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specifically to techniques for determning a
di stribution of a data streamto be transmtted via a
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signal from a transrn'tter may reach a receiver via a
nunber of propagation paths. The characteristics of

t he propagati on paths t C“i@lf': y over time due to
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a data transni ssion i ncreases as the nunmber of
antennas increases. Generally, diversity increases and

Herfomamkgmn'drproves as the nunber of transmt and
recei ve_antennas increases, [0003] A

[90921; p1 &1 quid es% Momlme%mn?s@ »off? tl%@%‘ﬁ%al from a
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receive antennas for data transm ssion. A M MO channel
cffdhmdoliagattdmepathsTtymlaﬂg rvaty aver tithe doe ¢0 aeuamnbtee ofi dactorasuch as

tﬁ.& {%Rﬁ%pa ‘E é%rogfl]?del é}g/eelgl%p ggGari]ltlst %Ql%{t]a%glllss patﬁ\'iehjgcté\ls and improve
performance, multiple transmit and receive antennas may be used. If the propagation
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 Nr transmit and Ny receive antennas

may be decomposed into Ny 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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sees | nCcreasli ng Si gna -to- n0| se and hence can
supsively decoded layer sees increasing 81gna1 to-n01se (SNR) and hence can support

higher rates. In the absence of error-propagation, MCW design with SIC achieves
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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the overall data rate. [0009] K-factor is the ratio of
the LGOS channel power to the non-LOS channel power.
Rank is the nunber of ei GgUMMARY n the channel with
non-zero energy. Condition Nunber is the ratio of the
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MBI I dah ReheltaddliSdH the RAMO @hanidH nlairices) HUpPing the SNR for
e.g., a multiple-input nultiple-output
each tone to generate effective SNRs for each layer transmission, calculating additive

white Gaussian noise (AWGN) capacities corresponding to the effective SNRs and

denoted as Cap, , Cap,, Cap,, Cap 4, selecting an absolute highest Cap of the highest
Caps, and selecting a rank based on the selected absolute highest Cap.

© [0012] In an 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 calculating additive white Gaussian noise (AWGN)

capacities corresponding to the effective SNRs and denoted as Cap,, Cap,, Cap;, Cap, ,

means for selecting an absolute highest Cap of the highest Caps, and means for
selecting a rank based on the selected absolute highest Cap.
[0013] In an aspect, a processor is programmed to execute a method of rank prediction,

the method comprising calculating MIMO channel matrices corresponding to layer
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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 ;1 accordance

[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

[0021] FIG. 5 shows a block diagram for capacity based rank prediction in

accordance with an embodiment.
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corresponding to layer transm ssions for each tone,
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overall system bandw1dth 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” symbbl 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.
“Effective SNR” is (approximately) proportional to the geometric mean of the SNRs
averaged over all tones.

[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

"MIMO gains. For example, lowering the number of layers transmitted from four to
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into multiple (NF) orthogonal subbands. These subbands
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ldyess g6, Whinh\mee theSGpatialtiemapprdot 1 & top 00T IORIDM wGilatarse$20 and
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ii&afat PasBionO8s theN 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 pérforménce of this design suffers in

low rank channels.

SCW Transmitter with Rank Prediction

[0029] In accordance with an embodiment, a single code word (SCW) design with
rank prediction is described. Algorithms for robust rank prediction are presented below.
For SNR < 15dB (90% of the users), the performance of the SCW design with low
complexity MMSE receiver & rank prediction, is similar to the Multiple Code Word
(MCW) design with successive interference cancellation (SIC). Without HARQ, SCW
is better than MCW since MCQ is more sensitive to channel estimation errors. These
factors make SCW attractive for MIMO due to smaller implementation complexity and

overhead compared to MCW.
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symbols on to " 7 antennas, for each OFDM tone, k. There can be several choices for

the precoder. Consider a My xM7: MIMO channel ()| The precoder matrices can
be chosen so that the equivalent channel matrix H()P(k) pas improved frequency

selectivity compared to H(k) .- The increased frequency selectivity can be exploited by
the decoder to obtain frequency diversity gains.

