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The invention relates generallly to wireless
communi cati on systens, and rmrle particularly to
systenms and nethods for reduci ng the armunt of
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rate at which the data is encoded and transm
communication link. The better the link, the higher the data rate that can be used.

While the base station typically has the capacity to be able to increase the power
at which data is transmitted and thereby increase the channel quality, this may not
always be desirable. For instance, if the quality of the communication link is already
sufficient to support an adequate data rate, increasing the power may simply increase
the interference with other communications. Base stations therefore typically
implement some sort of mechanism to control the power and data rates at which data is
transmitted. This may, for example, involve measuring performance (e.g., signal-to-
noise ratio, or SNR) at the mobile station, providing feedback on the performance to the

base station, and changing the data rate at which the data is encoded and transmitted

based on the measured performance.
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SUMMARY
[0007] Embodiments of the invention which are disclosed herein address one or more of
the needs indicated above by providing systems and methods for improving the
performance of a MIMO wireless communication system by reducing the amount of
uplink resources that are needed to provide channel performance feedback for the
adjustment of data rates on the downlink MIMO channels. In one embodiment, data

streams are conventionally encoded, interleaved and mapped to modulation symbols in
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oh MG channels corresponding to the MIMO transmit antennas. The mobile station
is configured to inversely permute the data streams to reproduce the encoded data
streams, decode the data streams and determine a quality metric corresponding to each
of the data streams. The mobile station then determines a condensed quality metric
based on the quality metrics corresponding to each of the data streams and transmits the
condensed quality metric back to the base station. The base station is configured to

determine an individual quality metric associated with each of the data streams based on
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DETAILED DESCRIPTION

[0018] One or more embodiments of the invention are described below. It should be
noted that these and any other embodiments described below are exemplary and are
intended to be illustrative of the invention rather than limiting.

[0019] As described herein, various embodiments of the invention comprise systems
and methods for improving the performance of a MIMO wireless communication
system by reducing the amount of uplink (reverse link) resources that are needed to
provide SNR/channel performance feedback for the adjustment of data rates on the
downlink (forward link) MIMO channels.
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interference cancellation that may be achieved when each data stream is decoded and

then used as feedback to remove the associated interference from the remaining data
streams that will be subsequently decoded. This is known as successive interference
cancellation.

Because the SNR of the four data streams vary only as a result of the successive
interference cancellation, the SNR values will not vary wildly, but will instead be

relatively well behaved. This is true even though the MIMO channel conditions may be
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As depicted in FIGURE 1, a data stream is received and processed by an

encoder 110. The data stream is encoded at a selected data rate, as will be discussed
further below. The encoded data stream is forwarded to an interleaver 120, and then to
a mapper/modulator 130. The modulated signal is then forwarded to an antenna 140,
which transmits the modulated signal.

Referring to FIGURE 2, a functional block diagram illustrating the structure of
an exemplary wireless receiver is shown. In this figure, the signal transmitted by

antenna 140 is received by antenna 250, and is then forwarded to
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refers to the decoded signal’, whether it is a

@@ﬁmm@ltwmé@mﬁtlan drane plneomq»btlfp statiof te e lase giatiah, as well as from

SO0 sy LRSI 5 b 0he o o

ithe saselswbﬁ t6l tHeaibbit statk@y ar€ XAt refehedlt@as)ﬂfmbmm link, while
may be conmuni cated from_a base station to_a nobile

§1@ea€?rawupwafaoreeﬁrq>rmth¢ mabyle sttiea teyihe base ateftmrbaqeuyferred to as the
G nifgations are bidirectional, rather than
unidirectional, so a simlar set of structures can be

[0031] used tAs maerhabuve athe eneddimgraf the rlafar orninhie thotrahseitter is based on a

{ at to.the b ti the base .
bl faitiah i Alecha forcihE cazpmisivsons ot e Qg pd e, SR gy, in tum,
Biecte@ maskal @@ﬁﬂ ﬂae uan@n@ft {Re rBRFRdSEigtd1 ONf ’ﬂ%& dﬁeiﬂ kleCreceived

station are typically'referred to as the forwar
wheinpleist hlehero mﬂmgh@adata) m@tefqaorbet ﬁ@Oderblblyethstractalm th ls ‘therefore

ferr asther ver
B8R G RERGAS helifa 16 RE"GR AigpdontiSphE Gt aiiieg, 1 the
|qna1itbe>ftthameda\xeﬁeﬁgﬂas iPRSRY, Gy a 1@%13 daftigtet ddatbd 8ecoded by the
sel ect ed for the transm ssion of the data. The data

FeRCEVer-s In jtis cagen it isedesicatle () dewaasafbp detaeratusdl they there are fewer
teﬁ%rsxﬁ‘% E% T?‘W If the quality of the received

si gnha a higher data rate can be decoded by
[0032] t he r éll:@lrdf.erto deterinmet the rdafaorafe dms ishalid detselectedrtoaneode the data

ek B3 et W SUBEPAL SR gna. 1o some
lspM&hs, BB gHaldy | PUWRS sigR41as [REEmfRA HYemERGARE ¥ ohd18o-noise-ratio
(SNR) of the signal. At certain SNR levels, corresponding data rates can be supported.
For example, SNR1 can support up to data_ratel with an acceptable error rate, SNR2
can support up to data_rate2, and so on. These systems therefore measure the SNR of
the received signal and transmit this information back to the transmitter, which then
determines whether the data rate currently being used to encode data for transmission is
acceptable, too high, or too low. If the data rate is too high or too low, a more

appropriate data rate can be selected for subsequent encoding.



receiver. In this case, it is desirable to decrease
the data rate so that there are fewer errors in the

waelewoderd2siat a. [ 0032] In order to determ ne t hERCHHESZ06/009468

rate that should be sel ected t§ encode the data
stream it is first necessary 1o determne the quality

[0033] g; : Rgt éﬁa;q?%&\{l%g]érssb‘g{]gglffmvlhagg %@@%ﬁ%e—%&%n%ygehgo to provide

$h&PRR-dfehdRL&i9ed AkhA af BNBbackifof KR ifla8fRling Me (2Bl hRI A which the
SNR | evel s, correspondi ng data rates can be supported.

Figta iexxangrled, TBNENRcimforsuappois suificient ivathe purpedes wif s¢lecting a data

ept e _error rate, NR2..can suppor to .
3 B il B0 o RBu Do ERBOl Bt Propeniopet, Bven it
ttheo it adfcobtis codediraterd beilgaa)it #odldibeaiFPult tb Bddice this burden, as
i nformati on back to the transmtter, which then

des &Nk inasingfey s andidisdafamation isigcessaty tp dsermipeybeappropriate
tQt69c0de data for transm ssion is acceptable, too
hléh, or too low. If the data rate is too high or too

[0034] | ow, &Somr systems; hpwieadre ddatoa haed enlyan shegls ehaatle dFbOExample, a

t, codi .[.0033] It i | atj vel .
MRl Rt ititible; swh sYSemohes. i Prisiest chaenels. A
ININOON ittt ehaNBuRipld RftefiBE EE¥ 0o WARA! mas l;ee@%gtatg Kransmit a

for use in adjusting the data rate at which the
idifferaetomedf thehaulsinRk MANG! chennels Sinidariyf, a NBMO recniverihes multiple

f l.ecti n t ,:and this. :
AR OO A BB Bof b BESaL Mg st wonsmicea
byehd@aachmesf theltd@bmitler bitBroQ¥edie@MEseCRphrateSphs/Siasl dhaARIL.
e large, it wuld be difficult to reduce this

to b . . .
[0035] bur dedn 2ayPicR MM isystams parl @hapagliie paprestediig essentially the same

[0036]

[0037]

[0038]

, S A ¢ . i .
GEPAEIE L Ryl HRR SRR, R NETof Ry ARRBRALL B8 cam i
entoded &i agiekcedadate| ratefantedxaep) enappedvindulatad| tiapbmitted via a
[ nul tiple output) system has nultiple physic

| nput, .
cRarverdnzA Gt @t e RAETREN ¢ | 5PEVetht Shndle  receiver,

;ﬂf@ﬁl{aﬁﬁd/d’%ﬂ{dah}a%d%ﬁlté%%d And FRBSIBA 1 ad&fngﬁﬁﬁ\r/‘t:heo QUMginal data

e multiple vl O channels. Simlarly, a M
sea.y €hispagcenLprorgside iaparelitel for cablaof tieMIMOcthamnels.

di sti pgui et ween. t he.di f ferent physical chanpels.
transmi t@ﬁ\/@ys YPRE 15 CBfiRuSd 5p %ﬁlﬂéﬁ? ¥’§¥1S§?ﬁl tCF‘%I}ne rfije dRglependent
lo€ @REHV 6thbh € MRIGSIP Watil Breity Tk dherbfiddd) BE lsSpardtQY3Bdnshiticd over the
typi cal MEvlI O system each channel is processed in

sapiti Arpyels. n &0 oHee Waadheacka el thesdaiyisueamnuapgiebe transmitted by a

r , C C X
TG it AR oot e FATRERENES, hoTnBRbR-antenna MIMO
ireveavet.edlvie ds illostppedinIGUIRE 8d, transmitted via a
t he..MEVI Q. ant ennas, received at

correspondin
the r BEETYRS ?0 ﬁﬂﬁ%@%&ﬁé&%@ﬂpﬁ%@}mg heniransmussRiolgigh of a set
deandQed s Bvé&ANShfedidndideseP bf MITRAD c:gﬂ{gglsﬁh g@%gﬁi/?ngg \With a prior

process proceeds in parallel for eac
eravysiemsis shown. The system of FIGURE 3 is representative of, for example, a

PARC system. In this system, a set of encoded data streams 311-314 are transmitted by
a set of transmit antennas 321-324. The transmitted signals are received by receive
antennas 331-334. Space-time signal processor 335 processes the received signals (all
of which are received by each of antennas 331-334) to distinguish data streams 341-344
(which are essentially the same as data streams 311-314.)

