A METHOD OF TRANSM TTI NG DATA TO A RECEI VER The present application
clains the benefit of the United States provisional 5 application

60/ 973, 594 Wa 20eB3643 19 Sept enber 2007), the entire conPERSS20HB/00BISCHh
are incorporated herein by reference for all purposes. FIELD OF THE

I NVENTI ON 10 Enbogd METHOD OR TRANSMITTING DATATD) AWRECEIVER! d of
W rel ess conmmuni cati on systens, such as ad hoc wrel ess

ul tra-w deband radi o comruni cati on systens, for exanple. By way of
exanpl e, enbodi ments of the invention relate to a nethod of
transmtting data to a receiver, as well as a 15 correspondi ng
comuni cat iTba piesent @ppBatikerREIND toF bErREftIORNENThited States provigienah t hat

In general , the.tr 1SS ran | | ri |

determ edaB?'“‘\taﬁlgn%@yfnﬁtp{b&%@?gg?ﬁ%&@#%qﬂ'ﬁngt% C%@e%g}‘e t he
transmt pakth &b ikdrpsiatedhetein by refeemcd der dlipUrpdegsal Communi cat i ons
Comm ssion (FCC) regul ations, for exanple, the transm ssion range of
the signal is also limted. For exanple, according to the |IEEE
802.15. 3a technical requirenents, 25 in view of the FCC transmt
Power Spectral Density (PSD) mask, the expected signal transm ssion
range may be only about 10 nElEkE OFoFTHE INYENTIONnsni ssion of 100
Mops, ?@ about 4 neters for a data transm ssion of 200 Mops, or about
2 nete for a data transm ssion of 480 Mips. 30 Such a short signal
transm ssi gmbcdirgentsiodtheinaaniien adatdits thisSed ofliressfcomnunication

nmuni cati on systemin neral puts, seyvere constraints on.the
botent i al APHPMEasIEIRS 8¢ AR ek WissiidrRand ERloSRRmAnEAon <

therefore degbmabld? sk@mpht BRARSY bhexarhilBdémbbdinEmts6f 1B ifvdiigienf or
such a communi cation system while still adhering to the transm ssion

power r est felateitemsmatiediaf transmittiga data orasrecelyer.dsanpil 8 asSUMVARY OF
THE | ngbg}bsponding communication device.

BACKGROUND OF THE INVENTION

20 Itis known that in general, the transmission range of a signal is primarily
determined by the transmit power of the signal. in the case where the transmit
power of the signal is limited due to Federal Communications Commission
(FCC) regulations, for example, the transmission range of the signai is also
limited. For example, according to the IEEE 802.15.3a technical requirements,

25 in view of the FCC transmit Power Spectral Density (PSD) mask, the
expected signal transmission range may be only about 10 meters for a data
transmission of 100 Mbps, or about 4 meters for a data transmission of 200
Mbps, or about 2 meters for a data transmission of 480 Mbps.

30 Such a short signal transmission range (for example as discussed above) for
a communication system in general puts severe constraints on the potential
applications of the said communication system. [t is therefore desirable to

increase the signal fransmission range for such a communication system
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In one enbodi nent of the invention, a nethod of transmtting data to
a receiver, wherein the data is transnitted usi ng a pluralit

of
sub-carri &920@@3%1‘?0w ded. The nmet hod provided i ncl udeSCdSE2 %ﬁ’iﬂ?{?ﬁg

for each sub-carrier and 10 for each of a plurality of conbinations
of the subwhilerstilledharidg tmtharttansmissién poweurestrictignetiuatn Ekfas to be
used for tra ttin lg(ﬂ% gata a transm ssion characteristic of a
transm ssﬁSHu@%[ﬁ‘iéo rier using the antenna; and sel ecting, for
each sub-carrier, an antenna of the plurality of antennas to be used
for the transm ssion of the sub-carrier based on the transm ssion 15
characteristic of the transm ssion of the sub-carrier between the

antenng and the receiver. %ﬁnﬁiﬁmﬁgllwgﬁﬁﬁyﬁ DRAW NGS 20 In the
c

drawi ngs, |ike reference acters generally refer to the sane parts
throughout the different views. The drawi ngs are not necessarily to

scal e, ha5| ly rating the
princi pI e t%chﬁ'\%'gﬁtt‘?fgﬁg ,ﬁ}ﬁhi‘%@%ﬁlﬁ% @vﬁg% g@ﬁ@{‘%t flat)grsfo %alrl gus
feﬂ’lﬂf)di méntrgc@ffeﬁ Mermnﬁ\i,\i}] détﬁ IQE‘aaSraltﬁﬂamind)&dlumltthof sitecamiess, i t he

ol l owi ng draw n in whic ws a communication system
accor di ng Rrevidad e HisoereHOR Prayid ?ﬁg” lﬂﬂﬁ?rff %W“"@@ rEarsy §ﬁ6{ﬁ§%§df | ow
di agr gy degrehd ﬁ}ﬂ%l%@c&rﬁlﬁﬂﬁf@r&%ﬂﬁe @b /chRfér aull dnbritééna of a

comuni cat1 on system according to one enbodi nent of the invention,
wher ei n a panlityrif catérmas de be sised dertransmyjitingthe éﬁt?défmnsm%%ofbne

receiving @%‘%ﬂgﬁm{: ofe t?aﬁ%z% %&Qéﬁ@%ﬁ%ﬁé{l IQQ“ e i a%dShQWS a

fl ow di agr crrbrn ransm ssi on ca out in
conmmuni catgefectingsfoe eaeh: sub-gamigrtan amenaabﬁmermumailtyroftanEnnasémbeon,

e RIS RSB oA K168 dr R raRbmiiidh 2

15 characteristic of the transmission of the sub-carrier between the antenna and

the receiver.

BRIEF DESCRIPTION OF THE DRAWINGS
20
In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale,
emphasis instead generally being placed upon illustrating the principles of the
invention. In the following description, various embodiments of the invention

25 are described with reference to the following drawings, in which:

Figure 1 shows a communication system according to an embodiment of the

invention.

30 Figure 2 shows a flow diagram describing the data transmission carried out in
the communication system according to one embodiment of the invention,
wherein a communication device receiving data (node B) uses one receiving

antenna.



Figure 4 shows a bl ock diagram of a conmmunication device as a

transm tter according to one enbodi nent of the invention, having a
plurality &VO200&A3AI3ssi on antennas. 10 Figure 5 shows aPbirsckoodioagssam
of a communi cation device as a receiver according to one enbodi nent
of the invention, having a plurality of receiving antennas. 15 Figure
6 shows an _illustration_of the frequency domain representation of a
met hod of FHHAR Fishowsgp tlaw siagsam descEbipg thedalgtmansnisdonraremmdiment
of Lhe 1 nvep idiftmulictioR sfstGRPUSeaRing ko bE bRttoBInt of e MuettialCY
dormai n representation of nmet hod”of transmitting data to a

recei ver awtheraln acanomenisatien devibe dasiving détat(hede BY eaes amluralityoéi n
the recgiver conpri 558 plurality of receiving antennas. Figure 8
shows a iﬁ%é‘f'@??%ﬁ 8P a first i npl enentation of a nethod of 25
transmtting data to a receiver according to one enbodi ment of the
invention. Figure 9 shows an illustration of a secqond inpl enmentation
of a net hoflGfe thshRwsia blogly difgram Q) aLOMBUNIGRYONLERGERIAH G KegSEleT
enbodi nent | j ; f QLT hOWsn | ation of a
third inpl gg@rﬁ@?i%%“%ﬁ%%?ﬁgggg létl'?Veaérl?gtprlﬁ’tti ngégg!déélggbg receiver
accordi ng trengnissiomeydéenmas. of the invention. Figure 11 shows an
iIIusti@ti on of a fourth inplenmentation of a nmethod of transmtting
data t0"a receiver according to one enbodi ment of the invention.
Figure 12 shyuve 5aheivgrablotk didgramrof sextinahiunicatidn dédvdcalas a receiveami ssi on

rried 5 out in a comunicatio stem according to one enbodi nent
©f the i nveRRATBNG IRABFETERRImMENECT R TVerDER R ARSARA O FogMTS 13
shows a si gpghpnkkow representati on of the data transm ssion carried

out in a communication system according to one enbodi nent of the
i nvention, 10 wherein a comuni cation device receiving data (node B)

uses a;plu i RVAaYels i ; :

it agr akd i 1 [Re B sowsMPioA A Requercfiiomd epiendngh % |

f act or s acowthihdchgf transemtdingrdaia tore mecaiverndesoidingio orshembediment of the
invention.

Figure 7 shows an illustration of the frequency domain representation of a
20 method of transmitting data to a receiver according to another embodiment of
the invention, wherein the receiver comprises a plurality of receiving

antennas.

. | Figure 8 shows an illustration of a first implementation of a method of

25 ftransmitting data to a receiver according to one embodiment of the invention.

Figure 9 shows an illustration of a second implementation of a method of

transmitting data to a receiver according to one embodiment of the invention.

30  Figure 10 shows an illustration of a third implementation of a method of
transmitting data to a receiver according to one embodiment of the invention.



Figure 15 shows a block diagramillustrating a second nethod for
determning the calibration factors according to one enbodi nent of
t he i nventWBri00903gd? e 16 shows an illustration of how thHgd/SG2008/000355
conpensation of m smatches in the 20 process of antenna and

sub- carri efigsrel Ecshows amjllubkatioar ofi sefbusthtimpleseshtatiort dfea methdaraft i on

embod men(aSTTERRbIR 4 EHFEMEAGFETTIANE e AR RECSIRE MMERLPi g

antenna. 25 Figure 17 shows a flow di agram of how the conpensation of
m smat ches_in the process of antenna and sub-carrier selection nay be
carri ed oltigdie thehawsa signgt #ow espresemtatinniehife datatienswissian eariedof

t he invwent] Qr i i [ §: f L

ant ennds. OB TP SaTIT oo &85 KELord?h 8 chleirydchet o R Fiknien.
conpensat iwirerein modenBthabageceivinganperoewess of ant enna and sub-carrier
selection may be carried out at the receiver side according to one
enbodi nent of the invention, wherein the receiver has a plurality of

recei vi ng EgleMPshowd 4 dighal fidlv fdituserftatidboithe /et frdndigissibe cahraanel
nodel s used in the sinmulations carried out on enbodi nents of the

i nvent i on.ous IFA gamenyricalies\aystee aperiing teonsremkadimepkabing dvestomince
resul tig T qindBf Q%rﬂnﬁfnﬂ;’éﬁﬁh g%gﬂ%r§ﬁ%ﬁpﬁhafég@0m% us s%@ur@ﬁry]&m for

a conmuni cat16on device wt usi ng one ‘enbodi nent “of the
i nvent i on.receiviigguttenr@s. shows t he packet error rate (PER) perfornmance
results for the data 10 transm ssion rate of 200 Mops in CMB (4-10m
for a conmuni cation device with and w thout using one enbodi nent of

t he i nventHigiire 14 stidviis BlodR dsdypa ifllstrating kefirstiehetiodifat detéffaRjng the
performance results for the data transm,ssion_ rate of. 480 Mops in CMB
(4- 10m f GRIBrABMiERPEATBRIRE A eoe SBbRRtEnt A6t FKETonusi ng one
enbodiygent: of the invention. Figure 23 shows the packet error rate
(PER) performance results for the data transm ssion rate of 480 Mops

for a comfugirest vved biaskwiagrantisifating @ sassnd §HBhed BFCSERTINDG of
the inventyg Eali%ﬁ;{igﬁ Ord?'s %ﬂc@?t oldHe AREEGMAE b0heiftibRER)

performance res t he transm ssion rate of 200 Mops for a
comuni cation device with and wi thout using one enbodi nent of the

i nvention... Fi . { - nce
results f oﬁ'gﬁﬁeféé%iogw%?%@g %ép%t'soltrﬂ(ﬁ ra ﬁ%o Oﬁ%{sﬁg%i Sfo'\g/qgr tﬁ@@%{qgch%gl
real i 26t i quotens dasverbia dral sub-camien seleatioromayl dei caeried ot tmsddwinttheut

[ i t of t i nyention. 30, Ei 26.sh t.h ket
b0l 1o capRon Tacte S and e G LEhante) Rt orr BB BBy 875 s
of 480 Mopse embddiniept obthenvantion aivhereirs ihet reteivet lasmte miceiving  usi ng

one enbodi nent of the invention.
antenna.

25  Figure 17 shows a flow diagram of how the compensation of mismatches in
the process of antenna and sub-carrier selection may be carried out at the
transmitter side according to one embodiment of the invention, wherein the

receiver has a plurality of receiving antennas.

30  Figure 18 shows a flow diagram of how part of the compensation of
mismatches in the process of antenna and sub-carrier selection may be
carried out at the receiver side according to one embodiment of the invention,

wherein the receiver has a plurality of receiving antennas.
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Figure 27 shows the packet error rate (PER) performance results for
the data transm ssion rate of 480 Mops in CML for a conmuni cation
syst em wi t RV@QH#29#864%0out usi ng one enbodi nent of the i nv@aTiseR0088500355
Figure 28 shows the packet error rate (PER) conpari son between the
performance result of a data transm ssion rate of 960 Mops in CML for
a conmuni cat.i on s stemvvitt} one enbodi nent of the invention, and the

per f or mancd YWY shaws,a tehig deseriing the dranngt models Ased ibiee wi t hout

the embodi rgafbia@ibngd BrrieB\RA bhUnbddimBREA EDivERGdH. PTI ON OF THE
I NVENTION I'llustratively, a comunication device with a single

antenna may only have a 15 short signal transm ssion range and nmay

not be r.ob 0, QV. I 0 ] i

oxarpl e whas B LB IR O o SR RS Ra8E sl Fevane Yo,
order to otensoissidrnmtalbv80 ditgssdn DM ¢ed0m) fortd adbmohiunization evica a
plurality of trapspit .antennas be us in such a communication
v co wherit 400 Wb HANG 608 eTRbg Mot of thet BUSHP™ e sar d 20 FOC
regul ations, for exanple. In nore detail, for a conmuni cation device
where the data to be transmitted may be nodul ated on a plurality of

sub- car ri effdgurg Jleghpwsgthedaskerenorgataftiidrpartormanee) raswils fontbadats nay

be carri,ed - i ! j i A .

sui t abi1g miserAA ey G BTN 1R orck LorflyRisaugh W,

ant ennas magitheendwithatediranohne bmbbdmmstriof theoiweentfoor. each of the
ansmt antennas may al so be controlled such that it neets the said
CC regul ations. According to one enbodi nent of the invention, a

net hod of Figure P2tdHoNG tealpacket dreordafePER)Gierforaned fedults félathe das
transmtted using_ a plurali tﬁ/‘of sub-carriers, is provided. The

met hod pr ofABSENSSRN @ReT 489 BaRsR AGVS {41 0mA dr 2 eammARIcRERN 4RUCE or
each of;sa RlithraHd Withdlt LeHPORAEHBBin¥Ent bPtheSHPeRi | €r and an antenna

of a plurality of antennas to be used for transmtting the data, a
transm ssion characteristic of a transm ssion of the sub-carrier

using the g A% A0 e packet error rate (PER) performance results for the data
transmission rate of 480 Mbps for a communication device with and without
using one embodiment of the invention.
20
Figure 24 shows the packet error rate (PER) performance results for the data
transmission rate of 200 Mbps for a communication device with and without
( using one embodiment of the invention.

25  Figure 25 shows the packet error rate (PER) performance results for the data
transmission rate of 480 Mbps over the channel realization for Case B, for a
communication device with and without using one embodiment of the

invention.

30 Figure 26 shows the packet error rate (PER) performance results for the data
transmission rate of 480 Mbps in CM1 for a communication system with and
without using one embodiment of the invention.



sel ecting, for each sub-carrier, an antenna of the plurality of
antennas to be used for the transm ssion of the sub-carrier based on
t he transiYQ3408838#3r acteristic of the transmission of PEREG2008/000355
sub-carrier between the antenna and the receiver. The transm ssion
char act er i Bgires? Asieowketherpracketersaratea{RER) merfobmadee redulis for thedatsaach

sub-carrier such .that, t ransni ssi characteristic for a.t smt
Sntenna | drasssssivn e ce e AR MR B A ik ieafot Syaieh i &

enmbodi mentyitiduk LSINGYnel drabGdTine Bt 6fthehveribar i Stics of a transmit
antenna for different sub-carriers are taken into account. 10
According to one enbodi nent of the invention, a conmunication system
for transmfti i é’r%jr i otnﬂ:?a } mtted
usi ng § pﬁé%ﬂe{%y%&st%-%ggﬁ er s.rang%yr’rbnu I cr%t6 f‘%ﬁhg?/ésq@%spr ovi ded
i ncl udes gerfarmianee resattobfa dagh transwission rateoi#G0gMbpel it GMidoeeni ne,

for each sub-carrigr and for.each o | urality of. copbipations of
t he sub-cmrﬂpn'ﬁﬂﬁo%ﬁy &P oG e@BB&'HFeA-\l{Pﬂped%gvﬁ%mgh%#] 5 to be
used for tyssmahbe AesUIttd alfita trafsinisatiiatks bOBICBpaRittolsthec of a
transm ssion of the sub-carrier using the antenna, and to select, for

each sub- cnbedimensal tARIBYARECBS the plurality of antennas to be used
for t transm ssion of the sub-carrier based on the transm ssion
characteristic of the transm ssion of the sub-carrier between the
antenna and the receiver. 20 The selection nmay be carried out in the
transmtter or the r i A sel ects the
antennas to be used Q%?A!%Rggé?ﬁﬁghggﬁﬂ?E@?Hgﬁ?vansmtter.
Alternatively, the transmitter carries out the selection itself based

on the trapnAReRDacbanRatiestiontdevicedbitismddantsaheetdyamiphavdaen
carried out, the data maéibe transmtted fromthe transmtter to the

recei Vidr 06 9NR] tRSRSIILIARGR 35H, MRY BOt RR[ORYSt fOUIRHC QYEFGONE and
using, for,ga6tsHadBwARS érifBding! 168 fe&tﬁn%ﬁ:} Qﬂ\eﬁﬁfsqmnﬁggfom@‘rﬁs snlite@beyd

antennas) for the transm ssion o he sub-carrier. 30 Enbodi nments of
the i nventFG@ reawatiens. Inatdenéo gepepmerthe @bavedisadyantagrs. SRR nent

Lhe data tgydeud (NS HhEL oMMt AifteRhs Hlalybt WedSHRueREM ers i's the

data of a Co annel of an upper “communi cation |ayer. For
exanpl e, tdoemmiabisation Bevice whers its tansmié powet maydwt linitgd phihessaie

| ogi c C el _ar.the nsport channel. For exanple, the data
to beajé) t:}gﬁgﬁ??@gﬁ&%sf%ﬁ\&?ch should all be transmtted to the
sanme receiver. The transm ssi-on using the sub-carriers is for exanple
based on the sane transm ssion.technol o for, e I . t he
oane. modul B deted EEEARMEN BN SR BN g ine dAE e he R B8

accor di ng hay de ribdivhict VhsAhRBalRN oPsuRBatiRey, anuhpping detwesn the sub-
transm ssion technol ogy. 10 In ope enbodi nent, the ant eanégta'hat is
used for teasTigEANheANGNNGS May BB caHied A aceordiade AR eHFEENING a

pLedet%r m &{ﬁgn&{ WVRI BQUitHbIE naRiRG Epatifl diférsity RBIRE BRIrAAY of transmit
characteristic.
antennas may be achieved and the transmit power for each of the transmit

antennas may also be controlled such that it meets the said FCC regulations.

According to one embodiment of the invention, a method of transmitting data
30 to a receiver, wherein the data is transmitted using a plurality of sub-carriers,
is provided. The method provided includes determining, for each sub-carrier
and foreach of a plﬁrality of combinations of the sub-carrier and an antenna
of a plurality of antennas to be used for transmitting the data, a transmission

characteristic of a transmission of the sub-carrier using the antenna; and
p .



15 I n one enbodi nent, the nethod provided further includes receiving,
by a transmtter, a signal fromthe receiver, and determ ning the

transm ssi oV ghaoassseri sti c based on the received si gnalect/sGzoosiooussmne
enbodi nent, the data is to be transmtted fromthe transmtter to the

20 recei V_erse@eﬁhgg,her SEIPEIH-Barich ardritbAth Otthe Dlurbitg of bAkMEE t@he | N
one enbodi nent he data is to be transmtted fromthe transmtter to

the recei vepedinr the &ragsmissianof the subcarmiay besed B thebrapsmissier . | n

th ' . i ver. <i o .
Cr anen t t achatgBistic oF el EEnlECioR bR SU L PoAGkER S ApfeRfa and
t ransm t t ethadeecaiver.dl lentzarssthiesing charamteyistica hrg getefmiand sepamtely or one

enbodi nent he transm ssiqn characteristic is i.nfornation ahout a 30
roper 13 oindidaly e At M rsaRE AT et e e Faa ARt s R B o
sub- car ri efrah§hiteRterieis atariitedsbdntient €€ e/ Qlib-carfieRMHUREI one
enbodi ment, the transm ssion characteristic is information about the

qual i ty of embedimgntodifigrens smsmissionseiaradeteliss ademnnmt aafenesfor
channel . | B]fﬁé?ént%ﬁﬁ? ﬁe@@@‘i’émﬁm é%u%ansm ssion characteristic
e .

is a chann state informatiron. In one enbodi nent, the data is
transmtted by nodul ation of the plurality of 5 sub-carriers and

transm tti t he nodul at ed sub-cagriers using the antennas..|n.one
erbod fent Apard et oo EHERF B bisToertBiasd B ARR SR BT e
transm ssi ganSMAIRSE H4taiis breoddel, wheréinnherdat is ranbmitterl weily alurakty for
fferent transm ssion antennas, 10 In one engoﬁirﬁ‘[\% for each
ub- car r i ePf YHo-eREeRT- (i GaymuRication svstemdrevides! faregpiveRand
plurality gfsefiMiBANAR cbﬁﬁé&b@QS edtdrMiRe forSRfbnf Ub.ddradsand for Bech bea
sub-carrier. 15In one enbodinent, the selection is carried out
i ndi vi dual plipraliy oteembisptieneobihgrsaibraagrierransian aelepnaos a plurality of
15 antennas to be used for transmitting the data, a transmission characteristic of
a transmission of the sub-carrier using the antenna, and to select, for each
sub-carrier, an antenna of the piurality of antennas to be used for the
transmission of the sub-carrier based on the transmission characteristic of the
transmission of the sub-carrier between the antenna and the receiver.
20 '
The selection may be carried out in the transmitier or the receiver. For
example, the receiver selects the antennas to be used and signals the
( . selection to the transmitter, Alternatively, the transmitter carries out the
L selection itself based on the transmission characteristic.
25
When the selection has been carried out, the data may be transmitted from
the transmitter to the receiver according to the selection, i.e. using the sub-
carriers and using, for each sub-carrier, the selected antenna (or the selected
antennas) for the transmission of the sub-carrier.
30 '
Embodiments-of the invention emerge from the dependent claims.



In one enbodi nent, the predeterm ned criterion includes the antennas
bei ng selected for the sub-carriers such that the antenna with the

hi ghest qu#wiOi2045/G385420 t he transm ssion characteri stic |iRCRSI285(080BS$ or
each sub-carrier. In one enbodiment, the predeterm ned criterion

i ncl udes algpe embodintdrd] thefdasaity batransmitteti ushey e pluralityioédub-o each
antenna. |In another enbodi nent,. the ,8re eter m'éned criterion, further

i ncl udes t FATISRY Biha dataohRcuBMuRication ghapngl 058N UpRerCHPIMUREatQN 1
that the afsépieﬂ%r\@xhﬁpié]%@g%%tbeq%{smiﬁed Arel (MBFLI S B heisafhe

characteristic is selected for each sub-carrier. In yet another
enbodi nent logideé chawiboethe sarae tansrart eharmel.ties examela, deesdatado 86t ennas

bei | . - i . h
panber ot *EhBStolEH i e e Ahby B SRty 1 he Rk ARRRBE el N°
:o_el ow or ngqgmmissaimnzdﬁa’lgimﬁsuhﬂmde@% fm;dxamtmhm_ Iorgme&mmt@ar riers.

n one enbodi menpt, e od provided fu r includes,deternning a
transmi ssi Hﬁn%‘ﬁh"ﬂsﬁ’é‘ttﬁ?ﬁ‘&ﬁ?w (g@fp%ampj%gﬁ?%@PBﬁ’%ﬁaWﬁ@%ﬂﬁﬂﬁ?P&Hg&r f ?om
the recei ¥:‘é§rn[élré, {HEEMIESRBA ark BuBRRAMES REBREHJ®YN OFDM et hod

provi ded furt I ncl udes conpensating the difference between the
pr oper t i estrafnsmissionrarmnethasinysti-carren drassmissian teehnelp@yn t he recei ver
to the,antenna that is used for transm ssion of the sub-carrier and
the-prg)(gerti es of the transmi ssion of 5 the sub-carrier fromthe
ant enna t hat onsembediniant, theamtanrasthehisafset lier thelirapamissim ofa st

receiver. In one e dient, the nmethod. fqr conpensating .th

di f f er ence®¥ERPIS saegggﬁ%gg??ﬁ AR ﬁgﬂfgﬁ%‘ewgﬁgﬁﬂg%ﬂ%%ﬁ”* %Bg?tet??@?i c of
t he sub- cafrah&hiskioproHahsctdlsticecei ver to the antenna, and using a
calibration factor to conpensate the difference, wherein the

calibration factor is determ ned as a function of a transm ssion
characteri gf{ il RBMReRBE pRoVidsPRINBPinchiea b &iving, iy #f the
antenn}f 1??‘% gﬁﬂ}?t.her' enbodi mar?’g, the method for conpe%stgti ng the
di f f er encetransmitier, & sigpalifsus thaitacepey. ang determaipingdhea trepdmisgidor wit h
t he determ I LSS [fe_h@r tSikc of the sub-carrier from
the recei \%t?ﬁ‘?gfepﬁﬁé%%%dn%gt 0 ggﬁglgr?ﬁgzﬁ!forrpensat ed transm ssion
characteristic of the transm ssion, and sel ecting the antenna for

el b ctit ‘ otic.
1 one. embBHPHoRT oA TeibE rbs RoB 1y BEN e b E eSS For
recei vemg tdreivier andihé seldcliat i3, caamet dicbycikittanstriiter. f actor i s

determ ned as a function of a transm ssion characteristic of the
recei ving antennas and a 25reception characteristic of the receiving

antennas. |{oembBaRsETERE data BY 1B tRCPArsMittb@GbaT theSranpplifterdo tite
channel estimation Sé@ﬂboi s at the receiver side, the channel

esti mat i onrepgiesaediRe Aglesian isrqagied At MEBEIroesVelo In MOPPansni tter,
and bei ng dsgddieflCier BESGer dindis M5 BdI&SHd Yo the transmitter.
25 }
In one embodiment, the receiver receives the transmitted data via one

antenna or a plurality of antennas.

