WD 2006/ 069300 PCT/ US2005/ 046742 PERFORMANCE BASED RANK PREDI CTI ON FOR M MO
DESI GN BACKGROUND 1. Field [0001] The present invention relates generally
to communi cations, and nore specifically to techniques for determning a

di stribution of a data streamto be transmtted via a nulti-channel, e.g.,
a nul tipye2qo6pessoomul ti pl e-output (M MO), orthogonal PETR§UEHEA74i vi Si on

mul tipl exi ng (OFDM comruni cation system |[I1. Background [0002] In a

wi rel ess conmuni cation system an RF fdodul ated signal froma transnmitter
may reach a receiver via a nunber of propagation paths. The characteristics

of the propagation paths ically.v ti ue to nunher of factors
such as fad?R%Rf@ﬁM&NéifﬁA%Mﬁk?ﬁﬁ”ﬁléi&gkg\ﬂﬁﬁeteri ous path
effects and inprove performance, RESIGENe transnmit and receive antennas nay
be used. If the propagation paths between the transmt and receive antennas
are linearly independent (i.e., a transm ssion on one path is not forned as
a linear, conbination of the traBAGKGROMNIDN the other paths), which is

general | yItrue t? at |east an extent, then the likelihood of correctly
recei ving-'a daf¥q r ansni ssi on increases as the nunber of antennas increases.

Gener al | 'y rogli1yer sty pleBé&i ERSERioANRIRR! EEHFRNC 6 | URIMAMESSS, t4ha Rapdber of
transmt and receive antennas increases. [0003] A nultiple-input
mul ti pl e- épacpfirally Np MEBFheiasuior cdptarmming ¢t disirdeipnyaf a rdata ispean (tNrbe t ransni t

ant ennas ul i ple, (NR): fve ant e f-or .d . S8R A M MO
channel fgqu?rsenguhél \Elﬁea I\#B%lrcgﬁ@rﬁhh’t g‘&hd£ Mﬂ@@?éﬁ@“e‘ ﬁ\@l rllénggtgétrrwnéy € ‘deconposed
i nto Ns i ndepsmddirtquettgniiabion multiflexig (©FDNDncodiyiiition Epstdm.of the Ns

i ndependent channels may al so be referred to as a spatial subchannel (or a
transm ssi on channel) of the M MO channel and corresponds to a dinension.
The M MO1gyst @aveiBuRd Ovi de i nproved performance (e.g., increased

transm ssion capacity) if the additional dinensionalities created by the
mul tiple 033 tInamdviredesei gaenmunication system, an RF modulated signal from a

transmitter may reach a receiver via a number of propagation paths. The characteristics
of the propagation paths typically vary over time due to a number of factors such as
fading and multipath. To provide diversity against deleterious path effects and improve
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 (N7) transmit antennas and multiple (Ng) receive antennas for data
transmission. A MIMO channel formed by the Nr transmit and Ng receive antennas
may be decomposed into Ns independent channels, with Ny € 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.



antennas are utilized. WO 2006/ 069300 PCT/ US2005/ 046742 2 [0004] For a
full -rank M MO channel, where N5 = NT < NR, an independent data stream
may be transmitted fromeach of the NT transnmit antennas. The transmtted
data st vaxmee/i@gooexperi ence di fferent channel conditPOrESoes/@s742di f ferent
fading and nultipath effects) and nmay achi eve different

si gnal -t o-noi se-and-interference ratiog¢ (SNRs) for a given ampunt of
transmt power. Moreover, if successive interference cancellation

processi ngl084lisedone folkeankddBYIQeghanngl.rgiesy &Y + We S Nanghinderaddenitdatast r eans
(described below), then different S be achi eved for the data streans
dependi ng SEHIM HAY BpHaqsmigedfrem Fa‘?%"'}l\ﬁ? &E%Ir?‘?fg“'d%ﬁted‘“é‘i' r ShfnEangpiteddaByer ed.

Consequent kyoanfli £fa§" 8ferieStRt Biffefdn® Schiae] hRndiiBROT(ESd Bitrefinf fradingt adat a
streans, depending on their achieved SNRs. Since the channel conditions

typi cal |y vaitipathi efeat$)nend miae ehieae rcﬁﬁf@e@uﬁgﬁﬁiﬁ%doibyan@ii@ﬁwg rgigseam al so
varies Wt b e, [ 0005 e I a f. | - the
single codclgS %ﬁ?r L(géﬁﬂva%%udj t H%u:}ét;?sp glp g\geé %&%i%fw%éﬁggféﬁ%e node,

t he transntidcellatioarpreseeanieist dved datha redetues 0 tdcedkrahe aacsmittapaith alrednay er

i ndependent |y, .possibly wth dif ent rates. e receiver enploys a
successi ve(qeﬁi@FEZFl@Wééh%ﬁg&eFEi%ll%%)ﬁm@&[’?:ﬁ“ﬁ’éqvﬁg?‘?rtthﬁ&%F%‘ﬁ‘“\ﬁ%@dﬁg fol | ows:
Decode t hgpfild kcikid¥oeder i MlichRRNdSM BkdaRtard FRo G, I COMEHRANY F BiTtbhe

recei ved signal "after re- encoding and nultiplying the encoded first |ayer

with an " edttpraeedayhimpusiported e dliffetet glan streams edensadingypar theindickigvedn. Thi s
n H - | 1 n . Y i
oni on- PeeighRg sﬁl_%@'it%ac%?%r{eg??@ﬂﬁg&gmﬁﬁgﬂ var YA GERRE, gatgﬁ?egﬂjgﬁoérteg%’bi S€es

i ncreasi ng signhal-to-no ce can suppor In the
absence of eahrdate-steapatpatvaoes, wiMihelesi gn with SI C achi eves capacity. The

di sadvant a thi,s I arise fromthe burden of *managing' th rates
of each spg(ﬁogj I Q{J’grﬁﬁpg?eﬁlg%ﬁegaéweod"@&s ?anfbrﬁtb% (dhe S@(%% ?‘%1; ‘58@h | ayer);
(b) i ncreasew)MdmbiNple-coris sagd (@Ctone for each layer); (c) conplications in
Hybrid Al HARQ). since each |ayer can termnate at different

transm ssi 6961 (d)n MEW sadantie Gawitier ¢pt gnerdedhe das Emamiiad @seidat i on
errors wt deti@ﬁa‘?@?%e%@h@,’possibly with different rates. The receiver employs a

successive interference cancellation (SIC) algorithm which works as follows: Decode
the first layer, and then subtract its contribution from the received signal after re-
encoding and multiplying the encoded first layer with an “estimated channel,” then
decode the second layer and so on. This “onion-peeling” approach means that each
successively decoded layer sees increasing signal-to-noise (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.



