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. 60/691, 461, entitled "Coding and Mddul ation for Miltiple
Data Streans in a Comunication System"” filed June 16, 2005,
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system |[I1. Background [0003] In a comruni cation system a
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may be quantified by a target pagketrerornNnpate (PER). Rate
selection is chall engi ng because the transm ssion channels may
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is typically quantified by a particular data rate that nay be
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modulates (or symbol maps) the data for each stream prior to transmission in order to
combat deleterious channel conditions. The receiver performs the complementéry
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 transmissjon.

[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, mnltipath, 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 —
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] Techniques for transmtting nultiple data streans to a single
receiver using a single code rate anc® di fferent nodul ati on schenes
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multiple moduolation schemes for the multiple data streams based on the channel
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[0009] Various aspects and embodiments of the disclosure are described in further

detail below. y

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 ecti‘on 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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subbands. A, M MO OFDM system has S spatial channels for each of the
K subband<tivigign pgltiglex RMsd? ®hannel s may be formed with the

spat ifgdz7¢ hannelsnabic Baidthn SHBRAR Q&si{iﬂet(ﬁftraﬁ@r&pa@@% 3V & tRMminaP 4R
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f ol | owi ng caBeEIah FEbandss evhicly arg AP, stubgarriers, bins, and frequency

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 $:K
transmission channels may be formed with the spatial channels of the K subbands in the
MIMO-OFDM system. _

(00191 In general, multiple transmission channels may be formed in the spatial,
frequency, time, and/or code domains. For example, the multiple 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 accorldance with Mrates froma nain
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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 semples 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 communication link 148 and provides the chanmel
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., synbol demaps, 5 deinterl eaves, and decodes)
the M detected synbol streans in accordance with the M rates
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[0027% The system may support a set of code rates. Each code rate may

be ad8®é] at ed %t #PECtspEiagleicedeciin ingelederbiv 2l A dataspeans a0d adiferset of
redundancynodlfos WHRRIUES 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

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 feedﬁack, 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. Each
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
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sone rates, Table 1- Rate Set Data Required Data Required Rate Code
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Rat e SchenepddB)i, dedned WnBREK code 8id: Bathl 4 BESHsOine Qec%ail&i é?%}%f
1.2 1.0 1/2 QPSK 2.9 1.0 1/4 16-QAM 7.2 2.0 1/2 16-QAM 8. 7 .5 1/4
64- QAM 13.2mBrPesl/ 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

pia | Code | mop [Regured)) Bal ) cg, | pop |Reduired)
(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 12 1.0 172 QPSK 2.9
1.0 /4 16-QAM 7.2 2.0 172 16-QAM 8.7
1.5 1/4 64-QAM 13.2 3.0 1/2 64-QAM 144
2.0 1/4 256-QAM| 192 4.0 172 256-QAM | 199
0.75 3/4 BPSK 3.8
1.5 3/4 QPSK 6.4 1.75 718 QPSK 8.7
3.0 3/4 16-QAM 13.6 3.5 718 16-QAM 15.8
4.5 3/4 64-QAM | 192 5.25 7/8 64-QAM | 22.0
6.0 3/4 256-QAM | 20.1 7.0 1/8 256-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 V3. 7/8 QPSK 8.7 3.0 3/4 16- QAM
13.6 7/8 16-QAM 15.8 4.5 3/4 64-QAM 19.2 7/8 64-QAM 22.0 6.0 3/4
256- QAM 26.1 7/ 8 256-QAM 28.0 [0030] FIG 2 shows a process 200 for
transmtting nultiple (M data streans. to a single receiver using a
single code rate and di fferent nodul at7i on schemes according to an
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[ 0032] Regar s ow t ection I's performnmed
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coded dataI for each. atd% st ream accor deangce ng t he tatl on
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processes dafestftahg if lab@admicé Svifh the fs@iplesS ikl rale delcafRE Mob $e@® data streams
(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 siream (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



OFDM and so on) and transmts these data streanms on nultiple
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(37} on at Ad°

conbi PR e evalugtes PRG SR ingtionet ¢ gy HIERE Sfithdhg fewest
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sent on Mtransm Ssion channel s D
that M data sireams will be sent on M transmission 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 SNﬁ 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
rate at a tine, e.g., starting with the |owest code rate for the
first iteration of this loop. A code rate is selected for evaluation
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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 muitiple stream combinations have the same highest overall

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

() =SNR ,(m)-SNR (R} , for m=1,.., M, Eq (1)

margm



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
stream conbi nati ons may al so have the_sane hi ghest overall
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have the Hg 138G TR Astester Pond4fastigHPeat. This may be achi eved by

