[ 0001] METHOD AND APPARATUS FOR SUBCARRI ER AND ANTENNA SELECTI ON I N
M MO- OFDM SYSTEM [ 0002] FI ELD OF | NVENTI ON [ 0003] The present invention is
rel ated twoaoswmelsess conmuni cation system Mre parti celcanisgoosobmepr esent
invention transnmits a data streamusing nultiple antennas in an orthogonal
frequency division nultiplexing (OFDM conmuni cati on system [0004]

Fﬁfg@;%{\'md&%ﬁ?;ﬂ Ofﬁ@%g Dfmﬁﬁmesrm Ws@@tﬁd@i@gmrpﬁﬂgar a i y split
W‘%J mtted usin
sub-carrier with a ‘snal eﬁ%%%@még‘m t aﬁ/ﬁmﬁ]{)t a: g\glrngPgbl e transm SSigOﬁ

bandwi dth. .Figure 1 shows a graphical representation of orthogonal
sub-carrief[go2n OFDM The ef fi ci EYEIYD OfF IFURNJE3ds on choosi ng these

sub-carriers orthogonal to each other, | t her wor,ds, the sub-carri d
not interf &3}t h elhenPEesKBE 1}7‘]@1}’5@3%&%’{&62@{]& rf’g“ﬁr‘%ﬁst F‘Bﬁmdllm‘f%@nlt g'[ ZI °

user dat a. s}&gﬂfﬂl\dgém?ylr%%%ﬂ?" NRASHrEMA M AIRDNAY SR8 Hald §t96A8 Bising

communi cati'on syste . he user data is split into streans carried by
di f}‘ler ent sufltipler amtesnas e anf drsbogonel dreguencyt divigion sewtiplezdng (PEPM)s nuch
smal l er. Therefore,.the nbol duration is much larger. A |arge synbol

dur ati on cﬁ?fnfndllné?agt]toélﬁyﬁf 1 delay spreads. In other words, it is not
affected by nultipath as severely. Therefore, OFDM synbols can tolerate

del ay spreads that are typical in oth ] s comuni cati on systens, and
do not req lconplicated recei verBﬁéiﬁ%ﬁéﬁJ@\ﬁﬁr ecover fromnultipath

[
del ay. [00 adr935 S shayfphn iézﬁ%rtg_tﬁnsﬁﬂhéibﬁ IsPRerh B SyIHRE Wath e 8PNt Hte aTul tiple
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with a smaller bandwidth than the total available transmission bandwidth.
Figure 1 shows a graphical representation of orthogonal sub-carriers in OFDM.
The efficiency of OFDM depends on choosing these sub-carriers orthogonal to
each other. In other words, the sub-carriers do not interfere with each other while
each carrying a portion of the total user data.

[0006] OFDM system has advantages over other wireless communication
systems. When the user data is split into streams carried by different sub-
carriers, the effective data rate on each subcarrier is much smaller. Therefore,
the symbol duration is much larger. A large symbol duration can tolerate larger
delay spreads. In other words, it is not affected by multipath as severely.
Therefore, OFDM symbols can tolerate delay spreads that are typical in other
wireless communication systems, and do not require complicated receiver designs
to recover from multipath delay.

[0007] As shown in Figure 2, splitting the data stream into multiple
parallel transmission streams still keeps the basic user data rate the same.
Since each symbol duration increases proportionally, any delay spread is
proportionally smaller. In practical implementations, the number of subcarriers
is from 16 to 2,048.

[0008] Another advantage of OFDM is that the generation of orthogonal

sub-carriers at the transmitter and receiver can be done by using inverse fast
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proportionally smaller. In practical inplenentations, the nunber of
subcarriers is from1l6 t o 2,048. [0008] Another advantage of OFDM i s that
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employ more than one antenna. Figure 4 shows such a MIMO transmitter and

receiver. A MIMO system takes advantage of the spatial diversity or spatial

multiplexing and improves signal-to-noise ratio (SNR) and increases throughput.

[0012] There are primarily two types of MIMO systems. One type of MIMO
system maximizes transmission data rate by taking advantage of the parallel
transmissions with MIMO. An example of this type of MIMO scheme is the
BLAST system. In this type of a system, the data stream is split into multiple
parallel streams and sent across the air interface in parallel. Using a successive
interference canceller (SIC) type detector, the receiver separates and collects all
parallel streams. Therefore, the effective data rate over the air is increased.