and/or low SNR;, and (e) Increased decoding | atency requirenents since each
successive |layer cannot be decoded until prior |ayers are decoded [0007]
In the conventional SCW node design, the transmtter encodes the

transni tt 8 YAYEEOH spatial layer with "identical dataP¢EVE 4?’% recel ver

can enploy a |ow conplexity |inear recgl ver such as a M nimum Mean Square
Sol ution (MVISE) or Zero Frequency (ZF) “receiver, non-1|i near receivers

such as ey 36l a0 I 2006(000300. PCTLL S2005 daordn, . [p0ge] The

SCW desi gn menti one ass MCW
desi gn. ThetrdrMQW\adwgns TH&aﬁaWHmek mmsc&\emm camppmpporttlﬂe NICW radses i n

spatially correl.ated chanpels or |ine-of-si ( cha h a high
K Totor S Botmtaly fortuael amare gs 1neaboe! &) o naR orics Rofaligr
i ncrease i NBeihaEBEse GOAALbE wad tcmurm@nn anfnélNERIEESRBreh M i@l chhéEEondition
interference. This dranati cal é{ﬂ owers the effective SNR for each spati al

| ayer. Henceumbdreandainerepsgt éntgrjsper intcaferppcealdts frpynatically lopiges bg effegihiech

I th |
e S o Ll T TR
ei gen- rmdeswhmhtlh\eexﬁh&mweiall\ﬂatahanaon zero energy. Cond| tion Number is the

ratio of th envalueto h | | est ei al ue t he M MO
channel . MF{ Eacf 1§ sy E"I“Br%fél m%“?lh%o“é ttof P "toédﬁﬁ ghanael; o

di stri but e oflat fRaﬁk rigam ndiBaibf aldel-niddeden KA BBt QGthVhdh-RrdNehdrby Channel ,
e.g., anmltiple-input nmultiple-output (MM), orthogonal frequency

di vi si on nuCongifie N%‘g’bGUSDM r&OrefLhe &aégqsb‘ﬁg"éV@tuérW thestaligrteigemovelye ¢fn an
aspect, a npNafMef.niHak prediction conprises cal culating M MO channel

matrices correspondl ng to transm ssions with each possible nultiplexing
order for MAA] t orfheredatterdfarcianged nrgmalantf@r-tnmwes & dl@tglb(JSN@)a fteameach

t one based mat r i tone to
gener at e ef Pty SRES wpng gL Al R Fina TR, iR el o8l EERlt T ng
hi ghest packaMDyrotmbgdriaFreqdehty d@nisiohitultipie:esh@RDNIE S@nﬁlbﬁlﬂattdﬂ%yﬁérf) ective

SNR for each layer transm ssion, selecting an absolute

SUMMARY

(0011] In an aspect, a method of rank prediction comprises calculating MIMO
channel matrices corresponding to transmissions with each possible multiplexing order
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 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.



hi ghest PF of the sel ected highest PFs for each |ayer transm ssion, and
sel ecting a rank based on the sel ected absol ute hi ghest PF. [0012] I n

anot her aspect a wirel ess communications device conprises means f
cal cul at i NGORI%EBannel matrices correspondi ng to | ay&FTHANSH §4§| ons f or

each tone, neans for cal culating signal,-to-noise ratios (SNRs) for each
tone based on the MMO channel nmatrices, neans for mappi ng the SNR for each

t t f t

Tt PnIeAE o lih SEbILP oM ﬁatf’%ﬂﬁﬁh% fed (RARERES, AP da OF |
effective SmFédiamlon,etac metmy;d@lompnsmsnaicsbtmgﬂvllmmnﬁdnnatsase:otraspgn@ng absol ut e
hi ghest PF of the sel ect hest PFs . for h Ia S and
meane’tor sabetPERs s eAutiege cacrRw et EE e & Eiel SRR IR el ore U
2006/ 069300 pReH/ &ASQQOWM@Z%neJ%B&@ésB]ma&)ﬁmgrtﬁé ISR &sP@eh tore Y BGREEOT

programmed to execute a nmethod of rank iction, the nethod corrprl ses
cal cul at i ng eNFNveAERser e??ﬁtlﬁyeéé@n%@ﬁﬁ@\s%m“ﬁ@ higghest pagkat forman Fs€Mons f or

each tone, %ﬂlﬁﬂ ﬁ'ﬁ sﬂgldsl!esg, rfﬁ*cln lthQ eﬂ@étﬁ@ S%fo?%aéhﬁl\lﬁ)trafn%lsﬁﬁﬁ hsefe@tn% arp ased on

the M MO chan r| ces, tone to gener

ef fecti ve SNBsliterhigtash PFagrfethet s@fmemh Bighasn ,PFsefoe atabindaygr hiragphestiopaehdet
format (PF) V\‘ith an SNR t hr CL ass tg{'ﬂa]tﬂ%effective SNR for each

| ayer transnfS§<if rAeePEEt P eé eCtﬁ 5P HIESHdst PF of the sel ected

hi ghest PFs [hgr4)eaqh yeaMsthdrr ApEot] £ sorplterabsiabRemedh ichbodyin@aknbiRsEHf on t he
sel ected absol ute hi ghest PF. E0014] I'n yet another aspect, a conputer

readabl e nedank eppdeamgthe meethedtl efmprisghkealiudaingt INEMOt edanmst hBarEeipr i ses
cal cul at| ng M. EARRRS e BPLah RS B F SRORHL NPl 8Bl ARS agbons 1 or

each tone, si‘ghal -t o-nol se rati os each tone based on
the M MO chadBNBEk) fmat:ach ¢ers, banehi thg MIMO 8NRnélonatgeeshmapping thedb Nje frereathe

