rate selection is challenging because the
transmission channels may experience different channel conditions (e.g., different
fading, multipath, and interference effects) and may achieve different signal-to-noise-
and-interference ratios (SNRs). The SNR of a transmission channel determines its
transmission capability, which is typically quantified by a particular data rate that may
be reliably sent on the transmission channel. If the SNR varies from transmission
channel to transmission channel, then the supported data rate would also vary from A
channel to channel. Furthermore, if the channel conditions vary with time, then the data

rates supported by the transmission channels would also vary with time.



[0005] There is therefore a need in the art for techniques to perform
codi ng and nodul ation for nmultiple data streans in a manner to

achi eve good performance and to sinplify rate selection. SUMVARY

[ 0006] Techni ques for transmtting nul Ei ple data streans to a single
receiver using a single code rate and“different rmdul ation schenes
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[0009] Various aspects and embodiments of the disclosure are described in further

detail below. )

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a block diagram of a transmitter and a receiver in a multi-channel
communication system according to an embodiment.

[0011] FIG. 2 shows a process for transmitting multiple data streams to a single receiver
using a single code rate and different modulation schemes according to an embodiment.

[0012] FIG. 3 shows a process for selecting the rates for the multiple data streams with
independent rate per stream according to an embodiment.

[0013] FIG. 4 shows a process for selecting the rates for the multiple data streams with
a vector-quantized rate set according to an embodiment.

[0014] FIG. 5 shows a block diagram of a transmit (TX) data processor according to an

embodiment.



3 DETAI LED DESCRI PTI ON [0015] The word "exenplary" is used herein to
mean "serving as an exanple, instance, or illustration.” Any

enbodi nent described herein as "exenplary" is not necessarily to be
construed as preferred or advant ageous_over other enbodi nents. [0016]
The data transmission and rate sel ection techni gues described herein
may be wused for various nulti-channel comunication systens with

mul tiple transm ssion channels. For exanple, these techniques nay be
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channels. Each subband is associated with a respective carrier that may be modulated
with data. Up to K transmission channels may be formed with the K subbands. A
MIMO-OFDM system has S spatial channels for each of the K subbands. Up to S-K
transmission channels may be formed with the spatial channels of the K subbands in the
MIMO-OFDM system.

[0019] In general, multiple transmission channels may be formed in the spatial,
frequency, time, and/or code domains. For example, the niultiple transmission channels
may -correspond to different spatial channels in a MIMO system, different wideband
spatial channels in a MIMO-OFDM system, different subbands in an OFDM or FDM
system, different time slots in a TDM system, different code channels in a CDM system,
and so on. A transmission channel may also be called a physical channel, a traffic
channel, a data channel, a parallel channel, or some other terminology. For clarity,

portions of the following description are for a MIMO-OFDM system.



4 [0020] FIG 1 shows a block diagramof a transmtter 110 and a
receiver 150 in a nmulti channel conmmunication system 100 according to
an enbodi nent. At transmtter 110, a TX data processor 120 receives
traffic/packet data, processes (e.g., encodes, interleaves, and
synbol maps) the traffic data in accordance vvlth M rat es froma mai n
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[0022] At receiver 150, R antennas receive the transmitted signals and provide R
received signals to a receivér unit (RCVR) 160. Receiver unit 160 conditions and
digitizes the R received signals and further processes the samples in a manner
complementary to the processing performed by transmitter unit 132. Receiver unit 160
provides received pilot symbols to a channel estimator/processor 172 and R streams of
received data symbols to a receive (RX) spatial processor 170. Channel estimator 172
derives channel estimates for comumunication link 148 and provides the chamnel
estimates to RX spatial processor 170. RX spatial processor 170 performs receiver
spatial processing on the R received data symbol streams with the channel estimates
(e.g., using a full-CSI, CCMI, or MMSE technique, as described below) and provides M
detected symbol streams, which are estimates of the M data symbol streams sent by

transmitter 110. An RX data processor 180 processes (e.g., symbol demaps,



(e.g., using a full-CSI, CCM, or MVBE technique, as described bel ow)
and provides M detected synbol streans, which are estimates of the M
data synbol streans sent by transmtter 110. An RX data processor
180 processes (e.g., symbol demaps, 5 deinterleaves, and decodes)
the M detected synbol streans in accorﬁance with the M rates
selected for these streans and &hOV|des decoded data, which is an
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[0027] The system may support a set e rates. Each code rate may
be asi¥®l at ed Impn #spactspemlricodenit ingelsabkfe alMd datasspeand and aditfareht of

redundancyysIfigos E&Bﬂfetrﬁgy be selected for each data stream. The M rates for the M data

streams thus have the same code rate and may have the same or different modulation
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schemes. The use of a single code rate for all data streams may simplify the encoding at
the transmitter and the decoding at the receiver, may simplify rate selection and/or
reduce the amount of rate feedb‘ack, and may improve performance for the data streams.

[0027] The system may support a set of code rates. Each code rate may be associated
with a specific coding scheme and a specific amount of redundancy. The supported
code rates may be associated with (1) different coding schemes or (2) the same coding
scheme but different puncture rates. A coding scheme may comprise a convolutional
code, a Turbo code, a block code, some other code, or a combination thereof.

[0028] Table 1 shows an exemplary set of rates supported by the system. FEach
supported rate is associated with a specific data rate, a specific code rate, a specific

modulation scheme, and a specific minimum SNR required to achieve the desired level



code rates may be associated with (1) different coding schenes or (2)
the sane coding schene but different puncture rates. A coding schene
may conprise a convolutional code, a Turbo code, a bl ock code, sone
ot her code, or a conbination thereof. [0028] Table 1 shows an
exenplary set of rates supported by the system Each supported rate
is associated with a specific data rate, a specific code rate, a
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1/ 4, 1/ 3/4 and 7/8 are supported Modul ati on schenes of BPSK
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Rat e Schene 0..25 1/4 2 BPSK 0. 0.5

1.0 1/2 Qfébén’\?g S0 bf l&fem %a szée Tlélillzali%sm %‘efeq%re@ S%?%Kfo
64- QAM 13.2mBrResl/ 2 64-QAM 14.4 2.0 1/4 256-QAM 19.2 4.0 1/2 256- QAM
19. 9

