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Background. of the | nvention Wreless communi catlon systens commonly incl ude

“information carrying nodulated carrier S|lgnal s that are wirelessly
transmitted froma transm ssi BFISSTEDAPBLIGAEIGNSore receivers within an

area or region &

nobile wrel essTl\ﬁ'é uﬁéﬁ%ﬁ e%%?elﬁ‘?%ﬁ?l 31“?’353 %ﬁpr%g%%ljbﬁ%gﬁlﬁvb r@%sa]lqﬁg in a
‘need for gfiedtonrd/®FI000i ency in the use of the available radio frequency :
spectrum Thi's goal is conplicated because wirel ess conmunications ‘

- channel s between transnit and receive devices are inherently variable, so
t he char acFrid ot the Inntioh’ €l ess channel s, such as signal quality, generally
vary in tine, Trequency and space. Under go'od conditions wrel ess channels
exhi bit good comuni cation éar aneters, e.g., large data capacity, high

signal - qual i ty, T ighendion gelp ﬁgewﬂi)bﬁoeﬂeglesaﬁ@nmmwgnmhetwmeb@c under

poor chann e n r val ues.
_ For exarrplglmc\%nen tlhgﬂ\%uﬁ%tﬁeg@r%ﬁ&ag@%ﬁ?%%ﬁgg@l} tg? & %ag&gd data .
exper i muathed éordyaanicelly optimjzidgmiransanisionanodofagirdlegly haisnitédor rat es
packet error .rates. The degradation of the channel can be due to a
T‘tltude Bformglien, s such as general noise in the channel, multipath
fading, |oss of l|ine-of-sight path, excessive Co-Channel Interference (CCl)

and ot her factors. i‘lthz 8 ' SEP 2006

Background of the Invention

Wireless communication systems commonly include information carrying
modulated carrier signals that are wirelessly transmitted from a transmission source to

one or more receivers within an area or region.

| Wireless communication systems serving stationary and mobile wireless
subscribers are rapidly gaining popularity, resulting in a need for greater efficiency in the
use of the available radio frequency spectrum. This goal is complicated becanse wireless
communications channels between transmit and receive devices are inherently variable,
so the characteristics of wireless channels, such as si gnal quality, generally vary in time,
frequency and space. Under good conditions wireless channels exhibit good
~ communication parameters, e.g., large data capacity, high signal quality, high speciral
 efficiency and throughput. However, under poor channel eonditions, these parameters
‘have significantly lower values. For example, when the wireless channel is degraded the
< | - transmitted data may experience excessive corruption, manifesting as high bit-error rates
| or packet error rates. The degradation of the channel can be due to a multitude of factors
. - such as general noise in the channel, multipath fading, loss of line-of-sight path,

excessive Co-Channel Interference (CCI) and other factors.




WO 03/ 085876 PCT/ US03/ 03431 Motivated by these conplicati ons$ gprsiEpr g@gt _
wirel ess sysy@ghodagye enployed adaptive nodul ation of the transmtre _
signals with the use of feedback fromthe receiver as well K/6H36843ne
codi ng and receiver feedback to adjust data transm ssion to changi ng
‘thannel conditigns. Such adaptive nodul ati on has been applied to Single

| nput Single te‘tj]@f Bepe campligations; prigr wtwirelebesyistemsthavt ktpiyed Qut put

(MM sysg : : | n rrays  at both.the transmt and
Teceive end@@enﬁW%lgfog%%é%s eS#EE%'dﬁ%%b @ngt}@n?q%gj?ged%%&pmgléqﬁeag}g@- on
and cor r upsiveal] dssadapiiveradinigyandueceiver ifgddesdkero adfast ddtOFRISior @) dnthghe USEr S
wthin or pear .a .given ceill and multipath fading, in which the rec%i.ved

anpl i tude %‘ﬁ’a“%ﬁ%%fg“%- ueh gilaptive mqdudationdes beemappliedorSingld It Simgbs  Access

mpi it ude ¢ _ 9w s ocmappliodfortingld L Sirges
fadi g Tare e (IR0 e ARl B MRl R QTN ¥R e

coher ence Sybimms with anteana kmeyshtibothgheiiagiéimi Bed ebépoehdsest i mat e remai ns
stable is l-onger since the receiver does not nove. Prior art wreless

systens have enpl oyed adaptiye npdul.afion of the transmitted signals with
the use of f~ee§ﬁ§’&%’?ﬁfﬁ$ W{)%e{?@g@i%%xag)amql d&sraéa%mtandecmﬁmg?sand :
receiver f f&ﬂ% s t ﬁéﬁ:@ fl . ngi channel _
conditi ongejl(l':1 Suc Bu%tge{%g?\%engnﬁﬁgﬁa({tl on |1§ﬁ%g%fsf‘§‘éﬁp %nga%%_%v?rh%egftangi ngl e
fOJt SUt ( SPsdfipatly &d@]g;n WﬁdeherCﬁWS@mh ; pﬂtuﬁfkhﬁﬂ@j&s& gﬂﬁsigﬁﬂ\hﬁﬁb_ ) eg'clavdfg‘iﬂle. )
undanent of , effi nt choice of the node to be applied to the
transni tt?aF%ﬁgjb 1?%? i MEeSS @"\%iﬁbﬁt%& g’ﬁ‘t ataFre &b WCEiW@'\FFE@ﬁg%FﬁﬁQW,- '
el ecti onsigaalTading eatedfels Bhd BiBobCoysRAR! HHCcARRME b ArL SEIEEL £AL' Y
qui cKl'y" changi ng

gelfect the appropriate node for encoding data in a

channel . P thedimagisingayhich thetcheunsh estinatargumndosatdé is lohgertsirics tiad tecolirére! ess
systems, paG!dodhRge.MItiple I nput Miltiple Qutput (MM, Ml tiple | nput
Single CQutput Hél %O), Singl.e Input Single Qutput (SISO and Single Input
Mul tiple Qutput (SIMD) systens as well as systens using nultiple carrier
frequenci es, fPr. exanple, OFDM systens. 2 2 E SEP 2006 WO 03/ 085876
PCT/ US03/ 03431+ 11 916§,Sf syskans haye grplayed adaptive modulation of the transmitted

signals with the use of feedback from the receiver as well as adaptive coding and
receiver feedback to adapt data transmission to changing channél conditions. Such

- adaptive modulation is applied to Single Input Single Output (SISO) systems. In both
SISO and MIMO systems, howev_er, the fundamental problen:i of efficient choice of the

mode to be applied to the transmitted data remains.

Jt would be an advance to provide a mode selection technique which allows the
system to rapidly and efficiently select the appropriate mode for encoding dataina
quickly changing channel. It is important that such technique be efficient in aﬁ wireless
s'ys_tems, including Multiple Input Multiple Output (M]MO), Multiple Input Sinéle
Output (MISO), Single Input Single Output (SISO) and Single Input Mulﬁple Output
(SIMO) systems as well as systems using multiple carrier frequencies, for example,
OFDM systems. ' |




The invention includes an apparatus and a nethod for adaptively.opti-m zing
‘a transm ssion node of data transmitted to users within a wir2BeSEP 2005
cel lul ar syswems/sEe®m apparatus and net hod are adaptabl e forpgEgsdsnzidMO
~systems. A first enmbodinent of the invention.includes a nethod of
optimzing a ‘transm ssion node of wirelessly transmtted data. The nethod
‘i ncl udes Sshffihavbiahé Ifvehtioh " @nsm ssion node based on a predeterm ned
-channel database and a 1irst channel characterization. The first channel
characteri zation can be based upon signal transm ssion accor di ng to an
initial node. Adhemventidnintlndesan @pmnmaad abaéthotl ﬁmaéaptldelbrf@ﬁlanmag Bet ween

‘an, esti matg_ erformag e (gq’]ha{racte tic, an an ex ectegf er,for pance :
char act er i SEPETEAMLTTER gL '?955}]1 OIEH eéf‘é “é?f%’%fg’é'd on the
pr edet er i Wah@mevﬂaam@a@ptaﬁle%ﬁfsemmgyst@i@ ‘a subsequent channel

‘characterization. A second enmbodinent is simlar to the first embodinent.
‘For this enbodi ment, the predeterm ned channel database includes a

det i ned | des t d | ect :
based upon a o Bl e e B0 S5y SRR S5 igBRa o1y O
includes atrphsatigdibd Mo8 otwalEdsly @ﬁfsﬁimécﬁdaté hreshethds iddijfes 98E&ME @t he

selection - of a transm ssion node. The second enbodi nment can furt her

i ncl ude  adfrersmistion medebased oy a perdgtepnined chimmet Aehltise and afirst chasnel

predet er m el or fact d Iec ng the . -

‘subsequent gnsmgglgoi\ﬁebrm ‘Yﬂoagls' &Eﬁ%gﬁn%ﬂgmcafl?}gpg%ﬁugg abl e and the

subsequent tramshdssial acohdigcben bl mode. TAE c86F fktof ﬁcgeﬁératbarbab@l @eder at ed

once for %gfy recei ved data packet. One _enbodinent includes the error
(&

fagt or bei Esoce befwaen any estimpind petiormancesharasiesintic, and apexnssiey  tecei ved,

| WS per |y EferhRftAhaiEle o Bl G Bl ARBAIRTEE L, o)
- fact or carprafigtaniisedyezend detibasectheperor facpiredd hanbseqadht albmmel of - ti me.  The. .
error Afact r c?rn be set to a first value if an average packet error ration

- 1's great er® Ihpper bound threshold, and the error factor can be set
to a second value if the average :

A second embodiment is similar to the first embodiment. For this embodiment,
‘the predetermined channel database includes a predetermined look—up—table that provides
a transmission mode selectlon based upon a channel characterization. The look-up-table
generally includes a p]urahty of quality parameter thresholds that determine the selection

of a transmission mode.