(1) evaluating tyre ipnatiaons. jn, seguential order starting
with the streamfILéﬁ%H%gﬁﬁta%ﬁllﬁﬁte?% a#aég\%@?gzdata steans and (2)
saving a strea } i i r. t hr oughput is higher,
as shown in F&&eﬁ%?k’%%igﬁ}eﬁﬁkﬁngot éﬁ?%%b%gd?ﬁn%nt, the stream
combi nation W tdyagt he %Qrigﬂ%tsﬂ@hﬁ}ohﬁ%?daﬂ%%ﬁ‘mi s sel ected when

t e sane

mul tiple stream coHBf Ions have 1 I ghest overal |
t hroughput. The SNR margin for each data streamin ma%/idbe ex(%gessed

as: SNR narm¥f a0 nPNR o) ; a0q SR SR, 850 SRAYD uniip el deeibal (dB).  Thy

Eq (1) 10 re R st rate selected for data streamin;
SNRe5, (na)*Dt\F'{\Q&%’ﬁéﬂ%?%@ﬂ%ﬂéjﬁ@ SHEHDYRPRPSTPESRY®: SNRreq (R, ,) is
the required SNR for rate R ,; and SNRmargi" (in) is the SNR margin
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stream combination with more data streams may be selected if improved performance

ot

(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



[ 0045] In general, when nultiple stream conbi nati ons have the sane
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bel ow). FoteRRS-4 R¥EBE: nent, a nodul ation scheme is initially
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stream as descrjbed above. The margi n for each data streamis
det er m nednsirstishems for masginshasing thy M ine strearas arsrptadbipgesrendne arder M
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estimate. A pronote SNR is conmputed for the sel ected
mal%rn, gl%n the seﬁcted atarrsptream is promoted to t%e 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
differeniial 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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allo_max

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 vectos-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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conbi nation. [0056] For each iteration of |oop 430, a code rate is

sel ect ed fcOmPRpapyEowarin eguagon (Bt where VR wilkh ilike 4€6W5%ﬁéfhw@
al l owed for t urrent stream conbi natlon (bl ock 432). For
current waw&&% r i SR AP DENRE S GPHOINRHONe 2B FPALEY Wé@?eralt%a"h Gata

conbi nat i QRedndin tHE}RS FrNAEhiRASEHARA, MR mﬁinﬁ@@h R leRsh 8 stheh® MRt a

streans (block 434). The total SNR margin a given rate
conbi nat i GnPRALYE M Beeabve Vilsansl by SHR d@@f@a rﬁoh@ay dlata stegamoifs theTigte

SNR 1Mar gi RofnBna @G s ddede Than®aMpieBetbihihdd vhRdE €GO ™02 NaRY, Gfled ek ! faR
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,,q (R 4) is the required
SNR for the rate specified for data streamin by the rate

conbi nati on. Because the rate for each data streamin the rate
conbination is specified, the SNR nargi_n for each data stream may be
a positive or negative value. If the RR margin for any data stream
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selected. Multiple rate conbinations for different stream

conbi nat i offs tayfist ety streame) sgatesthibgheiimgpe AR mABFughPite ifd tHave

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 evaluaied. One
of the rate combinations whose first data stream’s SNR 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



negative total SNR margins. In this case, the rate conbination with
the fewest data streans, the rate conbination with the | argest total
SNR margin, the rate conbination wth nore data streans but a | arger
total SNR nmargin by Anmargin, or sonme other rate conbination nay be
sel ected. [0060] In another enbodi ment®for sel ecti ng rates in a
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sum of t hgeNBeetid J58E Bits fof Eachl datdVbitl ah dusidti@Bait (BBEshotdlif FIG. 5) then
conbination with the highest overall throughput and a total required

SNR that PYnCtigs e flpisips A7 Megy £Pds Bitt Ab Necsewry Nrehisye the siagiecodp arfe-
sel ect ed. DEH!U%JMPS‘ZUE%&&V@ Scd¥hits 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 322 interleaves or reorders the code bits in its stream in



limt the anbunt of SNR margin that may be allocated to each data
stream [0062] Exenplary enbodi ments for performng rate sel ection
for a systemw th independent rate per streamand a systemwth a
vector-quanti zed rate set have been described above. The rate
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the coded magketxprém@yd e sent on one or nultiple data streans.

each of the Mdata streans is independently encoded and nodul at ed,
t hen encoder 510 nay be operated Mtines to separately encade the

packets for the a t 1Ih;;Lffedl?d tiplex 520 provi des _each
coded packet toy’bmgz_?ﬁ%ogf"lr@g@r 592 T ;ny%%_c}at'gésﬁféeg% LS, Eq(3)
Al ternatively, M separate encoders y be used for the Mdata
streans (not shown in FIG 5). If the Mdata - streans are jointly
encoded buvhéradgpenteht kynumit pbedraded fdranblend adgrtbdBisane eklese! Aaah
packet, and denultiplexer 520 partitions each coded packet into
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different interleayers 522. |In any case, each interleaver 522
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sel ected f@Feildisrat HiEAN-A0H (FLAY bfﬂgésﬁRﬁlﬁlﬁﬂf& A the following description are

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
yavg, m = .
=1

K2 V() . Eg (4)

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

2 1

K
- . — 2
Oorym (K - 1) ,;; 1; ( Vm (k) ynvg.m) . 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 chand8l in may be given-by 11., (k)
for k =1,_.. K,. where h,,, (k) is the conpl ex channel gain for
subband k G¥ %?%‘H@Bﬁa&@ﬁ%ﬂ)%m " SN elh)e B8 i bsNRIPEied @%ic h
subband k of transm ssion channel in, y,,,(lc), mnay be expressed as:

rlr" )iz yn(kg}mg-o | P(k)_fork=1,...,Kand ,n=l,...,S Eq(3) . 0
J where P, (k) i5 ST whdwer used for subband k of Eq (6)
transm ssion channel in and No is the noise variance at the

