WO 2006/020434 PCT/US2005/027061 [0001] METHOD AND APPARATUS FOR SUBCARRIER
AND ANTENNA SELECTION IN MIMO-OFDM SYSTEM [00021 FIELD OF INVENTION [0003] The
present invention is related to a wireless communication system. More patrticularly, the present
invention traNstntge it stream using multiple antennas in an orthogon&CF8gaerdiz dinision
multiplexing (OFDM) communication system. [0004] BACKGROUND [0005] OFDM is a data
transmission scheme where data is split into a Iuralitg of smaller streams and each stream is

t

transmitted usi®§@Lsub-caYHEFHATD AN ARY Wit thARaAURC Rt BRBiEDI transmission
bandwidth. Figure 1 showSNIGFPHeaEBreSERaS VB EBNAR M ENiers in OFDM. The

efficiency of OFDM depends on choosing these sub-carriers orthogonal to each other. In other words,
the sub-carriergydoanot interfere with each gfeLwiie INGENEIONNg a portion of the total user data.

[0006] OFDM has ggvantages, over other wireless communication systems. \When the user
i¥§[§%ﬁ; % %a%e H)‘ 1T tle cgmm 1

. . e mvension is re wire s Ca 10Tt . .
datais Sp|lt Int ms ca 8dﬂg aﬂ*eren SU%- carriers, the ef?ectlve dsata rate on eac% subcarrier is

much smaller. Swéeefoldpripesiimiatis bt presenidohealigarivanargéssy Ao stipamorriedn tolerate
arger delay Spiesl ) ML NHS R ASIAIP ORI AP SRBIEkg TORBiTE, OFDM

symbols can toleraté delay spreads that are typical in other wireless communication systems, and do
not require corBpREABECAAEEHAIEEigns to recover from multipath delay. [00071 As shown in Figure
2, splitting the data stream into multiple parallel transmission streams still keeps the basic user data

rate the same. [()Soing]e each symbol duration inc&aaéﬁaﬂl&e?\fgonally, any delay spread is
[0005] OFDM is a data transmission scheme where data is gplit into a |
plurality of smaller streams and each stream is transmitted using a sub-carrier
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 durafion 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 recaver 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 proportionslly, 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

gub-carriers at the transmitter and receiver can be done by using inverse fast
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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 -1 WO 2006/020434 PCT/US2005/027061 Fourier
transform (IFEP28KP88HFourier transform (FFT) engines. Since the IFFP@HEPETHEIMEmentations
are well known, OFDM can be implemented easily and does not require complicated receivers. [0009]

Figure 3 is a block diagram of an exemplary OFDM transmitter and_receiver. The heart of the
transmitter andFl‘?éE’é?\ygF apatprrrt Eial #ﬁ%@k@?ﬁﬁﬁtﬁ?ﬁ@ﬁ g@tﬁﬂ%nﬁseeﬁﬁﬁfﬁéh%tically

almost the sam&FhherefGreTansileie:aotipHasioNvesld leois 1y HEINM usedHonbolbdfehiednd FFT
operations. [0010 FgIrIH1 0bene{its thatOFDl\ﬁé)ri:O\éjdes%g.e., simpler implementation, resistance to

d : i
larger delay sp?gg , an efficient ?J%uéwgfcﬁ%pspeac rufﬁ)c, FDM is one of the preferred wireless

transmission séPePfbs todaFiguie disealitolydingram pfrerennier 43804 reaswineaslich as
802.16, and it is patof MapyLWiresse.SonRINIEaHARA Slardads 0P Frulineinputaultiple-output

(MIMO) refers to the type of wireless transmission and reception scheme where both a transmitter

and a receiver IERPIB)HIDIE PREFHIHDS AEMALRTRAB AN SRS M Fofto TarEitefand

receiver. A MINR sysignplakesaeraniagerphihalgnaiidl fdiviessity I6F B paidal Fiulpptexiogsand improves

signal-to-noise ratio (SNR) and.incyeas r 0012] There.are primari . yRes of MIMO
@&c@( or tixtecgeneieigs %%&?ﬁ%%{éﬁ#ovﬁze]s, éjé:%é_’ ?alﬁ%ep})gr Eé&%‘%@ Iﬁl&,

systems. One t f MIMO “system maximize ISSION y taking advantage of the
parallel transmissikinswith MipOdAavexeersle efthiffipipabrsgiMErscmeneg e FBMBT system. In

this type of a S%%tgg@ tﬂ@%%&%ﬁ%@l&§ﬂlﬁgﬁm B8 emes today. It is used in WLAN air
interface such as 802.11a, WMAN such as 802.16, and it is part of many wireless
communication standards.
[0011] Multiple-input multiple-output (MIMO) refers to the type of wireless
transmission and reception scheme where both a transmitter and a receiver
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 ratic (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
paralle] 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 inferface
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.