[0034] In an embodiment, a precoder matrix is the following permutation matrix:

P, (k)= —lJﬁHH% J modMT}

T1(0), II(L),....., TI(M, M, xM

where =D are the sub-permutation matrices derived

from the M columns of the identity matrix, Titrnttr and Bis a parameter to control the

frequency selectivity of the equivalent channel.
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[003§) WOFdr BVEV thike Fa@dtonh clicslbc fmtipleseng Bir@tedyewithaeo layers as

cancellatlon (SIC). Wthout HARQ SCWis better than

wéovherewoﬂ@ weatieal1ingd Bpgesc 32 rerresaand tmeymhols from

| 18Yd Y J ﬂsafor{tﬁ%%a %oszf@skﬁm%%\l}( g&na% ts#éﬁolg %ﬁ%/l yg SUBjoure 3

ementati on co over nea

R e S

anehndM VW heshdrizefital indsn 308 fepeSertotoneaw K channel s, and

2-5 dB,foreIPi h K channels. For high K channels t he
[0837]or ndiae & Téyr thitalsadh taya hlpgkrcmger maltiplewng girategy vth two

B ,
O T
fadrg HayeNRme 41id hérizoatrtdined bokesHAIA xortdspomE td eymbais drond layer 2.

MCWis worse than SCWat SNR < 15 dB, due to i ncreased
lélgh@. 4 showsy blork-girenlp multimerdng &gth; %zt FdnMet 2oB 54 The vertical

PP REA S AR QI OO A BB BRTHERE e bi (s

[o3gar e&wf&&aeéﬂﬁp@e;éaamo andatAivh MRPBE dredlbn L REQHAVAY of the
on the packet format i)PF 208, 210, specified by a

equivalent ebinsel, orhich may be dasizble me\sak gagegyare employed. Also, the
enbo%grnﬁ 18’ sensﬁ?vec%dghdanﬁglng%rl%a\%rrechgag nthg%f(ggl ta&a%eqéeg may be

optimized later on.

[0039] Circular multiplexing improves frequency diversity fegardless of the channel
delay spread. In the presence of strong turbo codes, the performance of CM (with
M =1y approaches Splace-Time transmit diversity (STTD). However, for very' high PFs
or for control channels that employ weak convolutional codes, STTD can out-perfom
CM significantly.
[0040] In an embodiment, a precoder matrix is the following generalized delay

diversity matrix:

1

Py (k)= T—M—AM,xMT ®MTxM



streans 216 or layers (} M Mr), where M228 is a
2-bit integer M Mt specified by the receiver 226
wo emwdioesshy every 5 mrsec, in addition to a 5-bi PCT2(2005/047643
224. The streans 216 are then spatially napped 218 to
Mt OFDM nodul ators 220 and M antennas 222. Spati al
Mappi ng.[ 0033] The spatial napper (precoder) 218 is a

bIM MBhEiex “that gap¥ -syMgh HIPN nfa@it oBRinedHR tHOM columns

eacH OFDM tone, There can be several choices for the

recade k. ider .a R.MA, MM chavmedM, The pr ef .
d&ﬁﬁ?i cgs cgﬂg@é n&%’é’eﬂ‘ﬂldso %at A& egui vgpleaﬁsnagr@%ﬁg’l with the
matrix ' \ ) has i Qg,\/@d.1§5§quency selectivity

@o. ared to ' . €Xn “rhcpEase frequency selectivity

bentexgiver byed by t he'decodler to obtain frequency
di versity gains. [(9034] I n an enbodi nent, a precoder
[R842]; x TBe prametsr| ik the dskeyrgranestern Whigh alse copfenle they frequency
- 1.1)' M - Ml M sub . tion
stlecubher Heththncibnd OF 5 kb BFOTRR bRy e vars hat for
1B g, . ef: t; ene R
Vol &5, e pbRer R ling B dlerh e W PHEEC ejay diversity. The
pecfoanaiaead delayy [diensignib attictlgrwarsé fhish eirdwlbd muBiplextifgeand STTD),

