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conditions wireless channels exhibit good comrunication paraneters, e.g.,
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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 becaunse wireless
communications channels between transmit and receive devices are inherently variable,
so the characteristics of wireless channels, such as signal 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 spectral
efficiency and throughput. However, under poor channel conditions, 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 Mdtivated by these conplicati ons; prior art
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signals with the use of feedback from the receiver as well as adaptive coding and

v

receiver feedback to adapt data transmission to changing channel conditions. Such
adaptive modulation is applied to Single Input Single Output (SISO) systems. In both
SISO and MIMO systems, however, the fundamental problem of efficient choice of the

mode to be applied to the transmitted data remains.

It would be an advance to provide a mode selection technique which allows the
system to rapidly and efficiently select the appropriate mode for encoding data in a
quickly changing channel. It is important that such technique be efficient in all wireless
systems, including Multiple Input Multiple Output (MIMO), Multiple Input Single
Output (MISO), Single Input Single Output (SISO) and Single Input Multiple Output
(SIMO) systems as well as systems using multiple carrier frequencies, for example,
OFDM systems.




Sunmary of the Invention PCT/USC3/ 03431 The invention includes an apparatus
and a metggfi _fog adaptively optimzing a transm ssion node of data
transmtt &P P 8rs within a wirel ess cel lular system ThECTESSBABAs and
met hod are adaptable for use in M MO systens. A first enbodi nent of the
invention includes a nmethod of optimzing a transm ssion node of

wi r el esummagy efthelayentions The net hod incl udes sel ecting a first
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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 selection based upon a channel characterization. The look-up-table
generally includes a plurality 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 error factor, and selecting the
subsequent transmission mode based upon the adjusted lock-up-table and the subsequent

channel characterization.

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.



The error factor can be set to a first value if an average packet error
ration iswq{tg%tsgg%than an upper bound threshold, and the error factor can
be set to a second value if the average packet error rat i Dn1/PS0YBeY ¢t han
an | ower bound threshol d. Another enbodi nent includes the quality paraneter
thresholds within the predeterm ned | ook-up-table being adjusted by the
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plurality of transm ssion streans. A subséquent transm ssion node is

sel ect edhbasedzatpmwith the qurog deter mdwetecthg thestubstamattasmsmidsionanedr f act or
and a sybseguent_ channel har,act ey.i lon, for .the.transm.ssion streans.
Aot her CaRBtRSAE PR i ate adbush &l Etarilet S bR s 1 ¢ eq
froma plurality of base stations, providing mnultiple base station spati al
mul tiplexing. For nultiple base station spatial nultiplexing, an error
factor and a A thirdesponsiiingt is sibdlag teethe frstembedinémsn The ddrdembasimgeiner at ed
for eagh.,of the.tra 1 SSi 0 I. e . f qur tyh,embodi l;n¢l udes net hod
of ' opt 1 19 B BT hen e B Roodirif dhaPg SRR IIRRY skl e

met hod i likslesiskRaehydd hstd ans ficdsteAntingd dhaing] Edabase b h @ cHaindl encoded
in an initial transm ssion nmpde. A first quality paraneter of the _received

transmi $8wapteHraien for pashipdagliratity of epmaistoR AredmanSIch Kt PIGHE ok
sel ect egraﬂé}ﬁl%gioﬂgﬁ%@ﬁquﬁg}éhix)gﬂ}?i%Ige[:eive-nrr Qﬂ%gﬁgﬁihlﬂnﬂﬁﬂhﬁgg{ eA second

recei ved having data enc e subsequént tr m ssi 0
qual i t y Ameereorefhetor isgeneatadrbasedl on a difference between an estimated performance

characteristic, and an expected performance characteristic, of the plurality of
transmission streams. A subsequent fransmission 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 corresponding 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.

4



WO 03/085876 PCT/ US01/03431 A paranmeter is adjusted within selection
criteria of another subsequent transm ssion node based upon the second
qual ity papaaessre Sel ecting a subsequent transm ssion nodECTHEEEH34Hon t he
qual ity paraneter can include referencing a predeterm ned | ook-up-table
that provides a subsequent transm ssion node sel ection based upon the.
first quabdrineterds . withig stlectionuwpitdrizhd famothan sibsedwamé trangphisgien i t y of
qual ity paraneter thresholds that determ ne the selection of a subsequent
transm smidohasaddwon Akl se6endguAtHBHEMEREr within a selection criteria of the
subsequent transm ssion node based upon the second quality paraneter can
.include adjusting the quality paraneter thresholds within the

pr edet er ni ne@eleafkg 4 pulisaicat trilnasiomyotsbased apou thpugualitypasemelfetad can

include increnmenting a table . %@{rﬁcti (P)r@ﬁftﬁcmr .ho a first f}/al ue of a data
_packet iinclpdesplrenginea pied@grminae ok PSRRI HFTOH & 4 SHPSEUEB r ect i on fact or
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par anet nﬁlﬁlrssel%quéig S\%&Q?hcﬁﬁﬁ%ﬁ(g re g'ltﬁzsrtr%ﬁﬁlgtgq)l%%ok- up-tabl e e}}?e adj ust ed by
t he t ablogn GRhdec!jlonlifasiqualinffaeametbrthreshalgs o deerame therelogtipmekat . O her
aspects and advantages of the present invention will beconme apparent from
the f ol Isaveapend SRASTPISHORBWEE pt i on, taken in conjunction with the
acconpanyi ng drawi ngs, illustrating by way of exanple the principles of
the invention. WO 03/08-5876 PCT/US03/ 03431 Brief Description, of the

Dr awi ngs Fi gurdustinghigwsaraeter withinsisseleohionueriterie 0b hespbtcafititgfBIssiops 4 pl ock

di agr am of system according ,to an_enbodi f: i ion. Figure 3
is a bl Megqaéiﬁlr‘é?ﬁ ea‘??SPﬁaaalgwi‘fé‘megFEEB’? ﬁ?wg‘i@?“ gj&asrqﬁ%%a(r)%?%)nt of the

i nvent i L QTiBrefhdlds RithRQke BRdbebhBed takng-tld 0 an embodi nent of the

i nventi g’%m{:élt:‘lﬁggrree 5 S';shé)ws a E/I MO system that includes an enbodi nent of the

i nvention.
Obtaining the second quality parameter can include incrementing a table

correction factor to a first value of a data packet is properly received, and incrementing
the table correction factor to a second value if the data packet is improperly received.
The quality parameter thresholds 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.



Figure 6 is a flow chart of steps included wthin an enbodi ment of the

i nventi onwdrisgssss 7 1S a flow chart of steps included wthj _
enbodi ment of the invention. Detail ed Description As shovmi:lerlr,?ljgﬁ@g%r awi ngs

for purposes of illustration, the invention is enbodied in an apparatus
and a mgi hgehLash B {h‘é%yav?iﬁ gcti ng a transm ssion node for the

transm SSi thin a wreless cellular system The
invention can include nultiple antennae systens. Particul ar enbodi nents of

t he present imventipn W |l w be descr.ibed,in detail wth reference to
t he draw ng fl::?%lg éss.D“ﬁgwtﬂe&@%ﬁlcmm%cral?lﬁgysﬁ%sent i nventi on may be
inplenmented in various different types of w rel ess comruni cati on systens.
O particul aFiguet 2veabReRdigedh bl haystw et @8mgao B b Al oS st €ns, such
as the system shown in Figure 1. A base station 110 transmts downlink
si gnal s eXE8HOM r el ess channels to multiple subscribers 120, 130, 140. hi
addition, the subscribers 120, 130, 140 transmt uplink signals over the

wirel ess cha j T . i
conmuni cat i o?ﬂgt%kée?’ Ea%sfe)mglf g?d%gar??%%ﬁé}geris}%ﬁgn%?ﬁﬁdﬁ egr%é‘ﬂg"%gﬂgﬁ%s?&‘% ers
120, 13fyvehdén.are 6 WO 03/ 085876 PCT/ US03/03431. receivers, while for
upl i nk communi cation the base station 10 is a receiver and the subscribers
120, 130, 140 are transmitters. The subscribers 120, 130, 140 maybe nobile
or fixed. EXPIRkAL ¥ SIBRGDIAAE Aoddind P af BYb6AmAAHE NG T RAGLAD! ©
t el ephones, car phones, nd stationdry recelvers such'as a wrel ess nodern
at a fixed location. The base station 110 can include nmultiple antennas
that al |l ow ant enna .di versj t echni que nd/ or _spati al l.ti pl.exing
t echni ques. W%ﬁ?qq%?ﬁ%sﬁﬁggﬁﬁb‘@“‘%éﬁn epbe ’tﬁ‘b"é‘tﬁﬁméi’ﬁ}’%“&ﬁt ennas
that pen-nit further spatial nultiplexing and/or antenna diversity. Single
antennas, however, may al so be used. Thus, Single |Input Single Qutput
(SISO, Ml t Fisnee ¢ ispulowicheyt ef shapimeludad BOhin 2 engihaelimapiunf theinveptian. Qut put
(SIMD), or Miultiple Input Multiple Qutput (MM configurations are all
possible. In

Figure 7 1s a flow chart of steps included within another embodiment of the

invention,

Detailed Description

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

include multiple anfennae systems.