recei ver. Jaguat] onis(;3),cRReM AR G EIPLALY £XAHE SabioB £QL: ﬁgc%%ﬁge
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SNR. In general,"a recelived SNR expressi on may mc?uée terng”for

various figed & feoun® for@%ANMiGs inithe RcMBSNS1RMSs thd8ath &IV S mNRd S
dependent on the spatial _processing performed by the transmtter and

the recei VompPulsd gestriupeiPmpediofic PNz TR vaw IR ShReglasiencen 4-8)
and ot her SNR_guantiti L n-the fol | ow escl ption_ar iven in
units of dBs" [—%Bgﬁ'&g&(ﬁ%?{ &° Es]s tF 8‘3}# af‘rémyﬁlgeeg%%h ft gar? {Oéﬂfﬁ’ g?oa%c?é’ilrgsflf”bn
channel . AR ESIdcABE Sor | ﬁ&?tﬂg%ﬂe}/ ob foq"’%ﬁé;\%ﬂﬁ am, the co?in% gl}d

stream transm ssion channe vari ous nners. enbodil nen
derivi ng tikerlsNResshdnrrsuecd for thesleiaisieain b pasketBine, 4ridise canbodi nent ,
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for each dedeivestmayabe charaderizeth by aayber &0 bsheldre8sinse Znatrides X HRgRIfoM
(K-1) (Ym(k)-Yav .r%Z Eq (5) k-l 18 The SNR estimate for each data
streamin, *ShR-X. (¥ash, cheagelt isenronge oot H@Ed kes: a dimension of RxT and

contains a complex gain between each transmit antenna and each receive antenna for
subband % 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" (k) H(k) = E(k)- A(k) - E" (%), Eq (7)

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

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



SNR, , (na) =ravg,,n - ybo,,n > Eq (6) where ybo,n is a back-off
factor for data streamin. The back-off factor ybo,n, may be 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 t he SNR
variance, e.g., yo,,m= Kbo ' Use. Wi8re Kbo is a constant. The

back-of f factor rrar% al so _account_ for other factors such as,
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or spati.al spr 69] For enst.eerin nnel res onse
v 0Bk *Forlch Stai Mg Omsaa%n%ﬁr%%ﬁ? &y g for
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Eq (7) where E(k) is a unitary matrix of eigenvectors, A(lc) is
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transmtter transm t ta on u Itl orth onal spati al channel S
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Table 3 ~ Transmitter Spatial Processing

Eigensteering No Steering Spatial Spreading
Prigzzlsa;lng X, =E-3 X =8 X,=V-s
ool H.=H-E H,=H H,=H-V
[0072] The received symbols obtained by the receiver may be expressed as:
r,=H-x.+n=H, s+ Eq @)

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 o>.



where U k) is a unitary matrix of left singular vectors, E(k) is a
unitary matrix of right singular vectors (which is also the matrix
of eigenvectors), and E(k) is a diagonal matrix of channel gains for
the S eigennodes of Il (k). [0070] For no steering, the transmtter

transmts data wi thout any spati al pr8@eSS|ng, e.g., transmts one
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randMEar 1 r QG § Sheh S0P SR DSERBER A i FEERE 1 igpian
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Table 4 also shows the received SNR for each subband %k of transmission
For the full-CSI

For the CCMI technique,

~

.-s-rmnse AiLmse ' -I—‘x

[0074]
channel m for the three receiver spatial processing techniques.

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

n

r,(k) is the m-th diagonal element of B_;’(k):[_H_f (k)-H (X)]™. For the MMSE

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

B, 18

Iofa

transmit power allocated to the transmission channel. The total transmit power
typically fixed for the transmitter. The amount of transmit power P_ allocated to each
transmission channel w may be dependent on the number of data streams to transmit,
e.g., B, =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).



actual or effective channel response matrix for that subband. The
receiver then perfornms spatial matched filtering on the received
synbols with the spatial filter matrix. Table 4 - Receiver Spati al
Processi ng Receiver Spatial Processing Received SNR Ms=AEHH 1 =
1010( P,,, (k) A m(k) Full-CSI Ye sZhm (k) gl0 | 6.2 “-"es = AS res
1] = - " . =10l 0ogl0 2 r m

(1 0) 751 S oy e i bbb aegy erernmmsy by
diag L M miple A% veRlodskheans.| EhQ83@plel thdschcétalques ﬁ'lﬁ%l be E&Qﬁl@ﬁleﬁte@inse
_ 11" Il m_Snnue =Dnnnse Mm,se rz [0074] Table 4 al so shows the
recei ved SRIRWEE: seHWAISs 0bBatrabinagpn ttherpalini 581 adardstiah Heplemantpigm, thi

three recej : ! L [AHE r - :
technique?h%%%?%iﬁﬁkgk?ﬁgpﬁﬁa%hagﬁgggﬁgkgg#enéﬁ%”g?bg?é#%&féiﬂ%ﬁ%nl
CCM t echdilgBiel and M) k) bé snplémented Witldh age walmoed applintionfspiific {nkggrated
[Fiz (k) (K . FOI.. t he E__lechnigue,.. k) is the rn-th

i agonal &P SHEnATP bl dftpRh Bopp G TSBE idtl] bl Pl Sl

t he recei VBEPBNRspibgrmemble logssdeviRsd qRLDERNfEN arograapsie ente amrayhe
M MO chaﬁgﬁ# response, the reﬁeiver_spatia rocessi ng techni que.
used by t KEF redei VEFSSHid FREOIET-a Rt CPERETSal THERFEESCE> t Hgowonic