The second embodiment can further include adjusting the quality parameter
thresholds within the predetermined look-up-table with the exror factor, and selecting the
subsequent transmission mode based upon the adJusted look-up-table and the subsequent

| channel charactenzatlon

The error factor can be generated once for every received data packet. One
embodiment includes the error factor being set to a first value if a data packet is properly
received, and the error factor being set to a second value if the data packet is improperly

. received.




packet error ration is less than an | ower bound threshol d. An%glge(sEP 20[]6
enbodi nent includes the quality paraneter thresholds within tf

pr edet er mi N0 PHYFI8M4p- t abl e bei ng adj usted by the error factrrr/efdsmsstihe
reception of each data packet. Another enbodi nent includes adjusting the
Subsequent channel characterization with the error factor, and sel ecting

the subsequent ThaassH faGbPEanBébhe RASRAGLIURCE péEole@akmyiRed Abgntdftinidhe - A
adj ust ed subsequent channel. characterization. Athird enbodinent is simlar.

to the firdhe emeidastarean bemsbtorafirsivadugid ah mesrage pavktiaiees rafisaxis greater than
I tiplexi T Y di i ncludes i ndj vi dual | | ect | '
11 st "t r anapunl? St e SIORATRE Gl MO &3 R e Bomd vl S ASAE

first chanpsket &RarRednek s tHaaAn I@rerddehd tpésheld! urality of transm ssion
streans. Each of the plurality of -transm ssion streans are-received by the

~same receiver, allowing spatial nultiplexing. An error factor is generated
based on a diffegrence tween .an. estJ mat erfo nce .charact.eristic, and
an expected per'gg?ﬁgﬁ%}ébg%(ﬁ%e%&lg}l%gt %guagi?y fﬂ%mﬁ{egﬁgﬁ%ﬂﬁ%&l{w Q’r‘?sm ssion -
streans. ApradsaaivedlookipiableHeingAdiRRE bythSak@Ghead:r DItk #BgRIdnT each
predet erm ned channel database, the error factor and a subsequent channel

char act er i 934# pesket. f dnrothereembogdiment dnglusies sdinastingthe syksemesnt ehasagl ment i ncl udes
the transm.sSsi ' | ) 0 I L,i'[tny' e '
stati one, Attt SRR G BT Tdae MOy Rl figkintesly RS

mul tipl e based spad the fockpai-table Hdlilid adjestédgbscqmniedhaniie] hatcerigationa
correspondi ng subsequent transm ssion node can be generated for each of
the transm ssion streanms. A-fourth enbodi nent includes nmethod of optim zing

a Yransm ssion ARAes Bhbodtichl SSRlir s AR dAatAlA: TRBBufFLhRsihag! udes
recei ving transm ssion signal's that ~i1nc Ude data encoded 1h an IRitial

t r ansmi ssiiocludedspatidl ultiptexingaTht yhipherabetimentdhclibes indistimnlly delestimgsani ssi on
signals is asured. A subsequent tr.ansmi sgion e is select based upon
the qual | L CAPHRGI Mo GLF BYEEIFgHLY Carwe e P ha STt Ghaden
encoded i rehhhRtcHs BSGHe BhcH SRS TralBHRsiof sR84RE EAUIrNpIRALBGL er. IS -
‘measured. 4 2 8 SEP 2006 WO 03/085876 PCT/US03/ 03431 A paraneter.’is

adj ust ed . Viramissing) seamg Aregesaieadiby the samorcaeives allewipgenatial paddpldsgon  node

based upo Md Qﬁo?ﬁgf%p % &ﬂ@}a'té%aggdr cﬁsn;hl?ference between an estimated performance

characteristic, and an expected performance characteristic, of the plurality of

fransinission sireams. A subsequent transmission mode is selected based upon the
predetermined channel database, the error factor and a subsequent channel
characterization, for the transmission streams. Another embodiment includes the
transmission streams being transmitted from a plurality of base stations, providing

} multiple base station spatial multiplexing. For multiple base station spatial multiplexing,
an error factor and a coﬁesponding subsequent transmission mode can be generated for

each of the transmission streams.

‘A fourth embodiment includes method of optimizing a transmission mode of
wirelessly transmitted data. The method includes receiving transmission signals that
include data encoded in an initial transmission mode. A first quality parameter of the
received transmission signals is measured. A subsequent transmission mode is selected
based upon the quality parameter. Transmission signals are received having data
encoded in the subsequent transmission mode. A second quality parameter is measured.
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Sel ecting a subsequent transm ssion node based upon the qualit \Bpar anet er
can include referencing a predeternined | ook-up-table that pr% kP 2006
subsequent “ﬁdmg%'ggsi on node sel ection based upon the fir stpcqudoshysst
parameter. The | ook-up-table can include a plurality of quality paraneter
“‘thresholds that determne the selection of a subsequent transni ssion node.

Adj ir : W thin. I iQn.crd ' f -
{ anem S5 bRESEE AEE RN cEe Co oRTpLEry T pEbship I

adj usting %P&'Bﬂg@d{l oh thP8cBAB bBAlth Biueslaek.ds wi thin the predet erni ned
- | ook-up-table. Obtalning the second quality paranmeter can include

‘incrementing a table correction factor to a first value of a data packet - -

IS pr | i.ved, i t.i .t t ahl Y t
econd val e | FSAAREDRACIREIB AT gy Bisdr Py d ubef e il Yridb i © @
" par anet.er ih@lhﬁ@ﬂé?ér‘éﬁci%ﬁ‘% h %e?et%ﬁﬁinﬁﬂﬁ%ﬁﬁﬁﬁbl&&ﬂaﬂﬁ@ﬁdmﬁmé@eﬂﬁe adj ust ed by

‘the table-correction : fter the reception of each data packaﬁﬁ O her
aspect s aniansohisaitnageds ssfectiorebgsed spon the fivstquabiy parametere ddiedogksppt from

the follow ng detailed.description, taken i anj ' ' :
acconpanyi Q?Sqnﬁ}“iﬁ/\? H]b‘?lﬁ!x ?fqlgaﬁyag a}rﬂﬂetﬁﬁlt?‘{lﬁb&gg ﬂleryﬁ g%@? rtllg %ir}icé\%?% %s of
t he i nventd@Requeni-tramsmissionmode: 2 18 SEP 2006. WO 03/085876 PCT/ US03/ 03431
Bri.ef Description of the Drawings Figure 1 shows a w reless comunication
system Figure 2 is a block diagramof a system according to an enbodi nent -
of the inventigr. Figure 3 i | o I agL ' cor di ng
~to-an enbodi ne djg?nq%%aepﬂfrﬁgtgﬁ?’?g%a #%gcﬁélg%éﬁgggﬂﬁggk Belﬁlggﬁﬁﬁ?ggggrdi ng
to an enmbogdbaEbise®ipéBe sevona quslity pafangtsr @ab irchalesadiustihg tHO quglityem t hat
i'ngl udes .an enbodi nent of the invention. Figure gri s a flow chart of steps
i'ncl uded \@arametcrihreshelde itk the predpiermingd jaokoip-table qure 7 is a f1ow chart
of steps included wthin another enbodi mrent of the invention.

Obtaining the second quality parameter caﬁ include incrementing a table
correction factor to a first value of a data pa.ck'et is properly received, and incrementing
the table correction factor to a second value if the data packet is improperly received.
The quality parameter threshoids within the predetermined.look-up-table are adjusted by

the table correction factor after the reception of each data packet.

Other aspects and advantages of the present invention will become apparent from
' the following detailed description, taken in conjunction with the accompanying

drawings, illustrating by way of example the principles of the invention.

-



Detail ed Description As shown in the draw ngs for purposes of
illustratio the invention is enbodied in an apparatus and garr&tEranUqﬁor
adapti vel y 3%?33&8?%76 a transm ssion node for the transn ssilGT/BF038334 t o
users within a wireless cellular system The invention can 2 include

mul tiple antennae systems Partr cul ar enbodi nents of the present invention
wi || now bBrigkRe , PR ith reference to the draw ng figures. The
t echni ques of the present i nvention maybe inplenented in various different
~.types of wireless comuni cation systens. OF particul ar rel evance are

cel lul ar wi r el d&guredrshomws e atitebess symbemicationsystens t he system shown in

- Figure 1. A base station 110 transmts downlink signals over wreless

channels to multiple s ribers 20 130, 140. In ad i on
subscri bers 120" E&%E@%ﬂ&r&#ﬁle 4 SHTIFTA ROCOFYRE 1 2 GEPORHER P B o5 |
channel s tﬁwﬁﬁﬁnbase station 110. Thus, for downlink conmunication the
base station 110 is a transm-tter and the subscri bers 120, 130, 140 are 6 2
8 SEP 7006 WD 03/085876 PCT/ US03/ 03431 receivers, while for uplink
communi cat i on - tHigurb3dea blogk idiagrang of encthereysemeccaniibgtth en egibodimdnivef he120,
130, 140 are transmitters. The subscribers 120, 130, 140 maybe mobile or
fixed. Exéﬂ%ﬁ p?’subscribers i ncl ude devices such as portable telephones,
car phones,- and stationary receivers such as a wireless nodem-at a fixed
- location. The base station 110 can include nultiple antennas that allow

ant enna di ver sifiigure ¢ dxnlvioljwpdatlnasenrding s amembedimept efithaipventomi ques. In
.addi tion, each subscriber can include nmultiple antennas that permt

further spatial multiplexing and/or antenna diversity. Single antennas,
' ?BVGV may alBgrds shiseda MIMG systmighf ilohilés aPeBbeimdbPite ibnGi6d).,

tiple Input Single Qutput (MSO, Single I'nput Miultiple Qutput (SIM)),

or Miltiple Input Miltiple Qutput (MMJ configurations are all possible. -
[n any of thegsnfopld SHERhATSe sehCin ATl LLATIREA SESHGBRAEMP! OV
single-carrier o ti-carrier conmuni cations technr ques pati a
mul ti pl exi ng nodes can be |nplenented usrng mul tiple antennas at a single

b tati , th b t at
Cransm (11 ng. a FSHBY { Pbol e Shaioes B Boey P Enols EPb S ELe: Cear | on
spatial mghdenfbexi ng Wi ll be

Detailed Description

As shown in the drawings for purposes of illustration, the invention is embodied
in an apparatus and a method for adaptively selectinig a transmission mode for the
transmission of data to users within a wircless cellular system. The invention can

) include multiple antennae systems.