For mat (PP (0 R SRR GRIERT okl e iR RnSEod SRl SRR PREEE | ayer

transm ssi oforn&e! (BE} iwlgh an SR OlhtdsRolBi lgése tan Rie offfebhiee SANREGbedadhi glyest PFs
for each layer transm ssion, and selecting a rank based on the sel ected

absol ute hi REERISHEN. spleginganaksqlpgdighes £l thenglesied digheaidits fereaph BYFhvent i on
are descri beg,ifisfist LR&electing a rank based on the selected absolute highest PF,

[0015]  Various aspects and embodiments of the invention are described in further

detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The features and nature of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
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;

[0019]  FIG. 3 shows circular multiplexing with Mr =4M =2,B=1

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

accordance with an embodiment; and



detail below BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0016] The features and
nature of the present invention wll becone nore apparent fromthe detailed
description set forth bel ow when taken in conjunction with the drawi ngs in
whi ch |i ke WeRe6&M380 characters identify correspondi ngl PCTHIS3W§HBE2 and
wherein: [0017] FIG 1 shows a conventional SCWtransmtter; [0018] FIG 2
shows an SCWtransmtter with rank predi tion in accordance with an

enbodi nment ; & 019] FLG 3 shows Ci cuI ar It| | exin (% %r{}ér é , B =1
i n accor dancd%04lit h HF- énﬂ‘t?&'snaeﬁltoc [dé)a@%‘]‘ ?rlﬁ-f Oﬁmg?ﬁ‘? UK B ‘6‘.‘1‘1’%?"

mul ti pl exi Ng W drdnM with4n Mnbodmenc 4 1N accordance with an enbodi nent; and

WD 2006/ 069300 PCTI US2005/ 046742 5 [0021] FIG 5 shows a bl ock diagram for

per formance based rank prediction in accordance with an enbodi nent.

DETAI LED DESCRI PTION [0022] T d o 1 sed herein to nmean
"serving as an exanpl e, instmﬂlﬂﬁﬁﬁ%%’gtéwmy enbodi nment or

desi gn descr irfgsm herpin,8& “éeéﬁ@ralrwys useﬂshe?é?ﬁ HGRRF ALY ho al@eex% trued
as preferred or advantageous ot her enbodi nents or de5|gns [ 0023] The

t echni ques destancbed iHestration.t oﬁnmenbfmmn@e dpsigredescrabrd hareinias {'¢xsmpleay”
e Lo e NSNS AT B 00 ML TR S A8 B GPAR R bAoA 3

Access |re sequence
CDVA  (DS- CDMRHessptst em a Tinme Divi SI on Mul ti pl e Access (TDIVA) syst em a
Frequency Division Miltiple Access

ystem a_ Hi peed Downl i nk
Packet Accesd00%3LspPiie guiquss %Sﬁﬂ%f‘rdtfr?&‘g% |PeffPI§Qﬁ9§?,B§Seg|r isF? E‘ﬂ“iﬂﬁ‘l P8l exi ng
(OFDM - based peq)sd %ﬁvaﬂﬁuscl"&rm&ﬁ%lon Ky QOHENRY aPla\i e aBivIEnt MRItDIARERSS
(OFDMVA) system a single-
(CDMA) system, a Wideband CDMA (WCDMA) system, a direct sequence CDMA
(DS-CDMA) system, a Time Division Multiple Access (TDMA) system, a Frequency
Division Multiple Access (FDMA) system, a High Speed Downlink Packet Access
(HSDPA) system, an orthogonal frequency division multiplexing (OFDM)-based -
system, an Orthogonal Frequency Division Multiple Access (OFDMA) system, a single-
input single-output (SISO) system, a multiple-input multiple-output (MIMO) system,
and so on.
[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



i nput single-output (SISO system a multiple-input nultiple-output (M M)
system and so on. [0024] OFDMis a nulti-carrier nodul ati on techni que that
effectively, titions the overall system bandw dth int Ltiple (NF)

or t hogonal ‘gﬁ%ﬁog{qﬁ*g& These subbands are also referred F%T@éz‘t"a/ﬁ%ﬁ%‘?
subcarriers, bins, and frequency channels. Wth OFDM each subband is
associated with a respective subcarrier that may be nodul ated with data. Up
to NF nodul atj ol At @g&dﬁ gagh OFDM
synbol peri oy.ﬂﬂ)g? is%{mt oltsotr %g%%&gs%&%n,g]tt%e@gn%gé%{?&eggtﬁ%%p ol sOﬁépc 8 Fto
transf orned tloed, he, dédreusing oimadank fremrfguran thdee, pan ditamanvalysecréas theFedfectier
transform (I E to,obtain a "transfqr " nmbol _that cont ai ns.NF chi ps.
[0025] The sé&}%efg'i B th(?&ﬂ%ﬁe%“dt 'Pmeé’c%lﬂ?\rf%gac ?%‘kppﬁ)ﬁﬂ?g‘égi’%‘ﬁ?yeﬁb er%e,?‘ SCW
nmode cannot $HBRQE thdt hethMeWajartifsstidsispahn al-fa¢t Boler £ hadhed sgoaangtisietdy

i ne-of - sight (LOS) channels with a high K-factor. Both of these scenarios
| ead to a | osempaed WdiRRelayerdfARs®IsSIPhcr ease in channel condition nunmber and
i ncreased i NGyl aY8h anl BhESAGERN R SEW SedERERLIGRYY ¥adeQVRT $hel MferBlfeCt i ve
SNR f or eacht[spaii al Iagyer. Illenc’e, t he dgt% rate salpp%ret ed bf eacrhfyl ayer is
| ower ed, whi ditedfayovee sind MIMY gniab to niatimizeatverall sp@BabiffiCiencynalhis s ackidvasie
interlayer interference.is to |lower the_.n er, of spatjal ,layers
ransmted Vi Foharaioenanas B8 Soryer FAUE G B PEP| Bymprteleeseince and
WO 2006/ 0693 @@ndRGdsi 44520061104 67 4 Zaner-Hubidy gailmsferbe (€A MPIgatcH theehdnagl t he
nunber of layers transmtted fromfour to three, i.e., decreasing the rank
fromfour to™¥ree, can dramatically increase the effective SNRs for the
three layers @8] hentgohReedfharehelothSERRAkE 8 tHYarEBaN gAY Indiciids HBér
effect is that a three-layer transm ssion can in-fact have a higher spectral
efficiency ¢omsdladailer willizedir - | ayer transmission. [0027] In an enbodi nent,
the SCWdesign effectively trades off the interlayer interference and M MO
gains to maxi m ze overall spectral efficiency. This is achieved via rank
predi ction, \Woaventibhe SIO raremitfeeeds back an opti mal nunber of |ayers for

transri ssi on fpoaddigt on, (R, & CaLLES QBN el b I T6EE Tof Shdwd 0 M eh
encoded 104 and QAM mapped 106 depending on the packet format (PF) 108, 110,
specified by a rate prediction algorithm 112. The encoding is identical to a single-in-

single-out (SISO) design. The coded symbols are then de-multiplexed 114 to M

M, OFDM modulators 120 and

layers 116, which are then spatially mapped 118 to
antennas 122. The OFDM processing for each transmit antenna proceeds 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.