t ransni ssidevic&hamaeklectidhe: rdisalesibficdng PetfoRR RS fulletions dedeSbed NeRbif2bd
fixed for tgﬁ transmtter, The anmount of transmt_ power Pm all ocated

to each CPRASHIYSISHOEARASIOFIINFayriE e fETaEneleahon (fes- niffotect/
data streaBhrdiRr HRAMSHId. 1) faythlso 1 MpTerhedBPlvithiM onk BE nfd26 @isved pIMRs
for each transm ssion channel” may be used to derive the SNR estinate
for that PFEERISsabI® @hannel , as descri bed above for equations (3)
throygief 6) . 2%or [aogzmazhﬁnﬂgmg&t{oap%ﬂa SSlHf RN diek @t SELEG! QY be
t echni ques descri bed herein may be

implemented with modules (e.g., procedures, functions, and so on) that perform the

functions described herein. The software codes may be stored in a memory unit (e.g.,
memory unit 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 extemal to
the processor, in which case it can be communicatively coupled to the processor via
various means as is known in the axt.

(00771 ‘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.



i npl enented by various neans. For exanple, these techni ques nay be

i npl emented in hardware, software, or a conbination thereof. For a
har dwar e i npl enentation, the processing units used to process data
for transmssion (e.g., TX data processor 120 in FIGS. 1 and 5) may
be inplenmented within one or nore app?@cation specific integrated
circuits (ASICs), digital signal ﬁﬁﬁ%ﬁ%ﬁf (DSPs), digital signa
processi ng devices (DSPDs), progra ogi ¢ devices (PLDs), field
programabl e gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, electronic devices, ther

el ectronic units deépgﬁ@HmP%u§@¥FB%n1the functlons descri bed her ei n,
or @ conbi nat b agntdiRt 6faivhieoREAGSRLAH S dsiteqd i tnd ébl%rahqf

selection (e.g., rate | ect or controller may a

be i npl enerdebition sdiemesins agturpity of dis) @sem@gpbe senptom@megequ@dso
on. [0076] For C

herein may be |ﬁ%cfg%as%e¥\l§]§&%l {]Eﬁ%ﬁéﬁf e@m’(all %,&a%r%%ggggl}scg&?%g&ﬁ %ns
and so onth@mﬁepﬁmﬁahmnﬂhewo&ﬂﬂeﬂmqmsHMQ&ﬁﬁmhedemﬁﬂmummxdﬁmesﬂhﬂmare
codes may P ﬂﬁy ied in.a meIory unit (e.g., menory unit 142 or 192
in FIG 1P% 5@6@8@”5? 4Pt ocessor (e.g., main controller 140 or
190). The menmory unit nay be |nplenented mﬁthln t he processor or
external to the prgcessor |ch c;&g it can_be, co nlcatlve

coupl ed to theZproc be gpowrns of ?’Jg’u% iR 46 DL ST CRES 1
[0077] Theoi@ieaus oftesst itk b&&tﬂfréxﬁ@nﬂ@ﬁ?ﬁﬁﬁﬁy b raldppbsed by
provided to enabl e any person skill inthe art to make or use the
present ditk&dysisn @herghy gagh of the aluralisnef es rates is prresiated FHBJ TRPRELERRY |
be readil yp %&Hﬁfaﬁgﬁ sdH@medl At r ttlels le! Sk Re ¥ {he ot godéﬁt&%@ﬁ%& Grom
principles defined herein may be applied to other enmbodi ments wit hout
depart i ng amopgthe praliy of codsrratgs.oind whereiher wiod@pigauschemyigrseack g the
present di u Lk te 0 S
Chonn her GRS dhe il 1t SOREES (R B ok e o HORIBIRCHEREL
t he pri nciapdoemtcadvdiinbe ehgleeadamtes di scl osed hereln 22 CLAIMS 1. An
apparatus conprising: a controller operative to obtain a selection of
a single code rate and a plurality of nodulation schenes for a
plurality of data sTheapFritts ffeclgant, wikrdn ﬂier@:hgee tedabieend tlangluslity

processor qperative to encode the pIurallt data streans in
accor dancé’?\ﬂ?‘}dﬁ}aﬂ?ﬁéc%fq’?élaée daaefembio 6 scﬁ%rapearﬁ% HPIgFaEFY o
of data strheasmbinBiceGepHaaE 8y Melshstéhe

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 fo 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.



plurality of nodul ati on schenes. 2. The apparatus of claim1, wherein
the plurality of data streanms is constrained to one code rate

sel ected fromanong a plurality of code rates supported by the
system wherein each of the plurality,_of code rates is associ ated
with a respective set of nodul ation déhenes, wherein the si ngl e code
rate is the one codg,rate selected trom .anpng the plurality, of code
ot s, “and wherei n 0 aRRFSET GhOBEh riheR BagKeaRoL Pty 1 Tie s
data streansplusligedfekiaatchindBiannng td hedsek cadh sfankiplataligofshheresns
associated wth the single code rate. 3. The apparatus of claim1,
wher ei n t HBAEpHEM®Y-code rate and the plurality of nodul ation schenes
are for a rate conbination selected fromanong a plurality of rate

conbi nati ons supported by the ;{stem 4. The apparatus of claiml1,
wherein the comtrol Fbe appsraipesimidind . fusthproompysingt he sel ection of the

single code ra | : ' &Jaﬁz;/r%;

singl e recei ve%%e@q?%%%%%%gé%%%‘éx%g ag@?ﬁo%sk \%ﬁe@ eln’t ggt%gﬁ%é%l% er

i s oper at ittegsthigsicetvéa @i pleralisy gh apatiab choinsie- iana -rvitiplefiggpue medtiplatoiput