Table 1 — Rate Set

po2 | Code | mop (Reguwed)| DAl | goq. | pop |[Required
(bits/sym) Rate Scheme (dB) (bits/sym) Rate Scheme (dB)
0.25 1/4 BPSK -1.8 0.5 172 BPSK 0.6
0.5 1/4 QPSK 1.2 1.0 172 QPSK 2.9
1.0 1/4 16-QAM 7.2 2.0 172 16-QAM 8.7
1.5 1/4 64-QAM 13.2 3.0 172 64-QAM | 144
2.0 /4 |256-QAM| 19.2 4.0 172 |256-QAM;| 199
0.75 3/4 BPSK 3.8
1.5 3/4 QPSK 6.4 1.75 7/8 QPSK 8.7
3.0 3/4 16-QAM 13.6 3.5 7/8 16-QAM 15.8
4.5 3/4 64-QAM 19.2 5.25 7/8 64-QAM | 220
6.0 3/4  |256-QAM| 26.1 7.0 7/8  {256-QAM| 28.0
[0030] FIG. 2 shows a process 200 for transmitting multiple (M) data streams to a

single receiver using a single code rate and different modulation schemes according to

an embodiment. A single code rate is selected for all M data streams and a modulation



0.75 3/4 BPSK 3.8 1.5 3/4 QPSK 6.4 1.75 718 QPSK 8.7 3.0 314 16- QAM
116 3.5 7/8 16-QAM 15.8 4.5 3/4 64-QAM 19.2 5.25 7/8 64-QAM 22.0

6.0 3/4 256-QAM 26.1 7.0 7/8 256-QAM 28.0 [0030] FIG 2 shows a
process 200 for transmitting nultiple (M data streans to a single
receiver using a single code rate and different nodul ati on schenes
according to an enbodinent. A single code rate is selected for all M
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(block 212). The transmitter then modulates (or symbol maps) the coded data for each

data stream in accordance with the modulation scheme selected for that stream (block
214). The transmitter further processes the data streams (e.g., for spatial transmission,
OFDM, and so on) and transmits these data streams on multiple transmission channels
(block 216).

[0033] The rate selection in block 210 may be performed at the start of a data
transmission, in each frame or time slot, at designated times, and so on. The coding and
modulation for the data streams are adjusted whenever new rates are selected for these
data streams.

[0034] Different numbers of data streams (e.g., one, two, three, or more data streams)
may be transmitted simultaneously. The data streams may interfere with one another,
e.g., if these data streams are sent on multiple spatial channels of a MIMO channel. The

highest overall throughput may be achieved by transmitting the maximum number of
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that M data streams will be sent on M transmlssmn channels (block 324). SNR

estimation is described below.

[0038] A loop 330 evaluates one code rate at a time, e.g., starting with the lowest code
rate for the first iteration of this loop. A code rate is selected for evaluation (block 332).
For the current code rate, a modulation scheme is selected for each of the M data
streams based on the SNR estimate for that data stream and possibly the SN"R estimates
for the other data streams (block 334). For example, the SNR estimate for each data
stream may be compared against the required SNR for each modulation scheme allowed
for the current code rate, and the highest order modulation scheme with a required SNR
that is less than or equal to the SNR estimate may be selected for that data stream.
Other schemes for selecting the modulation schemes for the M data streams are

described below.



estimation is described below. [0038] A Ioop 330 eval uates one code
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by (1) evaluating the code rates in sequential order starting with the lowest code rate and (2)
saving a higher code rate only if the overall throughput is higher, as shown in FIG. 3.
[0042] Multiple stream combinations may also have the same highest overall
throughput. In an embodiment, the stream combination with the fewest number of data
streams is selected when multiple stream combinations have the same highest overall
throughput. This may be achieved by (1) evaluating the stream combinations in
sequential order starting with thé stream combination having the fewest data steams and
(2) saving a stream combination only if the overall throughput is higher, as shown in
FIG. 3.
[0043] In another embodiment, the stream combination with the largest total SNR

margin is selected when multiple stream combinations have the same highest overall

throughput. The SNR margin for each data stream m may be expressed as:

NR, i (1) =SNR ,(m) —=SNR . (R,,) , for m=1,..,M, Eq (1)



eval uating the code rates in sequential order starting with the

| owest code rate and (2) saving a higher code rate only if the
overal |l throughput is higher, as showmn in FIG 3. [0042] Miltiple
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SNRe51(Fn), SNRJeq(R,,,), and SNRmargi,,(7n) are given in units of
deci bel (dB). TH&R Lot =SNFEMBigi.tmfor all Mdata streams nay B2
expressed as: M SNRtotai Yaargm= E S- noryfn (iii) . EqQ (2) n¥l
[0044] In yet another enbodi ment, when multiple stream conbi nations
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stream combination with more data streams may be selected if improved performance

(higher overall throughput, higher total SNR margin, and so on) can be achieved.

[0045] In general, when multiple stream combinations have the same highest overall
throughput, any one, any combination, or all of the embodiments/criteria described
above (céde rate, number of streams, SNR margin, and so on) may be used to select one
stream combination. For example, if multiple stream combinations have the same
highest overall throughput, then (1) the stream combinations with the smallest number
of streams may be selected, then (2) from those selected stream combinations the stream
combinations with the highest SNR margin for say the lowest stream may be selected,
then (3) from those selected stream combinations the stream combinations with the most
robust code rate may be selected, and so on, until only one stream combination is
selected.

[0046] In an embodiment of rate selection, which is shown in FIG. 3, a modulation
scheme is independently selected for each data stream based solely on the SNR estimate
for that data stream. This embodiment may be used, e.g., if the system allows for

independent rate selection per stream and each data stream is independently encoded
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estimate. A pronmote SNR is conmputed for the selected
margin, then the selected data stream is promoted to the next higher order modulation

scheme, and the total SNR margin is reduced by the promote SNR. The selected data
stream is thus allocated sufficient SNR margin to select the next higher order
modulation scheme. The same processing is repeated for each remaining data stream
until no data stream can be promoted.

[0049] In a second scheme for margin sharing, the M data streams are sorted in
ascending order based on their SNR estimates, from lowest to highest SNR estimates.
The sorted data streams are then selected one at a time for possible promotion, starting
with the data stream having the lowest SNR estimate.