rank. [0028] It would be apparent to those skilled in the art that quality
indicators other than CQL may be utilized. Conventional SCW Transmtter
[0029] Figure. 1l ]shovvs a conventional SCWtransmtter 100. The bits 102 are
t ur bo- enco%§a°°f6@3$0nd QAM mapped 106 depending on the 5531@%00?/8‘}%& (PF)
108, 110, specified by a rate predicti 02 al gorithm 112. The encoding is
identical to a single-in- single-out (SISO design. The coded synbols are

then de-nul ti ed 114 to ayer.s 116, which are then spatially napped
118 to M O:B@IWWEEFGFIE%%F%Vltﬁ%mé%{f&céﬂ? ennas 122. The OFDM processing for

each transm {00801 enna apdoodmed svith harenibodiatent, iadkiplé cade WadhSAW adesighevithl SO,

after which the signals are | aunched into M w.rel ess channe] . The rate

predi ction alr%rﬂr‘?q?ﬁﬂoﬂé%geS&r‘QF%bﬁlg(@ﬁ‘m? &éé‘_ﬁ’éﬂé%g/’%ﬂmfh%ﬂ? arFé’EeéF‘?}%‘fLei%' every

5 msec. The €Q} SNR 2 13BBSYO% & tht RGer®f HIRCHrMPMBNR JFSRASICAW degi¥€with laBasur ed

at the receiver. The spatial mappi n% is done in manner to ensure that the
pat:l

SNR for eackomplgeity ¥PMSEiregeiver . axglidionets vafler o, the Mulgalerrdsaier of

t his design ﬁ]iu[@‘v@ j 1,0 9 CHAIR3 095,046742
7 SCW Transmtt e); éevsvilg? hWIksla%y\g&%?l g%ﬁ@%ﬁgn C? 88‘¥glla%%ﬁqgfct§b§gg}ﬁ@e V\nqt%z’ an °
enbodi ment, & kstlegthan MOW sincedMCROS mate sergitivaitd lkharmaindstipraédn etroron Tihsse
described. Al gorith robust, r edi ction ar resent ed bel ow., For
SNR < 1548 ( 6o9romaknscaL e nERBcFbiEh Sl e a e PRSP ERR T 1 ow
conmpl exi ty MyREhéRBpaieddo M, prediction, is simlar to the Miltiple Code
wrd (MCW desi i;n wi th successive interference cancellation (SIC). Wthout

HARQ, Scw i $003d1t erfor FAIR Retween Az and/2e) dBs(1Re af therisess) e perfamantregap
timati : v f
estimation erntQls, stRef MR LOES (HBKEO Mﬁ%&égﬁdn\ﬂas, dt%/é W%&] For

smal l er inplenmentation conplexity and overhead conpare
SNR bet ween tharagld. 20 hidd K thanneks, thh eerfraasde, degtadatpmr dt OrghelNRs ig dpverbbtoween

SCWand MW il-sz clllf,%sy etmr{)?onyir:ll'g g)ua?llasol];ug)zredlar(ljt\é:\/m%%s.C g%{“}gét,s the g&%\l %és?gndilé%\x}cit?l{n trv]viogh K
dB of MCW design even at high SNRs. In the absence of HARQ, the performance of
MCW is worse than SCW at SNR < 15 dB, due to increased sensitivity of SIC to
channel estimation errors.
[0032] Figure 2 shows an SCW transmitter with rank prediction in accordance with
an embodiment. The bits 202 are turbo-encoded 204 and QAM mapped 206 depending
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 (=M SMry where M 228 is a 2-bit integer IsMsM;
specified by the receiver 226 feedback every 5 m-sec, in addition to a 5-bit CQI 224.

The M streams 216 are then spatially mapped 218 to M: GFDM 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

Mg,xM

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

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



channel s. For high K channels, the performance degradation at high SNRs is

|l owered to 1-2 dB, by enploying dual polarized antennas. In effect, the SCW
design is within two dB of MCWdesign even at high SN sence of
HARQ the pePPYSEHEL of MOWis worse than SCw at SNRRiJCIEEa@%ACfa

increased sensitivity of SICto channel gstinmation errors. [0032] F| gure 2
shows an SCWtransmtter with rank prediction in accordance with an

enbodi ment. The bits 202 ar eé}&ébo encoded 204 and QAM mapped 206 deqt))endi ng
on the packetseleetivitytcompmed 29 1 G he énseqapsd MUB@FYaSG}eéftﬂét)’pf’rB@dle@f‘P]@Hech Yjorithm
212. [0033] ols are then de-nultiplexed 214
to M strearn;neﬁeré'1 of ?g@gﬁg}eﬂiérl}gd&%%ﬁgﬂé%%ere M228 is a 2-bit integer 15
M<_ M spedbe3xd nys ah leeboéicreny @r pr2@slef matdb acthe éolbmynSparmemicon matrddi ti on
to a 5-bit CQ 224. The Mstreams 216 are then spatially mapped 218 to M
OFDM nodul ators 220 and a ennas 222. Spatial Mpping [0034] The spati al
mapper (preco % 2181i Igl_raﬁatrlx P(k) that maps M synbols on to M
ant ennas, for & P1 @érie can be several choices for the
precoder. Consi der I\/D ch nnel H(k). The precoder matrices can

be chosen so that (Y hannel |x H( k) P(k) has inproved
frequency V\D\Ql&@fﬁ/%@&gg Cﬂ/@gﬂ)@%@%? seulemnnwamyn dodipensederived H( k) .
The increased frequency selectivity can be,exploited by the decoder to

obt ai n frequeffgy il Mecosirins ¢fahd flentil)Oddix,| ﬁMaw emﬂb@d;l aparhmeter oreeavalahe mat ri x
is the followng p errrutatlorf‘g mat rj x: %nel ,[[ k BlnodM ] where
11(0), I1(1)..frequencysglegifvity of e eqpivalepeeh M sub per nmut ati on matrices
derived fromt M col ums of the i rlg)entlt Mty L% XM= and Bis a

par amet er t o ©83fr o IntagePrdince §iidRyrmoR ity of the: é‘lﬁﬂl val ent channel .