Particular embodiments of the present invention will now be described in detail

with reference to the drawing ﬁ.gures. The techniques of the present invention may be
- implemented in various different types of wireless communication systems. Of
particular relevance are cellular wireless communication systems, such as the system
shown in Figure 1. A base station 110 transmits downlink signals over wireless channels
‘to multiple subscribers 120, 130, 140. In addition, the subscribers 120, 130, 140 transmit
uplink signals over the wireless channels to the base station 110. Thus, for downlink
communication the base station 110 is a transmitter and the subsc:ibers 120, 130, 140 are
6




di scussed with greater detail later. Al though the techniques 02 tgﬁ p5®'§ent
I nvention apply to point-to-multipoint systens such as shown rﬁ guf 1,
t hey are nowvolosméssmd to such systens, but apply to any w rPCEES03/03431
~comuni cation system having at |east two devices in wreless comunication.
Accordingly, for sinplicity, the follow ng description will focus on the
| nvent | Onreﬁéive@p@hﬂ@f&hg@{ SRR cHANBE b atioBA0/1Y 8 fedefef andfhen t hough it
i's understood that i1t applies to systens wi th any nunber of such gﬁérs. :
Typi cal | ysubsaibent 120 33®f140hee tnenseliters. Thasubstmbersiid( 130) 149mapnbe Bebie i nk
signals to_experience fluctyuating Jevels of -attenyation, interference, _
‘nmul'ti-pat Hrﬁ’é‘?ﬁ]l CHR F%anﬂélf@ﬂ)@?%ﬁméﬁuﬁééf porty ?tfg%)lhf’}l Sn‘,?art 83%’ esence
of mul ti plgy g Relibds 66U Past:OniralbdsShddeRNst « Bidd 1Bstitlofli ngs and ot her
obstacl es in -the propagation environment) causes variations of channel
“response over the frequency bandw dth, and these variations may change with
tine as wel | . resul t here ar.e tepporal ch es _i.n _channel . '
~ conmuni cati on. ﬁeﬁ@egt@@iéé@@uﬁ@%g}lﬁ@g e@@fﬁﬂ%@@?ﬁﬁg‘f‘nﬁgﬁgﬁvms such
~as data CapfaGhhe andRE SR nﬁﬁtﬁ?l&éiﬁé‘&ﬁmﬁﬁl{quﬂﬂwﬁem%’a&h Sitaodber gadl ity g
paraneters, ‘e.g., signal-to-interference and noise ratio (SINR), and
si gnal - t oinchidsenultiple entefrSrthat perrhib farther spatiabmuitipleung ankorApédDBhe wirel ess

hannel usj ng..ong. i i bl e . transpissi r hhe

of the pr SWER L S AtRnat heE e By s R WBheT SRR Ry hepo " PO

par ti cul apuipd HilsD'Pmuﬁqs&emgﬂmihgk@u@tmsmmiﬁgemﬂﬁMMﬁple@ﬂputat e, and-
o}

may al so i ncl ude her controlled aspects of transm ssion such_as {nhe use

of ~ ant ennéSIMD) er MultiploInpaip Multiple Qutaut MEBMM gonfigyrations 456 AH Pess0lF-

~transm ssion_smde, d i nt.e far. N ' 26 1

Channel *; SXRIBE ooh e dis PR EmiRlnicaEBRTHO Ay U PABIoy ARILARLESS |
nodes ar enfGiiv@tidi toammanidatidmecedchaR@es, and nore particularly, codes known

- in the art such as Hanm ng Codes, Cyclic Codes and Reed- Sol onbn Codes. :
‘Exampl es of typical nodul ati on nodes are circular constellations such as

BPSK, QPSK, angp%%ﬁ'f{u}at\ é{iﬂ%%s SAUR"Bpfaiied dshild BORipR GHertss 4@M  16QAM .

and ot her mar I'tional popular “nodul ation techni ques include GVBK
and m ar yingShaseTiatiangpt tanerghabé vse afmbltiple bafe statone eocly iranFgudmEds i ssi on

modes 'n portion of the multiple signals. Multiple base station spatial multiplexing will be

discussed with greater detail later.

Although the techniques of the present invention apply to point-to-multipoint
~ systems such as shown in Figure 1, they are not limited to such systems, but apply to any
wireless communication system having at least two devices in wireless communication.
) Accordingly, for simplicity, the following description will focus on the invention as
~ applied to a single transmitter-receiver pair, even though it is understood that it applies to

systems with any number of such pairs.

Typically, variations of the wircless channels cause uplink and downlink signals
to experience fluctuating levels of attenuation, interference, multi-path fading and other
deleterious effects. In addition, the presence of multiple signal paths (due to reflections
off buildings and other obstacles in the propagation environment) causes variations of

channel response over the frequency bandwidth, and these vatiations may change with

time as well. As aresult, there are temporal changes in channel communication

7



conmuni cati on systems Is well known in the art. In addition to t’mg SEP ggga
transm ssi O?}’ﬁo comuni cation over the wirel ess channel uses one of -
several pos Y% %nnel i zati on nodes. The channel i zat i on nOMA/U3084Ht ed
to the spectrumuse in time and/or frequency for a particular subscriber.

in general, any one of various known schenmes may be used to divide the _
total s pecparmmeﬁers Sﬁlcleaﬁ,@‘iﬁ: 9apaait}d Apectial q:fﬁpieac)eabliongh}mt,smﬂ siginal qualityf r equency
subchannel s _t hat ma i fferen scrij her Fr.equency

Gi'vi o1 on rRERRCE &b Sean ooy CeacadRaitsdet (ST tia meiaioAp eI 0,
spectrum t{gaR)yassoci ates each comuni cation channel’ W|th a different

si ngl e-frequency carrier. Often the single frequency is further divided in
time using tinme division nultiple access (TDMA). In TDVA the frequency

carrier is dIVI d i.nto succ i me franes, each containin t of
e ot e, a sTHigmet B HRRERRGYer b VRrstier ThveC N i AO Vet pBsHS ot ed
wi th both t@a:fsﬁﬁ@shcfd rﬁo&‘ér !Fb?ihefp H@éﬁ%h@ﬁ@se?l 6a1615‘|a%fants Rioh!Rdde i 1s

Ot hogonal freguency i vision multiplexing s a stl cated

met hod of Tovia pmcmmbéd@ﬁmsfubc achradd, almﬁambmco@ tmie md tatgand i ne

| ot d t. of t d togeth
Shon 85 anaEhsS sidel o AR atael orkisu st Mitadbe bad ot Ramb Pl o1 e
frequency divésepespaaaiuhatisxiy. UsiicohsHrlinthan@ngon Iﬂéc&caamtyndeatfb@r

than continuously. "The set” of subcarrier frequencies associ ated with. each
channel i scoswaREpRtioneerihs atrelsss shanmplda cedads modulgirdnand transeyttedlyai | abl e to

LPFOCZty?éﬁf%agh{iaW soling iode R ERTo aior Mol P B o more ti me
~iftier val s pantittarly, eommmmmmamfshema@mmnﬁﬁg Cogéss CoeliccObaahd Rlesd-

Typi callyrﬁoihannel allocation is a primary task performed by a nedia
access comdlgnpafo m@ymapleaogtygltc@m%ééhwa@dwe sazrwl%mgnﬁtg ations pisde f or

encodi ng t q;ﬁgled on a
‘quality pg??%%rd%%%tgﬁé?gc@ tor&&{ﬁpnaﬁa% %bm wil I
now be explbdloﬂminbgnyrQAM r Adijtiorml pbpﬂ&rpﬁmhﬂatmn méhmquesanﬂmﬂdGMS[{ﬁ a0 as
shown in _Fi UE&%ZTE rece ve Uu Cf{Oas Ll lustrated in Figure 3. As
shown in Pf éﬂ’ E‘ﬁi“f’”‘?}hﬁ ‘?966’ S8 I YRWSHANEHSHOBEWICE S i t t ed.
Gener al | y,coﬁﬂgng@gu@nls§sté,ﬁs ishe=1f 190wk the s.r €eam of bi nary dat a. The data is
delivered to a

_ In addition to the fransmission mode, communication over the wireless channel
uses one of several possibie channelization modes. The channelization mode is related
to the spectrum use in time and/or frequency for a particular subscriber. In general, any
one of various known schemes may be used to divide the total spectrum in frequency

" and/or time, creating a set of time/frequency subchannels that may be allocated to

different subscribers. Frequency division multiple access (FDMA) is a method of
dividfng the wireless spectrum that associates each communication channel with a
different single-frequency carrier. Often the single frequency is further divided in time
using time division multiple access (TDMA). In TDMA the frequency carrier is divided
into successive time frames, each containing a set of time slots. A singlé subchannel in

-an FDMA/TDMA system is thus associated with both a specific carrier frequency and a
particular time slot. Orthogonal frequency division multiplexing (OFDM) is a
sophisticated method of FDMA/TDMA, In OFDM each subchannel is associated with a

time slot ;md a_.set of multiple subcarriers (i.e., tones) multiplexed together, each
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transmt processing block 210. The transmt processing block 210 subdi vi des
the data into a nunber k of parallel streams. Then, the transpg SEP 2006
processi ng Wioaghsape! i es an  encodi ng node to each of the KpgiassbP
encode the data. Before transm ssion, the data may be interleaved and
pre-coded by an interleaver and a pre-coder (not shown). The purpose of

i nterl eavi ; : | | ' dgai nst
errors. ot SRRk Aokl Ind ERRGROHIRCAB) 2 TRREuhER R0 ST
communi catdiserctaly sitaemsthar] dmtinn@ushi Bl sehioff subeardier fréquenghpassocifted mathdat a

vari es dependi_.ng on the '

] dul ati on, di,ng. r at es dt ' h
a2 o g by TR SO0 BLR GRS AR RAT, S0
6 -SEP 200 0 : ' METaTeH Codi’
R e e

Di ver si t y pBdc2ss &f RsizhihgBavtesubidriperfoonedr 2ndrk AmeDnteevald and/dr to 4n@orlmdre

Diversity 2/3 5 4 3/4 Diyersity. 3.6, 4 2/3 Diyersity 8/ 3 7 .4.1/2 -
Di ver si t y Tequency oprrerpprsubegriigrs Typicaily; Cgiﬂﬁl caten A ey task . 10 2 2/ 3

Spat i al | 44 3) * : ingl ot * 4/ 3 Spatial Milt.
(2? 3I) K §ff3“é%§%%g'ieﬁ ';al]acﬁf%é&n?g% %%E%‘?%pﬁ??%%tﬁﬁﬁh. (871 3|) % 15 4
1/ 2 _Spat-ial Ml t. ‘_2*k‘ 16.4 1/3 Spatial Mult. (4/3)*k _

A transmission mode for encoding data at transmit units (base station) 110 is

selected based on a quality parameter and a correction factor. The details of the method
will now be explained by referring to the operation of a transmit unit 200 as shown in

) ' Figure 2 and a receive unit 300 as illusirated in Figure 3.