[0013] Another type of MIMO system is Space-Time Coding (STC). An STC
system provides a much more robust link and therefore can support higher signal
constellations. In other words, STC increases the data rate over the air interface
by increasing the signaling order, and therefore increasing the effective data rate

over the air. An example of STC for a 2X2 MIMO is the so called Alamouti codes.



paral l el streans. Therefore, the effective data rate over the air is

I ncreased. [0013] Another type of M MO systemis Space-Tine Coding (STC). An
STC syst evopo@wizoisg a nmuch nore robust |ink and theref oPeTamsrocsoper t

hi gher signal constellations. In other words, STC increases the data rate
over the air interface by increasing the signaling order, and therefore
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[ 0016] Fi guresf 7 21 d ﬁ sh arQ iér art sche for, c Btro,lling transmt
power or noddiiafardhes an%%% é‘éﬁ’é’n"ﬁ S&@Felﬁ?f{rg‘"ﬁﬁhth@a‘g & s prior art,
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wi th average channel gain or other netric. Thi's schenme introduces

f1 exi bi|ityVBLASI, owtieme diabre is cenvemied: tor panallel pod dransmigbesndvergovkiipler
nodul ati on ar]Cd coding schene differently to different antennas based on
channel resPonee seen at the receiver for each transmt antenna. [ 0017]
Figure 9 is[oa1éll ock ®iggeamHDid & shower paot agystheieffor capesliihg dransmit

power or modulation and coding scheme per antenna basis. In prior art, transmit
power or modulation and coding scheme are determined in accordance with
average channel gain or other metric. This scheme introduces flexibility by
allowing the transmitter to allocate transmit power or modulation and coding
scheme differently to different antennas based on channel response seen at the
receiver for each transmit antenna.

[0017] Figure 9 is a block diagram of a prior art system for operation in
CDMA based systems known as PARC (per antenna rate control). This scheme
transmits using the full transmit bandwidth from each antenna, as typical of any
CDMA system. The prior art systems only address per antenna rate control, and
not well suited for OFDM application since they are not making use of the sub-
carrier level resource allocation available in OFDM.

[0018] Figure 10 is a block diagram of another prior art system, called S-
PARC (selective per antenna rate control). This scheme transmits using the full
transmit bandwidth from each antenna, as typical of any CDMA system.
[0019] Prior art systems are not capable of taking advantage of the

subcarrier level resource allocation that OFDM enables. The prior art system
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CDMA based systens known as PARC (per antenna rate control). This schene
transmts using the full transmt bandw dth from each antenna, as typical
of any CDNMA2e46aRessy The prior art systenms only address pPET/UBRa0SOZHGT at e
control, and not well suited for OFDM application since they are not naking
use of the subcarrier |level resource allocation available in OFDM [0018]
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transmt pemgrolfioavedghleant enna transm ssion according to average gain
across the band that the receiver sees fromeach transmt antenna.
Therefore, the prior art systens are not suitable for OFDMiere sub-carrier
| evel resowm]control is avail abl e. JIPARPARPUMVARY [ 002 1] The present
invention is related to a nmethod and apparatus for radi o resources_ control
in an M MOI@EIM systBm presentnaventionis relited tap methedand appasaias fegrragio
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control, ampyaddiédiefahagbéBnslenienedd pdrexitdrind basis & per sub-carrier basis. In
performing power control, a subset of transmit antennas may be selected and
waterpouring may be applied only to the selected antennas. Waterpouring may
be based on SNR instead of channel response. With the scheme of sub-carrier
level resource control and power control, an additional dimension of flexibility is

provided to optimize the system and increase practical throughput and link

margin.

[0022] BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Figure 1 shows a graphical representation of orthogonal sub-carriers
in OFDM.

[0028] Figure 2 is an illustration of splitting data streams into multiple
parallel transmission streams.

[0029] Figure 3 is a block diagram of an OFDM transmitter and receiver.
[0030] Figure 4 is a block diagram of a prior art MIMO system.

[0031] Figure 5 shows a waterpouring procedure.

[0032] Figure 6 is a block diagram of a prior art MIMO system.



provided to optim ze the systemand increase practical throughput and |ink
margi n. [0022] BRI EF DESCRI PTI ON OF THE DRAW NGS [0027] Figure 1lshows a

gr aphi calwoepsseessuat i on of orthogonal sub-carriers in @EDVS2§03028p1 Fi gure
2 is an illustration of splitting data streans into nmultiple parallel
transm ssion streams. [0029] Figure 3 is a block diagramof an OFDM
transmtterg recepivffe 7[:803Qladrh U Wink SorforPh: 20k Ao B0 lor art
M MO syster[n [ 0031] F}é‘guerg i sh OVgVE a vvater%oSpurl ng prgceogure ?%18%12% Fi gure
6 is a bl odntaMna’gpmmhMIMO gystemt M I\/D system [0033] Figure 7 is a

di agram ShS@ﬁw pri Oﬁ:ggr%t §W§St gl for c %ﬂrﬂﬁ éﬁaﬂ}%@ﬁgdtﬁ \é\g?oét%év' MO

system Fi gure PEM sh ovm ng “pri or adaptive
m);jul at i O{]Fﬁjadllﬁﬂfiiﬂgibdd1ﬂgm1memtehﬂo35] Figure 9 is a bl ock di agram of
a transmtter inplenent pr.i.or t PA hene, ure 10 is a

bl ock di agl¥R%f a tElgﬁ tsrahloclhipgRn O & 315115%‘%‘39% 319 g?&WéﬁE‘% [ 0037]

