A METHOD OF TRANSM TTI NG DATA TO A RECEI VER The present application

cl ai n8 t heylipmedidoaQf United States provisional Sappli cagrQ82008/000211
60/ 929,022 (filed on 8 June, 2007), the entire contents of which are

i ncorporated herein by reference for all purposes. FIELD OF THE

| NVENTI ON 10 Enbod ArMETHQD OMERANSMITTING ABAT QO A REEEIVERd of
W rel ess communi cation. 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
transmtti n_ghdata to a receiver, as well as a_15 correspqndin

cormuni cat i ®he PERAENE applicekierolaims dre hﬂ@ﬂtnwmwt@tesm\gsmwm t hat
in genergl , %@ﬁl hBﬁ%ﬁi@z@%mﬂ[ﬂtﬂ??gpﬂ ogzath 'e?at:FH méht's%f\%mch

det er mi ned e transmt power e case ere the
transmt poamrlnocbrporeﬁedhgmh by seferericedar alheunpos@s;der al Communi cati 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) rrask the expected signal transm ssion

range may be only about 10 ne'f'grl-g 5 THE INVENTI@Ns i ssi on of 100

Mops, of; about 4 neters for a data transm ssion of 200 Mops, or about
2 meters for a data transm ssion of 480 Mops. 30 Such a short signal
t ransm ssi oambadimerits of thexaventionaelaié trthediett abeirelps$ communication.

Gotonti o coytet S, Sbhiab At Dt Rirafegt LurlRieBari Akt FoMrip ot

‘theL e; o(r: g mcﬁﬁtéémb!fg; exarmhpiel Bg&mytc’ﬁf&exs;snwmtl | :en;lgcﬁg?leg&mfah? Lrg@gﬁorh or

S onso oo obtae i meBbi of Mhasmitindel thace PSSt soMsitas for examp o.
SSUMVARY Gzco?%pbhﬂ’ﬁﬂﬂo%umcaﬂon device.

BACKGROUND OF THE INVENTION

20 It is 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 signal is also

s 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. It is therefore desirable to

increase the signai transmission range for such a communication system
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In one enbodi nent of the invention, a nethod of transmtting data to
a recei verwowbsresas t he data is transmtted using a pl wcalsczyosdbozii
sub-carriers, is provided. The nmethod provided includes selecting,
for each sub-carrier, an 10 antenna of a plurality of antennas to be

used for t hwhilestiladhesing to Bfe ransmysgion aeweereskigtiens giedo FlEnsni ssi on

characteri sti 1,$Si on of the sub-carrier between the
ant enna and%bﬁlg%%%g{){/ée%rsi'@EBRI EF DESCRI PTI ON OF THE DRAW NGS I n t he

drawi ngs, |li ke reference characters generally refer to the sanme parts
t hroughout the different views. The drawi ngs are not necessarily to
scal e, enphasis instead generally being placed upon illustrating the

principlses of the 20 inventgymmARY OrETHEIINYENWONESCri ption, various
enbodi rents of the invention are described with reference to the

following drawings, in which: Figure 1 shows a comunicati on system

according t I : A0V, [Welp™ I a flow
di agram deslﬁrolﬂ%ie%@%ﬂfggggéféﬂ{e ru%@@%b@gf@\%’t@?ﬁfﬁ%ﬁ lc.')ﬂlltd ﬁgrﬁ% %%g)ogvs
comuni cat ireceisgrs ivwerein dlox datads transmittedndsoy arphurality of seb-camrizms,iisn.

Figure 3 shows a hlock di agram.of.a cpmmuni cation device according to
ona 50 orbdubdad. Tie PRt ame e iR T RRCR0. 2 e85 S Brfateen aci on
of the fiyr eGiiennA Mﬂu%lﬁ?@fﬁﬁéﬁﬁéﬁ otz Wed BetHERkAisSioh oS lB-i Ng
data to a receiver according to one enbodi nent of the invention.

5Fi gure 5 &GN baser anatrapsmisaiopcharacteristic iofp teansmisaionaf te sube

met hod of tr.ansmdt.i Iﬂ?%rﬂ i ccording to one enbodi nent
of the inveclr%3 iionraeﬁt\ﬁ—dla%l#e g'ﬁu’gavvsgn%ﬁ%ﬂel\sgil??ati on of a second

i npl enentation of the nethod of ‘transmtting data to a receiver
according to one enbodi ment of the invention. 10 Figure 7 shows an
illustration of a third inplenentation of the nethod of transmtting

data tqsa receiver acc@BRIEFIDESCRIRTIONOH THREDRAWINGS nventi on.
Figure 8 shows an illustration of a fourth inplenentation of the
met hod of

in the drawings, like reference characters generally refer to the same parts

throughout the different views. The drawingé are not necessarily to scale,

emphasis instead generally being placed upon illustrating the principles of the
20 invention. in the following description, various embodiments of the invention

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

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

25
Figure 2 shows a flow diagram describing the data transmission carried out in

the communication system according to one embodiment of the invention.

Figure 3 shows a block diagram of a communication device according to one
30 embodiment of the invention.




15 transmtting data to a receiver according to one enbodi nent of the
i nvention. woaekAs2ashows a signal flow representation glcfidi8oddab@is
transm ssion carded out in a comunication system according to one
enbodi ment of the invention. 20 Figure 10 shows a bl ock di agram

i 11 ustrati nfigureid showeeah didstrationdeft tbe frieguewcyt deemaial representatioh af ther s
according tog e.eppodi nent of the invention. . Figure 11 shows .a_bl ock
i agr am 11 1 dusthee BRBRS g FRtatd AuRCHER arbPiming A Rl preddyen e,
factors acc@fvdinfignt 0 one enbodi nent of the invention. Figure 12 shows
an illustration of how the conpensation of m smatches in the process
of antenna and sub-carrier selection may be carried out based on the
calibration r pots Hﬂﬂ&ﬁ : i ign
accordi nsg tg&gﬁ%%e 0 |nim§5t§ﬂdt e a|e$11-\8/{e:]nt| on!.em%?'ghr%gh%mé@\%s&a tabl e
descri bi ng fraasmitting)datartodeteseivee detardingdo shengimiddimentosfitheé éveation.on
enbodi nents of the invention. 3 Figure 14 shows the packet error
rate (PER) performance results for the data transm ssion rate of 480
Mops i n CVBFighrd 6ngholwerarfillGstrationi ﬁ%émndwg%éﬁtéﬂbrﬁéﬂhwmé}ﬁw ofisi ng
one enbodi ment of the invention. 5 Figure 15 shows_the packet error
rate (PER) pars®ittiuheatartaaneceivepacecidingde ane embadingentnf thainvegtionoo
Mops iny&M3 (4-10m for a communication device with and w thout using

one enbodi nent of the invention. Figure 16 shows the packet error
rate (PER) pigureirabows areifusttationaf a thied daplamiedtationdithe siadinod af e of

480 Mops in 4-1 r.a.c ication vi.ce, W t.h d. Wt hout
(eing ome olabemiid 5k o ArePaGRRTHBIGRY \@Pof BHebstkA ks R Vs hligh
error rate (PER) performance results for the data transm ssion rate
of 480 Mops_f or omuni cati on device with and w thqut 15 usjng one
erbod ment  BIE0IHE SRR IHEUARG & 8 MRt dre Rt b o
(PER) pgd f ofraR&ARLAESAR S afr@beibérea&ibtr(ﬁn% kP BREeRHoRméEmidT ted inBRtidYPPS
for a conmuni cation device with and wi thout using one enbodi nent of
the invention. 20 Figure 19 shows the packet error rate (PER)

per f or ”aneFif;‘é?é[»’bfsﬁoMra %i@ﬁal@ﬁ:@r FERMER d'ihd 858 tinshiSsidh RarrRYET
the channel Treallzation for se B, for a conmunication device wth
and wi t hout outshigcasn@ upicstion aystemosccording tvene embodipderieT e BRention.
DESCRI PTION OF THE I NVENTION Il lustratively, a comrunication device
with a single antenna may orily have a 30 short signal transm ssion
range ad niiguroi0 shows abclediagorm illustatinga fiest method for determining the

calibration factors according to one embodiment of the invention.

Figure 11 shows a block diagram illustrating a second method for determining

i the calibration factors according to one embodiment of the invention.
25
Figure 12 shows an illustration of how the compensation of mismatches in the
process of antenna and sub-carrier selection may be carried out based on the
calibration factors and the estimated channel state information according to
one embodiment of the invention.
30

Figure 13 shows a table describing the channel models used in the

simulations carried out on embodiments of the invention.




i ndoor shadowi ng or fading, for exanple, when its transmt power is
limted bywoeissnegsd ati ons, for exanple. In order to orersca®sbivetl
above di sadvantages, spatial diversity via a plurality of transmt

antennas may be used in_ such comuni cati on devi ce where

a4 I ts
transmt pduaurergyshavy theinasketsyrar keted BER) merdorpanseasyls forithe data
exanple. | | Wm’ ' VédrimRREfor Beviggt a to
be transm ?Eaggﬁgs%@géoﬁg%@tpg on a@ﬁf%@gﬁ#t%yé of %%—carri elrs, a
mappi ng betwitheand withsuthusirgpone embodinént bEtherinegnties. mray be carried out
according to a predetermned criterion. Wth a suitabl e mapping,
spatial diversity via the plurality of transmt antennas may be

achi eved arggirBe 8 siwdtihe gaeketerfor ratedPER) fperfoembnes fasults fortteadai may
al so be controlled such that it neets the said FCC reg_ul atigns. 10

Accor di ng trengrissiom e #ERGO Mbps e CMR/énl19mhior 2 satpmyRicgtion device
transmtti | ' Is transmtted
using a pl l@»ﬁ%\dﬁ@wgﬁo@ULLSﬁ@:ﬂ?%’eféerﬁigmg%;eﬁg?g\??gggéﬁtﬁﬁe nmet hod provi ded
i ncl udes sel ecting, for each sub-carrier, an antenna of a plurality

f t .to b d t t 1SS h - '
pased on o FigutR s SRt ekl BB PSR Beftorhifio€ tibune B 6 68l
carri ergbetnpgiddich Até ena80 MbpstifEMPEEEet 0mM) forAccommunigation device
enbodi ment of the invention, a comyunication s‘%/s,t emfor transmtting

data is pravithand witheytdising one empediment pHihenY8™®®Nusi ng a plurality
20 of sub-carriers. The comuni cati on system provi ded includes a
receiver, and a selection unit configured to select, for each

sub- carri efFigue 1dmshowssthefpagkes| arrasrate(PER) erformasce tesylis frydae data t he
transm ssi Qn 1 h - LRI s XY .
characteri g&ap%;n&l.s:% faﬂg R g?né(g M% on Q@?;&%@ﬂ\éﬁ b{a&a@ﬁﬁ%@%g@@m%%dnwm%ut

ant ennasandstrigeoriecembueimen? bf flledneeitient i on may be carried out in the
transmitter or the receiver. For exanple, the receiver selects the
antennas to be used and signals the selection to the transmtter.

Al ter nat i veigureiBesHdwa aigatiet eredr rate{PER) pefermahes tésalts fdrehe tatmsed

on the transm ssion characterjstic. 30 N . . .
transmission rate of 200 Mbps for a communication device with and without

using one embodiment of the invention.

20 _
Figure 19 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.

25

DETAILED DESCRIPTION OF THE INVENTION

Mustratively, a communication device with a single antenna may only have a
30 short signal transmission range and may not be robust enough to overcome
indoor shadowing or fading, for example, when its transmit power is limited by
FCC regulations, for example. In order to overcome the above disadvantages,
spatial diversity via a plurality of transmit antennas may be used in such a
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When the sel ection has been carded out, the data may be transmtted
fromthe trangidkidoeds to the receiver accor di ng to the S@b‘i’ﬁbb&b@/oeobne
using the sub- 5 <carriers and using, for each sub-carrier,

sel ected antenna (or the selected antennas) for the transm SSI on of
t he sub-car lcbmmurﬁnatinﬁ deviteswbéret itsctramsneihpower reay bgdinfitedrbyt the said
dependent Cll'-‘gfré;s t ope enbodi ment, the data to be transmtted
usi ng the pl Efqtyaa;ns L8MPf%rs is the data of a communication
channel of an upper comunication |ayer. For exanple, the data to be

transmtted are useful data of the sane |ogical channel or the sane
transport cHafese defady %@W@U“Fﬁﬁﬂmﬁ@‘éc@whﬁéemdﬂ*%ﬁ%h?ﬂfﬁééw@ddata

whi ch sheul ¢halle h‘%dhfa"’!@&ghtg Jﬂgr.ath& &%b%rﬁeﬁﬂfaﬁ%@%ﬂ%ﬁeent e sub-

transmssmn S|ngthe Su rrie is for exa e sane
t ransni ssi opatriechaot @@Ianﬂeonaemyﬂjeecaras@dubanmmm pmmeHmned)

For exanpl e h carr, s are. sub-carriers, acc d| n 0

transni ssi oﬁ”%ﬁ”sanww e? MRRPINGe PPAEL AT 6‘?1 %Sfy %ﬁranf@
one enbodi mafAtennkbenybe BbilieVsd S6d @R Lshdwmie de@ﬂfoﬁe@éiﬁ*dﬁﬂﬁrtmrﬂﬁdt
criterion with respect to the transm ssion characteristic. I n one

embodi ment , aRgENAE MBHAIEE beicgatolied surdy thahit megts thessadd FCgreaplatignso
transmiger, a signal fromthe receiver, and determ ning the

transm ssion characteristic based on the received signal. In one
ermbodi ment , Atterding te are erobbdimtentntimetineahtionpameibod obinamsnitting daat he

ceiver an Lon | L the t m 25 In
éﬁe enbodi rrg) %P&ﬁi‘%rd@bé%%{r{%o&%é '% ﬁ%’h@ﬁ%@?é&'“ﬂ%ﬂf“{ﬂi’ ttr?i’ﬁ)sﬁ"i"{l?ésr to
the [1 ecei \r/rte)tsdgﬁoaidébe'rls@ hmmdd)proivrdedaml?@éh @euéctb?g, fdr@achGabyeirer, Bn
anot her enbodi nent . t i ver si st S ction to t
e t  or SHSORASY B TElY R AHAIES 1h Be s don Be s TSI PEhestbe | 5
i nf or meg onggkie basedPbRBaFdrénfiésiéh BharabTEvBic et 4 anshrRRA ofYRE dubOr
transmtting the sub-carrier between the antenna and the receiver. In

anot her enberRTiRERetwasRdhe aRteNNaANdReFACRI¥R eri stic i s i nformati on
about - the quality of the 6 comrunication channel. In yet another

enbodi nent, the transm ssion characteristic is a channel state
i nf or mat i onAccording to ocne embodiment of the invention, a communication system for

transmitting data is provided, wherein the data is transmitted using a plurality
20  of sub-carriers. The communication system provided includes a receiver, and
a selection unit configured to select, for each sub-carrier, an antenna of a
plurality of antennas to be used for the transmission of the sub-carrier based
on a transmission characteristic of a transmission of the sub-carrier between

g . the antenna and the receiver.
25
The selection may be carried out in the transmitter or the receiver. For
example, the receiver selects the antennas to be used and signais the
selection to the transmitter. Alternatively, the fransmitter carries out the
selection itself based on the transmission characteristic.
30