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 sys¥thZpieVidésta much more robust link and therefore can supptftRiggses/slgial
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 thd &k alled @8&18&?%&@““?“9@6‘%0@8?@?@%@4 the $iinienseisrh 3708 f§014] One of
the techniques fenirereasing' ‘thﬁ@fﬂﬁiﬁﬁb}tﬂé WhDikisHnatepo Rgaeddafeeuba-theiway that the
transmit power ( of ub- ca{rl FDM elected Fl gure 5 %hows a l%cal wat Eourlng
process. The transmitter Obtams t neI &) mastlont@ep 13" .m?é‘ﬂ““t“g p% an Sllocates
power to the coﬂespmﬂdmcgmmm@rsiﬁanﬁigemmmdﬁt@st poiftverit] théstopaPiyaarsinit power is
reached (step Snparlcydodmplament-wpismayUng.diechanaslog Riplyealon.agiase the

transmission band should be nown at the transmitter. The receiver may send channel estimation

information backglibarieteh krarsmit Bpeusy isorrashrideter e tihsriaetocimmiraete channel
from the Slgnalare&eep&ﬁlﬁ@mh@alem side i{BOAB igHe Gshans.adinck diageyaruadprior art
MIMO system, § as VB AgT where, &ata [ % onverted to araIIeI qttranslmlt%ed over multiple
antennas. [0016f Figures R 7% 5% EABHA Prior art scheme ?or Eontioning tFansmi power Br modulation
and coding schirfrerpetianeriath dsisirimpmotartntmcissnd looweronarodutaidnaasthitbeling scheme

are determined i A678F ASR 41 RUFIARE GRARNEH AN RUAPEARSIx This scheme introduces

[0015} Figure 6 shows a block diagram of a prior art MIMO system, such as
VBLAST, where data is converted to parallel and transmitted over multiple
antennas.

[00186] Figures 7 and 8 show a prior art scheme for controlling transmit

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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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 iﬁ ical of any CDMA s shem. The égrior art systems only address per antenna rate control,
and. mot el TS RSP S A0cH G GGt RIAKRG 028 B S SUBEAMEE lovel
resource alloodtibat dvaitablesin @EDRONOOER]tFguné h0tisieablDickclagraine pfianetheyspiier art system,

called S- PARG (Selesfivanesasioniaate contia) |

Jgigess%&ecrge tr?n migéa%%‘fr]g the full transmit
bandwidth from each antenna, as typical of any l\/IA system. fBB Bﬁﬁrlor art systems are not

capable of taking advantage of the subcarrier level resource allocation that OFDM enables. The prior
art system @@@husts transmit power for each antenfigjranggission according to average gain across
the band that the receiver sees from each transmit antenna. Therefore, the prior art systems are not
suitable forl&fEBI wherdstasudries i B56dpect Gl EeeailEbRN 0020 S UNIMARY [0020a] In

aCCOfdanCQz\Mkﬁ’ﬂh@cﬁrﬁﬁ@@ﬂﬂt@f&?ﬁpﬂf%@ﬁtﬂ{?@ﬂ@ﬂ@,(le%'{ﬁ?? 9{@:\:(9 F_DI I\%@&%@P@Q EQ(zi%ti_&W'tiplte input
multiple output (MIMO) ar onal frequency division multiplexing (OFDM) communication system,
the method'%g ?@ﬁ%g%ﬁﬁ}%}ﬁﬁ%wﬁ?ﬁéﬁ%%r@ﬁdﬁe off SRIFRISRE PR RS ERSAs: selecting
a subset ofrtrarisHiit emtenfapibaseddnrirenchanrehmetditicaloeating su-cassiarsda®ash of the

selected SLg)aSSgé %f t{ﬁmsmlt antennas in %cc rdan%e with the channel rrLetrlc.of e%ch.of the.selected

subset of transmit anfzer%lr]]%{}sn,e\}vﬁneertéilﬁ a?lpoctaemgalsg ocAtion of t aecsucB?-ct:aerr%}%cltg Bfl%ﬁ?tof’fhe sub-