As shown in Figure 2, a transmit unit 200 receives data to be fransmitted.
Generally, the data is in the form of a stream of binary data. The data is delivered to a
transmit processing block 210. The transmit proceséing block 210 subdivides the data

into a number k of parallel streams. Then, the transmit proéessing block applies an
encoding mode to each of the k sireams to encode the data. Before transmission, the data
may be interleaved and pre-coded by an interleaver and a pre-coder (not shown). The
purpose of interleaving and pre-coding is to render the data more robust against errors.

Both of these techniques are well-known in the art of communication systems.

The transmission rate or throughput of the data varies depending on the
modulation, coding rates and transmission scheme (diversity or spatial multiplexing)

used in _each of the k data streams.
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Table 1 illustrates some typical modes with their modulation rates, coding rates

throughputs for the data. The modes are indexed by a mode number so as to

- and transmission scheme (diversity or spatial multiplexing) and the corresponding

conveniently identify the modulation, coding rates and transmission scheme (diversity or
spatial muliiplexmg) which are to be applied to the data in each mode. Tables analogous

to Table 1 for other coding and modulation rates can be easily derived as these

techniques are well-known in the art of communication systems.

Referring back to Figure 2, a set of modes, conveniently arranged in the form of a

table indexed as described above, are stored in a database 290 of the transmit unit 200.
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TJi, T2 ... TMtransmt the same streamk. In yet another enbodrrre the k
streans are } assigned to Mantennas or a subset thereof via tﬁeﬂs’iﬁtﬁﬁﬂﬁ

Mappi ng uniwodzMssend the up- conversion and RF anplificati opcstieag®s30. In
fact, any kind of mapping involving the use of spatial nultiplexing (SM

-and antenna diversity can be used. The transmit antennas Ti, T2 ... TM

Lransii{ ihe o e eehOLEA o LhBORG 40, 12AY 86d SeonEiealé s ¢ si gnal s

TS can inclu carrier transm ssioh schene wth n frequency
carriers (fafdies procéssinigsbloch lldgaﬁﬁ/mspanalrmdtppmg:‘antlﬁ} 'Elmcelmlleltzd@r ning is

~performed on all tones during CFDIVItrar t,.wll clear to
a person °8Rrels whichimedetrom the %ba%F L& app tﬁr&q‘t’ ﬁé‘g;oﬂtgﬁkgtrgm Snigmused for
trainin fpg.ed at the
oot ver SoArRE 240 PaARRE ARG IR G RARGONRR SRR, GBI 50 201

- The transrithe cohigslRl 240 Scqpmgialatthis throoghghmade sderdionddock2Pmanvilibebet ween
‘the transmit_unit 200 and the receive unit 300, and therefore, experience-
the effectdss @ﬂ?edlﬁtﬁéngr ng conditions of the channel, as described above.
Transmt signals. TS are received in the formof receive srgnals RS by a
receive antenna RN bel onging to an array of antennas R RN of

a
recei ve unit 3@additionvo énvoding thick Sreamgaransmisfiprocessing bbckﬂéﬂraédsiﬁalﬂlﬁg
receive uni 300 has N.receive

recei ve sil ﬁtl%thiignﬁorWﬁe"‘teﬁéﬂgtem{ﬁﬁr“?“?ﬁldnfoﬁwgﬁ?rggéf% C?%AO%Q can be

any sui tabjg, teﬁgbr@des&apa%%ue&nra@eeﬁf it 6n HE.C6hveRsiGh GRRRY nplificatidgthe N
receive antenna enpl ary receivers include |inear

equal i zer stage @B bavng itelividnad digitabteciratslg cogvertaryand wreeenveeieREccessi ve

| at I [ih ' i t-
500" has T TRHBRTHF PSS, P PARPEITER Sifar Ol SHPB P g T spasR! ve un
' nd| vi dU&'mdﬁEm@ﬁ?ﬁt‘ﬂOﬁﬁ&ﬁsQﬁéﬁ@%mmam@ummlﬁommmmmdiEFt aI converter
bl ocks assocCi ated with each of the N receive antenna

out put s ofampnrﬁcetmr srtagec?a?@r die i guigntuef e@ﬁbﬁretoaﬁwg?&é@ ﬁﬂ%“ﬂdo &P’éesé’%%%t ed to
a receive %I.lolclmSZOr&Ir&a m@ﬁ&rd}payr ecei ve processing to recover .
m

the k streé enco y trans processi ng”bl ock 210 of transmit unit
200. The recovered k streans are passed on to a signal detection, decoding

and -denul ti pl ex| Q%S{?A ﬁu]lieds 3?‘]12-: grrt w11?¥e%\o/g6nr1£ent%at tﬁte %umi)er lblhc?f tE:3i3fhit antenmas

T1, T2 ... TM does not have to be equal to the number of streams k. That is because
various spatial mappings can be employed in assigning sireams k to transmit antennas
T1, T2 ... TM. In one mapping, a certain transmit antenna, for example transmit antenna
" T2, transmits one of the k streams. In another mapping, a number of transmit antennas
T1, T2 ... TM transmit the same stream k. In yet another embodiment, the k streams are
T assigned to M antennas or a subset thereof via the spatial mapping unit 220 and the up-
| conversion and RF amplification stage 230. In fact, any kind of mapping involving the

use of spatial multiplexing (SM) and antenna diversity can be used.

The transmit antennas T1, T2 ... TM transmit the data in the form of fransmit
signals TS. The transmit signals TS can include a multi-carrier transmission scheme
with n frequency carriers (tones). As is well known in multi-carrier systems, training is
performed on all tones during an OFDM training symbol. It will be clear to a person
skilled in the art that a subset of these tones could be used for training and the
corresponding frequeney response could be computed at the r_eceiver.by intct‘polating.
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~of antenna diversity processing it should be understood that K,i: ual to
one and thus, there is only a single streamrecovered. The recgiaj 2006
processi ng pY 8 0% 055878 general ly conputes the quality, paranetREiRU$08/0343¢ach
of the k streanms and sends this information to a statistics conputation
bl ock for corrp\l;ht_i ng statistical parameters of the one or nore quality:

As

-~ paraneters. hey tramemitsignats Tepropegutesthypagh adtangmissivnichiemet betpraeri thg i r st

qual ity pargmetans:f ‘ . K.nstreans,. and then g second quality
parameter for eaéﬁl tloz(éb-géaﬁ g’%’%ﬁ#{ﬁtmﬁ%‘g Gﬁorﬁa?@englf"gtaq’% esoldesi gnat ed
as B in Fi gihaegiB conditiars dfttheghatiel] fieles@ibell Wowd i Trandihit §i'g'.|941§'r gRe stations

transmtting to g single receiver is characteristic of nultiple base
spatial mJFEEYRddR ﬂ?f‘gf%&@} ofireqeivssignels RS beeirdcsive anteTihe Rivchchaigingftotaherray

~invention G AnteRiRaH sl E.api annel var.iations and allows for - .

“efficient no eese%%’?%n“bgwt"af%}g%e‘%g’r“ﬁ‘ - pgwa‘fﬂ%r‘s‘“%ép 2006 WD 03/ 085876
PCT/ US03/ 03431 of variation into account. This is acconplished by taking
into account statistics of two or. nore qual i;(%/,(} araneters. Here, the

t
qual ity paranet éWB&Fm%mféﬁﬂwwt s N eekciveynfpanasRE, &2 and a

Sreony e IRt e S BRI S i (s
and pover lcewbeé anyThstabkaecsiver gadbld of iORAVNRFREIveaEra BHIHR the BERefVRI t error
- rate) or a_PER m error_rate) of the received data. Basically, the -
first quali ‘ﬁ”’b"‘% r- RE- Lfé‘éﬂlpfaéy trerides dectede lincar equalizeraeesivsks, decisiopt i mal
br adet er mi nay. aaad B reseRent FidelRE i M E ol o B R b, | v e
of-.the optdcA®Erst r ansm ssi on node based upon a desired second quality .

parameter. The second quality paraneter is neasured. A correction factor
I s generated based upon a difference between the nmeasured second quality

paranet er and t fiRe £R8ive@it300 %P%RF‘Aﬂl%ﬁﬁ%ﬂm a?aﬁﬁo%ycﬁ%%tsﬁﬁgag@e

correction factor is used to nodify the optinal transm ssion

estimate. PVERE Edividud RS amplifisption/dowezenversion aifd prabupetoatipital ednvenee :

| ook-up-ta : . gvi.de an est.i ed _trapsnj.ssion de

R o bglg% a&édockﬁga WI&I%%C]&'Q&B R 126 G arftthnas R1TBHCC ¥ ?‘ﬁg}\ls outputs of
RF amplification and down-conversion stage 310 are connected to a receive processing

(D

block 320 that performs receive processing to recover the k streams encoded by transmit -
‘processing block 210 of transmit unit 200. The recovered k rstrez-lms are passed on toa
signal detection, decoding and demultiplexing block 330 for recovering data. In the case

of antenna diversity processing it should be understood that k is equal to one and thus

there is only a single stream recovered.

