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

wE@ve3sspy ovi si onal application 60/973,594 (fiPedS6mod/600355

Sept enber 2007), the entire contents of which are

I ncor 16

FI EL D OO DE TRANSMATTIRCIATATO A HECEVER
relate to the field of wirel ess comruni cati on systens,
such as ad hoc wireless ultra-w deband radio

conmuni cati on systens, for exanple. By way of exanple,

rﬁ}egéﬁfeéﬁp‘hcﬁﬁoﬁ BRirh8 e b RSNt ot tiké @Jn‘it@d @tﬂf&sfb}@vi%fonal

transmttlng data to a receiver, as wel

appbcnaémera@%dmedmm 49 ﬁ@ptmberc%OOBAtbe@mmmoolentﬂef
Wr{"f‘ E%nggfp&fﬁaﬁeﬁ 8}3}%} re?ﬁgrgﬁgﬁqspglgs{J%%Q?y det er m ned

by the transmt power of the signal. In the case where
the transmt power of the signal is |[imted due to
Federal Conmuni cations Conmm ssion (FCC) regul ati ons,
for exanple, the gmggﬁ the signal is
also |imted. For#|§albsng:l:zfﬁg2§or [ nd}{ o the | EEE
802. 15. 3a techm cal requirenments, in vi ew of the FCC
transmt Power Spectr al [
Er@&%e\e@&s qf tgRdnven t%rm'@g?%ﬁ ﬁﬂé&i\ﬂﬁsﬁ ot %leﬁmpn
sysnite's ﬁa%%rd @'ﬁﬁr@le%%"lﬂﬁéumﬁééﬁﬁhd)fadl&gomhcéﬁon
about msters ata transm ssion of 200 Mops, or
sysiems, far exstnaple. Byway oifaemnnplanembggumntefofmInvspgon

si on_range (far e anpl e as

relafeg&gggﬂﬁg@g?b’%@@; "39 it EEE1GH- §§/&fe®rﬁﬁ ggneral

co%&?oﬁcﬁﬁ@%@nﬁﬁﬂﬁkéﬁérﬂﬂéw@é the potential applications
of the said conmunication system It is therefore

desirable to increase the signal transm ssion range
for such a communication systemvhile still adhering to
the transm ssion power restrictions due to FCC

regul ati ons, BACKGRQUND OF THE INVENTION

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

limited. For example, according to the IEEE 802.15.3a technical requirements,

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.

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 signal transmission range for such a communication system
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SUVMARY OF THE | NVENTION I n one enbodi nent of the
invention, a nethod of transmtting data to a
WO ewelsesy wherein the data is transmtted usiPQI/8G2008/000355
plurality of sub-carriers, is provided. The nethod
' s ta }AH - her
g R B Pl R B G e
regulbtions, foeexamplean ant enna of a plurality of antennas
to be used for transmitting the data, a transm ssion
characteristic of a transm ssion of the sub-carrier
usi ng the antenna; and sel ecting, for each
sub-carrier, an antenna of the ﬁl urality of antennas
to be used for SHMMARYsQFsEHEANYENHON ub- carri er
based on the transm ssion characteristic of the
transm ssion of the sub-carrier between the antenna
In @RE drsodimedit Bethe iBRAtfor RSGRIHOH diNrdatsniitingRAMKIGS | n
the drawi ngs, |ike reference characters general lX .
regeiyes; whereiRdhe sata isdransmitied wsing @ p!tﬁelltmoﬁfsypémr ers, is
préf\'/iﬁé\@: THE ﬁﬁﬁé’d"gl‘lﬂﬁdéﬁ ﬁc[ﬂf&%g%‘f@ﬁtﬁﬁfdg', zf)rtééc?tcﬁ]b@carrier and
enphasi s I nstead generally beling placed upon
for édaksof aplunglity lné combirations ©f tie shie-camierrandoan ahtennheof a
foll ow ng description, _various,e di rents,_of the.
PR ARETS Qi M TP AR NEOR B rasmission
chEPAdtENdtRDIH f¥hSIERsioNoMAL SOb-ddritr §sidg SO ¥htedna; and
communi cation system according to an enbodi nent of the
selactingt foo eackisgbrearders apvantanna ofithg plyrality eeartenpastp be

t data transm ssi.Qn ri t o in t Lcation
skl o EMedetT e Hin S0teallhrtisie i PRI EA,
chahstéfisticrofanairans Aasdiom ofithd Suib-taeier betediate 4tedra Bhd

uses one receiving antenna. Figure 3 shows a flow
theiregaiveh descri bi ng the data transnission carried out

i n the conmunication system according to one

enbodi nent of the invention, wherein a comrunication

devi ce receiving data (node B) uses a plurality of

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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

invention.

