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a data transm ssi on i ncreases as the nunber of
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bhrfoBaakgmundproves as the nunber of transmt and
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recei ve antennas for data transm ssi on. MO channel
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pérs@nhace, aheltipreodrdmmasarl ®peité ahtesmﬁscrhayl belusédor Ifahe propagatlon
paths between the transmit and receive antennas are linearly independent (i.e., a
transmission on one path is not formed as a linear combination of the transmissions on
the other paths), which is generally true to at least an extent, then the likelihood of
correctly receiving a data transmission increases as the number of antennas increases.
Generally, diversity increases and performance improves as the number of transmit and
receive antennas increases.

[0003] A multiple-input multiple-output (MIMO) communication system employs
multiple (Ny) transmit antennas and multiple (Ng) receive antennas for data
transmission. A MIMO channel formed by the Ny transmit and Ny receive antennas

may be decomposed into Ns independent channels, with Ng < min {N,, N;}. Each of

the Ns independent channels may also be referred to as a spatial subchannel (or a
transmission channel) of the MIMO channel and corresponds to a dimension. The
MIMO system can provide improved performance (e.g., increased transmission
capacity) if the additional dimensionalities created by the multiple transmit and receive

antennas are utilized.
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capacity. The disadvantage of this design arise from the burden of “managing” the
rates of each spatial later — (a) increased CQI feedback (one CQI for each layer); (b)
increased ACK/NACK messaging (one for each layer); (c) complications in Hybrid
ARQ (HARQ) since each layer can terminate at different transmissions; (d)
performance sensitivity of SIC to channel estimation errors with increased Doppler,
and/or low SNR; and (e) Increased decoding latency requirements since each successive
layer cannot be decoded until prior layers are decoded.

[0007] In the conventional SCW mode design, the transmitter encodes the data
transmitted on each spatial layer with “identical data rates.” The receiver can employ a
low complexity linear receiver such as a Minimum Mean Square Solution (MMSE) or

Zero Frequency (ZF) receiver, or non-linear receivers such as QRM, for each tone.
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MIMO channel matrices, mapping the SNR for each tone to generate effective SNRs for
each possible multiplexing order, selecting a highest packet format (PF) with an SNR
threshold less than the effective SNR for each layer transmission, selecting an absolute
highest PF of the selected highest PFs for each layer transmission, and selecting a rank
based on the selected absolute highest PF.

[0012] In another aspect, a wireless communications device comprises means for
calculating MIMO channel matrices corresponding to layer transmissions for each tone,
means for calculating signal-to-noise ratios (SNRs) for each tone based on the MIMO
channel matrices, means for mapping the SNR for each tone to generate effective SNRs
for each layer transmission, means for selecting a highest packet format (PF) with an
SNR threshold less than the effective SNR for each layer transmission, means for

selecting an absolute highest PF of the selected highest PFs for each layer transmission,

and means for selecting a rank based on the selected absolute highest PF.
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drawings in which like reference characters identify correspondingly throughout and

wherein:

[0017] FIG. 1 shows a conventional SCW transmitter;

[0018] FIG. 2 shows an SCW transmitter with rank prediction in accordance with an
embodiment;

=4M =2,B=1 i, sccordance

[0019] FIG. 3 shows circular multiplexing with M
with an embodiment;
[0020] FIG. 4 shows block-circular multiplexing with M, =4,M =2,B=4 in

accordance with an embodiment; and



(SNRs) for each tone based on the M MO channel
matrices, mapping the SNR for each tone to generate
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a hi ghest packet format (PF) with an SNR threshol d
| ess than the effective SNR for each | ayer
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Pﬁcﬁ Hh 3 IMEN ous aspects and enbodi ments of
t he |nvent| on are described in further detail bel ow
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%%ﬁt gmgle -output (SISO) system, a multiple-input multiple-output (MIMO) system,
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[0024] OFDM is a multi-carrier modulation technique that effectively partitions the
overall system bandwidth into multiple (NF) orthogonal subbands. These subbands are
also referred to as tones, subcarriers, bins, and frequency channels. With OFDM, each
subband is associated with a respective subcarrier that may be modulated with data. Up
to NF modulation symbols may be transmitted on the NF subbands in each OFDM
symbol period. Prior to transmission, these modulation symbols are transformed to the
time-domain using an NF-point inverse fast Fourier transform (IFFT) to obtain a
“transformed” symbol that contains NF chips.
[0025] The SCW design overcomes the drawbacks of MCW design. However,
SCW mode cannot support the MCW rates in spatially correlated channels or line-of-
sight (LOS) channels with a high K-factor. Both of these scenarios lead to a loss in
channel rank or increase in channel condition number and increased inter-layer
interference. This dramatically lowers the effective SNR for each spatial layer. Hence,
the data rate supported by each layer is lowered, which lowers the overall data rate.