In one embodiment, the transmission characteristic is information about a
30 property of the communication channel used for transmitting the sub-carrier
between the antenna and the receiver. In another embodiment, the

transmission characteristic is information about the quality of the



30 characteristic of the sub-carrier fromthe receiver to the
antenna, such that the transm ssion characteristic of the sub-carrier
fromthe r®aRINPP38643 t he antenna is scaled with the precssakiosgosss
factor, wherein the pre-scaling factor is reciprocal of the function
of the ”aaérﬁhﬁﬁﬁrsb‘ﬂioﬁhﬁfaﬁﬁéleld %t'&toﬁerb%ddﬂﬁ@ht\/tﬂ?ﬂtraﬁé?ﬁ@ﬁlﬂﬁs and the
reception characteristic of the receiving antennas. Channel

est i mat i onclgrasleristic is a phannel gtate rdersationed pil ot synmbols that will
be used to estimate the channel state infornation or channel
frequency response. 5l n one enbodi nent, the transm ssion

char act eri Btone embotiEnent; therdata & trarsnatipd by nuwuiatiomedfdhe pluraity of
transm t|n fre uenc se, functi,on of ,the .antenna, I n,on

enbodi mnt SOb-FATIELR ARt ERSRMILRG thednpuiptedsuty ¢RmiEts Emiheantas.
anplitude m smatch of a receiving frequency response function of the
antenna. 10 In one enbodi nent, each of the El urality of the antennas

that are ulens embodmeh he ssiecin ihearsed oubbasasomasomnasspe sl iee
cal i brat| 0{? hHhisSfon %%ga&bhstk@ f SRR of t%ts%sca"i‘ﬁé‘rféF &ng%é"tn a

menory. 15 n one e e comuni cation system prov

further i ntanshaissiantard@smas.t er i ncl uding a receiving unit configured
to rec§¢ve a signal fromthe receiver, and a first determ ning unit
configured to determ ne the transm ssion characteristic based on the

recei ved sjngsad embadiamithbr eaoh edb-eaier of the sloraiyndfeab-eiiriergsaem
i econd dete 0 COI’]fl ur d to

rovided further incl uni t

Betor mne AMERGREHRE DUt SHeRa=E eSO e G rraRapITHG Be
sub-carri egyd. ket he receiver to the antenna. In yet anot her

enbodi ment, the communi cation system provided further includes a
conpensating unit configured to conpensate the difference between the

properijes; i i ver
o Fhe 4t oitind IfnbUAa & Bkchbn i Caribil B Rludly 367 oot rfe!

sub- car ri eplufalibnot hub-estriersia to the receiver. In one enbodi nent, the
conpensation unit uses a calibration factor for conpensating the
difference, and the calibration factor is a function of a 30

transm ssi mmr@maoﬁmérﬁr the préddétbamiast eriteaicandcladeethepintenmnas being
characteri Stiecteg fort % s%rt])t-cearmers such that the antenna with the highest quality in

20 the transmission characteristic is selected for each sub-carrier.

In one embodiment, the predetermined criterion includes a maximum number
(" of sub-carriers to be distributed to each antenna. In another embodiment, the
. predetermined criterion further includes the antennas being selected for the
25 sub-carriers such that the antenna with the highest quality in the transmission
.characteristic is selected for each sub-carrier. In yet another embodiment, the
predetermined criterion further includes the antennas being selected for the
sub-carriers such that for each antenna, the number of sub-carriers for which
the antenna has been selected is below or equals to the determined

30 maximum number of sub-carriers.

In one embodiment, the method provided further includes determining a

transmission characteristic of a fransmission of the sub-carrier from the

9



I n one enbodi nent, the receiver conprises a plurality of antennas for
receiving the transmtted data, and the calibration factor is a

. function O¥Oa0WPHAEHI ssion characteristic of the recei PERGCHNBENASS
and a reception characteristic of the receiving antennas. 5 In one
embodi mentrec¢iter todhpanteanadn drother enibadipest, e nethodatrovided figtheract or

with the transnm ssion characterd stic.,of the,tran of t he
sub-carri dfC q?‘&?ﬁﬁqrﬂﬁe@é@@g%gﬁgmﬂ‘f& bfm%‘?ﬂ'ng‘e %S‘?Wagﬁg Embodi nent ,
each of t hgrahiission bithelsubtapistdforh Gie tdeeiver BnbEisiterom ikt itshsed
sub-carries has a respective calibration factor. |In one enbodi a

pre-scal i rfgr raRsrapsipy oém& subdcarget anghiha prarerting of e E3RypEoapr ¢
15 h
receiver sthQ%Hbtc?Pnéf'%ﬁpﬁe eﬁﬁéﬁﬁel ngﬁuéggg} ﬁaﬁoﬁhiggoﬁ%mhéc Sy the

recei veér ransm t eterm ne the

t ransm ssicanrierttatize taeeivet.i ¢ of the sub-carrier fromthe receiver to
t he antenna, such that the transm ssion characteristic of the
sub-carrier fromthe receiver to the antenna is scaled with the

pre-scal i ng dha@niodimbsl, e mefiddroeconpbnstginaks differ@deemn’mrmeal of
the function of the transm ssion charact ergotﬁgl c, of th ei ving 20

ant ennas éiﬂieﬁm@n@e@@;iﬁ”éﬂ“%ﬂ*%‘r gharagtegsticoldne sHb- qag@é' €nt ennas.
In ongy em}@ééi th@ﬁﬁ%nﬂé éﬁk?uﬁh Bddlib¥iith fﬁab%%?nﬁéﬂsaié‘m

transm Ssi on o the sub-carries s a respective calibration factor.
In a furt Merentmdvhmam the haliretionifactertis detespinedascafynctisrefa menory

e T

comuni catamenmeystemis an ad hoc radi o communi cation system 30 In
one enbodi nent, the comunication systemis a W Media conmuni cati on
system In another enbodi nent, the comruni cation systemis a

Bl uet gat h Iﬁ@mﬁéﬁéhb@d]m‘éhﬁttﬁgmethtﬁu m@oem@ﬂdamme diffstesedtathiecat i on
systemis a Firewre conmunicati on system %not her enbodi nent, the

comuni catgosprisgsraiiplyng the ealibratien I"‘é-@'s‘h@ elrimingd teansmipsia s
(USB) conmmupi£abhdis of ¥ivd %B-cémﬁr Gomithete¥Ever téQﬁéTHHﬂeﬁﬁé t®Bbshem 100

according to an enbodi nent of the I nvention. his illustration,
t he commurtioteRarsateshisansmigsion ﬁh@rapmSU@éfﬁ‘eftTWlW@@ﬁ%'ﬁgdew ce

(A) 101, a,5eGRNAa%0rPanGalibABadey bhthd Bdmpisatéd transmission

20 characteristic.

[n one embodiment, the receiver comprises a plurality of antennas for
receiving the transmitted data, and the calibration factor is determined as a
function of a transmission characteristic of the receiving antennas and a

25  reception characteristic of the receiving antennas.

In one embodiment, a pre-scaling factor is applied to channel estimation
symbols at the receiver side, the channel estimation symbols being sent from
the receiver to the transmitter, and being used to determine the transmission
30 characteristic of the sub-carrier from the receiver to the antenna, such that the
transmission characteristic of the sub-carrier from the receiver to the antenna
is scaled with the pre-scaling factor, wherein the pre-scaling factor is
reciprocal of the function of the transmission characteristic of the receiving

10



10 third conmunication device (C) 105, and a fourth comunication
device (D) 107. Illustratively, it can be seen that the transm ssion

range bet wagmobda@sdazr St communi cation device (A) 101 andciBercse6005d
comuni cation device (B) 103 15may be limted to, say, 2 neters (m,

for exanpl gnteffigs ébmf%éc%pﬁbﬁ cﬁ%cfeﬁﬁﬁ@a@ tﬁéireébwiﬁg%témésbehémel
result of an existing limtation on the transmt power due to FCC
r egul at i onsstinationesyamipole refenta thiedransmitdad pitat symbolsdhabowithibs ussditen

t 100 l, - j ' pcati
Svatem  suenieifi SRt Mt i e DR e By PR The
W Medi a conmuni cati on system nmay operate in a high data rate
t i ssion, h t 480 Mops, .f | e. b tly, th
W Bl 2 ol SROPBMTY e RO LI FBr S oL BB e TRdP 1 | on of
the enmbodi gpglitdemismateH b rarsmitHd fdfuentl rédibnks feRdBnididie t he

transm ssi on range between the second communi cation device (B) 103
and the thantensanmonecmbedimeat.itoe rqaeptionshasagtasistic ofthecanterna isdhe

{hn e PR ee bhelTBRERNE R et Aol dEe 55" 021, cc

(A) 101 angntehsasecond communi cation device (B) 103. The | arger
transn ssion range between the second communi cation device (B) 103
and th¥ third comuni cation device (C© 105 may be due to the third

conmuni cat jidhed&yibe&imdrt, ddth ¢ith Ggmmrtgof {PRMarASENANhANAR ided for
QIOI’]] unction WD 2009/ 038543PCT/ S&Z008/ 000355 with si _génal processi ng
[

‘echni questrangroigsign & the subrcaries diaseniesaectivecalipationitastor, Aadalthe t her
il lustrati Qé]i’bréthncfgeto@aﬁ%ré ?ﬁt& ltn% ransni ssi on range between 5

the third comuni cati on Vi ce and the fourth communi cati on
device (D) 107 may be limted to, say 6m for exanple. This

e B o e b AR prafad et R 3
communi cat framsniieter Peludig 4 OSceivihg uhid cgefigured s ricebicomsigaaldfeom ¢tieveen
the third Fe%gir\rflép,ia% tail ga'nst ggyér%?nir(\é: Lnit configured to determine the transmission
characteristic based on the received signal. In another embodiment, the
communication system provided further includes a second determining unit
20 configured to determine a transmission characteristic of a transmission of the
sub-carrier from the receiver to the antenna. In yet another embodiment, the
communication system provided further includes a compensating unit
{ﬂ configured to compensate the difference between the properties of the
Lo transmission of the sub-carrier from the receiver to the antenna and the
25 properties of the transmission of the sub-carrier from the antenna to the

receiver.

in one embodiment, the compensation unit uses a calibration factor for
compensating the difference, and the calibration factor is a function of a
30 transmission characteristic of the antenna and a reception characteristic of the

antenna.

11



10 105 and the fourth conmuni cation device (D) 107 is due to the
using a smart antenna array, or a plurality of antennas, at both the
transm tt evO 2a00d/0385¢3 r ecei ver side (the third conmuni caPCaisGa@sHEesy C)
105 and the fourth comunication device (D) 107) to achieve an

i nproved g gRdlenitRdifgSEtHeebeivetbithplists 4 prrdligcei artensasgfoal (and
thus achi eve an extended transm ssion 15 range), for _exanple. In this
context, teeeiviasthriarsmitted daimiandibe crRiRrsti g ”%‘l’&‘!&'gﬁﬁga

t echni que . i : i i i he

pl urali tyt@¥gﬁ%ledn€1§%ré@eﬁ ﬁt;&! géé%?%ﬁﬁgp%gg%ﬁgﬁ r%%e;%ﬂ;?gt forward

i nk, a tchasatidristic of thectecalvingwntemmasd conmuni cati on device (C) 105,
havi ng..a plurality of antennas can use such as antenna sel ection

t echni aue to extend the 20 transm ssion range, and the receiver, such
as the foyp bRe @ABBdIMERE trecolapémsatioR)s Bhultiphimpthe qalibrationtfyctof
antennas can al so use MRC techni que to further extend the

transni ssivéi the sgesmissiamehasaeterialicol the frangmissiopfithe pubregpirt from
transmtt ; Ltter becomes a receiver. In nore detail,
in the m%%@&?%{ﬁgﬂﬁﬁééﬁg (MRC) signal processing 25 techni que,
each individually denodul ated received signal (for each sub-carrier)

is linearly combined before t phLo L I ied -
out. AL s USRS AR fo bl BoRliABRY b AR R PR s o

t echni que tgé tgis-ChivRishasd igsheetve datibeitondhctdo noi se ratio (SNR) for
each sub-carrier. 30 On the other hand, the transm ssion range on the
forward link (i.e., fromthe third comunication device (C) 105 to

the secongy Bﬁ%ogizfﬁéﬁtﬂa gjsﬁﬁlir(geﬂactol%?apmf’edtt@ chéndi @efiftion

conmuni cat i on (D) 107) may be extended by depl oyi ng th?

pl ur al i t y symbais arthe secaivensids, phe channes aeimalinneymols bpingiseng from

cont ext., i ity F,IEHES;%R ' Vg dni8sth
transry#t é%%@%ﬁ%@@%%%@gﬁéyandgﬁ{ %LZS use i%rﬁﬁ%(ﬁ%nlgﬁéon W ?h t he
pl ural i ty chirddteristis wf the suti-camias from thacecdivardo tunantanoatsush thaithee

(C 105, for various 5 re . e ' r RS
beanf orm ﬁ'&‘"PBVSSéqrbéﬁggt%ﬁgﬁ(?ﬁﬁ fﬁg%gP%rf- i Mél rﬁgg&% ggihtrq}eque, i ch
i s typi calig gcalee dithahe penseaiingdactor, vehareitihe gresysiliegdactonis not be

used on the thir ni.cati.gn device () 105 .t0. .extend the.

t ransni ssirﬁ?fpp&ﬁg%{tﬂggy 'OHd:Ifg'be Pgmisal Ulqwafa}?tgnsgggﬁ ﬁ?gretcﬁg"qgr ansmi t
power Joi Mdnadrrasarel the iecsition dhefactélistiedikind feoaiing anteenasipl e. As a
further exanple, the Space Tinme Coding (STC) technique, for exanple,
may be used in conjunction with nmultiple transmt antennas to-achieve

transmt g %ﬂé?’nﬁdbbdiham%ﬁeﬁ of el oriisrnes dolBe tringhnissomer Wel |
as an 15 extended transm Ssion ragig_@.aﬁl—bwever, a correspondl ng
Fi

decodi ng rthy sble-camipsi hasd rsperive ion faetge In Afugierembadiment., 4
comuni cat,j i ) i i : J P

Fecnni que NageRBLUrigs e vt LIRSS i e (0} g Ealtiatorleltors
conmmurgsc atdfall thkeanieanas thedt ans uséd fdrithe tranemissioncd thesubtegiriess.(A) 101
and the second comruni cation device (B) 103, 20 for exanple. The
transmt diversity techniques used in conjunction with the plurality
of ant enngg dneferitiRiimBht, the eomiinkation ayster isan(4d hddiadiw | | be

di scussed in nore detail in relation to Fig. 4 later.
cornmunication system.

30 In one embodiment, the communication system is a WiMedia communication
system. In another embodiment, the communication system is a Bluetooth

communication system.
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25 Fig. 2 shows a bl ock diagram 200 descri bing the data transm ssion
carried out in the communication system 100 according to one

enbodi ment vod 2d0b@3gssvention. 30 In this illustration, Negg/st6Rbodi8Y
be the third comuni cation device (C) 105 shown in Fig. 1 and Node B

203 may be S bRl i J i :
exanpl e. Ftljlﬁ teﬁ%% It cgn'ge seenhﬁﬁéﬁ’%ﬁ%@%%@%’{%ﬁ“"&éﬂ%p &
transnit asyetemadn anhines embodinBraoternoynmyrication syptamanadienified | n one

Cransm soi SUHEs UG Seb SO0 AR huRRuBeS B8 SER0.  ne i 11 pi e

transmt antennas. Meanwhile, the transm ssion range may be extended
on the 5 reyerse link fromnode B 203 t8 node A 201 usi t he Xi mum
Ratio Cdmbirt@ngShawes comypuncaian-aysiam d 0P achprdingstoan %Egd‘m%ﬁ, in
order to agid fVenfish.! "nproved signal to noise ratio (SNR) (and hence
achi eve an extended transm ssion range as well). As such, node A 201
may transmt and receive data with node B 203 over the extended

transm ssi - i . d esent a

st andar d Wl DS b bt R RREE Sy B RS RE I Tie 88 cs onty
one ant enn_aomﬁéummron devite (A)201, mgcqsmpcmmmioaﬂoﬁﬂlbaineﬁ) Y@3dedi a
comuni catiqn devi ce, for .exa i C use a plurality o

ot enndd VHEHCamSmanicaden dRER LChL04me 2 It CrwmuRERIRIEUeRIDY ¢ he
transmt dhgersity technique given in this invention. Wen node A 201

rks as a receiver, it may enploy signal processing techniques such
§g t he Maxi num Rati o Conbi ning (MRC) signal processing technique, for

exanpl e. 2HiuSlrlrvely SPEAPLE sBe 0 Har MPBLAMRIBNIEAGE bOWALAHE afla! 2

transm ssion carrie he comruni catl on sy according to
one enbodi remmuificatioa devicer() 401 and thaisscond aynmanicakion Nediee ABBUA3 may

be the. . third comrunicati Vi ). 105 S i.n..Fig.,.land Node
D ok GRS B 520, ARG, 0o B TR ey,
exanpl e. Ftrahéeaissiori ragge niay Ise e fgsal oNad exidtitg imitayoruse thiadramgphie
transmt ant enngs aggggrode 30%r ma%/ use mul tiple receiving
ant ennas. BEWPRAUH o FOHEHPNS1IRECX3BREni ssi on range may be
extended on the forward transm-ssion |link fromnode A 301 to node B
303 using the nultiple transmt antennas simlarly as illustrated in
Fig. 2. A Ypthig Hustrations theseommupicagen _ﬁﬁVeB@@(F‘é‘Md@éFeéﬁmﬁféU[Fr@ver se
Link f50m QadeBd3adiol @mRdRichtictPdyteNSudH'Es the WiMedia communication
system, for example. The WiMedia communication system may operate in a
' high data rate transmission, such as at 480 Mbps, for example. Subsequently,
(' the WiMedia communication system may be used for further illustration of the
{ embodiments of invention.
25
Further, it can be seen that the transmission range between the second
communication device (B) 103 and the third communication device (C) 1056
may be limited to, say, 4m, for example. This transmission range is about two
times larger than the transmission range between the first communication
. 30 device (A) 101 and the second communication device (B) 103. The larger
transmission range between the second communication device (B) 103 and
the third communication device (C) 105 may be due to the third

communication device (C) 105 using more than one antenna in conjunction

13



Maxi mum Rati o Conbi ni ng (MRC) signal processing techni que at node A
301, in order to achieve an inproved signal to noise ratio (SNR) (and
hence achiwoeom@m®3ssn: ended transm ssion range as wel | ). PRE&SGAMNIBIOEN3ST he
transm ssion range nay be extended on the forward |ink fromnode A

301 to 5 npesiBndOsrobisdsiy Rchhiduas, docoffing Re#i inbgdiardntohtie at node B
303, as well as the MRC signal processing technique at node B 303, in

order to aip¥ER@®- an i nproved SNR (and hence achi eve an extended range
as well). As such, node A 301 may transmt and receive data with node
B 303 over the extended transm ssion range. 10 Both node A 301 and
node B 303A$ra3funtmrrllmsmatlola.nt earhbe seen Yz ffuniransyvineian sangmbeiveent i on

may onid oylneiSRREoBrteln 3FReR Y i Enitle Rl Rt Wt "
Conbi ni ng (DYREy maﬁbaﬂlnméé(t@&‘@yrﬁmtfeﬁbmmp!e This tramsanigsien ralfe i§i 9. 4

shows a bl ock di agram 400 of the third conmunic tlon dﬁ-@fe (O 105
accor di ng akpudthree g lasger than tﬂ“ﬁé"ﬁ'\%ﬁ‘?%ﬁ"ge Hiuni cat i on

device (O .JRu gnmeé\ﬁg@(@a{dﬁ&ﬁﬂnﬁe éé&bhdﬂ:@ﬂanﬂnﬁca%[oa(aerveeqe\mognlt

403. The transm unit sed to transmt data on
forward | i Tike Iar@erdtdmmlmmangedlewﬁelmé‘\ﬂ third comgnunisaias @Vicﬁh(&)

onor o4 ot Tk el b APt B R Y AR G0 SEMO% 8 S8 aran
E VS?E)S mcf)mslﬂttégr?a ﬁﬂa(t ST EDlutaiity ofkfifensasp btlb@thlth@'trahsmetarahdttlme par al l el

Tr ansf or m ECRIE) 5' téq@cg@%ur{ﬁe{éio}{c&evgp @iﬁé{g E%ﬁt uf ri’iFr(P/ S)

converter b!:f?hﬁ'n%nl%ﬁon deRbe (B 103’) t@fach@dé%nflmﬁm&@gr(d?ﬁ noRetratict 17
and a plurality of antennas 41 The data to be transmtted may be

first procédNRifopihe leceived siegal WthB%@PWQV%ﬁF?WeQN@“F%SS‘O"
const GLA at .la%gag‘?&rpé é" ih tAQ ConfiSé %le.rﬁemmmeee%mwwmme

mul ti-band s guency transmt selection (S uni t” 409 may
i npl enent  sigeaimeodrssing techriggerimay bryuskidt @ @@l the@eaverdlverﬁltv of the

con unct | og, i Nor Bl 3lthi Yool SRR SECH HETRABIYRKIS. 421 O

the receiv space fre uencytran
sel ecti on {r&hshStetsuth é@%aﬂu‘lrdpdammunwtmf dwatfé)t‘e)f) davingt mlgralltm ts

421 will be di d { d b
noted t hat Ot ALSHHAS N ¥5p SichCas FiiEnha SHERGTH BRhoGpp o biuebBte ™ O,
411, the pirékﬁs?hubé*ﬁn@énéél\é@lﬂaﬁe kesdivdrosudheds tﬁta-diiltsrkimt‘;mmn(ﬂu1‘=ir’éElllor:|n|4 t1 g 413

conver, ts may

ggdcgg\e/eﬁlt ﬁlijé\ﬁatléﬁlf E 1Q73 ‘-‘;)rrﬁlglé{’ﬁe":ﬁ'ﬁ%}'%bs %flltg%!“éso?ﬁ% 8P UPG w?{ie‘?é]{%q'beeﬁ?er ate
an OFDM sysh@br ekihd #k #%REMIsSion range. In the backward link, the receiver
becomes a transmitter and the transmitter becomes a receiver.
In more detail, in the Maximum Ratio Combining (MRC) signal processing
25  technique, each individually demodulated received signal (for each sub-
carrier) is linearly combined before the process of equalization is carried out.
As such, the Maximum Ratio Combining (MRC) signal processing technique

effectively optimizes the signal to noise ratio (SNR) for each sub-carrier.