. 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-




In one enbodi nent, the data is transmtted by nodul ati on of the

plurality o6 58H8nearriers and transmtting the nodul aped/sG2o08/000211
sub-carriers using the antennas. In one enbodinent, the selection is

carried out based on a conparison of the transm ssion characteristics
of a transrsasgeremndfusing fcswmcbwbioame‘rpthecﬁelémcbamwnarﬁsrnﬂ'lsssielmted
antennas. 10.1n ogﬁ3 iﬁb i ment r eacnzl1 su.b carrier of the plurality
of sub- car AUGREIASHOT ﬁﬂ%f"@?rof' HEFITY of antennas is sel ected
to be used for transmtting the sub carrier. 15l n one enbodi nent, the
selection is carried out individually for each of the plurality of
sub- car r i erfsmbodimentseidhe inyeation ﬁm,efgﬁféofﬁr"@@lQ?@?W%&’%F‘Ft erion

i ncl udeg the antennas being selected for the sub-carriers such that
the anténna with the highest quality in 20 the transn ssion

char act er i $hioneictnizlimenk thd datadabb trmnbmittedr using tHenploradityeoflsadi- nent |,

t he predeterm ned iteri n i ncl ude nunber f s arriers -’
oo G ot oeBiTed (5 dain AP A roBRRNCARR B hE e Ren SRR
predeterni m&ybrcrbrt@faln%]efﬂriéfda@é tol mirmﬁé@@r@nganm@tahﬂnMsméect ed
for the 25 sub-carriers such that the antenna with the hi ghest

quality in lmmeaitqhangﬁh asdhe pampdranspeit coannel Foraxampledhe dataiache
sub-canpi et | mlﬁﬁzsadﬁ?% QA ch%@% AP raﬁ%lﬁt(t}@? gg %fééﬁl@‘?&éﬁéﬁ FheON

furthe# |ncIu € antennas bel ng se ec e sub-carriers
such t hat ftmnsaﬂsdloraumagrﬂm sutreamiuarsis forofxasile based endhé samehi ch t he

i mom nudRETRSIa (o0 e Y (87 ofaln B B R e et A RGP

provi ded f wxkhfle,ithe hu@-@arﬂi@é afdBul-tgirierstacebaiihg & am QRDIact eri sti c
of a transm ssion of the sub- carrler from.th recei ver to the

ant enna. | AraRSBSRION enaRRineraRLIt- QWHB’H?B’HS%‘?%@:&QB OG9r t her incl udes
conpensgting the difference between the properties of the

transm ssion of the sub-carrier fromthe receiver to the antenna and
the proper tih eseemhagiment thenardenimiscrelegied Basptan AirkedetegRinede

antenna. t o c%ﬁow\ﬁﬁ? e\égfect tbrihé’ﬂﬁnmgﬁh%ﬁhctﬁlccom”i cation system
in

provi ded fur |nc es a transmtter 1nclu g a receiving unit
configured to receive a signal fromthe receiver, and a first

det er ni ni t 1 |
Ceararor e e ERRH A PR RS AR BB
the comuunitemisiiters 1 sighal fzfom/theledce‘i\mﬂ dmzd deteohinttesthe tearnsoission

determ ni ngchlépéctteristic based on the received signal.

In one embodiment, the data is to be transmitted from the transmitter to the
receiver and the selection is carried out by the transmitter.

25
In one embodiment, the data is to be transmitted from the transmitter to the

receiver and the selection is carried out by the receiver. In another

embodiment, the receiver signals the selection to the transmitter.

30  In one embodiment, the transmission characteristic is information about a
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

6




configured to determne a transm ssion characteristic of a

transm ssi o fs/Adagsssub-carrier fromthe receiver to thecpRESRRBec21N
yet anot her enbodi nent, the comruni cati on system provi ded further

i ncl udes a conpensating unit 15 configured to conpensate the

di fference b@rhmmilcattima ghranpel tn gt apfotiidrenibodients tetradmissien
sub-carrier fromthe recejver to th antenna and the properties of
the transmi E'éﬁ‘réﬁt%‘fs F?eth%”'?%rSth‘él' pimaHoPhe antenna to the receiver.
20 In one enbodi nent, the comunication systemis an ad hoc radio
conmruni cation system In one enbodi ment, the communi cation systemis

a W Medi a chnonmpoiedisnenyfecdtata istransnitied by mmstulationcof toaplurality of
ool e | SOb BHREFEBRS BBk B na BRRUBLERHER LT IR e

enbodi ment , g GhanT catron emTs € co I'ca
system | n another enbodi mant t he conmuni cation systemis a

Certified rel ess, U jvers |aI Bus co ni cati on, system
30 Fig. 1 s gmbg %'9%%?@&' éj }:E %at@"éﬂﬁr@ﬁé&ém?ent
of the '“Vef?éhé?ﬁrss%n dHérééiéﬁsﬂcb'dﬂ%ttfaﬁ*islrrﬁ’ébloﬁ Bﬁhémrﬁ@ﬁfbpﬂsﬂ@’é{tem
100 may include a first communication device (A) 101, second

conmuni cat i GansBisEios FEPNNERS and a third conmunication deV| ce (O
105. SIM ustratively, it can be seen that the transm ssion range
bet ween the first conmuni cation device (A) 101 and the second
conmmuni cat i Inmrchee!mbadﬁént.lf%emysmm-cbnrm bethet puralityeyf,sub- cmhassa(n m,

| The || he t
o uryooP! Sapdnsa of e mihtatRetbstOtas R o e r@%?ﬁf)”ﬁ%asw%e

|1egul ati onsgy-earriexanple. 10 In this illustration, the comrunication
system 100 may represent an ultraw deband radi o com‘runi cation system
such as the W Medi a comuni cation system for exanple. The W Medi a

communiGat Fﬂ?éhtotﬁéré tibf | é‘ri hai \i ffraé}{c/gi hON,
such as%:t 'ﬁgbﬁﬁ‘g%' or exar?pre%’ eqlﬂégﬁtgﬁaI ,alvicgbt%edw ﬁ?‘@
comuni cat i puradifsefsubeaimipes. used for further illustration of the
enbodi nents of invention. Further, it can be seen that the

transm ssi on range between the second communi cation device (B) 103
and the t hilndnecembodioent,ahe peadaternityd tO@I20 imdyddeetheiamterewstisingay,

4 f b i I
Chan the- & raested Kitfe UGS k0o YR ER oefRe S e ciaReR bV i
(A) 10boandhthensaissich chamuteriend isaseleltvd e eabh sliBdarddre | ar ger

transm ssi on range between the second comuni cati on device (B) 103
and the third conmuni cation device (C) 105 may be due to the third 25

conmuni cat ig %n@%&hﬁ@dlﬁﬁt kRe pPédél&TﬁTﬁé@ chileAbn ftgucey e?ﬁﬁﬁum@m number
conj unction with signal processing techniques, according to an

?rrbod| ment Wsuprrargiersdabegdistributed 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 transmission of the sub-carrier from the

7




As a further illustration, the transm ssion range on the reverse |ink

(i.e., frogpo3ehshiBeepecond comuni cati on device (B) 103 picassichesiobuzid
comuni cation device (C) 105) may -be extended by using a snart

antenna array, or a plurality of antennas, at the receiver side to
achi eve an recgivevtedhs iagterinat in araitiser ersitodimesShif)e frethaderovidedifurioer

signal (and thus achi eve an extended transm ssion 9. rapge), for
exanpl e. | ANgyEEs copengatingtie N}Z{%ﬁﬂ?ﬁq@f’?%n MPHEWSS(:’% si gnal
processi Ng (-MHRsIore of ke SUd-d67REk fidin @iddlctelvel fietherafiemia shd/thesi ty of
the plurality of antennas at the receiver, f xanple. 5 1n nore

or e
detail, in progeriesphthe trensmissiemsl herybioardsr feorgthe apleppa e they
t echni que, § \I?elj ndi vi dual | y denodul ated recei ved signal (for each
sub- carri & ?‘ﬁl S'linearly conbined before the process of equalization
is carried out. As such, the Maxi mum Rati o Conbi ni ng (MRC) si gnal

rocessing . techni que effectively opti.mzes the si | . to.ngise ratio
FSNR) for géf&@ﬁﬂ&ﬂﬁ!%’?‘f-‘ﬂ%?’?e E‘U“é#“[%ﬁ@%?@?mr%rﬂﬁ',dg?ﬁ‘&*ﬂe?érh@ﬁ%ss on

range on t hgnkpiitéiAclLainy d fecBivingfurtBonfiguieli tb decavara Bignal from tevi ce
(C 105 to the second comuni cation _device (B) 103) may be extended

by depl oyi meceiver, gndedirst etemminingamifeoniguredte detesmineineiiansgHeEMMas .
15 I'n this ok | : R
convenbponacﬁgggrcgér%s%ctbta&%g%ﬁgﬁ?g&f eicknl %i%ghnégjfkﬁéﬁﬁ%e usggt’ ;ﬂie

conj unct i oowirhimitatiorpsysterniprovidéd {urthanineludes asesond sletarminieg ©pitr d

' i cati devi 105, .f i = .

O i3S s oo Seh SRRy A pfshSr i
vat er - fi | | igi8)cakr@s! TrdrA e rotRiveR to thetamenrad. lly yeisasbtherersioodiernt, dhal
narrowband systens, may not be us legn IhF third com*rua&hl_lcatl on dev! ce
(C) 105 t o CoRvBCRliRn ﬁmrﬁ"%‘gé’%ﬁ RpEciudes aLRRelsaling ttesul ¢ i n

vi ol at i;Rg 1 l4} 81 iz bR thsSpiopeftles dfegs!! ati ons,
for exe%r%pl tggﬁg%ﬁﬂﬁg‘cg:g@?\ﬁgéteéggﬁtﬁ% theéthace Tlp‘lr?geCodi ng (STO)
t echni que, tlfa@snésmme’gherﬁal}?-%ﬂ@fgp&“ the weajvehta theranigrna W? el e

transm { anGiass bPrRRRRs<i6RBPHelsuBl RS o thél affeRiR td thaichi eve
per 1'or d

i nproved mance as Well as an extended transm ssion range.
However, areweivaspondi ng decodi ng may be 30 required at the receiver
side. As such, the third conmuni cation device (C) 105 using the Space
Time Coding (STC) technique may not maintain interoperability with a
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communication system.

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

25 communication system.

In one embodiment, the communication system is a Firewire communication
system. In another embodiment, the communication system is a Certified
Wireless Universal Serial Bus (USB) communication system.

30
Fig. 1 shows a communication system 100 according to an embodiment of

the invention.




conmmruni cation device (A) 101 and the second conmuni cati on device (B)
103, for exambgisodfle transmt diversity techni ques usegdcbRe2008/000211
conjunction with the plurality of antennas for the third

comuni cation device (C) 105 will be discussed in nore detail in

rel ation tolrfAihgs ili@straticey, the comhimgnicatiehsysiem 1l0onky dichgiecafigdo

d i bi the data. t 1 SSi ded out in th ' '
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105 shown in Fig. 1 and Node B 203 may be the second communi cati on
(B) 103 shown in Fig. 1, for exanple. Further, it can be seen.that
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processi ng techni que at node A 201, in order to achieve an inproved
si gnal to nppwer dug taoFCENRgulations. fe@m@ei eve an ext ended

transm 1sosion range as well). As such, node A 201 may transmt and
receive data with node B 203 over the extended transm ssion range. 25
I n this conindkis illnsicktioB, heTomamuniegti@ssystera 190amaynraprégdvicinaultra-
onmuni cati on, devi,ce,. for examle, i ch uses .only.one antenna. ..
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according to one enbodi nent of the invention. e communi cation
devi ce (c) ambodwertsef entPreransnit unit 301 and a 5receive unit
303. The transmt unit 301 may be used to transmt data on the

forward link, to
Further, it can be seen that the transmission range between the second

communication device (B} 103 and the third communication device (C) 105
20 may be limited to, say, 4m, for example. This transmission range is about two
times larger than the transmission range between the first communication
device (A) 101 and the second communication device (B) 103. The larger
transmission range befween the second communication device (B) 103 and
-( the third communication device (C) 105 may be due to the third

25 communication device (C) 105 using more than one antenna in conjunction
with signal processing techniques, according to an embodiment of the

invention.

As a further illustration, the fransmission range on the reverse link (i.e., from
30 the second communication device {(B) 103 to the third communication device
(C) 105) may be extended by using a smart antenna array, or a plurality of
antennas, at the receiver side to achieve an improved signal to noise ratio
(SNR) for the received signal (and thus achieve an extended transmission
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ot her communi cati on devices, for exanple. The transmt unit 301 may
i ncl ude a wodbosghsizat er |l eavi ng unit 305, a constell ati orrOreggadasgoLIns t
307, a multi-band 10 space frequency transmt selection (SFTS) unit
309, a plurality of serial to parallel (S/P) converter units 311, a

plurality oBngal&rsaxample. Indhis cepters ShissMaximym Ratip GembiaingIRG)
| | |
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plurality o uenc ur al

ant ennas 318uralfy cflamtetatas dtdhdeceivendai exaeapieny be fir st processed by
the coding/interleaving unit 305 and the constellati on mappi ng unit
307. According to one enbodinent, the nulti-band space frequency

transm ts sqhedreetaibiT e Mﬁkiinu%QRaﬂ@EorﬁmﬂiiﬁgTWRG)i‘s@gm tphsubseing
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det ai | subs@sqsmirt, the Makinsiro RadiolZombining (MR(E) sipealpirocasdsingtechnigeei al
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Fast Four i e‘?fFeFf‘é‘%tEPB f'gﬂﬁ ?%aaﬂggﬁéf%?ﬁg‘l Yarcastet ar al 1 el
to serigl (P/'S) converter units 315 may be conventi onal units whi ch
may be used together in order to generate an

exanpl e. 3(OTHE ghetbarddheiliansmisgioniranes pBthg t%war%irat i* By ftsrn the
paral lel t % ﬁ@t: tmfrﬂa%%an%@iﬁ@r(b?ﬁ%l:% {2 stkahd %mrhtiﬁeatttﬁx PGEESB)L O

t he pIurali radi o frequency units 317 ftor further

processi ng, 1i1$éi'rtaydaé)extagded ayisiapipwag thi@ phugality of phtenans ey mufitiplat ennas
319. 12 The [ cei it 303 may be used to receive data on the
reverse |i @ns %'5'?1%? communi cati on devices, for exanple. The
recei vegsunit 303 may include a plurality of antennas 323, a plural i ty

of radio fre uenc F) swiifchin Its, 5325 of serla

Co paral 1 el s Sortelh ot G np@adba < ar GimPeP ot fevehliotsaRat
Transform (dixFeTéitwi@bhﬁianQ may it bealseti ¥in ednjRActRIN With the plardliat of Pl S)
converter units 331 and plurality of ar.ane t on units
321 o T taesreihaogna ah 1A DR CORIRRAER dsmios o 1ibs I3 s be
first pr OC%§§&sbitoilexérhsiepiner@dﬂntait@hsmacijeantfawug@syeigaa swi t chi ng

units 325 ore bein assed on he plurality of serial to
paral | €0 (Siqa)nf@mogprérat@rnﬁ!h@)mmqqe wihigh ig tydcalbrusedifaat ¢ he

plurality o, 9&ftidHal hArrBRbad §)stémb Thaf ABYES LiSEd BRIEE third

communication device (C) 105 to extend the transmission range, as so doing
will result in violating the transmit power limitations of the said FCC
regulations, for example.