carriers; andafrsingmitgngesignadsasdimgetvetalibe stedslibcaitiefscatieatthofthetséladisd of
fransmit antennas, wherein a potential allocation of the sub-carriers is not all of the sub-
carriers; and transmitting signals using the allocated sub-carriers at each of the seiected
subset of transmit antennas.
[0020b] In accordance with a second aspect of the present invention, there is
provided a transmiiter for transmitting signals in an orthogonal frequency division
multiplexing {OFDM) communication system, the transmitter comprising: a plurality of
transmit antennas; a channel estimator for obtaining channel metric for each of a plurality
of transmit antennas; and a controller for selecting a subset of transmit antennas and
allocating sub-carriers to each of the selected subset of transmit antennas in accordance
with the channel metric of each of the selected subset of transmit antennas, wherein a
potential allocation of the sub-carriers is not all of the sub-carriers.
[6021] Embodiments of the present invention are related to a method and
apparatus for radio resources control in an MIMO-OFDM system. Channel metric is
calculated for each of a plurality of transmit antennas. Sub-carriers are allocated to each
transmit antenna in accordance with the channel metric of each transmit antenna. Signals
are transmitted using the allocated sub-carriers at each antenna. Adaptive modulation and
coding and fransmit power control of each sub-carrier may be further implemented in
accordance with the channel metric. Power control may be implemented per antenna
basis or 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.



subset of transmit antennas, [0020b] In accordance with a second aspect of the present invention,
there is provided a transmitter for transmitting signals in an orthogonal frequency division multiplexing
(OFDM) communication system, the transmitter comprising: a plurality of transmit antennas; a
channel estimator for obtaining channel metric for each of a plurality of transmit antennas; and a
controller f astelrectiln1 a!%ub%et ggstég%%ng&@teg{gggo } allo atirr:éksub- ! iefls to each of the
selected subsSet bf transmit aNtennas in accordance with fhe channel methc of Sach of the selected
subset of trausmirigntésisasiaahensincanpotemtial piocatiomofthersubldtioiets dmoatsathobthe
sub-carriers ) RpRAdime s gl e reeoLify SUANAGLERIEHAR Ailead and jgRparatus for
radio resources _control in an MIMO-OFDM system. Channel metric iIs calculated for each of a plurality
of transmit &Até€inas. Sub-carriers are allocated to each transmit antenna in accordance with the
channel metric of each transmit antenna. Signals are transmitted using the allocated sub-carriers at
each antenpa, Adaptive modulation and coding and transmit power control of each sub-carrier may be
further impl@%ted in accordance with thE mﬁ)m%ogm E’&ﬁr\%%ﬁ§ be implemented per
antenna basigor per subigakrier Hasis. dncpesfirmingpamencantobrenspnset Rbtanseit antennas
may be selﬁ%tsﬁ\lﬂﬂsmd waterpouring may be applied only to the selected antennas. 4 Waterpouring may
be based on instead of channel response. With the scheme of sub-carrier level resource control
and power E¥RfDI, an addgiondl dirensistrafoflexibilititisgplevidedanoptimizneltipdesystaial and
increase pr@gﬁ%@&gg@gﬂg 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 illustrafiet?bf splittiféetiEta strehlork idreramlvble farBId| transmitter and receiver.

[0030] Figure 4 is a block diagram of a prior art MIMO system.
[6031] Figure 5 shows a waterpouring procedure.
[0032] Figure 6 is a biock diagram of a prior art MIMO system.
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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. 4a WO 2006/020434
PCT/US2003X327864298833] Figure 7 is a diagram showing prior art methfelfoP¥8MiWirig transmit
power in MIMO system. [0034] Figure 8 is a diagram showing prior art method for adaptive
modulation and coding in MIMO s stemb%i)OBS] Figure 9 is a block diagram of a transmitter
implementing pR&#rt PA@@%&%&M@.% ﬁ%lﬁ’@‘ﬁ@%m%f&ﬁ A 3p seaRaling:

implementing peigf it PoRARE STheMeyidéd/] Figure 11 is a diagram showing allocation of

sub-carriers in rdance_with a first embodiment.of the present inventjon., [A038].Figure 12 is a
block diagram @%‘gansm% [ eagcé?d%nég%ﬁﬁltﬁ%mﬁ%?p e%"tjogdﬁ#er}?f%g &degﬁrregeﬁﬁﬂr\?ention. [0039]
Figure 13 is a dimgraatishawihepAMCir{G0Nd Higeieni 4 is a block diagram of a waterfilling variation of
the present inyggtian. [004dEiguse. 1o a: Riask-diagiam:ofatansmilRrBAGEOIARGeWith another
embodiment of the Eresent invention. [0042] Figure 16 is a diagram showing application of
waterpouring t 'cf’@%eiﬁl%tccordance with the present invention. [0043] Figure 17 is a diagram

showing applicatimasof SNRHaased 0 is a block diagram of a transmitter implementing prior art
S-PARC scheme.
10037] Figure 11 is a diagram showing allocation of sub-carriers in

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] Pigure 13 is a diagram showing AMC.