Particular embodiments of the present invention will now be described in detail
with reference to the drawing figures. 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 signais 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
conununication the base station 110 is a transmitter and the subscribers 120, 130, 140 are
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any of these configurations, the communications techni ques can enpl oy
single-carrier or nulti-carrier comunications techniques. Spati al

mul ti pl eX%HY/5des can be inpl emented using multiple anteﬁﬁggggymﬂﬁlsingle
base station, or through the use of nultiple base stations each
transmtting a portion of the nultiple signals. Miltiple base station

spat i alreagivets, pibaixiforgrplinkl copanundcationdbebrsgistaiog 8ds arecgbicaand thgt er . Al t hough

Syt oneumsanead Byl 6 SR UL TR PRIk PR TR RPRE, o

but appk¥ixt® BRemplidy ebeGhefiNblEE Gatit@usly 8¢ pordbdy idighoned, eargthohery devi ces

- in wreless communi cation. Accordingly, for_sinplicity, the follow ng

descr i pnd stationdry récgivess wehahe Wirsless oy & a fgegllpeddiong” a singl e
transmtter-receiver pair, even though it is understood that it applies to

. systens with any nunber of such pairs. Typically, variations of the

wi rel ess chamaease gaisgel Mdanikiclademulitipié hitkmeis gt lalH owtamteaixp divieesiiye
fluctuating levels of attenuation, interference, nulti-path fading and

ot her tepdnupes uwlfer spptialanultipleringdarhnigies. Ihaddiien sACESWRCHRA /D) e si gnal
ths (dye. t ti bii k di inth
P opag s Bl fernl St BliniPHist BSaPRALIAH, BRRLAMER 0 T2 e
f r equergyreiBNdhgt huteands, hbweeryany alse basseiyTinssSigelednpit Singlee as wel | . As

a result, there are _ tenporal_ changes in annel. co [ [ 7 WD 03/ 08876
BT/ USSBHDEASIS G mIenerd surela v SVRSHRaREye FERERGRe Flod ency.

t hr oug &lﬁh g@h@ £ SiraticisH@hh bessivlé.end er ence
and noiregﬂewﬁr) ﬁ?%&?lga%%]p an h |%Rgﬁ:@? -noibégora%irgl (SSNR) b Isnf ormation is

t r ansmiahy efltteveconiiparations) the soroianitetionsdeclgiqnes ca employairglgpeasiehee

transm ssi.on podes. For the p r.goses of the present application, a

t r ans mtSYHSATHE FeMIIGHHoNs eghENess o particul ar nodul ation type and rate,

a particular code type and rate, and nay al so include other controlled
aspects of transm ssion such as the use of antenna diversity or spatial
nul ti pl exi n@patislimgtinlesingtineddssan be implemesicd msiggaultipla antsraeeided f or

single base station, or through the use of multiple base stations each transmitting a

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 wircless 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 wireless 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 variations may change with

time as well. As aresult, there are temporal changes in channel communication
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conmmruni cati on over the wirel ess channel is coded, nodul ated, . and

transm t twe. o306l es of typical coding nodes are convol Uﬁéﬂ{]‘g_@'/}&ﬁ' ock
codes, and nore particularly, codes known in the art such as nm-ng

Codes, Cyclic Codes and Reed- Sol onon Codes. Exanples of typical nodul ation

nodes afc circul a nstel |l ations, such . as BPSK SK,, and, ot her mary PSK,
squar o ERSClFY afthaR R iEhecly SeRRE el Hrmhensihane A g1

Addi ti opganpeps)leay, siBtit@intaeréeinddons rhtie {STHR) GMalki@idl temaisy rdioK.  The

i npl ement ati on and use of these various transm ssion nodes in

comuni E8Rdn systens is well known in the art. In addition to the
transm ssi on node, comruni cation over the wirel ess channel 'uses one of
several possible channelization nodes. The channelization node is related

to the spect Mufgirtstioni i trahsiittad ey € thé ml&ﬂ@h’arﬁ]@msﬁn@@fdd%@ﬁsdpmi ber .
In general, any one of various known schenes may he used to divide the
total sparsngsHPR Aofesedirs ks purneses of the nresent arplicalien, a teasmisgsionimederis equency

subchang; t . J 0 Lff I ency

G vi o) oot 138 8 FRich BRI Candllc, SoBReu Y BRET B el B 002
spect r uniay o iadadcothtesonaalléd apron B GahdnBsioh sivkeds thé hide of antlinhi er ent
single-frequency carrier. Often the single frequency is further_ divided in

time uSiVRGUYioREPaial edtaleximg. t Vping aguicadar trapgm)ssion gnoroy date priended ddency
carriergsd Ll ' Lyt f ] e .alning a set of
tinme sl %%@%g?ﬁg?%&%%gﬁggﬁei | n‘gi 1%%@&’&?@%%@?&%% hus associ at ed
wi t h boExamplepetiypical aaling moddsr e uemajutam ahddblogkarodes; whd mdre e sl ot

Ort hogonal. f.requency, di vision nul tiplexing ( i S. ophi sti cat ed

et hod BRUPERI PR ISV CALNT A Y iR aiE Cresncidio Goda o Reed™ 11 e
sl ot - anghiBndAtcdibs Bidahi s%fggﬁ@ﬁﬁﬂdcﬁﬂaﬁioﬁlm@das ak @8R ar BhdtkRfRE Sudho g€t her,
each 8 WD 03/085, 876 PCT/USO3/ 03431 subcarrier at a different frequency

and eacds BB QPSN, nyd etherimgrant PHKI efwareardnsislatiorsenet a8 4QAMHEQAManN
ti l.y. Th t, rOf b ' f [ I at ] h
channel SitotbersEdRy PRV AHRRBr A AR FuliER el TS 20 e 1o

the Symta@fFSKN FHOmplbridnpltoniang 1€ beMRse GRS HandHision Ml ior channel

allocation i's the ) )
communication systems is well known in the art.

In addition to the transmission mode, communication over the wireless channel
uses one of several possible 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
dividing the wireless spectrum that associates each communication channel with a
different single-fiequency carrier. Ofien 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 singl;e 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 and a set of multiple subcarriers (i.e., tones) muliiplexed together, each

8



process of assigning each subscriber to one or nore time intervals and/or
to one or nore frequency carriers or subcarriers. Typically, channel

al | ocat i B §348876r i mary task perforned by a nedi a accessPESNSPHIFET (MAC)
at a system base station. A transm ssion node for encoding data at transmt
units (base station) 110 is selected based on a quality paraneter and a
cor r ectsubearfiacitardiffdiest ftefumndysamf each radaifiatby asighalwhichaarespl ai ned by

referripg to the operation of a,.transmit, uni.t 200 as shown . Figure 2 and
ar ecei‘{;%’r‘i}ﬁ]iytrag@b CPRYRROPS ¥+ ghe F‘% OESBW%IEG@G’%%WS?%ﬂ@% eg2, a
transmidy pighdny @R chEGRi S a St N Suteerrick HRgMHcY Shes aGEMMISId e the data is

_in the formof a streamof binary data. The data is delivered to a
t r ans misystpmo desisiy mpltplexing 3d@meT bannebassignmept, ot ekaingkallsicstion B1be subdi vi des

the data into a. nunber, k of . |l el st . Then, i

procesdmbpbeRisiTg st SufterBRUB antgr Riote RS rudbARpbREed R ¢

encode (ﬁ%ﬁeﬁ@&ﬁﬁ@fo%ﬁoéaﬁ%nf 0y, chiBelialodatidtpl aliRinhary eskeaved and
e

pre-co by "an i nterl eaver and a pre-coder (not shown). The purpose of
i nt er | geviongedhy apnaticauesspongole (Mebidkat 4 systegubase sisklens obust agai nst
errors. Both of these techniques are well-known in the art of

communi cation systens. The transm ssion rate or throughput of the data

varies _depenﬂtﬁuﬂsxﬁj%sibh@nodeﬁ'@ﬁéﬂc_@ﬂih@lﬂlatac‘d?(ﬂiiaﬂﬁnitahﬂ§$tﬁ@ﬁsthﬂi6ﬂ)5m35§i on schene
(diversity or spatial nultiplexing used in each of the k data streams. WO

03/ 088 A6leTted| base@ON UGWH/D Barsmeles ded b gotrediiovrarer e sl Hdbemediodni ssi on
Throug h@iﬁ@%g SLAXIRObY REORHE D e ¥pRtdibh of & Hafl it §hR 2083 Shown in

222/ 3Di
Figure 2 and a receive unit 300 as illustrated in Figure 3.