30 On the other hand, the transmission range on the forward link {i.e., from the
third communication device (C) 105 fo the second communication device (B)
103, or to the fourth communication device (D) 107) may be extended by

deploying the plurality of antennas as muitiple fransmit antennas.
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The processed data signal (after the plurality of parallel to serial
(PI'S) converter units 415) may then be passed to the plurality of
radi o frequemoyy/@RHEe units 417 for further processing, betwscmobeiorss
transmtted using the 15plurality of antennas 419. The receive unit
403 may be used to receive data on the reverse link, from other
communi cati on devices, for exanple. The receive unit 403 ma?/ i ncl ude
a pluralitiniis @qnt@ﬁné§hmlg beanqieﬁ thatia largef nmabl@mﬂ@@q@ﬁm r&Fymit

t chi
converter NetsRyiddiqudy faliB} b Sl b Eiificeod il e eflraliVol)
units 429, (tear]shul’)aht&masformeahik@bommwm’ahah d(el?ilcé)(CMﬁﬁel’otea{rIM| ts .
431 and I I t its - Th
R L R L T G

processed Bé{alﬁﬁ)rﬁ'hfg @Mé@rJﬂlMgpiechaG{u@ WhRaus aﬁxﬁﬁheémﬁchl ng units
425, before being passed on to plurality o serlal to parallel

(Sl P) conveenventignaltnarmwbandsystans, dn@ien@tdiee@sqdm theribirg| ural ity of

serial to I

Fourier Tr g‘%{é 6‘#1 %a f)ﬁlg%ncggﬁy‘%ﬁ%ean'&ﬁ%n ur !'}s o rl,iégé 433'502{1%’%

to serial wm/rsysultmmetatnag thmtrassmmboweyhmemmmnhe edeFGml ts whi ch
may be usewﬂgeth in or%er to extract data or information, for

exanpl & BILEETHE for exanple. As nentioned earlier, the

plurality of parameter estimation units 421 and the multi-band space
equency transmt selecti oncéqSFTS_P uni t 409 i/ i npl enent the nethod
f transni A @fyrtben examaplg. the imerCeding (Lbh1 eehnigupfopprampier y of

paramet er gl iyERldedNn4ah cﬁ&%mﬁfﬁ@@ﬁiéﬁ%sﬁﬂ SREAS 18 STRRH ement S

on a transm 5sion characteristic ) e transm ssi on channe I n one
enbodi rrenttramsmlt diversilyi kstrdaer tthaghienecimproved n@wmmafa@mtamn about

a prop he
cubr oof | L enb L AR ohahAg. HRREH, 2 KaREsoaaing AcHng frpd e
enbodi ment required BtHe mosivies sidenAsisachchethist cammayidation déeicegC) 05

about the uaI of t ni \Qn_.channel . et anot her
enmbodi ment* ‘9%@‘%?8?3%% URe &R WEWa@ﬁ)g??m'g'te ngg 8hannel state
i nformati olhteropeﬂab||w1wah @Qfﬁrﬁ&ht[ortaheownanﬁmti@ssldwcéhammé@fh@ﬁrsc may
be, but is not limted t surenment of the, sj a i fude,

nal
a nmeasur en%qmquaﬁengpgwsl(ﬁba%@naﬁh%swm%@wcatwg fAgvice 103to
noi se J@at i Qre le.for exanple. As an illustrative exanple, a
measur enent of the channel state information (CSI), which may include
channel frequency response for each sub-carrier at 20 each sub-band

for each afhenagmitRivehEntBAhEHs Uskdth SdifutdiBh Witang by ¥Foo! s

fromthe reverse
- antennas for the third communication device (C) 105 will be discussed in

ki more detail in relation to Fig. 4 later.
25
Fig. 2 shows a block diagram 200 describing the data transmission carried
out in the communication system 100 according to one embodiment of the

invention.

30 In this illustration, Node A 201 may be the third communication device (C) 105
shown in Fig. 1 and Node B 203 may be the second communication (B) 103
shown in Fig. 1, for example. Further, it can be seen that Node A 201 may
use multiple transmit antennas, while node B 203 may use a single antenna.
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Further, the nulti-band space frequency transmt selection (SFTS)
unit 409 may include a first band swtch unit 433, a plurality of
space fredti@nelp/ozE43ransnit sel ection (SFTS) units 435FPCIS63EMAN3Fand
switch unit 437, a sub-carrier allocation unit 439, a selection
criteria unit 441 and a calibration factors unit 443. The first band

itch unit 433, the plurality of . f t it .30
sel ect | on InAFERATIMENt ¥is TRHRMISUER AenarmaY B el 41 e ORI, he
sub-carri Etfarﬁhli & iN0fremidodd3 20 T8y nbde BB dspariashultiplertansetit

allocate a plurality of sub-carriers to their respective antennas in
t he pl ur alantgnnsts. Measwhile. the dransmissianaigppa gnar bapxiseded BARE t he

lurality of - I ir i ibe
Gt er monad oty Sk e fhde 8 20515 ook REST S 1R VERARIn Rio
measur enmertembinirig @R psignalgsocessirttpealtique at nodeof 2Meinterdasta ssi on
channel provided by the plurality. of par r estimation units 421.
5 Additi 8rﬁsﬂh!%){e Etrh%'ﬂfa\“? $*Q'E'~’ﬁdﬂ nﬁﬁaraﬁ%(%gﬁif cel‘ed&‘?et%‘? €519 br at i on
factors U@@eﬁ&bﬁ FENSISsISS Rshdeyad WeIS AL 8akh AibderA 61 infayurarismdiidnd o
or

conpensate fo measur enent_inaccuraci es, for exanple, in the
neasur enerreseige datajwith bgde Be203 eveafthe gxtgnded ranemispiodBNg&t i on units
421. TLbe function of the calibration 10factors unit 443 wll be

di scus¥ed in nore detail later in relation to Fi gs. 14-18. Fig. 5

shows a bliadkisadoataxamode® 203 tray repesenka s@hdartWiadiah communi cat i on

devi D) 107 ding t di.ment _of i | QN Th
recei ver SSTRHGIGRTRN eitee ot cRmip, e negePob AT AtiEd gt
plurality fde /909 rhderprieyt ARREhhantdWiligdiazopinusitation ddviseforal to

parallel (SIP) converter units 515, lural ity of aRt Fouri er

Tr ansf or m@@ERPiegMhic maygisea plugldy P?ﬁ‘ﬁﬁf‘n%wﬁ%ﬂo ALY Wprie BF 5)
converter J ;i i VR tehRRRIgarginthBC) uni t
509, altsgen%géf‘%{‘:ﬁégf ltulfllla g%d%c?sb%%gra Zéﬂaég@qﬂfng?ggi ntggil eave unit -
505. The ripewsitioadVdagmadesh 20 havosksipsipiregeiver. EManeEBIoy SENAyY be
first proc . . i i | di 17,
before beiiﬁé‘s’%%éﬁt gﬁ[qp %éI% ﬁ%ﬁ %)%lhﬁrgall\ﬂ??@"g? h;ag?i a! 'iy'gﬁ’ggyﬁ eélié?é:'sl P)
converter procéssifgtechfiuesfos bsamplebe noted that the plurality of
serial to parallel (SIP) converter units 515, the plurality of Fast
Fourier Transform (FFT) units 513 and the plurality of parallel to
seri al2¢ Pl §Y. 8 shuastetlocindiagran 300aestribiog theeddta traabmiasiarscadiedh nay
be used together in order . to extra dat ad.or i nf or tidone tf%h
exanpl e, out in the communication system 100 according to one embodiment of the

invention,

In this illustration, Node A 301 may be the third communication device (C) 105
25  shown in Fig. 1 and Node B 303 may be the fourth communication (D) 107

shown in Fig. 1, for example. Further, it can be seen that Node A 301 may

use multiple transmit antennas, and node B 303 may use multiple receiving

antennas.

30  In one embodiment, the fransmission range may be extended on the forward
transmission fink from node A 301 to node B 303 using the multiple transmit
antennas similarly as illustrated in Fig. 2. Also, the transmission range may be
extended on the reverse link from node B 303 to node A 301 using the
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30 froman OFDM synbol, for exanple. Further, the multi-band Maxi num
Rati o Combi ning (MRC) unit 509 may include a pre-MRC unit 539, a
first bandwawowetsss37, a plurality of MRC units 535 corcesponsoogsst O
each band, and a second band switch unit 533. In this regard, the

pre- MRC uni t il j Yall
channel s anMc? xﬁﬁ%rg ﬁ?ggﬁ‘?#ﬁé@éw@ ?’r@% F%@E;?é@d%{ég? h@%nﬁ@?ﬁggt e
i nf or mat i oB0%siniarder tordchiaye ardotprayatsignaldo anisel ratie (SINRh tandrweneei t

535 5 opti Nz f . - ' : -band b d
oo the. po BREES B SxiaNachdfprceio Rarkbids B ClieBRRRue e P21, Pabed,
goes for fuahmrssmarradit;llamdyome aﬂénded:odithregfodwiammifemmo?emc%’sm Thﬁ
communi cati o tem.i ustrated in Figs. 3-5 i al.s err t
To 't - pasge B re alelbict sesirind Satenees o rpes b e iel & |
Mil tipl e-i fHafREDsighall ﬁrb@éﬁ@id&ﬁhiqﬁbﬂamd@gr@nmiirs:aideetb 8YSiERhNn The

motivation for the enmbodi nents of the nethod of transmtting data to
a recei ver improved SN (and hensesachieverarcextendad rangsrasnvelt)i paskch.adi ng

and to red | kel | | i ng,
achi eve  nEOGRE Rt Mal SEnsiHRh lecdEREl A HodR Badd her (39 silenal 12
for each stranfraidiomagnge. di fferent, and therefore, the respective

space frequency transmt selection (SFTS) unit 435 for each sub-band

may bel%ifferent. Based on the respective inplenentations of the

sel ecti on gbir Gidera WO tarftfdodd BSOS Sy FpPe sl dhermlceds@adarnt rol | ed
allocate the sub-carriers for each antenna in each sub-band

ccor di ngl WiMedia ¢xiemgnisation devigf: ioh a¥aMBigdwhich Uses-oRIHERIE O ¢ he
it el : . . . |
25 |1 ¢ o Fenfbs Yoich nay Smpiby st pRaCebL Ao AR ucAll RS

t hi rd combviaxteundatibebombinirg) (MBR)eignebprosesding tachpigsiec toméxample.
comrungation devi ce (B) which conprises one receiving antenna, for
exanpl & 30Let HI43) = lik(fo jAf) (i =1,. ,nb; j =1,. ,nc; k
=1, - , nT)Fige@rst®avs a bloek diagram 400 of the third communication device (C) 105

according to one embodiment of the invention.

The communication device (C) 105 may include a transmit unit 401 and a
20 receive unit 403.

The transmit unit 401 may be used to transmit data on the forward link, to
( other communication devices, for example. The transmit unit 401 may include.
( a codingfinterleaving unit 405, a constellation mapping unit 407, a multi-band
25  space frequency transmit selection (SFTS) unit 409, a plurality of serial to
parallel (S/P) converter units 411, a plurality of Inverse Fast Fourier Transform
(IFFT) units 413, a plurality of parallel to serial (P/S) converter units 415, a
plurality of radio frequency (RF) units 417 and a plurality of antennas 416.

30 The data to be transmitted may be first processed by the coding/interleaving
unit 405 and the constellation mapping unit 407. According to one
embodiment, the multi-band space frequency transmit selection (SFTS) unit
409 may implement the method of transmitting data to a receiver, in
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frequency response of the sub-carrier for the kmtransmtting antenna
in the tih sub-band, where fo denotes the carrier frequency, z'f

denot es thWOSm?JOTiSSAD 2009/ 038543PCT/ SG2008/ 000355 carrlmT/SﬁmQﬁfﬂﬁ@?SS
i.e. the frequency difference between adjacent sub-carriers, and |1,

denot es t hgohjohdonWito®e phirafitytof pardretes estimatidroinitsh421t ofhib regaivdrer
in the /h sub-band, the best antenna for each SFTS sqtlj\%g_ﬁr d may
t hen be seU@éﬂ%H@'ﬂme hanghepace frequeney frapemit sgiecyo u‘(

[ epr esent syf ﬁ é.!?éﬂt)‘fﬁf b&¥An{etéd é‘éth?aﬁt’!ﬂ'&"ls By WFbe %chs'ﬁé inRoRf detap

adj ust ed chan ate intormation , for exanple, incorporated
with the rsuslmequesty.calibration factors for the /h sub-carrier and
the ph ub band. For 10 exanple, ALI (k) may be determ ned based on
t he signhal power, such to noise ratio (SNR), such as Ai,j(k)=, for

exanpl e. Th%hawbsmuﬁea tisHitsisel phirglity of $dridd o bavaiel (8/P ) domvettbustitsat i on
of A ,,(k) being 15 determ ned_based on_t he

shoul d be ﬂbi 4he plhigality ﬁé'r%’ﬁb%%ﬁ@?éf@“ﬂ?%@@é@fozﬁ’gd%nwvgé@?I%V\ggﬁ?endlad
to the alt i;t,; Mﬁpérgﬂén&'%eﬁéa (B08 BEdRvBItBBus 4 18thay BeGonferstitpip an

i1l ust rat| requency donal n representation of the 20 net hod
of transni umtmghmamybease@me&mr inouier & ggneratear ORI symbat f&F t he

| nvent lI(ﬁm example.

The processed data signal {after the plurality of parallel to serial (P/S)
converter units 415) may then be passed to the plurality of radio frequency
(RF) units 417 for further processing, before being transmitted using the

15 plurality of antennas 418.

The receive_unit 403 may be used to receive data on the reverse link, from
other communication devices, for example. The receive unit 403 may include
a plurality of antennas 423, a plurality of radio frequency (RF) switching units
20 425, a plurality of serial to parallel (S/P) converter units 427, a plurality of Fast
Fourier Transform (FFT) units 429, a plurality of parallel to serial (P/S)
converter units 431 and a plurality of parameter estimation units 421.

The received signal at the plurality of antennas 423 may be first processed by
25  the plurality of radio’frequency (RF) switching units 425, before being passed
on to the plurality of serial to parallel {(S/P) converter units 427.

It should be noted that the plurality of serial to parallel (S/P) converter units

427, the plurality of Fast Fourier Transform (JFFT) units 429 and the plurality
30 of parallel to serial (P/S) converter units 431 may be conventional units which

may ne used together in order to extract data or information, for example,

from an OFDM symbol, for example.
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The illustration in Fig. 6 shows how one enbodi nent of the nethod of
transmtting data to a receiver achieves spatial and frequency

di versity. wipaobsloidefze detail, the mathematical represenpgijs@oRbokie
signal flow nay be described as follows. Let S(f) 601 represent the

transmtte 3 i Wi S] i i

si gnal at %ggééﬁ%%féﬁr&érgﬁgéeﬂ%éhﬁﬂn&fp? é%ﬂgﬁg?%%%sﬁlﬁgﬁr%mﬁ gnal
Bay th relprrmdtébamdisaa((:jeafrdqm}a'lmmmitBeléctionESETSl)uhn'rbéBQimﬂy whi fzg Bay
e multiplied with, ,a delt nction. n, t hi text., it

noted ¢ hat minemenbtBRa bR deld e SRR IRt sabiedh 1) °°
for the sakrrility 6f pRrtdnedtby etifatiint ritat4210R8y BE L@88&S ablaiy. Thus,

index i is dropped in the subsequent equations. The transmtted OFDM

si gnal B( f egeurements 9ara ansmeigpiopcliaragderistie o the iangrissignichgpygin)
j=0 10 Next, let n(1l) represent the corresponding additive white
Gaussi an noi se (AWGN) term The received signal may then be witten
as f ol | owsImerd efnbpdiméitd{hd trardmission shd@atteristic may bel iaformation pbout
in .frequ al e all gcat ed

represent an ideal filter nc onyj or Lt
b oar r B entbelcBrrhnE G SThhef Y e hhofiting (e &t irAds
between the antenna and the receiver. In another embodiment, the
10 transmission characteristic may be information about the quality of the
communication channel. In yet ancther embodiment, the transmission

C | characteristic may be the channel state information.

In this context, the transmission characteristic may be, but is not limited to, a
15 measurement of the signal amplitude, a measurement of the signal power or a
measurement of the signal fo noise ratio (SNR), for example.

As an illustrative example, a measurement of the channel state information
(C8I), which may include channel frequency response for each sub-carrier at
20 each sub-band for each antenna, may be obfained using the training pilot

symbols from the reverse link.

Further, the multi-band space frequency transmit selection (SFTS) unit 409
may include a first band switch unit 433, a plurality of space frequency

25 transmit selection {SFTS) units 435, a second band switch unit 437, a sub-
carrier allocation unit 439, a selection criteria unit 441 and a calibration factors
unit 443.

The first band switch unit 433, the plurality of space frequency transmit

30 selection (SFTS) units 438, the second band switch unit 437 and the sub-
carrier allocation unit 439, may be used together to map or allocate a plurality
of sub-carriers to their respective antennas in the plurality of antennas 419.
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tdH 1 Fk(f)= LF,P)8(f - fo - jAf) .fro where F(k) = {1, if 14L),. =k
kO, otherw se 20 Accordingly, the transmtted OFDM signal in the kmay
be writtemwasoososssis) =Edu) F) ) 5(f -A -/ Af)=s(f)Fk(f)(6) PLFBG2008/000355
Addltlongl |y, the received signal in frequency donmain nmay be further
expressed A% fapth krall&ﬁtﬁh'ﬂféﬁé Rieditysf Sud- Eé?h%ﬂsltls&ﬁehb ebtive-
S(f)HO(f) + N('f' ppiblor i gl X7)"60 thel) fekthe” e
combi ned cindentes maxetqaeiﬁtﬁ,rwrwbw]&@ seé%ctlpmqntm)@ Lmt(w—lieased on the

P 8 b, S TS B PR S B

char act er iggbvided oy teapluralipetparameter(estinatiopanidsi420. t he respecti ve
I ndi vi dual channel frequency responses H1(f)605 and If2 (f)607, for
exanpl é). Therefore, the enbodi nent of the nmethod of transmtting

data to a A&RfifindRY, the2efbrafomfhclstdipraiedd bl rrOsmiBEation factors unit 443
may be used by the selection criteria unit 441 to compensate for

measurement inaccuracies, for example, in the measurements provided by
the plurality of parameter estimation units 421. The function of the calibration
10 factors unit 443 will be discussed in more detail later in relation to Figs. 14-18.

Fig. 5 shows a block diagram 500 of the receiver of the fourth communication

device (D) 107 according to one embodiment of the invention.

15 The receiver 500 may include a plurality of receiving antennas 519, a plurality
of radio frequency (RF) units 517, a plurality of serial to parallel (S/P) '
converter units 515, a plurality of Fast Fourier Transform (FFT) units 513, a
plurality of parallel to serial (P/S) converter units 511, a multi-band Maximum
Ratio Combining (MRC) unit 509, a demodulation unit 507, and a

20 decoding/deinterleave unit 505.

The received signal at the plurality of antennas 519 may be first processed by
the plurality of radio frequency (RF) units 517, before being passed on to the
plurality of serial to paraltel (S/P) converter units 515.

25
it should be noted that the plurality of serial to parallel (S/P) converter units
515, the plurality of Fast Fourier Transform (FFT) units 513 and the plurality of
parallel to serial (P/S) converter units 511 may be conventional units which
may be used together in order to extract data or information, for example,

30 from an OFDM symbol, for example.

Further, the multi-band Maximum Ratio Combining (MRC) unit 509 may
include a pre-MRC unit 539, a first band switch 537, a plurality of MRC units
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10 selective channel H O(f) 603 with a reduced deep fading
characteristic for each sub-carrier. From Equation (8), the spectrum

of the comaigwmob/dssensm tted OFDM signals from all transgt@sgmggmgg
may be expressed as 15S../(f)=iSk(f)= isSt(f)Fk(f) g(D Fk(f)=

S(f)(9) k T 1 f th
)0 KRt LB Lol BN 8 o uIPRE 11l 1
Lhe ‘spect rmggaz{ tmmpre:MRﬁ: na?ﬂ Sﬂﬁgaifathlembtlmélyﬁaﬁ igmr?lckﬁe(rém‘ar)tem to
e renmi ne el pw t CC ' le. 20
Al £1 ona) shatre At daSt iR Get astrelPa B dirhel SRl ©

enbodi nent mfa‘rmtahsn @fnm@do@)ffof Bacs Bhfehha ghdatal, 45d the' MRE Wer 53Ry be
shown as follo sk (t) represent the transmitted OFDM

signal 3n QM@"Iiﬁw%ﬁNﬁfﬁfﬁéﬁh swercrirer pheaehpdbrband Resethan e node A
201. Next k%ér?ﬁ\e'fér%)es'h EPHO ¢ bgﬁgng&C%%%Sgha””el i mpul se response

fromthe ransmt enna a to the single receive
ant enna at node B 203. The received signal y(t) at node B 203 may

then be re d as 24 009/,038543P 55 or
ee k(r) - RiORh feRbes ucher GRaPUURHE B)bsroR n RO g R rotkss
convol uti %@@&hﬁdrﬁﬁbﬁon system illustrated in Figs. 3-5 is also referred as the

10  muiti-band space frequency transmit selection (SFTS) with Multiple-input and

multiple-output (MIMQO) communication system.

The motivation for the embodiments of the method of transmitting data to a
receiver is to exploit the statistical nature of multipath fading and to reduce the
15 likelihood of deep fading, and thus, so by doing, achieve the desired diversity.
The frequency selective fading channel for each sub-band may be different,
and therefore, the respective space frequency transmit selection (SFTS) unit
435 for each sub-band may be different. Based on the respective
implementations of the selection criteria unit 441, the SFTS sub-module may
20  be controlled to allocate the sub-carriers for each antenna in each sub-band

accordingly.

q‘ Let there be n, antennas and », sub-bands for the third communication

device (C) 105 with muliiple transmit antennas.

25
In the first illustration, the case is considered in which the third communication

device (C) communicates with the secand communication device (B) which

comprises one receiving antenna, for example.

30 Let H®) = H (f,+jAf) (i=1,-,n,; j=)--,n,; k=1,--,n, ) represent the
frequency response of the j sub-carrier for the K" transmitting antenna in the

" sub-band, where £, denotes the carrier frequency, Af denotes the sub-

21



The transmtted OFDM signal at the km antenna may be represented by
the 5convolution of the transmtted OFDM signal s(t) and the ideal

sel ected fWorme/o3888) as foll ows sk= s(t) fk(11l) Accor dPOgIsG2008H@3ss
received signal y(t) may be rewitten as follows 10 nT Y(t) = s(t)* E

fk * hk (Q&mrishacing(la. thé freqrery difdréhck Bdtwadheddadent slib-carrichs,

equi val ent channel T npul se response wth a reduced deep fading

char act er iagdi .. degiotes theltotal nhmgeééﬁwhdcafﬂﬁﬁstration, the case is
considered in which in the 15 conmmunication system 100 shown in Fig.
1, the third communication device (C) comrunicates with the fourth
comun! Calpf ﬂwéjgvéu&@cérﬁén inthb PN QRBBRD, 388 bastritérmld fo eath BETS stibag
antennas, for exanple. Let Hy = kK,i(fo( 1; j =1,- ; k =1, , N7
1=1, - - 51 | Rodue® maypthes batsetdeéed a@quency response of the jh subcarrier
fromthe kth transmfgin antenl?ﬁ to the ith receive antenna in .})he
/ 11 sub-band, wher e*#0= E{ln%éﬂf e carrier frequency, Af denot eg t he
sub-carrier spacing, i.e. He frequency difference between adj acent

sub- carri effere andk) epraanng e ddiectiontorterizuwhieh nedy be the fanbtiar ofithes .
For the fh subcdrrier in the th sub-band, the best antenna can 25

then be chemftedshannel state information (CSl), for example, incorporated with the
respective calibration factors for the / sub-carrier and the " sub-band. For

10 example, 4, (k) may be determined based on the signal power, such
. a2 _
as 4; (k)= ‘H;E"f)‘ , for example, or it may be determined based on the signal

to noise ratio (SNR), such as 4; ;(k) = SNRf’j ), for example.

The subsequent discussion will be based on the illustration of 4, (k) being
15 determined based on the signal power. However, it should be noted that the
subsequent discussion may be easily extended to the alternative methods of

determining 4, ; (%) -

Fig. 6 shows an illustration of the frequency domain representation of the
20 method of transmitting data to a receiver according to one embodiment of the

invention.

The illustration in Fig. 6 shows how one embodiment of the method of

transmitting data to a receiver achieves spatial and frequency diversity.
25

In more detail, the mathematical representation of the signal flow may be

described as follows.

Let S(f) 601 represent the transmitted orthogonal frequency division

30 multiplexing (OFDM}) signal at node A 201 (in Fig. 2) in frequency domain.
22



kz;j! = arg max ,4 (k, 1=1, ,NR) (13) ke(l,nr) where
i11,j(k,1=1,-,nR) represents the selection criteria which may be the
function 0Wdine9feu$j;4ssted channel state information (CSl»cT/k65008/000355
exanpl e, incorporated with the calibration factors for the subcarrier

and the P E O

determ ned%ll’)l'%sségﬁéc}gn?%gé g&%\ﬁ%)%@ '#g“gn %ed%% &Wﬁ%ngﬂ%ﬁg%gﬁ-ﬁa%ﬂ,

recei ved swhiel maybechuttipliddipith b<lelta,foitlell nl yi Iyt , or it may be
determ ned based on the signal to noise ration (SNR) at the receiver,
such as All(k,1=1,.-,nR) =, for exanple. In this context, the

subsequent Irdtlrﬁ§é'§r$tbﬁl” itWhbliidase Reteadh&nthé Q@bJHahHﬁde%:'n%y 9@ dropped
Au(k, 1=1, -, nR) bei ng determ ned based on the M:C However ,

shoul d be ﬁ@ﬂ‘eﬁquamn {thefor ﬁtesm@ftslmplwuwﬁowmmylosé Oéaemaerﬁh@xt ended
to the al t?[‘lﬂétihﬁ fri'?.t&??;gf%d){n tﬂgtsﬁﬁgéci}le?lg ”@'Ja‘lfdﬁs =l,....n). Fg 7

shows an illustr |on 0 e frequenc n representatlon of the
nmet hod of transmtting data to a receiver according to one enbodi nent

ant ennas. anie oS RIL Sighgl A dmay vl tiuemATnas Tn

this illustration, it shoyld be noted that the sub-band index i may
be dr opped frong atN" g £ fekrit he sake of sinplicity a
wi t hout | oss of 20 genﬂé)rjalg:' (]Tfhug ?n the subsequent equati onsug
index i is dropped. Slmlarly to the first illustration, let S(f)

q(d-enot el@he transnitting OFDM si gnal
' Next, let n” represent the corresponding additive white Gaussian noise

(AWGN) term. The received signal may then be written as follows
nr —1 = - - -
¥(f)= LIdVHY), +n16(f - f; - iof) (3)
=0

Let F,(f) represent an idea! filter in frequency domain for alt the allocated

15  sub-carriers at the K transmit antenna, namely,

. -1 .
F.(f) =2 FN6(f - f, - jAf) . (4)
=0 '
where
F,ff) _ 1, if kéjs’, =k (5)
0, otherwise

e

20  Accordingly, the transmitted OFDM signal in the K™ antenna may be written as

Sk(f)=§d”’ﬂf”5(f—fo—jAf}=—'S(f)Fk(f) (6)

=

Additionally, the received signal in frequency domain may be further

expressed as

25 Y(NH)= sz(f)H (N+N(f)= S(f)ZFk(f)H (N+N(fT=S(NH, (N)+ N
k=1 k=1
(7)

23



at node A 301 (Fig. 3) in frequency donmain. It can be represented by
data synbol du) in the /h subcarrier multiplying with a delta
functi on. WOew20Bss4®P5 transmtted OFDM signal S(f) canPE&/S@2iB0eiSas
Equation (2) Let y4-6 be the corresponding AWGN term at the P

receiving uﬂﬁ\ér@nﬁai 1) 618 ey i definad 85 e vorhbindiRehamiel hequendy en
accordingly as fOll'ows: J=0 1=1J=0 1=1 26 where ain = (Hi7,) is

t he conbi nesgorve, gbfolloerss MRC and the superscript * denotes t he
conjugate operation. Let the F k( f) represent an ideal filter in
frequency domain fora g)_l S’H ed sub-carriers at the km (8)
antenna, as 5 expressé d (4) and (5). Thus, the
transmtting OFDM si gnal |n t he kantenna can be witten as Equation
(6). 10 And the received signal in frequency domain with MRC may be

L1 s B e b e s ] 112,
+ NV(1)) Jméy ha&éa}educed deep fading characteristic for each sub-carrier (as

compared to the respective individual channel frequency responses
H,(f)B05 and H,(f)607, for example). Therefore, the embodiment of the

method of transmitting data to a receiver leads to an equivalent frequency

10  selective channel H, () 603 with a reduced deep fading characteristic for

each sub-carrier.