The receive processing block 320 generally computes the quality, parameters for
| each of the k streams and sends this information io a statistics computation block for
computing statistical parameters of the one or more quality'parameters. As will be
-descn'bed, this generally includes computing first quality parameters for each of the k
Streamns, and then a second quality parameter for each base station (the number of base
stations is desi'gnated as B in Figure 3) transmitting to the receive unit. Multiple base
stations transmitting to a single receiver is characteristic of multiple.base spatial
multiplexing as will be described later. The method of the invention can recognize slow
- and rapid channel variations and allows for efficient mode selection by takmg both types
12




conparison of a nmeasured first quality paranmeter and threshol d? $V'§E‘Pr2[fg€e
| ook-up- tables. For the tables shown in Figure 4, the first quality
parameter caf jfiskdde an SNR neasurenent of the received sipgialsssodei hods

for determining the SNR of a received signal are well known in the art of
tomuni cation systens. A first LUT 420 includes estimted transm ssion

~ nodes for expect ed or target. fuo % i £ QfumY S51i93d8 oNMBasSetr ed
“val ues SNR ‘fa“?ﬁ%p LECoy- Qﬂ&-}%@%ﬁpﬁé}l{é&ﬁ%% ‘%?3\/‘?{1“35 estimted
transm ssi_ﬁ@rerﬂmﬁg,ﬂa@a@étg@r to mintain a BER of X. For eéxanple, if the

- measured SNR is Iéss than 5 dB, then the first LUT 420 suggests a _
-transm ssion node of 1. If the nmeasured SNRis greater than 5 dB, but |ess

“than. 7.5 dB,- then the 420 tiS, : il 25 1518t G ameterldif] I est
of the transni s Fli?nﬁlr‘?&aéﬁgpﬁa@egééggg‘getb}gﬁlfi%%ﬁ?ga%espon%{?ngy%nner. 13 1 2

8 SEP 2006, s36h830A85$FanRET/ PHOED3daly perametondarl itludssighaleloudes est i mat ed
“transm ssion nodes for an expected or target BE& Y., That, 1S, &t%r :
vari ous neimeufeehcs ahdoeissratodSINR sizaaldpnaipestihaiet) FoWEAVEL 55 ovi des

estimated transm ssion nodes in or R f 2ty Gt BEER lacket dhOF ratexanpl e,
if the rrea§"i§P’équq'éi]§'P§ra?n§%’§ %%ﬁﬁgggﬁél?@en tkgd @econd L%ir 430 sugg?s(ts a
transmi ssi gpheesteivell dita. | f the nmeasured SNR is greater than 3 dB, but |ess

than 5.5 dB, then the LUT 420 suggests a transm ssion node of 2. The rest
of ‘the transm ssion nodes are suggested in a correspondi ng nanner. For the

~above- descri bedpl UTs, 420, -EJS)% WETis 1 b hens e sFireestipar ofadber , t he
| ower the data ]rggst%ﬁ}&ﬁ}%h% 'Eag efir?g trlzsinsm ttggd. That is, generally a
lower  nodeptimsll taemissionouede. dhd dirstrestimbtats datermingddikiefsigRfng s nore robust,

d therefore g e | 0 ol S | Vors |
Padhor” Camersanbeoorsp cbR LS o SR s gy o o1
qual ity of 5@%&@ 58 s AR oG Hasdd\§oh Y diSfred¥eboidqibdity paameter\dTid seooral | v,

di fferent ransm ssion channels will generally requjre iffer&rtlﬁe LUTs in
order to ngudlitpparameteaigmeasuBERA Jhrestips fagtor s &Qﬂehﬁ*?‘i/bﬁs HBPILH BT pat i al

mul tipl exi syst.em Mor articularl - ' 4 8dcodd spati al
mul tipl exi H%}V"éﬁﬁbﬁﬂén?%gmﬁlsgﬁo%qggli“gﬁ a%/ g’ﬁ%e_ gﬂ%ge(%é\ﬁgéecﬁogé@reggei ver and
di fferent BagRybhRReRi T8E cot@tibfit@dnuird tv erodififithé eptnal transmission

mode estimate.

Figure 4 shows a couple of examples of predetermined mode look-up-tables
(LUTs). The LUTs provide an estimated transmission mode estimate based upon a
" comparison of a measured first quality parameter and thresholds within the Iook-pp-
tables. For the tables shown in Figure 4, the first quality parameter can include an SNR
' } measurement of the received signals. Methods for determining the SNR of a received

signal are well known in the art of communication systems.

A first LUT 420 includes estimated transmission modes for an expected or target
BER of X. That is, for various measured values SNR of the received signals, the LUT
420 provides estimated_transmission modes in order to maintain a BER of X. For
example, if the measured SNR is less than 5 dB, then the first LUT 420 suggests a
transmission mode of 1. If the measured SNR is greater than 5 dB, but less than 7.5 dB,
then the LUT 420 suggests a transmission mode of 2. The rest of the transmission modes
‘are suggested in a corresponding manner. |
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General ly, each LUT is generated based upon simnulations or 5
characterizations of the transm ssion channels. Therefore, the %%Tg gr@ﬂs
generat ed baS@d>UHBH a particular channel nodel, or a channBCTAB0}03431
particular point in time. It should be understood that - there can be.

m smat ches between the sinulated and the real propagation conditions.

W t hout corr ect AcasndtilAE 430 inchiiedestimaatehirasnigsionadedss darman emdcied ordat a

t.ransm ssi ons.. Vi BERs that are different t the target .BER . The LUTs.
do ot capletret B s, T meemer eSOl ebe e e 5
mode is sel griag RadddsRehh iR theirhiRdoh Mo defMARASEL SR 4 BERSFY, Word |

transmtter. Referring back to Figure 2 and Figure 3, both .of these figures
i ncl ude a exammigspibadicagred ANR7E9]esSiGn 31 dB, Fhauthe s@ond b Tdilesuggbstes i on i s
made at the transmt . unit 0. In Fi .3, the, no sel.ectipn | de at
et el vt Rods oy 1o 1§ Hgmeanusy SN inaronGanes e Drsdsseoaa S 4,
enbodi ment teh YUt 4o siEdkstydinhngRidsiBh nfddd WFS. Fnb A&t Heigs Siofi fhdaiel i on
bl ock 250. The mde-se?%gég’!té? onlt%Po.ckmgenerat es a ?'i rst noggniﬂgﬁegt-%n based
upon a fi rae suggealed fiya paresprending fatndrack from the receiver unit. The first
‘quality paraneter can be based upon signals transmitted in an initial

node.  The initial riode can be randonly selected, or preset to a selected
initial node. ApoandSsbveRREcribeg Lura20NE3d, ieSbwebdkittasmRAbANRIdgRr being an
SNR neasurenment made at the receiver unit. As previously .described, other
qual i ty paieneseihs layvessitliedata tate Fie data boimgirasmitiedn dhatl ik, \genetally adpwer|

node sel ection.is made by refer |.n e LUT 270. The ,first de. sel ection
e ade © coBinchaRPe Tar¥ ol SEEEDY. AIPwbefd R ot IBRGRRE e on "
~isymade bymoef dieil fiidise With 164kBr SWR Brahéiftiséibs.st qual ity parameter. After
setting the transm ssion node of the transmtter unit 200 based upon the
initial transm ssion node sel ection, a second quality paraneter is
nmeasured. An_ egphed i ' | 4.y r i.ag t he
PER. Both the fi rs@sc%(g rlstcjg/ﬁ hlg%rg%ér‘?e %?%%%cﬁgﬁs%%roe%gﬁ gﬁégﬁ{g@ }e%gr" grret er are
fed back tqualibyeoftscrviendah rempiite (ROQrgel BER torteriswet, Addition20l@, difieaintes f eedback

fromreceive unit 300 via f eedhack extractor 0. A first .scenario
i ncl udes a LSPHIIANS ﬁ“‘?ek‘f’@]rg%' éi"@‘@ﬂ’é’r‘i’ﬁ@ﬂn D igto mpiptain a target

conput ?t i QJt’:ﬂF:]R.n Tthis38 BartibSiaRy ithFortaht fdrRBatehl biftifl86hO EysEPTPNIRE pafichaily, 280
enerates the . : | S
J . for multiple base station spatial multiplexing, where the transmission channels between a

receiver and different base transceiver stations can be very different.

Generally, each LUT is generated based upon simulations or characterizations of
the transmission channels. Therefore, the LUTs are geﬁerated based upon a particulér
- channel model, or a channel at a particular point in time, It should be understood that
there can be mismatches between the simulated and the real propagation conditions.
Without corrections, the estimated transmission modes can lead to data transmissions
having BERs that are different than the target BER. The LUTs do not capture the Jack of
channel coherence between the time period a mode is selected and the time period the

mode selection is used by a transmitter.

Referring back to Figure 2 and Figure 3, both of these figures include a
corresponding LUT 270, 370. In Figure 2, the mode selection is made at the transmit

unit 200. In Figure 3, the mode selection is made at the receive unit 300.
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error factor by determning a difference between the neasured aegoggp '
quality paraneter and an expected second quality paraneter. Tha : A0p%
LUT 270 is womsessganer ated table based upon an expected, dpsTmeeso3431
predicted second quality paraneter. |If the second quality parameter is
PER, then the correction factor is a generated value that depicts the

di fference bet wgepnbifigiAESSME fdnBERuAR d06 HEFIEES ineRided £thody séibaionUT 270. A
-second scenario includes the feedback extractor 260 detecting the_ node-
"index orblady250.HBie red steationblosk gepraatees Brst mydaseectiandhasedieppics fitshe k

streans and _forwarding..this information.fqut. N The

cont'r ol I-eAUBLHPIAPRIET %f} b?ﬁé%ﬁ%%e E?FGWBH‘ém{ ?ﬁl?g% sf%a{lxhgﬁ%g{ngﬁgg%n %0, and
| thUS-det_eB;{Eeﬂ%g ﬁ'é}%dﬁ@@%ﬁﬁﬁ%aﬁ%ﬁ@mw&ermriﬂitianmoa& b&i be pademBi ers- to be
used for each bf the k streams. 15 2 8 SEP 2006 WO 03/085876 X

- PCT/ US03/ £:3é34d, bn préset toweatectf inisiahmodd. nhn embodiment ingdesdbadirgtabglity whi ch