As shown in Figure 2, a transmit unit 200 receives data to be transmitted.
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 processing block 210 subdivides the data
into a number k of parallel streams. Then, the transmit processing block applies an
encoding mode to each of the k streams 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 1n each of the k data streams.



1 /2 Diversity | 421 /3Diversity2/3 5 4 3/4 Diversity 3 642/ 3D versity8/3
741 | 2D wgbhShly47841 /3Diversity4/3 93/ 4Spatial Milt. (3/2)*k 1022/ 3Spati al
Mult.(4/3)*k 11 2 1/2 Spatial Milt. |*k 1221/ 3Spati al NUl‘?éT"(JW??W

1343/ 4Spatial Mult.3*k 1442/ 3Spatial Milt.(813)*k 1541/ 2Spatial Milt.2*k
1641/ 3Spatial Mult.(4/3)*k Table I illustrates sone typical nodes with
their nodul ation rates, coding rates and transm ssion schene (diversity or

spatial nultiplexing) and the correggprdi ng throughputs for the data. The
nodes agre—i-ndexed by a node nunher so as to conveniently identify the

modul atfi oMogedi hgMedubationfate | an<iriding Rates cHemrinimiesicni { y] or Themghpal
gﬁglt gglc 3>S<i ng) wh{ch (&Esgsy;n%o?)e applied to the [dat aSic en%iCh Tde'(bil-s%sb/IHez?
1 2 3/4 Diversity 3/2
2 2 2/3 Diversity 4/3
3 2 1/2 Diversity 1
4 2 1/3 Diversity 2/3
5 4 3/4 Diversity 3
6 4 2/3 ‘ Diversity 8/3
7 4 1/2 Diversity 2
8 4 1/3 Diversity 4/3
9 2 3/4 Spatial Muit. 3/2)*k
10 2 2/3 Spatial Mult. (4/3)*Kk
11 2 172 Spatial Mult. 1%k
12 2 173 Spatial Mult. 23)*k
13 4 3/4 Spatial Mult. 3%k
14 4 2/3 Spatial Mult. (8/3)%k
15 3 172 Spatial Mult. 75
16 4 1/3 Spatial Mult. (4/3)*k

Table 1 illustrates some typical modes with their modulation rates, coding rates
and transmission scheme (diversity or spatial multiplexing) and the corresponding
throughputs for the data. The modes are indexed by a mode number so as to
conveniently identify the modulation, coding rates and transmission scheme (diversity or
spatial multiplexing) 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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to Table 1 for other coding and nodul ation rates can he easily derived as
these techniques are well-known in the art of communi cati on systens.

Ref erri nV®8¥8587%6 Figure 2, a set of nodes, conveniently BFTARBE4PH t he
formof a table indexed as descri bed above are stored in a database 290
of the transmt unit 200. 10 WD 03/085876 PCT/ USO3/ 03431 The dat abase 290
i s connhd édatiase 29 Brionotdted toA@ntralérc40, whidhds alsesapegcied i0dbe he transmit

processing bl ock 210, .a tia 2 T ol l er 240
cont r ol §W§:ﬁ°?ﬁ§ﬂ‘§g@%‘ﬁﬁd2[®emg§ b@lem%%ﬁn E“‘éB%? i‘ge f %’Hﬁ"é%ﬁ%‘? the k
streans,. a0 | iieh ﬁﬂﬂfe%ﬂ;ﬁ He AtDasONI0riobppliditbicath oBMP kigretms mdpke f or med by
. Spatial mapping unit . The controller 240 acconplishes thl s through a

node setartollen24$) cmnltromat:lal mippingde begesformedbly Fpatial mappingy@itidbn t o

-t or mafbesonaple: £ AETReRp e aRaLs SO TR are Qi dk FYR IR 19 | ¢

known. ho L& @fet: After being processed, the k streams are sent to an
up-conversion and RF anplification stage 230 havi ng indivi dual
digital -to-anal og converters and up-conversion/RF anplification bl ocks,

after passi ngj%cﬁitou h eftngg% |aI eﬁ%u{@%ﬁﬁh%cgsgﬁ“bi%ﬁ%@ ém'ﬁ]_@opi ng

unit 220 map € up- €onversion an

ampl i {1 GabinPRiof 1R Srafdflg tokee ahd agtdmér&:oﬁfroammnﬂanoa,tasomknmgm th8artl ead to

corresponding M transm t antennas T1, T2 ... TM of rray
per son &lffiet b@ﬂg chﬁﬁédathﬁ kigreams &8 68Hi t?éﬂﬂlﬁeFPnYﬁé‘OH@ﬂ‘ge&n ﬂfnfa‘ia?%smt

t f st
" That vpee Ta0uifing ingiY b SR ARle ARKE RS ARy LBt OB T Besioni ng.

St r eans algplifcdtion Bisoke, mtr@am thbhigh T spatialEhvépping omie22GpBhawpatial certai n
transmt antenna for exa?r]rgle tra t anttsretgna T2, t.rans one of the k

st r eanms mapping it REP mansShek streams b RBAITYES o iR U AETTIOR A T2 ... ™
transm ’ Buihiits oRBRHAGE t%}ps@éj% %@t]eadtlaeboﬁ'e gmigs are
assi gne ?@ﬁ?\ﬂ%@ﬁ?‘e %ggag}rﬁe%u'ﬁ% ﬁe?eofaw a the spati al na%i;:hng unit 220
and t heMipansnonareeisias T 1alhd . RITMmemamt@ma arayst age 230. In fact, any kind of
mappi ng i nvol ving the

A person skilled in the art will recognize that the number M of transmit antennas
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 streams 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
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 transmit
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 frequency response could be computed at the receiver by interpolating.
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use of spatial multiplexing (SM and antenna diversity can be used. The

transmt QuenRagTi, T2 ... TMtransmt the data in the f ransm t
signals TS. The transmt signals TS can include a rrulti-cair?ﬁl@sI':;‘“E:”gll

transm ssion schene wth n frequency carriers (tones). As is well known in

mul ti carrier gy : i Ay | gkl tones.during an OFDM
training synbol . %Tatﬁ%t Isfg%glgWcsln}ggk%a(t)é)tgﬁpug]ggan%gﬁ%fqlle%’aflﬂétbﬁﬁwegp?hfi hat a
subset ofransmed vnit 0@ snd twirecdiee maLINN, and tHepifoie) exfidndd e eféts 8 poNdi ng

frequency, response. coul d be. conputed af the receiver by interpolating. 11
WO 03/ o%’é"?’é“?géﬁf’@éﬁ?ﬁ@g%fh a8 dgpdibed akoemal rensrgit pigapls JStase t hr ough a

t ransm sgdceives RatHaehR SF Ve l ' i g he receive unit
300, and therefore, experi gir?gtg{étiﬁles‘ﬁef eﬂ%e%? ag"c"}i’g%&ﬁﬂ el BHOF 19 BREBE the
channel , obanteigses RilpB3 .alRV ef a Tecwhennit 300gsiaiven iFigie 3.7 eceived in the form

of receive signals RS by a receive antenna RN belonging to an array of
antennas RI. R2 ... RN of a receive unit 300, shown in Figure 3. Again

referring to Rogiefedring REFiERES ls |V, R, R2
... RN for recegi vi ng reéce_i v]gﬁ:%l éﬁ%lﬂg&ll?%e @g?n&?ﬁ%%?%%g}r% t‘%ﬂ%ﬁeﬁ . The
recei ve unRiN Rooecetvame tegcianpigaals Ribfrem ke rinsarit amip200. €T rec€9€invit BYO I ecei ve
signal s viath recei ve tennas .RI, R2 ... RN. Exenplary receivers

i ncl ude %ﬁnbéaaa?jyesaﬁﬁl% f%crewreéff@asgﬁ‘g?e‘ifé‘ep% TesRive signalsdat Kagthe N regedye

recei ver aterfids RESRLVE KANERLh Al PR EERINGhS: Rty e@m DU LbEL |

recei ver?. The receive unit 380 has an RF anplific tllon aeh%b%%i\k%?%g)r?versi on
stage 3 £edbagk gavajizernecoivansasucressivashidelletion metidemmnd amasdmaindiketihsod

anal Og-t]%-?{'%al converter blocks associated with each of the N receive
ant ennas R : ... RN. The N outputs of RF anplification and

down- conversion stage 310 are connected to a receive processing block 320

t hat perfor recei,ve processing to recover the k streans encoded by
transmt pr otEsErFiye BrugeRe baﬁtmglﬂ' emphSeationandidoppeconybesionstage310d k