( SNR) estgmcﬁlor ihe plurality of data streans and to select the
S .

single co the plurality of nodul ati on schenmes based on the
SNR estimates. 6. The apparatus of claim 1, wherein the processor is

operative to encode, an ulate each of the plurality of data
streans i ndeperfdent ﬁy‘fﬂegggggt?anfﬁigu% ?%WW‘PIET@PWW}%%B‘?’B?W%M
processor is opefaatihyesdletionepdeinkReodd Mictdnidtaplehilifalf a8 Bchemes
jointly and to npdul ate each of the plurality of data streans

i ndependerfff yPlugplityrefedatasirsems tnsbesentdd aswele redeiitebher conprising: a

second processQpcRRRY Ak iphRalit) ot R@dal stbdis B RE6RAndeNRitP ke’ Bdid YodRfraddat @
streans for transmission via a plurality of spatial channels in a

mul tiple-id@gut nultiple-output (MEMD) channel. 9. A nethod of
transmtting d 0 a ! i [ S0 1.0 a
sel ection of aqlgclﬁlrlldg gz’égéégmrﬂg%tgqgn%&a&%ﬁ%%?a iet&?/é% ﬂc?'m u g%ei @%?a{]sl?:yhg?res
for a plurabdiapicofcldatea streans to be sent to a single receiver;
encoding the plurality of data streans in accordance with the single
code rate;

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:



and nodul ating the plurality of data streams in accordance with the
plurality of nodul ati on schenes. 10. The nethod of claim9, further
conprising: spatially processing the plurality of data streans for
transm ssion via a plurality of spatial channels in a multiple-input
nul ti pl e-output (M MO) channel. 11. A#*apparatus conprising: neans

for obtaining a selection of a sjngle cqode rate and a pluralit f
modul ati on schémBoosEeT PP éﬁ%ﬂ@&% gnel SERAS for Eéf@a&y drodage
si ngl e rec@l¥as to HERSMT0 heigRAERNAGniNe plurality of data streams in
accordance with the single code rate; and neans for nodul ating the

plurality of dat®ngplearsraiye kedrtasgladodn inand ppliality of nggdulation
nmodul ati on.goha Bdthe %l%rali-{ @fcﬁpaoﬁfe%yﬁasga off ltl%'oﬁhrﬂpr%l esfti}‘H'a{ er

conpri si ng: nean spatially processing the urality of data
streans for transmission via a plurality of spatial channels in a

mul ti pl e-input | tiple- annel . 13, AN . S
conprising: 24 ﬂ; pr@g gg@%%&%%%élgﬁl\@é ‘%ger%ﬁfg}r %m%rgll% Iggjﬁgﬂ%ﬁgés 9 Sr%‘tcgs
for a pl urakidode efitc daia amshy egiwrality dfecalentitet eupposed @y ¢he epstany end t@nd

a controller . rative, to select si.ngl e. cqde_ rate a plurality
ot *rodul arBH e G ariert 56 Sefhder e f Heatsiabd Bt deBet on { he
channel estimates. 14. The apparatus of claim 13, wherein the
controller is operative to select. one code rate fraom anon

olurality of code r diESPRAEFELIR QU eSS, €ich of v IFBLY R GoPuEs it

one code ratRiAM W aStHRtBe LOICMOAERHSPIHERSS, Rhd Wdletdiy tRf col@bier 1s
streans. 15. The apparatus of claim 14, wherein each of the plurality

of code rPEEING to gdechamadaiptign sehegnerfes prebiafvie Bletalibt o pleams drom
schemes, abidel & br hifuRASERNS hedoSiziARGHT ¥l LoRGLRCL 2

nmodul ati on scheme for each o plurality o a streanms from

anong the set of nodul ati on schenes associated with the single code

rate. 16. The par i M i r ol S
operative to sg%éct aftgg %ﬂ%ﬁéﬂl}‘%ﬁ dg%ﬁ;nglcah\ewri#g{eﬁ Ji)@etégrgcﬁoq%?}st S}aglf’% #Oa?elletc ’S/a of
dat a st r eamsdil@ioachhenceion eadipiribeg aturaley oSiiRa nEgagisntofaohietde ndahegative

stream SNR margin for the data stream.