<o g s oot 405 Shope SpBuiopn e b 1HR apfy agvantage
%f%in‘éﬁfeﬁajyccﬁbérﬁi'{}ni@ thd PR RR IR IhFRPaD gIS‘(P%lga‘Z‘nﬂa@sﬁmation gains

rom | ayér one "and horizontal -1ined boxes

ag yerydoydINR s (SNRY 16 [dB) fand ffer| aghemobility (%4 12 @kBpk)a didhese channel
clrcul ar. ltiplexing With t = . ~4 he vertical .
* sEfefids el RSN et hene it o, SIS0 chd el Elrn iy ggins.

represents tones. [0037] For B =4 this leads to a
bl ock-circular multiplexing strategy with two | ayers
(9843 Raeketiiormatgur e 4 where the vertical -1ined boxes

BR8P0l BY BB ok o LB SRR 451, )5,20.25
31.4yd10] 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 used for transmission, this translates to spectral efficiencies of
[2,4,6,8,10,12,16] bps/Hz, with a SE granulari_ty 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.



Figure 4 shows block-circular nmultiplexing wth M/. =

4, M=2,B =4 . The vertical axis 406 represents
w@edoenesss? The horizontal axis 408 represents PONES2005/047643
[0038] An increase in B leads to a reduction in the
frequency selectivity of thelequival ent channel, which
may be desirabl e when weak codes are errpl oyed AI so,

choi cel,r g;wt; e;‘;f :;;;o;f:lmg‘lpgft@ "ﬁﬂ?e'b%v %?J"t lr*WieE sfae'f'*!\f’@?‘es of

0039] GCir [ tiplexing i npagsmissiohequency
'glgﬁlkee&slnbyulaﬁga%}qtgéfstgq Thejchanngl del qay spréad. ITn
¥ esence of°"€t r ong tyrbg cedeg, fhe|peyforfmagce|ofg
CM (vvith A = 1F"Q'E39roclches $pace- Ti me thansni

divsar g AL ) HEP ) »
N80 RN AT nmm P MBS VA I EN % 1008
STID dan @ut - perf 8@ iy 8i78niif PSBnt1 9-25[ goRdP |n0dR | 013
enodi{nent2 a predader md0ri|x0i5 1 h8.380l[| omm? 0.20 | 0.47
geger 4l i zed de] aysdever 3i26y [maiesi x: 042~U 6.3M | xb26 M 0.21
XNVROOA LT er e[ M 3)857'" 4.50' $UB757 | B0/ | <0@8L ¢ 098 | 0.25
:v: UHL:IH:\:A L\Al :u:\ ””Z/1§ LL l,lcﬂ,-,:\lnL T rOi)gglw \lmoilgglt ::QL4I4| i3 Oﬁgu /—\029
d ﬁxn T8 |\ﬁ entyy EIZ\/ﬁr l‘npol\l A{QQ:)] Q’rﬁz pa éJ&EI p\4 ~0.33
th& dél ay4par afret 816 (h2@8 41 4d3conPribl § PRE fr@&ﬁenc()-38
seBecti vi toy of | t h6/1@hgn2di0, |an@5i § 0188 nulibdr | 00.50FD\VD.42
toges.| Ve giot e t Ra4f qr 2f75=[141.38h¢ alsove preecedomg | 0.46
g ' 1 1 TTig CITE[T S 4pNE _@!bbe_ ~9%02Y 9'06°Sbi7%- | 1080, | 0.50
A O AN I ol D ) ol T
Ianz nrrmn(q3 in I(ﬁhzh'nﬁcﬁé ;nFL:ﬁ| mié far O%Bn'h B0 1,058
on3 advar® age| of 58si g 3d8l dy 1d8ver 3i26y |i §.9hat 076 | 063
benefifts feom | npeBved 3I0BO|cRDONngl 1383t i| mad0on §80ng 0.67

15 6 17/24 425 | 213 1.42 1.06 0.85 0.71

Table 1: Packet Format for SCW Design with Rank Prediction

[0045] 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 provisibned 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.
[0046] In another embodimént, 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.