Streans 1akkRasoa LRificSt | i ecodi ng..and denul ti pl exi ng
bl ock 330 f ogr r eposglra}:ng ata &?ﬁd"{lﬂg‘g@%gsé&{]%?djaa“ﬁ?o&ﬁﬁ’adlaﬂa&y Tprocessing
i t shoulbdodke assediatest withl cadhedf the NareeumintérmapRe, RRA. (RIS The Redi@pidts ofNl Y @
single HE SAMEE overg%. . .
aripflilicaion and down-conversion stage 310 are connected to a receive processing

block 320 that performs receive processing to recover the k streams encoded by transmit -

processing block 210 of transmit unit 200. The recovered k streams are passedontoa

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 to a statistics computation block for
computing statistical parameters of the one or more quality parameters. As will be
described, this generally includes computing first quality parameters for each of the k
streams, and then a second quality parameter for each base station (the number of base
stations is designated 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 taking both types
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The receive processing block 320 generally conputes the quality paraneters
for each of the k streans and sends this information to a statistics
conput at i wo oBlgsske f or conputing statistical paraneters ofPGINESHSRE3dr nore
quality paraneters. As will be described, this generally includes
conmputing first quality parameters for each of the k streanms, and then a
second qabhdtbnRaoaresal. Tois ieacbripliskeddtyarnking bitoreconmblaistiss of iy or
stations is designated as Bin Figure 3) transmitting to the receive unit.
Ml ti pl endyaquality paxametst ransnitting to a single receiver is characteristic
of nmultiple base spatial multiplexing as will be described |ater. The

nmet hod of the invention can recognize slow and rapid channel variations
‘and al | ows f glergfthé ghaty pamthetesehoetticon disjeratad asg st aualyyy paamptepan

03/ 085876 PCT/USQ3/03-431 of variation int 9, accoun 'de-Hgnal-—i:OS— acconpl i shed
by taki rigerondoiuabibopmiemsient 14 SEavAltY Rgageter (i & g’u y paraneters. Here,
t he qual.it a : N.degl GataS(SNR) Afitpoyesallévicy, Plar anet er
and a slgtg%f%% éeu%ﬁﬁ}&p%?gﬁgter.’m%ﬁé tfg?l?lssﬁ quaﬁ i ty) arparreter can incl ude

si gnal - tsecondnjuelifygreeanetenc indidea BER (it(cSioRR)te) @i (paskplire 13t8t i 0 (SNR)
and power |evel. The - second quality paraneter can include a BER (bit error
rate) orofshemepeivedhdaiat error rate) of the received data. Basically, the
first quality paranmeter is used to generate a first estinmate of an opti nal
transm ssion node. The first estimate is determ neg\ﬁby refer erg:i ng a

pr edet er ni neBasindHy] the irsipralitlyiparameatem)is useddo generpe APFeSIPRE 95305t esti mat e
of the optinmal transm ssion, npde ha . U %g;,; d quality

par anet éPimph FRASTRISHAR I0¢S &P?/" él’e%féﬁg}s (?eg&ntg%sure{f?&g\ﬁcggg?ecti on factor

s ge”egﬁé&% BRSO oR- L EBIR(EUTS. TheLuderotides thedEstrastimsteadithe qual ity -
par amet

r and the desired or expected second ual it araneter. The
cor r ect | aptinfah trensmission swde basedugpion ¢ qeﬁéedcﬁﬁ’?‘i’rhja‘ﬂ%a?i%ﬂ%ﬁ’?‘géef‘gﬁhe oL

estimate. Figure 4 shows Oup, ' Rk Esenfatdt ©E64 apsa Heitcnande
| ook- up-‘l“&g{yg‘?m“(’?_t%)n?eaf%gﬁLMO%&Q%(\)}?%% an est iafmat ed t rgn'srri ssi on node
est i mat eydpag@dheaRAsded second quality parameter and the desired or expected second :

quality parameter. The correction factor is used to modify the optimal 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 Jook-up-
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 commumnication 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
{ransmission 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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conparison of a neasured first quality paraneter and thresholds within the
| ook-up- $HwpdskssgzEor the tables shown in Figure 4, the fir sbr /%gﬁjﬂht_q{}b

parameter can include an SNR measurenment of the received srgnals t hod
for determning the SNR of a received signal are well known in the art of

conmuni cati o flrs ssi on
nodes for I}‘ﬁ% Téém ?’hé etsléggé &aﬁgljﬂ%%%? Iﬁ‘éées?@r vziéplegtgég}neasured
val ues ﬁﬁ*lgét(HER bEY! apel i efdr SRl feastitd valdes SA0oDIhe védddsedasdnalsn tird
transm ssion anodes in order to maintain .a BER of X. For exaq})I e, if the

measur e USNRQ proyidesestimaptedsiramsmissiaiymegies ipjopdar to wpingin aBER oL t
t b t |
oSt SRR ek Shot cASHY B8, SR o sdbet o M o 125

of the uassisigsiesiode 6DUCH thanrasired SBReY greatar thar 3 @BpoutdessghapfisedB, 13 WO
03/ 085876 PCT/US03/ 03431 A second LUT 430 i ncl| udes estl mat ed transm ssion
nmodes f 8iendhe BWE <20 suggssts a tiangaussprrmgse of 2.7hig reskof the frapgpisgis mAdss ur ed

val ues r the LUT 420 provides estimted

transm %%ggtﬁgégggai%%ﬁgﬁggﬁ{ggﬂﬁgﬁeﬁt ain a BER of Y. For exanple, if the
measured SNR is | ess than 3 dB, then the second LUT 430 suggests a

transm ssi on_node of 1, he neasured SNR. is greater than 3 dB, but |ess

than 5.5 t hehot fhg apeye- Q%né%b@g‘?&z@e 30athe o wes i tapyRisgipn MOdehe est of
the tra I S § r the
bove. A T g5 B e o er | the
| ower t moddandudeatdowér driler madwdatbsi. nd) lewansode is @chre Tdtaist, iasd thyeefereal |y a
| ower node i.ncl a | ower 15q%ﬂ(e nodul.ati on. A | ower node is nore robust,
and t hefFppRiimal #B?‘ésed’b‘fl? {‘i%‘émﬂfst‘%"l ower SNR transmi ssion. Various
factors can influence the LUT selection. For exanple, high |evel of
quality of service can require the target BER to be |ower. Additionally,
di fferent - t Mariews ﬁgnomaclhaﬂm@lcs tii LUTgeleeticnl. I@Orﬁéqmpkehmhfle‘@l et LUTs in
order tg alnatar T artic t for spatial
mul tipl 83’(% iﬁleglg%caw B“%}Pr A ?I(gﬁ} gﬁﬁ to%e Ii)ower Ajdd?t ﬁélly,na)?ire}e%['

transmission channels will generally require dlfferent LUTs in order to maintain a target