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

antenna.
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recei ving antennas. Figure 4 shows a bl ock di agram of

a communi cation device as a transmtter according to
woe@esdsexii nent of the invention, having a pl upcl/BG3008H00355

transm ssion antennas. Figure 5 shows a bl ock di agram

of a conmuni cati on device as a receiver according to

one enbodi nent of the invention, having a plurality of
Figure & shawgs affloendiagranFidgsenibisg $he detaatiransmissionsgarged et in

the frequency domain representation of h of..
the PSETHRAURG areln gonidhad i 0as eatRginefoTibedftiion,
whi&iAd E&Rmupicdtidd dewdidceind i atar(@ode B)wesanplurality of
illustration of the frequency domain representation of
receiving l@pterytast ransnitting data to a receiver according
to anot her enbodi nent of the invention, wherein the
recei ver conprises a plurality of receiving antennas.

Fidtire ur shdvss b bisclkediagfdni of aaiommunitatiort desice as a transmitter
I npl enentation of a nethod of tr nsm’ttir]g (il?ta to a
aceiging,tey ong embedipentridhe inveptianRaxing A RIM@INQknt i on.

LQL an illustration of a second -
tralﬁrhrg\lﬂ%sﬁ%rﬁ?g ?‘ﬁ%sbf a nmethod of transmitting data to a

recei ver according to one enbodi nent of the invention.

 Fi 10 sh illustrati of .a third .
Figurs beshatia R Aiagram o 8 FOsImUnIGAcR HEYISG a5 feqeivel
acE&efig & o€ BRIbAUIEeHOfRAS irwm%,nﬁé\iin?_fa plbRility of receiving

I nvention. Figure 11 shows an illustration of 'a fourth
anterplasnent ati on of a nmethod of transmitting data to a

recei ver according to one enbodi nent of the invention.

Figure 12 shows a signal flow representation of the

Figlab® $HGWS Bh SRistratieaof tesifrégiiendy dormaimmeprestintation of a
Qf%stem according to one enbodi nent of the invention,
methed of transanittieg Hata o 3 sreaivarAFcardias ta oneggpedimgnt of the
inv%l?:%’ﬁ a signal flow representation of the data
tTansim ssion carried

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

antennas.

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

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

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

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

Figure 10 shows an illustration of a third implementation of a method of

transmitting data to a receiver according to one embodiment of the invention.
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out in a conmunication system according to one

enbodi nent of the invention, wherein a comrunication
wa@lewposssuecei vi ng data (node B) uses a pl ural i pgT/862008/000355

recei ving antennas. Figure 14 shows a bl ock di agram

Figurk USt S 8n Rlustrbfidn BERRGGHH fhpRAicitalich 80a Mdhod of
calibration factors accordi n% to one enbodi nent of the
®

tranamétting diata to gueceive ancording 1o poelenabedjment of the invention.
illustrating a second nethod for determ ning the
calibration factors according to one enbodi ment of the

Fidurgemnt shows Fisitinat fldw réprssentdtion ofihé data ransrmisson tdreied
conpensati on of m smatches in the process of antenna

ouhiiia sameHeation sistemacsArdiag toenesmipadimsat obkhisdavestion,
wtte?%‘lpg%debé ff‘\tab%r‘refcgﬁﬁr‘gi)z?nt%ﬂﬂat he esti mat ed channel

. I'nformati on ac ding to one enbodi nent of the
i nvention, wherein the receiver has one receiVving

_antenna. Figure 17 shows a flow di.agram of how t he .
FigiiRdel Sawo,a sianahfiowdeerrsentation ! e siat Fapsmissiatheamied
- . td i . .
oo BRPRIEAR SHERAREIRY 0Ene gt o fiention,
wheneiera cammunticatienrdevice recebiingdatasnodeB)usssgisia plupality of
recei ving antennas. Figure 18 shows a fl ow di agram of
re¢Rving 3% he conpensation of nismatches in the
process of antenna and sub-carrier selection may be

carried out at the receiver side according to one
Figureddi shaws abladkdiagrasniliustrating arfisstmethwd fer detasmining the

cafhyBligh fahis dronh el P8 AP b e Huetiic ™ °

simul ations carried out on enbodi nents of the

‘invention. Figure 20 shows the packet error .rat PER
Fighee& shitisea biagk diaown Usraliag 7 secand metbed r€°fr<§%t§"8 Ing