Figure 11 i n{%&%% &am showi ng al location of sub-carriers | n accordance
with a first e nent of the present invention. [0038] Figure 12 is a

blhock di agrfenacdt a tFlgnseTlQE@rblqudawaﬁdd@@ammlhterﬁépbmwﬁﬁmﬁﬁ‘ént of
the present, [0039] Figure 13 is a diagram showi ng AMC. [0040]
Figure 14 %sf)&'ﬁgzs ﬁmai agram of a waterfilling variation of the present

i nvention. [§¢¥41] Fimighee 19 is aadbigeak shagingmécasionr ahsubichetensnin

accordance with
accordance with a first embodiment of the present invention.

[0038] Figure 12 is a block diagram of a transmitter in accordance with the
first embodiment of the present invention.

[0039] Figure 13 is a diagram showing AMC.

[0040] Figure 14 is a block diagram of a waterfilling variation of the

present invention.

[0041] Figure 15 is a block diagram of a transmitter in accordance with
another embodiment of the present invention.

[0042] Figure 16 is a diagram showing application of waterpouring
technique in accordance with the present invention.

[0043] Figure 17 is a diagram showing application of SNR-based
waterpouring technique in accordance with the present invention.

[0044] Figure 18 is a flow diagram of a process for sub-carrier and antenna
selection in an MIMO-OFDM communication system in accordance with the

present invention.

[0045] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0046] The present invention will be described with reference to the
drawing figures wherein like numerals represent like elements throughout.
[0047] Described below are the preferred embodiments of the present
invention relating to the use of sub-carrier level resource allocation along with

selection of antennas, modulation order, coding scheme, transmit power level, or
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anot her enbodi ment of the present invention. [0042] Figure 16 is a di agram
showi ng application of waterpouring technique in accordance wth the
present iwoentdmm34][ 0043] Figure 17 is a di agram show ngcappskeosarioen of
SNR- based wat er pouring techni que in accordance with the present invention.
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sub-carriers allocated to each transmit antenna may be distinct from one another

if such flexibility is desired or may be the same for simplicity. This gives
flexibility to compromise between better link margin versus better throughput
and permits more flexibility in resource allocation.

[0050] Since not all MIMO channels behave the same, but some channels
are impaired or fade more than the others, and channel response is a time
varying behavior and is frequency selective, it is not optimum to transmit all sub-
carriers through all antennas. Better overall link quality can be achieved when a
set of sub-carriers are transmitted on channels having sufficient quality for a
constant average transmit power.

[0051] Figure 12 is a block diagram of a transmitter 100 in accordance with
the present invention. The transmitter 100 comprises a plurality of antennas
102, a serial-to-parallel converter 104, a channel estimator 106, a sub-carrier
modulation unit 108, and a controller 110. A serial input data is converted to a
plurality of parallel data streams. Each data stream is modulated by the sub-
carrier modulation unit 108 and forwarded to each transmit antenna 102 for

transmission.



sub-carriers allocated to each transmt antenna may be distinct from one
another if such flexibility is desired or may be the sane for sinplicity.
Thi s gi vewofbexizbiski ty t o conprom se between better | i nPCFAISgIOS/0YB®EEUS
better throughput and permits nore flexibility in resource allocation.
[0050] Since not all M MO channel s behave the sane, but some channels are
| mpai red ofggsfle morn Q?‘ AnhBe Rtihehsr AH chaniel EeshRNSAetSc afrbinme
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18+,

cl osed | ooQOMﬁ@Ordﬁﬂ?e&ﬁzlb‘ﬁgﬁ“F gigpalsdeqpnt l%erfé’néq?gﬁﬁg
performs channel 1eSLigIBL bPhohk UP duib&earfeR! ¥#athdRahsmitoaktehRaalopl @sed | oop

case, a communicat’ion entity that receives communication signals fromthe
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transmtter 100. 05 ach am S rier
nodul ati on ch?ﬁ“t‘eléén ’rsrflség(‘?ﬁ Béle ﬁ‘oﬁfi‘%ﬁ‘%m% gnzﬁlﬁ“Ei \?’ iFle(%{ns’l eééglél%fsr ol | er
110. The ceRif &ick&d a bréletermined threshold. A different, same or overlapping set of

sub-carriers may be allocated to each antenna.