BER. This is particularly important for spatial multiplexing system. More particularly,
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 generated based upon a particular
channel model, or a channel at a particular point in time. It shonld 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 lack 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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for nultiple base station spatial multiplexing, where the transm ssion
channel s_between a receiver and different base transceiver stations can be
very dif et &8 %€eneral Iy, each LUT is generated based up8RT&iSHHP348Y ons or
characterizations of the transm ssion channels. Therefore, the LUTs are
generated based upon a particular _channel nodel, or a channel  at a

particul ar poi erebedimentaf the trangmitingit B0 effisweongludase madgsplection, pe

m smat ¢ghe t ween t ¥ 1 i FLONS.
W ¢ houttek Pl ARE Moo et Y| Bl adRdenfstBlogBSARARTH 880 RREL 0TS,
- t r ansmiguakgeranitiet M8 bAERSoh ke reaeieedirfif. éfterfirst quatity haramategesn BER. The LUTs

do not capture the |lack of ~.channel coherence between the tine period a
node | dases|unonsignalidrappaitted i ap &pitigdnedse ﬁ’ﬁdﬁ’é‘aﬁ’é{(\’EEP% € randg by a
transm e i - Fri e ) ahshdil f e figures
., 1 ncl udésglgaeg{eg’odr?rﬁerg%)%lrtfgd]?F\%@{l%ﬁh@'}%,ﬂ%o qu n Fldgftﬂlrgg“gwl%fl ﬁ%ﬁgnqg%equggﬁzct ion is
made atpatdigetérbeiigint SNR mhdas@@fend madd guheredeivetmitrliepswiesly on i s nade at
the receive unit 300, 14 WD 03/ 08,5%53 PCT/ US /03&3%2i An ﬁnb dinggt of the

t r ans nidesagbied, oty qality; RygareetorsibeadeRiag S SUeec (HEBA AU BERIBEQ. The

mode  sel Gt R0u M ﬁgléadﬁgﬁfgr&&% irft: the L $iT FRACIROHBEMLAL stlBGRA ivRAGe @ first

qual ity paraneter romthe receiver unit. The first quality
par anetbasedogionliee filshqeadity pananetegeheae theansdd selestion ns made by réfedencingle. The

initial, nbde can_ be randani sel ected, or preset to a selected initial
nmode. @P%ﬁﬁdﬂ%ﬁ&“ﬁt%’ﬁﬁ’éér%@aﬂ rst quality parameter being an SNR
nmeasurenent nade at the receiver unit. As previously described, other

quality paraneters besides the SNR can be used. Cenerally, the initial
node sel ect iAfierisetiing the toansmadsemencdaef thé gansurtteranit 3¢ based ypomthge sel ection

is made . .based upon the first qualit anet er [ de sel ection
is nndémﬂﬁlat?@s@t‘ 1 Iﬁ%& ste;l}e@%ﬁ %C?rﬁiy?‘gazi ?arrélpetc?ﬂ\]z%nllgf §S“%J§é&r%t er. After

set t i NgniaBindnd M deshesecohd quaility pieniet-a heific the€ PERNBotR @ firasadlitypon t he -
initial transm ssion node selection, a second gual ity ,Ear,ag&ﬁ e,rE]éfi S

measur gdrameier apdenent quality peameles awded herkdoahe rnsslf ab ng the
PER B%arﬁsrgﬂ %m{t bb§ Frecgi‘lf% Il ¥iback from recejve unit 300 via a feedback extractor 260.

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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parameter and the second quality paranmeter are fed back to the transm’t
unit 200. 0 §§%nsm t unit 200 receives feedback fromreceive unit 300
via a fee acf< extractor 260. A first scenario includes a ESWJ@B{’?%’I]factor
bei ng generated by an error fact or conput ati on unit 280 Essentially, the

et or i ni ng. altHPF P AE B BB LS ERTIENE St LD S s Al P s RARsPer  and
an expec{qfle gﬁﬁggﬁgﬁﬂgg?gﬁe@é SRl Sxiralidald Hhﬁ% tﬁehi‘év%{kg tr%?s(ﬁ‘u ko from :

pre-generate upon an expecte esired or pre Icted second
qual i ty seeisestieB00 bf repiote sbsarier ugiiahd ny dpdicated fendback PERItelen t he
correction factor is a generated value that depicts the difference between
t he neasured PER and the PER predicted by the LUT 270. A second scenario

i ncl udes the ﬁﬂ%%&%@kﬂ%%foﬁ?é&ér c%ﬁﬁm%o%%ﬁt%ﬁﬂ@lu&%%%shé&i%s cBincdfeg Ot her

designation of t sél ected nodes for each of the k streans and forwarding
t hi s i nftorthatiodn stlectionemi @30 raotl IﬂmLUI(Z?OTFTéedameddinlesmdm’me tvoopassibie t he
node by |nde inth ab t hus det rmnesthe

Todul & | SROEEIPAG! Bsra et afs b Remdebpot O Esa onpetbns Fgmedh of
the k sté@aifles ok hoWEhORVERRY Gl igRA3M&n31 I n the event of using

ti me-division duplexing (TDD), which is a technique knowmn in the art, ‘the
qual ity paraneters can be extracted during the reverse transnission from

receive unit %(}:8 1A em)te sufg ber ? g and n dedi ctaztsg f eedback is
requi red. In £ilgth8n gur?tﬁc@l M SC?FSF & %ﬁflﬁ’tu IR MBhcl udes
dashed |dongsctednBehRde séleetionqurniorhd. ¥ getiofsly desdribé8hahtbdeRelebidn 270. The

dashed lines indicate two possible configuration of the invention. It is
to be ur}@étr%‘i%@&rma%thpﬁé%’&&wﬁhghﬂﬁﬁg ity parapetes|apd enaalss 8s of - how t he

i nvent i i or
factor CamSARbeR b SIRGUECTHE L Al ANL HE St QDb OGS bR

250. As hyrthy enusfaytod esiaputbigeh uiib280beiag saheed wdth thefirdt Rabtyrpatanaaces t he
LUT 270 wit at.es transm ssi on node

f 1 it t d
sel ect i dﬂmﬂ\fyﬁ%tﬁ%ﬁ%@a a?%%ﬁépﬁgﬁgggl%@%@lnc%? ﬁ’? S?FCFEEQ dhe earRstigled by
the err QhcbpGhe LRFREA OFbsiiVelmAiRr BE) B iRUPER Iidid? thdRobirkadnt qual ity

par anet er
data packet was correctly or incorrectly received.

A second configuration includes the error factor computation unit 280 being
comnected to the LUT 270. As previously described, the mode selection unit 250
references the LUT 270 with the first quality parameter 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
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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to nodify the resulting transm ssion node selection. As will be descri bed,
the correction factor can be a negative or a positive nunber dependi ng
upon wheWRdB/083f36 npst recent data packet was correctly ofCT/HeBBEdt |y
recei ved. A second configuration includes the error factor conputation unit
280 being connected to the LUT 270. As previously described, the node

sel ection um first 6enfiguedtemendudesttheerresifagtpocowpifatipeumif 389 bein&| i ty par anet er

g t t e ned pommpn! : LY, paran
the Jomputeido thar CpiREr Rt gt RS ot BRviqPasORddliAb s | TS VoSS
bei ng SUBTERG Wit 460t DR rébee 8RB 390 WithAhé fifst GLHlit? perahetermdigbyeriee

. resulting transm ssion node selection. As will be described, the correction
fact or atensmissimnmegietselection. Bhip cenfigupetioninpladesiap sAapeHPDUBEAT whet her t he

nost recent at acket was_caqrrectl. I r ' =lL.n Figure
.3, the @?deﬁéﬁ%&@?ﬁgﬂ{ ‘écinll%‘ﬁath% ™ ?eﬁgﬁ%‘é@%g@ﬁégg ﬁ*ﬁgal}:" nnect ed
to fir ?Jtaraﬂ'}é?éri th Yo dAR ARG LR 11nP kA fHesian ehdde seletflor3 74s wilhbe desstibel, lthaes
i ndi cate two possible configuration of the invention. |

t.is to be
under stconectidnafacibhemebecondgative et 3 positivespumbes rdépvd&é’alfﬂﬂne‘gh“éﬁef @ t he
I nvention can be. i enented. 16 / US03/ 03431 A first
confi gimost Tet‘iﬁmicﬁ’{ﬁ%&t W?‘Fecoéﬁﬁftilf omgggécqﬁ%e&é;ﬁon unit 380 being

connected to the first quality paranmeter unit 340. As previously described,
the node selection unit 360 references the LUT 37Q with %\&E first quality
par anet er ardsesenéeenfiration ipelndes the FAr 135198 cQBPRRiPR AL PRY BEIBB 1t i gur at i on
i ncl udes_t he cor | fact or. : . REe Sd1EQlonf@RL O conput ati on
uni t 3598“’?)?‘5?%91%%% 03,\r/)’viot ﬁ%tl?(}léwﬂgsﬁgtﬁ E%il}g??’%e&pa?anet er 1o nodi fy the

resul t irg@rent@NHSILEE BT0 witd ¢hesfiseqialioyparAmetsr bihd penetecs resaisyiore

correction factor can he_a negative or a positiyve nunber ndi upon
whet hermaed¢eselestien. T]@ééﬁlﬂﬁ@’éﬁ%rﬂaﬁlﬂég?s §°‘§‘E)°ﬂ°8¢ff‘"§9r %@ef%%%ffglgtef@pr ecei ved.
A seco ' LR dd0Rleuiesnti& #ith We hAGhONs GARBLHRITIUN3TNId 380 bei ng
connectqgcégf%%}ﬂgétWOMAs previously deescni bed, the_npde selection unit
360 r efi@lifnhesesulimglttdhsBFGionimadetselectivn.sbs yild bp dgscphedithe E91TH0 gener at es

atr ans:t"ggtgrsclza%%e a negative or a positive number depending upon whether the most recent