[0026] One way to reduce interlayer interference is to lower the number of spatial

layers transmitted in low-rank channels, and trade-off inter-layer interference and



[0023] The techni ques described herein for performance
based rank prediction nmay be used for various
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Division Multiple Access (TDVA) system a Frequency
MIMIGs igains MHdr i gabmps dessing-bki)unshes tod tpyeas MiagdmiBpé drbm four to
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overcones the drawbacks of MCW design. However, SCW
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supported by each layer is |owered, which | owers the
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interference is to | ower the nunber of spatial |ayers
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inter-layer interference an MO gai ns. For exanpl e,

ansomna g2t hehenQFBM pegcepin@ fa each ABRPMititenng Precsgds then in an
identical fashion as the SISO, after which the signals are launched into a MIMO

wireless channel. The rate prediction algorithm uses a 4-bit CQI feedback 124 from
receiver 126 every 5 msec. The CQI is a measure of the effective SNR /spatial layer,
measured at the receiver. The spatial mapping is done in manner to ensure that the SNR
for each layer are similar. As explained before, the performance of this design suffers in

low rank channels.



three, i.e., decreasing the rank fromfour to three,
can dramatically increase the effective SNRs for the
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processing for each transmit antenna proceeds then in
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on the packet format (PF) 208, 210, specified by a rate prediction algorithm 212.

[0033] In an embodiment, the coded symbols are then de-multiplexed 214 to

M streams 216 or layers (l <M <M, ), where M 228 is a 2-bit integer lsM =M,
specified by the receiver 226 feedback every 5 m-sec, in addition to a 5-bit CQI 224.

M

The M streams 216 are then spatially mapped 218 to 7 OFDM modulators 220 and

M, antennas 222.

Spatial Mapping

M, xM P(k)

[0034] The spatial mapper (precoder) 218 is a matrix that maps M

M antennas, for each OFDM tone, k. There can be several choices for

M xM

symbols on to
the precoder. Consider a 7 MIMO channel # (K) | The precoder matrices can

be chosen so that the equivalent channel matrix H{)P(k) pas improved frequency



rank prediction is described. Al gorithnms for robust
rank prediction are presented bel ow. For SNR < 15dB
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is worse than SCWat SNR < 15 dB, due to increased
gemsthe i Vi qoylrmfs | the identihamaelx, e Strfreand oB isex pammeter to control the

hP Ly PRy R R A e S rent  The i ¢ s

re tur bo encoded 204 reppesy 206 dependi ng
BlS6he * dhORGEEF B TR O T oo {1 edh ) a
rate predi 1| al gorithmp212. [00 o an 1
enbodi nent, coded nb Is are tihen de-nulti pl exed

214 I_{Om0 wh&r & (M
228 f;h@z bi tolntelg]er ) 1 E]s qcuﬁ ef:l %93]t_ er 0

recei ver 2 f eledback e 5 mse addition.,tg la
5-bit Cq 4."IThe strgn'@216 are Oh spatiall);cb

A T M A N

ﬁfﬂfv@ﬁﬁdﬁg&rezﬂ-&/lﬂeﬁelﬁ théd VerticMLITRII boket AL doRRSpRMNEB)ydnbols from
on to t antennas, for each OFDMtone, - There can be
Laaopns andHwrizertalned boxes 304 correspond to symbols from layer 2. Figure 3

=4,M =2,B

shows circular multiplexing with M; =1 The vertical axis 306 represents

antennas. The horizontal axis 308 represents tones.