[0050] In a third scheme for margin sharing, the M data streams are sorted in ascending
order based on their differential SNRs, from lowest to highest differential SNRs. The
differential SNR for a data stream is the difference between the required SNR for the
next higher order modulation scheme and the SNR estimate for the data stream. The

sorted data streams are then selected one at a time for possible promotion, starting with
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rate so that a smaller SNR , ... may be used for a less robust code rate (e.g., code rate

7/8) and a larger SNR , .. may be used for a more robust code rate (e.g., code rate
1/2).

[0053] A system may allow only certain combinations of rates, e.g., in order to reduce
the amount of rate information to send back to the transmitter. The set of rate
combinations allowed by the system is often called a vector-quantized rate set. Table 2
shows an exemplary vector-quantized rate set for a system in which the transmitter can
transmit up to four data streams and code rates of 1/4, 1/2 and 3/4 may be selected. For
each rate combination, the overall throughput (OTP), the number of data streams to
transmit (Num Str), the code rate to use for all data streams, and the modulation scheme
to use for each data stream are given in Table 2. In Table 2, “B” denotes BPSK, “Q”

denotes QPSK, “16” denotes 16-QAM, “64” denotes 64-QAM, and “256” denotes 256-
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[0054] FIG. 4 shows a process 210b for selecting the rates for the data streams in a

system with a vector-quantized rate set according to an embodiment. Process 210b is
another embodiment of block 210 in FIG. 2. Process 210b evaluates different stream
combinations and different code rates based on the rate set supported by the system and
selects the rate combination that provides the highest overall throughput and is

supported by the channel conditions.
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combination may be discarded. This predetermined value may be a fixed value or a
variable value that is a function of code rate. For example, a more negative value (e.g.,
-3 dB) may be used for a more robust code rate (e.g., code rate 1/2), and a less negative
value (e.g., —1 dB) may be used for a less robust code rate (e.g., code rate 3/4). The
total SNR margin is then computed as the sum of the SNR margins for the M data
streams, as shown in equation (2).

[0057] The rate combination with the highest overall throughput and a non-negative
total SNR margin is identified (block 436). If multiple rate combinations have the same
overall throughput, then the rate combination with the largest total SNR margin among
these multiple rate combinations is selected. If the highest overall throughput is greater
than the current max_otp, as determined in block 438, then max_otp is updated with this
overall throughput, and the rate combination with this highest overall throughput is
saved (block 440).

[0058] A detemﬁnation is then made whether all code rates have been evaluated (block
442). If the answer is ‘No’, then the process returns to block 432 to evaluate another
code rate. Otherwise, if all code rates have been evaluated for the current stream

combination, then a determination is made whether all stream combinations have been



conputed as shown in equation (1), where SNR .(Ri s the required SNR
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hon- combinations are ordered by the first data stream’s required SNR, from lowest to
highest, the SNR margin is progressively worse. Hence, upon encountering a rate
combination with the first data stream having an SNR margin worse than the minimum
SNR margin, the remaining rate combinations can be ignored since the first data stream
for these rate combinations will have SNR margin worse than the minimum SNR
margin. This ordering reduces the number of rate combinations that are evaluated. One
of the rate combinations whose first data stream’s SINR margin is better than
SNR nargin_min may then be selected using any of the techniques described above. The
rate combinations may be ordered by the required SNR for any data stream, and not
necessarily the first data stream. Furthermore, the ordering may be performed across all
rate combinations in the rate set or just the rate combinations for each code rate.

[0061] In yet another embodiment for selecting rates in a system with a vector-

quantized rate set, a total required SNR is computed for each rate combination as the
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sel ect ed. pliRERP BRI vAHES cMRMbits from encoder 510, demultiplexes the code bits
into M streams, and provides the M code bit streams to M interleavers 522a through
522m.

[0064] Encoder 510 encodes each packet of traffic data separately and the coded packet
may be sent on one or multiple data streams. If each of the M data streams is
independently encoded and modulated, then encoder 510 may be operated M times to
separately encode the packets for the M data streams, and demultiplexer 520 provides
each coded packet to one interleaver 522 for one data stream. Alternatively, M separate
encoders may be used for the M data streams (not shown in FIG. 5). If the M data
streams are jointly encoded but independently modulated, then encoder 510 encodes
each packet, and demultiplexer 520 partitions each coded packet into multiple
subpackets or blocks and provides these subpackets to different interleavers 522. In any

case, each interleaver 522 interleaves or reorders the code bits in its stream in



limt the anbunt of SNR margin that may be allocated to each data
stream [00621 Exenpl ary enbodi nents for performng rate sel ection
for a systemw th independent rate per streamand a systemwth a
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given in units of dB.

[0066] One data stream may be sent on each transmission channel. An SNR estimate
may be derived for each data stream/transmission channel in various manners. An
embodiment for deriving the SNR estimate is described below. For this embodiment,

the average SNR for each data stream m, Vave,m » 18 computed as:

1 K
7ﬂv ,m =T ym (k) "
8 K IZ{ Eq (4)

The variance of the received SNRs for each data stream 7, o, »» may be computed as:

1 K
2 2
Csatym =m]§ (V)= Vorgm) ™ - Eq (5)



data synbols. M synbol mapping units 524a through 524m provi de M dat a
synbol streans. [0065] The data transmi ssion and rate sel ection
techni ques descri bed herein may be wused for various systens and
various types of transm ssion channels. The frequency response of a
frequency-sel ective transm ssi on chandél in may be given-by h.(k) for

k =1, ..., K, . Wiere hr" (k) is the conplex channel gain for subband
k of transtesRYfstimeefioneschidaia sirgam %é&g@%ﬂﬁ%@n ReAORPYGABENd k of

transm ssion channel in, yn(k), my be expressed as: yn(k) =10log,o0

P(k) ' N fork=l : apd mel, ..., 5 Eq (3) -h (k)1 9 0 where )
is the transmtSNp%“mg‘rf) ug”e@‘f%‘?"""s’ubband k of transm ssion channe‘%(i%bi

and No is the noise variance at the receiver. Equation (3) shows an
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Yavg, g 1S C 1Sy v ) Y = Kk i . The
vari aﬂg‘g] of t hg@g%@&g@%{%ﬁ, tg%%wya%hg%%%)gtgﬁﬁe? Hj%%nsﬁmemndﬁg?
be conput atceis®r mad be thifadieded Byna sef Kf IK) chdndeinfdépon¥e N@siddsZ H(ES 65)
18 The SNR estimate for each data streamin., SNR's, (in) , may then
be conput ebi=4&s: KSNRFach( ¢liapnet 1¢spogse matrxy (k) vhas EcfipénsiommbieRex Yhand |
is a back-off.factor for data streamin, The back-off factor Ybo,,,,
may be contains a complex gain between each transmit antenna and each receive antenna for

subband k. Each matrix H(k) includes S spatial channels, where S<min{T, R}. Up
to S wideband spatial channels may be formed for the MIMO channel, where each
wideband spatial channel includes one spatial channel for each of the K subbands. For
example, each wideband spatial channel may correspond to the K subbands of one
transmit antenna. As another example, each wideband spatial channel may include one
eigenmode for each of the K subbands. Each wideband spatial channel may be used as
a transmission channel.