From Equation (8), the spectrum of the combined transmitted OFDM signals

from all transmit antennas may be expressed as

15 St (F) = ZS (N= ZS(f)F(f) S(f)ZFk(f) S(f) (9

k=1

where Z:;Fk( )=1 from Equation (5). Therefore, the embodiment of the
method of transmitting data to a receiver allows the spectrum of the combined
transmitted OFDM signals ( S(f) ) 601 to be remained below the stipulated

FCC regulations, for example.
20
Additionally, the time domain signal representation for the embodiment of the

method of transmitting data to a receiver may be shown as follows.

Let s,(¢) represent the transmitted OFDM signal in the time domain for the Kih

25 transmit antenna at node A 201. Next, let 4, (¢) represent the multipath

channel impulse response from the K" transmit antenna at node A 201 to the

single receive antenna at node B 203.

The received signal y(¢) at node B 203 may'then be represented as
24



(15) 15 where at(f)=EIHj(f)Fk(f)=H E2j (f) , NT ( f) =

i .fr(f)Fk(f)NL(f) and HT (f) may be defined as conbi ned

channel f r eqqoeneysgasponse (f)= i Fk(f) 1l kj (f)(16) k=1 20pAEscinesmoiss
Fig. 7, the conbined nodul us of channel frequency response 2 En i=ri
'Horn W1 has | ess deep fadi ing possibility for each subcarrier.
Therefore, the propgi@&ﬁxnwhhkc(atﬂnm system wherein node A 301thas
a plurality of transmt &nhtennas and node B 303 has a plurality of

I Vi d | ecti h I
e e RRBB Ry ERSSehARaHb Ko nd SMENGY o oct v ehannel <
subcarrier. Fromequation (16), the spectrum of total transmtting
OFDM si f 9
Thus, the propaauateeRPHLEERE & 4B8KT enranAY b AraigseHed SYBE r um
of totad tE@NeNtfohididns trdRsmited GEbM stgﬁlﬁrs ﬁ%mhdeﬁ%@te\&éoeméry,
the tinme domain signal representation fTor the enbodi nent of the

met hod of Y} @nesiftliowsy data to a receiver may be easily extended from
the analysis as illustrated in Equations (10)-(12). Assum ng hu(t)
denotes the mnul ti patsh(3baninélf, (thpul se response fromthe kmtrangitt
antenna at node A

Accordingly, the received signal y(¢) may be rewritien as follows
(L 10 @) =s(t)* ka (B)* hy (2) + n(t) = s(£) % ho (2) + (1) (12)
k=1
where A,() is the equivalent channel impulse response with a reduced deep

fading characteristic.

Similarly, in a second illustration, the case is considered in which in the

15 communication system 100 shown in Fig. 1, the third communication device
(C) communicates with the fourth communication device (D), which comprises
a plurality of receiving antennas, for example.

Let Hl(ct;'j) =Hk,!(f0+jAf) ( i=1, My g j—}' 1, k=11"':"?‘ s l=11"'>nk )

20 represent the frequency response of the subcarrier from the & transmitting

T

antenna to the /" receive antenna in the /" sub-band, where f, denotes the
camrier frequency, Af denotes the sub-carrier spacing, i.e. the frequency
difference between adjacent sub-carriers, and n, denotes the total number of

subcarriers. For the /7 subcarier in the /" sub-band, the best antenna can

25 then be chosen as

kD) =argmax A4, (k1 =1,-,n;) (13)

ke{lng}

25



301 to the P receiving antenna at node B 303. The received signal

yi (t) at the ith receiving antenna of node B 303 can be represented
as 10 .7 ¥tot)owhsdsfil) * hk,i (0+ n(t)(17) k=1 where synb@CT/SG@ROLE5S
convol ution operation. The transmtting OFDM signal in the kth

transmt %Heﬁénwn l?e Eprementee 1y ddectpnydbi iviiiciPimaneelie
transmtting OF S|gna s(t) with the ideal selected filter fk(t) as

féw ?tstsed fuﬁbt;réﬁiliﬁf | e @ﬂj@stedeUWSnnélh;stkaEt@CEifo'rmh{leng(G$I),Mf£ur caanipde,
en as (0] OWS.
(1) (16) Iesrpowtahaite Te{oAIpEUO AT PaNand SHERAER aie) e £ Sl

i o cont SRt Fot etahfFf terd Gl SRNA A ey BEUARHHRED padea b the 12
to a 23 ShihGhn B4t e Chmpif MRCYShPOind b6l SGRAIBACHIRD as
" o o o

shown I'n t ow ng. Fig ows " an 'ustration of the first

| Mpl ement ay | azpzofl L d&mﬂ@ I" Loaf#d %Eéﬂ@téﬂﬁﬁr%dtﬁhs%dr@r?ﬁié’%nal

accordi ng 6ne e t’he 1 nvention
to noise ration (SNR) at the receiver, such as 4, ;(k,/=1,-,n,) = SNRI, for
example. In this context, the subsequent discussion will be based on the

ilustration of A4 ,(k,I=1,n,) being determined based on the MRC.

10 However, it should be noted that the subsequent discussion may be easily

extended to the altemative methods of determining 4, ;(k,/=1,---,n,).

Fig. 7 shows an illustration of the frequency domain representation of the
method of transmitting data to a receiver according to one embodiment of the
15 invention, wherein node A 301 has a plurality of transmit antennas and node

B 303 has a plurality of receiving antennas.

In this illustration, it should be noted that the sub-band index i may be
dropped from Equation (13), for the sake of simplicity and without loss of
20 generality. Thus, in the subsequent equations, index /is dropped.

Similarly to the first itlustration, let S(f) denote the transmitting OFDM signal
at node A 301 (Fig. 3) in frequency domain. It can be represented by data

symbol 4% in the 7 subcarrier multiplying with a deita function. Then the
25  transmitted OFDM signal S(f)can be written as Equation (2)

Let n” be the corresponding AWGN term at the f’ receiving antenna. The

received signal with MRC can be written accordingly as follows:

n.-l ng n~1 my

- 30 Z(f)= Zzarmy(.r) ()= Zz[d(n

J=0 =1 f=0 =}

HB | +EHD Y m?16(f - fo - jaf) (14)

&0
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In the first inplementation of the nmethod of transmtting data to a
receiver, a transm ssion characteristic of a transm ssion for each
sub- carri ewoemob/dsesszeach of a plurality of conbi nati onspof/stiesooosss
sub-carrier and an antenna of a plurality of antennas to be used for
transmtting the data is determ ned using the antenna, 5 and the
sub-carriers with the highest quality in the transm ssion

char act er i shere eSUsiHES Y He threombinegueeight foe MG sad the supsraeintd) may
be selected for each afitenna. In other words, the best antenna for
the j h subdemdtes te tanjugesteppesationbbettthesy, (e repreeentath dealfilidrirg t o
the followng criteria be st= arg max ke{l,nr} RV) (19) 10 Then,
the sel ect requansyctomainier dibthecdlobatad tsuhreariaa abthe Khantensa, as

k(4. 0i (§ ' k%qu_ggéebue T?atEcSuzaqgons (4) and (5).
‘Thus, the transmitting OFDM signal in the K" transmit antenna can be written

as Equation (6).

10 And the received signal in frequency domain with MRC may be further

( ' represented as

20N =Y a(NHN= ii(S(f)ﬁ;(f)lHk., U +H, (HENN, (f))

i=l 1=l k=1

= ii(s(f)‘HkJ(f)Fk(f)lz +H;,[(f)Fk(f)NI(f))= i(s(f)

=l k=1 =1

HO(f +NO())

(15)
15

where a(f)= o HL(NEN=Hig (N + NP()= L HLDEDNG)

and H”(f) may be defined as combined channel frequency response

HO) =S FDE N (16)

o

20 As shown in Fig. 7, the combined modulus of channei frequency response

fig
=1

HOf )r has less deep fading possibility for each subcarrier. Therefore,

the proposed communication system, wherein node A 301 has a plurality of
transmit antennas and node B 303 has a plurality of receiving antennas, leads

to equivalent frequency selective channels H(f) with much reduced deep

25 fading possibility for each subcarrier. From equation (16), the spectrum of
total transmitting OFDM signal from all the transmit anfennas is given as

27



where jg' skt) indicates the best sub-carriers allocation for each
antenna in the in sub-band. Simlarly, for the conmunication system
wher ei n t WBOR@EME3seT conprises a plurality of nR recei WOTHGAHBEMISS
t he best antenna for the f subcarrier in the ph sub-band may be

sel ect ed idhN®)! Thudletheoplopokad technigld on calshisie asfgmairEaiRing1thk7 12
lto ,nr)" ( 1% For sinpligcity, the nethods ofﬁg_([JansRitting data to
a recei verShfc "Pmtfgtg'@bgmﬁﬂ%s’g'l‘? #$t TS dfr FtSuMaBle consi derati on

of the index 1 (/=/...NR), which is the case as shown in Equation
(19). However, it should be noted that 25 the illustrated nethods may
be easily Ec?ﬁi@léﬁiﬁ/, tiee tilhe doasain siygvat reprédentationefiov the embpdimeses ohthe

0

plurality recei vi ng antennas, which is the case, as .sh in

Bquat i on’ (Taiod of trarsiiitig §atA 1or 3 AESEYErTmaYthe Fasiyr SXRITaERMyheon
shown in E&, ), t n ' u L ar re
coed | ThePiysly ab Mt Aes Th EdiRarBRt HADS ANGsSubig il oL el

fol | owi ng rﬁ%@éﬂq ng%ghmwée tE Q8B Fbri AP RNIRINEMIt dritenndabhbddand,

namely, K expressed in the formof a matrix, for
exanmpl e, VBirio tHee/T rensivivig amtennatatineds BeP3bdhegpreiwedsignaby, (Hhat

sub-carrier index and the colums _of the matrix may, be represented by
t he ant enrtheifherseiving antenna of node B 303 can be represented as

10

y{t)= isk OM GRS (17)
k=1

where symbol * denotes convolution eperation. The transmitting OFDM signail
in the K™ transmit antenna can be represented by the convolution of the

15 transmitting OFDM signal s(z) with the ideal selected filter f;(¢) as expressed

in Equation (11).

Thus, the received signal y,(r) can be rewritien as follows:

y@®=s5* Z L @OFh O+ @ =s@O*" O +n@) (18)

20

where 2(¢) is the equivalent channel impulse response to the " receiving

antenna with reduced deep fading.

In this context, it should be noted that the method of transmitting data to a
25  receiver may be implemented using different approaches as shown in the

following.

Fig. 8 shows an illustration of the first implementation of the method of
transmitting data to a receiver according to one embodiment of the invention.
30
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Next, based on to Equation (19), the best antenna for each
sub-carrier may be selected (as indicated in bold as shown in Fig.
8). In thi svGombessss3 it can be 10 seen in Fig. 8 that sworsartispisss
and 5 are allocated to antenna 2, while the remaining sub-carriers
are al | ocaiethd frseiifenantatioh@f kl@’h@&d@ﬁf@@nsﬁ'tﬁn%ﬁéi@ﬂﬁ'a fdcBRERREY
response for the ph sub-band, nanel may be converted
to the sublir@apmission efarn 6@@['15@101?Q)Ffa@%[ﬁﬁs@sei%%ﬁﬂ%su%%ﬁfé%and for easikt ) |
accordi ng at er
o aub- car V] S U cofftinetiRe i A ik M B By R
anot her, deptamdaado be used foutranmitﬁng‘ﬂaldidaga ishdetemtieed sising tbé antemna,
respect$ve aaienn ust t her

oo oo bl c AR S calriers Wi RighsC oAy RithE Y eGRuidsiii chafctBfistic”

antenna 2. (éNu'n'a%ﬂ\Bltfesf fréé&endwbeﬁ@rﬁﬁeafdr@iaﬁfmbolrﬂﬁb@@ei@@tddrfb} each
sub-carrier allocation for each antenna, it ad;; aeads to aqjﬂ,lfferent
#su

peak to avaptgear kxother warste thebest anganngifer the HeET AR theyusubo t he
di fferent r erent antennas). 25
Fig. 9 sho&gﬁgﬁ{qﬁ%é%@g%ﬁoéndcg din ed @%?%lﬁ)gv'ﬁgpﬁfehént ation of the

met hod of transmtti ng)data to a( Zeiver according to one enbodj nent
of the invention. Chega ‘@i’gw% irst inplenentation of the tHod
of transmitting data to a*gb"rlecei ver, this second inpl emrentation
provi d?(Z a constraint on the nunber of sub-carriers which may be

gl l ocated to each antenna. This constraint allows the sub-carriers to
be evenly Thet thbusetsttedrsulgchirerpforeakh aytenhaannde@syitien 280 or der
to bal ance the peak to aver e ratio (PAPR) value for the plurality
of (transmt) anten hpé may be two different approaches t (20)
distribute the sel ected sub-carriers 5 evenly anong all the plurality
of (trans %Er@gf‘éh Haficate8end bests\BRRHIASS RIYSSRHNABr 884K BRenkBYh 1R
allocate the sub®®arriers evenl y, while the second approach uses a
sinmplifiedfngyb-bendl | ocate the sub-carriers in order to achieve a
reduced i nplenmentation conplexity. The second approach will be
described in more detail in relation to Fig. 10 later. 10

Similarly, for the communication system wherein the receiver comprises a
plurality of nz receiving antennas, the best antenna for the /” subcarrier in the
" sub-band may be selected according to the following criterion

20 k8D = argmaxzr o

ke(l,nr)

e (21)

BN

For simplicity, the methods of transmitting data to a receiver will be _
subsequently illustrated without the consideration of the index I (I=1...Ng),
which is the case as shown in Equation (19). However, it should be noted that
25 theillustrated methods may be easily extended to the case wherein the
receiver comprises a plurality of receiving antennas, which is the case as

shown in Equation (21).

In the illustration of the first implementation shown in Fig. 8, two transmit

30 antennas and eight sub-carriers are used.
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If n, is divisible by nr , then the nunber of sub-carriers
transmtted by each antenna may be limted by 4 .1f n, is not divisi
=bl e by nWOQ20a0p8#5#ach antenna nT may be limted to tr 8RERGRO0FPO0EIS
only [-=n or -lit nT +1 sub-carriers. 15In order to sinplify
subsequent discussion, it is assuned that Ix, is divisible by 12T It

tlhl case. e SHmREaIEeN leyhs Gy ARoaldhgde fe flswng siéhsa -
illustration of th d i nmpl tati in Fi 2
transi 0¢ ALz doBreOnSR Eras /1 Sy D3RS riatusly. Trhe st

I npl ementation may b Ied accoy di to t foll ow . Th
e o o i 1S B8 o & a8 Tt By e B o e e,
wher e 254ine: bé?épré§eﬁt?% r§§/ tRDEH-BEReR Rk Enddhé BoRfHaldfeRe (idflix The

sel ected sub-carriers each antenna are as shown in the matrix 901
of Fig. 9.may be represented by the antenna index.

Next, based on to Equation (13), the best antenna for each sub-carrier may
be selected (as indicated in bold as shown in Fig. 8). In this context, it can be
10  seen in Fig. 8 that sub-carriers 4 and 5 are allocated to antenna 2, while the

remaining sub-carriers are allocated to antenna 1.

Following which, the channel frequency response for the " sub-band,

Y R . .
namely, |H ﬁ"”| , may be converted to the sub-carriers allocation for each

15 antenna, namely, jlgie’s’?,according to equation (20).

In this first implementation, the number of sub-carriers per antenna may be
different from one antenna to another, depending on the multipath fading
characteristic of the respective antennas. As shown in this illustration, there
20 are 6 sub-carriers allocated to antenna 1, but only 2 sub-carriers to antenna 2.
While this first implementation provides an optimal sub-carrier allocation for
each antenna, it also leads to a different peak to average ratio (PAPR) value
for different antennas (due to the different number of sub-carriers allocated to
different antennas).
25
Fig. 9 shows an illustration of the second implementation of the method of

transmitting data to a receiver according to one embodiment of the invention.

Compared to the first implementation of the method of transmitting data to a
30 receiver, this second implementation provides a constraint on the number of
sub-carriers which may be allocated to each antenna. This constraint allows

the sub-carriers to be evenly distributed among the plurality of antennas, in
30 '
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The second step involves initializing the maxi num nunber of
sub-carriers allocated for each antenna, nr , where nr = -. Next, the

nr sub- car fy@igse/bskssswi th the highest quality in the tra@é@s&%o@;ﬂoosss
characteristic anong the selected . (4k) hest sub-carriers are

sel ected fqpg %"’Iﬁrhaféﬂc@srfﬂ%_ %aﬁta abéta eanfmr @%é?mhé‘ Paigbect ed

sub-carriers (nanely, arriers en res t to zero,

as shown i rftramsmiteantenna®03 of Fig. 9. 5 In this context, if the
nunber of selected sub-carriers 4) is less than nr, , then all the
sel ected sub-carriers jt;:t) for that colum will be chosen (which is

the case fdhepnireiyie ta:oacﬁﬁéﬂmQMppmaEh@s to%stnbateTthe sefipRedsulgcavaRer
of sub- carrlers all ocated for each antenna may then be nicelected ; |,

updat ed? ac S¥EEYRNNY ahibe]uralifyarf (Hﬁﬁ%mlt)(%"t&ﬁ')aﬁaﬂ nedifstarpropeasyeses i s
the step i Rg&ptimal wa gtmﬂoéé}bftﬂe %&9&@@@%@ @Paf%%&oﬁ& hﬁ@%bﬁn

for the remaining sub-carriers obta for each ahtenna.
For exanpl &ses kisimpfiedosantchaloate tb'tﬁ wpmnensgn orderftd ashieve @p am)ng

then' be. updatisanEBiRaTon SEEbm T AR Aoptghoril b2 EhhRy oL,
repeat edl y inimoré detaihin rel@tidroto Filg. 10métennas (as shown in the matrix
905 of Flg 9). Finally, the first, second and third steps may be

carriedfout for the (i+/)th sub- band until all the sub-carriers in
al | sub-bapds QargsibRYy &l ! tﬂ%ﬁttﬁéjnumber of sub-carriers transmitted by each

(.
{ antenna may be limited by D i n_ is not divisible by »,, then each antenna

Ry

may be [imited to transmit up to only [ J or [ J+1 sub-carriers.
Ny Ay

15 In order to simplify subsequent discussion, it is assumed that »_ is divisible
by n,. It can be seen that the second implementation may be easily extended

-to the case where n, is not divisible by », as well.

In the illustration of the second implementation shown in Fig. 9, two transmit
e 20 antennas and eight sub-carriers are used.

The second implementation may be carried according to the following steps.

The first step is similar to the one used in the first implementation, where
25 jé’e;? is first obtained according to equation (20). The selected sub-carriers for

each antenna are as shown in the matrix 801 of Fig. 8.

The second step involves initializing the maximum number of sub-carriers

allocated for each antenna, »,", where n;" = L sub-carriers

ny
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25 Fig. 10 shows an illustration of the third inplenentation of the
met hod of transmtting data to a receiver according to one enbodi nent
of the i Nnweni0o03ss543 This third inplenentation is siRCT&6G2G08/0405%
second i npl enentation of the 30 nethod of transmtting data to a

recei ver, whtthe hitthesk geality imtheheinstissisrttiatactersticamongttieoselested a
sinplified way to allocate the sub-carriers in order to achieve a
reduced i m§h-erentedriiers areneloeidd for ebch oolumndeeaiekch ahiesnahThel

i mpl enent a bn may sel ect nr sub-carriers 5randomy, for exanple,

i nst ead ofremhmirig seléctel mak-caniers énarmelysswb-carrietse2 hng B ate Healresst in

the transm ssion characgteristic,.for ex le, in order to avoid the
sorting oﬁ%?ﬁﬁq-éﬁ§ﬂe‘§’8dnﬁ}?‘F‘ﬁb"xsge(;czoﬁ’fﬁ?ﬁ%})enent ation. As such, this
| eads g0 a sinplified inplenmentation and a reduced inplenmentation

conplexity. However, this may result in a small performance |oss. 10

In the il abhtent, &fthé Rambl bPsdleatbe vaDIcatiers SHdualdss tharg 720, two
transmt antennas and ei ght sub-carriers are used. The third

The. 117 ot terop e sehtPaBU EERES i I8y b Ul BEchHseH Gen 19

The first Pt uSed | he ‘s

I mpl enent at j %} ' t dg:Ligyst obtained according to
equati on %&%nc egégﬁ’%b?éz stu%}-ogzg‘ribi%égsg)fsor each antenna are as
shown in the matrix 1001 of Fig. 10. 20 The second step invol ves

L R A OB el R o BN s
selected

updated according to the equation 7y (s +1) = n;™> (s)~n (s), where s

is the step index.

In the third step, a new sub-carriers allocation for the remaining sub-carriers
15 may be obtained for each antenna. For example, this may be achieved by

repeating the first step among the remaining sub-carriers.

Next, the value n;™ for each antenna may then be updated accordingly.

20  The third step may then be carried out repeatedly until ;"> =0 for all

antennas (as shown in the matrix 905 of Fig. 9).

Finally, the first, second and third steps may be carried out for the (i+1 )‘“ sub-
band, until all the sub-carriers in all sub-bands have been allocated.

25
Fig. 10 shows an illustration of the third implementation of the method of
transmitting data to a receiver according to one embodiment of the invention.

This third implementation is similar to the second implementation of the
30 method of transmitting data to a receiver, with the exception that the third
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anong the selected 4le.t) sub-carriers are selected randomy, for
exanpl e, for each columm, i.e., each antenna. The remaini ng

sel ect ed swm mav/oisesss (nanely, sub-carriers 2 and 6) arectisemoseseds
to zero, as shown in the matri x 251003 of Fig. 10. In this context,

i f the numigpleffenttionQised Ssikmfiftéd Way o bilode®s the ib-carfielsShorédap then
all the selected sub-carriers jg skt) for that columm wll be chosen

(whi ch i s epbic¥aaderyeedimplamantatian campigxityn Fig. 10). 30 WD
2009/ 038543PCT/ SG2008/ 000355 The remai ni ng nunber of sub-carriers
al l ocated for each antenna nay then be updated according to the

equat i on nimnors dethll, thisihrePihplemertatatmag selesha*e suibicarfidre step
I ndex. 5ln the third step, a new sub-carriers allocation for the

renai ni g gaHdoRdy, foeegample, stedy ¢fithe first o/ equbic@nbmnwith tHetiighestnpl e,
this may be achieved by repeating the first step anong the renaining

sub- car r i egaalitiaxthe traresmiasiae characfaristiedohexarh glania ordgr toheoichthe

dat ed dingly..10 The .third st t b i ed out
B peat cdly Sotinphatations use g e seiimAneaiey Asrstoh! FisBHtis 19 2
1005 of Fi gimplied ibletldntatidénd & réducetlamprinangtidrnédrpiekigps nay be

carried out for the (i+sub- 15band, until all the sub-carriers in all
sub- bands haweveedhis mantesuliin as9nall RArPEMABERIOES. it can be seen that
the figst step and the third step of this third inplenentation are
identical to the first step and the third step of the second

é—rrpl enent atni the, illusisation tof the third @ plinentatiorsstonven iarFigl 1Q.$wodtansmibf t he

 coei ver cuRTAPRao St el Rae Bt he nvent fon.