25
As a further example, the Space Time Coding (8TC) technique, for example,
may be used in conjunction with multiple fransmit antennas to achieve
transmit diversity, in order to achieve improved performance as well as an
extended transmission range. However, a corresponding decoding may be

30 - required at the receiver side. As such, the third communication device (C) 105
using the Space Time Coding (STC) technique may not maintain
interoperability with a conventional communication device, such as the first
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327, the plurality of Fast Fourier Transform (I FFT) units 329 and the
plurality 3 ahspRtallel to serial (PIS) converter unit$c33&diB¥ecks
conventional: units which nay be used together in order to extract

data or information, for exanple, froman OFDM synbol, for exanple.
As nmenti onedommdriimtiontdwiqel (&) 4Dil tapddhe pacamkt@nmesicatian device (B) $0821
and the 20 FU| ti -bp;'imd space frequency transmt selection (SFTS) unit
309 may irrpqaf Fre met hod of transmitting data to a receiver. In
this context, the plurality of paranmeter estinmation units 321 may be

used to obtain neasurenents on a transm ssion characteristic of the

t ransni ssi ohhe faRREIt diversity,teshaiqeas yaedrisheoniyunaiion vdthsthe plyrelity of
charact &4 i shhfen é{f&%hé% %hﬂﬂlﬁﬁ&'}‘??ﬁc@@ﬂ%é% e Bﬂsusseg ip
conmuni cation ¢ anne used for transm & SUb-Car rrer befween

t he ant ennarmangl deted in eeletioreto Fign 3datet.her errbodl ment, the transni ssion
characteristic may be information about the quality of the

communi cation channel. In yet another enbodi nent, the transm ssion 30

char act er i sFig; 2r@howaea bivek eian 208t @é@nbmbqwabtaowansh%ssubﬁ cafied
context, the transm ssion characteristic may be, but is not limted

to, a neasuPdiBite semHaicatigRsySeAb 90 aseordingrie sogaskariment efifhe

si gnal ﬂ'Pwehvgﬁtnﬂ') measurenment of the signal to noise ratio (SNR), for
exanple. 5 As an I'llustrative exanple, a neasurenent of the channel
state information (CSl), which may include channel frequency response

gﬁ{ s ned uaRlhustiasBh, RGE ALY RB) ReaPt RfehRRLARER BBYeRTR) 105
urther, t I‘shdwﬁ Ini szamtnamm Bm@mﬁﬁﬁbetﬁ@mm cophraghicatior @HHE3

uni t 309 |ncJ irst ban tch unit aplurallty of
space fr eq ézr ?é‘l’@egr gHﬁng‘\@F”E?ﬁ ?%E’B'@Et 9de Acefhume¥nd
swi tch ni tusﬁ%ult@lé#@nsrﬁi@éﬁ!&ﬁﬁa@'Wlﬁ]f@rﬁdd@B ‘QBBtmé)’f’ﬁse Q |&GhicPRa,
criteria unit 341 and a calibration factors unit 343. he first

band switch unit 333, the plurality of space frequency transmt

sel ection (JRfGha) eHBbdiment 2ne Ttl%ggﬁf‘s‘éﬂ?}drahﬁg‘#na?‘bé Q&ehlaéa ot?ietﬁe f’d‘r@aH"e

sub- carrier allocation unit be“use
al | ocat e a tpnsmibsion liok ffgcrbn@dﬂA@ﬂstotnoderBeE@S uelsgém m@ame.trenmﬁ in

the plural iéﬁfel%aémmle?&1%'transmiésicn range-may be extended on the

20 reverse link from node B 203 to node A 201 using the Maximum Ratio
Combining (MRC) signal processing technique at node A 201, in order to
achieve an improved signal to noise ratio (SNR) {(and hence achieve an

extended transmission range as well). As such, node A 201 may transmit and

M

receive data with node B 203 over the extended transmission range.

25
In this context, node B 203 may represent a standard WiMedia
communication device, for example, which uses only one antenna. Further,
node A 201 may represent an enhanced WiMedia communication device, for
example, which may use a plurality of antennas, and which may employ

30  signai processing techniques such as the Maximum Ratio Combining (MRC)
signal processing technique, for example.
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20 The mapping or allocation of the plurality of sub-carriers to

t hei r respgeihyeiseaaiennas may be determ ned by the sel edrisgossroodel i a
unit 341, based on the neasurenents on the transm ssion
characteristic of the transm ssion channel provided by the plurality
of par anet efige8tshowta biockidiagsard 200 of thealihitt coomalinigatiarhde vice f@rﬁiﬁ on

the sel eot i eogtng i phS REUBEl e RRAE: o or “moacuroment

i naccuraci es, for exanple, in the measurenents provided by the
plurality of parameter estimation units 321 The functjon of the

cal i brat i onl EDCOmAURICatigR devieg eli05 mawingfusie A rapsmiy UHBSQ 13864 |
later inr igs. 10, 11 and 12. 14 The notivation for the
enbodi ngnt ?bg%lbtghgh(r%otghod of transmtting data to a receiver is to
exploit the statistical nature of nultipath fading and to reduce the

diversi ty. TRaTERtORk P01 aiths Uil odfargtuf B 6 FoBal Gt o™
nmay be di ffcﬂhmomﬁauﬂmdu@dnaéﬁ&@g dor dxaenpl@sTectransnis pait 801 n&wjaolusae
transmt selection (SFTS) unit 335 for each sub-band

T et - oeadin e Tem M ubE05, 2carvislBhen MapPERLLIS: S0 @ Bultideandon
criterig ury cé%qubhey §§E{s$m§g@feWﬁ@hnﬁ%@@OQy&bh@%fts@naltboigte

the sub-carfiers for each antenna iIn each sub-band accordin
Let there hmraliel §Bfmoaverterdinits 3ddba plunaldy pbinverse Fast Feude st on

device (Q) ﬁ,_%()\'}jnﬁt% ML l;@r&ﬁgt& of Bariibi BRRRNRTS) é\&%}em;k Bhit 15, d

. 14(f 04- represent the

fr equency rpheaysst recﬂlotfi‘whbnswtﬂﬁr)armts @& 7famd & plarddity of amtansas $819.ng
antenna in the i msub-band, where fa 15 denotes the carrier

frequency, 4f denotes the sub-carrier spacing and ?lc denotes the
total nynbemeodata 4 beardnshiitted May belfedtiprocassed dythe Coliinglimeréving

sub- band, the best antenna for each SFTS, sub-nodul e may then be
sel ect ed adinit 305 and the constellation mapping unit 307. Accordmg to'one
embodiment, the multi-band space frequency transmit selection (SFTS) unit
309 may implement the method of transmitting data to a receiver, in
conjunction with the plurality of parameter estimation units 321 of the receiver
20 unit 303. The multi-baﬁd space frequency transmit selection (SFTS) unit 309
and plurality of parameter estimation units 321 will be discussed in more detail

subsequently.

. It should be noted that the plurality of serial to parallel (S/P) converter units
25 311, the plurality of Inverse Fast Fourier Transform (IFFT) units 313 and the
plurality of paralle! to serial (P/S) converter units 315 may be conventional
units which may be used together in order to generate an OFDM symbol, for

example.

30 The processed data signal (after the plurality of parallel to serial (P/S)
converter units 315) may then be passed to the plurality of radio frequency
(RF) units 317 for further processing, before being transmitted using the
plurality of antennas 318.

12




20arg max A, 7 (k)(1) kea,n,.) where 4(k) represents the selection

criteria WR§eEbholandye the function of the adj ust ed Cha”@%‘r;s&%i‘:%oozu
information (CSlI'), for exanple, incorporated with the respective

calibration factors for theft!' sub-carrier and the sub-band. For
exanple, A ,, (k) rray be determ ned based on the signal power, such as

P05 o T AT 457 b st R o e O™

det er m ned Bﬂ@%%ﬁﬁ]@atﬁir@wsee@,owexamwwe retéive 'iﬁﬂli's@st?ﬁagﬁ%ﬁfée
that the 15 subsequent di scussi on may De easily extended to

al t er nat i vearpiraliyoT@nternas 3730 a miuralityjof kgdio ﬁreguemss(rlﬂﬁa@mtnhmg units
! UStrad | 08581 o hifaly 8GR 1o BAHRLISTEPLARERLALARL S S, AT,

of transmt g 0 a recelver 0 one enb
i nventi on. Fberiéd Trassfoatni (BRT) unit%:&glhﬁlbmwbydifqmrammmwms)t of the

nmet hod of tran tti ta to a ce ver achi eyes spatja
£ equency d?%‘féﬂewnqgég?ﬁnm o ERIRES Poremetan seligiioh aate 521

representation of the signal flow may be described as follows. Let
S(f) 401 regresent the transmtted orthogonal frequen di vi si on
15mul ti pl ex¥ hg reciveg signgedtheplurdiie oharmtennan323 ey %rstjm«aewemw s

signal 14 the plurality of radio frequency (RF) switching units 325, before being passed
on to the plurality of serial to parallel (S/P) converter units 327.

( It should be noted that the plurality of serial to parallel (8/P) converter units
327, the plurality of Fast Fourier Transform (IFFT) units 329 and the plurality
15 of parallel to serial (P/S) converter units 331 may be conventional units which
may be used together in order to extract data or information, for example,

from an OFDM symbol, for example.

As mentioned earlier, the plurality of parameter estimation units 321 and the
20  multi-band space frequency transmit selection (SFTS) unit 309 may
implement the method of transmitting data to a receiver. In this context, the
plurality of parameter estimation units 321 may be used fo obtain
measurements on a transmission characteristic of the transmission channel.

25 In one embodiment, the transmission characteristic may be information about
a property of the communication channel used for transmitting the sub-carrier
between the antenna and the receiver. In another embodiment, the
transmission characteristic may be information about the q'uality of the
communication channel. In yet another embodiment, the transmission

30 characteristic may be the channel state information.
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may be represented as a data synbol du) in thefi sub-carrier, which
may be nulwopbdsasoai th a delta function. In this contersciosiomanul d
be noted that the sub-band index i may be dropped 20 from Equati on

(1) and subsequent equations, for the sake of sinplicity and w thout

| oss of genaithis coptexitee ransmission chaEcuvisic Giay be bt isguX limiipditach be
rewitten . = =l AL ) ; t he
corres pond?ﬁ%%"f&%ﬁ‘? b%ﬁ%%{gga@&gléﬂig% anﬁt?ggﬁﬁﬁkw ot E%ﬁ#ﬁﬁﬁgﬁ%zgg?ved
si gnal may méssuréaent oftthe sigaal foaldisensatio ¢SNRY/(fof exdthpe) H A n(1)] (5(f
- fo- jAf) kbn, .fro Let Fk(f) represent an ideal filter in
frequency domain for all the allocated 30 sub-carriers at the e

transni t aEaNRushaivel skamifie, 3¥Red008MmERPPSHHBCHaRRBIAN0RERAtidK N=
EFI P)5(f fom Af)(4) =0 where 1, if kL,j), =k O, otherw se (5)
(CSI), which may include channel frequency response for each sub-carrier at
each sub-band for each antenna, may be obtained using the training pilot

symbols from the reverse link.

10  Further, the multi-band space frequency transmit selection (SFTS) unit 309
may include a first band switch unit 333, a plurality of space frequency
transmit selection (SFTS) units 335, a second band switch unit 337, a sub-
carrier allocation unit 339, a selection criteria unit 341 and a calibration factors
unit 343.

15 .

The first band switch unit 333, the plurality of space frequency transmit
selection (SFTS) units 335, the second band switch unit 337 and the sub-
carrier allocation unit 339, may be used together to map or allocate a plurality
of sub-carriers to their respective anterninas in the plurality of antennas 319.

20
The mapping or allocation of the plurality of sub-carriers to their respective
antennas may be determined by the selection criteria unit 341, based on the
measurements on the transmission characteristic of the transmission channel
provided by the plurality of parameter estimation units 321.

25
Additionally, the calibration factors provided by the calibration factors unit 343
may be used by the selection criteria unit 341 to compensate for
measurement inaccuracies, for example, in the measurements provided by
the plurality of parameter estimation units 321. The function of the calibration

30 factors unit 343 will be discussed in more detail later in relation to Figs. 10, 11

and 12.
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5 Accordingly, the transmtted OFDM signal in the kth antenna may be
witten asw%iﬁg%js}m‘#Ed(J)Fl)(S(f - fo - jAD= S(f)Fk(f)(@w%éfbpsmooﬁu

Addi tional l'y, e received signal in frequency domain

expressed as 10 17(f) = S (f )H (f)+ N(f)= S(f)i Fk(f)llk (f)+ N(D=
S(f)110(f) ¥hé ndtsvkken fdrihe ehesodinmenté of tHESmetodas t:dm%nnﬁdg aatd ea
conbi ned channel frequenc response,

fo
Fk( f ) Hk( D( 8ECRVET iS510exRigibiie statistrg) naigfem@@%%% RRA e reduce the
frequency rasmg ?58 o\"'@ééﬂ g BRdANE B Hfdﬂlﬁ&%dﬁ?e% tf‘nﬁ@bgﬂed diversity.

characteristic for each sub-Carrier (as conpared to the respectiv

i ndi vi dual Thafreguengywsgleste faélgg@hseeelmr(eaetwtamdrmw bfe)ditﬁf?renf or

Garato % rairdpre 8 PRI EeeRel LalEI S eiinh (SETS ik ne

H g( f) 403 385 fcraaalr:cacbw@?hrd!aﬁay badiffegenthBaged onitisd refspéﬁﬁiveeaﬁg ;
SuU carrier rom t e spectrum coO | ne
oo | cmateRESIaaaE 67 U SH PR T4, 4 SETSprpogule Mmay

expressed aSe controlled to allocate the sub-carriers for each antenna in each sub-band

accordingly.
10
Let there be n, antennas and », sub-bands for the third communication
( device (C) 105 with muitiple transmit antennas. Next, et " = H,(f, + jAf)

(i=1,--,n,; j=1---,n,; k=1,--,n, ) represent the frequency response of thefh
sub-carrier for the k™ transmitting antenna in the /" sub-band, where £,
15 denotes the carrier frequency, Af denotes the sub-carrier spacing and »,

denotes the total number of sub-carriers.