Because the MIMO channels are independent of each other, the different

channels can have different fading characteristics. In other words each of the channels



[0036] The MEVIO systemis configured so that the
physi cal channel s are independent of each other.

wovrdobioplises dat a streans can therefore be separ aP@l/yS2006/009468

[0039]

[0040]

[0041}

transmtted over the different, channels. In other
wor ds, each of the data streams can be transmitted by

B 1o, VD P SR AR PE LTy s sl e difrent channels
'ﬁ%“ﬁ&édatcﬁﬁnéd’de Fh&Bpedtivd Q%@tre@%fsez[trdhﬁgre‘ht) d'a:!aq‘f@% # order to

ilagramillustrating the transm ssion of each
smmmfzedbﬁ@r@tgheatrﬁe@«;}eeffaeéb&mebpondu ng set of M I\/O

chown ra g EBRIAENER Spiabih e N PlibaRE TRl pe to separtely

foddas@ns ADENR s SorRARCOSHE IMINIO | cRarirtblss afid Hefi Man@nS @hchf these SNR
encoded data streans 311-314 are transmitted by a set

oelues Sadnio the taesmitor.apithabthe driferatesfas aaaht efths ichenaiels could be
%El@ct@? SEitGEoR¥nd %g}géc YiGe ﬁ[é%ﬁﬂ@c??ﬁ%&a’h?gf' T g@ ?s(:tﬁe ta#)éfgach used in

signal processor processes receive
(PARC afstedni.c While thie apprtbmh tx;ystﬂ@hfo@@alalnﬁtemq%es a relatively large

331-334) to dj.st h ta stre 341- 344 (which
AREEL R 5 it Bistaied GV AEes. SR Approach requires

hA8R& mBrCRMRcds MRarME M meaiiighs A& B%ﬁ@%??e@;rﬁource cost

each other, the different channels can have di
faéﬁ@PW@d«:Wdha@tSe ppDchs the rprthesyStmajsn@anetth@ds tigeean alternative

n M MO ould.have a different SNR. .
SAREL 3 511 B AR SN Y B 1 M, B o
lfételbacﬂcsmﬁbmbtée doh@ridsreadibe Bk sbhiees MhiRAIRWIRE 8% delection of
order tq nmaxi m ze the throughput of each of the

Catapies that mopesrparty eaximizgithmithronehari g/ syssnpr ovi de

e SR Fo R Rl AP N Gp i) TRED Bt P FRR e, hey have

imdependent éaliiy ofiarbdierseicSNRA hbnies qualitly t Thé h&ﬂ}s of each of these
ans tt r, so that the data. rates r_each of th

&‘ﬁ ﬁﬁmfaf%?ésos@ﬁew@amb ausggB%H g%%é %Q@@E@nd@@ they may

WE@wa%mﬂ}B fi‘@fnu@a%h olfirS Fo? xBRpRP R AR afdSRAr '()Hﬁﬂ%@f?cthe first

stens. \Wi'le this approach is trai g%tforvvard
|C el mgy é%avfehlaSN?Re&bfy[Hlé} dB, dnmsmqndaﬁlammlf aalasfehdve rak SNR of [-15]

T AR R SN T A E N ——

SNRgloe{¢hsinaBl DasesleBedaysa wis sirtibh I WeSAUWE fer§O8itticult to
associated with this ap roach, the present systens and

ﬁ’é%rﬁ%w%él&e 2B t0br ﬁbttﬁﬁ‘fechapml@aahat eraxdergelofema  The present
9191'59 I? (gg E{]nlleﬁ %91 BgthE)g(SlU %lého eﬁgﬁ? st {h%{]ﬁ{y §I(Iﬁs will be
as

y conserv reverse
slaﬁlou:ndg wellv%‘uhhe:d&tblaﬁmwrtgemhe bs eépeeﬁe'nteﬂ vaith ﬂ:aicﬁnablatae@racy ina
m?lrfe nearly maxi m ze the throughput of the
§ Qf*ﬁ PBB40] Because the different M MO channels are

| ndepgngdeihdibl IRk &)résgﬁﬁ/erﬂﬁd(ﬁm&?}g SRADAR Hhe transmlssmn of

fadi ng characteristics and channel quality. The S

ditadercdnchidatalsersam over all of the MIMO channels. In other words for each data
stream, the data is processed within the transmitter in essentially the same manner as a
typical MIMO system, but rather than transmitting the data via a single one of the
MIMO antennas, one block is transmitted via a first antenna, the next block is
transmitted via a second antenna, and so on. The blocks of each data stream are thereby

spread across all of the MIMO channels (each MIMO channel being associated with a
corresponding one of the MIMO antennas.) This is illustrated in FIGURES 4A and 4B.



channel s are therefore al so i ndependent. Because the
SNRs are i ndependent, they may vary substantially from

wewh/ogsker . For exanple, if there are four cheerEER06/009468

[0042]

[0043]

[0044]

the first channel may have an SNR of [+15] dB, the
second channel may have an SNR"of [-15] dB, the third

chann may hayve SNR of 0 d nd the fourth, ~
chann gefﬂﬂ%)/g ﬁ%§1§QﬁF§%ﬁ acfi‘a%r o gﬁlusg%gng ﬂ‘ei teangingsgionqf gach of a set
iof dabdl StréalnisUdder QVery bnaBEh e 8f WEMNOiHahhQyid ab&rdance with one
characterize the SNRs of all the channels in a

cotvedineand i thowin. rethgrigbé pide efBEIUREMA, forredatd sireams 411-414 are

IR U TN L -

medpped/aividerited ddia neasenaebe paeesiedCly bnrasndemaed ready to be
form_ [Q041] The nethodol ogy used in the present

SRBYBItEE MVET R iERIGRs dinkHe & 1e5RiyeH sHY Ratiglary heampliple dat streams
lis o)

it DEAOET hlo QLR SRR Syl B channs

wif the MIMVICE s ysten §tie tahennasnofaks SMAMQ@ Ittayisthiter. $ aWithineeugR of the data

as a typical MM) system._ byt rather than transm tting
St B e §' g b cameteks, 1Bha. five Hoiks a dengRed b a letter

Qbﬁé&po:h&n? k@ RMakd Qebail Mddh dirhitid: cBALSNGing i heMéktion of the data
block is fransmtted via a second antenna, and 'so on.

Phaskbyiddk sheodatasitsamd dhe datbieoks aray berodaapyize fhrag éscconvenient for a

I | ],.of e 1.0 _channel each hannel .
B BopeicplafiSn ol MG PAGE R SR I ah Pob e RECR R rormuting
Y @itafeans kioigh thel differsht dhaffels 13 163tCURES 4A and
4B.[0042] Referring to FI GURE 4A, a diagram o
i || ustHsri g dfe stFamsnhavg grdeeormdhe gfongendionalofpretiprsmission

: e
SR, A TOELEL RSB sl D SPATPRAS b of e
MIEMO dfankin(BdRE AdAshofvauin FIGTURE 8 Ae dresfirdt det -of blbcks,eAl, B1, C1 and

illustrated, Data str 11-414 correspond to the
EHe i BE20PF 47 RORDRS Tmg b e duaq et Tea v Higsnext set of
BERRs, U D ELE TOhADDA Ad ﬁllﬁﬁﬂ)'@dttlB _%rdkiﬁf&@nﬂ SontsAghont &t tfl?«ﬁfour antennas.

transmtted over a wireless link to a receiver.
Paecificallyartheyt ire mepredpbeanttanas 482,438 434 pndstilt redpectively. Put

dat.a that l.d,conventionally be transmtted over,the )
ER0Ber 8. A8 G O BF Bt Gt Sl Biiecbi i by one with
rdbpedviYtHe dntemas Thethind s¥Y éfiaf 986l i9fothie® bY@ again, so that data
streans, _there are a series of data bl ocks. The data

Blaskxk 43aBa, €3 and DS ase mepped toanteanas 43, d3hotidi and 433, rempectively.

4 f | . e
PRI SRR TR 1SS SERAOK OGNSR L s o e
bkeokpossibje. bEn ofie empodinent, tieateries of mmppitigeff datr blacks to MIMO
rticular inplenentation, but th shoyl d not be so | i

: %fﬁlsﬁt%gtpﬂé%@i psHAfARdogR PHETRAS;S éWfl ad descrbed ineopgection with
tHGoRgs $ he different channels is lost. [0043] After

the data streans have undergone the conventi onal

pr e- t Rafesring 40 JAGURE 4B, a diagram illustrating the receipt of each of the

transmitted, mixed data streams at the receiver is shown. It can be seen that each of

receiver antennas 441-444 receives the combined signals transmitted by transmitter
antennas 431-434. Space-time signal processor 445 processes the received signals to
distinguish permuted data streams 451-454. The receiver is aware of the algorithm
and/or pattern for the mapping of original data streams 411-414 into mixed data streams
421-424. The receiver can therefore demap, or unmix, the received data blocks (451-

454) to reconstruct the original data streams (461-464.) Reconstructed data streams



processi ng, the bl ocks of each data stream are mapped
to the different antennas of the MEVIO transmtter. As

W@ h@wt099ses FI GURE 4A, the first set of bl ocks, BET/UB006/009468

[0045]

[0046]

[0047]

[0048]

[0049]

G and D, are mapped to ant eg?as 431, 432, 433 and
434, respectively. The next s of bl ocks, A2, B2, C2

, are, mapped,to a diffe t,cqnbi nati on of the .
AREACE: o ingh P& ehipBefemadufiln,  ABRAR G 50 8dkoded using
b ennesal 4thodd33, 434 and 431, respectively. Put
anot her way, the bl ocks of the different data streans

have Beem beoseendaom FIGRRER A anss$B dhattthe rénonstnictgshdata streams

TR B Bt 8 o AT, BY B D et

prifenbigsindad PsedidfandéBlpaieen 4 Fdr oxeBPRS tlkddkivucted data stream 411
Subsequent bl ocks are |ikew se napped to different

ansiusien detadecks AL il it en nhizese datartiecks wyese trapgnisted oger the first,
i e | -