“i'$ a techni que, kpnawn Ln_the art he ,qual ity .par anget e extracted
during t hBURRGEF Beg %ﬁ@ﬁi@sﬁ‘%ﬁlﬁﬁmﬁ_‘d? a’@b? Véeﬂ%ﬁri 0‘g£ rre%?dél's 3t e subscri ber
uni t ‘and pa.AGLH, sRkLudiRePRamktckShdsRIES HeTNR bah Bd @ied e Géneitallg, the irgtialf act or
conputation unit 280 includes dashed lines connected to _the node seLectlon

unit 250 mode s¢lectionTs @ade byteferdacing thel B 27Q. nheclrstmodp sgleddiongs made
fi i op of the inveation. Lt i - : -
cont 1 our betubln B Fat SESEY 3ttt Mrte G Rt TER R ke by tolerRfiing

i mpl ement g@. LA Gith $he ﬁ@f\%ﬁgﬂiﬂj?ﬁﬁ@t&_ncl udes the error factor conputation
uni-t 280 being connected to the node selection unit 250. As previously

described, the node selection } unit 250 references the LUT 270 with the
first quality parangter LSS it POFBase@hbsHt ingn. This

© GOMfi guration -Bﬁgﬁ u 5% @gg%%ﬁgééﬁﬁgﬁe%@%%?ﬂgﬂé}ner ated b?/ thg error factor
conput at i fiitidl Miahsrai8Gobgiody seluetiongla vedohd tadity paratnetym & megsupeak et er  to

. nodify the resulting transm ssi on_ node sel ection. i 1] ..be.descr.jbed, the
correct i opmbedipratinglyde the sseond puplitypagmeter SQWgttﬂ?/gﬁﬁu\rﬁ)oé# ﬂ}f’e%rgﬁ‘&]akgpupon
whet her t@frm?&%} ﬂ@&@@éqonﬁ%ﬁli 3 kBletdaPe fALRACIH the Ganduii A%t 200.] The ecei ved.

0

A second nfiguration incl'udes“the error factor _cor}put ation unit 280 being

connect edtrimsniitenit 200 r2FdvesAsedinek frousiegeivewnt 3Mevia afpedbagiyextiasiasdfPon unit

250 ‘references the LUT 270 with the first quality parameter and generates .

a transmi ssion _ _ '
A first scenario includes a correction factor being generated by an error factor

computation unit 280. Essentially, the error factor computation unit 280 generates the

error factor by determining a difference between the measured second quality parameter |
~ and an expected second quality parameter. That is, the LUT 270 is a pre-generated table
based upon an expected, desired or predicted second quality parameter. If the second

quality parameter is PER, then the correction factor is a generated value that depicts the

- difference between the measured PER and the PER predicted by the LUT 270.

A second scenario includes the feedback extractor 260 detecting the mode index
- or any other designation of the selected modes for each of the k streams and forwarding
this information to the controller 240. The controller 240 looks up the mode by mode
~ index in the database 290, and thus determines the modulation, coding rate and any other

parameters to be used for each of the k streams.
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node sel ection. Th| S confl guration i ncI udes the correction fact% gener at ed
by the error factor conputation unit 280 being sunmed with the thrIhos
within the DWPO3Pg8I0 nodify the resulting transm ssion nodecseswesizan. As
wi Il be described, the correction factor can be a negative or a positive
-nunber dependi ng upon whet her the nost recent data packet was correctly or

incorrectly receinedvedtds Migkimeivitida RpleRng/(FDDY) whieAR flcheiguekidwB80
“includes dashed |ines connected to-first uaI i t%lgpar aneter unit 340 and

the LUT 370 theied, @asm@aypgnmtﬁrmm?t@mam revesssrifangiisstondirm | t he
nent on. réckivk Rl doB By HARL SRG b UAh s B el Spe5kck HibauBhe "o Y

03/ 085876 PCT/US03/ 03431 A first confl gurati on includes the error factor

conputation unit 380 being connected to the first quality parameter unit
340. As previ oudt iggeesd therstor fadter qmumtatmm&t%amnq}mes dagzd lisepeameasdt he

LILT 370 & fif Lidhy n mode

sel ecti onMQI'tﬁl llegqjoflq@ojr?blaﬁgqﬁeg@&e‘ﬁg g\gl g%ﬁ't% ﬁ{c%{e%g}r?gsri%@ed by - .
the error é@fﬂg@ﬁatmiﬁfuleﬁhvaﬂoﬁ Nifitis &6k @ﬁief@omnmﬁewcbhﬁglh@nénsrasé nigtey i ty
parameter to rm%@%/ t he resultlng transm ssi on node selection.. As wll be

~descri bed, e%4qaple the ényepten ean kedmplrmentetegat i ve or a positi Ve nunber:
dependl ng upon whether the nost recent data packet was correctly or
incorrectly received. A second configuration includes the error factor
conputation uni A 380configngtiornecheles 8@ chor fiveorlcbihpdiation Asit@Bebeiogsl y
~described, the rr&de sel ection unit, 360 referer]ces the LUT 370 th t he

first qual PARpepiaf imibe stodgseleciismomit 0. 1 prarensik dprbednibrmeds 8JeCHoR. Thi s
configuraty ror factor
GoRua § LSRR R OPRIE G, hRE el PRRRRRE tndYslebebd O, (201 00
modi fy t hetramssitstommode shwtivs.sThis cnnﬂglrand»mmb]udcs thAsomedtiontfactoieganeiabedld, t he
correctio act or n be at. a pos u r endi ng _upon
“whet her th %&TOF@& tCOmagt@ 018 é&’ﬁ%‘g E@TPS% tg?ﬁ?sﬁggﬁﬁggﬁayw cei ved.
The nmode sgli6difPihe ¥eultind tHnSRlsSioh Indd2@cRBISGE LRI POA@CHbE) Bie dodfectdic 0di Ng
the transnmitted data. The node selection unit 360 is connected to a

f eedback bfagiek caobe a aesttise elor pessipenmelinghpr depmndimgiuper vdwther e mpﬁ Aegenssi on of
the feedb atﬁi!fa f)g)ckte{ @strggntecw l‘)lt incorrectly received. ‘

A second configuration includes the error factor computation unit 280 being
commected to the LUT 270. As previously described, the mode selection unit 250
- references the LUT 270 with the first quality parémeter and generates a transmission
mode selection. This configuration includes the correction factor generated by the error

factor computation unit 280 being summed with the thresholds within the LUT 270 to

R

modify the resulting transmission mode selection. As will be described, the correction
factor can be a negative or a positive number depending upon whether the most recent

data packet was correctly or incorrectly received.

In Figure 3, the error factor computation unit 380 includes dashed lines connected
to first quality parameter unit 340 and the LUT 370. The dashed lines indicate two
~ possible configuration of the invention. It is to be understood that these configurations

- are merely examples of how the invention can be implemented.
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200. Here the conveni ence of indexing nodes becones clear, since feedback
‘of an index nunber to the transmt unit 200 does not require ru8hSEP 2006
bandwi dt h. & oshQsHsd be noted, that in the present enbodi ngRlyR:IRAE
‘'selection is made for each of the k streans. In other words, a node index
indicating the node to be used for each of the k streans is fed - back to
“the transmt upit 200. |n.anot ' t Ry i ate to send
a node di ffer‘gﬂ-‘&%I Wﬂ@%ﬁ??&ﬁcﬁg‘%ﬁg@%ﬁ}dﬁ?@%_Ilgb%%?ér{%%tﬁt %%agg%?%r subsequent

" transni ssigfected Q) the K Rh ity phrateeer auit B8Ot Ak penvdoushsdesoribe, thedwode, and the
node index of the subsequent node is 3, the node,difference.would be 2. In.

'yet anot heslectiohuuit A6hreferiencesdiye BT 330 withbe firs qualify W‘”‘%ﬂé’ﬁﬂ efnerales ,

- characteristics .back to the. tr ' t.hj , _
conput at i %ﬁmﬁm?‘t‘%ﬂ ?’8@‘? %eéec ol E‘gﬁq@ﬁ)g’ﬁé{p jk}é%rg]%ghrrlg% %h%ragﬁ%&?%gaﬁo&ge sel ecti on
are perf O%éﬁ%fﬁte@ﬁy thberrbf fREFicbmpiiatio Ot 390b@nBsutiie® 00l theirsDgUUBES76 -

~PCTHUS03/ 03431 The correction factor generated bel(ﬁ’ eraéor .igchor, 'ﬁO(frH{Jt ation
unit 380 parameidet medifit theaewdingdranswissign aqdesslerion .25 Wil By desrrbed, the

transm ssi on pode sel ection. ate.. ' : SChhederi@etor is
gener at ed*¢F H&éiﬁgip&p@l}i@%ﬁ%%@ﬁ 0? gggﬁl%%n%g%%mgg%&t ligs substantial |y
faster thggsitrbéent b4ta backebiviat yorptlgoe ireomeatlyupdavedi. Each data packet,
whet her the data packet .is received in error or not, determ nes whether
the correction factor is assigned a negative or a positive value, and
lncrements or %Ss%é&%%&ﬁuﬁﬂﬁoﬂin%ﬁhgﬂﬂﬁ%lehio)’facﬂﬁ‘rc@ﬁﬁhﬁaﬁoﬁﬁnﬁBsobéiﬁgshol ds
"within a LUT. rta packets received in error generally cause _the error
correct i oforinectbé tepihs T 370.whs previdasly described.she swode velactionymiidoler r or cause
th error correction to be._n tive.,. An enbodi nent_ i s itive
' é@?or cor fe&encsn thedi G 329 é"flg’ﬁgggﬁ’t ggqlﬁgpgr,am/q%r ag‘ﬁge%r#%ggﬁn\?sgﬁ %Sgérh? ection
bei ng assi;0Retiabal 6isonlfaribi ik ARPM-dBiBE B TRElof benerighl bysthstelrat i on and
. anal yticalTly at at convergence, the value of Nis di r_e‘%t llﬁgfgjéﬁft ed to the
‘target PERctoBcompatatiomusit3§@being suramed withthe thirshaldg stithyn fe Wl e, at
convergence,. if the target PER is 5% Lbghechiggtor is
used to C—B}Qﬁﬁ%{}&@?‘g&%&?@&m?%@% gsfi]é"gg’ﬁl %gﬁ %g}gﬁ%@%&%ﬁ the threshol ds
Wi t hi Nt heyoleWEsn bd BEESRINERT apbstiRERirher depdridingouminywhether tley wostresente i n

data packet was correctly or incorrectly received.