" Forthe f" sub-carrier in the /" sub-band, the best antenna for each SFTS sub-
module may then be selected as

20 feied) = = argmax 4, (%) (1

where 4, (k) represents the selection criteria which may be the function of the

C adjusted channel state information (CSl), for example, incorporated with the
respective calibration factors for the /* sub-camier and the # sub-band. For

exarﬁple, 4, ;(k)y may be determined based on the signal power, such as
N
25 4 (k)= IH,E"J )I , for example, or it may be determined based on the signal

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

The subsequent discussion will be based on the illustration of 4, (k) being

determined based on the signal power. However, it should be noted that the

15°




Swiar(f)=iSk(f)=iS(f)Fk(f)= S(f)iFk(f)= S(f)(9) k=1k=1k=1 17 where
En: LI P- 1( fyvo3dosfik@ma Equation (5). Therefore, the enbodipgeric2ekiobins
nmet hod of transmtting data to a receiver allows the spectrum of the
conbined transnmtted OFDM signals (S(f)) 401 to be remain bel ow t he
sti pul at ed subEeqeent/diddussien may beaasiylexteriiiedddithe alterhbtive nethddsmd
domain signal re _resen}(ation for the enbodi ment of the nethod of
transmitti MPteEREINgst dc}ecei ver may be shown as fol lows. Let Sk (i)
represent the transmtted OFDM signal in the time domain for the kth
10 transmt antenna at node A 201. Next, let hk(t) represent the

mul tipath gignaghovSBHIiRRtraEsPENHe ffegRBhé@omBIn repRERhtatRAlT NG at
node A 201 t0 the single receive antenna at node 203. The received

si gnal ¥(t)method&dérapsmiftingdataty afeeriverancerting iong embodimsntof the £s
k (t) * hk(iﬁ\)eanioH(t)(lo) k=1 where the synbol * denotes the

convol uti on operation. The transmtted OFDM signal at the km
antenna may be represented by the convolution of the transmtted OFDM

' | t d the ideal lected filt 20. f k(.t fall k(t) =
SO 1o T Hssiand g Acat Werti pac Spadastyck 1% mhadyf e
rewitten asmrfsaiiftinySata to a receiver achieves spatial and frequency diversity.

10
In more detail, the mathematical representation of the signal flow may be

described as follows.

Let S(f) 401 represent the transmitted orthogonal frequency division
15  muitiplexing (OFDM) signal at node A 201 in frequency domain. This signal
may be represented as a data symbol 4% in the /7 sub-carrier, which may be

mulitiplied with a delta function.

In this context, it should be noted that the sub-band index i may be dropped
20 from Equation (1) and subsequent equations, for the sake of simplicity and

without loss of generality.

The transmitted OFDM signal S(f)401 may then be rewritten as
n.~l .
S(fy=2.dY8(f - f, ~ jAf) (2)
j=0
25
Next, let »” represent the corresponding additive white Gaussian noise

(AWGN) term. The received signal may then be written as follows

Y(f)=§[dU’H£Q;+n”’]5(f—J%—J'Af) (3)

Let F,(f) represent an ideal filter in frequency domain for ali the allocated

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

16




nr y(t) = s(t)* E fk( )4chk(t)+ n(t) = s(t)* h (t) + n(t)(12) k=1 25
where ho(t )whSedkig2gdui val ent channel inpul se response ‘Qjclrg(%odél%@b'iﬁw
deep fading characteristic. 18 In this context, it shoul e noted
that the nmethod of transmtting data to a receiver may inplenented
using different approaches as shown in the following. 5 Fig. 5 shows
an illustration of the”k(f)stZiFﬁ‘iﬁrﬁ(e?myﬁayAﬁ)n of the nethod of (4}
transmtting data to a recevs¥er according to one enbodi nent of the
i nventi on. yhetr%e first inplenmentation of the nethod of transmitting
data to a receiver, the sub-carriers with the highest quality in the
transm ssion characteristiqi(spcghnas; 10 the best frequency response,
for exanple) may be seﬂé‘b#gd’ for "®ach antenna. In other words, thé)
best antenna for the sub-cdPri éth&Wisghe?' sub-band may be sel ected
according to the following criteria 15 kGO, J)""IH best - _.,, ke{l,nr
}  Then, the selected sub-carriers bestJbest for

5  Accordingly, the transmitted OFDM signal in the K" antenna may be written as

S, (f) = S dPEDS(f ~ £, - &) = S(AF(f) 6)

J=0

Additionally, the received signal in frequency domain may be further

N
3

expressed as

10 Y()=3 S, (NHN+NUS) =53 F(OH, )+ N(f) = SUOHH, () + N(f)
k=] k=1
7
where H,(f)403 may be defined as the combined channel frequency

response, as follows
H (N =Y F(DHE) (®)
' k=1

15
As shown in Fig. 4, the combined channel frequency response H,(f) 403

may have a reduced deep fading characteristic for each sub-carrier (as
compared to the respective individual channel frequency responses
H,(f)405 and H,(f)407, for example). Therefore, the embodiment of the

B

20 method of transmitting data fo a receiver leads to an equivalent frequency
selective channel H,(f) 403 with a reduced deep fading characteristic for

each sub-carrier.

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

25  from all transmit antennas may be expressed as

Stomf(f)=anSk(f)=nzTS(f)El:(f)=S(f)n21;:l—(f)=s(f) (9)
k=1 k=1

k=]

17




k | each antenna can be rewitten as (13) (14) where jiyies."'kt)

i ndi cat es {B8oRASI«SUb-Ccarriers allocation for each antpeapgb08nbdre fh
sub-band. 20In the illustration of the first inplenentation shown in

Fig. 5 two transmt antennas and ei ght sub-carriers are used. The

first inpl 0 VA ' C | t Rl ' st eps.
The channeﬁ@é&ﬂ%@é&?ﬁ%@? gﬁg?ﬁ@ gﬁgteﬁtﬂgaﬁgé}ﬁgéﬁﬁbkﬂ%f@g , may
be 25 expre i A QWS
of the mat Taady BaFifidles 18 BLEdr alchls & 3PRLRm R B
col utms of tidmemitedéd OF Dihgignalsr(Siy Es4in chdrentdin baluvethestiputided FCC
Next, based on to Equation (13), the best antenna for each

sub- car r i ereguiatias, ier ex@mle.ed (as indicated in bold as shown in Fig.
5). In this context, it can be seen in Fig. 5 that sub-carriers 4 and
5 are allocated to antenna 2, while the 19 WO

2008/ 15024 44ditid3@nP e Giot2ddmaiarsignsl nepresdmtatinn foe the embodimernt af de t o

antenna 1. Foll qwi which, .the channel frequency resppnse for the in
b band Aastpg.of FEnsmitnt st SHERoEer Ay D5 AU o s
al l ocation for each 5antenna, nanely, according to equation (14).

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

10 transmit antenna at node A 201. Next, let A,(r) 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

15 Y= 35, 0)* By (2) + (o) (10)
. k=1

where the symbol * denoctes the convolution operation.

The transmitted OFDM signal at the K antenna may be represented by the
convolution of the transmitted OFDM signal s(f) and the ideal selected filter

20 f3(1) as follows
si(8)=s(6)* [ () _ (11)

Accordingly, the received signal y(f) may be rewritten as follows

0)=3* Y Fe®* b (0) + n(0) =50 * By () + 1) (12)
k=1

25 where h,(t) is the equivalent channel impulse response with a reduced deep

fading characteristic.
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be'st ' In this first inplenentation, the nunber of sub-carriers per

ant enna mayyPReshgthrent fromone antenna to another, d%@%@@hdﬁ@md&%
the multipath fading characteristic of the respective antennas.

shown in this illustration, there 10 are 6 sub-carriers aIIocated to

antenna 1, puthisogdntes, 8 shoglaie ifated tiat 8y metidbf thhshettihgidatd to &t
I mpl enent ation provides an opt.i mal %gb carrier allocation for each

ant enna, |tfeéPP &' MaydRignantediusinaditfersahaprraachas ag shew inthepapr)
val ue for dgy [ t antennas (due to the different nunber of

sub- carrlers a cated to different antennas). 15 Fig. 6 shows an
illustration of the second inplenmentation of the method of

nventi on,  Eishneddh IR e he e kBB TR R of
transm tti nigaskrhittiigodata26 arreceiveredccotding tesermam bbdipherimef tias invéntlon.
provi des a constraint on the nunber of sub-carriers which may be

all ocated to each antenna. This constraint allows the sub-carriers to

be evenly dlhsthé*r"’f‘é{tn‘ﬁﬁle?ﬁ@ﬁgtléﬂ‘@f Pk Yhéthbd ¥f a% I?lﬁﬁ}i’a?a tb B rebéiger, EHE

bal ance the peak to average ratloaﬁjPAPR % or the plurality of
(transmt) suir-eamigss with tlﬁ\blgbesta;u ity in s tﬁamsmasemn chppaderistisdsuch as

distri
of (1 r it 08 DeRP LA B, 167 S R Sl op Gl AR
al | o::a]E e Ij He cthér wanltllsl tHesbest antennavibr the /' beb- sa:mmgh W’mt\naﬂasaaw?)o
ified wa oca sup-carriers in order to achieve a
géggced m‘d?% ﬁ? i%‘?"i@?ﬁbi t%ﬁ@'?""‘ﬁﬁ%c@@%nd approach will be
escribed in nore det |5 in relatl to Fig. 7 later. 20 If n, is
divisible by ?2IT , Ehaeg m Ef sub-carriers transmtted b{l3)
each antenna may be Ilmted{lluy}- - If na is not divisible by n7,

t hen each antenna nr [ may be linmted to transmt up to only & or
--s-n +1 sub-carriers. nrJT

15 Then, the selected sub-carriers for each antenna can be rewritten as

kD) = j8 (14)

where J(' %) indicates the best sub-carriers allocation for each antenna i in the

# sub-band.

20  In the illustration of the first implementation shown in Fig. 5, two transmit
antennas and eight sub-carriers are used.

The first implementation may be carried according to the following steps.
The channel frequency response for the # sub-band, namely, !H & Iz , may be

25 expressed in the form of a matrix, for example, where the rows of the matrix
| may be represented by the sub-carrier index and the columns of the matrix
may be represented by the antenna index.

Next, based on to Equation (13), the best antenna for each sub-carrier may
30 be selected (as indicated in bold as shown in Fig. 5). In this context, it can be

seen in Fig. 5 that sub-carriers 4 and 5 are allocated to antenna 2, while the
19




In order to sinplify subsequent discussion, it is assumed that n, is

di vi si bl e oy 2ded/hs0244 |t can be seen that the second i nphegBabakLITRY
be easily extended to the case where nc is not divisible by nr as

wel | . In the illustration of the second inplenentati on shown in
Fig. 6, tweemamisnsab-ta&rriersaerallocated teaglennadb-carriers are used. The
second i npl enentati on may be carded according to the follow ng steps.
The first step is simlar to the one used in the first

| npl ement aFABwinghenien, the Chiindl Srejliéndy rebpendicldr ercArstibttaridy equat i on
(14). The selected sub-carriers for hest each antenna are as shown in

the matrix n@ﬁﬂelsﬂIHf’j’E; mBy beens&ta® thk [Dbldayfirs fioddtiohifat £3dhg t he
maxi mum nunber of sub-carriers allocated for each antenna, nr , where

nr==-n . Next, the nr subusarriers nT 20 wt he hi ghest lity i
The 11 ahsnPelEnsR. CARENeY L crdcording eqwrttodlabiea ok jbeat "
e

sub-carriers are selected for each colum, i.e., each antenna. The
remai ni ng sel ected sub-carriers (nanmely, sub-carriers 2 and 3) are

then reset | thig fifsim@emeRRibn, thetnifmbivriof bdb-287iepd péit gntefna Afdybd hi s
context, if the nunber of selected sub-carriers ‘%‘%S- "kt) is less than
mgipath

nr, 0, k) diflerentifrom pee salespade asaihes Aapesring o adigg| umn
wi 11 _De chansmalMaic By ire blSedide Antdina8lAS BGwe idhisNIgdFation, de ©) -
21 The rermal ni ng nunber of sub-carriers allocated for each antenna
may thed bare 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).

15
Fig. 6 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 impiementation of the method of transmitting data to a

20 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 eveniy distributed among the plurality of antennas, in
order to balance the peak to average ratio (PAPR) value for the plurality of
(transmit) antennas.

25
There may be two different approaches to distribute the selected sub-carriers
evenly among all the plurality of (transmit) antennas. The first approach uses
an optimal way to allocate the sub-carriers evenly, while the second approach
uses a simplified way to allocate the sub-carriers in order to achieve a

30 reduced implementation complexity. The second approach will be described

in more detail in relation to Fig. 7 later.

20




rxnks updated according to the equation nknmax (3+1) n(s)_ elected( )
where s isyid@osifRpgl ndex. 5 In the third step, a new SEET/?éicrok/ﬁ‘doEu
allocation for the remaining sub-carriers may be obtai ned eac
antenna. For exanple, this nmay be achieved by repeating the first
step anong tfhe isetitda’ibiarlgr sultheathie suraberldf shkxdarri¢rsdrangmitedby eheh
each antenna may then be updated accordi ngly. The third step may then

be carried Quf repea d |In,n| nax = 0.fa | | ennas shown
"h the ot tesaREAY 6 Iohitg o edt KBTS oty ngdbBReaahaniane
steps may be carried out for theT (|+/)th sub- band, until all the
sub-carriers i.n all sub-bands have been, gl | tiled. Fig. 7 shows an

i || ustrati omayfbet limeitechiortdarismyt Emomyie-ﬁjo:ﬁ'liﬂﬁ +Hiedubechrdérs.
transnitting data to a receiver accordn "ode enbodi nent of the
invention. 20 This third inplenentation is simlar to the second

I npl ementation of the nethod of transmtting data to a receiver, with

t he excepti pipbriBedo érﬁ%llfy*’édb@eqm&im%ﬁbhOif‘isuéa%ﬁm%dschﬂp|ri fid Bﬂns\ﬂﬂé! to
allocate the sub-carriers in order to achl eve a reduced

i mpl enent atbpp, CREAh®E daen tRAt the sBesrd Mebisinentdtibhmahbé dasily extended
i npl ementation may select nr sub-carriers randomy, for exanple,

i nst ead of tbHhefcasswhere syhiscat divisitde biytA) ashveelhi ghest quality in the
transm ssion characteristic, for exanple, in order to avoid the
sorting operations used in the second inplenentation. As such, this

d: eads to a Iﬁ&B@ TR ra{lt%rﬁgffhmeﬁgﬁmrﬁ{)!b%n?a} %h:bﬁﬂ“ﬁﬁg Mncgr{%@s%f on

oaneX|ty per
antennas and eight sub—carners are used.

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

The first step is similar to the one used in the first implementation, where
15 Jg ’? is first obtained according to equation (14). The selected sub-carmiers for

each antenna are as shown in the matrix 601 of Fig. 6.

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

n .
allocated for each antenna, n;™, where n;™ =—< v sub-carriers

—— nT

i 20  with the highest quality in the transmission characteristic among the selected:
J!E* ’? sub-carriers are selected for each column, i.e., each antenna. The

remaining selected sub-catriers (namely, sub-carriers 2 and 3) are then reset
to zero, as shown in the matrix 603 of Fig. 6.

k)

25 In this context, if the number of selected sub-carriers J(’ is less than »;™,

then all the selected sub-carriers jéfe;? for that column will be chosen (which

is the case for antenna 2 as shown in Fig. 6).