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



17. The apparatus of claim 13, wherein the channel estinmates
conprises a signal-to-noise-and-interference ratio (SNR) estimates
and wherein the controller is operative to select the plurality of
nodul ati on schenes for the plurality of data streans such that at
| east one data stream has negative SNR nar gin and the plurality of

data strea S non- negati ve total, SNR in. 18., The ar at us
of ol ai m B fhaReH OGO FUTE TR S i Pk qhA HEaR, te
negative SNRbeRGGHam sheimEREAY ©nshhdadr d @ARin008 tépdop sStreamto be
within a predeterm ned value. 19. The apparatus of claim 18, wherein
the predeterm ned value is determned by the single code rate

sel ected for the plghabli¥of odlgh 35/ $ANEIn B0 chadh8l SBRALA YA

cl aim 18, yvhere?n the p 1}iedaett e?ma%lig%j v’aT%ue'ins det er m ned by t he es_a_
si ngl e codiEnpktcencsetaadtigeifiencet fado ISNIRA | dstigpaigs agdtvehesain dagsontephles idex
of 25 ea . e .al i f , dblat | or
each dat a%g{ar(rgé‘éém?o fi %é}ﬂ{[ﬁ%r%éy&gjfl q%tgﬁ %@gl% Sggr%stogjgi ng Ha%%%@t i&gh%qo{{ a
conbi nat i purhligred@bde 2es, Mhreleappacdet e ofvirg ahighdsd pvarhlé theoughpiteand a
channel estimates co ,.Ses a_signal-to-ngise-and-interference ratio
(SNR st BB RAAOMn SR, ReeE et o REF I 1 PoFitt 18 o Ueeri ne
an over al lselebe®ughptt aand siglcabad r-5NRr tRmhralityof deasieaafs. a plurality
of code rates, to select a code rate having a hi ghest overall

t hroughput and a non-negative total SNR margin anong the plurality

of code rates, 7and tige RV richem Belaelrtih6 esardliet B opsratitetoseRE £
code rate for the plurality of data streans. 22. The apparatus of

cl ai m 21, lgwest epds ralgameng Eubiplesode satgiav e thehighest eyegalt thepughpife s t
code rate anong nultiple code rates having the highest overall

t hroughput. 23. The apparatus of claim 13, wherein the channel
estimates conpiPses The appagated of elaimpildewheraini the ehinmpkertienate toOBIDHSNRY

overarl o ESLHAEIRL B e GR." A GNR, osBRSES el bulorn S BEMLE, B0
code rat empbniivesr detefiniac ph wvedallttirooghsit raed MWMMB Jott eacheliect
Fhr oughpuid SRRt 1afe FEGAPT GRn o gy APt R CuREREtn st areds,
of code ratesndndtiehe cohbination Yavidg s highesnoveaithhwoagtipansnd anch-hepative

D oo e ek emonie SO o e AP spolsrSLReSii
and wher eiddmibiMarion, i@l gkt i@ thél adiektt doBa ife & e kiaflelth® BR| RR&BE each

stream conbi nation, . _
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 phurality 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



24. The apparatus of claim 23, wherein the controller is operative to
select a streamconbination with fewest data streanms anong nultiple
stream conbi nati ons havi ng the highest overall throughput. 25. The
apparatus of claim 13, wherein the controller is operative to sel ect
a rate conbination fromanong a pl ur%‘l”ity of rate conbinations

ol bl ity oBReeI B s HSh SRR BRI b Aot St Gty B a8 BB AR
26. The appgiat H%at@f:orﬁﬂnﬁhtmnlﬁvmgﬁ%g%bﬁ dvBRlichengpht @8t itatRgative total
conprises a_ signal-to-noi se-and-interference rati o (SNR), estinates

and wher eiSAR merssonners the plupalityef ragsepbinalians én%fet‘%i‘fafﬁ the S%%’&PQ? TAENR
margin for, g e 19%111@( Bt leoﬁwllllll ; Qhehdd Bo 's&@ét&@fh@e corﬁ&nﬁ%e%eﬁxn

rate combinat est overa hr oughput and
non- negat iewch tatet edmblmnrma@oma‘raﬂrmn@l 1 sg@cﬁicun@met 9f data ﬁfaéta@s a specific

conbi nat i On%hra c‘%’é%@ ?h aéatat% gm?'g' e&f 899 uia%toﬁ sciRpd. prgacﬂloﬂt%l daTtaY

of nodul at®’ e Sel e conbi nation,

each ratesﬁ»@ﬁiﬁ,@ﬁdh@tdfﬁo&@ﬁb@ﬂ@ﬁ@@wﬁmhl]af&pdﬁaﬁﬂrmunber of data
streans, a specific code rate for all of the data streans, a
speci fic nodul ati on schene for each of the data streans, and a

speci fic overabf, t hige tusf @Tclanl 260 fwhtde mabmﬁmelearmeraﬁx?e toEakect a
apparatus of claim 26, erein the controll e oper ée t.o sel
%H ingt e

a rate CG%P%PE%%OW% Tqweiiedefa Higpms W%%H’él

conbi nat i B3R thidgengat.ghest overal | thr oughput 28. The
appar at us claim 26, wherein the controller is operative to sel ect

a rate corrbl nation with a largest total SNR margin anong nultiple

rate conbi natiogs §@¥ ia?;%x&tﬁkg of IARSR wRkRIAIhE c&k&fd?l%gﬂ%&rau?egto smet 2

apparatus of claim r conprising: a nmenory configured
store a | agetk- amplbtualbbe vafth o Rasgest entall Sk mﬁrgﬁla%l’eonec@ﬁhphaﬁwtéﬁqﬁ&ﬁ@ed

in an ordeh igh hemgﬁ'e%g?\;%ilallau&%ﬁ%g{u&ed SNR for one data streamin eech

of the plurg e Co ions, and wherein the controller is
operative to sel ect the rate conbi nati on based on the | ook-up table.