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 umit 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
nurmber to the transmit 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, a 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
suitable 1o send the channel characteristics 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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node sel ection. This configuration includes the correction factor generated
by the erworpsngaed or conputation unit 380 being sumred w %}Iﬁﬁ) foh‘r eshol ds
within the LUT 370 to nodify the resulting transm ssion LU on. As
wi |l be described, the correction factor can be a negative or a positive

nunber dependy I t a_pae was .correctly or
i ncorrectly ?}éé;g?r%ggn %ggr%é%&ségltggﬁ% Cﬁﬁ%ongg‘gatt?gl%ﬁkgotm%wgﬁ%s equent
nmode nuedndinuduy coereedish dgoptinfieatidnestit trieEnisiémmods Seleaida. Theesttiapn ~uni t 360

is connected to a feedback bl ock 390 and _a correspondi rh%éransm_tter 395
for traWgiehdly enrestion fastardvamsrated ot pxample.doxeach receomd datarackefd is-

conveni j ! r ele f i ndex
monber TeapiLy) eI (RS BAG, BRI Mupdilel” Balir BRR D W S o
be not etli¢ datatpatket is teheved serr of b deBnineawhother helceatitivn h&tofmde for each

of the k streanms. In other words, a node index indicating the node to be
used f o1SSIgAEtha BESARE Ok 2 PPFIEYGKalRe, and dncrements ppdecrementa thenfist quality 200. 1n
anot. ey ARAE SEAAL thrbdholiyilfin BANTEP DAl fckds REBYeRin IR ALLNG ARG
i ndi cating howto nodify the current erode tor sugsequent ransm ssion.

For exahpkmor ¢directien touser positivie; evhiledstaipackdisreneided ¥ithautctrion eausedie i ndex of

t he subsequent .node is 3, the node difference would be 2. In yet another
enbodi FOF?CtWOEEne%‘mVFabI e to send the channel characteristics back to
the transmt unit 200. In this case the conputation of statistics of the
qual ity paraneters and the node selection are perfornmed at the transmt
unit 200. 17AW\ONdEAIORSBINEINEETA PSOGYOS4@ cofieetimmbaing sssigmed ackme ofdfier at ed by

error factor conputation unit 380.proyid tinuous caqrrection or

opti m 3¢ PRk eREEranass asstanedgaale T A% dhesmbrdiomgned thrapgich ¢ he
cor r eclsiillafi@s bt arlafytid8NP il Skont BlpeRR IR Valud dI'N RAGRCNIF QML ARL @ packet)
is substantially faster than the first quality paranmeter i s updated. Each
dat a pa¥RetPER:Simdption sngges hapacket is received in error or not,

determ nes whether the correction factor is assigned a negative or a
positive value, and increnents or decrenents the first quality paraneter
or the thresholds W t N=(14PER.)pat a packets received in error generally
cause

For example, at convergence, 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 is 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 error correction to be positive, while data packets received w thout
error cause the error correction to be negative. An enbodi nent includes a
posi ti veWsr §39185876r r ect i on bei ng assigned a value of X, aRETASKHYAS ve
correction being assigned a value of XN. It can be determ ned through
simul ation and analytically that at convergence, the value of Nis directly
related to tHiguretSahges aPERtplSibasd setiamspstigguaiiplexingsysim. 1A AribREG get ) )

For exanpl e, at con ence, if the target Ril 04 : The
corr ecttfaé}FFeF‘é?étS@POPﬁéj g’@'&‘;n?%s 5135%{0. %W%’ﬁ?%ﬁfr gg&r 4 ch§' c%h&eba%lp ?Ijsa{lmc:?ﬂ%f ity
par a.rmts%[tioﬁrSZOta'fh% it Rbakid So Wetshbseribbesid s shbher iafRigee S dataPER i s
continuously nonitored to remain close to the tar(F:;e,tOn%ER. At

i niti alttanamitted, totiesubseriter 620 frofetbe Sirst bgsesteansedverd Odraye%n reception

of each, data packet, pasitive or negat | i Lad

_gener at'Bpusha Tﬁélf‘a‘é‘?%g‘& %Wﬁ%ﬁ“ﬁ%‘{e}?qﬁ%&\%‘ﬁf@%& rsg gtgiog?t}{ggs?ng dgﬂélﬁeér at ed
oONce PEf. deeit RERLASD Radeld MRbHdh HecbhdBhanbbih2er ror factor can be set to a
first value |fr an average PER 1s greater than an upper bound threshol d,

~and the error factor can set to a second value if the average PER is |ess
than an lo bound threshol.d.. 18 34k Figure 5
shows a wm%’mo t?xggl?lgﬁplgégﬁ aﬁ?&ﬁ%ﬁ?ﬁ%&%@ﬁgﬂegﬁgﬁ 6A first base
transc %ﬂlﬁ?le%h%t d@rRkhitd@nethé susiatibert530.a Dailts trei hesicBB@paratisecbnd base
transceiver station 520 also transmts dﬁié?gﬁg theﬁ%;éb Cl‘lti%g 53&. As
shown ithe Eiudfiple base stritons 510.78nthediet qhant these é’f@“‘? FPERE first

base trans ver t . b st chahaeinglthdtlis Data
t ransm‘f%g& eﬁ?h?@‘i‘}gg‘g’ra?%@ﬁ%g%% afﬁ%’rﬁt %g%@ggﬁtnﬂ:? base  tr _ansceilﬁler station
520 tr ayifbent thaeudU R garsaad fartnsebndehanitich2a khembaye-desaribed mul ti pl e base

stations 510, 520 can be used for spatial |.Iiplexing data.transm ssion
SRR KON N (TR T TR e

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 channe] 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 transntission mode based upon
the predetermined channel database, the error factor and a subsequent channel

characterization.
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the multiple base stations 510, 520, the first channel hl and the second

channel & very different. Therefore, a LUT is ge ener at ed
for the P‘la/rds:t ﬂ)g'ﬁ;z?mel hl that is different than a LUT geﬂg‘lr:ﬁbé%ﬂgé‘?l t he

second channel h2. The above-descri bed enbodinents of the invention can be
extended to include the |tiple base spatial .. mul tiplexing,configuration
of Figure 5 :Fnhg‘% ¢k goggﬁgﬁgfaéllc?hdseﬁgﬁgggt%%gq@pﬁgagﬁ0 P he separ at e
transm gfleffioghannel s. Cearly, nore than two base transceiver stations can
be used. In addition, each of the base transceiver stations of Figure 5 can
include nmultiple antennas. Figure 6 is a flow chart that includes steps of
an enbodi nment, of  the.invention. A.first step 610.inclu ect| an
initial tran ?EFtSR7m81§ ugggge&elgﬁl%tmpga%sgc&W&%&éﬁgﬁﬁ@fs%ggteg% e and an
i ni ti al pchemel] tehahasbefdodat i on. A second step 620 includes generating an

error factor based on a difference between an estimated perfornmance
characteristic of data signals transmtted according to the initial

transm ssi on ,nbde nd . expect ed perfo c r-sti at a
onals ot A e 9 RS e T A R ERRIE bl Rl fere R 2
step 63fandmeiksigesighdb.ecti ng a subsequent transm ssion node based upon the

predet er m ned channel database, the error factor and a subsequent channel
characterization. 19 WO 03/08-5876 PCT/US03/03431 Figure 7 is a flow chart

A A . k . !
that ncludeg t?ﬁrﬂ!%?ep‘r?fgso%%‘?ﬁ&%.rsel% 1 IE'(SD%'S?%B% ﬁ‘gl?sn?lﬁég%ﬁﬁg]tgdgg?seéu bhSt step

710 includes receiv transm ssi 0 a encoded in
an i ni t ielqualigismirsaeon node. A second step 720 includes neasuring a first
qual ity paraneter of the received transm ssion signals. Athird step 730
i ncl udes sel ecting a subsequent transm ssion node based upon the quality

parameter. A fourth step 740 includes receiving transmission signals having data encoded in

the subsequent transmission mode.
A fifth step 750 includes measuring a second quality parameter.