21




22 In the illustration of the third inplenentation shown in Fig. 7,
two transnih »503hSRne ﬁs and ei ght sub-carriers are used. perkaSikbiozft

I mpl errentatlon may be carried according to the follow ng steps. The
first stepis simlar to the one used in the second inpl enentation,
where r | best is first obtained according to equation (14). The

sel ected su -carriers for eagch antenna s, sho in the ri%e701

of Fig. 7. remaining AHERES epsibieRIrigEsal OHPY‘%%JPT Sy ARIRRNARAY

nunber of sub carriers allgcated for ga nt solechdp —-’7I
Next, the rhPdaifslacaording &o g equation ”arm ol Sﬁé’%&gféct”ed beéswher
sub-carri ers ar Selﬂfﬁ%(eed random y, for exanple, for each col um,
i.e., each'® remai ni ng sel ected sub-carriers 15 (nanely,
sub-cargkiers 2 and 6) are.-then reset to zero, as shown in the matrix
703 of Fig. 7. In this context, if the nunber of selected

sub carri el the tird sten. 3 rew sul- camtaRs allocatiop frrthe remalningssybsearsgrs

LT TS R o g ety

case for antenn emai ni'ng nunber

sub- car r i erspedtingdhe dicstfstap araohg the remreining gubtvamidse. updat ed accor di ng
to the equation nrat (s +1) = nr (s)-nselected (s), where s is the
step index. 25 In the third step, a new sub-carriers allocation for

et 30 1 Ak JHS VBl Sl Re) S hAr TR nE R e AR ey ¢ ne

remai ni ng sub-carriers.

The third step may then be carried out repeatedly until n,‘f‘”‘ =0 for ali

antennas (as shown in the matrix 605 of Fig. 6).

15  Finally, the first, second and third steps may be carried out for the (i+7 ) sub-
band, until all the sub-carriers in all sub-bands have been allocated.

Fig. 7 shows an illustration of the third implementation of the method of
transmitting data to a receiver according to one embodiment of the invention.

20
This third implementation is similar to the second implementation of the
method of transmitting data to a receiver, with the exception that the third
implementation uses a simplified way to allocate the sub-carriers in order to
achieve a reduced implementation complexity.

25

In more detail, this third implementation may select ;™ sub-carriers

randomly, for example, instead of the first »n™ sub-carriers with the highest

quality in the transmission characteristic, for example, in order to avoid the
sorting operations used in the second implementation. As such, this leads to a

30 simplified implementation and a reduced implementation complexity.
However, this may result in a small performance loss.
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30 Next, the value ninax for each antenna may then be updated

accor di ngl %M%P third step may then be carried out gﬁﬁgﬁﬁf@%%

until nr : or a antennas (as shown in the matrix 70

5Finally, the first, second and third steps may be carried out for
the (i+i)th sub- band, until alf t he sub- carriers in all sub-bands
have been a side remark, it e seen that the

first step l{h@‘%ﬁﬁl&?ﬁaﬁp'ﬁ@f gl%*ﬁ"rgﬁmf’wmﬁlqn@h% I8 fdg¢ GtiverHransait

i denti cal tgn{ehﬁagbﬁgte,gﬁt%gb%ﬁ,érggré G%édj step of the 10 second
i npl ement ation, respectively. Fig. an illustration of the

fourth inplenentation of the nethod of transmtting data to a

the. second tfiacRemleRaRRER Ra/itbafhd SForib b Riaroiins SEBE °¢ 1°

transmtting data to a recei ver, this fourth inplementation also
provi des a o ﬁtrar nt, on rrber of carriers which may be

al l ocated t Eﬁﬁsﬁﬁ’t'érﬁ'ﬁ' ar—m E%H%@%ﬁ”ﬁgeéﬁ 'mriemgutﬁt@arwheres to
b ly d bt th d t
bal ance. T heJasfs Hist ShiBinageccatt Miqusibrg 1 4hthe Selctedutseeirars ©y
f (t t t | th
gongt { :Inﬁ[n ?%F a?ﬁfggg%%ﬁ s %ﬁ‘b‘f’%%&‘@ﬂ%ﬁg 733025'% 8poﬁ!t n85| ng a set

of threghold values. By so doing, this fourt h i npl enentati on avoi ds
the use of the highly conplex sorting operations of the 25 second
Crrpl ement at | hS@ERNG: Hep M\@Sﬁﬁlﬁé@'m%@‘@ rpaximue sumpenpf $Ulcaffpioach
sed in the third inplenentation. In this coptext, the use of the set
of t hr eshol allocateddsr eatlyanteqnangs , wWhere effpar-e- ouemthemk sub-carmiershe
illustration of the third inplenentation shon in Fig. 7, two
transmt 30 antennas and erg t sub-carriers are used. The third
i mpl ement ataroengrthe ssleciad g sbeeardensgre seteieted raindomiy: jorsexapsple Jar

The first step involves determ ning_a set of threshold values, al | =
1, ...L each column, i.e., each antenna. The remaining selected sub-carriers

15  (namely, sub-carriers 2 and 6) are then reset to zero, as shown in the matrix
703 of Fig. 7.

In this context, if the number of selected sub-carriers j(I %) is less than n;=,

then all the selected sub-carriers j(‘ %) for that column will be chosen (which

20 is the case for antenna 2 as shown in Fig. 7).

The remaining number of sub-carriers allocated for each antenna may then be

selected

updated according to the eguation n Z+D)= "y maX (5} — ny (s), where s

is the step index.

25
in the third step, a new sub-carriers allocation for the remaining sub-carriers
may be obtained for each antenna. For example, this may be achieved by

repeating the first step among the remaining sub-carriers.

30 Next, the value n}c“a" for each antenna may then be updated accordingly.
23




where L is the total nunmber of threshold values and ai > 0. Next, al

and the vatoeoosksogmhere nr = 11) may be initialized. Fatioataogocekiich,
111112 may be conpared to al for each sub-carrier and the respective
ant enna. respective antenna may sel ected and indicated in bold as

shown in matrix 801 of Fig. 8. Accordi ngly, nir rray be updat ed
according to the equation nrax a %} e second
step, the FHPéB'%SWMPﬂH‘%S%C%?d BBt f@ﬁ&ﬁ@é’b‘ Va2 \ﬂﬂa allap g
Next, 11/ 114 12 NE%%be co red t.0 % he unsel ect ed
sub-carri e?@eé\'i'é S'P%'b P\F'éata’ﬁ?@ of | ‘9 “f)}151f it is deternined
that2l I P'-H1L > a2, then the correspondi ng sub-carrier and the
respective antenna may be selected and indjcated in bold as Sr}f'

matri x 803Fcknallm e fisst, secsoddEndghiyd stepsinayibe sesiedaut frrdhag+is’ sl
equation nikn I t he second
step is cab??@’é"@ﬁﬂﬁﬁS"fqléarﬁgpﬁépr#r%bt rncgghlﬁI glva \gég&éa}?d', for all
values of /until/ = L. In the illustration shown in Fig 8, the

nunber of %g;qe%ggltrgm\é _es el ect iﬁ%ﬁ@sﬁ%&‘%&g& %t Eg teﬂ he
processi ng
fourth thr RﬂhfbléfrﬁbH@tléﬁérmd@n@al & fhel bedted ang t@ﬁtﬂ%@@?the

respectively in %
10 second imp ementatmn respectively.

Fig. 8 shows an illustration of the fourth implementation of the method of
transmitting data to a receiver according to one embodiment of the invention.

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

20 (PAPR) value for the plurality of (transmit) antennés.

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
implementation avoids the use of the highly complex sorting operations of the

25 second implementation and the performance loss as a result of the approach
used in the third implementation. In this context, the use of the set of

threshold values only requires the compare operation.

In the illustration of the third implementation shown in Fig. 7, two transmit

30 antennas and eight sub-carriers are used.
The third implementation may be carried according to the following steps.
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It can be seen that the nunber of iterations carried out depends on
t he nunber_.af .eshol d val ues sel ected. As such, the S
wel | as th‘gaezf)#g{hg?%ﬁcy of the fourth inplenentation deglgéﬁgézgﬁﬁ@ﬁzé?
nunber of threshold val ues selected. 5 Follow ng which, the

al | ocat i on ffe fdbsERihlGles a?gnﬁﬁdr?gféét% thieshsRGAILRL % hacket ) for

exanpl e, based on the channel esti fon carried out using the
preanbl es gfh&raqhisdpé dotePekfber dfdhre8KaidNafuesldhdlly D0 NHIeROWY, tamd!the
transm ssion characteristic used in the nmethod of transmtting data
to a receiver, it is known that for a point to Poi_nt time dj__'sion
dupl exi ng (VAN neordwigreat’| s oyaawhe initaikedsrellowing wbwhum:"il‘f oY
system for exanple) the proﬁ'&igati on channel of the forward link is

t he recipr P | QO i nk,

provi ded t 1 FARy R34 TBEEE] Ab-CaRBREhy Ble foRBcfiE A, 12t on
channel '5s coherence tinme. However, it is also known that this is not
the case for the radio frequency (RF) transceivers, which may exhi bit

e . . 2
ever se. 11 L PR TR e R [ A e B R G LS A e {rcce
m smat ches essentially may conpronise the estinmation of the channel

state i nf omRER§EHNE @INNa MAR seleaipdrand ingicated in Helpeasshnuyp Humetix80™n

o ' recel LT 1925 AdRFATGR ST booPu BBtk e SRR o1l ¢

<descri bed as,ftollows. An ideal transceiver nay-be considered to have
a baseband ’hqu(%pé’n’t’k chghmlel response of unit anplitude and of zero
phase. EJG to various random process variations, the actual channel

respon§ of the transceiver may exhibit 30 a random channel response

whi ch may @O doMdSsteH Shé daabhdid SENRNEL REPBE $RanddtPioTBYWhetde of
the exhibited deviation fromthe ideal channel response depends on

th it f 03] isat i ' t,
ne approvitiet 32 PO B EompAR B ; PR e Msolucied Ryt iR

may be re

bet ween th%nﬁ?ﬁ%féﬁ}e%ﬂ@a%ﬁt‘é%ﬁ? | i nks. Fig. 9 shows a signal flow

representation e data transm ssion carried out 5 in the
comuni cati on system 100 of a according to one enbodi ment of the
invention. Let T(f) represent the transmt frequency response

functigs iffit ﬂg@eftému@@%thkp%ﬂ N >ad Rl thelcBpeepeRiing Bev-LafRIrRd
frequency response functio fn

the respective antenna may be selected and indicated in bold as shown in

maitrix 803 of Fig. 8. Accordingly, »,” is updated according to the equation

‘; n (s +D=np0 (s)-1.

20 Following which, the second step is carried out for the remaining threshold

values a,, for all values of Juntil/ =L .

In the illustration shown in Fig. 8, the number of threshold values selected is

4. The matrices after the processing using the third threshold value (a, =1.4)

25  and the fourth threshold vaiue (a, =0.5) are labeled as 805 and 807

respectively in Fig. 8.
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10 frequency donmain. The mismatch in the transmt frequency response

functi on n@y b&180RE €essed using the conpl ex gains T(f) perkG2iosnbozit
ejarg(TuD , and |likewi se, the msmatch in the receive frequency
response function may be expressed using conplex 15 gains R(f) =
R(f) ei ardi{®yn be sehethatthaoimberofdtetatiRns)cardgdoutidependp ootthe e

anplitudes of the_ s h | arnayl f i

respective fbﬁ'é% sc’fg?f"egﬁéla M%@Wﬁ%%ﬂeggéua&g %Hgﬁt ﬁ%ﬂ)ggiog@gﬁ#%?g@itﬁggh? he
sel ecti on cffidiendyosf the fodrtreimpidrhentatidn 2épdndsnanihietiungbataif shresheld
recei ver may be based on the signal power of the channel state

i nf or mat i orYaluesiSeled@ly the anplitude of the nismatch need to be
consi deged. In this context, the respective anplitudes 1 T(f)1l and 1
R(f)1 may be nodeled 25 as a real Gaussian variable. As such, the
mean of théalesjrarwhich, tepiiocatinnsofraah-aseriers prayske dpdated formgachwdatae

(which is the, val.ue of t i d '

carl i or) . FHGRER B daspd Enaht SRR LoURET BaTRU SN ERE e
denot ed as gledmbi¥aldf dalh slatopaaket, for dxasipiell d be noted that the
Gaussi an vari able nodel is commonly used to nodel radio frequency

(RF) anplitude errors, and it is 27 typically assumed that the
vari angg OT%frhsﬁg%w lo theRrah8mfiain drdfraenst! ligbidgffa% triefod bre

occurrence of a“negative realization is negl e. The conbi ned
channel r edposyditionwats o areteeudiis known thatdor a ppisd te peinbtimgdidsigNn and

reverse |i ' | r H(f),
may e def CRBIpE (TplEHERcton stdm Pikn A0 CAEBIEmbGREARE H1)
Cni sk(f, t) s¥8eh), HorvekdripleRiNe(drppddaition channel of the forward link is the

reciprocal of the propagation channel of the reverse link, provided the round-

15 trip delay is shorter than the propagation channel's coherence time.

However, it is also known that this is not the case for the radio frequency (RF)
transceivers, which may exhibit significant amplitude and phase mismatches
between the forward and reverse links, as well as across muitiple antennas.
20 Since these mismatches essentially may compromise the estimation of the
channel state information {CSI), they may result in a severe degradation in the
performance of the embodiments of the method of transmitting datato a

receiver.
25 In more detail, the effects of these mismatches are described as follows.

An ideal transceiver may be considered to have a baseband equivalent
channel response of unit amplitude and of zero phase. Due to various random
process variations, the actual channel response of the transceiver may exhibit
36 a random channel response which may approximate the ideal frequency
response. The magnitude of the exhibited deviation from the ideal channel
response depends on the magnitude of the random process variations. In this
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where k =1, ,NT is the antenna index corresponding to the transmt

10 antenna%@gmgggﬂﬁ The ternms H fwdk(f,t) and Hrvsk P %ﬁﬁg@%@?ﬂt

the respective forward and reverse |ink channel responsé Ion,
whi ch nmay be assuned to have the property of time invariant

reciprocity, i.e,, Hivdk (f t)= Hvsk(f,t) for k =1, - ' NI 15ln
this contexPontexk tae PRIt sl GFFrRee Ay SelEERl £ WSERH es
I's the combpBRfkerRBTSIWArE BPENTERLHEY fibks, However, C fwd(f) is the
channel response which is used in determ ning the sub-carriers

allocation in the enbodinents of the nmethod of transmtting data to a

my be descr a1 a il R SRtRiclrb 8 Bafe o PRt b |
(f)r TB'X inifhe cofmmonidatiogt systerh e 09udf-acaocording td de ambodineenttof theon
may be rewjttepn as foll ows 28

invention.
Let T(f) represent the transmit frequency response function in the frequency
domain and R(f) represent the receive frequency response function in

10  frequency domain.

N

The mismatch in the transmit frequency response function may be expressed
using the complex gains T(f) = T(f) | e/ Z8T(U) | and likewise, the mismatch
in the receive frequency response function may be expressed using comple)i

15 gains R(S) = R(f)| e/ R where |T(f)] and | R(f)| are the respective

amplitudes of the mismatches, and &/ 287 () and o/ 28RN gre the

respective phases of the mismatches.

As mentioned earlier, since the selection criterion for the method of
20 transmitting data to a receiver may be based on the signal power of the
channel state information (CSl1), only the amplitude of the mismatch need to

be considered.

S

In this context, the respective ampiitudes |T(f)| and | R{f)| may be modeled
25 as a real Gaussian variable. As such, the mean of the respective amplitudes

may be expressed as a unit value (which is the value of the ideal frequency

response discussed earlier), and the variance of the respective amplitudes

may be denoted aso?.