[004.0} 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 iz 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
[00446] 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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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
EMBODIMENERHBEAE3F he present invention will be described with refe®eib®saiegzdrawing 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 Hraherings derogunaienistiere cddhegseneidetrah R Mower YO or -5 WO
2006/020434 RGTIQS200/0R0p1edbs i ACrin mali ol harsanly liesROFDM and
: e present jnvention_can be implemented both ina wireless transmit/receive unit
(WTRU) and a BARSRHEEH it M Ighb U PRI SERTABS, BAFiSRBETNREE 10 4 iicer
equipment, a matilelstation i@ fikeHmoitatdbjle swbsenbamoeit;, & pageils ctatiympthéixdyberof device
capable of operating. i ireless enyi ent. inology,"hase en’d but is not
limited to, a No%lgl%?eggﬁse%%ﬁ%o le%r’,%%%%%’e%s%g %%%%@%éoﬁéﬁpt%%ec%}%%#%?#a?g%%g %ié\g/ice ina

wireless envirohnfervirgboasnrigenmentis Bhgiigraimdpeivihgssupedionicingvdiere Stirearailocation in

accordance withgifistigmpaciment of the Rigsenidpventiane.Channel spelks deealewated for each
transmit antenna and sub-carriers are selected and allocated to each transmit antenna in accordance

with the channe BRI . MBSt BretSAE DR ER IR iers are allocated to each transmit antenna.
The set of subfoagders alloRateckthl eaakiiignsin dlimntapamhaybiedistir ckionreoakeandther if such

flexibility is desi{legcgorr a%ebvevi% ea%%‘g}:ee%g&%égtyf tye] Iﬁr%'s\é%% invention. Channel metric
is calculated for each transmit antenna and sub-carriers are selected and
allocated to each transmit antenna in accordance with the channel metric. All,a
subset or none of sub-carriers are allocated to each transmit antenna. The set of
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 optimxum to transmit all sub-
carriers through all antennas. Better overall link quality can be achieved when a
set of sub-carriers are transmitied 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 1086, 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.



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 frequeW&/2884&2843, it is not optimum to transmit all sub- carriers thRSUkfhSalaitédmas. Better
overall link quality can be achieved when a set of sub-carriers are transmitted on channels having
sufficient qualig for a constant average transmit power. [OOSlEﬁFigure 12 is a block diagram of a

transmitter 100199 38cordanteawirharmelp sEneitedtiBn e iass AvoReb RYHPriE%a plurality of

antennas 102 racsetisdriaiaraleheonyearelciisadahaniebe stumatolt 1AGeamicariahaodulation

unit 108, and a controller 110. A serial input data_is converted to.a plurality of parallel data streams.
Each data stre SIS TAGRTAC A e R e P e A R et AL LB A o1

S Carrer mgaﬁ%%on uni 116]8351r? %rv?fé%%%eléach transmit

antenna 102 fosr trsrySmissiorkediMMIOENO6/0R043 RETAMA005102 76 ed joos 2lafvecHannel
estimator 106 %%‘H%&elﬁo%‘?dm?&{@%ﬂ%ﬂ&@s@%ﬁ%?fﬂ@?&%&ﬁ&%&%ﬂ@ﬁ&@fﬂf&f&& gagD of transmit

antennas 102. annel metric maybe estimated by the transmitter 100 in an open loop manner

or may be repoiedrResATastTEETR fn A BA 6 Si960 APPaCRRS s 1BRBRTRIAEPD F 4 PR loop case,

the channel estigaatas=106ReHOUNSEhanRal e Hematinn emsiiesecriveg-signals caadrela closed

loop case, a communication entit %ha%t) re eiv%é C mmunjﬂgatigqosignals from the transmitter 100
Y&p %6 5

performs chanfErB&HPRABH KR &9F BASRISHE AR Eitter 100. (0053] Each data stream is

modulated by tf#©58b-carri®@antodatiatoramits 108lidacddrddncsulvithigpotesiglaiedranitthe controller