- The mode selection unit 360 selects the subsequent mode number for encoding

the transmitted data. The mode selection unit 360 is connected to a feedback block’390
~‘and a corresponding transmitter 395 for transmission of the feedback to transmit unit

200. Here the convenience of indexing modes becomes clear, since feedback of an index
number to the {ransmit unit 200 does not require much bandwidth. It should be noted,
that in the present embodiment a mode selection is made for each of the k streams. In
other words, 2 mode index indicating the mode to be used for each of the k streams is fed
back to the transmit unit 200. In another embodiment, it may be appropriate to send a -
mode difference indicating how to modify the current mode for subsequent transmission.
For example, .if the current transmission is mode 1, and the mode index of the subsequent
mode is 3, the mode difference would be 2. In yet another embodiment, it may be

 sujtable to send the channel characteristic_s back to the transmit unit 200. In this case the
computation of statistics of the quality parameters and the mode selection are performed

' at the transmit unit 200. '
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‘close to the target PER At initialization, the correction faﬁt@ g@@% to
.zero. Then upon reception of each data packet, a positive or“n g% i
correction Y&PB#F8E7E generated. Another enbodi ment i ncl udes PCiAISes/0351
factor being generated once per a  predeterm ned anount of tine. The error
factor can be set to a first value if an average PER is greater than an
upper bound t hilbs kairektionfattdrgenemtedrbyf eantr factaraconipatation unit $8@ providesal ue | f
the average PER is |ess than, an | ower. bound threshold, 18 2 8 SEP:2006 WD
03/ 085876g?¥t?wl@$%%9f€?§29ﬁ0¥?1?jﬁ?%ﬂw %“@%?%?W@g%%?%@“@cla?ﬁw% tial

mul £ Pl exXivhgt ke beborifn Fididlis BaRfatod (BPSERINE Tosdath raRived BahpRaien) o dat 2
to a subscriber 530. A second base transcel'ver station 520 also transmts
data to t kbstmbisBy faster tiafGhe fist qladitwpammEtegiswpdsied dBach data packet, whethet o t he
subscri ber. Sﬁﬁgﬁ fa:?gm.t he first base transcejver.station 510. travel.s .through
a first cHEfidE Pagket ipraogived Jherrror agh Ostermmes ibetes e Fomaiop fsiotiie second -
base tra e &, 2R 1 .S 4t &Eg‘ I The
ant ennas gi‘@ Eg%rﬁ?%t?%loga aélgv%?g%ﬁ?’o%g ]gé’lrgﬁglg%gr ?:%?1 etéljglggﬁ %(glrug-lgtgati al
mul ti pl expargmeter ar thedhsshads within @ IHHE. Pabgrackdierectised inlereortgendrally pdnsei cal.

separatiop of the nultiple base stations 510, 520, -the.first channel hl
onn e HheSHar Engron 16 Be Bapitre VB cotaePar tsrev et Ba ST cuSe T | s
gener al | yegg@iRbR6n fole eBftivel r st channel hl that is different than a LUT

generated for the second channel U The above-described enbodi nents of the
i nvention can be extended to include the nmultiple base spatial '

mul tiplexing cqonfiqurati on of. Fiqure 5 in whickh separat e, LUL i's" vel oped.

for each of - 1 fd umsgnel iefides pPosss enpcomson b dsimed g yatue LA |

. base transei Neatisé abrificn baiflg aliferédatvalddoB0W. tit @mbeemém@ﬁedtm@ugas e
[

transceiver stations of Figure 5 can include nmultiple antennas. gure. 6

- is a fl owsiewiationtand angliidcaliydkat st eqny ergenes; thatadie ofdhis ditectyieelatpd tontbieon. A
first st LNG: ' an initial transm ssion node based on a
pr edet er ﬁ%ﬁ%ﬁlgﬁé%ﬁ%qﬁggﬁg‘@géhgﬁi& an initial channel characterization. A
second step 620 includes generating an error factor based on a difference -
bet ween an estinmated perfor e characteristic of data signals transmtted
according to {‘T—(lr}&%%mrgctﬁ—f-

For example, at con{rergence, if the target PER is 5%, then N=19.

The correction factor is used to continuously correct the first quality parameter or
the thresholds within the LUTs. Therefore, the PER is continuously monitored to remain
close to the target PER.

At initialization, the correction factor is set to zero. Then upon reception of each

data packet, a positive or negative correction factor is generated.

Another embodiment includes the error factor being generated once per a
predetermined amount of time. The error factor can be set to a first value if an average
PER 1is greater than an upper bound threshold, and the error factor can set to a second

value if the average PER is less than an lower bound _threshold.
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the initial transm ssion node, and an expected performance charagt g%séﬂlﬁ
of data signals transmtted according to the initial transm s 6n dell
third step §3hslpghsdes sel ecting a subsequent transm ssionpapfgedeased upon
t he predeterm ned channel database, the error factor and a .subsequent
thannel -characterization. 19 WO 03/085876 2 8 SEP 2006 PCT/ US03/03431
Figure 7 is a fdow: gl ] ?a?i% 3 ofli f the
“invention. A f?:]F?sutte§E§%&%€]%?hrﬁé%%§gﬁﬁgég Vi %Igltlltﬁ?%i s%lé(&)}g gifgﬁgag@t hat
i ncl ude dagaseRepsiation 510 @ansinits Ghtalo bsalsriba$30Nn Ansedend Base dosngivet ep 720
includes neasuring a first quality parameter of the receiv transm ssi on
‘signal's. Atatipnpdo QE@FWtﬁW@db%S%PWiSEB' .Sémﬁﬁwq%vdgﬂ@m ssi on node
based upon_ the qual.it : 1 40, 4 S receiving
Cransm ositepaed i el RAEaTRhHom e bbbt B e oeton
“mode. A fithdobiglsh Gpst Chéhrieliel. Ukists tramasited hythe selescribat 5§0ftam thergeenddiage . A
~sixth step 760_includes adj usting a paraneter m hin selection criteria of
anot her sUsBesgiven statipmphiraveisghrongh @ sped $hepshid-ne second quality
paraneter. = Al though specific enbodi nents of the invention have been
described and illustrated, the invention is not to be limted to the
speci fic forns The aatehangdRninaltiple bppastationss 10520 ¢andw usedi forispaitalr at ed. The

invention is limted only by the clajns, 20 21 28Septenber. 2006.. i s
What i s cBiifiplgring dag trgHisgiopfo BjﬁtS%Lﬁcﬂbﬁ@?%ﬁ _3%?38 TrRaB e Sag gt o
wirel essl yd LA b8 dafaids 10t 5o, MR HRECIHANTM1 $ba dhe second channel b2 can be

- very different. Therefore, a LUT is generally generated for the first channel hl that is
10  different than a LUT generated for the second channel h2. The above-described

embodiments of thie invention can be extended to include the multiple base spatial
multiplexing configuration of Figure 5 in which a separate LUT is developed for each of
the separate transmission channels. Clearly,._more than two base transceiver stations can
be used. In addition, each of the base transceiver stations of Figure 5 can include

‘multiple antennas.
‘Figure 6 is a flow chart that includes steps of an embodiment of the invention.

A first step 610 includes selecting an initial transmission mode based on a

predetermined channel database and an initial channel characterization.

A second step 620 includes generating an error factor based on a difference
between an estimated performance characteristic of data signals transmitted according to
the initial transmission mode, and an expected performance characteristic of data signals

transmitted according to the initial transmission mode

A third step 630 includes selecting a subsequent transmission mode based upon
 the predetermined channel database, the error factor and a subsequent channel

characterization.
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selecting a first transm ssion rmde based on a predet erm ned channel

dat abase and a first channel characterization; generating an ezgoSEPa@ﬁi]&r
based on a We0&PESHBe bet ween an esti mated perfornance char apCPUSBI034310f
data signals transnmitted according to the first transnission node, and an
expected performance characteristic of data signals transmitted according
to the first trhigare%sisiadlownalds;tharincladdseedps of arotBeremsmpdénénttof dhesni ssion
‘node based,_upon the predetermn ned channel database, the error factor and a-
-.subsequentmlf?i&?ﬂ’i'el characterization. 2. The method of optinmizing a
transm ssion node of wirelessly transnitted data of claim1, wherein the
first channel characterization is based upon signals transmtted inan
initial node. 3A fithietepetl0oeblodes oqiciving iragsnaisdiomsigivls tiabincludd datafenvoded essl y.
transmtted data of claim1, wherein the predetermnm ned channel database '
conpri ses Iéaﬂr@@étwwnll’é‘éﬂ@up table that provides a transmission npde
sel-ection based upon a channel characterization. 4. The nethod of _ '
optim zing a transm.ssion node of wirelessly transmtted data of claimS3,
wherei-n the | cAlsecondisted|720 draiptes Sesiswriny aifiesk fhalitp pargteter oy theareeiwdder
t hreshol ds that deternjne the selection of a transm ssion node. 5. The

met hod of TRESYORENR St r ansni ssi on node of wirelessly transmitted data of
claim4, wherein selecting a subsequent transm ssion node based upon the
predet ermi ned channel database, the error factor, and a subsequent channel
characteriz at i oA tiniohgtep Eksinclad¢sssldcting tisebsgyadrit tryngraission rexde bhsedsipoh ds
'vm'thinth gﬁbermnﬁ‘glook up-table with the error factor; and

sel ecti ng B transm ssion node based upon the adj ust ed
© lfogk- up- tabI e and the subsequent channel characterization. 6. The nethod
of “optim zing a transmission node of wirelessly transnmitted data of claim
1, wher e| n t he A dourBrstépetdldnclidesgesmiviag dungnission signels daying slotsi epeelieddana
‘packet . T th of .optimzing a transm ssion node of wirel essly
transmtte gl%fgfugppgﬁfnﬁﬁsg’ rt}\?t‘il’eln the error factor is set to a first
value if a data packet is properly received, and the error factor is set to
a second val ue the data packet is |rrproperl y received. 8. The nethod of
optimizing a tr%ﬁﬁhst@ﬂéﬁ ineieries eagiing @secopd apaliy AEMSEETdat a of claim 6,
wherein the quality paranmeter thresholds within the predetern ned _
| ook-up-table are adjusted by the error factor after the reception of each
data packet. 9 AiibtehstqtTﬁﬂcindﬁdmmdjtmtmglag)aeametammﬂussaloctmmmmem ofni relessly

transm tt %got(i!t It E}Jb(s)gqu%llltaﬁagsélss%er ecienbasecf upon the second quality parameter.