The third implementation may be carried according to the following steps.
15

The first step is similar to the one used in the second implementation, where
jéif_:? is first obtained according to equation (20). The selected sub-carriers for

each antenna are as shown in the matrix 1001 of Fig. 10.

20  The second step involves initializing the maximum number of sub-carriers

/] .
allocated for each antenna »;™, where n™ =—. Next, the n;~* sub-carriers
Ry

among the selected jéij? sub-carriers are selected randomly, for example, for

each column, i.e., each antenna. The remaining selected sub-carriers
(namely, sub-carriers 2 and 6) are then resei to zero, as shown in the matrix
25 1003 of Fig. 10.

In this context, if the number of selected sub-carriers jgij:‘? is less than »;™,

then all the selected sub-carriers jgﬁ) for that column will be chosen (which
is the case for antenna 2 as shown in Fig. 10).
30
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Conmpared to the second and the third inplenentations of the nethod of
25 transmtting data to a receiver, this fourth inplenentation al so
provi des av@oemsiBEstht on t he nunber of sub-carriers whiPSH/SGE08[680355
all ocated to each antenna. This constraint allows the sub-carriers to
be evenly Thestgmdibingthudibenof stie-catriersbiidoataf fonebeimantennamay then bieo

bal ance the peak to average ratio (PAPR) val ue for the lurality of
(transm t )upiatehaesordig tdithesemuationhe d ppr D&cﬁfaéf(s)&pdf "’ﬁgs)t, dere s
constraint in this fourth inplenmentation is carried out using a set
of threshdsthevstepdsdexBy so doing, this fourth 34 inplenentation

avoi ds the use of the highly conplex sorting operations of the second
I npl enmentati on and the performance | oss as a result of the approach

used i t hy thdiHifl $t8p] £ABWsabicafiers allb&atdndontexemditieg sai-cafrictdie set
of threshol d val ues onl y requires the conpare opera i on

i | | ustrat iaY be abfringgfar @achgntansa: 5P e G\AW'SI MaKi & a@@"eg\tﬁéle

transmt Qﬂ@ K&F The third
i mpl enment g’?f)g ?%gﬂs'tg%%]%@%“%coré §h the gﬁ [ owi ng steps. The
first step involves determ ning a set of threshol d values, al, | =1,

...L where L is the total number of threshold values and al >O0. Next ,
al and t heNext] ine value @fiffefar eachantenna may thes heupdated aseprdingiv owi ng
whi ch, 11114))12 may nT be conpared to al for each sub-carrier and

t he rekpective antenna. respective antenna may sel ected and

i ndicated in bold as shown in matrix 1101 of Fi(t;. Tk ACCOI’?I ngly, nr
may be updHiethirdsien maydhembe sarmesh pitireppatedly until »,™ =0 for al

antennas (as shown in the matrix 1005 of Fig. 10).

Finally, the first, second and third steps may be carried out for the (i+7 ¥ sub-

15  band, until all the sub-carriers in all sub-bands have been allocated.

As a side remark, it can be seen that the first step and the third step of this
third implementation are identical to the first step and the third step of the
second implementation, respectively.

20
Fig. 11 shows an iilustration of the fourth implementation of the method of
transmitting data to a receiver according to one embodiment of the invention.

Compared to the second and the third implementations of the method of

25 transmitting data to a receiver, this fourth implementation also provides a
constraint on the number of sub-carriers which may be allocated to each
antenna. This constraint allows the sub-carriers to be evenly distributed
among the plurality of antennas, in order to balance the peak to average ratio
(PAPR) value for the plurality of {transmit) antennas.

30
However, the approach of applying the constraint in this fourth implementation
is carried out using a set of threshold values. By so doing, this fourth

34



nmax (s +1) = ninclax (s)-1. In the second step, the threshold val ue
used may be changed to a2, where a2 al. Next, 11-02 may be conpared
to a2, forwomowwssseected sub-carriers and the respecti yermaoicesomsss
the respective antenna may be selected and indicated in bold as shown

in matrix jdgidmehtdtion. avbids theasedfig: Mbghﬂrrébnhrﬁe#@&ﬁ mg@péfdii@hgloﬂﬂ'ret o

the equation nraﬁ_u:és +11) = nrax (s) Fol I owi ng t he second
step i s caPefd ipiemen ai'%aﬂér?ﬁ? ﬁ?ﬁ@”‘t?ﬂ{‘@s}ﬁ%‘iﬁs@dﬁl&@féh& apgfoagh|

val ues of . I S | 1, the
nunber of Pﬁéﬁegﬁgfﬂhv rﬁ%ign-rtse@faﬂco{negﬁ Hﬁdr@%eﬂﬁ%{{%ﬁ |dgggéattoefr

pr ocessi ngthueshadd vakies lninkoreghires Hhe coropaneeoperat®n=1. 4 ) and the fourth
t hresho gd value (a4 = 0.5) are | abeled as 1105 and 1107 respectively
in Fig.”11. 10 It can be seen that the nunber of iterations carded

out dependf te iluxtrativhiof theothirdhmpidredritaticd stesvisl Figh €0l twbIrarsedit t he
performance as well as the efficiency of the fourth inplenmentation

depends on2bigBNA% AN Cigt SUACRETIRIP @G UPR®s sel ected. 15 Fol | owi ng

whi ch, the allocation of sub-carriers may be updated for each data
packet, for exanple, based on the channel estimation carried out

usi ng t he pheihits isyplemestatihn deanbe askied, actording tartpk dollovdang siegsnow t o
t he trgﬂtsn’i ssion characteristic used in the nethod of 20 transmtting
data t0 a receiver, it is known that for a point to point tine

di vi si on dyRé @t @ﬁadlﬁ%}).res} datanmiiag bRt s7BkesRoldvllefi Sz, ar £MB, . L
formunr cation system for exanple) the propagation channel of the
orvard | i wkeresL tshihertetal pumbel obfhrédimipralpegand an >ChaNext| a0énd the
reverse l'ink, provided the round-trip delay is shorter t han the

propagat i opy ;She}ir}geéwhse col;;er emc)emayrBee m%alrzed Following which, |H" i
n

T

may
be compared fo g, for each sub-carrier and the respective antenna.
15 '
@l - .
If it is determined that ‘H el l > ay , then the said sub-carrier and the

respective antenna may selected and indicated in bold as shown in matrix

1101 of Fig. 11. Accordingly, »[™ may be updated according to the equation

ax(S+1) n E(s)-1.

(' 20

In the second step, the threshold value used may be changed to a,, where

- s nl2 .
a, < ay. Next, |H @H1" may be compared toa,, for the unselected sub-carriers

and the respective antenna.

a2 :
25 Ifitis determined thatiH,(:’f ) I > a4, then the corresponding sub-carrier and

the respective antenna may be selected and indicated in bold as shown in
matrix 1103 of Fig. 11. Accordingly, »,” is updated according fo the equation
s+ = n () -1.
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However, it is also known that this is not the case for the radio
frequency (RF) transceivers, which may exhibit significant anplitude
and phase wo sivans3ies bet ween the forward and reverse | PARKSG2048/060833
as across nultiple antennas. Since these m smatches essentially may
conprom se the estimation of the 30 channel state information (CSI),

they may result in a severe degradation.n th erfarmance of, the
enbodi mentoIBWNGHE R R Fe6P] FERSRPRTRHS RIS BradPaanGeroid ||y
nore det aijh dshe &ff folahfoft MARE 1% smat ches are descri bed as

follows. An I dedl’ transcel ver may be considered to have a baseband

equi val ent channel response of unit anplitude and of zero phase. Due
to various random 5process variations, the actual channel res §nse of
iq{qu

the trdnsdethallusigtiongtiognind igaHudhe oumRreeet tPE%SﬁB_ valyes S
approxi MoLe ThAGaHEEs abARHERGLAIRAIRE N R TREdIAI0RE! 4f 09.4)

exhi bited dev fon Trom response depends® on t'he
magni t Ude o oo AIRENRIPEASS (4L 03Y)RETaneldt 401 forafd #xo7 L he
approxi mate i deal response may be referred to as a msnmatch 10

bet ween t hgsdaptivelytn Bigl rieverse links. Fig. 12 shows a signal flow
representation of the data transm ssion carried out in the

communi cati on system 100 accordi ng to one enbodi nent of the

| nventjipon ¢ éﬂﬂé@%egﬁ fRat E@ﬁﬁﬁ@éﬁofti@gatt%ng;bméd HRHYEREY oh BEPONSE

function in requency donmain an represent the receive

f r equency nuetissof threshnld ivalies selectagh dsspch ol nerfoppantreasivelias dhei n

the trans . eTol i | t he
coml ex gaReHS RS TR i bePeitR b oA S et dld, T 10
t he recei waldesegplentey. response function may be expressed using
complex gains R(f)=1R(f)l ejarg(R(f)) , where I T(f) I and | R(f)]I
are the respective

15 Following which, the allocation of sub-carriers may be updated for each data

packet, for example, based on the channel estimation carried out using the
preambles of each data packet, for example.

Turning now to the transmission characteristic used in the method of

20 transmitting data to a receiver, it is known that for a point to point time division
duplexing (TDD) communication system (such as a UWB communication
system, for example) the propagation channei of the forward link is the
reciprocal of the propagation channel of the reverse link, provided the round-
trip delay is shorter than the propagation channerl's coherence time.

25
However, it is also known that this is not the case for the radio frequency (RF)
transceivers, which may exhibit significant amplitude and phase mismaiches
between the forward and reverse links, as well as across multiple antennas.
Since these mismatches essentially may compromise the estimation of the

30 channel state information {CSI), they may result in a severe degradation in the
performance of the embodiments of the method of transmitting data to a

receiver.
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anplitudes of the m smatches, and ej arg(T(f)) and ejarg(RUBare the
25 respective phases of the m smatches. As nentioned earlier, since

t he sel ectwomosdézeeni on for the nethod of transmtting gétagicsehosss
recei ver may be based on the signal power of the channel state

| nformati ofy, ftHl ?i%tlaﬂ,%ké etfﬂéﬁtsadfﬁhéééjﬂ?sn%tclﬁélsea@ d%{é?f'iﬁ@d g8 fsligha, 30 be

considered. In this context, the respective anplitudes I T(f) | and
I R(f) I may be nodeled as a real Gaussian variable. As such, the

oo o RS FgbeyvATRey bR MRl P ERR0aR BBl ' °
32[1 th : (r]I ) éserg@rtelneesp@hisane anio riplitidees dasitzeve phagy. iDuedes/abiotB yariiom

21lnthis context, it should bequlOted that the G ss,{an
vari abl® nB@sess Yaualionsnihe arded channeldespanss;l the HanesRiyer (mrgy exnibi

anpl i tude gr fitead ; | Wl i t riance
0-2 is sma |"é'?ﬁ°3“tc gﬂﬁ%%%tre?%c}nsnggh&%?/gi a(E‘({;HuiJ(?Yhm)?'gét hat I%\% fzégggp?l%nce of

a negat i verespahse.atheomageitugsydfithe iekbibited devigtion fromt the ideatishaeae!

channel re f . f ' .and
reverse |i ﬁﬁ%ggﬁﬁ%%%%c%m@e&#g ‘f"ﬁfﬁﬁ‘if tﬁ%aﬁ '?‘ﬁ)gq @%%%%gelﬁﬁaeiog%\'r@{eﬂﬁ( f),
G, (1. 018 D ek (1O ) (23) whare K 2L NT 18 the ant o i nd

ws, rv ere k =1, -, is the antenna index
cor r esfbndPeyees t ﬁicri"’?%éﬂgjg'e‘é%?gévﬁ?’%\% at node A The terms Hfivdk (f
,t) and Hn,sk (f ,t) represent the respective forward and

ﬁeverse | i nk channel response function, which may be 20 assuned to
1ave the pFigodRisfiows a sigaal flovarapsesentatisinpfdee ggta frarsmission carried

out in the communication system 100. according to one embodiment of the
invention.

15
Let T(F) represent the transmit frequency response function in the frequency

domain and R(f) represent the receive frequency response function in

frequency domain.

20  The mismatch in the transmit frequency response function may be expressed
using the complex gains T(f) =| T(f) | e/ *8 ) and likewise, the mismatch
in the receive frequency response function may be expressed using complex

( gains R(S) = R( f)|ef arg(R(F)) | where |T(f)| and | R(f)] are the respective

amplitudes of the mismatches, and e/ *87() and o/ arg(R(N are the

25 respective phases of the mismatches.

As mentioned earlier, since the selection criterion for the method of
transmitting data to a receiver may be based on the signal power of the
channel state information (CSi), anly the amplitude of the mismatch need to

30 be considered.
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for k =1,.-.,NTI. In this context, the actual estimation carried out
using the preanbles is the conbined channel response Crvs(f).
However, OCWiovdoyds3s4ss t he channel 25 response whi ch i s RCI¥REG2008/000355
determ ning the sub-carriers allocation in the enbodi nents of the

et hod of fyrtARYSNtdxXt NEe Faéctive ampiitdiey el &l hea lﬁmbd@l@dhl
bet ween Crvs(f) gnd [@ ?wd(‘%) Imaty be desgrl({))gfiaaspgg)q 4 P

2009/ 038548s a réaldBayssian Yariabls dsradichgthg, meareo%nhb-reweth amrwdes

best ar gmax) ¢ Ke(l Aol f [NFOALA ik RAVHPBRRE i heqlind! | oV

2 (25)
response discussed earlier), and the variance of the respective amplitudes

5 may be denoted asc?.

In this context, it should be noted that the Gaussian variable model is
commonly used to model radio frequency (RF) amplitude errors, and it is

2

typically assumed that the variance o~ is small (up to 40%, for example) such

10 that the occurrence of a negative realization is negligible.

[n Fig. 12, the combined channel response C g,y (f} and Gy (f) for the

respective forward and reverse links, which include7’(f), R(f) and the

channel response H(f), may be defined as follows
15 C pwd, (F:8) =Tq, (FH goq, (f.)Rp(S) (22)
Cros, (F+1) = T5(NNHys, (iR, () (23)
where k =1,---, Ny is the antenna index corresponding to the transmit

antennas at node A. The terms H fivd, (f,t) and Hyys, (f,t) represent the

respective forward and reverse link channel response function, which may be

20 assumed to have the property of time invariant reciprocity, i.e.,
H fyg, (f>8)= Hps, (f,8) TOr k=1, N

In this context, the actual estimation carried out using the preambles is the

combined channel response C,..(f}. However, C 5,; (f) is the channel

25  response which is used in determining the sub-carriers allocation in the

embodiments of the method of transmitting data to a receiver.

As such, the relationship between C,,(f) and Cg,;(f) may be described as

follows
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Aifide RA (f)G -vs allocation k(f) criterion 2 1 = argmax | ke(l,nr)
TB (f) may be rewitten co) RB

WO 2002/038543 PCT/SG2008/000355
Ty, ()
Ry, (f)

Cpos, () 2BL) (24)

Cpoas S:1)= T5(/)

Accordingly, the sub-carrier allocation criterion may be rewritten as follows

i 2
%) ) l
IT (7 RB

Ay

R;{) s TBU)I

kD =arg rnaxl(',‘}‘{fl,Ir r = arg max (25)

keflng} ke{l,np}

s where CY) =Cppa, (fo+ 78, CY) = Crs, (fo+ A,
D =Ty (fo+iA), RY =Ry, (fy + 80 . T =Tp(fo + &), and

RY) = Ry(fy +jAF) for j=1,,n,.

Assuming that the respective frequency responsesTU) and RY) remain
10  unchanged across the sub-carriers, then all the respective calibration
factorsTg ), RZ), Tlgj) and ngj )may be considered as independent from the
sub-carrier index j. Accordingly, Equation (25) may be further simplified as
follows
2
214 Ry
Ry Tp

)

sy

klsgz = arg max I (26)

ke{l,nr}

15

( _ Fig. 13 shows a signal flow representation of the data transmission carried
out in the communication system 100 according to another embodiment of the
invention, wherein the receiving communication device (node B) comprises a
plurality of receiving antennas.

20
Similarly to the case of Fig. 12, let T'(f) represent the transmit frequency
response function in the frequency ddmain and R(f) represent the receive
frequency response function in frequency domain. Accordingly, {T(f)| and
' R(f)| are the respective amplitudes of the mismatches.

25
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"knit)) 21(j) R vy 5 where Cylk CGwdk (fo +Crvels)k = Crvsk (fa

+ . 1Af), T2k) =TAk(fo+ jAf), Kkilk) RA4(fo jAf), TV) =Ts(fo + JAf),

and R51) veB(pO3ssPV) for j =1,- -, . Fig. 13 show®Ca/S&Repparossy ow
representation of the data transmssion carried out in the

communi catiaeonhedchSfhd ¢6iohse 0549( Apahaer, ?_gtﬁtﬁ*tﬁ@l‘ésp@fztnﬁé“e

I nvention, wherein the receiving caonmunicati on vi ce (node B)

conpri ses érvfﬁré'%ﬁh'rwer% ilh%%ﬁ(ﬂ:mﬁlcﬁﬁb?@f'?%{%ﬁoaﬁﬂ fAd @fdrinel 0 the case
of Fig. 12, let T(f) represent the transmt frequency response
function |resndTSefHQﬁp,anaybdmiwned aafbllBs) represent the receive

frequency response function in frequency domain. Accordingly, | T(f)
| and R(f) | are the&edferEifd/AfpL,, (Odd, @D the nismatches. (3Re
conbi ned channel response C fwd(f) and C,.,,s(f) for the respective

forward and reverse @inkhs) i CHH e (OGARL(GH, R(f) and the charhd@)
response H(f), may be defined as foll ows
where k =1,---, Ny is the antenna index corresponding to the transmit

antennas at node A. The terms H Sy (f.5) and H,, ( f,t) represent the
respective forward and reverse fink channel response function, which may be

assumed to have the property of time invariant reciprocity, i.e.,
10 Hﬁm,.(ﬂt) =H,,, (f.0) for k=1 Ny, and [=1,---,N,.

In this context, the actual estimation carried out using the preambles is the

combined channel responseC,,, (f). However,Cg, ( f) is the combined

channel response, which is used in determining the sub-carriers allocation in

15 the embadiments of the method of transmitting data to a receiver.

As such, the relationship between C_, (/) and Cfpu,, (f) may be described

as follows _

R
Ty ) - N 5 ()

29
R, () ™ 7T, () %

C o, (58} =2

20
Accordingly, the sub-carrier allocation criterion may be rewritten as follows

-y n i
) (G
Z«h_ w R

Rf{i) VS TB, (7 (30)

= argmaxz

2
) = 19
k., = argmax E lCﬁJvdu
kellne}  f=1

kefliar} 1=

where ngk.r = CM” (fO +jAf) Cr(-:s)“ = C""-’k,r (fo +1Af): T/(]‘;) =‘TAk (fO +JAf) P
R =R, (fo+jAN), TP =T, (f,+ jaf), and R =Ry (f, + jAf) for

25  j=l-n

c*
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(f , 0 =TAk(f)H64,,,(f,t);(f)(27) 5Cri,".,(f,t) =TA(f)I

v", 1 (LORA, (f)(28) where k =1, ,NT i s the antenna i ndex
correspondiywdebsnskdle transmt antennas at node A The tg&ABaddosnoosss
f*,4,,(f,t) and Ht) represent the respective forward and reverse

| i nk channel response function, which may be assuned tQ have t he
property ofssurniagithatdhe sasPacive freguensy, reﬁp@nses 3&(%4# Hemain t) for

k =1, - ﬁﬂ%n’geﬁ cIGSS th&"g éa%érgtﬁeﬁ%rlttﬁé(b (E)Eeﬁveaeél tigst | mation

carri ed OUF usi rea es IS e conbi ne anne

3 JI]B h
responseCmygey |C%1HJ b?é@ ‘Qeﬁaaée:{lflgr max?)%éﬁhgo@gﬁﬂé’%de pend&RTRh the

response, 4is’ uded -carriers allocation in

po such. AP Ieehi 7 SErdBay Eabadbi o) e et fpigfse

described agofgllows Cf,",,,,,, (f,1)- RA (f) "nsk.1(f) To: (f)(29)

20 Accordi ng?y, t he sub-carrier aIIocatlon crlterlon may be rewitten

as follows where C(. 4k. :Q (f0+ 3 I K. (fo+ff|f) Tfik.)

= TAk (fa + kP =argmax )’ cw (31)
ke S [T ] Cna

where the pre-calibration factor |, [2 / ITB, r may need feedback from node B

to node A using the reverse link.

10 In a further embodiment, a pre-scaling factor f; , /=1,---,n, at r_lode B 1303 is

utilized when transmitting channel estimation symbols in the reverse link, in
order to avoid the hassle of doing pre-calibration factor feedback in the
reverse link. Thus, equation (28) can be reformulated as

15 C..,, (f+0) = 3,15 (NH,., (fOR, () (32)
Let fp = ‘RB, | / |TB,‘, then the selection criteria can be re-written as

2

2

Q:: 3 IBI_Z

kP = argmax
keller) 3 l fs[ ITBI
il 1

C(.r')

ey X1

gmax lC )

rvs,, 1
keflinr} 1=t

l A
20
Thus, the need to feedback the pre-calibration factor can be avoided.

It should be noted that the only difference of calibration factors between the

2 T 2
- A .
) and case of Fig. 13 ( =) is the

-‘*k Rg|
. Ip

case of Fig. 12 (.

‘R"k

constant]RB/TEF, which is independent of index k& {(and /). Thus, such a

25 difference will not affect the sub-carrier allocation, and the same pre-
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=R4(f0+ jaf),=TRi (fo-i- O), and ki,) =Rai (fo IV) for 25j =1, ,nc.
WO 2009/ 038543PCT/ SG2008/ 000355 Assum ng that the respective
frequency wes@enssss T' and R(j) remai n unchanged acr 0s®Crise2008/000355
sub-carriers, then all the respective calibration factors TX), R9),

Tjity) andr&}{b.@ﬁoﬁﬂﬁ@h@l@em applyifordsye tiskeoasd 61Figt M2 and Fig.uis, cwzrrere]er
I ndex j. Accordingly, Equation (30) may be further ? lifi 5
fol | ows " Ithe Kgeeivr ermpriges ¢ithes @ recemng antepngegr a mrgljof&f?f fﬁcﬁ'x'&‘gl

TB, 2 1R il -631)

5 In the following, a pre-calibration method is provided to obtain the calibration

2
for the case illustrated in Fig. 12 for the ¥ transmitter at

Tar_ Ry
factor of |7, "7,

2
node A, as well as the calibration factor of |TA,r |2 / |R Ak‘ for the case illustrated in
Fig. 13 for the k" transmitter at node A or similarly the calibration factor of
2 2
&, |2 /’TB,[ (the inverse of |T‘,,Il2 / IR, | ) for the /* receiver at node B.

10
Fig. 14 shows a block diagram illustrating a first method for determining the
calibration factors according to one embodiment of the invention.

In this first method, a test board 1401 may be used to obtain the

R
15 measurements for the calibration factor R:kk 7| from the different

transmitters and receivers of the communication device 1403, using the setup
shown in Fig. 14. As shown in Fig. 14, the test board 1401 may be a device
external to the communication device 1403.

20 The switches Sy 1405 and S, 1407 may form a calibration loop, and may be
used to control the measurement sequence from Antenna 1 to Antenna nr. A
binary phase shift keying (BPSK) signal may be used as the test signal.
Additionally, the channel estimation may be performed at the respective

receivers on the test board 1001 and the communication device 1403, so that

25 estimates of T, and R, may be cbtained.

. It can be seen that measurements of the 2nr transfer functions o shown in
Equation (34) may also be obtained. As the connections are made via the

direct cable connection, the transmission loss due fo the cable connection
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where the pre-calibration factor IRB, 2/ TB, may need feedback from node
B to node A using the reverse link. 10ln a further enbodinent, a

pre-scal i ngvd sb/o9ssds , / =1,-, tri? at node B 1303 is uUblkikéSfsabies
transmtting channel estimation synbols in the reverse link, in order

to avold tREyestainla gPpg ogggaﬁﬁbé@%iy Bk HenlcHRIBRGE el by ®

reverse |i , equation can be“reftornulate

fB, TB, U) I | {{dn ba BhprebadPbads Let f - 13, =IRBfI ATB, I, then the
selection criteria can be re-witten as 4la.), = arg max 22 ,
ke(inr) 1=1 t-MR { %, REL,ZRA 1 17:8112 | lei) 1k Al? k 2 TA 2

= arg max E kGl1, 71%&;]1,31%6&‘

. (34)
anr,‘l = TA,,T LC'RB,

&, 2= TB, LcRd,,T
where T, and R, denote the respective transmit and receive frequency

5  responses for the communication device 1403. The calibration factor ¢f may

then be defined as follows

( c z—ﬂx TAI RB’
l @y RA, T,
(35)
cf,. = Gy = TA"T R,
Gy 2 RA,,,. 8,
Therefore, the calibration factor matrix CF can be formed as follows
cfi e 0 )
10 CF={ ! . (36)
o .. Cfnr
( It can be seen from Equation (36) that the calibration factor matrix CF is a

diagonal matrix. As such, its values may be stored in the flash memory, for
example, and then loaded during an initial setup. [n this context, the loading of
15 the values for the calibration factor matrix CF may be referred to as a pre-

calibration process.
Further, as the matrix CF is a diagonal matrix, only ny values may be stored.