110. The Contrtilé%rﬁli :Lgcordance with output signals from the controller 110. The controller 110
selects all, subset or none of sub-carriers for each transmit antenna 102 in
accordance with the channel metric of each antenna 102. For example, if a
channel gain is used as a channel metric, the controller 110 selects sub-carriers
that exceed a predetermined 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 18 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.



selects all, subset or none of sub-carriers for each transmit antenna 102 in

accordance with the

channel metric of each antenna 102. For example, if a channel gain is used as a channel metric, the
controller 110 selects sub-carriers that exceed a predetermined threshold. A different, same or
overlapping ¥&@ a90&0MEdrriers may be allocated to each antenna. [00541POpEGAIKAAHRE 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 f

and adjusts mé#fdlion ordBigsaeiiradarabrEaRR o fpother sFbadiraah

or each transmit antenna
%ﬁﬁeéﬁf‘égﬁﬁg (per

antenna power,sanirah inaeapsdansawvitntirechanirlvielianipaeh teojsmisppitenasii 02. [0055]

Figure 13 shows a scheme of AMC for each transmit.antenna. hown in Figu ifferent
modulation orcBreEH Pate RS BE %’éﬁ%ﬁl %H%é%ﬁ%%%lg%i ‘an eeé}r{leén f&&%ﬁ%a%ggf?%ﬁce with
channel metricenfleaiimésnsthit ranterns! 86G21eTreaAM G omitartonad;d SBambelaRstiomereiér and/or
coding rate ap%g%%%%&%&%ﬁ@tﬁ%@ﬁﬁ}?&ﬁ%@&ﬂ&j%ﬂtﬁ{m&%ﬂ&%@ﬂEﬂ@'&&&tﬁ%ﬁt@gﬁﬁtro' signal

from the contro
gain device 11#omddeorertredanith®ontrol signal from the controller 110. T

e transmit power level for each transmit antenna is adjusted at the

he transmit power control

may be either gaexgjoop or 5l gERGINRInTeMY Fr0ABIR Q4R REIIAIS 2005/ARFRGIEAAGT] Figure 14
is a block diagram of another e%%bo iment of the Er%sent in\iept(iion. .The transmitter.100 further
C & ate

18 cale

includes a mapper PPSTFHP
elements of thefissityembiedinrentpbhedappéinidi@delndtinatdismitimeeh

Ach HEs s’fream toa ransm‘%ts lélﬁtgﬁenagﬂirgﬂl Fﬁl gsd%ﬁ%n to the

erac Odeghiiall

cross-connects, each data siream {6 3 RS ANSANA 02 A5cRIdaRE e h JasasoRte! signa

scheme selects the combination of best antenna, or a set of antennas, and

subcarriers. Note that subsets or subcarriers may be distinct for each antenna if

such flexibility is desired or constrained to be the same for simplicity sake. This

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.
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Figure 15is a



from the controller 110. [00581 In this embodiment, the MIMO scheme selects one or more antennas
for transmission based on a metric that is calculated using measurements and quality indicators
reported or estimated, and in addition the scheme selects all available subcarriers or a subset of them
for transmissioh 2¢fedBeeddnords, the scheme selects the combination of DEST/ARteHRE Bila set of
antennas, and subcarriers. Note that subsets or subcarriers maybe distinct for each antenna if such
flexibility is desired or constrained to be the same for simplicity sake. This_gives the operator of the
system flexibilitjotd dérapronife remseaitereld imrerprianes Bidhaserardisrebeismaddd permits

more flexibilityn. resQutgenalipgatiomdusng.achaduling: BaibrepaipionR fEelnsadiorrschemes may

be used. [00591 Not all MIMO channels behave the samg, some are impaired oy fade. more than the
others or exhibiiintdGdraa SRR 10 6Tt Eﬂgr‘ﬁ‘l %“ﬂ% thhg\%ngnatstiongéc%a%ﬁg and

frequency selegtivediehavior. Therefore, it is not optimum to transmit all subcarriers in all channels.