180 : > ; . e
BRI R cCArdio bRE RSO v dae
invention. Figure 2 1 shows the packet error rate

Fiéuﬁga)G grgeorvflso Eﬁﬂfb%?ra{igﬁ %lf hgwftﬂg Jorr]r%epedn%taﬁon 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, wherein the receiver has one receiving

antenna.

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

receiver has a plurality of receiving antennas.

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

wherein the receiver has a plurality of receiving antennas.

4
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transm ssion rate of 200 Mips in CM3 (4-10m for a
communi cati on device with and w thout using one
werodsasent of the invention. Figure 22 shows BEESG2008/000355
packet error rate (PER) performance results for the
data transm ssion rate of 480 Mops in CMB (4-10m for
a communi cati on device with and wi thout using one
Figuteot® slaows aftablecdésoribing the.chingel mogelssisadsintthe

.packet error rate (PER). perfornmance results for the
S"gg%g'o{‘?gﬂgfﬁdsgﬁ?to‘?{‘ %ggé’hﬂﬁe tg@f%%pv]egﬁog. communi cat i on
device with and w thout using one enbodi nent of the

invention. Figure 24 shows the packet error rate (PER)
Figwier 20} alewe thepackes erer rated PRER)parfarmarncesesults fardhe data

_ ) ) ; : . : .

e oo G B R T ENE -G 5 A bt deice

withand attkeut asingloneadrabddibidnt pé tHeoinventien.r esul ts for
the data transm ssion rate of 480 Mops over the

cha_nnel _real i zati on for Case B, for a conmmuni cation

; i i rﬁdm'%ﬂc@?rg
Fi ﬁ?\ée%‘fls%\kg"g%ﬁ?%ﬁéi?%ﬁ% (?%e jBac et errorg‘rjlggt 2&?@%& ta
trgrsniissionmate of 200 Mbps dm CiMiR:(4140m) foraa somssuicaticat devi€e
480 M in CML for a, communi cati on systemw th and
wifh o ahhgul 1SN AeE RGN ok e RECTUGErt | on. F gur o

27 shows the packet error rate (PER) performance

results for the data transmi ssion rate of 480 Mps in
Fige 22shews thapackeiteron ratedPER )\Wwerforarancgi repults fanshedata

R SBBR T R IbBE ) BT3Py oM G ke
wileah® WitABOEusiAg Wne érhbediffin of tiRnsveatéren rate of 960
Mops in CML for a communi cation systemw th one

enbodi nent of the invention, and the perfornmance

FigfiR 23 sROws tilabAcd BRI TSR PERA MRS BAMs #r 1o thta
transmission rate of 480 Mbps for a commurﬁcation device with and without

using one embodiment of the invention.

Figure 24 shows the packet error rate (PER) performance results for the data
transmission rate of 200 Mbps for a communication device with and without

using one embodiment of the invention.

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

invention.

Figure 26 shows the packet error rate (PER) performance results for the data
transmission rate of 480 Mbps in CM1 for a communication system with and

without using one embodiment of the invention.
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DETAI LED DESCRI PTION OF THE I NVENTION Il lustratively,

a communi cation device with a single antenna may only
whawe/038sshort signal transm ssion range and neRCTIG2008/000355

robust enough to overcone indoor shadow ng or fading,

: I [
P S the D ol LR rmlaics BTt Bt
trasisgdssian ratgesf, 480odbpalin CiMEfaria gomimunicationrsysteny with and

lransnm t antennas. ma used i.n such a conmmuni cati on
wi té‘é"\&@?eeeri"E’QaW%‘ﬁsqqﬁ'i‘ewﬁé‘P°ﬂay be limted by the

said FCC regul ations, for exanple. In nore detail, for

‘a conmuni cation device where the data to be
Figurer2thshows theapacket eweii rated &) compparisan ketween the

b- . : f

oot SRR RED: o TREPUARRBHAR T BPagRAG 2o 90

cofradaication Bpsteat Witk bnersmbbdiment 88 tHeibvention Rinddthe
spatial diversity via the plurallte/ of transmt