[0038] For B =4 this leads to a block-circular multiplexing strategy with two
layers as shown in figure 4 where the vertical-lined boxes 402 correspond to symbols
from layer one and horizontal-lined boxes 404 correspond to symbols from layer 2.
Figure 4 shows block-circular multiplexing with M, =4,M =2,B=4. The vertical
axis 406 represents antennas. The horizontal axis 408 represents tones.

[0039] An increase in B leads to a reduction in the frequency selectivity of the
equivalent channel, which may be desirable when weak codes are employed. Also, the
parameter B is sensitive to channel interleaver choice, therefore parameter B may be
optimized later on.

[0040] Circular multiplexing improves frequency diversity regardless of the channel

delay spread. In the presence of strong turbo codes, the performance of CM (with

M =1) approaches Space-Time transmit diversity (STTD). However, for very high PFs



the precoder. Consider a x MEVI O channel . The
precoder nmatrices can be chosen so that the equival ent

webmsnedsoorat ri x () 1 inproved frequencysel ectPEI/U§2005/046742

conpared to . The increased frequency selectivity can

be exploited by the decoder t® obtain frequency

diversity gains. [0035] In an enbodi nent, a precoder
omfarioonirsl thuanélslthavdanmgop eveakitcahvantiomat codes, 8EDecam out-perfom

éﬂ&’l'TUéN}7 -1) are the MI x M sub .permutation ma

288G Xed fromthe M col ums of the identity

Fﬂvﬂ] X, IV #NemBodisnedt, p@?%&%ﬁﬁr mafixC i%nfﬂeofollb%% generalized delay
requency select|V|ty of the equival ent channe

fligedsy matriziccor dance with an enbodiment, iff MtT =
4, M= 2 , then [0037] For B - 1, this leads to a

circul ar [tiplexing strategy with two |ayers as

Jbo&ggln figung 3 mhetﬁin the vertical -1ined boxes 302

ot ponNGﬂF yivsMl-s T Mer¥| ayer one and

hori zont a i ned boxes 304 correspond to synbols from

| ayer 2. Figure 3 shows circular nultiplexing with t ~

[0042] Theherer T et isaxi*r 306 sie praseatix eniiaenasm HeeM columns
hori zontal axis 308 represents tones. [0038] For B = 4

BN Me2dl t oy Qlla%(h afil " b an, twl g idp} EMp@ia%&rfaﬂr?agﬁx, with the

two | ayers as own in figure 4 where
vertlcal-llned boxep j 282k edyd pspond to synbols from
k %EE one and ho?¥& ntalyTined boxes 404 correspond to
z o@gnygbﬁﬂlayer Flgure shoms block circular
The vert
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a4 N al e tabeha riii‘é?Jodm%1 ikt Mpi@ﬁ]eﬂﬁsihé ajueeWagIRy VR Adssity.  The
codes are enpl oyed the paraneter B is sensitive

perfananerpf dqmedllvemté s s:tﬁetily; eorqeﬁbaremm«%arpamlammg (gnd STTD),
?g ao%?&e%nﬁa%ce 1170 oc@namlecl)gélg)(l tl(g%s t%yb&'h PF. Tlée[ onlg advantage

roves ency I vVer sl

Of udimedelpdiversitgéd thyit ﬁ}béﬁﬁds frbm 1&1’[‘1)@0@6&80%21@1&1 ghtiraamgbn gains
urbo codes, the perfornmance of CNIf
at very low SNR’s (SNR < -5 dB) and for high mobility (> 120 kmph). In these channel

scenarios, circular multiplexing cannot benefit from SISO channel estimation gains.

[0044] Packet Formats

[0045] A current SISO design uses 7 PFs with spectral efficiencies [0.5, 1, 1.5, 2.0, 2.5,
3.0, 40] bps/Hz. In the SCW design employing a one-layer transmission, this
granularity in spectral efficiency (SE) should be sufficient. However, when all four
layers are wused for transmission, this translates to spectral efficiencies of
[2,4,6,8,10,12,16] bps/Hz, with a SE granularity on the order of 2-4 bps/Hz. A
consequence of this coarse granularity is a loss in data rate, since these users are
constrained to transmit at a much lower data rate than their attainable SE. Note that
MCW design with SIC does not have this granularity problem, since the rate in each
layer can be adjusted independently, resulting in an overall finer spectral efficiency

granularity.