[0068] For MIMO and MIMO-OFDM systems, different transmission channels may be
formed with the transmitter performing different spatial processing. For example, the
transmitter may perform eigensteering, no steering, or spatial spreading.

[0069] For eigensteering, the channel response matrix H(k) for each subband may be

diagonalized by performing eigenvalue decomposition, as follows:
R(k)=H" (%) H(k) =E(k)- A(k)-E* (8 , Eq (7)

where E(k) is a unitary matrix of eigenvectors, A(k) is a diagonal matrix, and “ H
denotes the conjugate transpose. The transmitter may transmit data on up to S
orthogonal spatial channels (or eigenmodes) of each subband k using E(k). The

diagonal matrix A(k) for each subband % contains the power gains for the S



used to account for variability in the received SNRs across the data
stream and may be conputed as a function of the average SNR and the
SNIR variance, e.g., Yyos,m= Kbo ' 6sn<d" where Kbo is a constant.
The back-off factor may al so account for other factors such as, for
exanpl e, the diversity order for the dfta stream the coding and
interl eaving schenes used for the data stream the packet size, and

so on. [ooBmeges &f Wi Tbenoheupkiesranse matrnDilfh) dhaensk suthandvean alsp be
transmttegr _and.t recei.ver. be characterize a set of K
channel réég%ﬁ%gﬁagyPF%@@?H%ﬁﬁgﬁéa@ﬁmQQ%{?H$$$MK§QEEC “channe
response matri x H(k) has a dinension of R XT and contains a conpl ex
gai n between eag{x)w@@RyEidk)ait@nna and each receive antenna forgq (g
subband k. Each mat rsz)H(kg Tn%?udes S spatial channels, where S%%)
mnIT, Rt . Up to S wi deband spatial channels nmay be forned for the
M MO channehere Wiy & samitary matdstod tedt Syxgatdr abctadaBa0| is i moltarg estonef right
spatial channel for each of the K subbands. For exanple, each

wi deband s{EUias| vestRBniYETCisy alee theematsitdot ejsenvectresy iBandd i5f2 gisgonal
transmt antenna.. As _.another. exanpl e,  ea { deband spatial channel
may incl ud@a%ﬁgﬁc%%%ﬁ%a Oty Sgg?fn%qesf’_ﬁgl(%subbands. Each wi deband
spat i go7@hannelrofRy 8RS efle ABnsditles ARSHIS LN wAHARMRY -sphBP SR,
M MO and M MO- OFDM systens, different transm ssion _channels may be
formed w thet HEsHita e8edatesirega Aot pachgraabmit apepra. sPert spatial ppredisg. thy .
For exanpl 11}[3@ ISM.Lt.e i rj eer,j ng,
or spati al t(?asnf)r eaf:lF%\rgs@??6%9‘?1%]:%1?%5@8get%és}{ng]erﬁt%ge?S‘i{zﬁc € a% ﬁ%%m?%saﬁ)lg)ﬁlée

mat ri x  H( kgynibor pegid@dsostiane dativainshessioll eI dnZ@sbritie HRU60ivE dRGnnels.
ei genval %e dec%)r;E%m tion, as follows:

R(k) =0%HK) . H( (R) Sy the (spgtial mppqssine wprafaemed Ky jthe Hragsmitigr yfor
matri x of QbHeBMAG!ELS), B Klernd @, 239ANBAIMRbEhdng BIE) fotbne suBBARL €S
the conjugate transpose. The transmtter ‘may transmt data on up to S
or t hogonal Wilpabbaid infnheding (mittedifereriarisple 8)is o fveaercimitls ujp e datk syrsbalg
E(k). The i agonal matrix A(k) for each subband k contains the power
gai ns for PRE sty ong;s die 8% pymRok periogh e X ¢ fiath Hetor Va8 b beT frapspik

H(k) f | -] | zed f ] .
ol ngul ar vt 4958 M Fb B C eI CUrREARAY B s BtSh Bk Ml pepge
Eq (8) whier et k) whae & miay barys néist iox “af. | Bf tis 9 sffedtiae cHaskDresponks K)

is aunitary matrix of right singular vectors (which is also the
mat ri x of BitEgeabwseed by Yhe ¢aivacik)s fos medelc.agonal

Table 3 ~ Transmitter Spatial Processing

Eigensteering No Steering Spatial Spreading
Prigzgs?ng X, =208 X, =8 X, =Vs
ective H, -HE H,=H H,=HV
[0072] The received symbols obtained by the receiver may be expressed as:
r,=H-x.+n=H, -s+n, Eq (9)

where r, is a vector of received symbols for mode x and n is a vector of noise, which

may be assumed to be AWGN with a variance of &>,



matri x of channel gains for the S eigennodes of H(k). [0070] For no
steering, the transmtter transmts data w thout any spati al
processing, e.g., transmts one data stream from each transmt
antenna. For spatlal spreading, the transmitter transmts data with
different steering matrl ces V(k) acr 028 subbands and/ or syrrbol
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may be expressed as: rx=Hxx+n=Hss+n , Eq(9) where rx is a vector of

recei ved synbols for node vec of . noi se, which my be
assuned to be AWN with a %??g C%Yerf? tI53’51?*‘“’@073] Tabl e 4 shows
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[0074] Table 4 also shows the received SNR for each subband % of transmission
channel m for the three receiver spatial processing techniques. For the full-CSI

technique, A, (k) is the m-th diagonal element of A(k). For the CCMI technique,

r,(k) is the m-th diagonal element of R} (k)=[H" (k)-H, (k)]". For the MMSE

technique, ¢,,(k) is the m-th diagonal element of M, (k)-H, (k). As indicated in

Z—=mmse
Table 4, the received SNRs for each transmission channel are dependent on the MIMO
channel response, the receiver spatial processing technique used by the receiver, and the

transmit power allocated to the transmission channel. The total transmit power P,

total iS
typically fixed for the transmitter. The amount of transmit power P, allocated to each

transmission channel m may be dependent on the number of data streams to transmit,

e.g., P, =P, /M. The received SNRs for each transmission channel may be used to

derive the SNR estimate for that transmission channel, as described above for equations
(3) through (6).