A sixth step 760 includes adjusting a parameter within selection criteria of

another subsequent transmission mode based 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

parts so described and illustrated. The invention is limited only by the claims.
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A fourth step 740 includes receiving transm ssion signals having data
encoded in the subsequent transm ssion node. A fifth step 750 incl udes
measuri ngva 03/8¥8Td qual ity parameter. A sixth step 760 i n@CHIS38H3Usting a
paranmeter within selection criteria of another subsequent transm ssion
node based upon the second quality paranmeter. Although specific enbodi nents
of the Chwweti on have been described and illustrated, the invention is not
to be limted to the specific forms or arrangenents of parts so described
and i || Y& srdaimethe i nvention is linmted only by the clains. 20 WO
03/085876 Clainms Wat is clainmed: PCT/US03/03431 A nethod of optimzing a
transm ssion node of wirelessly transmtted data, the  method conprising:
sel ect i g Amdthadsef dptiaizing 8 Siaosmissigs nbxksef virelesshiteansmittad 4o Mhannel

dat abase agtgg first. channel characterization; generating an error factor
.based on dNEPE EPBREE Het ween an estimated performance characteristic of
data si gnal s g{iaRstintfi8crAeEsfindodébdsBe oft lafpsédetdrmaedrohasmed databate, and an
expect ed perForma ce characteristic of data signals transmtted according
to the firail 4 fimhchanselicbaractorzatiomnd sel ecting a subsequent transmi'ssion

node based upon the predeterm.ned, cha t ror factor and a
subsequent ¢ ﬁﬁ‘i‘ﬁ‘i@ti‘ngc%’a‘?rﬁf’é Ef%cri?rzlﬁs?% - a?ﬁgérﬁ%v%ﬁbg g@%?leagp%sﬁ%age?n g a

transm ssi onrmdecethatictesb@ssf datd gi%ﬁamrhhﬁdiudamcwdingm therfirdt, wherein the
first channel characterization is based upon_signals tﬁgnsm'tt]ed in an

initial nogmsnidsonmeeds andin exnecied ARG LRERASEF/C SIgRAY r el essly

transm tted dat f L ai erel . i delser m ned channel dat abase
conpri ses W%%éf@??ﬁ%ﬂ.@t}mtﬂeo% - up- Hélgﬁtlgﬁ{r%ltg’ provides a transm ssion node
sel ecti on baggectitRansubs&fiamtieinsmission mode based upon the predetermined channel

database, the error factor and a subsequent channel characterization.

The method of optimizing a transmission mode of wirelessly transmitted data of

19

claim 1, wherein the first channel characterization is based upon signals transmitted

in an initial mode.

3. The method of optimizing a transmission mode of wirelessly transmitied data of
claim 1, wherein the predetermined channel database comprises a predetermined
look-up-table that provides a transmission mode selection based upon a channel

characterization.

4. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 3, wherein the look-up-table comprises a plurality of quality parameter

thresholds that determine the selection of a transmission mode.

5. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 4, wherein selecting a subsequent transmission mode based upon the
predetermined channel database, the error factor and a subsequent channel

characterization comprises:
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characterization. 4. The nethod of optim zing a transm ssi on node of

wrel esslwot({sﬁj@%q}tted data of claim3, wherein the | ook- ug-tabl e
conprises a plurality of quality paranmeter thresholds thatCHEPHBiHe t he
selection of a transm ssion node. The nmethod of optimzing a transm ssion

mode of wrel essl.y transmtted data of ~claim4, wherein selecting a
subsequent t Aanatite o e By sﬁf%{ﬁ%{a?ﬂdﬁ Wéth%éls@&déwmﬁeﬁaﬁwéa le
dat abase, {hB & &idr h@st Qrgand a subsequent channel characterization

conprises: 21 WO 03/ 085876 PCT/ US03/ 03431 adjusting the quality paraneter
t hr eshol ds wiscktting the sppseaené transreidsibo olode pasebipen thd adjudiebloeksupr f act or ;
and sel ect} t subsequent transm ssi.on. node based upon the adjusted

| ook- up- t%ﬁ%@nﬁﬁ%"% é@ﬁ%&%ﬁﬁ%ﬂt&&fﬁaﬁﬂé&%ar acterization. The method of
optim zing a transm ssion node of wirelessly transmtted data of claima1,
wherein the error factor is generated once for every received data packet.
The et BodTls metofl wif eptimizing s aasmiissoomode ¢é wiklesily ehessitied detardni t t ed dat a
of claimg@,.. wherein the error. factor |s set to a first value if a data
packet is %?18})“@91’ erelpéﬁ%?wgcf?d‘gﬁﬁ geperatsd e for eV ey rreetyed &tt"i‘)p%“ké’%cond val ue
if the data packet is inproperly received. The nethod of optimzing a

transm ssi on node of wirelessly transmtted data of claim®6, wherein the
qual i ty 7paFkgiaeibpd ohpplimizings tninsmissiethmoge efiwirelessintrandnaittkd dgia of abl e ar e

adj ust ed hy,.: r. after the receptign each .dat a packet. 9.
The  net nod a6 Pl eSS ndul fisel 3 ORI PlaafBbdf BBl T oot a
of  cl ai mrkceindipand theldi®r &lctditis b&ab 8kedondIRRRIIAHe daRIPaekRaS indprdp&Iet er ni ned
anount of time., 10. The nethod of optim zing a transm ssion node of

wirel essl ye¢5 ¥tk tted data of claim9, wherein the error factor is set to
a first value if an average packet error rate

8. The method of optimizing 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
clatm 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 threshold.

11. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 3, wherein selecting a subsequent transmission mode based upon the
predetermined channel database, the error factor and a subsequent channel
characterization comprises:

adjusting the subsequent channel characterization with the error factor; and
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is greater than an tipper bound threshold, and the error factor is set to a
second value if the average packet error rate is |less than an | ower bound
t hr eshol 00 93%85§%e net hod of optinizing a transm ssi on nEETEFHPHE] essly
transmtted data of claim3, wherein selecting a subsequent transm ssion
mode based upon the predeterm ned channel database, the erqﬁ?%r factor and a
subsequent cirisntiog theswheequert tranamissienaaegs hased uparhe dqakngp-t §1iibtgéquent
channel charact.erization, W t factor; and 22 WD 03/ 085876
PCT/ USO3/ (543 d§3 Baty gch SP%%BE%é%fJZ%ﬁén'transm ssi on node based upon the
| ook-up-table and the adjusted subsequent channel characterization. 1.2.
The nethod of optim zing a transm ssion node of wrel ess| ransmtted data
b el & gaS ot

of cl al?nThe meihedef optismiping & tragsmissPnVReHsAT Wird e3s gfans gty

transm ssi on predeterm ned channel database and a first
channel cﬁanﬁgﬁlgegt%&glﬁﬁﬁgg each of a plurality of transm ssion streans,
each of the pldwiadbdllyserttiig afigwtrasdinissioh rdobatediong predetermsdedy t he same
receiver, allow ng spatial_ rmultiplexing;. generati Qﬁﬂggﬁ@;ror act or based

on a di f f chapneddpiabiseand afird shammel ehpragieizbpRderee @?Wg%i c, and an

expect ed RepLAIIRNGHeSHEAG Gthe bhufarit) 8F rhilnisBbniiflabristbehls fobdaibsi on

streans; and selecting d subsequent transm ssion node based upon the

pr edet er nmitheshnedh@neietr, alaviapapaial hiudtiplexiog; f act or and a subsequent channel

characterization, for the_ transnjssi 81} stre%ms. 1 3. tThet pet hod of

optim zi ng aSICEING SR faridagad o 3 dikranes PEPEER AR FEHASt & of  clai m 12,

wher ei n ”})%rf& APl 8 Bfecle PREBIhMRE chirgéfeastiy, dsrahé ty of base
4. 0

stati ons. e net i

d of optimzing a transni ssion node of wrelessly
transm t t g@durdhtyaofdfansioissiomstt&mspbed ei n an error factor is selected for each

base statio néelecting a subsequent transmission mode based upon the predetermined channel

database, the error factor and a subsequent channel characterization, for the

transinission streams.