pesireanas resyt ofca data tearsmisatoniate ot 4813 Mhpspuinqutthae
e (ﬂ %{ﬁ‘tﬁm}etihegﬁﬁﬂr{- antennas may al so be controll ed
e T Rar | h

neet s e said FCC regul ations. According

to one enbodi nent of the invention, a nmethod of

transmtting data to a receiver, wherein the data is

transmtted using a plurality of sub-carriers, is

provi ded. pEAINED'DESTRIFTION OFCTHEIRVENTION i ng,

for each sub-carrier and for each of a plurality of

conbi nations of the sub-carrier and an antenna of. a
lliysteativklyt ¥ coimmohieatios devickavitise dirfgle antesimamay onty hanve a

dat a, a‘transm,ssi on characteristic of . a transm ssion
shoft sigRaldiAnsEpsiPR rangs ARd fMrY Bak ke, FRRUSL RAQUYRIQ pYgcome
ind&r SRIWIPoERIdinG Tor 8XarAPleC Whnais tratesnt Fbﬁ/br IVirfifted by

antennas to be used for the transm ssion of the
FGQUegulations. lbasder toroveneome dine abeve disagdMantages, spatiat

ondarel e 4 ARRE o B0 eMedie Pl e laefLRR 4 "

copfiilinichebn deliee viidte dBttRinEnme dowepaTaiied imited by the said
i ndividually for each sub-carrier such that the

FGE seguwiptians focexampleeristic for a transnit antenna is
det ermi ned dependent on the sub-carrier. Thus, in one

In more detail, for a communication device where the data to be transmitted
may be modulated on a plurality of sub-carriers, a mapping between the sub-
carriers and the antennas may be carried out according to a predetermined
criterion. With a suitable mapping, spatial diversity via the plurality of transmit
antennas may be achieved and the transmit power for each of the transmit

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

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

characteristic of a transmission of the sub-carrier using the antenna; and
6 _
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enmbodi nent, different transm ssion characteristics of
a transmt antenna for different sub-carriers are

wo 200e0385mt 0 account. According to one enbodi mePCT/e6G2008/800355
i nvention, a comunication systemfor transmtting

sel%fa ﬁ%'fﬁr e O aps%rﬁmeaﬁ'arhtéma gtha ﬁl&raﬁlfyaé\‘séﬁtéﬁﬁé’s to be

of sub-carriers. The ¢onmuni cati on
use@sﬁmdhe mamsmjssjon of thedsb-aarriet based onthe teansaliggion on
dto determn or .each, sub-carri
chigictersth o, Bantmissiar STheEunEmEr By (S dhd
thé#&eWrVTﬁé trangn@“sm&mete@fsnes awaédelrmesd sépiHratenasr
be used for transmtting the data, a transni ssion

mdmduaib/tf@r each subfcagrier stthertransmissio whacagteristic for a

t
¥ S0 B BrSBRES ) ind 40 3Ry Ty, mare
embbdifedts eifdrent ﬁénsmissmrmmaaensﬁcst dfea Babsmaranlteﬂna for
based on the transm ssi on characteristic of the

differemtssHbsearpgroare 1aken Mo AgEPHBY  bet ween the ant enna
and the receiver. The selection may be carried out in
the transmitter or the receiver. For exanple, the

Accerdahg/m ose eaticglimbet aiitherimantipa, beonyednigations systehsfor

wap e fet Rgapriced. wherande dheus linemmided Fitia bty

of BUS-CEHH?@ T8 LOMnsiRERIdresystérh proViien indledeeh e6ééivér, and
has been carried out, the data may be transmitted from

a sefiectionamintanfigurecta determine, iareacbcsiticarger endifer each of a

o3 ot LB aEAISA L 5 B

anfrRe!ts healiserforranbMittihg thd Hats &l tesrisnissibntdmaracteristic of
sub-carrier. Enbodi nments_of the inventi on errergg)from

a transmispion @& e subicagiarvsinetheraantarnd toselagl forieache
sugfc%Pr?éP %%%éﬁ*\apgfﬂwgepl@nla'ﬂ{f&*é e@aéméhsé&?&rtha the
annel of an upper

of "a conmmuni cation C
tranemissiore ef thensutayarrier Based:patipe dransmissien eharactagistic of the

rabrﬁansm%t@g? ar usef u gHat a {?‘f &{ﬂ%ﬂéﬁ‘agﬁﬁhﬁgtca re.

the data to be transmtted is data whi ch shoul d aII be

transmtted to the sane receiver. The
The selection may be carried out in the transmitter or the receiver. For

example, the receiver selects the antennas to be used and signals the
selection to the transmitter. Alternatively, the transmitter carries out the

selection itself based on the transmission characteristic.