Tabl e 4 - Receiver Spatial Processing Receiver Spatial Processing
Received SNR M =A-1. EHRH k =1010 (P, n(k)'/I1mk) Full-CSI Y'".mOglo

| Ses =Mes Les 6n" CCM Mccm = [.-x " Hx]-r ' Hx Yeem .", (k)
=10log,0 P. (k) | z Gc" i = Mcm ( rz rm k) 6rz ,~NNE Mmse =
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(k)—IOIoIoI (k) 1-q z n, nse_ = nmMse . I\/rmmc-K
[0074P%Fhpl e 4 szitasH@mnﬁsr% %Décr@ SUFCHNIR 19hpiqEek fAessisgakeaeir T84y be

transm ss '1&@16&9@:&%@' vaﬁQusf ﬁéang heot HELef ler ﬁfég’é ﬁé@ﬁrgcﬁ%@’iﬂa lbe %Bféﬁx%ﬁfeagn

t echni ques. "For the ful t echni que
di agonal dledve, Q@ftWA(ek)Or aF@nmmwélo@@we@fec Foi guwydware mnpllem)anuasom Hbe

rn-th dia For th

t echni queq)g(g%%?% ﬁﬁ?sr\#ﬁﬂo F ?"io’g 51; tg_f(%;nla;%(nsnfx%ln%lm gt(ﬂlﬁ) }k/ﬁﬁtﬁspe?cke)gsﬁ,r ?1% n As
i ndi cat ed EIGS. Tatd &) way bhanplanmt&cbdnﬁiﬁﬂli’mfo@moe@aﬂsphbatamsspéﬁﬁé tmegrated
channel are d n the M MO chan re t he recei

spati al prcggggsgf&%@fec‘ﬁﬁ a@]&@nﬁ]s@i?cff\ﬁorﬁ f@%k)é)céf 5 Slg&ﬁldpltoﬁfégmgr P%Cﬁ?t
power aI | QDaPB@} t? opheniab®N 9686 Sdedites h@mg), . fidlae ptdptAhmitlans tarRoyer
P,,,., i fixed for_the transmtter. ‘Fhe anount of

transm t E‘S)P PﬁFF?fE?ﬁt etPElE g c HUICTQ-eIEiRles JHICEIPERAEIOTS: nelvalyomie

dependent deficéd)atHar BlREForS uﬂ@t&s@ﬁéde’@%rﬁ)ﬁn k2R dns de®rifed hdiein, o1 a
P,,,,,, | M The received SNRs for each transm ssi on channel nay be

used to ¢embiation heggR é@?lW@lYfé’oﬂmtSH&?d foraiatendetestion (eehartre belechay/

descri bed f t ]
transm ssnogﬁ@dad%(ﬁ 1rgﬁatn’fa‘ﬁtstgl 23‘?%0%&?%% |l§q}g§gec§jg’}sﬂgp 2‘%‘ cflr ngo}glAns-ﬂi‘?JS’%%,

i mpl enent éﬁ0®§60!;6aﬁmd)ws<>mans For exanpl e, these techniques may be

| npl efm ed in pa&[ %@%gre egl&%gmtaﬁionorthg & %uegtci QL tegeﬁeq]ésglﬁa a}Pe

har dwar e” i npl errent ati1on, rocessi ng uni used 16 pr
f or transnmgkientefevigh mo‘ﬁMedzﬁdﬁ 2, prcme@ﬁsso furk2i0ns, rand b &) tHat greefom tlimy

be 1l e G hdslifbaMiReid” 1HPLGeRARL LI S bSRGE 1 § rei2Phat €.
memory unit 142 or 192 in FIG. 1) and executed by a processor (e.g., main controller
140 or 190). 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.

[0077] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present disclosure. 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 disclosure. Thus, the present disclosure 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.



circuits (ASICs), digital signal processors (DSPs), digital signal
processi ng devices (DSPDs), programmable |ogic devices (PLDs), field
programmabl e gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, electronic devices, other

el ectronic units designed to perform#8e functions described herein,
or a conbination thereof. The processing units used for rate
selection (e.g., rate selector/ conf{id} 182 in FIG 1) nmay also
be inplenmented within one or nore ASICs, DSPs, processors, and so
on. [00761 For a software inplenentation, the techni ques described
herein may be 1 npl éweappa@iugicompitieil es (e.g., procedures, functions,
and so on) that . | I i, 1. re
codes my be or'SPa s optidive GUBEH £R3cHGRCF A HERC LAY ang 51301 8
in FIG 1)madhdhtexechened ity dupliyed dsta stréamsgo be seit to T gingle odckiger; addl0 or

190). The menory unit may be | npl epent Lthin the processor or .
extornal to ¢ HPTRsts aget I RheRR Bt St BE-BE R iR R iy
coupl ed t ah¢ KieglpodeStmd\tb thodviatel tRISIUMBANGT s suSalks OVatcoidaichevitirthe
[0077] The Br evi ?us descr i%cgjtgi on of the disclosed enbodinents is
provi ded tRUakHN godplption Sskilled in the art to make or use the
present disclosure. Various nodifications to these enbodinents wll
be readily apparent to those skilled in the art, and the generic

principles defiZned A8eemmartly declaipll ctherein ohadiuahiyosi ARt Sreams Hout
departing JohQMindie oRPLSdelra® sel%&@@ﬁg%fa&dﬂgladﬂlﬁﬁji Yicbde r-gt&gﬁ%pﬁoﬂgdb

;
present disclosure is not intended imted to the odi nent s

shown her ehaststem, ivdieten prshaé dsrpeality b€ codedaiss isgewmsintedcwiiisd woreativaret h
the princigles, and, @%?Aes,f \?ﬁé}‘&ﬁ%ﬁe gllé%g L:Qfeelgteh?'ﬂ%' cgl'[e cHe rag‘é%;l%d.fgom An
apparatus conprising: a controller erative to obtarn a selection of
a singl e codmgrtat elwrily af gode adtést ynd Wheminda hatdilatios sttemesfof eachaof the
plurality Qqf ta.streans to. be sent.to a single receiver,. .and.a

bt ocessor Bysah: Pt SheoRERmsais BREEY e edie Pt sk Bl formes
accor danceasydcidied wiiiethsistiglecodeeige.r ate and to nodul ate the plurality
of data streans in accordance with the plurality of nodul ation
schenmes. 2. The apparatus of claim 1, wherein the plurality of data

streams is comstraimgtppRa@Oef CI96e 1 Mh&eif ehLshed chbiomamRINge Elurality
plurality of code rates supported by the system wherein each of t

pl ural ity dfmeddrtiop selamgssarg g ain eunkipation selesisp deom guorge plurality of

rate combinations supported by the system.

he

4, The apparatus of claim 1, wherein the controller is operative to receive
the selection of the single code rate and the plurality of modulation schemes from the

single receiver.