[0054] Optionally, the transmitter 100 may further perform adaptive
modulation and coding (AMC) and power control per transmit antenna. The
transmitter 100 includes an AMC unit 112 and/or a gain 114 for each transmit
antenna and adjusts modulation order/coding rate and/or transmit power of each
transmit antenna (per antenna power control) in accordance with the channel
metric of each transmit antenna 102.

[0055] Figure 13 shows a scheme of AMC for each transmit antenna. As
shown in Figure 13, a different modulation order or coding rate may be applied to
each transmit antenna 102 in accordance with channel metric of each transmit
antenna 102. The AMC unit 112 adjusts modulation order and/or coding rate
applied to data stream for each transmit antenna 102 in accordance with control
signal from the controller 110.

[0056] The transmit power level for each transmit antenna is adjusted at
the gain device 114 in accordance with control signal from the controller 110.

The transmit power control may be either open loop or closed loop.
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sel ects all, subset or none of sub-carriers for each transmt antenna 102
I n accordance with the channel netric of each antenna 102. For exanple, if
a channelwg@anov/i2ze43used as a channel netric, the control Per/ibi@smetoect s
sub-carriers that exceed a predetermned threshold. A different, same or
over | appi ng set of sub-carriers may be allocated to each antenna. [0054]
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110. [0056]. The transm,t wer | evel .for gl | j ust ed
e S fosBR A6 5 B L i SRS OB o AL AR e vt
gf) gt re gl : er qih%gt S%E%é?tél%%ﬁiiﬁsecpﬁﬂ\&tgﬁamgﬁ ghd iR ydBitioni theechape selecmmlbr

S oop. [ | i gure is. a bloc i agram of , anqt h nbodi t of
the presenaviigklasubearripraox p sARTALf Eher doy %ﬁ?ﬁlﬁbgrsmnn gpt?%@%re‘é{oﬁgp ; 128

for MApPI NGRaG0 ARLA Bld EMIbiARn! ORI dntBRAE A2 1QE dfufidfthdd,Ofhd O Lhe
el enents o e first enmbodi nent. The mapper 118 selects a transmt antenna
102 and cr eabexrpenedistechahsubati® ossnbearrieos may badistinct fmeenanteppaijif

RO ERCIE I, TN e DL AR
gives the operator of the system flexibility to compromise between better link
margin versus better throughput and permits more flexibility in resource
allocation during scheduling. Both open loop or closed loop schemes may be used.
[0059] Not all MIMO channels behave the same, some are impaired or fade
more than the others or exhibit unfavorable correlation to other channels. This
behavior is a time varying and frequency selective behavior. Therefore, it is not
optimum to transmit all subcarriers in all channels. Better link quality can be
achieved when a set of subcarriers are transmitted on better quality channels for
a constant average transit power within any applicable power spectral density
requirements.

[0060] This embodiment recognizes that the quality of each MIMO channel
and each OFDM subcarrier (channel) will in general be different and time
varying, and that a diversity/capacity advantage can be gained by intelligent
usage of those channels. The channel qualities may be signaled to, or estimated
by, the transmitter. Complexity and regulations in some implementations may
limit the antenna/frequency flexibility.

[0061] In accordance with another embodiment, the transmitter 100

further implements transmit power control for each sub-carrier. Figure 15is a
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for transm ssion based on a netric that is cal cul ated using nmeasurenents
and quality indicators reported or estimated, and in addition the schene
sel ect s awb 20a622b4] € subcarriers or a subset of them f@cTiusassme®si on. | n
ot her words, the schene selects the conbination of best antenna, or a set
of antennas, and subcarriers Not e that subsets or subcarriers may be

di stinct fgfoc@?%rgﬂ}m y Sg%hd‘d i#d X cBbrldah¥e bv%thdﬁécfoﬁé effbo@RAskt ¢ ned

t obe the samne SI npli Cli s gives the operator of the system
f 1 exi bi | i t the presartfinoemtimn. fbeweesniitier 00 funthermemyrises arsyhsapder EPC