at very low SNRs (SNR < -5 dB) and for high nmobility
(> 120 knph). In these channel scenarios, circular
woriobiogdsexi ng cannot benefit from SI SO channel PCT/US2005/047643
estimation gains. [0043] Packet Formats [0044] A
current SISO design uses 7 PA$ wth spectra
efficiencies [0.5,. 1, 1.5, 2.0, 2.5, 3.0, 4.0] bps/Hz.
G3pagity Bagedy iPd?fh%tl‘% BlEPREM one- 1 ayer transni ssion,

iy gr I 'n%t- f £4rCi ; I on i
@E??I ci g%ﬁl.rééb%yesr? en&g Iaﬁlf gdli rei ?g%}tgﬁg}%@ %gdprfegfréuon o
accamdandeswitbran enbalimentnsFatths kthotanpeBik)RL(kp 602 ¢hrengh E€k)P1(k)

el o M6 O it o P oo iy Mgk 543 trouen

AIMISE! 538 ipkdducs SNR, PS50 thidligh SAIRE (k) SI28C Seshb@BRIWSSNR, (k) 522
are constrained to transmt at a much |ower data rate

thraught BRIRs (kat 281 rabinguisinto Neare Manger W39y theaughn Cap t Mapper 538,
BhEsR9 S MY L2 AR Y Ml PIREARgs BRSO 982 e

]EﬁSNRlﬁ 1548, fe@pa'lglvelyﬁami Caﬁj 582 tlepegtt Cap; £3§,irespeotiyely. Capy 552

ranul arity. Tabl e 1: Packet For, for SCWDesign with

e b3S AESTNPYARS]2 degtsion W@M?%@bmg?@ PrsKees a rank
SCW design with rank prediction in accordance with

an enbodi nent. Table 1 shows the PFs with SEs
0848jet | RGISNRy §42r through BSNRy $4&arshibe shndn 572 BreRAButante a select

rovi si one i SE-peys -l ayer r ing frompP.5 .
Bisiraderayior ghs Stk gnie uhED o PRgupRA bt car 576
foDad]Hz/ g YREordAtdeC WRRt £n leibo@imdng {hRecdpati®y based rank prediction
transm ssion. \Wen targeting the third transm ssion,
algerithapavorlifraafalleivsabl e SE-perlayer is 1.42
bps/ Hz/ | ayer. The SE between 1.42 bps/Hz/|ayer and
2.13 bps/ Hz/l ayer can be achieved by targeting the
@es@nd tlr aAs Radsit@ie, ahd 45E drBatxX ahéadx12MIBIO channel matrices,
2&5/ Hz/ | ayer can be_achi eved b tar%eti ng the first '

R (R)s s ibik) Pyl & (iNR€Pb g 1 3 PdR N girsdipord dRQAR] i (1,2,3,4)
anot her enbodi ment, nore PF#s may be added with )
IgT trapemissions, 2@ e gplonlapeds AgspaingrargMMSE reqeaveribe post-processing

achi eved by targeting the third S, SSh QN n
SNRs for {1,2,3,4} layer transmissions, Sl\%l?ﬂ’ rSJN%{S: tlg, SN& H‘)’ SNR, (k) are

calculated for each tone as:

SNR,, (k) zﬁﬁf[ diag< [P, (&) H&) BB, (k) + 0T ]‘> ]:m v M =[14]

m=0
If we assume other receivers such as QRM-MLD or IDD, the post processing SNRs will

be caléulated in a different fashion.



benefit from HARQ gains hi such a case, a 6-bit CQ
may be needed to ensure that the PF granularity is

wae 2pb06%07 Capaci ty Based Rank Prediction Al gorP€hns2005/047643
[0047] Figure 5 shows a block diagramfor a capacity
based rank prediction in accdé2zdance with an
enbodi nent. For the kth tone, H(k)P 4(k) 502 through
HCk) P1Ck) 508 are input into I\/I\/ISE 512 t hrough MMSE

J respect 'u‘ﬁ%ﬁétra%%a&a@% trhk IV 5[;1?10 éd)%‘%%nerate an
RACK) 522 through SNRICK)™ 52 respective