5. The apparatus of claim 1, wherein the controller is operative to determine
signal-to-noise-and-interference ratio (SNR) estimates for the plurality of data streams
and to select the single code rate and the plurality of modulation schemes based on the

SNR estimates.

6. The apparatus of claim 1, wherein the processor is operative to encode

and modulate each of the plurality of data streams independently.



of nodul ati on schenmes, wherein the single code rate is the one code
rate selected from anong the plurality of code rates, and wherein a
nodul ati on schene for each of the plurality of data streans is

sel ected fromanong the set of nodul ation schenmes associated with
the single code rate. 3. The apparatug of claim1, wherein the S|ngle
code rate and t 7he p alltg é ion schenes are for. a

conbi nati on sel’ecte HdA C%ﬁ%luw eyt 8?“”?%9%“63W8Wﬁ5ﬁ?8ﬁ@d6
support ed thy pluhgitysyiSda@iBiredms Joig1 24 ﬁb@ﬁla@feaéﬂ &ithe %lura\l\i“t'i}%tﬁiafh dildems
controller is erative to receive the selection of the single code
rate and ﬂﬁgﬁﬁwgm§Y|ty of nodul ati on schenes fromthe single
receiver. 5. The apparatus of claiml1l, wherein the controller is
operative to determ ne signal-to-noise-and-interference ratio (SNR)
estimates for tdhe pﬂbﬁapmﬁyﬂxﬁfqmﬁmé,ﬁnﬁeemxmxﬁhﬂito sel ect the single
code rate and th ] t

coti mtes. 6. Teaedfiebiol o MR RY R ARG or A sy TOF
operativetnmmnmmodenaamﬂhﬂﬁ@ubamgaﬁamhmﬁkbtheaphﬂﬁﬁkﬁﬁyﬂohﬂdghammut
streams in nt%% 23 7. The apparatus of claim1l, wherein the
processor e to encode the plurality of data streans
jointly and to nDduIate each of the plurality of data streans

i ndependently. 8. The app tus of claim1l1, further ri sing
second processor opre}’r%fa&@g ?Earlasﬁlétflf‘%ii?t@m&%@?énl?%‘@nﬁYﬁgTPI%:IqOWnﬁPg ‘dat a

streans for trBnsihsskateibhasa siﬂklérc@hé ta¥e AMd sSpiadalifl of GhARNBLA séHm@s
mul tiple-input nultiple-output (vil M) channe 9. A nethod of

transm tt i 95?2 By %%%Wﬁt%@t%tﬁ%%%w%%pn sing: obtaining a
sel ection of a.gidgl th%ct@&aﬁtgto? ARGRaR YW Alcbidin@f wﬂi‘?%@ ahd10BoRChRES

for a plurality of data 'streans to be sent to a single receiver;
encoding t4d plurality of data streans in accordance with the single

code rate; a“%ﬁ%‘ﬁ%%k@%ﬁ%{a}ﬁf&f%@a Lt}e\éfngfmda%%ﬁrdéﬁcree@% tflél]_ﬁluraht of |

accordance with FPura nodu I on schenes
of cl ai m 9podulatiohechemmspr i si ng:

10.  The method of claim 9, further comprising:
spatially processing the plurality of data streams for transmission via a plurality

of spatial channels in a multiple-input multiple-output (MIMO) channel.

11.  An apparatus comprising:

means for obtaining a selection of a single code rate and a plurality of
modulation schemes for a plurality of data streams to be sent to a single receiver;

means for encoding the plurality of data streams in accordance with the single
code rate; and

means for modulating the plurality of data streams in accordance with the

plurality of modulation schemes.
12.  The apparatus of claim 11, further comprising:
means for spatially processing the plurality of data streams for transmission via a

plurality of spatial channels in a multiple-input multiple-output (MIMO) channel.

13. An apparatus comprising:



spatially processing the plurality of data streans for transm ssion
via a plurality of spatial channels in a multiple-input

mul tipl e-output (MEMO) channel. 11. An apparatus conprising: neans

for obtaining a selection of a single gode rate and a plurality of

nodul ati on schenes for a plurality of 2data streans to be sent to a

| di t h I | dat
acoor dance wi i1 PRECSRPE Eoacrare dRrioshebe ohBlrarorg tie

plurality sfeatlatobesthit@aasinkk rae@E;dance Wt h the plurality of
nmodul ati on schemes., 12. The paratus of claim 11, further
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streans fosrchérﬁé’srfémhéﬁlu%tybiedfa sti%laﬁié Bhdel ¥n Ble BRB! &inkannel s in a
mul tiple-input multiple-output (MIvIO channel. 13. An apparatus

conprising: 24 a processor operative to determ ne channel estinates

for 2 PLural ity of dak Qi eafiiah 19y RE0H e R BB HERGRL KELiccand

a controller operative ect a single code rate an l'ura
of nodul atormmods citterfrmn fumong heplplalityadfi d:oﬁe abtesl atpposttd danbke lsmeenl aod t¢ he

channel esti e apparat us of .c the
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plurality of code rates supported by the systemand to provi de t he
one code rate th single co or .the pl allt of  dat

ot reans. 15, CTHS: apjTAR ANGSNT Oiiai A bGPt Sh L OB tHeais ¢y
of code r afssididd wms 206ipated Wt bhnRINIBSRESIhEMEs, 38 viHerdi® el @hirbir is
schenes, and wherein the controller is Cgeratl ve to select a

modul at i orPPEEANEFER §ebict a grlulstion sehepie fpnpacnyef e pliFatits of datdygiraams dffom