When the selection has been carried out, the data may be transmitted from
the transmitter to the receiver according to the selection, i.e. using the sub-
carriers and using, for each sub-carrier, the selected antenna (or the selected

antennas) for the transmission of the sub-carrier.

Embodiments of the invention emerge from the dependent claims.
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transm ssion using the sub-carriers is for exanple

based on the sane transm ssion technol ogy (for exanple
whamed3ssm t he sane nodul ation). For exanpl e, tPEr/SG2008/000355

sub-carriers are sub-carriers according to an OFDM

In%@%éﬁh@ht Ghe ¥204 ft8be 'i‘ﬂé'n%hﬂﬁé’d LSRG thé %ﬂﬁm@?df%@lb-

tech . I'n one enbodi nent, the antenna that is
camiws i$ the date afreacamimsimicatiopfchansebefan Lpper eopaiusination

d { d It t
i Fer Pearl. B deto rfuem iz e Uy SRR e a6
|og?ieélmr%pw thedsdmvé trapspbrehHARS!. FOEekarple, tihy data to be
ransmtter, a signal fromthe receiver, and

transmitted is @a}atwi@ch shauldi alkhe rapsmittas t@rthgtsamq) EgceivesnThe

i I o t sto
trf Ay W R B a8 Ta L aribR Hsed It Aidne
tramizgehision $@dmﬁlog§/r(fmlsexaiﬂ|ble€tﬂas@dtorbmet§wne neotulatidrer For

In one enmbodi nent, the data is to etrans& d from

example rthR SHPrGasersAreRubr GBR R ACCALAINg e Aty onis
trar&isS6n .%Wanmherrﬁﬁrlﬁ %‘éﬁr'lé/retF nén’i}séiﬁﬂttga‘irﬁﬁ&@?d' ment,

e receiver sig ectlon to t ansn1tter
I n one enbodi nent , the recei ver receives the

AT ST el SREFing B Pl s

ca?m\‘" idGkRIcted b&sddoh réf&bﬂéférﬁfhé‘&p@r%bnén Wl@ﬁ%"st)}écﬂf) thee
conmuni cati on channel used for transmitting the

transmigsion icharaséerniglien t he antenna and the receiver. In
anot her enbodi nent, the transm ssion characteristic is
i nformati on about the quality of theconmunication

In Oneretebodihient,&he anethba previbied ifurenér, intlndes recesiving sbya
characteristic is a channel state information. Ln one

trmaemﬁlgnalrf@rmm%re¢§l\fqraﬁ%¢rﬂ?t%mlraiyg BRI TRRBMISSIQN
chtaP%cutPh%{fcgtB (9]{ trﬁaulkéc%ﬂfeﬁ'sq Sai@nd transmitting the

-carriers using the antennas. |In one

enbodi nent, the selection is carried out based on a
co S
In ongpemboglment ti\e data is to be transmitted from the transmitter to the

receiver and the selection is carried out by the transmitter.

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.

In one embodiment, the receiver receives the transmitted data via one

antenna or a plurality of antennas.

In one embodiment, the transmission characteristic is information about a
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
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transm ssion characteristics of a transm ssion of the
sub-carrier for different transn ssion antennas. In

wo@e@oesdsazii nent, for each sub-carrier of the pPCr/aé200§000355

of sub-carriers, an antenna of the plurality of
eeish f ht i he

cof BNl e RISt Bler enblfienl 1R Shior
chamacterisficisia chathinel statd injomtatloeach of the plurality of

sub-carriers. In one enbodi nent, the predeterm ned

criterion includes the antennas being selected for the
In 8HE ‘eﬁ?dddu?nbﬁt Elh‘é 'E!afeh%ttrérl%‘?mﬁé@ &Y Roddlation BEtHY @InRAty of

quality 1n the transm ssion chafacteristic is selected
sub@arrwsramimamlmrathmmoduiet@mmrsa@mrs using the antennas.