As such, no additional of built-in calibration circuitry may be needed for the
20 communication device 1403.
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2 T,, (33) "Aki?2 Thus, the need to feedback the pre-calibration
factor can be avoided. It should be noted that the only difference of
cal i br at i omof2em103883 bet ween t he 2TAk2 A case of Fig. 12CT/SGR0UE/080385
case of Fig. 13 ( T k 2 ) is the R4 TBR4 constant | RE /TB12

which is iﬂt%&ﬁﬁélgﬂh thé chsslag ilkistraed in Fig. Hushersiictheaeddivirf f er ence
will not affect the sub-carrier allocation, and the sane pre-

cal i brati diﬁ"Wﬁ%@r@dﬁc%hﬁ'ﬁg)?”f%"abgﬂHaﬁ%(@wy(ﬁe Evgitten #Sang Fig. _

13, wherein the receiver cpgp&gses ei,tf}er a receiving antenna (&5 a

plurality of rkifetwigmpxaffbnnph. x const

kefl,ar)

T
5 where const =E—*’5~x—f’— is a constant which is independent of k, and as such,
B B,

may not affect the process of allocating the sub-carriers.

Similarly, in the case as illustrated in Fig. 13 wherein the receiver comprises a

plurality of receiving antennas, Equation (33) may be rewriften as

0 k) = argmax i{[c‘f’

VS, 4
kellinr} 121

’ xlcfk xconst|2} (38)

where const=T, /R, is a constant which is independent of k and /, hence it

will not affect the subcarrier allocation.

Fig. 15 shows a block diagram illustrating a second method for determining
15 the calibration factors according to one embodiment of the invention.

in this second method, an additional calibration circuit 1501 may be used to

obtain the measurements for the calibration factor from the different

transmitters and receivers of the communication device 1500, using the setup
20 shown in Fig. 15. As shown in Fig. 15, the additional calibration circuit 1501

may be part of the communication device 1500.

The switches S§; 1503 and S, 1505 form a calibration loop during the initial

setup, which may be used to obtain the measurements for calibration factors
25  from the different transmitters and receivers of the communication device
1600.

Based on the measurements obtained, the calibration factor matrix CF may
be formed according to equations (34) and (35). Following which, the

30 calibration factors may be used for the compensation of the mismatch for the
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5In the following, a pre-calibration nmethod is provided to obtain the
calibration 2 T Ak Tr: TT for the case illustrated in Fig. 12 for

the kih transmodbREssat h node A, as well as the calibrap@RchRghssssof
17141 ,2 /IRA | for the case illustrated in Fig. 13 for the km

transmtte I-fA cal | t A 122
/"2 IRB: 1 l[elr]%ldnﬁ tS @éﬂfeneﬂggﬁsdﬁf}tyaﬁf%tﬂgfa Rg %é ?Ec? 'y fvt%ﬁ'elﬂ'}rw@;r’e%%i ver

at node B. thepemajbrationdaciars mapbesibtainad Laimgith¢ builtrinaddijonalf i r st

emodi ment CBErE Pl I8 G R B TR B roR8TG 1400
may be usedptiatedbvegilariy.he - transmitters and receivers of the

commnigation devi ce 1403, using the setup shown in Fig. 14. As shown
in Fig.”14, the test board 1401 may be a device external to the

comuni cat \pihigleyiteR, #4898 be seen that the calibration factors (or the calibration
factor matrix) may be used in view that the channel state information fs
estimated using measurements from the reverse link (instead of the forward
link). However, the channel state information may alsc be estimated using
16 measurements from the forward link as discussed in the following.

(‘( _ In one embodiment, the forward link channel frequency response for each
antenna (of the transmitter) may be estimated by arranging the transmission
of channel estimation (CE) symbols (such as preamble symbals, for example)

15 for each antenna at the transmitter, one at a time, and then performing the
channel estimation for each transmit antenna at the receiver side. In another
embodiment, the forward link channel frequency response for each antenna
(of the transmitter) may be estimated by transmitting orthogonal channel
estimation symbol sequences for different transmit antennas at the same

20 time, then performing the channel estimation jointly for all the transmit
antennas at the receiver side.

Following this, the estimated channel state information for the respective
C’. forward link frequency responses for each transmit antenna may be
25 transmitted back from the receiver side to the transmitter side, for example,
using the feedback channel. The received estimated channel state information
may then be used in the selection of antennas for sub-carriers.

However, it should be noted that the transmission of the estimated channel
30 state information (frequency response) from the receiver side to the

transmitter side may involve considerabie fransmission overhead for the

feedback channel. As such, it may be preferable to implement the antenna

selection process directly at the receiver side instead, and then transmit the
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20 The switches Si 1405 and S2 1407 may forma calibration | oop, and
may be used to control the neasurenent sequence from Antenna 1 to

Ant enna TRvO 2089/dseesr y phase shift keyi ng (BPSK) signal PABGHeS/®EE as
the test signal. Additionally, the channel estinmation nay be

per f or med satenhBSelR%BA HekisPrr iBfoRMEBES P Rabh Sublsikrid?ofd thei8dbakd -t he
comruni cat1 on device 1403, so that 25 estimtes of TAK and RAkK nay be

obt ai ned. channelnUsieg dlels epprrachn@aly JrihBay Segpavifrel fo1 pac BUBLRENET
functi ons ;aahoun W&réﬁxﬁ@%aﬂ@nﬁt%ﬂeﬂﬁ?% aﬁ‘é %999.%@6@% QQ{?{R erﬁéy bde

connections are ma the direct cable connectio

t ransm ssirequiledssr dach sub-tchmiec mdthe casembere tour ineagmil@ntgnasedet o be a
constant val yeLc, The neasurenents obtai ned may then be expressed as
anF al? = RN SUON. =TA LeRB, ani u=TB, L, "RA" where TB, and 14,
denote the respective transm-t and receive frequency 5 responses for

t he communi cati on device 1403. The caljbration factor_ cf nmay then be
defined adn thel erobediments digeuspad akgveswhere the eglimatien of Q)ChaX“e'

state information is performed using measurements from the forward link, in
order to perform the above discussed steps at the receiver side, hardware

10  and/or software changes may be required. This may lead to an incompatibility
with existing communication devices (i.e., the said receiver may not be

WiMedia compliant, for example).

Fig. 16 shows an iliustration of how the compensation of mismatches in the
15 - process of antenna and sub-carrier selection may be carried out based on the

calibration factors and the estimated channel state information (e.g. the

combined channel response in the reverse link) according to one embodiment

of the invention, wherein the receiver comprises one receiving antenna.

20 In the selection criteria unit 441 of Fig. 16 (also shown in FIG. 4), a
compensated estimation of the combined channel response Cg. in the
forward link is carried out by multiplying the calibration factor ¢r of an antenna
with the respective combined channel response C,., in the reverse link. The
combined channe! responses (Cns, 710 Cas »r) in the reverse link are provided

25 by parameter estimation units 421 (also shown in FiG. 4). The calibration
factors are provided by calibration units 443 (also shown in FIG. 4). The
obtained compensated estimation of the combined channel responses Cp.a
using equation (24) in the forward link corresponding to different transmitter
antennas are then transmitted to the SFTS unit 435 for carrying out the

30 selection of a best antenna using equation (25).

As shown in Fig. 16, the best antenna may be selected for each sub-carrier or

the best set of sub-carriers may be allocated for each antenna using the
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a"An R B cfnr == TTr a0 .2 RA, TB, Therefore, the calibration factor
matri x CF can be fornmed as foll ows It can be seen from Equation

(36) that Gheegaddbization factor matrix CF is a di agonai,cf@égqog(mw&g

such, its values may be stored in the flash menory, for exanple,
t hen | oaded durin

e e s oted SeRBiod Fheftn BEted an th bRidaed theih S8 mBREeT, !

as a pre- Cf(tsuyéaaltmcgmmgmﬁac{amther as the matrix CF is a di agonal
matri x, val ues may be stored. As such, no additi onal

of buiIt-ln callbratlon circuitry may be needed for the 20

conmmuni cat 'sm;eagrzv' e 174 8dws AERQEFIMRP of hoWtheBnfiRFSafth bf | ust rated

in Fig. 12 he receiver conprises one receiVving antenna,
Equat i ch (®Ematehedin thewnrbcassrofantentia eyl sub-eagensledtianimay be ki r k

Kk Kk
o1 A el NP B 2y R |
al | ocat i ngestiwatedizhannel staie. information according to one embodiment of the

invention, wherein the receiver comprises a plurality of receiving antennas.

10  In the selection criteria unit 441 of Fig. 17 (also shown in FIG. 4), a

compensated estimation of the combined channel response Cg,y in the
( forward link is carried out by multiplying the calibration factor ¢, of an antenna

with the respective combined channel response C,; in the reverse link. The
combined channel responses (Cns, 7,10 Cas, o) in the reverse link are

15  provided by parameter estimation units 421 (also shown in FIG. 4). The
calibration factors are provided by calibration units 443 (also shown in FIG. 4).
The obtained compensated estimation of the combined channel responses
C.a UsSING equation (29) in the forward link corresponding to different
transmitter antennas are then transmitted to the SFTS unit 435 for carrying

20 outthe selection of a best antenna using eqﬂation {(30).

Fig. 18 shows an illustration of how the compensation of mismatches in the

-~ process of antenna and sub-carrier selection may be carried out at the
receiver side utilizing pre-scaling factors for the transmission characteristic of

25 the transmission in the reverse link, wherein the receiver comprises a plurality

of receiving antennas.

Expression for pre-scaling factors has been given earlier in the description

as fy =|R31 |/|T3,1 , for example. As shown in Fig. 18, a pre-scaling factor is

30 applied to the channel estimation (CE) symbols, which is also shown in
equation (32). CE symbols refer to the transmitted pilot symbols that will be
used to estimate the channel state information or channel frequency
response. As such, in a later stage, the need of the feedback of calibration
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Simlarly, in the case as illustrated in Fig. 13 wherein the receiver
conprises a pl urallty of receiving antennas, Equation (33) may be

rewittenyag:00943dsds = arg max rtj Cnsti sl k2 Cik X congctrkekookGdosssnr }
fr 1 (38) where const TB: is a constant which is independent

of k and / act@rﬁé ﬁgﬁn ff\(&V\f’c#Cbl\f@PttO Qlf\% ?r%hshﬂferségﬁcﬁérd\ﬁ el éﬁﬂ%&?@t@d in

n
Fig. 15 sHEHE, agram i | ustratlngasecon

dﬁt er m ni rguaon Iﬁ:és)ca]hebprat-suahng zimtorsscmberejaaﬂg Ctbtbaloafé fronb g ot of
t he invent]

ci Toul - 1SOUERIGN R { SN plarh e adet BRRE < o BhirRdted

cal i brati qrnkagdsiin éﬁ&ﬁbfeh@tldjd:ffth@I‘tmbnﬁsfsﬁﬂsmmtrem[ﬁplémi\tér&melsueh asof
t he communi cati on device 1500, using the setup ZOShO\Angé%rﬁRg 15. As

shown Bn RtgodesB B8RS, 4383t manare armelizad & comRlywithy ClHMpar t
of the co%ﬂ %‘ﬁ”opnquw ce 1500. The switches S1 1503 and S2 1505
forma call l'on l'oop during the initial setup, which may be
used to obtain the neasurenents for calibration factors 25 fromthe

di ff t ' d

1500, Bas PSP ERSHasER refTEntEt b e ind S PhERErs B e
mat ri x CF diaytshs siigh mshifsagions onghé pedsiaincens tiSdmbadindrddf the
Fol | ow ng which, the 30 calibration factors magﬁge used for the

conpendat iregihed of Hansmitling datade a repaivavaredisiygse®nt s of the nethod of
transmtting data to a receiver. Further, as these calibration

factors may be obtained using the buil t-| n addi tional
In each preamble OFDM symbol, the allocation of sub-carriers for each

antenna may follow the same characteristic as the data portion described

earlier. Based on the equivalent frequency selective channel H,(f) defined in

15 Equation (8), the preamble OFDM symbol transmission for the embodiments
of the method of transmitting data to a receiver may be used for automatic
gain control (AGC), synchronization and channel estimation, for example,
without any modification.

20  Since the equivalent frequency selective channel H,{f) may be expected o

exhibit a flattened spectrum as compared to a conventional multi-band OFDM

channel, less signal distortion and improved robustness for automatic gain

controf (AGC), synchronization and channel estimation may be expected, for

example. This may further reduce the probability of noise amplification when a
25 simple channel inversion is applied to channel equalization, for example.

Next, the Packet Error Rate (PER) perfdnnance results for the embodiments
of the method of transmitting data fo a receiver, are obtained using
simulations. The performance results obtained are then compared to those of

30 the standard WiMedia Ver1.0 communication devices. In this context, the
IEEE 802.15.32 UWB indoor channel models [1] have been used in the
simulations. For the case of using the proposed Multi-band SFTS system,
channel realizations corresponding to multiple antennas are generated where
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calibration circuit 1501 during the initial setup, these val ues may
not be updated regularly. In this context, it can be seen that the

cal i brati otwd mes/@sssz(or the calibration factor matri X) s@ysERog)eRsksi N
view that the channel state information is estinated using

measur ene ”hésJ rhﬂﬁ‘r?ﬁ'%ﬁerfy%ﬁ%rcéﬁ dritdihas! e &%rf%satétgﬁtfltﬂfa‘fﬁféﬂh | B -

However , tate I nfornmation nay al eeswrate usmg 10

Measur enenterrélatat shadowinandhere arekfoustypis ofishanneal modekblisted indiabley.

one enbodi d link channel frequency response for each
ant enna (oﬁ%@h?&iéﬁq\/‘\?ér) may be estinmated by arranging the
transm ssion of channel estimation (CE) synbols (such as preanbl e

synbols, for exanple) 15 for each antenna,at the transmtt one at
a time,d anfig H@rﬁh&éﬁsf%ﬁ'?ﬁbg@%a @a%hee@?ﬂﬂ%hm% I8 yred o et ransmt

antenna at g1 ardd amd&q ehBodMNMEbf @etedBAt . the forward Iink
channel frequency response for each antenna (of the transmtter) may

be estimated by transmtting orthogonal channel estinmation synbol
sequences t t hen
perform ng%ﬁ%’%ﬂé%h@? fg&{éf{%ﬁeomﬁﬂ% nt ?%FP Egﬁtls {E St%ﬁgér%gﬁnet

ant ennas abhés’mbi whee Wtrmsﬁassﬁnlrdmguﬁ 1Bgrdn’ﬂaboutt0m teabdoutelre d witennel
state informatjon f res |vefo ward |ink freguency responses
For caldh ¢ ImehsBdlDS I arshes bebraerdhe np i eaton dE-GremLch
receiver s B@tréﬁs%m&rn@mhbtﬁ‘d frafmiskioh cBupR®l Addehaly, khe’
eedback channel. The réceived esti mated channel state inforpation

may then bmaxisedmitransmissien deley o 8d2mmisassumed in the said apspission

f—bmever i | d be noted that the transm ssion of the estinmated
channel 30 state information (frequency response) -fromthe receiver
side to the transmtter side may involve considerable transm ssion

Crol enbht - BatfebAT 6 poibRiReh AT Ehod dr e ad U > (P e
i nst ead, apsbeiveethideadifaient thennelnéaizatioret@odspondithgdo sniudtiple

information for each sub-carrier via the feedback channel. Using this
appr oach, 8Riepngs gie gensraled. PAREYed for each sub-carrier in the case

where two BeasNiiddedehaaRaBdRigecHARRE! withitiit @Rhdowingi ts may be required
for each sub-carrier in the case where four transnmt antennas are 5

used, and §@se®: 'W%WHGGWQWWWW%H@%E"M adQyiBBe t he
esti magj oncof fél@n&ﬂ%psht@amqecnayn@irgnﬁ tORefePaidowmRs USi ng

measur enent s rom orward

The channel realization of Case A corresponds to the case where properly
spaced antennas with uncorrelated multipath fading are assumed. The

A’“\

channel realization of Case B corresponds to an ideal case where properly
25 spaced antennas with uncorrelated muitipath fading and uncorrelated
shadowing are assumed. The channel realization of Case C cormresponds to
the case where properly spaced antennas with uncorrelated multipath fading
and correlated shadowing are assumed. Further, the distribufion of the
channel model for Case C is aligned to the measurement results [2].
30
In this context, it should be noted that the performance results shown in Figs.

20 to 22 are based on the channel realization of Case A.
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order to performthe above di scussed steps at the receiver side,

har dware 10 and/or software changes may be required. This may lead to
an i nconpavoRIeOF8F43N t h exi sting comuni cati on devi ces PCH/SE2008040855
said receiver may not be WMedia conpliant, for exanple). Fig. 16

shows an ipiguz0 seéwe thedpadretetrberat (RERSSrfarante Mesumstioh®e dafa t he 15
. process of antenna and sub-carrier @il ection nmay be carried qut based
on t hocallFaENSSHN rale chAS0 Mkpsin ENE (- Femater Bnicptigrpdevice

i nf or mat i %tﬁ&cﬁwﬁﬁ@gﬁg?ﬁ%?mﬁﬁm of B2RARSRignN the reverse |ink)

according to one e the 1 nventi on, erein the receiver
conprises one receiving antenna. 20ln the selection criteria unit 441

of Fig. 1 al so_shown.i n,FEl 4 ted. i ' t he
conbi ndd dheathaF sSaR belen 2Rt A" Ad8 cAPTRY BB EH TS sEledn by

mul ti plyi ngiMdtia da chmaiunatibadedce b ueingain ambedirsentiof thetrhethod of
respective conbined channel responsein the reverse l.ﬁﬁ' The c?nbined
channel r dE3RRUiEiRG data t0 a Feqejyer) ,'tf‘Ef‘?UfﬁfeFW”’c'h%f“P%-fé‘ Bhit canglso
provi ded r | | QiR t ; hn FIG 4).
e cal 1 b2 onRfEt 3B oY hafe AANRLEr 4 SbridBrd imRan 0 T & s
shown i n RoGmunicatinedeiiceaby ssing ansemasiiroankefithemetbed of tranemigiogbi ned

cor r eaondrr s eVt A O S AeMEY s ar e then ¢ r ansmi ¢t ed
to the SFTS unit 435 forzgarryi nghout _theFiBO sel ec{ign gfstaabeztnna
may b sel Eeao BmaRt ats sha iveresvenest elhe SbATES S | or s

may be al lnaRbEef frﬁﬁsrﬁﬂm‘q aatae0 BaebslaviditusedPr QY dagabRet | On
criterion based on the estimted channel state information (CSl)

d
the cal i brinsovssions. dsitiogally, itahoyid 14 Roted hatehasnat £adina,aith Bighon of

how t C i I seqt | - and
cub- cavr | SPUELTRE (PikiPas R T BB Ao T R Seklty FRlARER,
based on tmddi Y &rhRfinfcatibRuevied eride mslebsatfestivenanrfl d:th e

i nformati on according to one enbodi nent of the invention, wherein the

recei ver AGWEMISMONSs plurality of receiving antennas. 10l n the
selection criteria unit 441 of Fig. 17 (also showmn in FIG 4), a

Fig. 21 shows the packet error rate (PER) performance resulits for the data
20 transmission rate of 200 Mbps in CM3 (4-10m) for a communication device
with and without using one embodiment of the invention.

It can be seen in Fig. 21 that a 3.6dB gain may be achieved for a standard
WiMedia 1.0 communication device by using an embodiment of the method of
25 transmitting data to a receiver with four transmit antennas. Further, it can also
be seen that a 2dB gain may be achieved for a standard WiMedia 1.0
communication device by using an embodiment of the method of transmitting

data to a receiver with fwo transmit antennas.

30 In this case, it should be noted that part of the performance gain obtained by
using the embodiments of the method of transmitting data to a receiver has
been offset by the effective channel coding {(such as R, =5/8, for example)

used in a standard WiMedia 1.0 communication device.
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conpensated estimation of the conbined channel response Cfivd in the
forward link is carried out by nmultiplying the calibration factor cf

of an ant egpagibhobdkss he respective conbi ned channel respars§efos/doisst he
reverse link. The conbi ned channel responses (Cm, 1,1toin the

reverse link are 15 provided by paraneter estimation units 421 (al so
shown in FIG 4). The calibration factors are provided by calibration
units 443 Fig. 2@ shbwsrthe patkederdyr.rat(@Eft)iperfoedacasesniafordhedstarat i on

of the conpi ned channel .r ses Y [ equation (,29).in the
Porward || RRITUFEE B AEoaDRs 1 EMae- tranes Eofim lpaas i "t hen
transm tt eglith ant Mgthabl SsiHg ohe&rhbddiimep BTt NMedfloRut the sel ection of
a best antenna using equation (30). Fig. 18 shows an illustration of

how t he® conpensation of nismatches in the process of antenna and

sub- oar 1| ey RSl PBoMErcR dorfitbribh oRind 0 RAASHURUSh Hbeted .

utilizing pre-sca ctors tor the transm Ssi arac
25 t he tr amsNMefiwidh), the sdoonddinpiareentatitn (labeled aa Mdthod 2akithethird

[ a_ pl | i.t A . EXpr.essi f
rerscal | niepRtoH 48belel R Vela i BRa s ot RuFatehEionn as 13,
=1RB, , f or(sedPhs Mettod BPsHowihFigl#. a pre-scaling factor is 30

applied to the channel estimation (CE) synbols, which is al so shown
in equdtion (32). CE synbols refer to the transnmitted pilot symbols

that will Ppeaypedekh i’r’?ﬁdée'ﬁtiﬁgﬁ iR Iﬁ'@ﬁﬁ'ﬁ:‘?éaméﬁtaﬁ& Ll\ﬁéf%geit isﬂBertrae of

hannel frequency respon such, ater stage, the nee
<;he f eedbdegst periomnhamieaamong 4t the iplemeniations.tihean alseibecsegruthahibe

or o~ scal | rpPRBUBPEHERth Beinby 230 b RER Prif e PRretianed vy  on
process. The fomtiaimplemestatiosi(Metizggd8y. for the estinmated transm ssion

characteristic of the transm ssion fromnultiple antennas such as 5
at node B 303, 1303 nay be normalized to conply with FCC spectrum

const r ai ntwheh cdifdared i\t perftPmainbé fediftsiof the e ipfléhkbAtioho t he
exi sting preanble structure and the effects of such npdifications on

the per f orMaiBed 3). thegeersatipiimperigmance ase fstli g usinoiha ramstiaining
data to a gpgl Mekintht ndinber 56 86h-chRictRsibRiGABPLEIRRMsYTRele the

al l ocation of sub-carriers for each antenna may follow the sane

char act er i scppd dsplemendation (dethpd2ajesd in thedowdh implemepiation (Methoke

equi v Nt aif: I i I : i i .J.0Nn

(o " I BANABRLERR . Nl I8 delfidaliof ) pBEmidhebn o i
implementation (Method 2b) is significant as a result of using the random

selection in order to achieve an implementation with lower complexity.

Overall, it can be seen from the performance results shown in Fig. 22 that the
25 first implementation (Method 1) provides the best choice for the selection

criteria.

As a side remark, it should be noted that the performance resulis shown in
Figs. 23 and 24 are based on the channel realization of Case C.

30 .
Fig. 23 shows the packet error rate (PER) performance results for the data
transmission rate of 480 Mbps for a communication device with and without

using one embodiment of the invention.
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of the method of transmtting data to a receiver nay be used for
automatic gain control (AGC), synchronization and channel estinmation,
for exanpve) 20803884t any nodification. 20 Since the eqBCVal§8/000335
frequency sel ective channel Ho(f) may be expected to exhibit a
flattened spectrum as conpared to a conventional nulti-band OFDM
channel, |l ess signal distortion and inproved robustness for automatic
gai n cont daimqradefail, s\neciorpancacopparsan ofihe varoussimplrmeiations with

expect ed, r 'ﬂiﬁﬁﬁﬂj Thi : he probability of

noi se arrplglngivé*a Ion ee\;%ae!;r@péﬁ@%%‘%%ﬁ&%ﬁg%vﬁgﬁﬁﬁ\ggfsi onis applied to
channel equalization, for exanple. Next, the Packet Error Rate (PER)
perfornmance results fot, t enbodinents of the peth of transmtting
fiat a1 8" a IFRrEps 8pon I oo 3 4t OB AT TR DR ARV TR SR8 Ehance
resul ts olwanahs 18 SorhRRicEEoM dedde by Usiteseh ehbs@inidhe osthandaihdd of

W Media \led .0 communi cation devices. In this context, the |EEE

802. 15. 3a tanemitiae §atacieanraseivepwith Jourtransavianieanas, Sarthen itoan be

simul ati ong, ok tﬁgﬁeﬁeﬁﬁaﬁe d%ﬁ'@atmed tgprﬁi(%ﬁ%t ti%ﬁnb%\?%t%ﬁﬁs

system channel reall’zati ons corfespondin mu antennas are
gener at ed witesr ealibkifioR(09 B6DE8 643 BAT ABCREOSTEMEEEe degranation @ oper |y

spaced ant ennas, Wi t h rrel at | t.i pat h fading and correl ated
shadoallong."eelil‘f"@tdetoa‘f’r"]éy q;%ﬁﬁ Vi’%b%aqﬁfé{u@ﬁ‘dﬁﬁér" 1 listed in table 1900

shown in Fig. 19. 5Fig. 19 shows a table 1900 descri bing the channel

nodel s used in the sinulations carried out on enbodi nents of the
i nvent i on Addifiongiiwribis diotadhat thesperigimanes deg@dptiontmay jeppdgliR s a

Ly ansm SsiafbriieMedsy Eéliﬁr%kﬁ)ﬁfgﬁ{b?%’b% BRYy'=BBEP10% drfpm about Om to

about 4m Furt I ne of si IS assuned between the
conmmuni cation devices which may be transmtting on the said

5. ozm®: < enes b ATt B N A AP, BSUARE 0, 7

for the eniiMBdientlscoimuhieatiet Hedcebytusigsarbedimgntiaf the esthod etei ver,

ant onnas. SPESBUGS ARGHo 4 5hel6r B LB BEH REERERREREY 1 g nGaict
wi t hout shadpowt@gs. Case B: | ndependent fading channel with

i ndependent shadowi ng 20 Case C. |ndependent fading channel with
correl ated shadow ng

20 Fig. 24 shows the packet error rate (PER) performance results for the data
transmission rate of 200 Mbps for a communication device with and without
using one embodiment of the invention.