among the §no0fe Q@%@&dlé%i&n%&i&?&é%%ss%&%@%%ﬁtﬁe whib cécﬂ:eraé' ngl e code
rate. 16. The apparatus of claim 13, wherein the controller is

operative to select a nodul ation schene for each of the plurality of

data streans tqg acmlﬁggefﬁrﬂ?@oﬂggﬁlt 3 Ghe: hg%&?ch&lei %ao EhavOR! &lec 2

stream 17. The appar at cl al m erern estl ma
conpri ses laodléatg)nasbhetm&ﬁww&él ritle phtmrcf ef date etreaatsi to a{:JSHR) a aemﬂe@tm«s
and V\/nerel he 508 trrtﬁ)elciag o) operative to select the plurality of
nodul ati on scﬁnen% Sf‘lar ality of data streans such that at
| east one data stream has negative SNR margin and the plurality of
dat a
17.  The apparatus of claim 13, wherein the channel estimates comprises a
signal-to-noise-and-interference ratio (SNR) estimates and wherein the controller is
operative to select the plurality of modulation schemes for the plurality of data streams
such that at least one data stream has negative SNR margin and the plurality of data

streams has a non-negative total SNR margin.

18.  The apparatus of claim 17, wherein the controller is operative to limit the
negative SNR margin for each of the at least one data stream to be within a

predetermined value.

19.  The apparatus of claim 18, wherein the predetermined value is

determined by the single code rate selected for the plurality of data streams.

20.  The apparatus of claim 18, wherein the predetermined value is

determined by the single code rate selected for the plurality of data streams, an index of



streans has a non-negative total SNR margin. 18. The apparatus of
claim17, wherein the controller is operative to limt the negative
SNR margin for each of the at | east one data streamto be within a
predet erm ned val ue. 19. The apparatus _of claim 18, wherein the
predeterm ned value is determ ned by2t5he single code rate sel ected

for the plurality of data.streans. 20. e _apparatus o | ai m 18,
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stream the nunber of data streanms being transmitted, or a
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code rate anong nultiple code rates having the highest overall
t hroughput. 23. The apparatus of claim 13, wherein the channel

estimates conprizses e afpitad off PaifO2 S ShRsh BBht AL RCefalé & {RNR
estimates and wherein the controller is _operative to determ ne an

overal | t HPBEY KPR ratsrranone myttnle aMir et baving the highesh owralhthrgnghpy) i ty of
code rates for each of a plurality of stream conbinations, to sel ect
a code rate and a stream conbination having a highest overall

t hr oughput and 23- norfhaegparie of cleiral I3SNReieHy dierehammsh gstinkasespompaises §
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provi de the selected code rate as t e rate, ereln each
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and wherein the lurality of data strea are for.the sel ected
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control | erconibhiPiehdbhdy® prévi8eihedleded code rate as the single code rate, wherein each
stream combination corresponds to a different number of data streams, and wherein the

plurality of data streams are for the selected stream combination.

24.  The apparatus of claim 23, wherein the controller is operative to select a
stream combination with fewest data streams among multiple stream combinations

having the highest overall throughput.

25.  The apparatus of claim 13, wherein the controller is operative to select a
rate combination from among a plurality of rate combinations supported by the system
and to obtain the single code rate and the plurality of modulation schemes from the

selected rate combination.

26.  The apparatus of claim 13, wherein the channel estimates comprises a

signal-to-noise-and-interference ratio (SNR) estimates and wherein the controller is



rate conbination fromanong a plurality of rate conbinations
supported by the system and to obtain the single code rate and the
plurality of nodul ation schenes fromthe selected rate conbination.
26. The apparatus of claim 13, wherein the channel estinates
conprises a signal-to-noise-and-inteRference ratio (SNR) estimates
and wherein the controller is 26 operative to determ ne a total. SNR
mar gi n f oropeERENe BY deferping aifotal NG mainios 6agY A PITRELY Oftréteé:@i“gﬁlﬁu%fls’
rate combipagLon rF‘t@\ébﬁﬁgin@ticm 19hE3 s IRYREAVerdihRMEKRY bnPdbrAnegative total
non- negati ve tota SNR margi n anong the plurality of rate
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streans, aaspead Bombinaiieis raedoeiafedrwid b spdcifideindzr af bt estmays, @ specific
speci fic nmodul ati.on_sch for each of.the ta strea n
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appar at us gabat, ahds 2feciiiBesilnhiobghpuoftr hDbE &k das sepeiat i ve to sel ect
a rate conbination with fewest data streans anong nultiple rate
conbi nati ons having the highest overall throughput. 28. The
apparatus of clgi m 28, phessi & (AR TRRHRIL Bk cobtraRIBdjei@ve & fRlest
a rate conbination with a largest total SNR margin anmong nultiple
rate conbimigtcophinatinawithdewdsedds grrases agpag ARG Fag ephiRatiopghavygdhe
appar at us j her conprising: a nmenory configured to
store a | okg l%iegépdaqtea %gmg%w;‘%e plurality of rate conbinations arranged
in an order determned by a required SNR for one data streamin each
of the plurality, of t ' .1 O rel e LS
operative to s%ér ectlrht%r?gpa&%ggbf;%%‘la %@mh%%%ﬁgggg%ﬁlet} %eoq%g%ﬁk,% E{Jpgeggb%e.
30. The appearamisnafonohigi mld8est whtelr 8NR miginc rmome nuéipld rte egmbinations
conprises a .signal-to-noise-and-interference ratio (SNR) estinmates
and wher eik?f"“’f”r%ég?)&%%gg%?a}fﬁrm fative to determine received SNRs
for a plurality of frequency subbands for each of the plurality of
data streans and to determ ne an SNR estimte for each data stream

based on the reCei vePeSRATRY SrCliFer O RS I AR E31. A net hod of
perform ng rate, spleGli Qohfighred EOHIBAN £8bdIOHD SHISIE AR the YNRANLS 61 rate
determ ni ng channel eStimates for a plurality of data streans to be
sent to a combinations arranged in an order determined by a réquired SNR for one data stream in
each of the plurality of rate combinations, and wherein the controller is operative to

select the rate combination based on the look-up table.

30.  The apparatus of claim 13, wherein the channel estimates comprises a
signal-to-noise-and-interference ratio (SNR) estimates and wherein the processor is
operative to determine received SNRs for a plurality of frequency subbands for each of
the plurality of data streams and to determine an SNR estimate for each data stream

based on the received SNRs for the data stream.