30. The apparatus of claim1 he channel estinates

conpri ses a 2énal Tihg 2RRATAR qﬁ%@n‘geﬂftg?mﬁé%’nﬁ%i o (SNR) estinates

and wherein thei ReRERF SQnfilgSred OPE k@dd \661¢6k~1ﬁtett€:r}éri o*feﬂieephliralﬁyi cSNRﬁe

for a plurality of frequency subbands, f each. o u

dat a st r eiPRbHRHOROEREERS 1) drer % Ytﬁfe@“FB Slgggpgz ‘g’ﬁtd[ﬁ%ssﬁl}eéﬁ
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 fo 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.



based on the received SNRs for the data stream 31. A nethod of
performng rate selection in a comunication system conprising:
determ ning channel estimates for a plurality of data streans to be
sent to a single receiver; and sel ec tng a single code rate and a
plurality of nodul ation schemes for t plurality of data streans
based on the channel estimates. 27 32. The nethod of claim 31,
wherein the channel estinmates conprises a

si gnal -t 0- noi sgzandThémeicdr eMeleint 3l ohéSMRIheesiahnimt@Gmans cofplies n
the selecting the. single code rate_and the plurality of rm(flul_ati on

schenes coHpr-ieavissgpdantpiigencemgie ) (FNRY Fsdapehand el theotelacting the

plurality si}fgiéjc%ti@réé 51{%1%H§pﬁ19alitya&ﬂ}h8d(&tfén@&ﬁnﬁ§9§&1ﬁﬂs%s SNR margin for
the data stream 33. The hethod of claim 31, wherein the channel

estimates conpre¢lsdingas nyidglatipn tsebenesi - eprld-of iberptwrldcel daid isseqnsNm)
estimates a@@g‘ﬁ%%ﬁ ngftle%atti%esﬁﬁhﬁ‘féih?&tﬁé‘@ata g&seglgl e code rate and the

plurality o u I"on schenmes” conpri ses ecting the plurality of
nodul ati on schenes for the plurality of data streans such that at

| east one data,stre ha tjive .SNR margi.n and the .plurality of
data streans Mave APhOTIEoR FAT o0t AroaRR rarnet Sabethh 3omeid ot of
claim 31, sirelehbishaddnatnehceesitip NENES estiped and wherein the selecting the

si gnal -t o- noi se-,and-in ﬁrf rence rg&' 0. %S R) estimates and wherein
the sel ectsl"%%e ﬁﬂsfat%?frﬂf} BP PP g P EPEPTEY of nopdul ation
schemes conpri sgsctigtRs Biutdlitg o moduRtiah behbheo BghBephaady af terh atre SR
margin for each of a plurality of code rates, and sel ecting a code

rate havi YRRl ghisat o5 daiR) Yrepm es Grgrtive 200 Borrbh 2pd e plpelity; i defa

SNR nar gi nuagRdhvt R oRhbERNE ttadNERERif. at es, wherein the single code
rate is the selected code rate. 35. the method of claim 31, wherein

the channel estimates conprises a signal-to-noise-and-interference

ratio (SNR) estjymat ?ﬁe Qfg-‘:?tﬁ%hﬁf Elalln 131€ wHELeHE teNthahR esBinAQL SomBA&sAL €
nmodu g an

and the plurality o ation schenes conprises determning"
overal | t Figragtopiscemd-istetfoende GNR (FBIRQientithetes end hwhefeim the salegting yhe of

code 1 at es, o7 3G, 8la e Bl bt Modhecdh GG QIRbARLT NS, wherein
determining an overall throughput and a total SNR margin for each of a plurality
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 tl}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.



conbi nati on corresponds to a different nunber of data streans, and
selecting a code rate and a stream conbi nati on having a hi ghest
overall throughput and a non-negative total SNR nmargin anong the
plurality of code rates and the plurality of stream conbi nations,
wherein the single code rate is the séfected code rate and the

plurality of data streans are_for the sel ected stream. i i.on. . 28
36. The met hod 3§f ciTaf dpeshod R}F]Q]%EP#}P H’a‘eﬁ%%ﬁWthagggi% '%gggccg% %I?ésge% a
si gnal - t 0- NRI56r AR dnALi gk HEIAAC LutibalSINR ) ( Shilktce Sihd netiepsin ahd selbeingi the
the selecti % the single code rate and the plural Lty of nodul ation
schenes cosipsie swe rafe ped e plusglity of BedYENRChRGicATPE®each of a

plurality of r i nakl xyi@?{ ' ol 8it§ QT bie adol®inatiSns,
associ ated w tﬁ&eger@%@% ??%thlﬁgﬁge? 0 5"5?3%??3513 tg transmt, a
speci fi ¢ cobeecinahen fatr cahiinasfontih essdeintgd stithempnscifig nypwer o HHHIMEL? on
schenme for each of the dat r 1of LG : eme
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conbi nat i ofvy Bawiofeheaiatti slagat, 208 enpddifid dvealighpughmhthbr all 96 the daagieine
total SNR margin anong the plurality of rate conbi nations, wherein