M= 1 ) approaches Space-Tinme transmt diversity

(STTD). However, for very high PFsor for control
wcivaeiomB® t hat enpl oy weak convol utional codesCTATSEINS/046742

can out-perfom CMsignificantly. [0041] In an

enbodi ment, a precoder matrixgis the follow ng

generali zed delay diversity matrix: GPM-- -GG G

LMIXMT ) M X [0042] where MS a Ml x Ms u DFT ma

trixpbtarmed From the Bhedkal 'Eificién LMyer %ftdyIN frhinés of
matri X, and D |Cod& an Myg rodi agolnacgﬁrrgtrlyxrxvmt rt hgso

yRkeY l\gé&/en_byalate]a{t&{)%] The par ankaRgmissiony,
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sel'ectivity of Ftﬁe channel , |ang j$ tBe numder{ of OFDMVP
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14 6 213 4.00 | 2.00 1.33 1.00 | 0.80 [ 0.67
15 6 17/24 4.25 213 1.42 1.06 0.85 0.71

Table 1: Packet Format for SCW Design with Rank Prediction

[0046] Table 1 shows the packet format for SCW design with rank prediction in
accordance with an embodiment. Table 1 shows the PFs with SEs targeting the first to
sixth transmission. 16 PFs are provisioned with SE-per-layer ranging from 0.5
bps/Hz/layer to 4.25 bps/Hz/layer with 0.25 bps/Hz/layer increments targeting the first
transmission. When targeting the third transmission, the maximum attainable SE-per-
layer is 1.42 bps/Hz/layer. The SE between 1.42 bps/Hz/layer and 2.13 bps/Hz/layer
can be achieved by targeting the second transmission and SE greater than 2.13
bps/Hz/layer can be achieved by targeting the first transmission, where HARQ benefits
diminish.

[0047] In another embodiment, more PF#s may be added with SE/layer > 4.25
bps/Hz so that higher SE can be achieved by targeting the third transmission, and
benefit from HARQ gains. In such a case, a 6-bit CQI may be needed to ensure that the

PF granularity is captured.



[2,4,6,8,10,12,16] bps/Hz, with a SE granularity on

the order of 2-4 bps/Hz. A consequence of this coarse
wOogoaaiebzini ty is a loss in data rate, since thesa/userss46742

are constrained to transmt at a nmuch |lower data rate

than their attainable SE. Notjg¢ that MCWdesign with

SI C does not have this granularity problem since the
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n an overall fiher spectral efficiency
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ekef2t from HARQ gains. In such a case, a 6-bit CQ

o R, RSBl 8 AR, o e
kQRARTizNigs Rt STHehewst & dabode whitiFamoduwes pEve-OrERCE 6.
based rank prediction in accordan

e
H986Hi némaccqrgpnqeh\éltlk@ﬁ efrgaﬁ)glmqq(t,k ﬁpﬂf;)”%%j’feﬂéﬁ%i I&Hk prediction
Q%%%@ &§§§§Q &.input into MVBE(l) 512 through
feSpectlvely MVBE(1) 512 through MVBE(4)
518 produce SNRi (k) 522 t hrough SNR4(k) 528,

E(}e{% eCt | VeI ; S{\\/Iatﬁéeg thgs 42&0%2%%4%@pper gaéfr‘annel matrices,
ﬁ@gﬁgk Ve m '\ﬁ%w(k§32 tHr(th) corres oggmg to%he {1,2,3,4}

layer transmissions, are calculated. Assuming an MMSE receiver, the post-processing

SNR, (k), SNR, (k), SNR;(k), SNR, (k)

SNRs for {1,2,3,4} layer transmissions, are

calculated for each tone as:
]. M * * -1 -l
SNR,, (k)zXZZ[ diag<[PM k)" H(k) H()P, (k) + 01 | > ] v M =[14]
m=0 m,m

If we assume other receivers such as QRM-MLD or IDD, the post processing SNRs will

be calculated in a different fashion.