Although specific embodiments of the invention have been described and
illustrated, the invention is not to be limited to the specific forms or arrangements of

: N

i parts so described and illustrated. The invention is limited only by the claims.
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error factor is generated once per a predeterm ned anmount of tinme. 10. The
met hod of optim zing a transm ssion mgde of wirelessly transmtted data of
claim9, wherein the error factor is set to a first i f aver age
packet error rate is greater than an upper bound k&é’%qt%rr@er?éﬂﬁ the error
factor is set to a second value if the average packet error rate is |less

t hanClims] ower bound threshold. 22 26 Septenber 2006 11. The net hod of
opt i grzi AQaind4t ansmi ssion node of wirelessly transmtted data of claim 3,
wherein the selecting a subsequent transm ssion node based upon the

pr edet grrtHea df chimnne] a tatabase, mddaer arélaksly taaahiaed and, e sitbRedoepisighannel
characterization conprises: adjusting the subsequent channel

char ade&Eng 2 st AN sPt el edapas onfaprredntermined sipngel| deebpssg e Ivdirg thaeguent
tran%ri‘ﬁr%%‘?rﬁﬁt'%de based upon the | ook-up-table and the adjusted subsequent

Cha ASHE 12481 bRB4 o2 il G TREDQM 9 t%‘?ét bétdafe LhASMsS8LON mode
WE g& Maﬁﬁnﬁt@&f@cﬁ:&r@ﬂ datna ﬁ%ﬁ emfe@n g@r rEi n exp&HY Jepbfthnce

| n [ vnaralataér shic SrlaCdidnaB tankhitel atdoamMEth 5% fmst tmadalsbasedd@ran@ predet er m ned

channel database and a first channel characterization for each of a

pl ur edl¢dtipg apulisequeshiraisinimios moda Aesed @a@rhthe brediferyherd ebing) daghbase thneierssi on

st r e BT BRA M bFRBIEN/BaNIS) cheFrstesERtonr ecei ver al | owi ng spatial nultiplexing;

d
genel aithe’hgetﬁc!?j o(?{: C%& izi fgtté?a%srpé‘sgfﬂ madk of% yftefe Es‘?\{ Fihefn tE?a%t ‘é?aec!? c%ﬁna?svsrt I &

per f g ,S eXREL gimpae, Q racteri stic,
for the pI urallty of transm ssion st reanms; and sel ectl ng a subsequent

t r an3.mhe She@ibdpdetihiasgd tMﬁQﬂsit&lﬁn@de&dmreremiMsmh&ﬁmefa dakabaseherdithgheer r or

f act preddnaunigedshyseldrtaiase ammets € bradaetérgdietkipibld Hat iriraddsedrrspnisseon

st r e&AEe Sei%tiO”T‘??éewoﬁé’thé*P”%ﬁtaﬁﬁeﬂzﬁ@”a tr ansni ssi on node of wir eI essl y

tr an§ n?h gﬁ) otfa tlmiZE"l a tran mrSss n (% DQ w;reless traangs SI t?n f%:lt 5 e

trangp GLedid Loomh Snramy ol At ﬁﬁ SHEOA gct S 2i ng
a tr@g}%m,sgﬁ,h%dgo wre ess y transmtte ata o aim erein an
error factor is sel ect ed for each base station. 15. The net hod of

opt | $iToe mptizvdtaf aptnitiss b Gransmoiskorohodsl of elrelssdlytrdnsamitedidataad cldat 4 vaferadd ai m 13,
wher glastinga subgersiepfuiEansMispig 8We Bise upaidbe predefeindegdedhatingt datahae, dhe e

t r an@RPS SPHA SehsPRERE Chanpe! CAErARE8 e U MBHESShi zing a transnission node of

Wi r e:J:I I§S§II’I trFe Qlﬁ%%%ﬁ\gteqj%r@shoh?% H(Ett[heog'e&eq I‘ ?ICQ)Q u t%ﬁg%t}{ltt{egerF : ?Eﬂﬁam ssi on
si gn c;;st at a encode i'nan initial trahsm ssion nmo

nmeasuri ng a first quality paraneter of the received transm ssion SI gnal s;

selecting the subsequent transmission mode based upon the adjusted lock-up-table and the subsequent
channel characterization.

6. The method of optimizing a transmission mode of wirelessly transmitted data of claim 1, wherein the
error factor is generated once for every received data packet.

7. The method of optimizing a transmission mode of wirelessly transmitted data of claim 6, wherein the
error factor is set to a first value if a data packet is properly received, and the error factor is set fo a
second vaiue f the data packet is improperly received.

8. The method of cptimizing a transmission mode of wirelessly transmitted data of claim 6, wherein the
quality parameter thresholds within the predetermined look-up-table are adjusted by the error factor
- after the reception of each data packet.

9. The method of optimizing a transmission mode of wirelessly transmitted data of claim 1, wherein the
error factor is generated once per a predetermined amount of time.

10. The method of optimizing a transmission mode of wirelessly transmitted data of claim 9, wherein the
error factor is set to a first value if an average packet error rate is greater than an upper bound
threshold, and the error factor is set to a second value if the average packet error rate is less than an

_ lower bound threshoid.



sel ecting a subsequent transm ssion node based upon the quality paraneter;
receiving transm ssion signals havings,data encoded in the subsequent
transm ssi on node; neasuring a secong qual ity parangter; and g{'usti ng a
paranmeter within selection criteria of another subs%ﬁﬁ?”@?%‘?g i ssi on node
based upon the second quality paranmeter. 17. The nethod of optim zing a
transm ssion node of wirelessly transmtted data of claim 16, wherein
sel ecting a subsequent transm ssion node based upon the quality paraneter
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16. A method of optimizing a transmission mode of wirelessly transmitted data, the method comprising:
receiving transmission signals that include data encoded in an initial transmission mode;

measuring a first quality parameter of the received transmission signals;

selecting a subsequent transmission mode based upon the quality parameter;

receiving transmission signals having data encoded in the subsequent transmission mode;

measuring a second quality parameter; and

adjusting a parameter within selection criteria of another subsequent transmission mode based upon the
second quality parameter.

17. The method of optimizing a transmission mode of wirelessly transmitted data of claim 16, wherein
selecting a subsequent transmission mede based upon the quality parameter comprises referencing a
predetermined look-up-table that provides a subsequent transmission mode selection based upon the
first quality parameter.

18. The method of optimizing a transmission mode of wirelessly transmitted data of claim 17, wherein
the look-up-table comprises a plurality of quality parameter thresholds that determine the selection of a
subsequent transmission mode. :



subsequent transm ssion node based upon the quality paraneter is
periodically selected. 25. The nethodysf optim zing a transm ssion node of
wirelessly transmtted data of claim 16, wherein tin ranet er
within a selection criteria of the subsequent transn#'fzi‘? !ﬁq%ﬁb%?g)%based upon
the second quality paraneter conprises: adjusting a value of the first
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factor _and a subse uent channel characterization. 24 28 Septenber 2006 28.
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node
generating an error factor based on a difference between an estimated performance characteristic of the

received data signal, and an expected performance characteristic of the received data signal; and

aiding in selection of a subsequent transmission mode based upon the predetermined channel database,
the error factor and a subsequent channel characterization.

27. A method of optimizing a transmission mode of wirelessly transmitted data, the method comprising:

transmitting a data signal from a transmitter, data of the data signal arranged according to an initial
transmission mode based on a predetermined channel database and an initial channel characterization;

the transmitter receiving an error factor based on a difference between an estimated performance
characteristic of the transmitted data signal, and an expected performance characteristic of the
transmitted data signal; and

selecting a subsequent transmission mode based upon the predetermined channel database, the error
factor and a subsequent channel characterization. .



conprising: adjusting one or nore quality paraneter thresholds in the
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transm ssion. 34. A transm tter according to claim33, further conprising:
a spat.ifafecereppomyisgigenent, coupled to the controller, to receive the select
transm ssion node and selectively apply a spatial processing to
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performance characteristic of data signals transmitted according to the first transmission mode, and to

seiect a subsequent transmission mode based, at least in part, on a channel database and the generated

error factor.

32. A transmitter comprising:
~ a contioller, to apply a select transmission mode to a wireless transmission of information; and

a mode selection unit, coupled to the controller, to receive an indication of an error factor based, at
least in part, on a difference between an estimated performance characteristic of data signals
transmitted according te a prior transmission mode, and an expected performance characteristic of data
signals transmitted according to the prior transmission mode, and to select a subsequent transmission
mode based upon the predetermined channel database, the error factor and a subsequent channel
characterization.

33. A transmitter according to claim 32, further comprising:

a transmit processing unit, coupled to the controller, to receive the select transmission mode and apply
it to received information for wireless transmission.

34. A transmitter according to claim 33, further comprising:

a spatial mapping element, coupled to the controller, to receive the select transmission mode and
selectively apply a spatial processing to information received from the transmit processing unit.




processed with the select transm ssion node and generate a wreless
transm ssion signal for transm ssiomsia one or nore antenna(e). 36. A
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the indication of an error factor is received froma renote receiver. 38.
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one or more omnidirectional antenna(e); and

a transmitter, selectively coupled with at least a subset of the one or more omnidirectional antennae, to
generate a wireless transmission signal, the transmitter including a controller, to apply a select
transmission mode to a wireless transmission of information, and a mode selection unit, coupled to the
controller, to receive an indication of an error factor based, at least in part, on a difference between an
estimated performance characteristic of data signals transmitted according to a prier transmission
mode, and an expected performance characteristic of data signals transmitted according to the prior
transmission mode, and to select a subsequent transmission mode based upon the predetermined
channel database, the error factor and a subsequent channel characterization.