ﬁ@ztltdaSNBgaWeﬁlgRl Ok¢r aixenes; é)r|thﬁp i, Zﬁrﬂﬁdamprawgppgpng :YQe denote

t hr oug 5 vely. Cap Mapper 532

thé’mom #@& ﬁ%&rﬁz ’5@7%‘%#302%@[& EfThSI\Rlditi\?e twhiteuGhussian noise
NR 1 548, respectively, and Ca 52 thr h Cap

@é’é I‘Desf?@eflrw worreamgls'm fonr difgh cEspiivss Sg*ﬁ% i Afsut denoted

g g(-fg)e |t 570. Deci sion unlt 570 produces a
aSan ' Z’F%% Ef CSNR1 542 through Ef[ SNR4 548 and
the rank 572 are input into a select & quantize unit

- 574. The select & quantize unit 574 produces a

[0052- bi 8. Qe dpfitnunh BRRAZyekr s chosar shedsae mwdximizanhe over-all spectral
enbodi nent, the capacity based rank prediction

al gori t hm wefr ksargsméol [MwsCap QOB0] 1. At each tone,
etfﬁﬁeﬂoyéli.e_é}x& 4xZ-afd 4x1 M MO chansdit Gl s des, fedibkgk, where
Pl (k) H( ) 2 (*) HKk)P 3 (k) ) 4 conesponding to the

COIIMB) 8 Qaye{ BYfSARSm §si ons, are cal cul ated.
Assum ng an MVBE recéver, the post - proceSS| ng SNRs

3,4} layer transm ssjons, SNR % I\;m
10055NJR4 Baweldrlaltee%pp@fﬁm iy Hipse skidled dn thgptthat Kpown techniques for
\
efiicﬁ%kl ’\gda&%dégg%{ljé(ndé&g&{%ﬁ}xoﬁé e?@\%l?’ssc E{E ﬁeﬁha%ml%dor
[005%] t h@he wmmuemé@snb@ IBiiEts may be beeddat awlaactgobf iQFTI2M-based

%Iﬁ%%ﬁ% :‘i‘g r&%eyfagsf? g‘ggféﬁh‘% é’ﬁ"éﬂ‘g{oél tg?rp%é]U%g dggc%%(:& h¥rein 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.

- [0055] 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.

[0056] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various

modifications to these embodiments will be readily apparent to those skilled in the art,



ef fective- SNR averaged over all tones, for the
{1, 2, 3,4} layer transm ssions, W denote themas Ef NR
waEbdoBdER397 Ej b NR,, EffZNR h e . G (AWGN) capacPCT/8S52005/047643
corresponding to the effective SNRs are denoted a s C
aP\ , Cap 2, Cap, Cap A [QB52] 3. The optinmm
rank/ | ayer is chosen so as to nmaxim ze the ovn& %
ments without

anddhe sgrenmmnawéesﬁﬁnfw%e@dawf aplied 4o gy €

er
i S g ook St EnE s inhion s o
istentiédwd berlimited tarthe exhhd;dlmnmwshmm hmeqldms i torbe accorded the widest

calculatin it It

EanStreisla? nif B P n 0B Beh AGes
WABATIIR]EL ApVIRiD Sy be used for a variety of

OFDM based systens as well as other systens. The rank
predi ction techni ques descri bed herein may be

i mpl ement ed by vari ous neans. For exanple, these
techni ques may be inplenented in hardware, software,
or a conbination thereof. For a hardware

i npl enentation, the processing units used to perform
interference control may be inplenmented within one or
nore application specific integrated circuits (ASICs),
digital signal processars (DSPs), digital signa
processi ng devi ces (DSPDs), programabl e | ogic devices
(PLDs), field progranmabl e gate arrays (FPGAs),
processors, controllers, mcro-controllers,

m croprocessors, other electronic units designed to
performthe functions described herein, or a

conmbi nation thereof. [0055] For a software

i mpl enmentation, the interference control techniques
may be inplenented with nodules (e.g., procedures,
functions, and so on) that performthe