[0036] In accordance wth qn enmbod; , 1t Mg M= ghgn 1 0 0 0 0 O
01
170] = 0 1 ) = 10 2] = 00 3] = 00
10 0 1o 1 110 10 0
0 0 00 01 1 0

[0037] For B =1 this leads to a circular multiplexing strategy with two layers as
shown in figure 3 wherein the vertical-lined boxes 302 correspond to symbols from

layer one and horizontal-lined boxes 304 correspond to symbols from layer 2. Figure 3

shows circular multiplexing with My =4,M =2,B=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 =1y approaches Space-Time transmit diversity (STTD). However, for very high PFs



HO =01H1] =10H2] =00rlI[3] O 00011000 00000110
[00371 For B =1, this leads to a circular nultiplexing strategy with two

| ayers as shown in figure 3 wherein the vertical-lined boxes 302 correspond
t o synbol sWr206w0693@yer one and hori zontal -1i ned boxes IVX/EBIBASEFENd t o
symbol s fromlayer 2. Figure 3 shows circular nultiplexing with M = 4, M=
2,B =1 The vertical axis 306 represents 9antennas. The horizontal axis 308
represents tones. [0038] For B =4, this |eads to a block-circular

mul ti pl exi nPr<er gy ChannRls tthas emplgpewgakaconyplgiienal fodes gSiF BD LAY
vertlcal-llnghﬁgmgﬁné 2 correspond to synbols fromlayer one and

hori zontal -1 T ned” boxes” 404 correspond to synbols fromlayer 2. Figure 4
shows bl ock-©D41dul ain wulembpﬁle)cmngl pictddepMmatdx N4 He, RHewinghgengealized delay axi s
406 represeq%s ag q? The horizontal axis 408 represents tones. [0039] An
i ncrease in & a reduction in the frequency selectivity of the
equi val ent channel, which may be desirable when weak codes are enpl oyed.

Al so, the paraneter Bjis sensitive to channel interleaver choice, therefore
paraneter B Ry(by= =EﬂA%FdM|aE§ ap. [0040] Gircular nultiplexing

i nproves frequency di AIS|tY“régar ['éss of the channel del ay spread. In the
presence of strong turbo codes, the perfornmance of CNI(mAth

a2 el Tt e PE M T TRl RGBTl B e\%( mﬁL?QyPFS

weak convol ution STTD can out - perfom Cym§| nificantly 0041] In
an enbodi men®f, tha% ggildé?mrrﬁ{amxx all% thé f dF BB hg geﬁ%ég%ﬂal E@H”ﬁdé‘f‘%ythe

diversity matrix: 1 PM (k) CNWXM [0042] where is a M X M
sub- DFT matrix gptai ned froaxp

(/>7Y" entry given by

[0043] The parameter Jis the delay-parameter, which also controls the frequency
selectivity of the channel, and NV is the number-of OFDM tones. We note that for
M =1, the above precoding matrix implements the “pure” delay diversity. The
performance of delay diversity is strictly worse than circular multiplexing (and STTD),
and has poor performance in LOS channel conditions for high PF. The only advantage
of using delay diversity is that it benefits from improved SISO channel estimation gains
at very low SNRs (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, 4.0] 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 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 2 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.



of the MI' xMI' DFT matri x, and Amw'* is an MI XMI di agonal matrix, with the
nexj pr j2zc(k-1)t5] (1~) entrygivenby NJ . [0043] The paraneter 8is the
del ay- para ich also controls the frequency selectivity of the
channel , aﬁgbgﬁ¥m&$(b nunber- of OFDM tones. W note th§FTﬂ@WméWﬁ£¥, t he
above precoding matrix inplenments the "pure" delay diversity. The
performance of delay diversity is strictlPy worse than circular multiplexing
(and STTD), and has poor performance in LGOS channel conditions for high PF.

The onl y adM ) ) ng del-a Sl \ St Rt m
i nproved Sl $O channel est i|@glhon ga?ﬂ?é’t’a'aﬁi"%%ﬁ"iy '?Qf\kaSNF@te(Sl‘(ﬁ"les-‘g EB) and
r

for high nntbL&E (> 120 kFB aﬂdx1these channgansnsisgpmr i os, circul
mul ti pl exi ng_cannotodhdatidn rom [SIFSO ghannell estifation] gai ng. [ 0044]
Packet For maf@Map45] A cyPPent S SQ dgsign liseg 7|PFg wth saec ral
efficiencied [0.5] 1, 1.5|Fame 2 5° 3.0, 4]/0] " bps/Hz. §nthd SCW design
enpl oyi ng a| HSsto gt hts —grangtar -ty A nrspectiratgef f i ci enc
(gE) Zhogld belsulficPent- kbnv¥v,0§1wn°§§+afja?T !“lu. & u?gm for Y
transni ssi of._fhi4 tr4nsl At e o k@l a0-38¢ 4 02anL; Q19 of 015" [70.13
[2,4,6,8,10,12216] bp@/ Hz.| witth al I00%r|afd0aii 0330p 928 Lr&RY [o0.17-4 bps/ Hz.
A consequerce3of |t hid cogrse/th anul.2ir ijt ¥.68s | a0kBss 0.81 dat®Rd gt €,21siince
these users jargq ¢onsyraired ® tfansit oas & 0Boh| | me®r| dedea |r al2g fhan
their attairnabge PE Kot e |t hatig MCWHEST §3sW T H58T € glaes| npis Hayeot i s
TR TS 44T [°F90 |1 887 | Coso UF ol 1S 0%

granul arity TgotETTrTICY
I ndependent | pys—=restHtrg—tHn vetrs HRer s & i ey
granul ari ty.—\Ab 2006/ 069340 sz 0ld3a 948 Hodgs eobc 55 .Lbé;fsf {ciency

A A\ ZEEA A A A< AS &~ s

Per Layer aflteB N|frafes df 5cker?8hdul 25 hn0B3: b 063 of 0:30,]50:%s] on
Format one HBrafe 1 2 8 4 4 611/24 2.75 1.38 0.92 0.69 0.55 0.46

10 6 12 3.00 1.50 1.00 075 | 0.60 | 0.50
11 6
12 6
13 6 5/8 3.75 1.88 1.25 0.94 0.75 | 0.63
6
6

14 213 4.00 | 2.00 1.33 1.00 | 0.80 | 0.67
15 17/24 425 | 213 1.42 1.06 | 085 | 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.