RSB FIGE TS ok Ty BBRLOR A, v i

pabndnaittad pasr aflvdwine BAMQlelsnnelbe Byitransmittieg tdchrilat stleam over all of

El . 0044 eferring to FI GURE 4B, a di agram
TS e A R SAPRIIEHCEE AN (VS8R feetme channel
BbaRGoaliA ofel Q0®s, BichidFehd 848 k¥E&Imd &s%?ﬁfﬁﬁ;imit&lg%@ f8&th of its

seen that each of receiver antennas 44 receives
tfe biepkpitiaaeinisied wakseach axf she MIMO byannels meditharefiore experiences the

- 434, Y i 45,
R BA0R AR 8P o B Ty E e E I BB R ot e e

dat a Sohdasngdtht- bduplel BBoveemewtRh the SNRY 6f @e HifRrent channels
al gorithm and/ or pattern for the mappi ng of original

yaied GomdAde] dB 10 448] [dB: frapsmisigngorach datar deeam ot 2 fqur of these

Iﬁ%néﬁ%&g&'&e g[“int géﬁ%?s@g%?%n%he&“%&we&{‘Fﬁa‘é dB and [-15]

recel ved data bl oc to reconstruc
dBi gfaraixanhplen tist SNRNmighd b2-[461dB. R&hdashe SNRedfdhd different data

S FRORPL e echoube SHsa 4 G v aHorarmS ROSAA pdvalent, and
EQRdml Wil SaverhyaPBEhE@ M EbBbRESn4H BE @N‘ﬁ?’vﬁfgﬁfsontﬁ Elgta typical

reconstructed data streans consist of data blo
NEMEO pegséemt ransmitted over all of the M MO channel s,

preferabl y.in a ot an ttern,. F xanpl e, ..

r econfstt S?lﬁ}é deg(}’ Bgégéetg?qr ghﬂ?‘ﬁ%l?ﬁ% Prviding gfé‘? Eerbq?%ccgseqﬂ?l,lzmg the
SRR sASsociated WitBIBe diffedert?| dagkSrenlik StridsaiGistdagll 0O MRS data streams
the first, second, third, etc. MEVIO channels. The

BrHet! plethsdiVO:plavsicahrhanselsanms haw addifiqalibgrefits. For example,
HeANS W deh Sk t%\{ﬁ{rﬁacg%fel%ﬂt %i ?rgaé &.r@gxls @oﬂﬂ? l@ﬁg%lﬁjis%i?{ ﬁE\E} Id8a stream, in

transmtting eac ata s ver a
thaathe eliwersiggorbvidet amste wamtekmpearci.ences, on aver age,

th h I ditions. .In other words, each of )
he bt Geob ( eindafiasiicapis, Brdoie B J° GHESTISGRI Hepfmylgle physica
SahdelB] 96K RedesARP 1Y 8di8ighiRY B6waRE Riffrerdt REM MRS RANNR! Bixed on

and therefore experiences the
the channels. In other words, it is necessary to determine which data stream will be

transmitted by which antenna at any particular time. In some embodiments, it may be
possible to simply rotate the data streams through the different antennas. For example,
if there are four channels, successive blocks of a data stream may be transmitted by
antennas 1, 2, 3,4, 1, 2, 3, 4, and so on.

While there may be benefits to using a simple rotation such as this, it is
contemplated that better performance, in terms of both equalization of the SNRs

associated with the data streams and the diversity benefits, will likely be achieved if a



channel conditions of each of the M MO channels for

one quarter of the tinme. [0046] Considering the
wex@apds2above i n which the SNRs of the differket/US2006/009468

channel s varied from [ +15] dB1 o [-15] dB,

transmtting each data stream6ver all four of these

[ NR of
&E?%E%%pﬁﬁﬁétgg%%g | gr{g%rﬂgﬂ?lngf%\ﬁgég r? Q m%égls){%% o %ons of data
BBiths Bed bipdicad Ehallﬁ%is! ilﬁlu'é,&ﬁ ANRs110be | at@ﬁfcftetfo%ﬂin?%'gs, as used
ely w

streams nost |ikel not be exactly the sane, _
digesin,drefees t@ alf trogsiblguirders efitcombinitions phihel gatavistreareand physical

Rl gt SFOGHER ORBETPRAORER Tt chould be noted

[0050] t hat , Referdiglgith RIGURE By #Vibil Nhstrendo@nef ke Sdssible permutations of
equal i zing the SNRs associated with the different data

deyredats streaah Snneittad cverc FoustMIVD ehanacls tis shorsn.oviie data blocks
%Bﬁe@ona'tﬂg ﬁ%/%i %ﬁﬂ%ﬂ? g’&%‘tsg&i}ﬁ‘ %gildgntgge\ré]lek{}m{g ts%g% !cﬁtttlﬁlg nﬁ(')r example,

benefits. exa ere |
chilfof elreeddta bloghafromat fist dieer oftthe dith atredmssat ddencified byl @caletter "A."

int t he di ver si rovi des a nore robust
s SR8 bt ape fecouding ind Rl S e 1ongifiny the letters
g "Dect LARSH T t&deQMely. MHath RLE AN GRk &ﬂﬁggktﬁ-lﬁ’to'at particular

IS necessary to determ ne how the different
MIQrahamidl| Haeh aoluma afribe tablectrarespdsls té a sotdeesivavdata blocks that

Lt. 1S _necessar determ ne which data streamw || be
tlgrté% S?ﬁlﬁ‘? e @\?Wgﬁﬁ?xfme@nna at any particular tine.
[0051] | N SOMEcANROHeN Rt Sat dath PBixit BELPEIHE. PinteacR c8IuiH of the table,) one

rotate the data streans through the different .
Satechlaeks is Fapsnaitgdndram cpgh of dhe fonredata sireamfan e lthe first (far left)

i f Str e ir I:
RURGER akE DRRC Ko aafh iy, I8 PCalel AARTREESn Mo
\dharnelst hel, S amly4 esjretiedly t s’ﬁln ttle &t hr‘l@hﬁrgﬁitﬁ@ detarsblearhs ¢or MIMO
h t hi it te ated that better
SRITSIEEAR aotaiad. 1sBr 1t ORanBlORKi o et Perinbr A T Gnead D are
{2nahRial o | | bl &Ql@ne@saﬁ,aj,itaﬁqﬁqv?eéﬁi&%vg e 19 Vcﬁl[asﬁfoeﬁ]ms are rotated

benefits, w I kel'y be achi eve seudor an

pamoey timenwith diendptablookd ingleis wudeat i on of the possible

conbi pat,i ons, of, data sireans and physi.cal chann i S

oosay S0 BT B0 88 B S eSS0 B bk
e theiofigina@ t&hbinh@orddf dapOstFdalls @n@ MIBAS cAinreRPENakth @F8ams A, B,
of the data streans and physical channels. An exanple

CsanchBwen MM chreneds 11 20%end e tespeqtivgln)o Batigyrizars repgating this
i [ | of i hl [

FaRbhg b 0 ] D bR LGSR 2L 8050 0 o

transhictetd on VIEM@attanbdlodk 3, 4 and 8s papebitivglyt OI't& data streams are then

articular data str re identified by the sane ]
E@?TF'@ A0 g Pf@}z SR %,gﬁ)% %06‘? o bieapl Basagaft bepngransmitted on

Ehdhsdf tRRaefo EhgndRt @ streans are identified by the
letter "A"

[0053] This process is repeated for each permutation of the combinations of data
streams and MIMO channels. The four data streams can be ordered in six different
permutations: A-B-C-D; A-B-D-C; A-C-B-D; A-C-D-B; A-D-B-C; and A-D-C-B.
Each of these orderings of the data streams can then be rotated through four different
MIMO channels. For example, A-B-C-D can be transmitted on channels 1-2-3-4, 4-1-
2-3, 3-4-1-2, or 2-3-4-1. Consequently, there are 24 (4 factorial, or 4!) different

combinations of the four data streams and the four MIMO channels. The transmission



The data bl ocks of the second, third and fourth data
streans are identified by the letters "B," "C' and

wO Dyos/ovsspect i vel y. Each row of the tabl e correSpUSINS6/009468

[0054]

[0055]

[0056]

[0057]

to a particular MeEVI O channel .. ,Each col um of the
tabl e corresponds to a succes&?’ve dat a bl ocks that IS

tted on th L0 Ghannel [ 0051] o
SEER Praatieams QaeRe M PArsing S001 teie wEEfenl Gpappations is
Qéfefrb@td BRItEs purphRs @ﬁﬂﬁcl@hﬁﬁ las h$u11 fnﬁﬁﬁl‘?ﬁtfoﬁ]‘%ﬁ tife ch)ﬂtﬁﬁ‘eﬁ{bns

of the four data streanms. In the first (far |
col umit shpeidabe neiek shétrthersyviem deserdaddier, 1ante@d<ahu> B2 illustrative,
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- copoReryBF YR prEIBRR dha et BR's Beasmpoited over aof
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f these orderings of the
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41) d'#fterent conbi nati.on r data str
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becomes
SNR® (k) = Nht ()N oy )T i (K), @)

where the i-th noise covariance matrix is represented by

N (k) =01, +Zﬁh D (k)R DA (k). ?3)