[0052] 2. The SNRs calculated above for the {1,2,3,4} layer transmissions, are
equivalent to the per-tone receiver SNRs calculated for the SISO design. An
unconstrained-capacity mapping is then employed (as in the SISO design) to generate

an effective-SNR averaged over all tones, for the {1,2,3,4} layer transmissions, which



through Eff SNR 4 548, respectively. Eff SNRi 542
through Eff SNR 4 548 are input into PF Sel ect 552
wo JoneesgbnoPF Sel ect 558, respectively. SNR t hr esiTaisisosake742
a 1% packet error rate (PER) are input into PF Sel ect
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i layer transm ssions, SNRJI Vk)' , SNR2 (VJc),

[@th TheJ¥audf ankf 18y ad entlsat edlad rmeamizettho evasill spectral
k) VM=T1,4] If we assune other receivers such

as QRM MLD p@r =P mdxhg MosPFRrjocessi ng SNRs wi || be

é;cﬁbgH‘}}@g.gg in asifferent fashion. [0052] 2. The SNRs
cal cul‘ated above for the {1, 2, 3,4} |ayer

tllr\lansm' Issi ons, are equivalent to the per-tone receiver

cal_cul at.e t the:Sl ign. An

ﬁﬂg%glst Pai ‘éﬁgdblgg?gésltﬁjfln @ﬁ%&ﬁ’g&ﬁ%@t hen enpl oyed (as in
esign g, gen n effective-SNR aver aged

g&glr a(ﬁﬂ Sones,bygrttheﬁwg{lg A a)cl]er transm ssi ogs,

whi chare denoted as Eff SNR, , EffSNR 2, EffSNR 3

056NR 4rhe 1ddMRIqRet desepibbOhedapenagéaayed fur a yeeiety of OFDM-based

effective SNRs.

systems as well as other systems. The rank prediction techniques described herein may
be implemented by various means. For example, these techniques may be implemented
in hardware, software, or a combination thereof. For a hardware implementation, the
processing units used to perform interference control may be implemented within one or
more application specific integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, other electronic units designed to perform the functions described
herein, or a combination thereof.

[0057]  For a software implementation, the interference control techniques may be
implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit and
executed by a processor. 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.

[0058]  The previous description of the disclosed embodiments is provided to enable

any person skilled in the art to make or use the present invention. Various



[0053] 3. The effective SNRs are conpared agai nst a

table with SNR thresholds targeting the 1% PER for a
wEBepst em The hi ghest packet format (PF) wWedhuSNpS/046742

threshold I ess than the neasured effective SNR are

selected for the {1,2,3,4} lal®r pppppppPppPp

transm ssions. The PFs are denoted as ' ' 2 ' 3" 4 .
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signal processing devices (DSPDs), progranmable |ogic
devi ces (PLDs), field progranmabl e gate arrays
(FPGAs), processors, controllers, mcro-controllers,
m croprocessors, other electronic units designed to
performthe functions described herein, or a
conbi nation thereof. [0057] For a software
i mpl enentation, the interference control techniques
may be inplenmented with nodules (e.g., procedures,
functions, and so on) that performthe functions
descri bed herein. The software codes nay be stored in
a menory unit and executed by a processor. The nenory
unit may be inplemented within the processor or



external to the processor, in which case it can be
comruni catively coupled to the processor via various
WOorRan®6®\e0 i S known in the art. [0058] The prevPOUES2005/046742

description of the disclosed enbodi nents is provided

to enabl e any person skilled i4 the art to nake or use

the present invention. VarjQu [fications to these

enbodi ments will be readilbﬁag nt to those skilled

in the art, and the generic principles defined herein

may be applied to other enbodi ments w thout departing

from the spimétho@bf &aRPecddtidnNompvand:i on. Thus, the

present invention is not intended to be limted to the
enbodFHEHRENS NIMO Hdranel Befficess cergespendiBs ¢¢ dexs! trgsmissions for
| fl&She:SCOPe consistent with the principles and novel
eat ur és discl osed herein. WHAT IS CLAI MED | S: CLAI M5