functions descri bed herein. The software codes may be
stored in a nenory unit and executed by a processor.
wabmeneaseTy unit may be i nplenented wi thin thePCT/US2005/047643
processor or external to the processor, in which case

it can be comrunicatively coupled to the processor via
various neans as is known in the art. [0056] The

previ ous description of the disclosed enbodinents is
provided to enable any person skilled in the art to

make or use the present i @kBAIMS. Various

nodi fications to these enbodi nents will be readily

apparent to those skilled in the art,and the generic

princi pl es ' LAy ied to other
enbod$nenf%g§%% oufg@{ a@fﬁﬁ%cpﬁgﬁg@ e spirit or scope

of t haldulimgtMIMO Thamel tiatriges essmipondingntbi layeri sansatissions for
intended to be limted to the enbodi nents shown herein
BER 1M {0 be accorded the widest scope consistent with

the pcrald%ﬁitﬂ?esi GNEIrad RAUSNTES B St et BRI dh the MIMO
VHAT | S CLA | S:CLAIM5S 1. A nethod of rank

qheputil enatmees; conpri si ng: cal cul ati ng M MO channel

matrices.corre i n o, layer tr kS Sl.on r
t one; Ve It}éﬁ Sﬁgg g?rg %%1 -8 Q ntgi %etéje%gets ig}(;fgatvgr\ﬁg;{(gffgf b layer
eashidsae based on the M MO channel matrices; mapping

the SNR for each tone to generate effective SNRs for .
each qalgating addisive sdhitsrloausging ppise (Y QY panaghieyspirgsponding to
Gaussi an noi se (AWGN) c?g ck%beq; r ponding to the

the eHective SNENRadaledotdgdpot €d’as € T 72" Cap2 ' Cap Cap ;

sel ect i ng_an abspl ut e, hi ghes - of, the. hi ghest Caps;
ond cieBind i AR0RlehEnd E35 3 e CAR Aol ur o

hi gheglecfia@a rahk bhb&l siethb eelesttd absalute RighéstCaper ,
conprising sending a quality indicator based on the

sel ect ed r ank.

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 1is calculated as
1 M - - -1 -
SNR,, (k) zﬁz[ diag< [, (6) HY H()P,, (k) + 07T ] > ] v M =[L4]
m=0 m,m

’

where k is the kth tone, H (k)P (k) , H(k)Pz(k), H(k)P, (k) and H(k)P4(k),

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

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

respect to capacity.



3. The nethod of claim2, wherein the quality

indicator is Carrier-Qualityto- Interference (CQ). 4.
wabmewetsbod of claim 1, wherein the nunber of PEEES2005/047643

transm ssions is four. 5. The nethod of claim1l,

wherein the SNR is cal cul atedSas SNRM k) [1,4] where k

is. the kth tone, 1, ( )/" () , d ( , correspond to

{1, 2,8, 4} TR &letddddsS Blafi | ©NRherbin t_ﬁ@ese[géielao&nﬁf%l &l Blculated
1, wherein the mapping I's unconstrained wth respect

tq/lcamglrﬁ% 7[M'meap”rEI]hOd of claim1, wherein the
sel ected-rank is calculated M= arg max [Mx Cap M] a

S ="' 4 8. The nethod of claim7, wherein the quality
i ndi c&t or V@ methodaf daaﬂnaf',e\&lhqsmm quality indicgtes GiQIiEf4lculated as
NRI] where Eff SNR is the effective SNR of the
ect@Y Dank. Quant wi rleEBSYRcomuni dati ons devi ce,
corrprl si ng: rreans for calculatin I\/I—I\/I,OllmaﬁfféNRiS the effective

@g}% %Sgﬁg{e onding to layer transm ssions for each

cal cul ating signal-to-noise ratios
(SNRs) for each tone based on the M MO channel
matrices; means for nmapping the SNR for each tone to
genert e ebmarelgsy gommmmaicatenselevice) GRIIsiNEansni ssi on;

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 calculating additive white Gaussian noise (AWGN) capacities

corresponding to the effective SNRs and denoted as Cap, , Cap,, Cap;, Cap4;

means for selecting an absolute highest Cap of the highest Caps; and
means for selecting a rank based on the selected absolute highest Cap.