Jj=1
Ji



and M MO channels is given by n! (n factorial,) where
nis the nunber of data streans /MEvl O channels. Thus,

w0 o006eEepl e, a system having thr ee dat a str eaPGT/HBI06/009468

three MEvl O channel s woul d ha\é{?1 or 6, different
combi nations in a full pernutati on. A system havi ng

f d | | d h
ghv?w%iéoﬁfv;f@%@m (oGt » DAL ool he Chamnel mari,

per mut at i 9)0 5] Bgvgau e the bl ocks of each of the
d?&m(k%ﬁ{éaﬁ@ RaVe): boe (@hns@ﬁnpteédtfméxonaaluzedf sighal vector, and
MEVI O channel s and experl ence essentially the sane

ohai{fie dernaesdihe ibaelegrourtencidReectefr redeévedibiyf the dhteceiat antennas whose
streans are well behaved. ldeally, the SNRs of the

datiancst is e@%rmeadenmwmv Thewgh thetMBEQ styhterreémse:leb&l here has N data

bl d f k to the transmt
RERRRD Y 4Bl ablaRes. BRAIN Fophectiran e ghiopReobNEE tansmit
streaadheedsot b¥BuALto ﬁ%%n%rto?%rahbrﬁﬁea%ﬁenhﬁg RYORPHE number of
for the data streans, however. [0056] In one

apases ansennas. {The IvEPETPF easmitentdnsanand thetof the skive antennas need
\qut‘aé’fhte Sgl%nlél{ﬁ%ar i nterference cancellation. [0057] If

i'S NO successive interference cancell ati on

[0058] oper atlh @Bneat], tifterég GabMas will be: diffghas smav@uésads&h&@me different

[0059]

[0060]

be achieved with only a single SNR feedback

ARFSHA hgneed aeﬁ@web AT ﬁﬁt%@snﬂfh&fl .tlafhnumber of symbols in
dRSEidoBt HHR/ g ﬁé@@gs thill bah @GRy B dERGEATy O 65@ Er;ggl achievable

MO system at the s enot
Slatarratef(htts petcse¢and) fortheikbh :(tre)am(a)f(thé PARlﬂ\kyste(m ):ar( HSE efculated in a

e s hiniel by Fine od manpiny Gy 19t RibpRT Shsiangf) SNR rate

mdp?r@ctoﬁﬁﬁ of(MVSE) recei ver becormes SNR('\k) h HN
(k)

NN(% I'hN k), (2) where the i-th noise .
4 amié nt 21 NXN +
2?\12 e Eroaﬁ({ﬁ ﬁ))ae‘?’rl?% +S2My( ﬁ?’hz{\&) h(tm | @

---X ' (k)] T denotes the channel matrix, XxNxl
( k) =[x s@uld ke, not(eél)th(nk)he- timeXind®) XA k)d Deele l&hbéi‘aﬁetye omitted in
nornal i.ze 1\%{1 vect.or, . and
representing the S as a quasi-static channel is assumed. These N requested data rates
are fed back and used to encode the next N-stream data frame. The total data rate that

can be achieved by the independent stream-wise encoding is given by
N N
R=)"R® =W log(1+SNR®). (5)
i=1 i=1

Now if pseudorandom antenna permutation is applied as in Figures 3-4, it can be
seen that the rates of the N streams have the same value. More specifically, when the

permuted antenna index of the i-th stream at time % is denoted by 7(i, k), the achievable

data rate of the i-th stream is
W E _ W KN N
R® = E;log(l + SNR™®P (%)) = Z;;log(l +SNRY) = Z_;log(l +SNRW),
i=1,2,...,N, (6)
and all R”’s have the same value. The total achievable data rate is still given by (5) if
the encoded frame size is large and a random-like coding such as turbo coding is used.
The relations between PARC and pseudorandom antenna permutation are similar, even

when a linear zero-forcing (ZF) or matched-filter (MF) receiver, rather than an MMSE



nNxl (k) denotes the background noi se vector received
by the N receive antennas whose variance is s2 per

waleovengiseh. Though the M MO system consi der ed PEF/ESIN86009468
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N data streans, N transmt antlsnnas, and N receive
ant ennas, the nunber of MMO t ansrrit streans needs

t.b | to, t ftans tantennsnorto
i e ot o B B Rt ot ol i R o mesations and a

ANtRNORR fedbatlh ale REJ4I® aCREOS MR rﬁﬂlﬁlﬁﬁ?&ti‘{%@@mﬂﬁ& 1iR&ar receiver
the same, either. [0058] In general, different streans

Wi ingtead off tRkiag aHtt mmnwtn@es as there are di fferent
i fferent

ant enfsRBROUERh I8 O kel Ematof 3 ulhessoivp ntferonce

Rlaneklagnd (SIE® sesicoldegnsnwdedddin ehedanat afbapis. KTRBASMY receiver
t he achi evabl e data rate (bits per secondé for the
.asblﬁV%Stlfr@aQﬁeéfSNRa ¥alpeyor sgwe ehihelatardreams ovifiastalgcodingione of the
U lGenC b .
Lo bl Uy LE s LR Sy BERLRS, (P gy n
lcerRéin)ng=dath csg(ezhmsl-Sl‘M()ﬂe) speciEMiIBY (the -EﬁSNRle):oddd=dat2 stream is used to

N. (4 059 t should be naoted that the tine jndex k
ﬁ%%ﬂgsé%gﬁ 1 FRCR SRR ohCTREY FHineeBRnsRisiqm g ThisentskRrence can
AWerPoelihdsdled bad dfahS RRBINEY shperGRfiIRS dath@R8ml A seco nd one of the
requested data rates are fed back and used to enco

tdata stesamsiwouwd themnbel decoded.aBecafaghe dutatferdnteain ﬁm:edata stream is
trgcﬁltcgg gs a pe%uﬁgp {é‘% et%ﬁ?%éﬁe%?an'c«%?%ﬁ%%% Eﬂe }rg_e [ é’m’cse?% the SNR of

encodi ng“1's

(53] seeehdﬂeaodeaowi stiexni ifs g@@t@ﬂ@mﬂd@nsmt 8N first-decoded data
pernutation is applied as in Figures 3-4, it can be _
§€%5Hnt Hae seerndrigcadedodate Keaw 4y Fhenrmsed iy thetsamegmpaner as the first

uﬁrea%[pfoecasrﬁglc Srhé€ ¥ ke 1%@?&61&&%11?@%%1&%@%@1g%@&?reams. This

thezt st ream at .
(plrodc)s is r¢fieated dbi ezch bf medammntr%tcmta)sftrdahs z-th streamis

}No;( Yv}_’%@n) thﬁ.ﬁEAnqe\tﬁpﬁp o\% (15 pseii g‘?e SNR ak?o%%alé;dslg\#goa\gpa?mcular data
'rstzizaém F:(S)Hgﬁf)l%nﬂi]g? elgnr@dilai(nujﬁhlcﬁnﬁe b e A0 &Y 8RloBedlalith the first
data stream to be decoded having the lowest SNR, and the last data stream to be
decoded having the highest SNR. Because the SNRs of the different data streams are
not the same, the data streams can support (i.e., be encoded at) different data rates. The
data stream having the lowest SNR supports the lowest data rate, while the data stream
having the highest SNR supports the highest data rate. If a single SNR value is
provided by the receiver as feedback and is used by the transmitter as the basis for
selecting a data rate to encode each data stream, the maximum possible throughput on
the data streams having the higher SNRs will not be achieved. It is therefore useful in
this embodiment to provide some indication of the difference between the SNRs of the
different data streams so that appropriate data rates can be selected for each of the data
streams.

When an MMSE-SIC or ZF-SIC decoder is used at the receiver, the maximum
data rate cannot be achieved in a strict sense unless N SNR values are provided as
feedback. Most of the maximum data rate, however, can be achieved in a practical
sense with the condensed SNR (or, reduced feedback) by applying a proper

approximation formula, as described herein.



the encoded frane size is |arge and a random|i ke
codi ng such as turbo coding is used. The rel ations

wheirseeas2PARC and pseudor andom ant enna per nut aPCDOSHENE009468

[0064]

simlar, even when a |linear zero-forci ng (ZF) or
mat ched- filter (MF) receiver, Pather than an

MVBE ted that
onl yr el ﬁa P}ga?gfhﬁgf og’g?%t ?‘bn@&ow gﬁg:pﬁ% gn@@@arated with the

fpﬁ&ﬂﬁ?&l@oﬁr MtERRAGREMLALBE N B3R, tHéeSN‘RX\}a‘Iﬂé@ dtap& ofh@f @ata streams
in the |inear receiver case instead of talcing al

FeaynRe mpreomura[qm 6dlpulpied g éhectians i thasrity, usingethiyESMR of the first data

v | gys ,a _successive terference .
ngg%r{él gveraée ejan% Ok tlga)faer%ﬂr %{8%%{}1% ﬁtrf:zﬂgs J;heénstantaneous
etNRaaffsme Tﬂnet Stréanh e ethy edute hbe s METR60 yR6-wiiRhal d&‘@olner) is
for sone of the data streans by first decodi ng one of
fprgesented byt r eans, then usi ng this information to
cancel sone of the Iﬂ%%% e in the remaining data
st r egmp® mpge Qnerlf e first-decoded data (7
streamis us I&@unegen Fﬁiﬁ+ ﬁaw) tefrference that it
created duri htréi‘ﬁsm"’e‘ i‘on. 'I” i ¥ nterference can
then be cancel ed out of the received superposition of

dehae P Neaind o Areseanely dsgote kighhleendatyanshb@asTalaniledms, and the
t hen be decoded Because the interference in this data