1. A pdtdadhgbighalrto-risedratios (SNRepfpr esihngne based on the MIMO
calcwlath M MO channel matrices corresponding to

FRAPBE! PRUERSY ssions for each tone; cal cul ating

S| gnahfl\a}%ﬁhgoﬂhé SNRI foPSab PG td Pen&aENetRNGe IR t@Neach layer

the M channel matrices; nmapping the SNR for each

tremanissoryener at e ef fecti ve SNRs for each | ayer

w o SHEDEY WRBeRos P ReMeRTER] WARCHT SNA DB T than e

efedti vk YN fdr eadtSlay&StadBmiss®hect i ng an absol ute hi ghest
PF of the selected highest PFs for each

ayer
t r ansPiledingnan apwplwe | faghesh FFaok ek sddeded hﬁeﬁthBFS for each layer
ﬁ%s?“ﬁEs?ﬂr%H&o' ute highest PF. 2. The nethod of claim
1, furthér, conprising sending a quality indicator
basedsaertinga ram easte dn therkelec®d abbauwrdtigledt RF. cl ai m 2,
wherein the quality indicator is Carrier-Qualityto-
interference (CQ).

2. The method of claim 1, further, comprising sending a quality indicator

based on the selected rank.

3. The method of claim 2, wherein the quality indicator is Carrier-Quality-

to-Interference (CQI).

4. The method of claim 1, wherein the number of layer transmissions is

four.

5. The method of claim 1, wherein the SNR is calculated as

SNR,, (k) zihf[ diag< [P, (0 HK)' HIOP, (k) + 6°1 ]‘> T YV M =[14]
M ;5 mm , where

HIR(K)  HEP,K) HEPE) 4 HEPK)

k is the kth tone, , correspond to

{1,2,3,4} layer transmissions.

6. The method of claim 1, wherein the mapping is unconstrained with

respect to capacity.



4. The method of claim 1, wherein the nunber of |ayer

transm ssions is four. 5. The nethod of claim]1,
wobmre6930¢ he SNR is cal cul ated as SNRM k) - \ BUEU$2005/046742

[PMk) HKkyHK)PMk) + 2i n VM[1,4 MmOL \ / Jmm

where k is the kth tone, )PL(K§ H(k)P 2(k) H(k)P (k)

and H k)P k) correspond t 0 {1, 2, 3,4} |ayer R

transii ssi ¥he mdshod Fhelaimetlhodhersiin tHeasehacied winkr & nistdakeulated as

mappi ng i s unconstrained with respect to capacity.7.

Me=meg meck M ot BFp]l, wherein the selected rank Mis

cal cul'atited as M= arg max [Mx PFM] M =[1,4] 8. The

nmet hod of claim7, wherein the quality indicator CQ

is calculated as CQ ( M) = Quant [ EfSNR] M,

wher egEf f SR hﬁtﬂo'&eof%uir%of W@re%e%&aﬁ@qnéiggt&cb@? ésl cnaslgqulated as

rank. 9. A'w reless conmuni cati1 ons devi'ce, conpr

S alL.cu i.ng annel trices
::@;Qpesg%dfng t dé@er Nﬁg nsl\?nk]ssi MNs O(thl%cﬁ{%ql\ﬁgé the effective

means for cal cul ating signal-to-noise fatios

BdIR efabdisdlane] daaked on the M MO channel matri ces;
nmeans for mapping the SNR for each tone to generate
effective SNRs for each layer transm ssion; neans for

sel ecyi ng & PirgbalonRAckSlioh9 e, CEprivthgn an SNR

threshold less than the effective SNR for each |ayer
t ransmegrd dior eaewstifer MEMICQe cehangel amatihens| gowespophiegt to layer
F of. theiselegted_highest PFs for each

ransimissions for each tone;

means for calculating signal-to-ﬁoise ratios (SNRs) for each tone based on the
MIMO channel matrices;

means for mapping the SNR for each tone to generate effective SNRs for each
layer transmission;

means for selecting a highest packet format (PF) with an SNR threshold less
than the effective SNR for each layer transmission;

means for selecting an absolute highest PF of the selected highest PFs for each

layer transmission; and

means for selecting a rank based on the selected absolute highest PF.

10.  The wireless communications device of claim 9, further comprising

means for sending a quality indicator based on the selected rank.

11. The wireless communications device of claim 9, wherein the number of

layer transmissions is at least two.