Schedul | nguaBal Bperch Bapemit ssen  PEsh WA Feodofe fmethte) oy

all M MO chapp@hseriehave the sane, sone are inpaired or fade nore than the
ot hers or exhibit unfavorable caorrelation ({jo ot her channels. This Behaw or

is a time 1463 ng anthersubgaariey TREwet 1 lpadistsfransmitpeyet grel fos gachs not
optimum totr. %ﬁn gLAor&é&%%ﬂl‘l gd(; ardlgng“Jah foRARB ehiStrolREt 116! ShibRkrstal i ty

can be ach?&v en a set of su rriers are transmtted on better quality
channel s fIHVehtmnmmimttwemcen’agblst prefsiablyp eweateypauring @nlsmapp,l alehtyigh power

spectral ui remne 0 Thi s, enbodj ecq t th

qual ity of OQ’% ﬁg‘m EHArh Ie "éﬁér &E‘S%rﬁfﬂ% gﬁggléleveg?f acﬁasglﬁla elt a in ©

gener al bea sl £&abr@ f§§t6 tHEch4ah¥l Rgporasedo Badh s’iﬂcﬁha\tﬁbﬁl Théﬁsﬁﬁapﬂiey

advant age can be gai ne Y intelli Sgr/ent usage _of tho(f?f chanpel s. e channel
§

qual i ties Hepshét spyerlesel perossthedranrarisdonpandie dHgrRatPY ek B8Pl exity

and regul ations i qﬁg [patations may limt the antennal/frequency
flexibili tf/arr Bglif?q accorgance Wi th another enbodinent, the transmitter

igo fur ll:) Ihel[okoem)l emeriflse Waﬂaﬂmurmgmdgmnthuopnef@hbl‘ympeleaéemg'malbﬁrrtelemas Fi gure
e SO RSl 5 T SERL ST % L SESCLSAES (A RGBRRRTS .
2| Z lrjrgn'fgr [) ﬁ-ggp|t1;lfsy it sdmBtifnRE n6PEdRiabR) Wikdn 2fllleRDel N&%nsmﬂaaidemmam to the
and M receive antennas are used, the complexity of the receiver is typically
proportional to M4N4. In other words, the complexity of the receiver is affected by
the number of antennas at the transmitter and the receiver. Moreover, it is often
the case that not all antenna signals go through desirable channel conditions.
[0064] Another embodiment of the present invention is an enhancement to
the aforementioned waterpouring technique. In accordance with this
embodiment, a subset of transmit antenna is selected for transmission and
waterpouring is applied only to the selected transmit antenna(s). Figure 16
shows selection of a transmit antenna in accordance with channel response of
each transmit antenna. In Figure 16, antennas 102,, 102, 1024 are selected for
transmission and antenna 102y is excluded from transmission. After a subset of
antennas, such as antennas 102, 102;, 1024, is selected, a waterpouring
technique, or alternative technique may be applied to the selected transmit
antennas.

[0065] The number of transmit antennas 102 is maintained at a reasonable

number, (may be predetermined), and keeps the receiver complexity down. At



enbodi ment. [0062] The sub-carrier TPC unit 116 adjusts transmt power

| evel for each sub-carrier in accordance with control signal fromthe
control | ewoRAa@/026b-carrier |evel transmt power controlpCraisz@set®sably, a
wat er pouring techni que, although other techniques nay be used. The transmt
power Iev](cel of each sub-carrier is adjusted according to the channel
response f g, SARDLSHDLG BLILIGh tHEIRECEXeRna LARDIHERS By bra10YE j@cr 0ss
the transm s%| on Blandb?g&g!l:ﬁ%? -el;% ?or eea{?:h sub(?airb?limgtraéﬂor gorrgﬁa\ggbtl)f
sH)-carrl emamta((jiﬁ&?s] The wat er pouring al gorithm preferably operates across
all antenn all. subcayriers,.and adjusts.the.transmt eyvel for
each subca?&q . HowlE\RHeor cgwllglg%?@?*ﬁ%l O%Ig%en&é)sf? %Bfees.eﬂ er‘?’nlz;al(8 ul'l set
of N t r ansnigat@floaringss anglehdrReé@biedant $NRAmsesl ofshannélresponp) Thidy of
the receiver is typically ﬁrgportlonal toMAN4. I n ot her rds, the

conpl exi ty t@fhnamehw@yief@ﬁ ¢ dmppetoelt ihg npjse leyelprasent af egavfg‘t TSRITIT t he
transm tt em 118 G6&bYSHnd MILERSEatell lasibRi t e fRSCwhARL ot al |
antenna si gﬁ’gpﬂ’s ’oﬁjfehrougﬁ éle51$6r1a€ e c%gnngl %:%gn i'?;iebns. [OOGE%AE%?her
enbodi nent batkgroendrmeéents asswerdd tnbe shasasrehlenekfrenall subicheriersodbigent i oned

wat er pouring techni que. .l n. accordan w t.h this, enbodi nent u t of
transnit aﬁgﬂi‘mﬁtli’% 1%gfpé‘éatqg’qn‘?to‘?orﬁcgﬁogrﬁ%léﬁe%ed;h%flr%aglé ruﬁlzlﬁglilsﬁeéis?als%l %g’ppl i ed
only to thegsgltestedstibaledh svealbipariiR et of Bhastiiteaicsdionhe $ineaiidsion of a
transmt antenna in accordance with channel respons,elgqhgfgch transmt