- Similar to Fig. 23, a performance comparison of the various implementations

25  with and without the calibration process is also shown in Fig. 24,

It can be seen in Fig. 24 that a 3.3dB gain may be achieved for a standard
WiMedia 1.0 communication device by using an embodiment of the method of
transmitting data to a receiver with four transmit antennas. Further, it can be

30 seen that the performance degradation due to mismatch is only about 1.6dB
when calibration is not carried out, but the performance degradation is
reduced tb only 0.4dB when calibration is carried out.
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The channel realization of Case A corresponds to the case where
properly spaced antennas with uncorrelated nmultipath fading are

assuned. TR Kbsyasss realization of Case B corresponds Loy 2@&1,33@1},]55
case where properly 25 spaced antennas wi th uncorrel at ed t| pat

fadi ng and orrel ated,shado surred The hannel

ool a0 AR EiSd BARAAR (L BeMRHIRE eSS s spaced
ant ennas wirehligiblonhen tHeestessilired palibratiad Fagors Have @hleatied 0shagem ng
are assuned. Further, the distribution of the channel nodel for Case

Cis aligned to the neasurerrent results [2] 30 In this context, it

shoul d be madpbd Baén %H@a?tmé?é aIMBBAG g}a?n é&%‘@ad f&rg's@énda?'g to 22

are based on the channel realization o 0 shows the
packet &rr d¥iMedia1 (Qmmplercrabmdﬁwee :besusirtgsem bmdlmet déiha methodwf ssi on

w thout ustabSnuhd sibEierAretobr bith AGRIPY $1cohbPEsAE 1 B tibmalth”
Fig. 20 th&tatao&ﬁmm.gal n may be achieved for a standard WMedia 1.0

comuni cati on device by using an enbodi nent of the method of
transmtting data to a receiver with four transmt antennas. Further,

it can al swez@mg{m@t FekSfEreiate (FERPSrfHaRLE fed S fér RbERT d

W Media 1.0 conmuni cati on devi ce by u5| ng an enbodi nent of the nethod
of trah@m trﬁnw@lswrtr@t%mf GB%Mb@@@veethwhamnemahz&mgrfbt Case Bnfras

These per | obARAGTAR AR B SIOBH IARDERS cfbookiSafURgHl mont S of

he nmet hod "0 ransm t 0 a recei |gh dat a
ate transimvestioms. Additionally, it should be noted that channel
codi ng with high 15 code rates (such ask= 3/4, for exanple) which nmay
be used by a standard W Media 1.0 conmmuni cation device tend to be

| ess ef f ecBindigaritd FigeliR3landi2424 peifommsiesconiitfison of tHelvar®lsshows t he
packet error rate ( PER) Performance results for the data 20

transmidsi BRPIEEESEONS ¥ it withowtipe calibratign piocess sateriahew irofig.
device withsand w thout using one enbodi ment of the invention. It can
be seen in Fig. 21 that a 3.6dB gain nmay be achieved for a standard
W Media 1.0 communi cation device by using an embodi ment of the nmethod

of 25 tran @ahtd heh 025% %%f 8&“'“8 %Hrach %@3 hﬁ?or o

Furt her, can een gal e ac |eve
st andar d VWM&daa ‘n.OG:ounnmmatmt de\nceiby usiaghan embmgnwnt eﬁﬂhednatbnti opf

L e o0 G B e o Rt P A5
per f or _rmn_cwhgalcnmpiat@d fceﬂldo}‘zwmmgrgén pedobashdegdis aOIﬁlet/éw Imﬁ@ﬂ Qd iof
R TN R N S G ET S A A G
%N Medi a 1. QoGediBimeGRifopmafey g&R: achievable may even be higher when the
embodiments of the method of transmitting data to a recelver are used.
25
Further, it can be seen that the performance degradation due to mismatch is
only about 2.8dB when calibration is not carried out, but the performance
degradation is reduced to only 0.8dB when calibration is carried out.

30 Additionally, it is also noted that the performance degradation may be
negligible when the measured calibration factors have only about 10% error.
it can be seen that the overall performance gain achieved for a standard

WiMedia 1.0 communication device by using embodiment of the method of
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Fig. 22 shows the packet error rate (PER) performance results for the
data transm ssion rate of 480 Mips in CMB (4-10m) for a conmuni cation
devi ce w two and/oygsshout usi ng one enbodi ment of the i neensGows/ 000355
nore detail, a performance conparison of the first inplenmentation

(1 abel ed q%n%/ﬁﬁt?]ﬁgldéia toté‘F'ec.%%P{M{hicﬁ%ﬁﬂ@ﬁi@%@geﬁzﬁi@?&% adsdYRichod

2a), the t mentation (labeled as Mt and the fourth
i npl ement a$ about(9.4d| ed as Method 3) is shown in Fig. 22. It can be
seen in Fig. 22 that the first inplenentation (Method 1) shows the
best performance anong all the inplenentations. It can al so be seen
that the sigop6 shoplseieriaakeporroMEtb (BER) )pesfoanance castitarfabthe data

performance with the fourth inple afion (Method, 3). 15 Wh
P orpar 4 HENBTESSRT T2 R AB0 MBBH M R tarucem e SHORmpiiaand
(Met hod 1)yitHolieStRE oRE A RSHIMBNISTthE iTBAGSH.as a result of using the

constraint on the maxi num nunber of sub-carriers allocated for each
antenna in the second inplenentation (Method 2a) and in the fourth

i npl enent g jo Need , :
donr adat | Sheathoh SEpR et ihe Yt B albl-H5R AR AERa R HREREimb8e |
Si ﬂ ni fi Caﬂtan@ﬁalitaaﬁcﬁmb_tvecffomiﬁd?:hhhﬁfor amdlpmaeé@mwtbtg/mmslﬁrrse}mhﬂﬁ
achi eve an i enentation wt ower conpl exity. ] rall ., it.can
bo sedf f ABIMtIPINPLE MRleCutRLLL BPRETVRAN: SYSteny. It 35 OBRgivebaba
first inplgymeniaat i ean (BBt Bgkledad M5y vihee prégdiele Muls-bahe esFIs-hao
selection criteria. As a side renark, it should be noted that the

per f or mn&eMBIcAoNsHPIRM iWIthe? fansmi antennas ande2 ecaling Anieneags @&nnel

realizati 3 i t: er t R)
per for mn%@nﬁ%g%?@t hfCt gre %ﬁgb%gt%‘?gﬁgﬁﬁos@ﬁéﬁﬁ%@?{éoﬁf k %8&&@%&%& a
communi catthatnchimriet estimationndll viauseuonly shimimahdegntistitment thef SFRE

i nvent.i_on. n_nore detail, .a perforrnan C i j_ OuUS
ol erfdnt RErBHTANTS HMGHVE: s 0popRETclrT MeafiimsnEs dBord et el
Fig. 23. 50l RFcaisnstcheienabsutFRdgB Rdhdidtabnyg chlibdfiogaiThenpgrftrenance
achieved for a standard W Medja 1 C ni cation, devige hy usjng an
enbodi mentdegra @”HECHBH}S(J‘PSSI: hﬁ’ﬁ's% ?ﬁ?ﬁyﬁaﬁfap?%edap?eéﬁéﬁ(élyﬂwfﬂﬂ%f our
transmt 3 ss¥iate tHat tHd@easied GANbRER E&aflorsaivet 108, BROFOT Mance
degradation due to msmatch is only about 2dB when calibration is not

carried out, but the performance degradation is 10reduced to only

0. 5dB pheryHealtb R, ahé (H(}/eiaﬂl BEFSrhRMCcE UbprdVidrit A foVihel propSsé@ it hat
t he perfornmance degradation may be negligi ble when the neasured
cal i br at | GanT ES-MIN soBHmyngationt system d2Tss 2REwith Prerabiratiamfon hat

the over althe Rﬁ%ﬁﬁcﬂ%%ﬁo%dﬁ gﬁg}itﬁé’g%nfdgfd il?!hgi%dﬁﬁd WMedia 1.0

conmuni cat'i on devi ce Dby using enbodiment o nmet hod of
transmtting data to a receiver with calibration to conpensate for
the m srratFrig i2§' g 8*}&% tﬁngacket error rate (PER) performance results for the
25 proposed Multi-band SFTS-MIMO communication system for the data
transmission rate of 480 Mbps for CM1 with and without using one

embodiment of the invention.

it is observed that about 10dB gain can be achieved by the proposed SFTS-
30 MIMO communication system with 4 transmit antennas and 4 receiving
antennas as compared with the standard WiMedia 1.0. It can be also seen
that the peri’onnance degradation due to mismatch is more than 2dB without

any calibration. Similarly, the performance degradation becomes less than
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20 Fig. 24 shows the packet error rate (PER) performance results for
the data transm ssion rate of 200 Mops for a conmuni cati on device

wi th and wwohoatosssisng one enbodi nent of the invention. PCT/SG2088/0m035ar
to Fig. 23, a performance conparison of the various irrpl enent ations

25 with angqpi éfmumet .b}%gsgéd ?’i@hhlﬁi}aﬁﬁrpcﬁ%@ nbﬁc@db%ﬁ eﬁioa- is24-

It can be seen in Fig 3dB gain may be ac |ev

st andar d Wniglilizle whercibmeassed @ﬂihﬂétmw@ctgrshsvengo%mrmOm rrent of
the nethod of transmitting data to a receiver with four transmt
antennas. Further, it can be 30 seen that the perfornmance degradation
due to m sThexfones titn byemltiqparfotmadee whproveadntrdak tOrthéSprﬁpdiseIﬂMLilth

out, but t r mance de radatjon i uced o onl B when
calibrati Oan@%&J&% Fergmydhycat Oi\dﬁf’{q t?'l "§ﬁﬁ ratigngfop the, ﬁt‘ﬁé‘ﬂorﬁ he

per f or mancgHesHERgeér tA8 s[ﬁ%ﬂaﬁ?\ﬂﬂ%ﬁ@1 bl e when the measured
calibration factors have only about 10%error. It can be seen that

the overall performance gain achieved for a standard 5 WMedia 1.0

Cranem {11 F aab et Xpe el TR R R PEOThNRE, Risuts, for e

transm tti elvér Wwth Ca corrpe
t he m smat ptmmseabrduttu-@arﬁﬂIEFTFS -YIMED cohtmsnitatorp agktetn emhouz t_rahemut

(PER) performance results, for he dat sm ssign rate of 480
Vbps olbr SHENERAARAR TSI naatamas At Qhadbes by g5 BamAbh: cat i on
device with and w thout using one enbodi nent of the invention.

&1 mlar to Figs. 23 and 24, a performance conparison of the various
5i npl enenkt 4% PBsEVRM thatspimeipeRBlmandeegainl Gan be peheyrd by dke prongsed

shown in FS?TS%SM@WW%@@%@%%WFWh rﬁg%éﬂ“@étaar & 3&%0%%%&%&

achi eved for a standar COmuN? cation device y using an
enbodi ment thefstandarddViMetliafl. 20 transmitting data to a receiver with
four tfﬁansmt antennas In this context, when conpared to Fig. 23, the
| ar ger”“per f or mance gain achieved in Flg 25 is prlnarlly due to the

I ndependenTheriefatewhighee ldataehroughpst caabe adldevgapey using the proposed

Multi-band SFTS-MIMO communication system with higher order modulation
such as 16-QAM (Quadrature amplitude modulation).

20 Embodiments of the invention may have the following effects.

Embodiments of the invention provide an elegant and low cost means to
achieve full spatial and frequency diversity at both the transmitter and the
! ) receiver as well as the antenna array gain at the receiver, extension of the
25 transmission range as well as enhanced robustness. Embodiments of
invention also maintain its interoperability with present communication
devices, and as such, may be applied to enhanced communication devices or
next generation communication devices.

30  While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the
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bound of the performance gain achi evabl e may even be hi gher when the

enbodi nents of the nethod of transmitting data to a receiver are

used. 25 MIQLKHEN385#3 can be seen that the performance XeFC&AWEOERdue

to msmatch is only about 2.8dB when calibration is not carded out,

but the p@ﬁp@hdﬁ@cmﬂegﬂwwdmfitm mdumdssttbu@mid;catthUBthmen

calibration is C@ i, ed OH qgg Addlh naI i s alsp not d that

Che. per f orfRRRBHSAE TR AT o PRYOBEWHECITEN bR mogd

cal i brati off dhreRinty R Q8in ﬂ’@QHére?&%’Ou‘i’céﬁ@éd to| be EMbratRdseen t hat

t he overall perfornance gain achieved for a standard WMedia 1.0

comuni cati on device by using enbodi nent of the nethod of

transntttl i hidis lon to conpensate for
IH%HQ%BS% pﬁﬁ&%ﬁ@b%ﬁkﬂﬁ%ﬂ@@%ﬁhﬁQﬁ@ﬁ

t he nlsnatch 'S ows the packet error rate
(PER) performance results for the data 5 transm ssion rate of 480

IVb i n
N e oA 30 S G S e By 2000
caI|bratlqﬁtUﬂﬁngﬁgngéagy@@ugggogmgghkypIe transmt and receive

front-end chaln for the proposed Milti-band SFTS-M MO 10

(multiple-input nultiple-output) communication system It is observed
t hat & 06dHB2h4i Kuriseh ard ddfarepedMeasurenseprepatean plinghaspestsiorm MO

conmuni cat v

ant ennas éégp(\)ﬁn%z%@g]c\‘){labﬁ It ,{%E%{‘Q%@?@W@Eﬁ% .07 rrpgf%hem%ﬁ on.

i s al so n@tioeyB4ltrabre; ey 2002 st i mati on will cause only m ni nal
degradation on the SFTS 15 performance. Moreover, it is observed that
t he perfornmance degradation due to RF mismatch is about 2dB w t hout
any calibration. The performance degradati on becones | ess than 1dB
after t.he proposed pre-calibration where we assune that the neasured
calibration factors have 10%errors. 20 Therefore, the overal

per formance i nprovenent due to the proposed Milti-band SFTS-M MO
comuni cation system (21x, 2Rx) with pre-calibration for the m smatch
i s about 5dB over the standard WMedia 1.0. Fig. 27 shows the packet
error rate (PER) performance results for the 25 proposed Mil ti-band
SFTS-M MO commruni cati on system for the data transm ssion rate of 480
Mops for CML with and wi t hout using one enbodi nent of the invention.
It is observed that about 10dB gain can be achi eved by the proposed
SF15- 30 M MO conmuni cation systemwith 4 transmt antennas and 4
recei vi ng
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antennas as conpared with the standard WMedia 1.0. It can be al so

seen that the performance degradation due to nismatch is_nor é’qm§62003/000355
2dB without any calibration. Simlarly, the performnce Hé@ﬂ‘mﬂlalt Peptember 2009
beconmes |l ess than 1dB after the-proposed pre-cali-bration. -t +S
noticed that the degradation is negligible when the neasured

calibration factors have 10%errors. Therefore, the overall

per f or mance CGLApMdvenent due to the proposed Milti-5 band SFTS
comrunicati on systemw th calibration for the msnmatch is nore than

9dB over the standard W Media 1.0. Fig. 28 shows the packet error

rate (PER) Mémtirdi@imediesults for the proposed Milti-band SFTS-M MO
communi cation systemwth 2 transmt 10 antennas and 2 receivVving

ant ennas at 960 l\/bps by using, 16- It is obse rvegj@t at, sone

perf or mance tgai nA Sgtheskof3ramsaiiiee tt%%rﬁ‘:ﬁeﬁﬁb

communi cat i %nﬁﬁ;&é@ﬁbwta*‘p{h}iaﬂi?@f sﬂkﬁtané@meaﬁetﬁ@hr@ﬂﬁwinngl th the

st andard W Media 1. g %ﬁe, bi gﬂ\pr g%a throughput can be

achi eved by usi rf&c?'ﬁ’élg 363 BRRMVET Si® NP SEFSERFXY conmuni cati on

system wi t h hi gh®tereminieg, nodubadh osubsuneierasnd 6 fpAcl Qubida apluradity of

PPl bt e CRARERBtAR) o B8 SIRAH IOt SO BRIR o Ber ka0 ke

fol |l ow ng efFPLRY! Prents o e 1 nventl rovi'de an el egant
and | ow costused imdranemiiting ﬁ\ﬁedatﬁ.l 4 tremranissien almaﬂew@eqf@ytraﬂsmsm@f at

both the trapsgid &ﬁie@l‘?&nttﬂg r& {Y@Eheaﬁ'ltmal ofefe ifdRsAbe DR AT B

gain at the receliver, extension o he 25 transm ssion range as well
as enhanced reasbiedtsHEES. Enbodi nents of invention also maintain its

;3 nt er oIoer Sblt lit y%deh;s&hc?am@%tmw?mmeé@éémewm of ainslirarssndsitdn ofmay
e applied to enhance ni cation Qr LAkl O
communi cat i & FubCRRIE fc%"%?l Caidatc fong'é% ”ﬁa%n %n pr}% Elte%:u‘%}arr\ y
shown and de@aémheﬂnvmfttm rselﬁ-eemcé'on*(ﬁhemmmadoéh@mﬂemnt%detﬂmlsﬁ@ul d
be understo thos i

8 5?1? ﬁgvnb a?a{%é sﬁg oF . tltangmi%%lrontolf'g'}e MALEDHE AR tdrTha

form and de erein wt arting fromthes irit
and scope ofto theersicaivenbassy erstheefanseissiop m@ct%ﬁ%ﬁae&raawaiswen

scope of N LOYER i the rbduiferloeGiclaby the appended clainms and
al I changes mﬁ

cone he meani n nd ra e of. e I of
the clains #@Ci"l‘fbrf@f?ﬁca SPHt%Htf‘éoa"t @twag%ﬁ@r%@ bqf ﬁ"tﬁﬂﬁ% tég’ce Sjr%%ﬁt
the fol | ow g AYlah§alskidnR df hetdubedhirier based on the transmission characteristic of
’ the transmission of the sub-carrer from the antenna to the receiver.

2. The method of claim 1,
wherein the data to be transmitted using the plurality of sub-carriersis
! data of 2 communication channel of an upper communication layer,.

3. The method of claim 1,

wherein the antenna is selected based on a predetermined criterion with

respect to the fransmission characteristic,
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[1] J. Foerster, "Channel Modeling Sub-Committee Report Final," Feb.

2003, http://grouperieee. org/ groups/802/.15/ pubt 10 [2] J. KuRCT6$C2008/000355
J. Panp, "Measurenent results and nodeling aspects for tRecei®dB Ir3egtember 2009
channel ," | EEE I nternational Conference on UB (UABST 2002),

Baltinore, May 2002. 15 PCT/ 5G2008/ 000355 Received 1 Septenber

2009 CLAIMS Wat is claimed is 1. A nmethod of transmtting data to a
receiver, wher eifmetrhethddbéclain 1.veresein theagceizenigceivesithe gBhsmyitied data
sub-carriers, th eiving, by a transmtter, a

si gnal frorﬁ’?ﬁ@e% [E@bg%?a%mt‘} dﬂﬁeer!n(raﬁgm ng, for each sub-carrier and

for each of a pI urality of conbinations of the sub-carrier and an

ant enna of g pl sl ieflr BBPANRrbiR REHS Ko ERhEARERITGl RG { he

data, a transm ssion characteri'stic of transm ssion o

sub- carri er irénsoitterie thetseiver ancthe selesliands raTied oviry th?é(ﬁ&?ﬁ“&‘?%r based

on the received signal; conpensating the difference between the

properties of the transm ssion of the sub-carrier fromthe receiver

to the antefna ai@ ’T‘ﬁ@"ﬁ%ﬁ‘émﬁé@h%?mﬁ%gqt?&n@ﬂeé@ﬂﬁrﬁ%%oﬁé&

sub-carri er yh4pMée 1RekRBRAr &6 thB&cleetid iy etrribd odehethairemsiver,

transm ssion characteristic of a transm ssion of the sub-carrier from

the antenna to the receiver based on the transm ssion characteristic

of a transnyssi orheohethoe of dbine 8rwhareinfihereceiver signadd thesetestierie the

ant enna, se ect i for each sub-carrier, an antenna of the plurality

of antennas ?'BS”HE used for the transnmission of the sub-carrier based

on the transm ssion characteristic of the-transm ssion of the

sub carrier fromﬁmegﬁh%@e@rﬁq the receiver. 2. The nethod of claim
erel nthe data to be transm.tted. usi nﬁ hb ;Brr&lérfyyof()f

subscar riers is WRIGINGhS FapERFEAN CRAPERTITAR M FOLA ‘ﬂ’gs r

communi cat i g dodBlinication chagnéTeisBothr enerhittingtis sub-carieniriwedmthehe

antenna i s sel ecte d?fmeggon a predetermned criterion with respect

to the tran&ni€88? 8A &ristic,

9. The method of claim 8, ‘
~ wherein the transmission characteristic is information about the quality of

the communication channel.

10, The method of claim 8,
wherein the transmission characteristic is a channel state information.

{ 14, The method of claim 1,
wherein the data is transmitted by modutation of the plurality of sub-

carriers and transmitting the modulated sub-carriers. using the antennas.

12. The method of claim 1,
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57 PCT/ S02008/ 000355 Recei ved 1 Septenber 2009 4. The net hod
ofclaim1, wherein the receiver receives the transmtted dat@IASGR008/000355
one antenna or a plurality of antennas. 5. The method ®eceived MSEptember 2009
wherein the data is to be transmtted fromthe transnmtter to the

receiver and the selection is carried out by the transmtter. 6. The

nmet hod of claiml1l, wherein the data is to be transmtted fromthe

transmtter to twieereledhe velectinds bheies oLieisk@Bn ascopafib@tiolang by the
recei ver,

t he, recei ye nal s the
el ectton  GeevBeePE RERReRtstesdt MyBoenBshg ol b SOpieRret o B | he
t ransm ssi otragdreission enfeatidgss i s i nformati on about a property of the
communi cati on channel used for transmtting the sub-carrier between
the antenna and the receiver. 9. The nethod of claim8, wherein the
t ransni ssi of3.charteomethiogof claing 1Z,nf or mati on about the quality of the

comuni cation channel, chmﬁwcgﬁ{eﬁefjthgfplﬁél 5 - é%’l‘?ér?b@ﬁb@ﬁ.a O o

transm ssi on characterlstlc I'S annel | nf or na _

nmet hod of cthgimwrality whantennee isselesied to baw%@mrﬁmwtm thepglth-eariiern of
the plurality of sub carri ers and transnmitting the nodul ated
sub-carriers usin ennas 12. The method of claiml,

PCT/ S02008/ %035 e PG@ clgimsdgt enper 2009

wherein the selection is carried out individually for each of the plurality of
sub-carriers.

15.  The method of claim 3,

wherein the predetermined criterion comprises the antennas being
selected for the sub-carriers such that the anterina with the highest quality in the
transmission characteristic is selected for each sub-carriar,

16, The method of claim 3,
wherein the predetermined criterion comprises a maximum number of
sub-carriers to be distributed to each antenna.

17.  The method of claim 16,
wharein the predetermined criterion further comprises
the antennas are selected for the sub-carriers such that the antenna with the
( highest quality in the transmission characteristic is selected for each sub-carrier,

18.  The method of claim 17,

wherein the predetermined criterion further comprises the antennas are
selected for the sub-carriers such that for each antenna, the number of sub-
carriers for which the antenna has been selected is below or equals to the

determined maximum number of sub-carriers,
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wherein the selection is carried out based on a conparison of the

transm ssion characteristics of a transm ssion of the sub-caPdTE8G2@08/000355
different transm ssion antennas. 13. The nethod of clalnRé&mvmilSqﬁanber2009
wherein for each sub-carrier of the plurality of sub-carriers an

antenna of the plurality of antennas is selected to be used for
transmtting the sub-carrier. 14. The method of claim 12,

wherein the selection Is carried out individually for each of the

plurality of arr claim 3, wherein
the predeter %@?‘?ﬂﬁ%%?‘f@n‘g&{}ﬁ’gnsﬁﬁ ennas being sel ected for
t he sub-carri er s @wmmm@tthe kanamissomehanadt¢ristib ef theghesarrigutbinttiye i n
the transms 'cgilgepilaqég%pernhglic Is selected for each sub-carrier. 15,

The net hod o wherein the predeterm ned criterion
conpri ses a maxi rusinara Adration facier-te sempentsete hetsifesncer i but ed to each

antenna. 17. The vUWéfQiﬂQth:alﬁ:‘rﬁionéﬂ%r IWB&ERHIAed an mrrr%ﬁ&% @remrér%%rss.on

criterion further conmprises the antennas. are sel ected
sub- car ri er schaRHetstigof thrpaniptnaand aneeerticRShaagieasic thi%ﬁ’ ?‘?W“'?Eh t he

transm ssion characteristic is selected for each sub-carrier. 18. The

met hod of claim/17 ereLn the redeterm ned criterion further
conprises th Oanmrﬁ'&?%r‘g%ggtf@ﬁh?rﬁ MPRR™ub- carri ers such that
for each antenna mmrhﬁyhgmcaimfatnsnltactmmmhemasdétenmm thndrkissiant enna

has been sel cte .S. bel.ow or e ugyl %@Ieg ﬂ nunber
of sub-carri g'?Egac %@ss"c O?thaﬁ%i?%%’ 6%7%3(5 ecel ve%(?‘l g%%tg}*m?er 2009
; compensated transmission characteristic of the transmission and selecting the

‘ antenna based on the compensated transmission characteristic.