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:
calculating MIMO channel matrices corresponding to layer transmissions for

each tone;



means for calculating additive white Gaussi an noi se
(AWGN) capacities corresponding to the effective SNRs

waememdessot ed as CaPl ' Cap2 ' CaPi ' Cap ; nmeaPsT/i81005/047643
sel ecting an absol ute hi ghest Cap of the highest Caps;
and nmeans for selecting a rarik based on the sel ected

absol ut e _hj ghest Cap., 10. .Th L rel ess comupi cations

devi c“e“ﬁ“d’ilat’@%a?ﬁ‘?aé‘,to'g%? H%‘i‘osc&%?)s*oﬁgeaﬂ%éﬂée P%ﬁeg onthe MIMO
sendi fgnfel Gitliddsy | ndi cator based on the selected

rank. 11. The wirel ess comunications device of claim

9, whmepiing the ShRifer easth toagelp gangraterieslestviesSNRsgfor each layer
| east tV\%i 12. The wirel ess comuni cati ons devi ce of

cl ai S SH88 ein the quality indicator is

Car r i @lculidlgi ddditive -whiteGhiBEian @Bise LAW GNP ks Bfe0 lcorresponding to
programmed to execute a nethod of rank prediction, the

et hogle ¢ ABRIVe INIES anfdchibtedhi A&7 MR chemnérPat ri ces

corresponding to |ayer transnissions for each tone;
cal cudekcting as abpohite bighestiCop of teiloghesSNIRs) aridor each

based MO, ch ' ; ' h
SR FIeane R et TR R A e arpute FRBesR™ o cach
| ayer transm ssion; calculating additive white

Gaussi an noi se (AWGN) capacities corresponding to the ]
‘ef f ect4-ve BMRPrepseson etfoclsmak3, capereinciy me furtiggg pgomprises

X lecti Ak ' Ak of the highest
gg@g%ﬁ‘aﬁ%éﬁ@g%ﬁg&g& ?%%%Egg%é on 't he sel ected

absol ute hi ghest Cap. 14. The processor of claim13,

wherejn t nmet hod f her, conpri.ses sending.a quality. .
' ndli ol or GOGHORHIEE K Rlprsin e mugaber phdayer transmisions is
Anegeswpr of claim 13, wherein the nunber of |ayer
transmssions is

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;

calculating additive white Gaussian noise (AWGN) capacities corresponding to

the effective SNRs and denoted as €% » CaP2> Caps, Cap4;

selecting an absolute highest Cap of the highest Caps; and
selecting a rank based on the selected absolute highest Cap.

18. The computer readable of claim 17, wherein the method further

comprises sending a quality indicator based on the selected rank.



at |l east two. 16. The processor of claim 14, wherein

the quality indicator is Carrier-
wWaR@bi069391 0- | nt erference. 17. A conputer readabtBURBOS/@47643

enbodyi ng a nethod of rank prediction, the nethod

conprising: calculating M MO1Zhannel matrices

corresponding to |ayer transm ssions for each tone;

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

tone bagedrn c&hgud YEARBRNBLICIARL 17 C StierdiRARE EUrit® of layer

SNR for each tone to generate effective SNRs for each

ttaagmrssionassatiesti we; cal cul ating additive white

Gaussi an noi se (AWGN) capacities corresponding to the

effective SNRs and denoted as Cap ' Cap ' Cap ' Cap

sel ect201g Bie ahaplert feabhtgbeTtclbiap 18f whteimited @ailitapgicator is

and selecting a rank based on the sel ected absol ute

GargereQualitgpo-Intgrfergpee. conput er readabl e of cl ai m 17,

wherein the nmethod further conprises sending a quality

i ndi cat or based on the sel ected rank.19. The conputer

readabl e of claim 17, wherein the nunber of |ayer

transm ssions is at |least two. 20. The computer

readabl e of claim 18, wherein the quality indicator is

Carrier-Quality-to-Interference.