predeterm ned criterion includes a maxi num nunber of

sub-carriers to be distributed to each antenna. In

In 8Re ERodimeat ithe Bklectibe iPEatet yutbaedd oni d edjrinparlson of the
further includes the antennas being sel ected for é‘rent

trapamission rharactaristics phe tiansmistien RAhG syb-cawienfedie
(s transm ssion characteristic is sel ected
traﬁg'?"éesté%hb Haggrrl er. In yet another enbodi nent, the
predetermned criterion further includes the ant ennas

bei ng sel ected for the sub-carrier ch_that for each
In an@@mpd'mﬁst %%%qh Sb-gamsier 4f thes plirallly of sytcapers, an
gmn%rm gﬂh f%‘?"t@rﬁjo sisRIREEPW BE LREH AbStrafshiftthg the
eterm ned maxi nu of sub-carriers. In one
subtdaoiénrent , t he net hod provided further includes
determ ning a transm ssion characteristic of a
transm ssion of the sub-carrier fromthereceiver to

In bRe edBciiment, [the 3BRICHBH i€ oAPIddBIt indiVidaampidt@dch of the
provi ded further includes conpensating the difference

plusalityed subtpariersper ti es of the transmission of the
sub-carrier fromthe receiver to the antenna that is
used for transm ssion of the sub-carrier and the

In pheeertiddiment, the Prédetaaminedioviteridn inckudesithe antémasfbejmg
the antenna that is used fo‘:\ transm SSHR ?‘ ?
selegkadiforthe sub-carriers such that the antenna with the |ghes quality in

the transmission characteristic is selected for each sub-carrier.

In one embodiment, the predetermined criterion includes a maximum number
of sub-carriers to be distributed to each antenna. In another embodiment, the
predetermined criterion further includes the antennas being selected for the

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

maximum number of sub-carriers.

Iin one embodiment, the method provided further includes determining a

transmission characteristic of a transmission of the sub-carrier from the
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to the receiver. In one enbodi nent, the nmethod for

conpensating the difference conprises determ ning the
WO e@n®s858%i on characteristic of the sub-carri epCT/862008/000355

the receiver to the antenna, and using a calibration

reéél@érotb the anfMeN 3 bRotH? efBJdBAE the WIKEH Br&h@éd further

calibration factor is determned as a function of
includess odropensatingdthaclifferesce bebveemtheaproperiesweidhe

R AL B e rof e AoREn LS TS antklind odtlh Uik

for traindiRicsioR BT ths SGb Bariierdnd he propegidlsiditiaé transinassion of
with the determ ned transni ssion characteristic of the

the gub-carrierdrom thgranteanadbat isdiseddor ansmissianofthessbai n
CaFl'le(i‘quﬁé]?@&e?\?ert ransm ssion characteristic of the

ransm ssion, and selecting the antenna for
transm ssi on based on the conpensated transni ssion

characteristic. In one enbodi nent receiver
In eamﬁmmmsnbm? methg 6@’%%‘?1‘?1%%‘“968 M@éﬁ@%@omé'ses

deg%rfrgrﬁp Hg rérien Fs@ﬂ%ﬁa‘i‘&tgﬁéﬂ@éﬁhb%bféi:rﬁéffrbﬁl the

unction o transm ssi on
recdieerdottbe iasternap anthsinga ealibratioafaetontiscempensate the
ract tic. o receiv nnas._In

t h i
e G e canprationdatian i fietergiad Aga G T a
tranBAISSON BRAIAERErsHB of W ahtendb dridea r&seﬁt%ﬁrcr@r@kﬁenéﬁ@of the

channel estimtion synbols being sent fromthe
antery.ver to the transnmitter, and being used to

deternm ne the transni ssion characteri stic of the

sub-carrier fromthe receiver to the antenna, such

In Glfaithehembbaingerit StheanetHorr fae tempehiatingg tHehdifference further
sub-carri er fromthe receiver to the antenna is scal e

conrises meuliplyingdheicabraiondactopmithdng detemyned ér@aﬁm'@%n
ch%?é?té’r‘istfcsofrtﬁé %EB QeffierttorhiRe ?1 1B tRE ahfhna to obtain a

ansm ssl on characteristic o e recei vi ngant ennas
compdarislamdwarwtussinndmmteésﬁicsoﬁ thedfanstmsslen,eand aglectlng
estim rrbolsref r to.

thé PR BARTESI G FRNACLoR thet Campe saiey Sapsssion

characteristic.