12. The wireless communications device of claim 10, wherein the quality

indicator is Carrier-Quality-to-Interference.

13. A processor programmed to execute a method of rank prediction, the

method comprising:



| ayer transm ssion; and nmeans for selecting a rank

based on the sel ected absol ute highest PF. 10. The
wowreehess) conmuni cati ons device of claim9, furdhes2005/046742

conprising nmeans for sending a quality indicator based

on the selected rank. 11. Thel&v rel ess cormuni cations

devi ce of cla erei n the nunber
t r ansf! g@?%Wgtc\Nﬁ tmLGes i%'fes?ﬂ‘édo % F‘é @% transmissions for
SRAYY, cat i ons device of claim 10, wherein the quality
i ndi cator is Carrier-Quality-to-interference. 13. A
pr ocesdoslamg gigaarechoiss wxies (SARs) dert bk whe riaséd on the MIMO
edl ctl an t he net hod conprising: cal cul ati ng M MO
dPFE¢Y i ces corresponding to | ayer transnissions

for eﬂfa‘l pin@Nfe SNk Cfdl @atHGorsd 8 @endriteNéttezavé BNRS for each layer
(SNRs) tor each tone based on the M MO channel

Hensmige@N; mappi ng the SNR for each tone to generate

effec i

o1 SR SAER LIS (PERVRH SR EETLIA9 ean o
bitssive ISAR fonead hgattiavemSNanf or each | ayer

transm ssion; selecting an_absol ute highest PF_qf the

el eotuitrREgie SbsoBiS Mg BENK e Ity Erahed B foeach layer

grg,ysergggug]gagdrank based on the selected absolute

hi ghest PF. 14. The processor of claim 13, wherein the
met hostléating heanicoaspd ps 88 sattidrgsauiglaghesyPl.ndi cat or
based on the selected rank. 15. The processor of claim
13, wherein the nunber of layer transm ssions is at

| east 14.wo. TA®.prddresdr ex:e:&ﬁﬁlr 18f viHeadim thé, méthea efuithbN &omprises

qual ity indicator is Carrie
sending a quality indicator based on the selected rank.

15. The processor of claim 13, wherein the number of layer transmissions is

at least two.

16. The processor of claim 14, wherein the quality indicator is Carrier-

Quality-to-Interference.

17. A computer readable media embodying a method of rank prediction, the
method comprising:

calculating MIMO channel matrices corresponding to layer transmissions for
each tone;

calculating signal-to-noise ratios (SNRs) for each tone based on the MIMO
channel matrices;

mapping the SNR for each tone to generate effective SNRs for each layer
transmission;

selecting a highest packet format (PF) with an SNR threshold less than the
effective SNR for each layer transmission;

selecting an absolute highest PF of the selected highest PFs for each layer
transmission; and

selecting a rank based on the selected absolute highest PF.



Quality-to-Interference. 17. A conputer readable nedia

enbodyi ng a nethod of rank prediction, the nethod
wamepneoséng: cal cul ati ng M MO channel natri cesPCT/US2005/046742

corresponding to layer transm ssions for each tone;

cal cul ating signal-to-noise rafios (SNRs) for each

tone based on the M MO channel matrices; nmapping the

SNR for each tone to generate effective SNRs for each

| ayer (g1 angik SsdRfliters Gk £&GbINSf Ac1HindNEST WREKEUNE OMBRbA further

(PF) wwth an SNR threshold | ess than the effective SNR

tompeses kendiyea qualap slicgirdnasedsal beselagednankbsol ut e

hi ghest PF of the sel ected hi ghest PFs for each | ayer

transm ssion; and selecting a rank based on the

sel eciod alpel dngputé0RaEbIEFofl 8lainkh€7,C GBI £ thé aRGAR) €of layer

of claim 17, wherein the nmethod further conprises

femuninyons igablerstywpndi cat or based on the sel ect ed

rank. 19. The conputer readable of claim 17, wherein

t he nunber of l|ayer transm ssions is at |east two. 20.

The caoput &he redathabdrereadabld af rldid, [8\hehedem theeqaalay iihdicator is

indicator. is Carrier-Quality-to-interference.
Carrier-Quality-to-Interference.