30 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
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WD 2008/ 150244PCT/ S&2008/ 000211 where CO = Cfivdk (fo + 1V)= Crvsk
(fo +/AD, {rovaier¥slis =TA(f0+4,) =R4(f0+.16,f), di) =TB(prAanshsioo2R0)
=RB(f0 jaf) for j=1,, nc 5 Assuming that the respective frequency
responses TO and R(i) remain unchanged across the sub-carriers, then
all the respective calibration factorgTWRV) TV)and R(j) may be

consi der ed tgpmicailycegsenciethaf thervariame%rilds seallbp danD e fon exasx i) such

Accordi ngly, uation (18). may be further sinpl.ified as follows

Fig. 10 shﬁﬂ%ﬁgeBPBWﬁe'gqea‘éfraaﬂ%qq?'Vﬁ5??“5?&%’56{1%"9 € et hod for

determ ning the calibration factors according to one enbodi nent of

the‘invention. 15 In this first nethod, a test board 1001 may be used

to obtain {lhe cospisinedsbanel responpe Gal (Or and 6a.s (Actas thermsprEfive om t he

different Rk TB 2 transmitters and receivers of the conmmuni cation

devi ce $003orwastl agdireeerse finks, sidsinincludel’§r) . 18(Asnd Hwghanreli g. 10,

the test board 1001 nmay be, a d$vidce ?(ﬂ external to the communi cation
may be defined as follo

devi ce 1003esponse H(f), ws
C fwa, (>0 = T4, (Y H pua, (/)R (f) (15)
Crvs, (/50 =Tp(NIH s, (f )R 4, (f) (16)

where k =1,---, Ny is the. antenna index corresponding to the transmit
10 antennas at node A. The terms H 4,4, (f.1) and H,, (f,?) represent the

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

assumed to have the property of time invariant reciprocity, i.e.,

Hﬁd’dk (f,t) r'}I?‘V.S'k (f,t) for k =1)"'3NT‘

15 In this context, the actuat estimation carried out using the preambles is the

combined channel response G, (f) . However, C 4,4 (f) is the channel

response which is used in determining'the sub-carriers allocation in the
embodiments of the method of transmitting data to a receiver.

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

fo[lows_

Ty, ()
C fua (f,r)=ﬁ';(§—)cmk (f)-%—(%)- (17)

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

. 2
U W
. L2 T s R |
— (7} —_ Ay [#3] B 18
25 oSl -argmax‘C | = arg max—— . (18)
‘ bext tethar) Sfody xell ) Rf!':) s TBU)l
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The switches S1 1005 and S2 1007 may forma calibration | oop, and may
be used to e nmeasurenment sequence from Antenn na
nT A bi nar ﬁ‘g%@é@éoéﬁqft keyi ng (BPSK) signal nay be use%ci@&?%og‘woz&
signal. 25 Additionally, the channel estimtion may be perfornmed at
the respective 29  receivers on the test board 1001 and the

conmuni cat i eimede il T00R,, &6 +h, 68 mates (A TAkNand RAk may be
obtained. It can H& %&een that neasureifents of the 2nT transfer

functions a_ghowy in.5 atjgn (20) may. al g9 b tained. As the
connecti ons 7;}; ex\?r‘édgfov"i %héﬂi‘réﬁ&c"‘aﬁ%@* ggnn’e&@gﬁ,] eand
transm ssion | oss due to the cable connection may be assuned to be a

const ant valgidlg g + wWrenent.s ,obt ai ned may then be expressed as
au= T4 LcRA §TAL£X?F RFPRETEL S

(20) cenni = TA Lc.RB, anr.2 = TB:LaRAn, 10 where TA and RA denote

the respective transmt and receive frequency responses for the

conmuni Gat | ABswalrigaRal $eFesfdmive fdqueaty rrpbasssTrUandRi/t kanaike

defined as follows %n Tit RAcf, ="' ="' al, 2RA TB, .

(21) an | RENchanged across the sub-carriers, then all the respective calibration
factorsTg), Rz), Téj) and R_g) may be considered as independent from the

sub-carrier index j. Accordingly, Equation (18) may be further simplified as

- follows
{
ATy, R 2
10 kb(é31=argmax C’f{fg 4 ZB (19)
kellng} k1 |Ry Tp
. Ty R 2 .
The calibration factor -ﬁ—"—}—’i may be determined as follows.
Ay 418 ’

Fig. 10 shows a block diagram illustrating a first method for determining the
calibration factors according to one embodiment of the invention.
15
In this first method, a test board 1001 may be used to obtain the
{- T 2
' measurements for the calibration factor 4 Ry

from the different
Ry Tp

transmitters and receivers of the communication device 1003, using the setup
shown in Fig. 10. As shown in Fig. 10, the test board 1001 may be a device
20 external to the communication device 1003.

The switches 87 1005 and S; 1007 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.

25  Additionally, the channel estimation may be performed at the respective
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15 Therefore, the calibration factor matrix CF can be forned as

foll ows

Gib 2008/15b244CF= . (22) 0 cfn It can bepgegBados/eudbiz

Equation (22) that the calibration factor matrix CF is a di agonal

matri X. As
exanpl e,
the | oadin

such, its values may be stored in the flash nenory, for

R e L IR

referred t @stimatessfd, Cand bzr,gtmaq,nb@bbtem.

10

15

20

It can be seen that measurements of the 25y transfer functions o« shown in
Equation (20) may also be obtained. As the connections are made via the
direct cable connection, the transmission loss due to the cable connection

may be assumed to be a constant value .. The measurements obtained may

then be expressed as
o, =T, LRy
&y, =T, B Lc‘RA,
(20)
Epa = TA,,,. LR,
a, ,=T3 LR 4

where T, and R, denote the respective transmit and receive frequency

responses for the communication device 1003. The calibration factor ¢f may

then be defined as follows

R
cf; .Ci —_—— ’ .__.ﬂ._
a, R, Ty
(21)

o T
cf;? —_ Hrl Anr B,

X2 A, Ty,

Therefore, the calibration factor matrix CF can be formed as follows

i - 0

CF=|: . : (22)
0 - oy,

it can be seen from Equation (22) 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. In this context, the loading of
the values for the calibration factor matrix CF may be referred to as a pre-

calibration process.
30

20
be




30 Further, as the matrix CF is a diagonal matrix, only T values may
be stored. no additional of built-in calibrati lrcuitr
may be neea@gz@gﬂagﬁe communi cati on devi ce 1003. Accordgﬁaﬁﬁm0%90"‘%i
Equation (19) may be rewitten as kL,j), = argnmaxi C, V1, 121cfl,

constri kethnr) R T where const = B Ais a constant which is

I ndependent of k, and as such, TB RB, may not affect the process of

al | ocati ng }:nﬁhé}‘gs‘igé Haﬁﬁf F % 8|Ja§oﬁ£|%§tn§ ?rlllg "éra?é s fhay be stored,

illustrating a 3eéecon for erm ni ng
accor di ng t 85 @Qeh et addinBRd) of bufiths ctal'b/rﬁﬂéﬁ effcuir rﬂé}f‘ ﬁe ﬁ@@dﬁbdfoi‘fﬁ@()d
an additional calibration circuit 1101 may be used transmtters
and recei ves@marnigadiopsieNiesi WS on devi ce 1100, usi ng t he setup shown
in Fig. gdl. As shown in Fig. 11, the additional calibration circuit
1101 may be part of the conmunication device 1100. 20 The switches Sl
1103 and S2Adddi8irighy, Bauatian (19)ataywbe revajttesthuss ng the initi al
£ "argmax{
ke{l,nz}

qfk const[ } (23)

T. :
where const =£’1i is a constant which is independent of k, and as such,
B g,

{F. may not affect the process of allocating the sub-carriers.
| 10
Fig. 11 shows a block diagram illustrating a second method for determining
the calibration factors according to one embodiment of the invention.

In this second method, an additional calibration circuit 1101 may be used to

2

T
15 obtain the measurements for the calibration factor 4 Rp from the different

Ap £B

transmitters and receivers of the communication device 1100, using the setup
shown in Fig. 11. As shown in Fig. 11, the additional calibration circuit 1101

may be part of the communication device 1100.

{ 20 The switches S; 1103 and S, 1105 form a calibration loop during the initial

2
T
setup, which may be used to obtain the measurements for RA" %3—{ from the
Ay 1B

different transmitiers and receivers of the communication device 1100.

Based on the measurements obtained, the calibration factor matrix CF may

25 be formed according to eguation (20) and (21). Foliowing which, the
calibration factors may be used for the compensation of the mismatch for the
embodiments of the method of transmitting data to a receiver. Further, as
these calibration factors may be obtained using the built-in additional
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ZA}‘(romthe setup, which rmay be used to obtain the neasurenents for
T RB fdifferent transmtters and receiver

/15024 $cok 000211
comruni catlon gew ce 1100. Based on the neasurenents ob?al ﬁgdgg(%he
calibration factor matrix CF nay 25 be forned according to equation

(20) and (21 Fol | f
for the cgﬁﬁﬁtﬂ%?ﬁ‘ﬁﬁg\n‘éipﬂqqndqﬂw tha' on th*?g?r%?%m*/b%ﬁeused
met hod of hbgaw@bumaydata to a recei ver Further as these

calibration factorsS may be obtai ned using the bui I t-in additional 31
calibration circuit 1101 during the initial setup, these values may

t b d
cal i brat | ot Fie PEEAE I i /sl Rt Elcaiiafioh réchite ot e RIbRABn! 1°
in viewst hféct?hmatr{)@mm} besus&cﬂlnluré\mthm&he)mameesmtemfmmemsnn@
measurenents fr e reverse
However, t B&t "@ﬁ%‘éﬁ'"g Fﬁaé“%'??%iig’ﬁ?ﬁ’otﬁe HRYErEP @B‘E BQS%@? V\ﬁﬁ}e fj&“ﬁgl dhg
measur em?nhﬁk)f. HOMVBE the Ml kit infsrmititioA uaaeaist betdstiniatdd avhgg.

measurements from the forward link as discussed in the following.

10  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 symbols (sudh as preamble symbols, for example) 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

15 embodiment, the forward link channel frequency response for each antenna
(of the transmitier) may be estimated by transmitting orthogonal channel
estimation symbot sequences for different transmit antennas at the same
time, then performing the channel estimation jointly for all the transmit
antennas at the receiver side.

20
Foliowing this, the estimated channel state information for the respective
forward link frequency responses for each transmit antenna may be
transmitted back from the receiver side to the transmitter side, for example,
using the feedback channel. The received estimated channel state information

25 may then be used in the selection of antennas for sub-carriers.

However, it should be noted that the transmission of the estimated channel
state information (frequency response) from the receiver side to the
transmitter side may involve considerable transmission overhead for the

30 feedback channel. As such, it may be preferable to implement the antenna
selection process directly at the receiver side instead, and then fransmit the
antenna selection decision information for each sub-carrier via the feedback
channel. Using this approach, only 1 bit may be required for each sub-carrier
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10 I n one enbodinment, the forward |ink channel frequency response for

each ant enweo feb/140bes transmtter) nmay be estinmated by aptargbdgniba
transm ssion of channel estimation synbols (such as preanble synbols,
for exanple) for each antenna at the transmitter, one at a tine, and

t hen perforym m@. I i Wi n at

t he recei vefﬂtglg(?tgggl n a%orﬁﬁhgr%ﬁ%@ﬁg%eg‘g\atﬁ%?\? ,Eg‘%‘?}eé@ﬁg?cp'@i@ﬁ% @%annel
frequency resquirad dorf @eacresudhcamieeinihe case wherd foan it antermashee
estimated by transmtting orthogonal channel estination synbol
sequences f ec&ialn%é;oe%. transnit antennas at the sane tine, then
perform ng the channel estimation jointly for all the transmt
antennas at the receiver side. 20 Followng this, the estimated

channel 5t andhembodinests disgussae abevsp aiare éhe estimaiipn mfrﬂaefcheqmelncy'

responses f \ i farom t he
Bl S L T
f eedback chemieeto pditierm deeabove disiussed sidps lah theefeceivet sidenhandemiré on 25
may t hen bearzrﬁ in the, selection of ant carders.

it

d f - .
However | S s HRREST s heteatred.ois aiayjest t fa meomratblty

channel st akih bribhdebhdiuriddtion Haleys (IS PRBRId FddeiVer hfay Radever side
to the transmtter sSide may involve considerable transm’ssion

over hed® f oViMpdiazpmpliambderexammekl . As such, it may be preferable
to i nplenent the antenna sel ection process directly at the receiver
ide instead, and then transmt the antenna sel ection decision

nf or mat i orFigon2 showssarbilgsiration of how thé eompedbatidn effraisnwtchdddntie t hi s
approach, only 1 bit .may be required for .each sub-carrier, 32 .in.the
case wher e RIGESSS ShANMPENG ANY SHBLCakier sBLHON iy B pa7Tist gt bashg on e
required f auaiibationsablossand tHe édtinidied casthalBiite irffomiationeatebiding to

ant ennas are useg‘,) and %? on. 5 ]n the enbodi nents di scussed above,

wher e tiRe &68 emPPEIMent of e PYeRfioB state information is perforned
usi ng neasurenents fromthe forward link, in order to performthe
above di scussed steps  at the receiver side, hardware and/or software
changes mayASehgwdyin Figy 127Hedashanieang may ke selgctedfar pagh subrcagrienor
existing c i i _E‘eélrﬁ? : i i i lmﬁq t be 10
W Medi a co?fp |§?lttc€étfdg%ugxarrp E#AVF%@I%%S O\Argagﬁ%ﬁ u?trat t@% of how
t he conpensmprevedoseladtionearierian basedinn heastomted channsh stataindormation

sub- car,,i ercgﬁj i j ed out based on the calibration
factor 326an(§ t egﬁe:&sth%nna: %Hen(;at@ﬁafghﬁtéfé'st ate information according to 15
one enbodi nent of the invention. As shown in Fig. 12, the best
antenna may, be selected for each.sub-carrier,.or the best set of
b oae o st e s RS S il ot PR Riucitie dhd the
' effects of such modifications on the performance of the embodiments of the
{ method of transmitting data to a receiver are discussed.
25
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, (/) defined in
Equation (8), the preamble OFDM symbol transmission for the embodiments

30  of the method of transmitting data to a receiver may be used for automatic
gain confrol (AGC), synchronization and channel estimation, for example,
without any modification.