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

reception characteristic of the receiving antennas.

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

reciprocal of the function of the transmission characteristic of the receiving
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estimate the channel state information or channel
frequency response. In one enbodi nent, the
WO e@p®sE58si on characteristic of the antenna i sSP€T8G2008/000355
anplitude msmatch of a transmtting frequency
anf&ﬁﬁ%@ﬁﬁi Fh%%bé@ﬁbr%hérﬂ@t@@ﬁ@ﬁf‘ﬁ\e feteRitty 8ARGABEEChannel

the reception characteristic of the antenna is the

estimation @dmiﬂ&;&iercﬂ@ the teansailéed, pﬂ@t synelple that wik Hedised to
estitfafe i iy 51t oMot o O R fPaURRby giaphse.

transm ssion of the sub-carries has a respective
calibration factor, and all the calibration factors

In gpe ebndiment the rapsmissiomcharactarisaiofihe antensa is the
anfi ke R TR fE ol rBSbon S cREn 81 the

angemﬁl. Weoae £ntwliment) ][tmé ka:egeloaloharactenstlcaoﬁthesantenna is the
etermnin unlt configured to determn he
AP TSN 2 TepMIT e uasieydgsane bcdor of e
' . I'n anot her enbodi nent, the communi cation
system provi ded further includes a second determ ning
unit configured to determne a transm' ssion
caratelst'tzco traE]smssn car i &

in SRe praimabbieseh o 4 LTV 34k Snieas WAt RefsedTor

traﬁﬂﬁ‘ﬁ’é%iléf?ﬁf thel 1D-64rMeH MaGa tapediivd eantratuh o, ahtihairthe
I ncl udes a conpensating unit configured to conpensate

calibratian facipesnare Hertemeiord MegqYoperties of the
transm ssion of the sub-carrier fromthe receiver to
the antenna and the properties of the transm ssion of

In bhe embbdimient,2he commurieation systemt prot/iaiedrfectbéwiacludbs a
one enhodi nent, the conp ensaﬁgon unit uses
trapgmitterdnelydingzz reseiving URE sRBHIGYEAHY rereive .affff'arﬂ@rf@é“ the

re?éWert BRd GPfirsPg 'rrﬂfhl(gﬁﬁﬁ’!boh t?rteE‘{qu‘té’r%lﬁétﬁetransmlssmn

S§m ssion characteristic o e antenna and
charnteristiorbasedrarctherreseived sigriahenaariatheraemhodineent, the
cog}%@ﬂhge@]rg gysttgr% 6r%3%|e\c/ﬁurtﬁernﬁciu%%§ aas clzo%rdad teX‘mmng unit
configured to determine a transmission characteristic of a transmission of the
sub-carrier from the receiver to the antenna. In yet another embodiment, the
communication system provided further includes a compensating unit
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.

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

antenna.
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receiving the transmtted data, and the calibration
factor is a function of a transm ssion characteristic
w@booblssseecei vi ng antennas and a reception PCT/SG2008/000355
characteristic of the receiving antennas. In one
BHH“'\' ?&H?\?é}sﬁd\ t
In §§?I% rat |I oﬁnﬁ' g@? or wtht h@fﬁéﬁ%?%@@*%ﬁ@hb@ﬂh@s 10F
recdivding theetrapsmittenf datheand dhe aaliration tectorie asfubctian of ar
fromthe recejver. to the antenna. ln _one enbodi.nent,
trapSRYSEN EhISEISIRLF of Y16 fecthiag Ao A (SRtRf oS! on
ch8factdifstie ¥? theéifddeing @htehnadspect i ve cal i bration
factor. In one enbodi nent, a pre-scaling factor is
applied to channel estimation synbols at the receiver

3 Sl SHE 88 b B I, 5 A R

withethe trangmisdien charsoteristicat thd aaasindgsicrt ofthefsubaearrier from
sub-carrier fromthe receiver to the antenna, such

the reeeiverdo theyArl®NE3i on characteristic of the
sub-carrier fromthe receiver to the antenna is scal ed
with the pre-scaling factor, wherein the pre-scaling

In bae emibodimeat; igachadithe plurhlity fof actenmasdér thegransmission of
transm ssi.on characteristic .of .the receiving antennas

the, §eP-CAEIESNAS? FSFP]RANYE & 'é’ﬁt'gpifﬁé}Bf' t he recgi Vi ng
antennas. |In one enbodi nent, each of the plurality of
antennas for the transm ssion of the sub-carries has a