t he singl ef%ode rate and the plurality of nodul ati on schenes are for
the sel ected ralRcaHTRIBALdoRDbinatidh . halihgap pighed wserb nthroughpuy anfreane-
for determ ning channel estinmates f%ﬁﬁ@?l%&al [ itn)é o{j dat% st reans Itso
be sent t 8egativ ot SNRep@Ryemong e PloreLaPBER Yy YUE e “Code
rate and a pl.-Wrgbhd éﬁe?furémgﬁf AbHARISCRBEES FOfor tehelepbtirad tdnbindiodat a
streans basec? on the Cchannel estinmates. 38. The apparatus of claim
37, wherein the channel estimtes conprises a

si gnal -t o- noi Sez’f‘”d'&?%@a}aﬁ&s ﬁ.ﬁ)n]léﬁ%l 0 (SNR) estinmates and wherein
the sirig

the means for Selectl e code rate and the plurality of
modul ati on schemessdonpetemssingehancl estinatsetor ipngualitodfudald FHIsdAdite
for each of pe ﬁl yr alcé:itvé/r-%fxd data streans to achieve a non-negative
SNR mar gi n5For° t HEEGETE 'St r'éam 39. The apparatus of claim 37,

wher ei n t he chanieels festslentihes simglepoils exe and a plurality of modulation schemes for
signal -t o-noi se-and-interference rati SAR).. | mat es and wherein

t he means ﬁkaﬁp%urg v O £9% §5ams F%@%%@éﬂfﬁl\fﬁtﬁ%ﬁﬂ the plurality of
nodul ati on schemes conprises nmeans for selecting the plurality of
nodul ati on schenes for the plural I@tﬂé&f dat.a . strea

hat .
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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

strearns to achieve a non-negative SNR margin for the data siream.

39.  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 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 2
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



data streans have a non-negative total SNR nmargin. 40. The apparatus
of claim 37, wherein the channel estimates conprises a

signal -to-noi se-and-interference ratio (SNR) estimates and wherein
the neans for selecting the single c?ge rate and the plurality of
nodul ati on schenes corrpri ses 29 nean for det erm ning an overal |

t hroughput and a tofal, SNR ma I ea e
B S T R e e N Tt
throughputalaﬁldhqrdmaderﬁﬁg&hdve total SNR rrargl n anong the pl uraI [ ty
of code rates, wherein the singJe caode rate is tgqi]am%ﬁted

rate. 41. The AP{FaT ¥ deledmed & IS‘P haypmg gt ghesheveg pLan

conpri ses jgabledbal SNR- lﬁ&bﬁnearﬁﬁfé’ B tRihiay op dier ek Owﬁééiﬁ)th@ &%g!%%ﬁ@
and wherei nt he neans selecting the single code rate and't he
plurality 8@ IWGW@RW@W%%@WES conpri ses neans for deternmining an
overall throughput and a total SNR margin for each of a plurality of
code rates for each of a plurality of stream conbinations, wherein
each stream cditbi ndhe eppacdny b ploid S7t whereii th ehame! exiimrdys @inpdiatsaa
streans, and 2ans 'n ﬁgﬁ al.e and onbi nat i on
having a hl%ﬁ St OMSY andé‘?tf’}f ?r éc‘)eug g n)d eamrl\acg?ls e ga |e\l}%?trﬁcl)§alpea§m§m
mar gi n am@cmﬁ@th@kmglabodewamfanddthepiuﬂahtyeﬁ nauddlatibreschemesaddntiyrised St ream

conbi nati ons, wherejn .the sjn rate js t ected ode rate
and the. b ur al IERRE R dHPSBiiE e py e b By ret dadpiat S Heirpindi Saon of
combi nat i anpiufdicy Erm@damasr 8rURclobf & lphiriitd 6f swbed edmbinBgorshaReeh each
estimates conprises a gnal -toagq?' se-and-interference ratio (SNR)

esti mat es SéfﬁEFH\RH%‘P’é‘Pﬁ‘PT‘t‘}?EC%Pé’aﬁ%tOf fferepy I@&% of ®eiestermyaBdcode rate

and the plural ifean®orebetiAd 0@ CRRMRR & QR %ﬁﬁlbﬁﬁﬁ% hfaﬂhg a highest
determining a total SNR margin for each of a pluralit rate

combi nat i gtveralljherghmt @ad B noarmesetbieyPish SNBrmpiginaaBens éﬂur@hltwrpfaeode
speci fic nupbehyafe ﬁ?&lﬁy SF" %ﬁﬁmoﬂzb?r&%hJ cF Bl end ﬁﬁl@lefﬁdeaxge Qfmd he
data streans, a sp eg c?u l'ation scherme for each of the

st reans, aSﬂhtcf&dsq.ﬂéelrﬁiecﬂlbi/éll%tplur@lﬁﬁo@fgﬁmltsuﬁms ard fof theheelerieda stream
streans, ac%gibrrrﬁi%&? for selecting a rate conbi nation having a hi ghest
overal | throug and a non-negative total SNR margi n anong the
plurality of rate conbinations, wherein the single code rate and the

plurality of rm&ul atIlhg rallppsaga us of ¢ a1m 3f70\rﬁhte£§1 tig lcggr}ngpcsru%a%es 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



conbi nati on. 43. A processor readable nmedia for storing instructions
operable to: determ ne channel estimates for a plurality of data
streans to be sent to a single receiver; and 30 select a single
code rate and a plurality of nodul atigﬁaschemas for the plurality of
data streans based on the channel estrhates.

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

of data streams based on the channel estimates.