021/40.50 0.25 0.17 0.13 0.10 0.08 1 2 3/8 0.75 0.38 0.25 0.19 0.15 0. 13
2 2 1/2 1.00 0.50 0.33 0.25 0.20 0.17 3 4 5/16 1.25 0.63 0.42 0.31 0. 25
0.21 4 4 %é§($/a%(% 75 0.50 0.38 0.30 0.25 5 4 7/16 1.75 0.88 0.58 0. 44
0.35 0.29 6 243 00 1.00 0.67 0.50 0.40 0.33 7 4 BEVESWOPESU213 0. 75
0.56 0.45 0.38 8 6 5/12 2.50 1.25 0.83 0.63 0.50 0.42 9 6 11/24 2.75 1.38
0.92 0.69 0.55 0.46 10 6 1/2 3.00 1.50 14.00 0.75 0.60 0.50 11 6 13/24 3.25

1.63 1.08 0.81 0.65 0.54 12 6 7/12 3.50 1.75 1.17 0.88 0.70 0.58 13 6 5/8
3,75 1.88 1. lzgfqmngrme@am“&aré@’reciwm f?l,gsﬂthnno 2.00 1.33 1.00 0.80 0.67 15 6

17724 4.25 2 eogés]l 4%14; gé?ov_?_ss%%iou: m%ef?lﬁ%er%m &Qémhkfp%dlégwlpes! gn

wi th Rank Prediction le 1 s packet format for SCW design
wi th rank pradbcienenwitn an zobodidanceFoi thh ken teerbHEK) Rtk SOMN@h HEhads t he

ot ovi si oned i foaeepgrd MRS sk g u @ SE B3be ey TP EED B2

bps/ Hz/ | ayer thrduigh NOINSEBPSA$izddye SNRyG)esmNnt girdugh SRR JIR) stfe, flebpestively.
transm ssion,. \Wien targeti the third transm ssion, the maxi num attai nabl e
SE- per - | aye$NMk>15?@2tlﬁwh+§\}R ers wpﬁ@pté@tagtaaé@lfpar%@ thiough-2n Kpeperand
2.13 bps/ Hz/ be Y/ on and
SE greater t%}%%ﬁpﬁ%ﬂ@% C%M 255&%3?;2}0% Hl\gf‘/%%gg%? faHrmg% Fﬁg@h?? Irst
transmi ssi onthnghrféfSMRQ%erﬂ@ﬁqcnsely diEtﬁIiSNRs r542 [tio0ug Eﬁf&NBmé#&ene lemm@tpnent

R e Ll e e
I n such a cafe (PERG-abd inp@Ghtonely Sdlect 1562 dedughoPefdlert 558 h®F Selwet 552 through

PF Select 558 produce 1 x PF1 562 through 4 x PF4 568, respectively. 1 x PF1 562

through 4 x PF4 568 are input into a decision unit 570. Decision unit 570 produces a

rank 572.

[0049]  EffSNR; 542 through EffSNR4 548 and the rank 572 are input into a select

& quantize unit 574. The select & quantize unit 574 produces a five-bit CQI 576.

[0050] In accordance with an embodiment, the performance based rank prediction

algorithm works as follows:

[0051] 1. At each tone, the 4x4, 4x3, 4x2 and 4x1 MIMO channel matrices,

H (k)P (k) , H(k)P2(k), H(k)F; (k) and H(k)P“(‘k), corresponding to the {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

SNR,, (k) 714—20[ diag<[PM (k)" H(k) H(k)P, (k) + o*1 ]’> ]m v M =[1,4]

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



PF granularity is captured, WO 2006/ 069300 PCT/ US2005/ 046742 11 Performance
Based Rank Prediction Al gorithm[0048] Figure 5 shows a bl ock diagram for
performaanwE %/?9(%“ prediction in accordance with an enbodi nent. For the
kth tone ?"% ﬁ< 502 through H(k)P4(k) 508 are i npuPCT/NE¥ONMBER1) 512

t hr ough NIVBE(4) 518, respectively. MVSE(1l) 512 through MVBE(4) 518 produce
SNRI (k) 522 through SNR4(k) 528, respectlizvely SNRl( k) 522 through SNR4(k)

528 are input into Cap Mapper 532 throu er 538, respectively. Cap
Mapper 532 t#e odejietedaps &R ,sﬁ‘%%dufg@ R5a2  Thrpuish nef fQRR4 548,

respectively, Ef 42 thro Ef f SNR4 548 are input into PF Select 552
t hr ough PF i %’E{P’ %[§rare§§fﬁ‘éb‘ie:%5y SNR t hreshol ds at a 1% packet error
rate (PER) are input into PF Sel ect 552 through PF Sel ect 558. PF Sel ect 552

t hrough PF Sel ect 558 produce 1 x PF1 562 through 4 x PF4 568
respect i vel yl0033lx Pk1 The zffeetineothis arexcopparedggaiapica fakjsutith R Hiresbelds on

uni L 570, , DRl ShfnauA PREOLPLAINGET A, A B, CQQA%}TSua@%}vgs;emmtg;Zugh

Ef f SNR4 548 & are In |ntoase
The sel ect &hepaloidilese thani theSméaspredduffeesveaSNRvae belectefoS#s. {1,7,80503yel n
accordance with an enbodi nent, the perforl(rg.gzgﬁs7 oﬁéed rank prediction

al gori t hm wogrdsmasioh®! THRVWES aEé)&%ﬂedLs t he 4x4, 4x3, 4x2 and
4x1 M MO channel matrices, H(k)P, (k) H(k)P2(k) H(k)P3(k) and H(k)P, (k)
corresponding to the {1,2,3,4) layer transm ssions, are calcul ated.