Better ink aualigyean be_aghieygdatien #selafevhearisie g lansmiled RodRieLahalty

channels for tant average transit power within any applicable power spectral density

requirements. §obeakThisie atsowiarsaritbognizeksignetieaihRratsien NV Bi$aRAe and each

OFDM subcarigr.{hanngil wilier gsnamibs Aifiatant and dimmoaningandihabastivetsity/capacity
advantage can be gained by intelligent usage of those ¢channels. Thf ﬁha&pellfﬁualmes may be
signaled to, or &R Bt BT RN (B SRR R %EﬁYﬁ iGh§ SiMpieAientations

may limit the agiesna lesuanagy theaxibiliyni0Gadpinsctordartceuitaaimath®heraboeithent, the

transmitter 10Q, further Implements YansiiheWeLEa0Ueh BREATD SHRsralies: T G s @ -8
carriers or groups of sub-carriers.
16063] The waterpouring algorithm preferably operates across all antennas
and all subcarriers and adjusts the transmit power level for each subcarrier.
However, this is sometimes not desirable. When a full set of N transmit antennas
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 receivér. 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 102s 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
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WO 2006/020434 PCT/US2005/027061 block diagram of a transmitter 100 in accordance with a
second embodiment of the present invention. The transmitter 100 further comprises a sub-carrier TPC
unit 116 for each transmit antenna 102 in addition to the elements of the first embodiment. [0062] The
sub-carrier TRQ Wi#ReGBadjusts transmit power level for each sub-carriewiriraceopdanteiwith control
signal from the controller 110. Sub-carrier level transmit power control is, preferably, a waterpouring
technique, although other tecimiques may be used. The transmit power level of each sub-carrier is
adjusted accorthrgameterahdnreslecdpstbe Herteatenagreakiaptmaresert nerdotpagRpipower level
across the trangpission.pand is different for each sub- carriers or groups of sub-carriers. [0063] The
waterpouring algorithm preferably operates across all antennas and all subcarriers and adjusts the
transmit power @& for eadh %B?Féﬁ%e AR R UBRERh S MO PERSERABRY SN a full set of
N transmit antepaRspanddd kekepleaatennpssadeon SNRhestendpiexityrafdhe sposiveisitypically
proportional to Mzﬂgllél. In other Worgﬁ,é the com %ti%tyﬁgf thfaa re %%r Ii& %@‘%%%%q é&%_égﬁmﬂmber of

t

tee ue consid IMpac ise [ev gg) .
antennas at theetransgm?tter ande]f e receliil)er. oreover, It IS often the case that not all antenna 5|gnals

go through desThatileBharechadraiitions njdoda treastiasdmiaivhéis: dntbbgregerisiifention is an
enhancement tp, e afaremantiqned waleiPaH BB e ChniaN 6.0 ascQiangewithetisTgmbodiment, a

subset of transmit antenna is selected for transmission and waterpouring is.applied only to the

selected transrREERBHAR ) FrRHLY IR0 tSHBTRS sl BRI B RN %P%Eance with

channel respongga«f-@achisansmisanianiee Withighrekthastdnnasidida thORankBRskite selected for

transmission and ante 102b is excluded from transmission, After.a,subset of .an , such as

antennas 102x?i@an%%%ﬁ,ﬁ%ces’}ér@%:tgéﬁ?%? v%lg?’erpﬁoslﬁ[%ﬁ%&% RpeVishATY AR eh AGNG
interference regardless of the channel response. Therefore, SNR can provide a

better metric for each sub-carrier or group of sub-carriers, although other
interference/noise/signal measurements may be used, such as signal to
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 spectruz:ﬁ.

[0067] Tigure 17 iliustrates 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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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 -9 WO 2006/020434 PCT/US2005/027061 the same time, by
selecting theWest&ritidt combination overall performance is maintaine&COUBBPHZEebrdance with
another embodiment of the present invention, waterpouring is implemented based on SNR, instead of
channel response. This technique considers the impact of the noise level present at each sub-carrier.
Typically, the RaeKigtovhErpapselistheeatdeadpEfg " YL T e, TRBITARKSBRY noise is

assumed to be hie.samealayelfoealkasleaiticsssikhisn aasumpliog iygicalimbpesreast for
unlicensed bands. In unlicensed bands, other transmissions lap W&th %grt of the sub-carriers

an qve

in the transmis%ﬁ‘eﬁQﬁﬁ“%r?d%?&%fif%%h%?ﬁ%%ge%%Jégc?e%%%%s%nt}g v difterent levels of
interference regardiesanflibé alignneiiresplenss. Fitensfare, MR pamrrovide belbatted nyetric for each
sub-carrier or %&lﬁ). ogt%%i%?rﬂgﬂ%eﬂg St%eother interference/noise/signal measurements may be