e

?nt enna. | hapigadghegeceivrdvianal mey &e subipst torgybgtaptia ey levgls o

ransm ssi Qn, a t ' I | SIS I subset

of anten naslflteg% gﬁ&gsr%g%?iel%%g@ t&% fgéﬁi%%g%gfgg? ﬁ‘frgﬂ’?g’} %@Fcel{d&n p2):){\7\/%;1{3ea‘rapour i ng

t echni que, bettealhetrivafdryeadhe stincapriermay gheipaphisiilbdatmenshaltbotightatber r ansmi t
b

ant ennas. [ 006 The nunher of transm ' ' '
r easonabl e[lnte e]rence noise/signal meas%résnrpertltsar!mta%rn Q)%S u]s'g ) ISISichrmallsnts‘fflglr{]rﬁdtéle ta

interference ratio (SIR) or signal to interference noise ratio (SINR). The
background noise level can be substantially different for different part of
spectrum, and hence the preferred solution may be different than the one that
assumes a flat noise spectrum.

[0067] Figure 17 illustrates a scheme of SNR-based waterpouring. Figure
17 shows both channel response and SNR for the OFDM spectrum. Sub-carriers
are selected and transmit power is allocated in accordance with the SNR.
Compared to Figure 16, which waterpouring is based on channel response, in
Figure 17, some of the subcarriers are newly added and some are removed. This
embodiment better accommodates and preserves high performance in cases
where the background noise level across the spectrum is changing in addition to
the channel response.

[0068] Figure 18 is a flow diagram of a process 200 for sub-carrier and
antenna selection in an MIMO-OFDM communication system. Channel metric
for each of a plurality of transmit antennas is obtained (step 202). Sub-carriers
are allocated to each antenna in accordance with the channel metric of each
antenna (step 204). Messages are transmitted using the allocated sub-carriers at

each antenna (step 206). AMC may be performed per antenna basis, per sub-
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nunber, (may be predeterm ned), and keeps the receiver conplexity down.
Atthe sane tinme, by selecting the best antenna conbinati on overall

per f or marwe 20&/ar8d3at ai ned. [ 0066] I n accordance w th aneChars2@siewsnent of
the present invention, waterpouring is inplenmented based on SNR, instead of
channel response This technique considers the inpact of the noise |evel
present at , Y, DEREL Bfensed p&at ed as
bei ng whi té. ﬁ?n ot (e)?lﬁworgg ca%ﬂ%lg%lclzékgrpo% Cﬁgﬁ?e S asgﬁbned to bfé the sane
| evel for ahtermabbasds pi pes suliigierstasipt Imnerfgrmmgi wmycon@tol ®6F s8Rt for

unl i censed band Ln unlice ed bands, oth ap with
part of t héagﬂﬁﬁiaﬂsria S?tno RSP gﬁgpﬁnéflsais %ﬁa% eCt gs“r’%% \é’g{ési gnal
may be subjegtbé apslidibéapitbahb }éel@bﬁeﬁ%!h@éﬁnds&ﬂ@hﬁerpf)umﬂg affycbebawdragar dl ess

of the channel response. Therefore, SNR can provide a better netric for
each sub- ceﬁNRmS’%ﬁﬂd@fr@@Bnél‘r%B%nﬁ?arrl ers, although ot her

interferencgd 'Se/ ?lem@ﬁ?ssm Eiznwa&ﬂm%e%mﬁé@aaaﬁi 40

|nterferen t|o or signaf to Interferencé noise ratio (SINR) The
backgr ound smgls mtlegwdséd ciapuib ISy bedhams amlapylichtidnesnesific integtptadegienvit part of

Pt assurASlO} PRtHRICR SnBete i ptionss: FronPgefishiof CIR] pld Bekh? PO

of SNR- bas%gmp@ﬁ&{tgourl ng. Figure 17 shows both channel response and SNRfor
t he OFDM spec rum Sub-carriers are selected and transnmt power is

al | ocat ed i[@0Hcor daithough khe fratwr andpipments o |E:]fﬁ?"é1t118"e%‘?1b fre
wat er pour i Qi%sér?belaqﬁ%ﬂe &g o&%&ﬂ@ix@ax’tﬂuf JQan%lﬂ‘a&mn%oéﬁh%at{]f@

subcarriers are newy sone ar enove Thi s enbodi nent better
accommodat s eMtderﬁT mebevesech lagimepmthmntrrdwc@hen fepdures sk elemeands btheyr ound

osponse.  PODBBERPHRIRERRBA L Ve SR IPADA A o et by e aaaa
sub-carri eranﬁr!ﬂements of the present invention.