13. The method of optimizing a transmission mode of wirelessly transmitted data of

claim 12, wherein the transmission streamns are transmitted from a plurality of base

stations.

14. The method of optimizing a transmission mode of wirelessly transmitted data of

claim 13, wherein an error factor is selected for each base station.

15. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 13, wherein, a subsequent transmission mode is selected for each of the

transmission streams.

16. A method of optimizing a transmission mode of wirclessly transmitted data, the
method comprising:
receiving transmission signals that include data encoded in an initial transmission
mode;
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15. The nmethod of optim zing a transm ssion node of wirelessly transmtted
dat a of &b%&ﬂ%—%‘?’e wherein, a subsequent transm ssion node is sel ected for
each of the transmission streams. 16. A nethod of optim AGgUP3/03431
transm ssion node of wirelessly transmtted data, the nmethod conprising:

seceiving transm ssion signals that ipclude data encoded. in_an initial
transni ssi onn}?ﬁﬂ%}ng%&\?&ﬁ‘ﬁi}im@?etpfﬁﬁ%gﬁ%‘?/eﬁ)@élanﬁ@ﬁ@ﬁSP@E%FBfi rst quality
par anmet er of : i I 3 SS| i ; i sequent
transm ssi onSérlm @Eg‘ﬁgﬁﬁ’gﬁl ﬁg}%ﬁgﬁﬁ%@gﬂﬁ%@eﬁghﬁ@%@%@%&?r ansni ssi on
si gnal s havi ngeidatgarencodec signatstevegrbtqersmided in thasubsequem node; neasuri ng
a second qual i.ty paraneter; and adjusting a paraneter within selection
criteri ZANFUSHOR MOASsubsequent transnission node based upon the second

qual ity par aﬁﬁgﬁﬁnlgtla@gc%ﬁﬁ ?rﬁéteﬂ%%ﬁm zing a transnission node of
ed data o :

wirelessly transm clarm wherein sel ecting a subsequent

t ransm ssi onadjpsimgeaseaneipowithineckputbn tiyterip af anstharsubsgpentstemsméssiomenci ng a
predeterm’dngd l,00k- ﬂ_{)-tabl e that provides a subsequent transm ssion node
sel ect i BRI%58%E URER e 356019 QY RMANEST par anet er . 18. The method of

optim zing a transm ssion node of wirelessly transmtted data of claim17,
wherein the | ook-up-table conprises a plurality of quality paraneter

t hr eshol dLhemagthetbokoptinmiaing adragehissiononode ofaw selbsouesmittedbdmadisi on node.

19. The nethod of ;optim zi.ng a transm ssion node of wirelessly transmtted
data of | Elrr HheRL R BE 8 P ARG SR AR S droded ponaty el

criteria QhranltfervobfRRbER eredchit ISiedSteQNinE® WoKAS A8l UBRA brbdesgcond qual ity
par anmet er conprises: adjusting the quality paraneter thresholds within the

pr edet er nisesgqPed kiapgmissigh mede 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.

19. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 18, wherein adjusting a parameter within a selection criteria of the subsequent
transmission mode based upon the second quality parameter comprises:

adjusting the quality parameter thresholds within the predetermined look-up-
table.

20. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 18, wherein the second quality parameter is obtained once for every received

data packet.

21. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 20, wherein obtaining the second quality parameter comprises incrementing a
table correction factor by a first value if a data packet is properly received, and
mcrementing the table correction factor by a second value if the data packet is

improperly received.

24



Fl

20. The nmethod of optimzing a transm ssion node of wirelessly transmtted
data of claim 18, wherein the second quality paraneter is _obtained once
for everYWPBYS¥¥d data packet. 21. The nethod of optini ZER{E/SE303431
transm ssion node of wirelessly transmtted data of claim 20, wherein

obt ai ni ng t he second quality 8ar aneter caonprises increnmenting a,_ table
cor r ect 2énThemeded pf optimjzing 2 Fansyussien moda phwislrey tpaspitisd datapfy ecei ved,

and incre } . i It i.fyol he data
packet i s ke Dbierdin R RBAR Rk kBl e R BERI A Bokarl 1T, O3
of opti m z{ablg age Adjantedrbp Sieatblovogcaionheter et tecepiomidiicach detaa of claim
21, wherein the quality paraneter thresholds within the predeterm ned

| ook- up- tRaske. ar e adj usted by the table correction factor after the
reception of each data packet. 23. The nethod of optim zing a transm ssion

. mode of wirelessly transmtted data of claim21, wherein a magnitude of

the fir 2B, Vkd methad df eptimaizig attensaiissiors eoda df wirkeleesly tmesietpé datarf upon a
convergence tine. 24. The nmethod tfﬁf ﬁ?}?ti E’n zing a tr,agsrrjgssi on ,nmode of
wi r el essl yelaipnak vheren ageaggityde ofthg fixst vglue gad danpsnifude, L2 8reoR VRS nshi ssi on

node basedarHHQéhn‘&iQﬁtﬂ;Bﬁlaicﬁ))ivé} RERigL s periodically selected. 25. The
[

nmet hod of opt zing'a transnt'ssion node of wirelessly transmtted data of
claim 16, wherein adjusting a paraneter within a selection criteria of the

b t t i ssi on. oode_based. th d_qual.it t
Conpr i sd: ThRIPGURH RBIiANES BrepRe o mege ghupeles puraited BReS o
ref er enci NGaihh s, WiieRdR hehBcqRsht HaRknisioh AR baSed poiBhQGhIRY poRidetdrzi NG a

transm ssi on r_md_e of wirelessly transmtted data, 'the nmethod conprising:
recei vi ng iapeaedicalypeldctelr om a transmitter, data of the data signal
arranged

25. The method of optimizing a transmission mode of wirelessly transmitted data of
claim 16, wherein adjusting a parameter within a selection criteria of the subsequent
transmission mode based upon the second quality parameter comprises:

adjusting a value of the first quality parameter before referencing the

predetermined look-up-table.

26. A method of optimizing a transmission mode of wirelessly transmitted data, the

method comprising:

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

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

characterization.
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according to a first transm ssion node based on a predeterm.ned channel
dat abase wé(?g/o%s%rs'[ channel characterization; generati n%%éin error factor
based on a difference between an estimted perfornmance c HUPEIPE ¢ of
the received data signal, and an expected performance characteristic of

t he recejved ignal:. and aiding in.a sel.ection of equent
t r ansni S?I’;Anm%&[?g ogggg%wﬁ%%ﬁ f”ﬂsémsﬁg%alé’td&’) % S@H%?H&'P%E?a;égf% . the error
fact or andn&tisathsaepinig:channel characterization. 25 WO 03/ 085876

PCT/ US03/ 03431 27. A nethod of optim zing a transm ssion node of
wirel essly trEsmitinga daa agnal fom aremsoeiiicn dpia ofitheydata signalmangedy a dat a

signal fro . 1 LG . of the, data, signal, arrange a rding to an
initial t rg%%ﬁ{i ]ég ?(?)%ﬂ Igrﬁofééel r%g'és@g%gﬂn Odﬁﬁ’é‘a%f’t%?}%ﬂ?éiaf%ﬂ%ﬁéﬁa‘ﬁ’&f g%ggage and an
initial chandehinifdrchatml chahdtomiatiohe transmtter receiving an error factor

based on a difference between an estimated performance characteristic of
the transnit t B8 anymitisr Fsalvingancreos fastprdesedion péiffgerrsbetveshamact eri stic of

the transnif, i X - sl i a.su guent, transm ssion node
based upon ot pacied BB AbeLhor AR o P R FRE MR T RO o
subsequent paifernrate chaiaetigiciof #id ©ahsmdfled data signal; and

selecting a subsequent transmission mode based upon the predetermined channel

database, the error factor and a subsequent channel characterization.
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