33




i mproved sel ection criterion based on the estimted channel state

I nf or mat i owo204sESde and the calibration factors. Next, pragsHiztus@oczii
design nodifications to the existing preanble structure and the

ef fects of such nodi fications on the performance of the enbodi nents

oach or canots PEJIRH rdtfenEy ?%’tegff SRRl f B ety |
ant enna ”ayeir@d QW&%&]é'geoﬁﬁﬂ(;éﬁtrﬁﬁlai eqU| H't addnlBftidhal A P&éhd)@FDM

descri bed earltier frequency sel ective

channel Ho(dhandel, iesadsignal Emttat:mmanq Bmprovetda rqb@&iﬂﬂséomnmmmln
transm ssi on fo

et s et ACC, SYRaTaBRAg, 3 Sharindl pehaRth Rax befHBRle Rt

synchr onj Zaé)da?rgalé‘”m@ hriyTethaskdoed tHerprobabiiliigedmpise. armplifibalidn whin a
nodi fication Since the equival ent frequency selective channel HO

(f)may be estpeleawnng! igxensisnis applieg ochaane igatots Ty samde to a
conventional multi-band OFDM channel, |ess signal distortion and

i mproved robustness for automatic gai n control (AGC), synchronization
and chan ne IN@d theeRackat Bagr Batee(ﬂﬁéi‘)tp@dpnﬁamcesr&smﬁsrfﬂréhe ehibodiragnts

further red eth abi | i. of ,.npi s 1fic n asinple
channel \R'i& @%@ '1588&%8 ﬁ’n%recg ﬁélqr?éﬁ)tt%ﬁed Palﬁgexarrpl e.
Next, tﬂ@e %ﬁﬁ&%ﬁioﬁé e pEHEmMaRERredlis bt gre than lcbmphesd fohose of
errbodl nents of the nethod of transmttlng data to a receiver,, are

obt ai ned udhagtargaed WiMadiaoter1.Orsrmmapicatiomfedces 4n this coplexi Hgl ar e
t hen Comarlﬁﬁﬁébi fwsg L%Bttﬁt?oo?:gﬁaﬁﬁél%éﬂé\@ﬁ'] %aV@béeH UQQHWfHecat ion

devi ces S context, the i ndoor channel
model s [1] sirauletibesrThesedra iwurh@eguqﬁahmnabmderhﬁa@iraw@la 300 sy of
channel ”qu?lFigliﬁt ed in table 1300 showmn in Fig. 13. 15

15
Fig. 13 shows a table 1300 describing the channei models used in the

simulations carried out on embodiments of the invention.

For example, the first channel model, CM1, represents a transmission

20 channel where the transmission range is from about Om to about 4m. Further,
line of sight (LOS) is assumed between the communication devices which
may be transmlttmg on the said transmissmn channel. Additionally, a
maximum transmission delay of 8. 92ms is assumed in the said transmission
channel.

25 .
Additionally, for the embodiments of the method of transmitting datato a
receiver, three different channel realizations corresponding to mulitiple
antennas are generated, namely,
Case A: Independent fading channel without shadowing

30 Case B: Independent fading channel with independent shadowing
Case C:-Independent fading channel with correlated shadowing
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Fig. 13 shows a table 1300 describing the channel nodels used in the
si mul ati ongysapiRdout on enbodi ments of the inventionpgckRE: Epoglwle,
the first channel nodel, CML, represents a transm ssion 5 cﬁanne
where the transmi ssion range is fromabout Onto about 4m Further,

i ne of si 0S) is assuned _between the co ni cati ogn devi ces
whi o'y bene CEASHEERGRER Of FE5S A CPrESARaE GoMGiasRAIRLE properly
Addi ti onal | ¥paced@ntbAndR Mtﬁ%lﬁﬂbrg%é%gdrﬁ'@hﬁéih%diﬁg%?@Esét?mé& din

the said transm ssion channel. itionally, “for the embodi nments
of the met hekpratel realizgtion of GgselBicorespendsdoan ideal casesehears prepasin

' the tarTe | .
et o shdd SN 4 ARSI AGeldn Atbrh R dind BB Befen

S Eagowi ;o) Sﬁqm&ﬂ‘n?aaé asm;dmen:iél;mdc_ﬂ-mdhelﬁ'ea@m!otﬂgasb 0 D?I@tewuiﬂetto
sSsnadow n se ) naependae adl,. n channe W rre e .
oo N9 e erse IR REPPSNLSHaraH AaI TR st eorsated Sireth fding,

case where gidpSirbiMtePRERbWATY SRNABUMEDD FURRSY, HiRd dis0tutivh bf it h
fadi ng are assumed. The channel realization of Case B corresponds to

an ideal cad@nietredst ®réiase Gisedlignedin therasasiremenhtesultalt ed

mul ti path fading and uncorrel ated 5 shadowi ng are assunmed. The

channel realization of Case C corresponds to the case where properly

spaced Hnt dnrihis cantdxtyihsboulé batretedinat thesgerfdnmedinog resultssbowealinFigs.

shadowi ng aJ e, assuned. Further, the distrjbution of the channel nodel
Chse TS B fasds on e gharpLbaliatoB R Eelh) | 10 I thi s

antext, it should be noted that the perfornmance results shown in

Figs. 14 to_ 16 are based on the channel realization of Case A
Fig. 14 shdug- ifAshpweiae packejerosrate (PER) ppHproanaeyesultetpnthesdstar t he

data transnpgsd ; ' i - AgéRiceat i on
devi ce 15 V’E}ﬁ?}?ﬂﬁﬁﬂb@&?ﬁ?&ﬁﬁ?\ﬂ%@?@&ﬂ%%ﬁgﬁéﬁfﬁ%?%%rﬁ?éé@em [ g:%. I t
can be l$eerwitmamd yithout using one BrhwEirgentrof teg inyentemi eved for a
standard W Media 1.0 conmuni cati on device by using an enbodi nent of
the nethod of transmitting data to a receiver with four transmt

ant ennas. HRucambe seeh ik kig.dl4sthald 526 Bsgam nidyate aclddBdyfora stayddre

achi eved fqf,. t ard WMedia 1.0 conmuni catiqn devic usi n n
arbodt ment Wiedia ML BRGmsieRoR dvie i/ LA ShERREREE B mAidiFolis

transmt anizgishdting data to a receiver with four transmit antennas. Further, it can also

20 be seen that a 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 two transmit antennas.

These performance gains show the effectiveness of the embodiments of the
25 method of transmitting data to a receiver when used in high data rate
transmissions. Additionally, it should be noted that channel coding with high

code rates (such as R_ = %, for example) which may be used by a standard

WiMedia 1.0 communication device tend to be less effective in high data rate
transmissions.

30
Fig. 15 shows the packet error rate (PER) performance results for the data
transmission rate of 200 Mbps in CM3 (4-10m) for a communication device

with and without using one embodiment of the invention.
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These performance gains show the effectiveness of the enbodi ments of
t he 25 netwodoosfistzaansnitting data to a recei ver when @sesdGResheoght
data rate transm ssions. Additionally, it should be noted that

channel coding with high code rates (such as Rc= % for exanple)

whi ch may be used by a standard W Media 1.0 comuni cation device tend
to be less effective in_high data rate transm ssions. 30 Fig. éi
shows the pheatcbe seenin Fig 3%'@@3-@6819@#0@#&@6@@@@% form Sﬁ%@a ta

transmi ssi QUka4i MeRsol i Wetatser Y i
device w tﬁﬂ% '%1%8%@%& ngogﬁg@%@ngggﬁsﬂr@n@tn %’?B?ﬂe [ nve{rﬁeicrg%{.wggf It
can be seetransniitigg dbta tormtecaiver @it four transeyit anteords. Fusief, drcan also

standard W Medi a 1. ni cati.on deyvi b si,n ; Lment of
he ot od BErsaerdhatn 2OB AT Y e calenToCH stiiionth RAVEER LR T |
antennas. kdhiri@hicatidn &évicedby asiRg A ehsisitimbat ofah@ afdtied of aysrhitting
achieved for a standard W Media 1.Q conmuni cati on device by using an

enbodi ment dgfa tn@ repaivs Vi tworteEasmikantenadat a to a receiver with two
transmt antennas In this case, it should be noted that part of

t he performance gain obtained by 10 using the enbodi nents of the

met hod of tim this case, inshaléd be noted theloesrv el the perfoseancs gainwobigineth by

ffecti h I di =5/.8. for. i

ot andaitll woRE Be erepelalified s Bistipelotaensitip SRR L pfAy ds
packet err geehdjRel BriRe sifictias BRAKIRI b@@iﬁ%gud‘l-pés Rhes/8afo ekBmple)
transm ssion rate of” 480 Mops in CM3 (4-10m for a comunication

devi ce wi t lysetith wistdraisrd WiMediz=ohé cemouhicatitn ddvidehe i nvention. In
nore detail, a performance conparison of the first inplenmentation
(1 abel ed as Method 1), the second inplenentation (labeled as Method

2a), the tipig o 2ohdwPtHRIRivkat &dr ratedPER baforiMahbe fostits famiietdata
fourth irrp:Fgérrent ation (labeled as Met hol?q)?,) ' °

L at > s showmn in Fig., 16. It
can bel8eeffanamissipn ede ph480 Mbpsin p&‘p ﬁ%?)@@héﬁ@diqnﬂiﬁ”'(“%??fgﬂe‘i'?e shows
the best p itieu%{zrrwﬁﬁoag}gn@ﬁiéeﬁqbsdih{eapbﬁmnﬁ@édtiaﬁs- It can also be

seen that t 5 second 1 1ipl enentati on (Method 2a) shows a conparabl e
performance with the fourth inplenentation (Method 3).

In more detail, a performance comparison of the first implementation (labeled
as Method 1), the second implementation (labeled as Method 2a), the third

20 implementation (labeled as Method 2b) and the fourth implementation
(labeled as Method 3) is shown in Fig. 16.

It can be seen in Fig. 16 that the first implementation (Method 1) shows the
best performance among all the implementations. it can also be seen that the

25 second implementation (Method 2a) shows a comparable performance with
the fourth implementation (Method 3).

When compared to the performance results of the first implementation
{Method 1), the degradation in performance as a result of using the constraint
30 on the maximum number of sub-carriers allocated for each antenna in the
second implementation (Method 2a) and in the fourth implementation (Method
3) is only less than 1dB. However, the degradation in performance in the third
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When conpared to the performance results of the first inplenentation

(Met hod 1) wd hiRs/sgd4adation in performance as a result QETBéEdB?/G&o
constraint 30 on the maxi num nunber of sub-carriers allocated for

each antenna in the second inplenentation (Method 2a) and in the
fourth inplenmentati ( 0 . 1S |y, less t 1dB. . .However, the
degr adat i on'fﬁ‘rﬁew&ﬁ%&%@%ﬁ?ﬂ?ﬁf& 5{%%?:&%5%3 airﬁ%ﬂg " e hod
2b) is signiéleewan infsrder toesdhidvetdn insplBBehiz@ion anthaoweetGeplekity.i n or der

to achieve an inplenentation with | ower conplexity. Overall, it can
be seen fromthe performance results shown in Fig. 16 that the 5

{17t 11Dl eat e GUE4dUlronh 1 BucIFerk o bR o FHEFiGOt 1R e

selection criteria. As a side rem It shou be note

per f or mehcefisstsmplementation (Metihd)$) providas dhd BestrabolreSodthesedlénticoahannel
realization qf .Case C. 10 Fig. 17 shows the packet error rate (PER)
perfor mance® T8 ts for the data transmission rate of 480 Mops for a
communi cation device with and w thout using one enbodi nent of the
invention. 15 In nore detail, .a perfornmance cqonpari son of the various

f
i npl enent at NS ASIYR [aMatkaitanpHERe Aafed Natithe ReTeMaiceJESYHS Fayrbin i n
Fig. 17 | LFERNiPentofflalebdsed -onlifie'chBhnd Babdofief BalBic.be achi eved

for a stan comruni cat 1 on device by using an
enbodi nEnt of the nmethod of 20 transmitting data to a receiver with

four transnit tenn Further. i e n.tha e f arpance
o adat | onf Bt SORRIne PR ETr e BB Bl ab i tesh g rdlihg HEME "hoy

arried outtraddmissiba rpes dfaIBEVIDES fte e adahunication dedoe adthtamdosithoud. 5dB

when calibration is carfried out. .25 Additionally, it is noted that

t he perfor riHi¥c208e et ?fgée!ﬂé’eﬁ%'?-i gi bl e when the neasured

calibration factors have only about 10%error. It can be seen that

t he overall performance gain achieved for a standard WMedia_ 1.0

comuniléat i lorneredetail  perermaneaisomnagnen of thenarious irpalementations with

the m srat cird SRHING caielybrotelS i iFignet. corpensate for
It can be seen in Fig. 17 that a 4.6dB gain may be achieved for a standard
WiMedia 1.0 communication device by using an embodiment of the method of
20  transmitting data to a receiver with four transmit antennas. Further, it can be
seen that the performance degradation due to mismatch is only about 2dB
when calibration is not carried out, but the performance degradation is
}_f ‘ reduced to only 0.5dB when calibration is carried out.

25 Additionally, it is 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

30 transmitting data to a receiver with calibration to compensate for the mismatch
is about 4dB.
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Fig. 18 shows the packet error rate (PER) performance results for the
dat a transwioegisgai2dat e of 200 Mops for a communi cat i on PEEEGZE0S(HPA2IK
and wi t hout using one enbodi nent of the invention. 5 Simlar to Fig.
17, a performance conparison of the various inplenentations with and

o P e e, . . pl em o
w thou ;F_.g.ﬁs tgﬁé\ﬁrb% cg%?éﬁol‘ I%t@g%}smm#cg'rgsult%%r ine g8 be

seen in Fi at a 3. gain nma achi eved for a standard
W Medi a 1. Gransmissibr sate ofi 26@ (dbps foya gemmyiricationtsieyicesvith and witbowet hod

of 10 transmtting data.to cej with four transmt antennas.
Furt her, itusg%o%%e@z)gﬁmﬁm?f{I’%elﬁ%%ﬂogr mance degradation due to

m smatch is only about 1.6dB when calibration is not carried out, but
t he performance degradation . is reduced to onl é’{ 0. 4dB \(\he@gﬁ:al i bration

i s carrPed Jilar IosFigdd7 ¢ # BRAEPIMANCECOMPatSen oh HteetrioNsmpiggentations
perfor ma“C‘?Ni?P%@%hhmha%xlleﬁfsﬁaesﬂdcas@iseawsﬁomm FRA98! ed

calibration tactors have only about 10%error. It can be seen that
the overall performance gain achieved for a standard WMedia 1.0

comuni cat i on devi ce by,.usi j f e NE
transmitti AEC%E%SF%'.' H¥ ?'@Cg%@%%sh%h %ﬁgh%oan %Jégg?rgée rslsg,dg‘tdg % or
t he mi smat effiN&diaactcBnReBati6h devit® bgusing dArhempadiveint of ther metiiodl of

(PER) performance results for the data transm ssion rate of, 480 Mops
bver. 8. ¢ REAMRBIING i s Figeihir wih JouTHarsgh 8n e EPL L G be

device W t iegRdnaf hBPalrolRbits AfadAToRHUERIMBEGLI HPEbORT. 608
Simlar to e gs. 17 and 18, a performance conparison of the_ various
i npl ement awwhemscalibratioarid nat earged ouh dut the perarmence deg@satipr is) so

shown in Fig, 3 ) i.n Fi : at a 6.2dB gain may
be achi evedg?%‘?e%;i%s?rle{ligg‘?@ ‘WWZ?@#B& '%g?nr{upegil (Scdz}ti on devi ce by using
an enbodi rent of the nethod of 38 transmtting data to a receiver

ith f transm I Lo n thi { ext to Fig.
17t nadt argEa ol hetis iapnatdhs BeaTane JRALRIRRTHe 7 ) e
to the i ndepgngitnt whbatvnegsraa rakbratiom fatore dase oty abse r Oboemndr. of

t he performance gain achi evabl e may even be hi gher when the 5
enbodi nents of the nethod of transmtting data to a receiver are

used. 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
20 transmitting data to a receiver with calibration to compensate for the mismatch
is about 2.8d8B.

Fig. 19 shows the packet error rate (PER) performance resuits for the data
transmission rate of 480 Mbps over the channel realization for Case B, fora
25 communication device with and without using one embodiment of the

invention.