31. A method of performing rate selection in a communication system,
comprising:

determining channel estimates for a plurality of data streams to be sent to a
single receiver; and

selecting a single code rate and a plurality of modulation schemes for the

plurality of data streams based on the channel estimates.



single receiver; and selecting a single code rate and a plurality of
nodul ati on schenes for the plurality of data streans based on the
channel estimates. 27 32. The nmethod of claim31, wherein the
channel estinmates conprises a signal-to-noise-and-interference ratio
(SNR) estinmates and wherein the selec/ng the single code rate and
the plurality of nodul ation schenmes conprises selecting a nodul ation
scheme for each of the plurality of data streams to achieve a .
non-negative SNR Mgk ndiRdd belHRIA, SIHeRAMhe3 ShantélCesiBRO EoRbrisdsad M
31, wherein the channel estinmates conprises a . .
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rate. 35. The nethod of "clalim 31, wherein the channel esStinmates
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and wher eig&e&ﬂgh@gla%%jngga&vg% aNgLe£ode rate and the plurality of
nmodul ati on schenmes conprrses Jet ermnihg an overall throughput and a
total SNR margin for each of a plurality of code rates for each of a
plurality of styrea nbi nat i on erein.each stream. conbi nat.i on
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of code rates, and

selecting a code rate having a highest overall throughput and a non-negative
total SNR margin among the plurality of code rates, wherein the single code rate is the

selected code rate.

35. The method of claim 31, wherein the channel estimates comprises a
signal-to-noise-and-interference ratio (SNR) estimates and wherein the selecting ﬂ}e
single code rate and the plurality of modulation schemes comprises

determining an overall throughput and a total SNR margin for each of a plurality
of code rates for each of a plurality of stream combinations, wherein each stream
combination corresponds to a different number of data streams, and

selecting a code rate and a stream combination having a highest overall
throughput and a non-negative total SNR margin among the plurality of code rates and
the plurality of stream combinations, wherein the single code rate is the selected code

rate and the plurality of data streams are for the selected stream combination.



rate and the plurality of data streans are for the selected stream
conmbi nation. 28 36. The nethod of claim 31, wherein the channel
estimates conprises a signal-to-noise-and-interference ratio (SNR)
estimates and wherein the selecting the single code rate and the
plurality of nodul ati on schenes conpriZes determining a total SNR

margin for each of a plurality of rate conbinations, wherein each
rate combinati @.i s The soghed efl clgimmdla véisenn fhe ChATRBefsiFRRIG AOFPESFedns
to transmit. @ specjfi albinfRfos (8 iRkan ShE QaBRingathe
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for selecting a single code rate and a plurality of nodul ation

schenes foend the plurality of data streans based on the channel

estimates. 38. sﬁﬁ%mf?%%g%t b%atfb{l%amnékt h%@é‘c ejvBrafinBrovBRRie@hd a non-

estimates conprises gnal -to-noi se-and-interference ratio (SNR
esti mat es asmitivhetd SNR hegimeanengfthe plusabitved pisgophialpifg VEeEBBe Fiag
and the pluralit l.atj F | ing
" modul a1 eahEnet SREULEh! PeRRATTRALERIR I i A0S ool
achi eve a non-negative SNR margin for the data stream 39. The
apparatus of clagim 31Z’ wherei n the. channel estinates conprises a

si gnal - t 0- noi se? and-AhERFFFEFSHER™ 881 0 (SNR) estimates and wherein
the nmeans for HEARGHI Bgetiigingi chghe] egiratesadoe agpiratityeofpdasr ardamp tofbe
nodul ati on schenes conprises. neans for selecting the plurality of
modul at i on S HehERels B FaaM ural ity of data streams such that at
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data streans have a non-negative total SNR nmargin. 40. The apparatus

of cl ai m 3he phivelityion deth atreamerhaadd Qadhe Fepad e8HRPFS ses a
signal -to-noi se-and-interference ratio (SNR) estinmates and wherein

the means for selecting the single code rate and the Pl urality of
modul ati on schef&s cOmpappsegus of claim 37, wherein the channel estimates comprises a

signal-to-noise-and-interference ratio (SNR) estimates and wherein the means for
selecting the single code rate and the plurality of modulation schemes comprises
means for selecting a modulation scheme for each of the plurality of data

streams to achieve a non-negative SNR margin for the data stream.

39.  The apparatus of claim 37, wherein the channel estimates comprises a
signal-to-noise-and-interference ratio (SNR) estimateé and wherein the means for
selecting the single code rate and the plurality of modulation schemes comprises

means for selecting the plurality of modulation schemes for the plurality of data
streams such that at least one data stream has negative SNR margin and the plurality of

data streams have a non-negative total SNR margin.

40.  The apparatus of claim 37, wherein the channel estimates comprises a
signal-to-noise-and-interference ratio (SNR) estimates and wherein the means for

selecting the single code rate and the plurality of modulation schemes comprises



29 nmeans for determning an overall throughput and a total SNR
margin for each of a plurality of code rates, and neans for

sel ecting a code rate having a hi ghest overall throughput and a non-
negative total SNR margin anong the plurality of code rates, wherein
the single code rate is the selected?@ode rate. 41. The apparatus of
claim 37, wherein the channel estinmates conprises .
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streans to be sent to a single receiver; and

42.  The apparatus of claim 37, wherein the channel estimates comprises a
signal-to-noise-and-interference ratio (SNR) estimates and wherein the means for
selecting the single code rate and the plurality of modulation schemes comprises

means for determining a total SNR margin for each of a plurality of rate
combinations, wherein each rate combination is associated with a specific number of
data streams, a specific code rate for all of the data streams, a specific modulation
scheme for each of the data streams, and a specific overall throughput for all of the data
streams, and

means for selecting a rate combination having a highest overall throughput and a
non-negative total SNR margin among the plurality of rate combinations, wherein the
single code rate and the plurality of modulation schemes are for the selected rate

combination.

43. A processor readable media for storing instructions operable to:
determine channel estimates for a plurality of data streams to be sent to a single

receiver; and



30 select a single code rate and a plurality of nodul ati on schenes
for the plurality of data streans based on the channel estinates.

30

select a single code rate and a plurality of modulation schemes for the plurality

of data streams based on the channel estimates.