* *k &
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antenna selection in an M MO OFDM conmmuni cati on system Channel netric for
each of a plurality of transmt antennas is obtained (step 202).

Sub- car r iwo0@reosl| ocated to each antenna i n accor dancecniushoosheroehannel
metric of each antenna (step 204). Messages are transmtted using the

al l ocated sub-carriers at each antenna Ig\iéep 206). AMC may be perfornmed per
antenna basis, per subcarrier or gr&}& sub-carrier basis. Power control

may be i nmpLaRAL ediRes ;@nt enna basis or per sub-carrier basis. In
perform ng power control per subcarrier basis, a subset of transmt

antennas may bel.sel ectrethahfbr waheltipde iimg naelyipbeowppt (MEMEh (oythogondle
sel ected apt ennas. ,\at erpour.i . ased on. SNR i nst ea f nel
response. Frﬁ%g}cyﬁfglsé‘i“é %@peg?ngﬁy%ﬁﬁg@ P ]_fﬁlcgﬁl ik e%/d%% lln(rg}p g nent ed

using a si pghfribinegrated circuit (1C), such as an application specific
integrated circuit (ASIC), multiple I1Cs, di screlte conponents or a
combi nati on of ohtpining sharnel edris foneasd i srlurglgy phfranspibagtenbRE f eat ures

and el enments of . I t gmgf i i d
enbodi nents in ?olyrl? Flggfsglf%%tggf Y |Sﬁ6§)t‘%agir}s%l{teac %gg‘%bggaeﬁ%r&gﬁe%%%g{égﬁl be used

al one wi t heidtrit bfeathhattefinatwinesina goentiak atlecationt df éhe self-earrears ésvbeidi nent s
or in varioys conbinations with or without other features and el enents of

the presenflliofbhe s srAeEeAF B9 mat is claimed is: 1. A method for a multiple

i nput mul tipl e gyhplttiMMAaloubieabeallotteddehesrdéndiasicath attdnnal exi ng
(OFDM conmuni cation system the method conprising: obtaining channel

nmetric for each of a plurality of transmt antennas; allocating

iric tor ea - b L6.0f each
sub-carriers to,eac B%}?egfriljt%%@ %ﬁ%ﬁ%ﬁ{%ﬁﬁh&? c%i)ﬁsst _t}féhé’c_@ﬂ%k pBRbihgO! eac

ant enna, wherein a carriers’is not all of
t he sub- candapties maddlation and coding (AMC) for each antenna.

3. The method of claim 2 wherein the AMC is performed per antenna

basis.

4, The method of claim 3 wherein the AMC is further performed per

sub-carrier basis.

5. The method of claim 8 wherein the AMC is performed per a group of

sub-carriers basis.

6. The method of claim 1 further comprising the step of applying per-

antenna power control of the allocated sub-carriers.

7. The method of claim 1 wherein transmit power of each sub-carrier is

adjusted in accordance with the channel metric.
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transmtting signals using the allocated sub-carriers at each antenna. 2.
The nmethod of claim1l further conprising the step of perform ng adaptive
nodul at i omoane/esisng (AMC) for each antenna. 3. The netrhodSedosobkmwsm 2

wherein the AMC is perfornmed per antenna basis. 4. The nmethod of claim3
wherein the AMC is further_ perfornmed per. sub-carrier_ basis. he net hod

5
of claim3 wheré&in thaemathpd ob elaigy : t]?)%rr cOmpn the SE‘?PO‘-’%%?P‘?QI’é}gsa basi s.
6. The net @%]%s&f ofctlﬁ'ﬁhggu?t S HEhRgS CRAREY %uﬁgtﬁlgetraﬁgﬂit ovARPAYdARE RBL ant enna
ro e a . The

power cont of t ocated sub-cartiers. nmet hod of claim

1wher ei n t recanger onlydmetheofeleebahtranbmyganteenasd. s adj usted in accordance with
the channel netric.8. The nethod of claim 7 further conprising the step of
sel ecting a subset of transmt antennas, whereby adjusting transmt power
of each subcarriger ofhy niéhod beclafth 8cikérein titsiiinbanbtfyehesed Sntehhe isret hod
of claim8 wherein the nunber of selected antenna is predeterm ned. 10. The
met hod of Aafdeker™ipsiei n the channel netric is a si ghal -t onoi se ration
(SNR). 11. The method of claim7 wherein the channel netric is a channel
response. 12. The nethod of claim1 further conprising the step of

sel ecting a subg6t oThemeethod of daimrihwheraihdhebharhdloneiricig assigneldori er s
only tothe sel ected E smt antennas. 13. The nethod of claim lwherein the
channel met9ige Fadi0gd mt ed by a transmitter in an open | oop nanner.

11. The method of claim 7 wherein the channel metric is a channel

response.