Similar to Figs. 17 and 18, a perfermance comparison of the various
implementations with and without the calibration process is also shown in Fig.

30 19.

It can be seen in Fig. 19 thata 6.2dB gain may be achieved for a standard
WiMedia 1.0 communication device by using an embodiment of the method of
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Further, it can be seen that the performance degradation due to

mi smat ch | SvPRbysaRQuUt 2. 8dB when calibration is not ca
the performance degradation is reduced to only 0.8dB \/\hg(lrs{hga 0|%03%1?

is carried out. 10 Additionally, it is also noted that the

f d ' b i bl.e whel
Dol | br ar ontrPaangieS HEBO R ereuBE T FydtBrRER e e, A et
the overal | mehfc@mmne@tzgaiwwcmeaa@érb@ﬁommrghm dcHibvad MFiga19 id

comuni cation device by using enbodi nent of the nethod of
transm tti nBri@ak dus @ th@&de@@ndmwa@awrr&@iar@ﬁi tihiscHapRH e ePRes

the m smat cpyy 'r(?g eCB é@éﬂ%@@@?ﬂ%&%%?!eﬁa& BEen DY H e‘?WHEﬁ%}hQave

the foll ow ng ments o e’ inventi provi de an
el egant “fandeinbadiovants of thesmethodafitranemittihg daiadbiaaleceivdr &recupesincy
diversity, extension of ‘the transmission range as well as enhanced
robust ness. Enbodi nents of invention also maintain its

| nt er oper abFiither, wickh hérwlﬁhapmﬁméﬁﬂoﬁﬂénﬁ\d@%dﬁﬁﬁx daetd mfsrﬁat@!‘ﬂ;s 25
may be applied to enhanced communication devices or next generation

conmuni cat i ¥MY @eHte8dByhencalibeatian s met ﬁﬁmﬁﬁ@b@éﬁfﬂﬁawff%maé\cﬁy
shown and d&%frg Q@‘% It should
be under st oo o?gerbgﬁéﬁ@d&ﬁgtéﬁg vg'??fg%b?%@{m\?}%rlal ous changes I n
formand detail may be nade therein wthout departl ng fromthe spirit
and scope o e i n.a t he a cl . The
scope of ¢ HeTGaIBy BIF 188 e ek EhttoringReq BBS Bt YR o1 o e
%nd al | ch&mlglbmum@nﬁﬁ@measummcélm@ﬂm&actbgs H&lﬂa ﬂirﬁy‘igbo@ﬁ 10% error.

qgui val ency of the clains are therefore intended to be enbraced. In

this document, the follow ng publication is cited: 5 [1] J.

Foerster, "fCham Bé'seyﬁ‘iﬁéﬂtﬂs oVeRll r‘hbﬁ@e RQichidveA3br a sfaPBard?003,
htt p: //orou er. ieee.orokiroups/ 802/ 15/ pub
15 iMedia 1.0 communlcatzon device by usmg embodiment of the method of
transmitting data to a receiver with calibration to compensate for the mismatch

is about 5.4dB.

Embodiments of the invention may have the following effects.
20
Embodiments of the invention provide an elegant and low cost means to
achieve full spatial and frequency diversity, extension of the transmission
(‘ range as well as enhanced robustness. Embodiments of invention also
maintain its interoperability with present communication devices, and as such,
25  may be applied to enhanced communication devices or next generation

communication devices.

While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art
30 that various changes in form and detail may be made therein without
departing from the spirit énd scope of the invention as defined by the
appended claims. The scope of the invention is thus indicated by the
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[2] J. Kunisch and J. Panp, "Measurenent results and nodel i ng aspects
for 10 t hewo\WBsriasdo channel ," | EEE | nternational Conf @Ca#sGe0i80idyiB
(UWBST 2002), Baltinore, May 2002. 15 40 CLAIMS What is clained is
1. Anethod of transmtting data froma transmtter to a receiver,
wher ei n t heaptended slaimareswi &t abdngss which qome \althirlyhemMald fange,

the nethod ¢o cei Vi e tr.an from
the recer vell ety i iEe el Eare WeloRia Hi203EY 14.6¢ eardicl e

plurality of sub-carriers, a transm ssion characteristic of a

transm ssion of the sub-carrier fromthe receiver to an antenna of
the transnilndeip desgeensing frilowngnubbigatiangfigitedconpensat i ng t he
dlfferergce bet ween the properties of a transm ssion of the
sub-carrier fromthe receiver to the antenna and the properties of
the transni[$}ilofoerster i€ranbelddodeéliog SubsGomimittee Repoe Hinall rebr 8083,ver
to determr‘,.I . transm ssi on_char a S i,c of a transm ssion of the
sub-carri er—¥ B OfHAIaURSS) etet'ver based on the

transm ssi on characterl stic of a transm ssion of the sub-carrier from

the recei qu]f b m@mgcraaﬁ@anzaamp, "MeastfdrR6it results afid RREBIISY Aspets f! |
an antenna o EI urality of antennas to be used for the transnission

of the ub-thatfw rraéamnaﬁl tIFEE: InteRaational eanterencecen ki (UWHSH
transm SSI szléé]ﬁmﬁ@m%{édﬁ fromthe antenna to the receiver. 2.

The net hod © einthe nmethod is applied for a multi-band
Ot hogonal Frequency-Division Miltiplexing (OFDM U tra- W deband
(UWB) system 3. The nethod of claiml, wherein the data to be
transmtted using the plurality of sub-carriers is data of a

comuni cati on channel of an upper conmunication |ayer. 4. The met hod
of cl ailrsn 1, 41 Anended Sheet | PEA/ AU
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wherein the antenna is sel ected based on a predeterm ned criterion
with respect to the transm ssion characteristic. 5. The met

claim1, wherein the data is to be transnitted fromthe tra%@ﬁégoﬁg%é;
to tHe receiver and the selection is carried out by the transmt

6. The nmethod of claim1, wherein the data is to be transnitted from
the transmtter to the receiver and the selection is carried out by
the receiver. 7. The nmethod of claim®6, wherein the receiver signals
the selection to the transmtter. 8. The nmethod of claim1,

wher ei n t keAIMEnsni ssion characteristic is informati on about a
property of the conmunication channel used for transmtting the
sub-carrier between the antenna and the receiver. 9. The nethod of
claim8, Wiet@d tlatnhed tsr ansmi ssion characteristic is information about
the quality of the conmuni cation channel. 10. The nethod of claim?9,
wherein the transm ssion characteristic is a channel state

I nformatien. I4. m&hﬁd@b@ﬂg ﬂm bay anﬁ'&r |HeHE59a pé%teﬂ/ers\mhe ein the
transmtted by nodul ation o E]‘t sub carriers' J
transnitt datg is Itrenamdtﬁcawug saLertahtyrcnfeaub mmerg, thieemathiod ma:pnsit@ The
met hod of claim]l, .42 wherein the

selection is caPPIVdE: (%'t B @gamﬁ}ﬁer aélﬂ%@é&?@&ﬁe&?‘wﬁ transm ssion

charact eri sti cgetefminiid, dBSEaFSs M ctiek bﬁthétﬁﬂarﬁﬁ\qrdf%ﬁbfc@hé}efé erent
transm ssion antennas. 13. The nmethod of claim wherei n for

each sub- Bansmispiogrcharactaristicapfa lfansmisaion ok ihe abscanicafioBhing reeeivere
pluralityyof, %j:ﬁ?ﬁ[ilﬁ%? tﬁéﬁggérgﬁtte?ﬂagé’d ?g s Rk efVRY V@?}%@%Hr{'né}é&%tlf@?}  on

lsub-carri er. e net clarm rein e se

is carri edlffetﬁncbdlﬁtwbdluéfhe propertiesanthe téndrhiesiphwf e syb-oérrier from the

sub-carri facdiver ?o the aentgﬁﬁgggld%e %lroapierrltllells’ of the 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 tfransmission of the sub-carrier from the antenna fo the

receiver.

2. The method of claim 1, wherein the method is applied for a mulii-band
Orthogonal Frequency-Division Multiplexing (OFDM) Ultra-Wideband (UWB)
system.

3. The method of claim 1,
wherein the data to be transmitted using the plurality of sub-carriers is

data of a communication channel of an upper communication layer.

4. The method of claim 1,
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wherei.n the predeterm ned criterion conprises the antennas being

sel ected for the sub-carriers such that the antenna with thedi9885i3/000211
gquality i'n the transm ssion characteristic is selected for R@Sé?ved@lunezoog
sub-c¢arrier. 16. The nethod of claim 4, wherein the |
predeterm ned criterion conprises a maxi num nunber of sub-carriers to

be distributed to each antenna. 17. The nethod of claim 16, wherein

the predetermned criterion further conprises the antennas are

selected for the sub-carriers such that the antenna with the highest

qual ity in t hewheresthessitennz lsescdetted besed on & Fetieetraithet aritarathwith
sub-carri%r. 118} tTh? net hod of, claim17, ~ wherein the

or edet er iBACCPiHE AR TIHYhEe 8P es the antennas are sel ect ed

for the sub-carriers such that for each antenna, the nunber of
sub-carriers for which the antenna has been sel ected is bel ow or

equal s todt he Ut B¥Hhertafl faki fuwhergibiie data it teafransnided 4maiended
Sheet | P - L cat ] L1t ] ,
eet Eﬁér@%meﬂ'ﬁ) tHa r‘é@@iwp%r?cgﬂ'le%lééﬁ)%qglcgr?{edtd’u?gfl Wé% E)r%a@%‘lpﬂ\%i? s,

wherein e data Is transmtied using a pldralrty o
t he conmuni cati on system conprising a receiver; a transmtter

conprising a receiving unit, confjgured to receive a signal fromthe
recei ver,g‘ .'Fhe ”Pfﬂi‘)‘gq 8??#?’.‘?? ﬁgwh et g‘@rffqt@iﬁ@d:’ec%am’ Pﬁifrﬁ’@? ﬂ1’E‘pr
each sub-wafgmigter & thelr@BeiPbtad tHeYsedéctRMis EaRTEHRILE by dhd FRFErSSI ON
characteristic of a transm ssion of the sub-carrier fromthe receiver

to an antenna of the transmtter based on the received signal,

a. conpensatin i i QLU . Lt.feren bet.ween
The. properti ea i MeEAT oL AUREE e RRIRENBHER! IGpd LISHHBRRIE 18
recei ver trangnhideant enna and the properties of the transm ssion of the
sub-carrier fromthe antenna to the receiver; a selection unit
configured to determne, for each sub-carrier, a transm ssion

characterg.sti cTid nthidcppsahigsion of the sub-carrier fromthe antenna
to the receiver based on the transm ssion characteristic of a

transmi ssi on o¥NemE Higdransmiseen cheirciarstic éciafarmation abpet 2 atanenty,ofand

to sel eCtthefc%hrﬁéﬁigawétﬁHeil Bled AR AUNSRIHIAG ﬁ]eeé%tggwr@ bEXyetn the

antennas to be use the transm ssion o -carrier baséed on
t he transteriaand e raeirerstic of a transm ssion of the sub-carrier
fromthe antenna to the receiver.

g, The method of claim 8,

wherein the transmission characteristic is information about the quality of

the communication channel.

10.  The method of claim 9,

wherein the transmission characteristic is a channel state information.

11.  The method of claim 1,
wherein the data is transmitted by modulation 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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20. The comruni cation system of claim 19, wherein the comrunication
systemis a nulti-band Othogonal Frequency-Division Milti plpexi/gg2008/000211
(OFDM U'tra-Wdeband (UWB) communi cation system 21. The Received3 June 2009
commini cati on systemof claim 19, wherein the data is to be

transmtted fromthe transmtter to the receiver and the selection is
carried out by the transmtter. 44 Anended Sheet | PEAJAU 22. The

comuni cation systemof claim19, wherein the data is to be

transmtted fromthe transnmtter to the receiver and the selection is

carried out byVPHEIT Beialealion iogaritRoO W aReMPE & (P T EONGhtir cl ai m
22, wher & ghdrfigsibR (PlaV it 2 § éfégll%gqﬁ%&%f 8 &%ﬁa@ﬁe%%?tﬂﬁf’e&éﬁter'

24. The conmuni cati on system o erein

communi cararemisgienemtémizsn ad hoc radi o conmuni cation system 25. The
conmruni cati on. system of cl aim 24, wherein the conmunication systemis
a W Medi a communi cati on system 26. The communication systemof claim
24, wherei3 t MEheo@mby eRdldianidystemis a Bl uet oot h conmuni cati on
system 27. The communi cati on system of claim 24, wherein the
communi cat i on ¥YEENOF §agh pHbwaries of dimbliralist plosisgarriers an aetenmaef
communi cahLom, SStED |l.ai | 2 i cat.jon
systemis a%?fler tt?(fcﬁecrl] rgﬁ%ag}se%%%eldvtgrbsea Sege}?f gkﬁﬁh@ﬁ{%@)‘g{m Eftier
comuni cati on system 45 Amended Sheet | PEA/ AU
14.  The method of claim 12,

wherein the selection is carried out individually for each of the plurality of

sub-carriers.

15. The method of claim 4,
wherein the predetermined criterion comprises the antennas being
selected for the sub-carriers such that the antenna with the highest quality in the

transmission characieristic is selected for each sub-carrier.

16. The method of claim 4,
wherein the predetermined criterion comprises a maximum number of

sub-carriers to be distributed to each antenna.

17. The method of claim 16,
wherein 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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18. A communication system for transmitting data, wherein the data is
transmitted using a plurality of sub-carriers, the communication system
comprising

a receiver,

a transmitter comprising

a recelving unit configured to receive a signal from the receiver,

a determining unit configured to determine, for each sub-carrier of

-the plurality of sub-carriers, a transmission characteristic of a transmission
of the sub-carrier from the receiver to an antenna of the transmitter based
on the received signal,

a compensating unit configured to compensate the difference
between the properties of the transmission of the sub-carrier from the
receiver to the antenna and the properties of the transmission of the sub-
carrier from the antenna to the receiver;

a selection unit configured to determine, for each sub-carrier, a
transmission characteristic of a fransmission of the sub-carrier from the antenna
to the receiver based on the transmission characteristic of a transmission of the
sub-carrter from the receiver to the antenna, and to select, 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.

20.  The communication system of claim 19, wherein the communication
system is a multi-band Orthoegonal Frequency-Division Muitiplexing (OFDM)
Ultra-Wideband (UWB) communication system.

21.  The communication system of claim 19, wherein the data is to be
transmitted from the transmitter to the receiver and the selection is carried out by

the transmitter.

44

Amended Sheet
IPEA/AU



PCT/SG2008/000211
Received & June 2009

22. The communication system of claim 19, wherein the data is to be
transmitted from the transmitter to the receiver and the selection is carried out by

the receiver.

23, The communication system of claim 22, wherein the receiver signals the

selection to the transmitter.

24.  The communication system of claim 19,
wherein the communication system is an ad hoc radio communication

system.

25.  The communication system of claim 24,

wherein the communication system is a WiMedia communication system.

26.  The communication system of claim 24,

wherein the communication system is a Bluetooth communication system.

27.  The communication system of claim 24,

wherein the communication system is a Firewire communication system.

28.  The communication system of claim 24,
wherein the communication system is a Certified Wireless Universal Serial

Bus (USB) communication system."
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