Yerianeh of $he baskgepng foisey oA §ireple wayhhqugh dt fsaros @pimal in terms of

r f.
B e U AV E Aok Wt AR g ptake the
mzitlo: hﬁ tHei ax&:rag¢emgmhédmd\adr a(oslmoearspecmcml]gfedmwmwﬁmﬁd aflean) to the
ream.is ed in the same man as the
Pv?gge @??E PHG %ﬁﬁﬁﬂangdﬁ§e@P“Fﬁ%mBﬁg%rference
in the remaining data streans. This process is
repeated for each of the remai ni ng data streans.
[0062] When this SIC ng gg(ll,gg,y élused, the SNR
associ ated with a parti« | vaht B/ t ream corresponds
to tﬁ%Rd&d@r-fﬁ—mhych—fhe—dafa—sffeaﬁfmae—decoded,
V\Aththeflrst_ ARt 4 ing the
b9 Sl 8 e i g TR

| owest SNR, arkd | ast' data streamto b ecoded
havi ng the hi ghest $NR Because the SNRs of the

di fferent data strea@EH&ﬁ@WthAhhe same, the data
streans_can suooort (JFI . be encoded at) di fferent

data rat ;, ;1 Vi s SNR
suppoﬁ?‘e"ﬁ &) % M? gfl Hiva eﬂ’;a stream
havi ng the hi gh sf‘ ’SNR supports t he hllghest data rate.
If a single SNR | 4s provided by the receiver as
f eedback andpi s ed"lby the transmtter as the basis
for selecti te to encode each data stream
t he maxi rrurﬁ%o_:glﬁ *hroughput on the data streans
havi ng the high wi Il not be achieved. It is
therefore useful inxAhis enbodi nent to provi de sone
i ndi cati on of the dEWeﬁ{qdzlnce bet ween the SNRs of the
diffe cdal] d@ta K reams so that appropriate data rates
can be se?ec“fged\hfrbrfﬁ} Igf the data

le

®)

Jj=1

where the average channel correlation factor is calculated by

e X G B 2P
_NWN-DF5 X N-large |
( ) 11 i+1 - (9)

g = —Z”h wall® N




streanms. [0063] Wien an MVBE-SIC or ZF-SI C decoder is
used at the receiver, the maxi mum data rate cannot be

waedeevsels in a strict sense unl ess N SNR val ueRBCHDS82006/009468
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provi ded as feedback. Most of1 he maxi num data rate,
however, can be achieved in a“practical sense with the

d SNR ) d d dback
or operts Siﬁﬁb Soibr oh o Rungh SRRAGT B £afodih Satheottn fey-th stream,
tWigctPishiREodbangher wﬁellfﬁfbnl\ﬁ‘t@ firstLt Q88Imd, REPHOLNIANSE, hDue to the

with the pseudorandom antenna pernutation i s used,
SKRmeliqggIcgire Of thedisedorardom énteeam?emmyatm poimilar SNR result to

SRR P 500U PR aD R e o

daerfedentd Ogndlg eihaeh i8 MEpreschied byt r eans. The

i nst ant aneous SNR of the first stream at the output of
the MF (or pilot-weighted conbiner) is represented by
SNRm where P, N, and s. y2 respectively denot e signal

ener gy, nunmber of data E] and the variance of
t he background noi se? AJ=s| vvay (though it is not
optimal in terms ofygeh )ezdata rate) to calculate
t he average SNR of an egb@vmb frame is to take the
rat isqy t he average sidmhal power (or nore (10)
speci f caT‘Ty the arithneti RAN) to the average
(arithmetic nean) |nter§oer &vgid noi se power such
t hat SNRI | fr(éhm)a@gg YH—OorHll p/ Af L ZJI
Inci Il ri VJ=l § hl<fi|27l+1JyJ wher e
the aver age channel correl | actor is calculated
y[ 0065] In the s t e avera e SNR of

an
encoduFﬁgnf(ﬁ}aﬁed &¥0)t ﬁéeia ipm of theo SR Gpiiveen ithe Eeé@m and the i-th
Q{rfﬁﬁc&ﬁ%@rlﬁh'wﬂm?&l& he first i-1 streans, can be

cal cul at ed e symmetric structure of t he

Pseudor andom Ant enggar®er nut ati on, a simlar SNR result

to SNEL.of, he—iret—s—t—’fﬁ'efé’-ﬁ'a—t—s—ae,hl eved with a (11)

di screpancy ot ¢nd- é’fmfgeéyﬁmeedwunber of |nterfer ence

signals, which is represented by

FeAayAlcady. ta%\wBsre{age@sTn lm@mn(t@)l t«ahfa (10) a

relation of the SN§A}&e¢)\Aeen the 1st stream and the

i-t BNR 6) — frame,avg 12
frame,avg 1 + (N _ Z) pnvg . SNR (N) H ( )

frame,avg

through the SNR of the last stream. Therefore, if the SNR of the 1% decoded stream (or
the last or any other decoded stream) and the average channel correlation factor is
available, the SNR values of the other streams of the Pseudorandom Antenna
Permutation system incorporated with the MF-SIC receiver can be accurately predicted.
Formulae (11)-(12), however, present only one example of how the full set of SNR
values of all the data streams can be restored when only one SNR value and one
correlation parameter are available. It should be noted that the more sophisticated
effective SNR based on (6) should be provided as feedback rather than the arithmetic-
mean-based average SNR in (10) to make a more pertinent and optimized rate selection.
Thus, in the actual implementation, any other formulae which effectively account for
the SNR relations of the streams in a given MIMO system, can be used with the
reference SNR and one or a series of auxiliary parameters. The auxiliary parameter may

be the average channel correlation factor, ASNR, or any others.



stream can be derived so that it is1- (i - 1) pK
fr or, equivalently, the SNR rel ation can be rewitten

W 200009BMR = SNR / Zrame, , q Vg , | + ( N -PQT/USIP06/009468
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avg - SNRZe, avs through the f R of the | ast stream
Therefore, if the SNR of the decoded stream (or

the | ast I he cod str d t he avera
c:hanngﬁl cﬂ%‘ %jt“f%(?ﬁ f@’&’&‘ﬁaﬂ“ %gl)a%" ﬁ??ﬁ?’}}é fsnan agqerate Caleulator of
vid SINR v@luek R tHRINIBLISIE R &3Ver cale, LRELE §@éldd§raﬁmﬂower bound of an
Ant enna Per nut ati on system i ncor porated w th

MEMSEcS I e asieiver. laafact dha SBUk af éllley last éqcrcmlpédstremr\mn be the same

ne e | e. of . how
Srdeel e M SHT ERAERREL iRt CRRe TR kale g e SR
lep (ics MONVISE SKRP- BIH INRNBetGdE trl dtkeraf@at il hl%ﬂy depend on the
correlation paraneter are available. It should

ﬁas%réae @h?atleltq%re}?ﬂpa fagipmMehen dbe avpregercanne) sospiRtigmfnstor is small
ar| t % ﬁgﬁgase g‘%"g@%ﬂ@ﬁgg‘%(%@% tﬁéﬁ%@ biiP be nearly

meroeevpe f¢1i the ntheasttbanp t(amd the S NRavaussedcpest idifferenfistisams will almost
actu l.enent at i on, t her. f oy nul ae._ whi ch
b e ] QR fhop et Pl ASO B S (i VS /@RS the SNR of

$he ﬁl@frﬂeéd&e@ sEe B NarliBiYe QvRYapb &Ranfd e RRIDE Faliol D (BE the base
reference SNR and one or a series of auxiliary

staHarretieekposd e raigx consaryatipely amshe basingf (18) shthahtherlattpe streams

rr to NR, or. t.her 0067
SR S PRt T e o Bl B8 b, e
daseauistigrat @istcumnt ﬂteofep@fted BeerShdRchaahélesortelation Efadtbr ﬁl ﬁ:smaller
receiver case, can used as an SNR | ower bound of

VRBE inssensidsgatiop et thq Wpﬁla@fy of the adygrcerd receiyer Gt MMSE- SIC) The

g«%ﬁ)‘?@gq éﬁé@?ﬁ‘gﬂ%goﬁﬁtﬂ)ﬂ Zac?mﬁ (Qf %Q dhﬂﬁ‘n&{gd ?Lo?e %esswely

MVBE- SI C ckground noise 1s
ghpw(large,,wMGEith alnidst i8N]) iflieisweal. t he ot her streans

wi | hI end on t aver a e chapnel correl ati on
et o Ry TREC L eraghle T IAn ALY Zenmte g iigee SNR

g?l?lﬁio of( RE, IN ﬁﬂz‘éfns $P ;ﬁ{e' d%lcoéih% @ﬁ%&' b eﬁfn@atg ﬁ%;dg‘(lmal effective average
channelg gor;?elat%?lefaggg SO ‘?hrat the curve 1n (12) (or another properly designed curve
for the MMSE-SIC or ZF-SIC) is as close as possible to the generated SNR values.
Then the SNR of the last stream and the effective average channel correlation factor are
fed back so that the base station can choose the rates according to (12).

In practice, it may be possible to derive an approximate SNR relation better than
(12) in the MMSE-SIC or ZF-SIC receiver case in terms of simplicity, effective
description of SNR relations, etc. For example, it may be possible to take an additive

SNR relation

SNRJ(‘;(_zrln)e avg SNRj("sze avg f @ (SNR}:\(Iv)ne avg ? Io ) (13)
or a multiplicative SNR relation
_ SNR,
RG-D — frame,avg /' 14
SN Jramesavg %(l) (SNR)(‘Z;)ne,avg Y ) (19

for a properly selected auxiliary parameter pand a recursion function f®(--). The

recursion function may take a constant value, for example, f®(SNRY) 0)=K,

frame,avg ?

for a simple implementation.



zero even for the other streans (and the SNR val ues
across different streans will al nost be the sane);

wo@eienessse it may becone | arge. Assum ng that PEEUMB06/009468

returns the SNR of the |ast digoded stream and t he
average channel correlation factor of (9), the base

ooy §L2% 195, G20 008 " B BRI B Bt s of
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$efeRinYe $8ROGAMe AAE 8 AIMR falus! Bdch@@Nhb Shalfep Q&Qny Rperienced by
the other hand, the base station can di scount the

rcaghopt de datrestiegas dhessertiallydhe sdrae,ithm diffesense in SNRs for each of the