12. The method of claim 1 further comprising the step of selecting a
subset of transmit antennas, whereby allocating sub-carriers only to the selected

transmit antennas.

13. The method of claim 1 wherein the channel metric is estimated by a

transmitter in an open loop manner.

14. The method of claim 1 wherein the channel metric is reported to the

transmitter in a closed loop manner.

15. The method of claim 1 further comprising the step of mapping and

cross-connecting data streams to an antenna.

16. A transmitter for transmitting signals in an orthogonal frequency
division multiplexing (OFDM) communication system, the transmitter
comprising:

a plurality of transmit antennas;
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14. The method of claimlwherein the channel netric is reported tothe

transmtter in a closed |oop manner. 15. The nethod of claim 1further

conpri si nyotzbh@/besp of nmappi ng and cross-connecti ng dat CIUSe@EM21061 an
antenna. 16. A transmtter for transmtting signals in an orthogonal

frequency division nultiplexing (OFDVM) communi catiqgn system .th
transmitter conpfhaane)estimateriar ohtpipg eh peths dQuRas ;Ogaé’ﬂgﬁﬁ& of

estimator for sﬁﬁf@ﬁ&inﬂﬁf;g%lﬂ{'nel metric for each of a plurality of transmt

antennas; and a contro or allocating sub-carriers to each antenna in
accordance Wi t ha torralharfoedllovating subtamier taeadandenir icordange well i al

all ocation of the subcarri.ers is, not all of the subscarriers. el NEe
transmtt elth%f:h%rfr%ﬁ? ﬂﬁl%%ﬁé?@i‘ ﬁn’f%]élacgrk’ter%fllae?&ﬁrelﬁ? %?n%cag%gp({fitg}% SIr%]lg):dul ation
and codi ng ANz if A6t ARehtREW @rieds3. The transmtter of claim 17 wherein
the AMC is perforned per antenna basis. 19. The transmtter of claim 18

wherein the AMC is perfornmed per subcarrier basis. 20. The transmtter of

cl ai m 17 wher ei fy (oA | o p6F OFTEELiHOT o2, HE0HD (B nAIRiT h&MoRSI 5. 21
C

The transmtter of alim erein the controller perforns perantenna
power cont adbpfe tdodubdtioncatdehdingAMEOD ferench2@terfize transmitter of claim
16 wherein transmt power of each subcarrier is adjusted in accordance with
t he channel netric. 23. The transmtter of claim 22 wherein the controller

sel ects a subsefgof Thabsmshnifet 6N0RSm YhemRByint thansMC ippssrnadd perch
sub-carrier is adjusted
antenna basis.

19. The transmitter of claim 18 wherein the AMC is performed per sub-

carrier basis.

920. The transmitter of claim 17 wherein the AMC is performed per a

group of sub-carrier basis.

91. The transmitter of claim 16 wherein the controller performs per-

antenna power control of the allocated sub-carriers.

92. The transmitter of claim 16 wherein transmit power of each sub-

carrier is adjusted in accordance with the channel metric.
93. The transmitter of claim 22 wherein the controller selects a subset
of transmit antennas, whereby transmit power of each sub-carrier is adjusted

only for the selected transmit antennas.

924. The transmitter of claim 23 wherein the number of selected

transmit antennas is predetermined.
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only for the selected transmt antennas. 24. The transmtter of claim 23
wherei n the nunber of selected transmt antennas is predeterm ned.25. The
transm t two 20d6/2bsiem 22 wherei n t he channel i nformati onPC3/U%2005/027061
signal -to-noise ration (SNR). 26. The transnitter of claim22 wherein the

channel information is a channel spo @&ﬁ transm_tter,.of. claim 16
wherein the con??oll%hGE%ﬂ@EF@e%O% ??%ﬁl ghagpe %Epaqﬁﬂﬁs éby

al | ocat es %ﬂ%¥&$§%bEE%gBM#¥SNR)the selected transmt antennas. 28. The
clarm

transmtter erein the channel information is estimated by a
transmtter in an open | oop manner. 29. The transnmtter of claim 16 wherein

Lhe channel | nf graty on Lo SRR bEGLObNOLLANSI hLEh | fuehaned d 000

manner. 30. The ran nprising a napper for
mappi ng andhghR8ISesoHRECt i ng data streans to an antenna

27.  The transmitter of claim 16 wherein the controller selects a subset
of transmit antennas, whereby allocates sub-carriers only to the selected

transmit antennas.

928. The transmitter of claim 16 wherein the channel information is

estimated by a transmitter in an open loop manner.

929. The transmitter of claim 16 wherein the channel information is

reported to the transmitter in a closed loop manner.

30. The transmitter of claim 16 further comprising a mapper for

mapping and cross-connecting data streams to an antenna.
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