Assum ng an re e'T\ﬁ@r nﬁlnﬁ BB QRIS fiths tSMRRIrAIOE e by a3 Pkcthadyer
t ransm ssi ons NR1 k) R2 (k), EQS( k), SNR ( k) are calculated for each

t one as: SNR,,, (k) M Er affi @ek |[1|l?xpﬁb)] Hk)" H(K)PM (k) + c2i } VM=
[1,4] M. =0Ocririgndyf jove assurmen.ot her receivers such as QRMM.D or 1DD, the
post processing SNRs will be calculated in a different fashion.

[0055] 5. A 5-bit CQI is then fed-back, where
col (M ) = Quant [EffSNR y ]

[0056] The techniques described herein may be used for a variety of OFDM-based
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



[0052] 2. The SNRs cal cul ated above for the (1,2,3,4[ layer transm ssions,
are equivalent to the per-tone receiver SNRs cal culated for the SISO
design. An unconstrained-capacity mapping is then enployed (as in the SISO
design) to [ an effective-SNR averaged over all t he {

1,2, 3,4) |é€§%€@‘%’g‘¥’m ssi ons, which WO 2006/ 069300 PCT/ EE%S@W%%% 12 are
denoted as Ef JSNR Ef JSNR 2 , Eff SNR 3, EFQSNR 4 . There is no tone-
dependency for the effective SNRs. [0053] 3. The effective SNRs are conpared
against a t aQ‘Io@if}Q"aﬁJ}ls%\'%ets@Eﬁ§MJngﬁts Wil b8 8dad1g abieent 18 He: gl@flecﬂinSheSQt,sySt em

The hi ghest packet format (PF) wth SNR threshold | ess than the measured

ef fective SNEdthe gerdrieqirimdiplas defitpsl Hetei nRy 4F appliedrto othenpmhddimeninavithdiie PFs
are denot ed PF PFE PE PF4 . The, optd.mum.r I S
chosen <o as RIRAIIE: it bt ph e phiont TR RIERER N m

ef ficiency, inteded Miel lirdited 0@ Sdmtpdindents dhbotvn GEdein tsut ide e faecbrdaiake widsar e  CQ
(Al ) = Quant [ EfJSNR ] 111 [0056] The 5 chnique§§described herein may be
used for a va&FIPEEYISHICTERIRIEYIPlESPad Bye! tratufs disclipsedipgieln systens. The rank
predi ction tgRATASSSLABED [3ed herein nay be inplenmented by various neans.
For exanpl e, these techniques nmay be inplenented in hardware, software, or
a conbi nation thereof. For a hardware inplenentation, the processing units
used to performinterference control may be inplenented within one or nore
application specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), progranmmable |ogic
devices (PLDs), field progranmable gate arrays (FPGAs), processors,
controllers, mcro-controllers, mcroprocessors, other electronic units
designed to performthe functions described herein, or a conbination
thereof. [0057] For a software inplenmentation, the interference control

t echni ques nmay be



i npl enented with nodules (e.g., procedures, functions, and so on) that
performthe functions described herein. The software codes may be stored in
a nmenory unit and executed by a processor. The nenory unit nay be

i npl enented within the processor or external to the processor, in which
case it can be comunicatively coupled4 o the processor via various neans
as is known in the art. [0058] The previous description of the disclosed
enbodi ments is provided to enable &%y %son skilled in the art to make or
use the present invention. Various A%/ 069300 PCT/ US2005/ 046742 13

nodi fications to these enbodj ments will be readily apparent to those skilled
inthe art, l-and ﬁh@et@%iéfliaﬁkBWW&P?}IC@@Pﬁé‘PgIned herein may be applied to

ot her enbodi ments without departing fromthe spirit or scope of the

i nvention. Taleylating MIyKeehannelimaraensicorespanding to layar diggemissipnspler packitened to t he
enbodi ments shown herein but is to be accorded the wi dest scope consi stent
Wi th the pricatijptieg signdl-toencede fagas ($1ERs)dios clhds ¢ahehkased on MBIV ciaphVED | S:
14 CLAIMS | . A method of rank prediction, conprising: calculating M MO
channel "AHf¥% ces corresponding to |ayer transnissions for each tone;

cal cul ating signal -tg-noise rati os ( SNRs or e one based on the M MO
Channel  marPHRRE SR 1] e e Rt s Y RERE b Gaar s SOBHT SUTve ShRs
for each layer transm ssion; selecting .a hi %hest packet format (PF).with an
SNR t hr eshol lepgsa tigliest; prekelr foamet (PE) Valiran PHIR duesholdalres thap dhe sifediven:

sel ecti i . PF of the selected highest PFs for each | ayer
transm %%ﬁr@%g%%%?ﬁ%éﬂg@@ank based on the sel ect gd absol ute hi ghest P>Ié;
and transm tdjng A, f %@éﬁkﬁ%iéh% @i §ARS Wid oA BL Gl !ldg/g} ﬁ:ﬁ;[sgw?ssfop? | ayer
transmi ssions to° Select for transm $sion socas to naxim Ze spectra

efficiency. s2lecilipea rek hadd oh tigd seleed abdolurte highest @6ngoidi si ng sending a quality

i ndi cator based on , o D .
transmitting a ranking to a transmitting side which indicates the layer transmissions to

select for transmission so as to maximize spectral efficiency.

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

M-1

SNRM(k)w$Z[ diag<[PM(k)*H(k)*H(k)PM(k)+021]“> ]1 v M =[L4]

m=0
5

where £ is the kth tone, and H(k)F () , H(k)Pz(k), H{k) P, (k) and H(k)P, (k) correspond to
{1,2,3,4} layer transmissions.