I i n_copsi de .on of. capahi | i f .
TR <R S AP bRl anktEseRETRRep dobodipg successive
avey afjehechannetbarsnr Betaist ale EEedtasf $IT 619)tthBNRb6f successive data
di m ni shed_nore aggressively if it is |lar while it

sdearahis Weldhayedy and well yndesstoogghe SNRg 8l]he Alatag pireams can be
BRI roxddIRed ! 4 SRt SNIEARBCAHAL XSURNAR, Swhere the

rage val ues streams 1 n
defedca GNR a/ghleaisdthesacltumum Her aind ifinsttdeeddeeicthanael (or the last-

ver age chan correl 0 that the cuyve
BT or 35 s e bt B el s Grane i the S deden,) and the
MR PhlGe %rthgli:mﬁlo%mé& _I(@lsd%ﬁﬁaﬁoﬁ‘%leﬂé?rﬁﬁigtﬂnethﬁ QyHEIR design) in the
%enerat ed SNR val ues. hen The SNR of the | ast” stream

AR tibe cadhy e@qqes;seveéwéu@gled chamedl Eaor exdnapleothef SNRopf the first-
%E(F edfgg gg%@:@gls r?g %lqg % ?er?%%&?{ e%h gﬂgcgil}e% Q o%fig r(}tg?pedﬁg channel

posgiablte th@réi&fehwéSNTR BRPrASNREBHe SR crfedhattm@dldaﬁidte@ fchannel is
than (12) in the MVSE-SIC or ZF-SI C recei ver case

eavahio Bre referpmce eNR plugtwe ey ASHEs ard R ponltshosigRe noted that the
hgdcBdtAtRISis %uﬁedﬁgmse}&gpgkf‘der Er%mg% Vtﬁ@ n‘%%sﬁ iSn 'ﬂQco/des the data

t ake an adltlve t1on
@@Mﬁ% amivlg th%r@fo(ela:b)e tmrap@lymhb lSNHsl (cﬁbnen& SNR pled mtitiple of ASNR)

L\ Kfrane, aV
]to ?le /apgrppp%e c{al\g styeagls ’Iﬁae £ p}lbsr opgra&oaﬁziq%g,\{]{ can be
%ﬂd@ %ﬁﬁé} 1ﬁlﬂﬁ‘é LheRf YeaRabBiRhE Hed?ﬁélfl (cﬁB)rs@QlHr§é e g e'reRﬂ)n in the

erecursmnfunctlonma t ake a const
ng| s¢ale q‘omesmodﬁm &he mumpﬂqcatldrmpeaatmnmplthe 11near scale, the linear and

di
U TR B kPR oSBT RR I o Bk SSERE 0 i
v]al) ygw@(rwd a Rﬁwyﬁk{lﬁzmﬁﬁ&gﬂéﬁ-bme hannel qual ity

exper | efeEdd’ each of the data streams is essentially
t he Sﬁ%mﬁ;fﬁ) didurer 8% furlcRomNBfock ialf hlll%ﬁrailﬂgt@%hﬁcture of a

streans results fromthe cancellation of interference
Wﬁéqmdé@togqﬂp@s siseedsaidpm antenna permutation and successive interference

cancellation in accordance with one embodiment is shown. In this embodiment, the
system consists of a transmitter 610 and a receiver 620. In one embodiment, transmitter
610 is implemented in a wireless base station and receiver 620 is implemented in a
wireless mobile station to form a communication downlink. The mobile station also
includes a transmitter and the base station includes a receiver to form a corresponding
communication uplink.

Transmitter 610 and receiver 620 are MIMO devices that are configured to
transmit and receive four channels. Transmitter 610 is configured to process four data
streams and transmit corresponding encoded data streams over pseudorandom

combinations of the four physical MIMO channels. Receiver 620 is configured to



ones of the data streans. Because the effect of SIC on
t he SNR of successive data streans is well behaved and

wonedob/oemseler st ood, the SNRs of the data streansPCHISIDE6/009468

[0073] syst e

reasonably approxi mated by a reference SNR val ue and a
DSNR val ue, where the refer enéd SNR value is the
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t her.ef bl e t t he SNRs er ence SNR
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[0074] E ts{\lea'l@efeﬁﬁﬁg t& BdcEEAE2() AR Shshitfe P8 AP ELaLLESy , antennas 655

R can be made either in the linear scale or in
dad iaBe forwarieyl te afiest ong of hequllzgr@ @Per Ehis dirst enuatieerd®mputes the

SR TP HSERI SR R I LA Rl R BRCFBRAIR 4 B one of
QpBIapHdre rmsar eTlﬁeeSeme@dedv eyMbaq Uiu’éa{h%ﬁt déigtedtsaved 63 3first one of

and (14) with / (1) éefh ASNR( 1 i near_ -
éiea!t%k?ayeré aﬁ79ek)nd dicoded py Hisplephy ﬁ@ degpderscHfE. @hedecoded data is

Waécpﬁai R{ Qﬁé(oiﬁ ?&fe?éﬂcbl %%1&983(9 %&H?re}%ﬁéf&ﬁey frfe 1ﬁ{erference

systemt at utilizes pseudorandom’ant
perrespoading rio ahel fisu claes siream amt earfcelsahBeintafecslct didndithe received

in cordance with. one epbodi is shown. In this

oGS Rei1os sy UBdIE BraPUEs b SeTyaiaiRpou s irpeach of the
28 HaiRinoRf] ¥REME20. I n one enbodiment, transmtter 610

is inplemented in a wirel ess base st ation and receiver

[0075] 620 i Aftarptlerfent of tha dated Stl@hmsshambbd:em geetdedn SNRs have been

[0076]
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rs&é:ﬁhsvfafe teQuilQlém By GRMEREARNChaE 6@IMMDI sFatheOMINVD | dHannels, so
[0072] Transmitter 610 and receiver 620 are M MO

@%%@@Stlﬁaﬂ%%l?é oifterguRaesd feroeachapk e dated sireases gdse from the
sf?&ress‘fvr@lf'l‘xrt@fe?e J%@H@eﬁbﬁ&ﬁr ’Iﬁ& Q?deﬁle‘f 95‘% 't}g:%fgge éo n%lte a condensed

process four ta streans and transmt correspo

SN dedicfdr ahs veBerbawdeset p SNRsrcandgrondingbiorthe lf@nsdaaf streams.
he four, physic MBV] O channel s. Recejver_ 620 i

To ot et Rl e AP Ee o PERE Pt Fetorenes SRR value and a

NSAH QhlSe, Wl%@@ﬂ}%tﬁm vhie 1@&%m&e%tl%t\§5€nms @f‘glccesswe ones
process this data to regenerate the original data
of theafafa streams in either linear scale or dB scale. This condensed metric is then
provided as feedback to the transmitter, which can adjust the data rates at which the
different data streams are encoded based on the corresponding SNRs, as determined
from the condensed SNR metric.

The operation of this system can be summarized as shown in FIGURE 7.
FIGURE 7 is a flow diagram illustrating the processing and transmission of multiple

data streams in a MIMO communication system, as well as the determination of a



[0073] Referring to transmtter 610, the four original
data streans are received by encoders 630. Each of the

wWepwedeasss encodes the correspondi ng data streaPCHUSZ06/009468
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[0080]

data rate which is sel ected fgﬁ that particular data
stream The encoded data synb6fs are then interl eaved

by interl 635 mapped, t dul atio ynmbol s )
SIndeBSHL PRGOS BBl B T B Coriioh ShD Ghgpggas in the
BYodesyimiibBthe @Rt UREAmSHhuctSrdAIeaiRRSnE&MbodlRent.

nodul ation synbols are then transmtted by antennas
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660. This first equalizer conputes the SNR for a first
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eRbbeiTRANGhd Psdudotali8orh ipatiémdadiad&t zﬂ?@ﬂ?h@??ss‘?%@ ?@ Itations of the

this interference fromthe received sign imlar

sewbimgtoniplishtasticams aod MIMO fchannsisg rEiesmixdng ssipomdinisgion of the

f [ enaini data stre . 7 Af t.er
b8 Rod syl EGHRbMA 0 8 Bork s PTina g3 B bt 10
have Thenraighittedi daedisften eaelvedlbyt the réadiver Y I®aNBhe ASeiver is a
the SNRs of the data streans are

descri bed above, ] s of ) )

e@%@ Teestv B {hat camspatielly distingideh Beetifferent MiMChehaunghy The mixed

gbﬁ%ﬁ? #)fsthﬁ%‘ﬁt A 588 §RAEShikeH Mlﬁp@é’ﬁ&dﬁ& s R8Hs 12 econstructed
ach of the élat a streans arise fromthe successive

(HitSer Adter theencadedalakadticams arclireonsanetetcan SR i Beemiioédrfor each

t d dS tric, f t he wel | - behaved . .
R S, WP LS 8 oL PELEIES i
SN t, A:é Rie$crbRA38HREdn 'TE% Embodigitnt %%‘" ﬁé@glsl%RG, the data

reference SNR val ue and a DSNR val ue, where
viatams pe terodgd fseeuantioly batlwerenueNR® ofgesureicestsl vien cancel the

t ata. strea in ejther |inear scale or dB
g@% eerglgcﬂﬁ%gregcpé)rq &) st(ég"ep%f: ?@eéi 4‘%? “&Wgﬂ.‘spr ovi ded as
f eedbaiientthe BNRs o068 Riof HRY dataMticahs tate BéinUsterbdh®edd@tandensed
rates at which the different data streans are encoded

BEEermeBl if rempsieddsqe Hefish yAIRRE30s Atedigqussadeabore.che condensed
L8 O SEEEN he, LOGERL TSR0 B0 e e
Foridensedf MRy nokitag isahren kémt dhclatd thg ttahemiteo (531 Ag prevdously noted,
%rgr?srﬁ%ﬂ]érsgi@ nangf regcyllvéri 8&(? form the downlink of a wireless communication
system which also includes an uplink transmitter and receiver (not shown in FIGURE 6)
which are used to transmit the condensed SNR metric as feedback. When the
condensed SNR metric is received, the SNRs for each of the data streams are
reconstructed (740), and the data rates at which each of the data streams are encoded are
adjusted based upon these SNR values (745). If the receiver does not use successive
interference cancellation, the ASNR is set to O in the linear scale case and 0dB in the dB
scale case.