used, such as S|gna]IDto interference ratio R) or signal to interference noise ratio (SINR). The

background noi8eaglvel carilbe eepreatiiaffiairerdm idranfdtmayde SrRgmanitf UsReRence the

preferred solutigpJmaye.differenthant)e-ene Raih agsimass dpbagicespaeieiniieae?] Figure 17
illustrates a scheme of SNR-based water ourin%. Figure 17 shaws bothﬁlaf?é}neléﬁfs%lg&ge and SNR

for the OFDM SASLrl MUl e Lt iscaple SAPRRPRFRIRPT A SSRRBaME 06 SIS L ARSd Rt Cordance with

ansmit power is'a
the SNR. Compatgehientsgure 16, which waterpouring is based on channel response, in

[0070] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, each feature
or element can be used alone without the other features and elements of the
preferred embodiments or in various combinations with or without other features

and elements of the present invention.

e # £

-11-



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 transmijsgpsennas is obtained (step 202). Sub-carriers are
allocated to each antenna in accordance with the channel metric of each antenna (step 204).
Messgﬂééta’r%ctmmtiéd using the allocated sub-carriers at each antenna (step 206). AMC may be

performed per antenaegis RS S4brrAMM Z00BIOAMRAAC TS AORPRINL ofaitigs prorouP of

sub-carrier basis. Power control may be implemented per antenna basis or per sub-carrier basis. In
perfoftiny powerdyrsionpanuitip kerieg bdIEDAMBUbsEnol vasrivanerFigsmaihbe sebetdd and
watergourir}l_c%;sirrrll Yy be applied only to the selected antennas. Waterpouring may be based on- SNR
insteagrcr))fpc anriel response. [0069] The elements of Figures 12, 14 and 15 may be implemented
using a singibtaiegnatet cinceltl @xisfon asdncdpplidatiol tspetifie intagtaedenireat (ASIC), multiple
ICs, discrete compoments ,or a combinatian of JC(s) and dis¢rete ,components. %%0.7(_)] Although the
features and SIS AT IS SLEFETVBH AR SR B BAREIPT tHE BhErRHELAARiEaiments in

particular coglbiaations sabata ieaduser oL etbmgiteasdiectsé dalone witbeut thei pihereieatures and
elements of the preferred embodiments or in various compbinations with or without other features and

elemé’ﬁ&%ﬁﬁfécﬁr@@éht theasignnel metric of each of the selected subset of transmit

antennas, wherein a potential allocation of the sub-carriers is not all of the sub-
carriers; and .

transmitting signals using the allocated sub-carriers at each of the selected

subset of transmit antennas.
2. The method of claim 1 further comprising the step of performing
adaptive modulation and coding (AMC) for each of the selected subset of transmit

antennas.

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 3 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.
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CLAIMS What is claimed is: 1. A method for a multiple input multiple output (MIMO) orthogonal
frequency division multiplexing (OFDM) communication system, the method comprising: obtaining
channel metric for each of a plurality of transmit antennas; selecting a subset of transmit antennas
based on the channel metric; allocating sub-carriers to each of the selected subset of transmit
antennas iwaccor;ii%nce with the chan]ne metric of each of the selected subset _Qf transmit antennas,
wherein a potential KiIBEASh BITAES B ESHTEr S TRIRIE BRSPS i YRl A HURNErhifting signals
using the akocatdohsulyitatiteraahelachtat the selected subset of transmit antennas. 2. The method of
claim 1 further comprising the step of performing adaptive modulation and coding (AMC) for each of
the selected subset of transmit antennas. 3. The method of claim 2 wherein the AMC is performed per
antenna basis. 4. Tfkemegihdddfctiaim 3 tibeeindhpusge thdusttreroperfbtieg pesubub- ofirrier basis.
>: 1he methodalielaAhain. e oMGils RerormedRe: 2 otaUp of JbERTIA Rasi © The
method of claim 1 further comprising the step of applying per- antenna power control of the allocated
sub-carrier§eE9t5d FARSTHEIBABEClaim | wherein transmit power of each sub-carrier is adjusted in
accordance with the channel metric.

9. The method of claim [ wherein the number of selected transmit antennas is

predetermined.

10.  The method of claim | wherein the channel metric is a signal-to-noise ration
(SNR).

11.  The method of claim 1 wherein the channel metric is a channel response.

12, The method of claim 1 wherein the channel metric is estimated by a transmitter in

an open loop manner.

13, The method of claim 1 wherein the channel metric is reported to the transmitter in

a closed loop manner.