21. The method of claim 19, wherein the receiver comprises a plurality of
antennas for receiving the transmitted data, and the calibration factor is
determined as a function of a transmission characteristic of the receiving
antennas and a reception characteristic of the recsiving antennas.

22, The method of claim 21, wherein a pre-scaling factor is applied to-channel
gstimation symbols at the receiver side, the channel estimation syrmbols being
sent from thie receiver to the trénsmitter, and being used to determine the
fransmission characteristic of the sub-carrier from.the receiver to the antenna,
such that the transmission characteristic of the sub-carrier from the receiver to

( the antenna is scaled with the pre-scaling factor, wherein the pre-scaling factor is

| reciprocal of the function of the transmission characteristic of the receiving
antennas and the reception characteristic of the receiving antennas.

23. The method of claim 19, wherein each of the plurality of the antennas that

are used for trangmission of the sub-carriers has a respective calibration factor
and all the calibration factors are stored in a memory.
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19. The method of claim 1, further conprising: determ ni.n he
Wahsm ssion characteristic of the sub-carder fromthe recei \,EPT?@%QQ@/OOOBSS
antenna; using a calibration factor to conpensate the di RewteddeSeptember 2009
wherein the calibration factor is determned as a function of a

transm ssion characteristic of the antenna and a reception

characteristic of the antenna. 20. The nethod of claim19, further

conpri si ng: multiplying the calibration factor with the

determ ned bLhansgicHHAHiIGRSH S rsrithams@ittind it W@ KrieBdath fom t he

receiver to'the antenna to obtain a co ensat ed transni ssi on

char act eri streesoiitet msingrapleiplitySf svb-gargeseths COMAY NREOLINHRa based on
the conpensabedérgnsm ssion characteristic. 21. The nmethod of claim
19, wherein the recCeiver conprises a plurality of antennas for
receiving the trafd®ed data, and the calibration factor is

determ ned as a §uagkmp@redmgridingansm ssion characteristic of the

recei ving antennas and a recept.ion. cha .0 St L r Vi ng
antennas. 22. The ne? KS8VEP ‘@ftﬁﬂﬁgﬂ?é @/ﬁé‘?ﬂ%‘fené g&ﬁérﬁe@é‘g@ﬁrﬁ%ﬂe\éct or
is applied to channel a g¢ebimainganit synfiyolss @detdnpineeioe pee subtepsrierand

channel ‘estimati ﬁ)r} ﬁz,)r(!ﬂgf’% Etggeﬁiy;& (?éﬁ@‘naiiﬁ%f%@sﬁbe&%ﬁndt& drfdhna of -

transmtter, ari rmne the transm ssion
characteristic ob pluralitgobardamnasde beuged Phibefadansattingthe@t® gt enna,

such that the tr?rQﬁéﬂné%HEh%@ﬁ%ﬁ&tkec{fia%én‘ém%fsiohhﬁtrfate!mn%meiraﬁnft‘hem t he
an al ed w

receiver to the enna I's sc th the%fpbr e-gc,ag nl% f.acé QL
wherein the pre- swsiNenlp amerterng of the bppTYEd Pa5ed PR TRTYTORYS? t he
transmi ssion charact egicghpénsating beit @eiguredng canpamsatsthadiferdnee

reception characteristic of the receiVving. 22 t hod
of claim19, whePEMWEER{LRPEPS 8°gﬁ'3rt'éﬁ"is%§?g@b%¥l @%gﬁt%ﬁ'neégrgtﬁlhtgtg are

used for transm seiciveres thelamtesmb-acdting pogertias otthe gapapiesige of the sub-

calibration factor and al ' deARrfactors are stored in a
memory. 60 B %ngtb%%g%gggkd gzéei ved 1 Sept ember '200§f24e'ac
communi cati on systssedtion unit aerdigitad ta getpEmine. RHeFd HOrREGE A '

transmtted using:a Jbdfebt EmQhatRiBof fersuricgiriet Bed apantennazata on

t i si 1 t i S -~
Sni 1 Gont i pur od Ay Sl FRSEN<E G HRISEY SRS P Red Ty Spta’a VEREHILB

characteristic of a transmission of the sub-carrier from the antenna to the
receiver based on the transmission characteristic of a transmission of the
sub-carrier from the receiver to the antenna, and to select, for each sub-
carrier, an antenna of the plurality of antennas to be used for the
transmission of the sub-carrier based on the transmission characteristic of

( ‘the transmission of the sub-carrier from the antenna to the receiver.

25. ‘The communication system of claim 24, wherein the receiver comprises
‘ohe antenna or a plurality of antennas for receiving the transmitted data.

28. The communication system of claim 25, wherein a callbration factor is used
by the compensating unit for compensating the difference, and wherein the
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a determning unit configured to determ ne, for each sub-carrier and

for each of a plurality of conbinations . of the sub-carrier aR@8T&G2008/000355
antenna of ' a plurality of antennas to be.-used by the fReceived 1 September 2009
transmtting the data, a transni ssion characteristic of a

transm ssion of the sub-carder fromthe receiver to an antenna of the
transm tter based on the received signal, a conpensating unit
configured E@B&ﬂﬂﬁWl@ﬁW@ﬁ:tlthf@&@Msw vieeacteaticpl tpemtires @l t he
transm ssion of the sub-carri mthe recei ver to the antenna and

the pr opert?é%ceﬁﬁ‘oﬂ?f@r?‘fﬁm‘gg] '%ﬂ“ the sub-carrier fromthe

antenna to the receiver, a selection unit configured to determ ne,

for each su-c rler and. f. of

t he sub-car ETe aﬁamgwné%#‘gﬁﬁgﬁ% O%ia&u%‘qv‘%lréh?h%%? ggﬁﬂlhgg§ sed

for transmi plurality df hatathaaaforaew\alngsﬂm:trwmftteﬂ éﬁ@c therdagbriaiorpfacter is a

transm ssi op,of L3S SHRGAILA Harddi Qb BANBH NG hitehi dracei ver

based on th& PTI! nsm ssion ¢ aracterl stic o transm ssion of the

sub-carri erra‘cepirnmditeraceenﬁﬂveftmdewﬁh\éngaﬁﬁtm and to select, for each

sub' carder, an antenna of the plurality of antennas to be used for

the transm ssion of the sub-carrier_ based op the transms

charact eri s€b.c Dfe earamppigation sieshoiAaimgs, E’HBFeHh‘thlCBWpF'P??iJ\OP fRePY

agt enna tﬁ tRiplyRfzathY @Blibrafon EB@r @rmmma@amsmnmteemmﬂccﬂt?e m 24,
erein the recel ver Ses, 0 tenna _or Ity of antennas
of Srrebamisa e By febre e fe Bhithd

for receivi Hg¥HESIPR onmunicati on system of
cl aim 25, V\/nerei n a calibration factor is used by the conpensating

unit for co atln h lurality of
Per15Co0005 0B0Les elfimkhEafYl %ﬁEﬁﬁﬁ iR UREER ?%ﬁéﬁelpuat %’r is a
function of aatehmmmiwstrmnnmm@tt@ pubrGaETienN Nas R resREiyR QA kRTAIY
reception c%&cterl stic of the antenna. 27. The conmuni cati on
system of claim 26, wherein the receiver conprises a plurality of
antennas for receiving the transmtted data, the calibration factor

is a functi@g, ofh@cbmpnsBassh efsishar deite2d, stheczioh prérecaliog €010y
antennas and a rece tio cterjs agt ennas.

28. The com®ARTSEEPC ﬁn%‘{if?@ﬁ?@ fnagg-?ef \A/%@?ee{%&%ﬁ\e@ %}%r?pensatl on is
by mul tipl ylesgnhﬁtm yahbicy mln@aeﬁtd@ﬁbﬁemtﬁvef tethe ransmittesiagH being.

characteristic sLBEafEeFoihiee
fecei ver It ou-tgﬁ %%tg'ﬁm%ﬁ{bstgér%%%noéhé&%r%ﬂ@oﬂﬁ& suBka

enn conmuni cat.i on, syst em of...cl m 26,
wher ei n eachemﬁﬁven‘h@ﬂ‘plam%ﬂﬂ%?U@Tthaﬁbéﬂﬁ%@“'Pﬂ?”f’h%% ?ryg P35 %Ir? of the

sub-carries fgs, ﬁoﬁﬁﬁ@?@éé VP t&ﬁdel é@ﬁ@hh%scfaﬁ&ﬁwllh th@Qpre-Staling factor,

communi cati on system of rein s
appl i ei:l toI C-‘rhﬂﬁ%élth%l%rﬁ‘sr?é{‘”% C WSF‘E’%%I qf%eeoﬁuggwﬁﬁwv%{%%%m

channel esti dmidcﬁimsﬁc/ BmeeSedtmvmmalstemiasfandr’m@ h@epwf\?éﬁmt%f@n? rithe
ransmtter, and bei n% used to determ ne the transm ssion
har act eri st P9 ARETEEB- carrier fromthe receiver to the antenna,
such that the transni ssion characteristic of the sub-carrier fromthe

receiver 10 41e A BNAuliBRA Sl 29, Bittesgahiniblantory fo

wher ei n the pre-'scal actor 'I's reclproc

transni ssi omtm@@b@tlpsfﬁvéoféﬂff‘%ﬁ‘eraé‘ﬁeé‘?"% ﬁ’&t Euail %ﬁ?ﬁa{gﬁﬁﬁﬁf ﬁﬂ-n%mh Ia?
reception charaghegjtd.c of the receiving antennas. al, The

comuni cation system of claim?29, further conprising a nmenory for
storing calibration factors of all the antennas that are used for the
transm ssion of the sub-carriers. 62
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PCT/ SG2008/ 000355 Recei ved 1 Septenber 2009 32. The communi cati on

system of claim 24, wherein the data is . to be transnitted fr &MdT/BE2008/000355
transmtter to the receiver and the selection is carriedRettivdayl Sdpeember 2009
transmitter. 33, The conmuni cation system of claim 24, wherein the

data is to be transmtted fromthe transmtter to the receiver and

the selection is carried out by the receiver. 34. The conmmunication
system of cBai mT3®, connendcationlsysteaceficledm 24| wharkin thindatadd i on to t he

transmtter tral?s%ﬁttec}_ Hg gﬁ}%ﬁ%ﬁﬂé@%r{hg ye?:é@gﬂ é)rx'd t%%jalgltﬁaﬁi%ﬁa@i?gtog grein

t he conmuni cation sys hot: "0 conmuinlc Y 36.
The communi tettiapamigiest em of cl ai m 35, wherein the conmunication
systemis a WMdia communi cati on system .37. The conmuni cati on
system of claim 35, wherein the conmunication systemis a Bluetooth

communi cat i 8h syldwadamrganication systematicEimi2énwisreindhe detads witm 35,

wher ei n t heyg el Fafl (98 raNSHIRER thSh&rdthiEME e QBEIRINGS bhrRBo DUk M
39. The communi cati on system of claim 35, wherein the

comuni cat i B reSai¥&m i s a Certified Wrel ess Universal Serial Bus
(Use) communication system 40. A nmethod of transmitting data to a

fecel ver, vprelp the dalabe LIANSTLL U S0, PIERL §4ndl e

selection to the transmitter. :

35. The communication system of claim 24,
wherein the communication systern is an ad hoe¢ radio communication
system,.

36. The communication system of claim 35,
wherein the communication system is a WiMedia communication system,

37. The communicalion system of claim 35,
wherein the communication system is a Bluetooth communication system,

38. The communication system of claim 35,
wherein the communication system is a Firewire communication system,

{ 39. The communication system of ¢laim 35, _
‘ wherein the communication system is a Certified Wireless Universal Serial

Bus (USB) communication system.

40. A method of transmitting.data o a receiver, whersin the data is
transmitted using a plurality of sub-carriers for a mulfi-band Orthoganal
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PCT/ S02008/ 000355 Recei ved 1 Septenber 2009 Frequency-Di vi sion
Mubtiplexing (OFDM U tra- W deband (UWB), system the nmethod PCT/SG2008/000355
conprising receiving, by a transmtter, a signal from thRedkeRegi\®piember 2009
determ ning, for each sub-carrier in each sub-band of a plurality of

sub- bands and an antenna of a plurality of antennas to be used for
transmtting the data, a transm ssion characteristic of a

transm ssi orFrefudniog-Diviéion dtultiphsxirigr OFDM) eitrsvidaband (OWBh eyaamhetga of

the transmtt %ased.on t he recei ved signal; conpensating the

di fference HB%% ROPRE"? operties of the transmission of the '

sub- carder from tdveiviregs by eemntmitich @ sanabiora tendctiher, properti es of the
transmission of Lhe SieCoTier 4EAMIDS BULLANRMA L FRSR) P Lul-

eterm ne a tranSm'ssion’ characteristic of a transm ssion oOf the

sub- carri er Handsnantienaarttemnzach @ pluradity fcantanses hade disew ferteansmitting the

transni ssi oma@q‘ﬁgﬁﬁ@% gh&fac@n&trqgég%t ' éhacg{) of 8 stBRahfd 4 fHeOM

the receiver t0t , 2| ecti ng, r each sub-carrier in
each sub- barfegeivar tatiestiiennss oftiretransmitiaripegedben tistreenieas! ¥ghale used for
the transnissi ono&%{aéﬁ@tiﬁg bheCdfidrbfde btv@Athe PiibebiRR b BRSAMsATssIdRF

transm ssion characterjstic of the transm ssion of the sub-carrier
from t he anttBhad-carrengondagreasaiver tgthe anpentaanldae grorerise of 1§
wher ei n t he ighabmidsiornd the QISEaErtidrEEbrisiengtdnhe tptherratditer tolietermine a

b-carriers is data of a.co i cation.ch el ,of
communi cat | dEPISION AR Pt B R &) gh i st car (g He antenna
{intenna i s deliecteodivbaismmad on the ramatissymihasatteistic of # bansuistion ekthect
o the trans ssion (AAFAGLEISY fro anfidnaThe Method of claim 40,

wherein the Téecelver receives the transmtted data via one_antenna or
a plurality of asmelentings for eagh suhearfighingachFulPaidnPRoNteRRRPEIR t he
data i s to b hftaes Hhtohesk hruRMdeh eottiaisiBnissin 6fand Beb-tafed Meacrnd
the selection is carri d§1ut %ét,hetrans '.tgerfh64 ission of

PCT/ SG2008/ G P58 Rt 0B dheyrasaisipiehantirgsiaef the Hansmies g oL e &% m
40, wher ei n daherd@trathesritannbao thearsaivért ed fromthe transnmitter to the
receiver and the selection is carried out by the receiver. 46. The
met hod of claim 45, wherein the receiver signals the selection to the
transmtter.41t. The method of claim 40,

wherein the data to be transmitted using the plurality of sub-carriers is
data of a communication channel of an upper communication layer.

42,  The method of claim 40,
wherein the anterna is selected based on a predetermined criterion with

{ respect to the transmission characteristic.

43. The method of claim 40, wherein the receiver receives the transmitted
data via one antenna or a plurality of antennas..

44. The method of claim 40, wherein the data is to be transmitted from the
transmitter to the receiver and the selection is carried out by the transmitter.
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47. The net hod of cl aim 40, wherein the transm ssion

characteristic is information about,a property of the comunP€dY§@2008/000355
channel used for transmitting the sub-carrier between thReaintedringepamcber 2009
the receiver. 48. The nethod of claimA47, wherein the

transm ssion characteristic is informati on about the quality of the

communi cati on channel. 49. The nethod of claim48, wherein the

transm ssion characteristic is a channel state information. 50. The

net hod of cl «?3 m 49 meth?d of’@&?ﬁ'#d" ﬁhgﬁeirgﬁ’lﬁ%alasisgd BOS TRy BYm tlp]e

nodul ati on t he plurali sub-carriers and fransmtting t

nodul at ed sufRNGETIRErde E‘Btfﬁpﬁgef’tﬂ\'@’ thp Selpeies is capriedrpld bydheereedyEr.cl ai m
40, wherein the selection is carried out based on a conparlson
.of the transmi ssion characteristics of a transm ssion of the
sub-carrier for dnPmaaed ot dainsth YEesin BRrersives siongs thersrletign fpireof
cl aimb51, transmitgr ein for each sub-carrier of the plurality of
sub-carriers an antenna of the plurality of antennas is selected to
be used for transmitting the sub-carrier. 65 PCT/ SG2008/ 000355
Recei ved 1 Sﬁpteﬁheméﬂﬂﬂoﬁﬂaumﬂm nmet hod of cl aim 51, wher ei n

the selection i s“@g}:er #ﬁ% tf4 Wo% éh%fa?e;#ﬂal rlnfg%lamon ab tea B OH&I%( fty

of sub-carriers
the communication channel used for transmitting the sub-~carrier between the

antenna and the receiver.

48.  The method of c¢laim 47,
wherein the fransmission characteristic is information about the quality of
the communication channel.

49, The method of claim 48,
wherein the transmission characteristic is a channe! state information.

0. The method of claim 40,
wharein the data is transmitted by modulation of the plurality of sub-
carriers and transmitting the modulated sub-carriers using the antennas.

51. The method of claim 40,
{ wherein the selection is carried out based on a comparison of the
{ransmissiaon characteristics of a transmission of the sub-carrier for different

transmission antennas.
52, The method of ¢claim 51,

wherein for each sub-carrier of the plurality of sub-carriers an antenna of
the plurality of antennas is selected to be used for fransmitting the sub-carrier.
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"selected for the subcarriers such that the antenna with the %&%008/000355
quality in the transnission characteristic is sel ected fRgecgd September 2009
sub-carrier. 55. The nethod of claim 42, wherein the

predeterm ned criterion conprises a maxi mum nunber of sub-carriers to

be distributed to each antenna. 56. The nethod of claim55, wherein

the predetermned criterion further conprises the antennas are

selected fo sub-gcarri.ers ch that the antenna with the highest
quality in %ﬁe t rbehrs“ﬁﬁ? {Eﬂgr'act eristic is selected for each
sub-carrier. 57.widreintae beldctﬁﬁn is barried 56t individually fohesabiafl thehglurality of
predeterm ne CI’IHEFI’I on further conprises the antennas are sel ected

for the sub®CarTTErs such that for each antenna, the number of
sub-carriers for which the antenna has been sel ected is bel ow or

equals to t det nunber of sub-carriers.. 58. The

met hod of c?gl m ﬁ%gfﬁgrﬁﬁmngn sing: using a cali bration factor to
conpensate the dvidreindhe gredeterminedygpitarion sompsegne patgnnambeingt or is

det erm ned @sieded W1thé Q0b-2hmidrs LRASHAL SR Qﬂerﬁﬂaﬁaﬂfﬁﬂwﬁwﬁbhﬂhmutytnhme
antenna and a reception characteris he antenna. 59. The net hod

of cl ai m 58irehgipisFap Cﬁﬁ'ﬁﬁﬁﬂr'ﬂﬁése'@@ed%f eaclp;gql? 89§68/ 000355 Recei ved
1 Sept enber 2009 mJI tiplying the calibration factor with the
determ ned tran SSI a%mlc EI‘I stic of the sub-carrier fromthe
recei ver todthe Afn a conpensated transm ssion
characteristic cmhe:’em thearmmtcamlrm caitelios ebmptisases rhAsimam eumbertsdsed on
t he Conpens@%f%%%%@eﬁétﬂ&t%‘?&@ﬁhﬂ kefkC:  60. The nethod of claim
58, wherein € recerver conprises Naral tty of antennas for
receiving the transmtted data, and the calibration factor is
determ ned ag a -f-ﬁ@ﬁ,@tﬁb@ Aliafntsansm ssi on characteristic of the
recei ving antennas and, a rec? tion characj; K1) istic,of the receiving
ant ennas, wherein the predetérmined criterion further comprises

the antennas are selected for the sub-carriers such that the antenna with the

highest quality in the transmission characteristic is selected for each sub-carrier.

wherein the predeterm ned criterion conprises the antennas bﬁtg

57. The method of claim 56,

wherein the predetermined criterion further campriseé the antennas are
selected for the sub-carriers such that for each antenna, the number of sub-
carriers for which the antenna has been selected is below or equals to the

determined maximum number of sub-carriers.
58. The method of claim 40, further comprising:
using a calibration factor to compensate the difference,
wharein the calibration factor is determined as a function of a transmission

characteristic of the antenna and a recaption characteristic of the antenna.

59, The method of claim 58, further comprising:
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61. The nmet hod of claim 60, wherein a pre-scaling factor is applied

t o channel estimation synbols at the receiver side, the chanRell/SG2008/000355
estimation syrnbols being sent fromthe receiver to the Reanediltleptember 2009
and being used to deternine the transm ssion characteristic of the
sub-carrier fromthe receiver to the antenna, 'such that the

transm ssion characteristic of the sub-carrier fromthe receiver to

the antenna is swalipyingdttencatinetion écte alith e deterained wnsmissirn he

pre-scal i ngﬁagacctéé)rfsthk%f {h%(:é&.!%-éé?ﬁér fr%['n fhf ‘?eJeW%F td tﬁ@ aﬂfenﬁjé'f‘a tht@iﬂ%m ssion

characteris € recel vi
char act er i stdmpepEatel dranawéssi Bmﬂeéﬁhfhéfth@ﬁ“ﬂ‘ﬂé“%@%%ﬁ‘@ﬁ“”@l“ﬁ m 68,

wher ei n_eachofy D2 Aldifiab bk BsddAraIAMASERRarble used T or

.transm ssi on sub- carrl as a respective calibration factor
and all the calibration factors are stored in a nmenory, 63. A nethod

of transm tgd ngrrfi;ﬁkhambe o@cfaﬁﬁgs\wﬁeremﬂw @c@ivéhﬁmﬂﬂisas b dlursliansini t t ed
using a plurality of su-carlers ﬁ%g Cﬁg rtlsm%recel\fng
by the tran%’?f?'ﬁ”t@rfo" r&°§“’§‘ﬁé & frResiteR dotacd far <2 ?E’lnr%‘ PG, for each
'sub-carri er d@bmiihed B HF@ldtiby ooﬁ trabdnigeinn clearactedstic of the receiving
transm55|oncharacterlstlc of a tran carrier from
the recei vefIERa5 NG A @?‘fﬁﬁ“%cl}aﬁ%ﬂ?r gﬁ‘ﬁ‘n{e?%}eﬂarg@ﬁe@ﬁgt he received
signal, conpensating the difference between the properties of a
transm ssi o of t he t 19 sbhiRdab ARl and
t he propert s 'Q}e Tﬁ@j%g'ﬁ%ra%%bPWg?Széq%glsg%[mg\[fg&%ecea%ed Sept enber
2009 transnestmaionsymbhls af Ghe wepiveiesds. thmehanaelastiaaiien ?56“%”‘?' ei ver
to determ ng rﬁf%ﬁ?ﬁ%%é&&&% WFa%féFrﬁﬁdrSéddfbesafg @eﬁﬁ@ﬁsm:aem of the

sub-carrier rom e antenna to the recei ver bpased.o @eanterma
transni ssi ofiaRgEgen é‘ﬁ*’a"’ﬁ?‘ieﬂs%’f("féhef subeamierdrog &reﬁ\éerg% carrier from
the recei Ve%uékﬁh!aﬂﬂe aBhemRRion charactesielesitthagub-tariedemh teubcgwerte er

an ant enna @%Eﬂ %P“%[Jgé“lé% W‘tt‘raﬁ‘gt ennas; t qa@t%r %ﬁ:ﬁeﬁﬁ{e &r&%céifn@'?éé{bﬁ@ on

of the sub- Panems aracteristic of
transm ssi oreciroddief Snliumaronmértheftrammwﬁwna?ﬁﬁéﬂﬁifﬁilsﬂ@oﬁth%’ﬁcébfglgver. 68

antennas and the reception characteristic of the receiving antennas.

62. The method of ciaim 58, wherein each of the plurality of the antennas that
are-used for transmission of the sub-carriers has a respective calibration factor

and all the calibration factors are stored in a memory.

63. © A method of transmitling data to a receiver, wherein the data is
( transritted using a plurality of sub-carriers, the method comprising
| receiving, by the transmitter, a signal from the receiver,
determining, for each sub-carrier of the plurality of sub-carriers, a
trénsmission'characteris'tic of a transmission of the sub-carrier from the recelver
to an antenna of the transmitter based on the recaived signai,
compensating the difference batween the properties of a transmission of
the sub-carrier from the receiver to the antenna and the properties of the
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. . ' PCT/SG2008/000355
Received 1 September 2009

transmission of the sub-carrier from the antenna to the receiver to determine a
transmission characteristic of a transmission of the sub-carrier from the antenna
to the receiver based on the transmission characteristic of a transmission of the
sub-carrier from the receiver to the antenna,

selecting, for each sub-carrier, an antenna of a plurality of antennas to be
used for the transmission of the sub-carrier based on the transmission
characteristic of a transmission of the sub-carrier from the antenna to the-

receiver.
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