In one embodiment, the receiver may additionally feed back the information that

requests turning off some of the transmit antennas. Then, the presented pseudorandom



data streans in a MEMO conmuni cati on system as well
as the determ nation of acondensed netric to be

w@ewvioghsels as feedback for control of the data PEX/ES20061009468
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[0082]
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[0084]

[0085]

the processing of the data streans in accordance with
one enbodi nent . [0077] As sho in FIGURE 7, a set of
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g& @gﬁgﬁﬁg decoded to the initial data streanms (720,
?. escri bed above, in the enbodi nent of FIGURE
6, thdldatgh adtr disrmsseﬁlrlﬁ diedloabese.siesiumid bahbied alndd tlee Binctionality

sed t ener nd t hen cancel the |nterference
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tﬁﬁ@eﬁz@ﬂiuﬂ@?&&né 6f thB éndbile R&fibAd &d HadSSthtioS Previ ously
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PR TG HoP UK, o (PR OISk (IS KMo Y gt form of
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upon these SNR values (745). If the celver es no
irstrustiang desinypdementing the functlonahty described above comprises an alternative

embodiment of the invention.

Those of skill in the art will understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



interference cancellation, the DSNR is set to O in the
i near scale case and GdB in the dB scale case. [0080]

w0 pooeng9seibodi nent, the receiver may additi onabdHUS®eE009468
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back the information that req#ﬁsts turning off some of
the transmt antennas. Then, e presented
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feedback netric that conprises a value other than a

implement thegireniked fenctinhalityDSNRryiag veays Ifor eawht partidwdar application,

i C. ' .val h ch
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of receivers non- Sl C), different nunbers of
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o S C SRl Slbloa iy b BhBRrERl o Yorformed
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HRSMRIEPR Rigid NRSRIGHIEES - gatbCoP tRRERRY ng)gﬁrlﬂ b&¥GER Mhardware
hen control the processing of the data an
compenantss iop hy sewibptatiof théreofodsignby to tperfors plae finctions described:

ransceiver subsystens of the mobile statiqns.and base..
b o R Gk R B P AT UG i i he afiemitiv, he
pycebssat Inyaye i Oghiye BorvenBorl Girak8sdTe Gonidlldd 2imib®controller, or state
readabl e by the respective processing subsystens.

maghipear § Brasewge Mayd RS0 nhgy Implemeaied REVR reonBhination| efs gomputing
, v EP ry. JE PE@(J .
gg‘g?is%/ e?'g% ard d %{%tf(()% ?gvhré rrE%@m)\/a bl)éléd d Fs , 88%38%  pplurality of

angroptoaessofsppme of meteomimgeproedias ki owjuhdtionheitiRa IDSIBUEH, or any

a,storage di um enbodyi ng programinstructions for
PY‘Fﬁm?E%PP%‘Hf‘%‘-f unctional ity described above

Conpr irEepredibud ldb&LPabA ¥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, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

consistent with the principles and novel features disclosed herein.



enbodi nent of the invention. [0085] Those of skill in

the art will understand that information and signals
woreapelogoseepr esent ed usi ng any of a variety of BUCT/1820061009468
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i nstructions, comrands, inforfation, signals, bits,
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GMR4teNEI8imeel igCt r omagneti ¢ waves, magnetic fields or
particles, optical fields or partlcles or any
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or ot REPYRERe sfidefiidclion e B TRin beumolshias B irs
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PUr POS&ubiRCRS a¥a rat@s st oL iR the ol @leals Qfeee?ﬁ?ﬁed( e first station
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or any
4, ‘The method of claim 1, wherein the first station is a base station and the second

station is a mobile station.

5. The method of claim 1, wherein transmitting the data streams in permuted
fashion comprises mixing the data streams on the MIMO channels in a pseudorandom

pattern.



ot her such configuration. [0088] The previous
description of the disclosed enbodi nents is provided
W o00engdsk® any person skilled in the art to nERET/U82006@09468
the present invention. Varioug.nodifications to these
enbodi nents will be readily aéﬁarent to those skilled
in the,art, and. the generi.c principles defined herein
fay b hﬁmtb%ﬂofi%ala{ rePhessiB SiA ReEeCangionh BRtieTh erEPETeR g ful
foeRfitthiieh §BdsbibleVontiRRRnObf thB AaiaWMetht MY thE MOt REnnels.
present invention is not intended to be [imted to the
enbodi nents shown herein but is to be accorded the
i des i.stent. wi.th the..principles and novel .
loat ar't® it R, £ teftib e i Bimp e o ek tonoise
TaticASNR)hod i npl emented in a nultiple-input,
mul tiple-output (MM) wreless communication system
conprising: transmitting each of a plurality of data
t r ears, . f I f: st [ t : Lon in.
Ser g TAm AL, SUREE Tl B S8 ey WA Rl s
irefernseSNRpedueinidragASINR vehkea streans at the second
station; determning a quality metric for each of the
data streans at the second station; determning a
©onden$gennt dilcfaiffet, Thhed ok ;%siﬁ?@@%ir? Ak bR ARA¥EM streams at
on the quality netrics for eacth of the data streans;
dreoseponthgatiant i ng t he condensed quality metric fromthe
second station to the first station. 2. The net hod of
claim1l1, further conprising: encoding in the first
d0at i Qhe edtiiod éTeldinUg, 3Hekdin tHe edddeddat-LAREMA GEOALbA at the
to correspondi ng data rates; and adjusting the data
PeRoad SREONHPIRA SHqeessiva intesfereagprgangellatione oded at t he
first station based on the condensed quality metric.
3. The nethod of claim2, wherein the quality netric
donpr iAssmsthad $orgnaltiptecinpot, smltipaé-ootpaSNRIMOWttektish cdrh@unication
condensed quality netric conprises a reference SNR
VAPHESB%d a DSNR val ue, and wherein adjusting the data
rates eRbodil &ioh bPS pRkify of H4A @ﬁeaﬁlﬁs,eac%f}ﬁﬁ)t%el@ c%ﬁég&nﬁﬂlg data
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data rate fta@es;each channel based on the reference SNR

of o ihatiehelt bR e friGhenDhag A LovSE p Rty of Riivo
stati on andhdnnels$6aebsdnd station;

receiving a condensed quality metric; and
adjusting the data rates at which the data streams are encoded based on the

condensed quality metric.

12. The method of claim 11, wherein transmitting the data streams in permuted
fashion comprises mixing the data streams on the MIMO channels in a pseudorandom

pattern.

13. The method of claim 12, wherein the pseudorandom pattern comprises a full

permutation of possible combinations of the data streams and the MIMO channels.

14.  The method of claim 11, wherein the quality metric comprises a signal-to-noise
ratio (SNR).



station is a nobile station. 5. The nethod of claim1,
wherein transmtting the data streans in pernuted
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shepnyars cacedsa bassdy the cerdsasedaiahityapetse spmprises adjusting the data
oo ‘F&J aBh bﬂﬁmelgﬂa(si%el}gﬂré QL SRR ikl uk Q?xﬂfl‘cﬁple of the ASNR

tlpeou Wi el ess comu
oalweri si ng: encodi ng each of a pl urallty of data
streans according to correspondi ng data rates;
transmtting the data streams in a pernmuted fashion

qQver a\ Rlethodltbt ﬁﬁuRi‘pangqua ok @ lofit rpQ.\P (AIVES WRL1e3E BbhBRinication

recei ving a condensed and adj usti ng
chepdsing: rates at which the data streans are encoded

or ot RS FRAARD AP Bertifid defa (Refisdvate aoblii SEALSED

pernut ed f aiiirely; conpri ses m Xi ng the data streans on
the MEVI O channels in a pseudor andom pattern. 13. The
met hod6rsedy perruting therdstasiticatie pseudor andom pattern

conpri pbi nati ons
o T ol ey e B B e "
net hodeefmiiigg awdnblensedeuelity nhdteic bmﬂlohyhé@iaﬂﬂty:metncs for each of

conpri ses ahs%%nal -to-nojse ratio (SNR). 15. The net hod
of cl ai m 14%€ GHRSEaS; f¥ condensed qual ity metric

conpr ig8snifehe tofdcscRatd) MeuRnd 2 B LlPRiokal ve.

18. The method of claim 17, wherein the data streams are permuted in a

pseudorandom pattern.

19.  The method of claim 18, wherein the pseudorandom pattern comprises a full

permutation of possible combinations of the data streams and the MIMO channels.

20.  The method of claim 17, wherein the quality metric comprises a signal-to-noise
ratio (SNR).

21.  The method of claim 20, wherein the condensed quality metric comprises a
reference SNR value and a ASNR value.

22.  The method of claim 17, further comprising decoding the encoded data streams.



16. The nmethod of claim 15, wherein adjusting the data
rates at which the data streans are encoded based on

wao b@eomseensed qual ity netric conprises adj ustPa@myUsive6/009468
data rate for each channel based on the reference SNR
value plus a multiple of the NR val ue. 17. A nethod

Crmmurre it i £ iR SoPoralda a5 Gpoced using

REEEB: Rinftdfeferet CARBRatMET a plurality of MMV O
channel s; inversely pernuting the data streans;

determning a quality netric for each of the data

I AR A

and t ngneddksiihg Absthiemcadensed qual ity nmetric to a
base station. 18. The nethod of claim17, wherein the
dat a @ttfansgesves sebsysiemiaxing aplaraseefdemnamdenicpass andrbeing

19. The nEtCB'?lﬁe@IOt%%({yfg%egr%%?énq t he pseudorandom

pattern conprises a I'on of possible

conbi mdietedm thegifrodelsingl slitdysitmaacmineedibe MBVI O

channel s. 20. The rreﬁt hod of claim 17, wherejn the )
qual i ty nmefRfRdeEanheh aRdralits pigtest sticgm greudingitp g corresponding
(SNR). 21. The pmihed of claim20, wherein the

condensed quality netric conprises a reference SNR

val ue and g@eD8NRtheadatpestreams aii¢h eontet! iweckrapiscad Vet sobdygtem to

further conprising decodi t he encoded dat .
treans. 29, The HBTTB ARG g i SEERRRRER Htesfiy of MIMO
encoded data st cR@imBlsdofresiRaaRRdo Ui tfsHUGHRNRAY €
interference cancellation. 24. A base station for a

M MO wi r el &s§ivesrhondensad neality yetrigassemigied wiithgll of the data
processi ng subsg&éﬂ% and a transcei ver subsystem

having a plurality of transmt antennas and being

coupl ed t odetesmine an el vidgalsbBysherit avsoeiaridrwithéach of the data
processi ng subsystemis confi g}g}rﬂgd écf encode each of a

plurality of dab%caRyRasetonte graity Betrics peshdi ng

data rate, adjust the data rates at which each of the data streams is encoded based
on the individual quality metric associated with each of the data

streams.