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

capacity.



the selected rank. 3. The nethod of claim?2, wherein the quality indicator
is Carrier-Quality-to- Interference (CQTl). 4. The nethod of claim1l, wherein
t he nunber of laver transmssions is four. 5. The method of claim 1,
wherein the SNRis calculated as 1 M1 -1 (k) diag~ [PM (k) H(k)'I1(k)Par(k)
+c21) ] VM=1[1,4 MmUmmwherelR is the kth tone, and H(k)P, (k)

H k)PP (k) Il (k)P, (k) and H(k)P4 (k) correspond to {1,2,3,41 |ayer
transm ssions. 6. The nmethod of claim 1, wherein the mapping is

unconstrai ned wit c 1 hbd Qf
wher ein thee}SeI ec?e%qﬁg[ﬁﬁa I\ﬁroglaglglogu g%(rg ﬁle Z?\l/lic-g?(grra I\/kPFQ Cﬁé@tél\%:l 141

8. The Wﬂ-%gn ]\qlxzp il wherein the quallty indicator CQ is cal cul ated as
cQ (M) ant TMSR] M, where EfISNR is the effective SNR of the

sel ected rank 9 A mnreless conmuni cat i ons device conprising neans for
calculating M

each tone; reans &Bgr}geg{,%ﬂﬁgtc,%Sgﬁ%&%g@gf@g ¥ }ngfcia ?‘é&?%r]?:a Pte gaghf '?:)ne

based OE‘ he neI means,for mapping the SNRs for each
e eTert ol SNRETFBE cagh | &
sglngczlon;éég hi ghegt packet fSor mat (Ple:;ﬂ%?;nlthyer Mﬁg‘égﬁmo%chgeeggﬁﬁaﬁrthe

ef fectiyegNRs Hi9F each | ayer transm ssion;

9. A wireless communications device, comprising:

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 SNRs 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 SNRs for each layer transmission;

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

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

means for transmitting a ranking to a transmitting side which indicates the layer

transmissions to select for transmission so as to maximize spectral efficiency.
10. A processor programmed to execute a method of rank prediction to maximize
spectral efficiency in a MIMO wireless communication system, 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 SNRs for each tone to generate effective SNRs for each layer transmission;



means for selecting an absol ute highest PF of the sel ected highest PFs for
each layer transm ssion; neans for selecting a rank based on the sel ected
absol ute hi ghest PF; and neans for transmtting a ranking to a transmtting
side which indicates the |ayer transmi ssions to select for transm ssion so
as to maxinize spectral efficiency. 106 A processor programmed to execute a
nmet hod of rank prediction to maximze spectral efficiency in a MM

channel ot rFEBLLPERSp RIS (PRyER £y SEpeStdRlest fin S e Bk SO

cal cul afo} Bh3dy@PRhnshRssik se rati os (SNRs) for each tone based on the M MO
channel matrices; mapping the SNRs for each tone to generate effective SNRs

for each 'ays%reftygla@?gkgﬁiggﬁg%%s éﬁh@é‘eﬁéc&% Nh%gfﬁ%tqﬁ%%r ORE KB fHsHRihPF) Wi th

an SNR t hresho e effective or each layer transm ssion;

selecting a | I hi.ghest PFs for each | ayer
transnissio%?ﬁgégvg% ¥E%gg%ﬁgﬁgggg%géggﬂﬁ?h%ﬁéﬁ gt%g% absol ute hi ghest PF
and transm titaneg@iténg amdikivgy fooa aabshainigi side Wwhick iicticady b layeditaaineissiddsetol ayer
transm ssions to select for transm ssion so as to maxim ze spectral

ef fi ci ettt foptrangmi gt foets 19 BRYANPESHReR! STTHE6%ed with instructions for
providing a nmethod of rank prediction to maxi m ze spectral efficiency in a

M MO wirel esg, coMUgingfidrQBadbBREMia Mt8ded WBH [HdFLIRAS f PIRVidifl AR ff or :
cal culating M MO channel matrices corresponding to |ayer transmn ssions for

each t onek predition tampxignizs gpaetral etfioicy én ¢ MIMIS Wik yorippnigaien tystae, Bgsed on
t he NINCthﬁnnel qptric gérnapping the SNRs for each tone to generate

ef f ect | VE"SNRE® PO RESH° aﬁbT transm ssion; selecting a highest packet
format (PF) with .an threshold | ess than the effective S for _each

| ayer trans rﬁ%&?‘&ﬂz‘% Nﬁ&&&‘ﬁ“ﬂ& ‘B"?’F“é%sCBFG%pQ“ﬁE}P%FPelé¥er|5T§“8¥“S§‘ﬂ‘ésl\géFaecgtt%'lf’ hi ghest
PFs for each Lﬁ{er transm ssion;. selecting ﬁlrank bq&ed %n t he sel ect ed
absol ut e hi gR&¥ atlpg;m@ﬁ]dto-nmse ratios (SNRs) for “each tone based on the MIMO channel

matrices;
mapping the SNRs 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;
selecting a rank based on the selected absolute highest PF; and
transmitting a ranking to a transmitting side which indicates the layer transmissions to

select for transmission so as to maximize spectral efficiency.

12. The wireless communications device of claim 9, further comprising means for

sending a quality indicator based on the selected rank.

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

is Carrier-Quality-to-Interference.

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

transmissions is at least two.



transmtting a ranking to a transmtting side which indicates the |ayer
transm ssions to select for transm ssion so as to maxim ze spectral
efficiency. 12. The w rel ess comuni cations device of claim9, further
conprising nmeans for sending a quality indicator based on the sel ected
rank. 13. The wi rel ess conmmuni cati ons tevice of claim 12, wherein the
quality indicator is Carrier-Quality-to-Interference. 14. The wrel ess
comuni cations device of claim9, wherein the nunber of |ayer transm ssions
is at |east 1ho. Imw m@caHMEomcbb@é@omm@ﬁhnﬂeimvmadihmmremnumhe;ﬁmﬂmedl
further ﬁggrlse g gy i ndi cator based on the sel ected rank.
16. The B 5@5@ ?ﬁ ? 4 eln the quality indicator is
Carrier-Quality-to- Interference. 17, The processor of claim 10, wherein the
nunber of |ayger treRsrossi@ng dismats, Iver@sdin thengualifiBindica®r ¢o TatHeeQuakgdabl e
media of claim 11, wherein the instructions further conprise code for
sendlngl§m§H§Fﬁty i ndi cat or based on the selected rank. 19. The
conput er -readabl e nmedia of claim 18, wherein the quality indicator is

Carrier-Qualijy-t Ofﬂer];rgéefs@reo@gﬁima@ widEin GRTRHAIR &%‘é@%ﬁrﬂ%ﬂin@ ioft 1621 m
11, mhereln t he nunber of layer transmssions is at | east two.

two.

18. The computer-readable media of claim 11, wherein the instructions further

comprise code for sending a quality indicator based on the selected rank.

19. The computer-readable media of claim 18, wherein the quality indicator is

Carrier-Quality-to-Interference.

20. The computer-readable media of claim 11, wherein the number of layer

transmissions is at least two.