14, The method of claim 1 further comprising the step of mapping and cross-

connecting data streams to the selected subset of transmit antennas.

I5. A transmitter for transmitting signals in an orthogonal frequency division
multiplexing (OFDM) communication system, the transmitter comprising:

a plurality of transmit antennas;



8. The method of claim 7 further comprising the step of selecting a subset of transmit antennas,
whereby adjusting transmit power of each sub-carrier only for the selected transmit antennas. 9. The
method of claim | wherein the number of selected transmit antennas is predetermined. 10. The
method of claim 1 wherein the channel metric is a signal-to-noise ration (SNR). 11. The method of

claim I wherein the channel metric is a channel res or]se. 12. The method of claim 1 wherein the
channel metric is 359%{5@}%%%?‘?&%@”%éaiﬁagﬁﬁrf%g& RAGAH {8 PrtalethBasERaim 1
wherein thexckanmelametric is reported to the transmitter in a closed loop manner. 14. The method of
claim | further comprisingihie siep,of mepRinaand elass: connecting daja sieams (o he selected
subset of transmit antennas. 15. A transmitter for ransmﬁttlng signalsin-an ort gonal frequency
division mutipteRingthe Fvipd o icaanEy steennak éntramertittes eothprisidignacpiueality of transmit
antennas; 15 gehannel estimalan LobaiRiNg fARaRLISHIE R Gaghafia Rialll, o s
antennas; and a controller for selecting a subset of transmit antennas and allocating sub-carriers to
each of the SBreatEE SRk AR i -SAtEfitas in accordance with the channel metric of each of the
selected subset of transmit antennas, wherein a potential allocation of the sub-carriers is not all of the
sub-carriers. 16. T;ﬂia transmitter of i%;\im 15 wherein the controller performs adaptive modulation and

coding (AME) for 58H BRI SR REEHTR IR BP BN AAFREF R TormsadaRiy S SRAtteR et Iaim 16
wherein the#Mtdia pestamdo: peciantennaloasis$ subset of transmit antennas.

17.  The transmitter of claim 16 wherein the AMC is performed per antenna basis.
18.  The transmitter of claim 17 wherein the AMC is performed per sub-carrier basis.
19, 'The transmitter of claim 16 wherein the AMC is performed per a group of sub-

carrier basis.

20.  The transmitter of claim 15 wherein the controller performs per antenna power

control of the allocated sub-carriers.

21.  The transmitter of claim 15 wherein transmit power of each sub-carrier is adjusted

in accordance with the channel metric.
22. The fransmitter of c¢laim 21 wherein the controller selects a subset of transmit

antennas, whereby fransmit power of each sub-carrier is adjusted only for the selected

transmit antennas.

14



18. The transmitter of claim 17 wherein the AMC is performed per sub-carrier basis. 19. The
transmitter of claim 16 wherein the AMC is performed per a group of sub- carrier basis. 20. The
transmitter of claim 15 wherein the controller performs per antenna power control of the allocated
sub-carriers. 21. The transmitter of claim 15 wherein transmit power of each sub-carrier is adjusted in
accordance with the channe] metr c 22. 2 ransm tter of claim 21 wherein the controller selects a
subset of trafismit ﬁté?ﬁ'?%“ﬁh% ; P56Wh Fé’flgﬁ??ﬁ aliselesfrd RSt SATGAy for the
selected transimitrariterinas. 14 23. The transmitter of claim 22 wherein the number of selected
transmit antennas is predetermined. 24. The transmitter of claim 21 wherein the channel metric is a
signal-to-noise ration. (SNR). 25. The transmitter of claim 21 wherein the channel metric is a channel
response. 28. Theltharsyriteiiafod] alaim 8 wherein the diranabinriekric is @stimhatetb by etisansmitter in
an open loggyggnner. 27. The transmitter of claim 15 wherein the channel metric is reported to the
transmitter in a closed loop manner. 28. The transmitter of claim 15 further comprising a mapper for
mapping and cross- connecting data streams to the selected subset of transmit antennas. 15

25. The transmitter of claim 21 wherein the channel metric is a channel response.

26. The transmitter of claim 15 wherein the channel metric is estimated by a

transmitier in an open loop manner.

27.  The transmitter of claim 15 wherein the channel metric is reported to the

transmitter in a closed loop manner.

28.  The transmitter of claim 15 further comprising a mapper for mapping and cross-

connecting data streams to the selected subset of transmit antennas.