25. The base station of claim 24, wherein the processing subsystem is configured to

mix the data streams on the MIMO channels in a pseudorandom pattern

26.  The base station of claim 25, wherein the pseudorandom pattern comprises a full

permutation of possible combinations of the data streams and the MIMO channels

27.  The base station of claim 24, wherein the quality metric comprises a signal-to-
noise ratio (SNR)

28. The base station of claim 27, wherein the condensed quality metric comprises a

reference SNR value and a ASNR value



pernmute the data streans and control the transceiver
subsystemto transmt each of the data streans over a
w@bkwsadisey of M MO channel s correspondi ng t o tPEI/US2006/009468
transmt antennas, receive a gndensed quality nmetric
associated with all of the data streans, determ ne an

isadi viedual qual it tric _assocjated w.th each of the

o O Baeeiahenlt i dte v BRRGLhE ooqins PSRt Contigured to
adfhsedi: ot rhleQt ARl dadl 88 a fre i isEhc8RGbYHontJ€ing @lcBrresponding
streans i s encoded based on the individual quality

YR peuah istbe refersdcab NR valuerples 2 mislipdaobths ASBERralu® Syherein

e S Lon.of .claim24 wherejn.the cessi ng
SHEeS TR Eqth 3B heR Rl P St PR G SR o e
M MO channel s in a pseudorandom pattern 26. The base
station of claim25, wherein the pseudorandom pattern
SOnpr iAsBgbde station fos aHMP] wiseles coBuRYTHTak OB SHIEA SOMPHEINg:
of theg - n he MBVI O channel s 27. The
base s#gg%%%ﬁ %ﬁgggPﬂi%%% wherein the quality nmetric
conpr iasemsceei i gulslystemrioiviag a ptfatitf @NBYeiPBantditnas badBeing coupled
station of claim?27, wherein the condensed quality

metric conp? MEQRLOSEsHRg SHOSHIEMENR val ue and a DSNR

val ueZherelh thellpo&sshabhsteh iS LG PuS towherei n the
processi ng subsystemis configured to adjust the data

rate at whiredeiveqehmuigd da@gtstreams vie thawsoeiwel allgnrsput i ng

a corresponding, SNR e | .o the reference SNR val ue
plus a nul f?vﬁ%lyﬁewg%&ﬂﬁaﬁgia%sj’ wher ei n successi ve

ones of thde¢tkahsddteam@mtave successively hi gher SNRs

30. A nobile station for a M MO w rel ess conmuni cati on

syst em conPficEPIRg anindiyidudl ayplity meibs getresponding teeach of the data
transcei ver subgysigm having a plurality of receive

ant ennas and being cdupled to the processing

subsyst em defesnimen cohderpedqedisy ngtrivuizsyddetheiisdividual quality
configured to receive ns via the

ernuted data stre
receive antenn ag}etﬁl‘h\f’é’g@%ﬂ%?d’é’@rtﬁﬁ? ?fﬁ_ée AR ST e R,
decode the cggtdl tid 8RB verdab§EN® Bhshitdhy b(ggit@gsed quality

quality nmetric corresponding to each of the
metric to a base station.

31.  The mobile station of claim 30, wherein the processing subsystem is configured

to inversely permute the data streams according to a pseudorandom pattern.

32.  The mobile station of claim 31, wherein the pseudorandom pattern comprises a

full permutation of possible combinations of the data streams and the MIMO channels.

33.  The mobile station of claim 30, wherein the quality metric comprises a signal-to-
noise ratio (SNR).

34.  The mobile station of claim 33, wherein the condensed quality metric comprises

a reference SNR value and a ASNR value.

35.  The mobile station of claim 30, further comprising the processing subsystem

decoding the encoded data streams.



streans, determ ne a condensed quality netric based on

the individual quality netrics corresponding to each
wo@Roobheosemt a streans, and control the transceiREF/US2006/009468

subsystemto transnmit the congsnsed quality nmetric to

a base station. 31. The nobil &'station of claim 30,

wherein the processing subsystemis configured to

inversely pernute the data streams according to a

Bge udarangeiileRadiiof lof claBi 35 WRerBRthé Broebaidib&stenh BdBdes the

31, wherein the pseudorandom pattern conprises a ful

saeored sletasireams peing sricesstribieniaranomeangellation. dat a

streans and the MIMO channels. 33. The nobile station

of claim 30, wherein the quality nmetric conprises a

si7gnals hﬁltﬁﬂé-ﬁlpilatrhlﬂtiﬁmdput SMIMT)evifaIEss |cBmBiitida8ion @¥stem,

claim 33, wherein the condensed quality netric

COMPFPEE8s a reference SNR val ue and a DSNR val ue. 35.

The ' ' : ' . r |.Si .

or ocodarng 3 BELARRE o T eie W s GRRERLR {ist Mfiion o

st r eans. 36.secdnd stanion liea ptatitedfashion loaéma @bralihef MIMO channels;

t he processi ng subsystem decodes the encoded dat a
St r e AEAS g A BSOS P S 26 i Ser et i
37.  AnBahé fRlRrekRRit g a Qi) BleGiOtt Bith df I\!fflé(\)@ta Wrd 3188 $he second

conmuni cati on system conprising: neans
transmitti stptieach of a plurality of data streans from

afir ti to.a second statjon in a pernuted, ..

Fashi SieeDt &' Blonitysly £ 55 BhsRi e Shnsife B8 8 Stagion based on
inversely pigs qaditygietfde fetasach 6f the bt sibarhfl@ngecond

station; means for determning a quality nmetric for

each &eaphior FapaMiiRgRmsondensetqualibometristizam i, sepenghsation to

for determynifg &mﬁgpdensed quality netric at the

second station Ease ‘on the quality netrics for each

of the data streans; and neans for transmtting the
c.fromthe second station to

ndensed qual i.ty. ri
l%ge firSeY e30f 6 ?rgggz %“Ttll?‘ér SYPSEMEf claim 37, further
CONpr indah@for BRENMN A th€RKP Hafibn éz{&httﬁ‘@%lﬁ.&agﬁ o544 f¥Ams
each the plurality of data streans according to
cor r espondiageprdiag &o eeraspondingidata rates; and
means for adjusting the data rates at which the data streams are encoded at the

first station based on the condensed quality metric.

39.  The system of claim 38, wherein the quality metric comprises a signal-to-noise
ratio (SNR), wherein the condensed quality metric comprises a reference SNR value
and a ASNR value, and wherein the means for adjusting the data rates is configured to
adjust the data rate for each channel based on the reference SNR value plus a multiple
of the ASNR value.

40.  The system of claim 37, wherein the first station is a base station and the second

station is a mobile station.

41. The system of claim 37, wherein the means for transmitting the data streams in
permuted fashion is configured to mix the data streams on the MIMO channels in a

pseudorandom pattern.



means for adjusting the data rates at which the data
streans are encoded at the first station based on the

weovdeysesl qual ity nmetric. 39. The system of cPEI/DSB86/009468
wherein the quality nmetric cogﬁri ses a signal -to-noise
ratio (SNR), wherein the condehsed quality netric
conprises a reference SNR val ue and a DSNR val ue, and
wherein the nmeans for adjusting the data rates is

aonf i aweedsthi Adiuata1! Heeda e pahRiofAtofdalendMMekes a full
based on the reference SNR value plus a multiple of

tRENDEHER efprogeiblespmbinesiony ef hmdeta streamsraithe Wi @ichannels.
the first station is a base station and the second
station is a nobile station. 41. The systemof claim

33, wikeesidietlof creang, Waerein e qmlit%' infe@irid ESnkdded a signal-to-noise
streans in pernuted fashion is configured to m x the
dain(S¥®eans on the M MO channels in a pseudorandom
pattern.42. The systemof claim4 1, wherein the

pseudor andom pattern conprises a full pernutation of
@dssi Hhe sgaehiofialaimds, whertinethel adbleatadapiatityanetric lkomitidds a
channel 43. The s m of claim 37, wherein the
d%gﬁn‘f?§]ﬁgt‘faih{? @gﬁp‘{ﬁé’a si gnal -t o-noi se ratio

(SNH). 44. The system of claim 43, wherein the

condensed quality netric conprises a reference SNR

al ue ThndysieDORR aim 3 efurths: conpgissyesmeansdor ddcadimg 3, encoded
further ¢ [i.sin ans for decodi ng the encoded data

§1 {raesgrgr%m%\gﬁﬁ?l%ecggggtﬁgo%t ation. 46. The systemof claim
45, wherein the neans for decodi ng the encoded data
streans is configured to decode the encoded data

46r eartbe ¥sterg of glaEa 43 wherpingthe meprsios decoding thaenceded data

streams is configured to decode the encoded data streams using successive interference

cancellation.