In ppe pethiddiment|a preasdadingffactoois. applied to whaneel estimation

oy R e el SETH GPABLsH3A EABOFRigggent o

thé Fd VR Yo thdtraps ittt eand Beirghesdd terdetessinenhe ranBmission
sub-carriers. I n one enbodi ment, the conmuni cati on

charastesisticof dhe gabcaerierdmm the iegaivarde itop agiennamnsueh thaidhe

ira@%iﬁ@ﬁar&%sﬁ?% g@lg-icgﬁ'ig?%fﬁatrﬁ R %&iﬂr@ﬂ@é‘antenna

ni-cation sys n-anot her ‘enbodi nent,
is scated withethe pre-syalimpfactorq whleneihdbe presoaling faatords
recggl%tcgl?q\ﬁ qﬂg()fggqﬁﬁenb;hg | nﬁ?ﬁtﬁsrﬁiggoﬁ% aranclté:r?sttfcoor} tﬁ Sréceerpviha

antennas and the reception characteristic of the receiving antennas.

In one embodiment, each of the plurality of antennas for the transmission of
the sub-carries has a respective calibration factor. In a further embodiment,
the communication system comprises a memory for storing calibration factors

of all the antennas that are used for the transmission of the sub-carriers.

In one embodiment, the communication system is an ad hoc radio

communication system.
In one embodiment, the communication system is a WiMedia communication

system. In another embodiment, the communication system is a Bluetooth

communication system.
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system In another enbodi nent, the comrunication

systemis a Certified Wrel ess Universal Serial Bus
W@ MBBp3ssasTuni cati on system Fig. 1 shows a  PCT/SG2008/000355

comuni cation system 100 according to an enbodi nent of

In bh& e'nﬁlyc%?ﬁ\'eﬁf‘ thé %oﬁﬁh@nlbéﬂldfﬁéis%émqg a FiRwif® BBMM EREatioh

system 100 rray Include a first conmuni cation device
sy$te)'n lnanotfmrmlmdjnwtnﬂ]ﬁ icomtmumication system)is EoGertified

Wirhe AR, S Bl S ormuitatef ety can

be seen that the transm ssion range between the first
_communi cation device (A) 101 and the second )
Figchahews & cammyeigatien sgstern 306@gcerding ta ar gnbedimgpt of

m, for exanple. The Iimtation in the
thﬁxgéﬁﬁ"&& on range may be the result of an existing

limtation on the transmt power due to FCC

| at f le. In this illustrat
In UERHRaHehe SpETBREBtD P aySPEL QA EIAY e 3 frst

coU‘l\Jﬁ %f?&%&\%cé gﬂ} %P%Hé‘éb&r&b%c?rﬁﬁuﬁﬂ&{t% m{?ﬂ(wd he

I'a conmuni I on system exarrp
thindanummwad:atmxm depites(@ )06, @ndrafaurimcemmugicatianaleviced D)
10%ransrri ssion, such as at 480 Myps, for exanple.

ubsequently, the W Media communi cati on system may be
used for further illustration of the enbodi mnents of
invention. Further, it can be seen that the

|||u§trangalvsé ican bessagn thet thecianseissiongange betweer the Gist
corlrgx\éﬁ ﬁ%&ﬁid%}g %a ?Rg @ané gﬁé gﬁ&@ﬁﬂ%@h%ﬁlgﬁlo%e%\ﬁ@e é:)) 103

may Bé fifitedite nsaﬁmaetas g, Ufor exambplaethd lanigationt |hahet he
transm ssi on ran bet ween %]he first caomuni ca
trags(igsion pengmmaa &hﬁereglélée an existingilisitation Pé@ftssjlt

po%m%quft(?%%g |5{|@,q1§ ?%r)séﬁ%@p%%gge bet ween the second
In this illustration, the communication system 100 may represent an ultra-
wideband radio communication system, such as the WiMedia communication
system, for example. The WiMedia communication system may operate in a
high data rate transmission, such as at 480 Mbps, for example. Subsequently,
the WiMedia communication system may be used for further illustration of the

embodiments of invention.

Further, it can be seen that the transmission range between the second
communication device (B) 103 and the third communication device (C) 105
may be limited to, say, 4m, for example. This transmission range is about two
times larger than the iransmission range between the first communication
device (A) 101 and the second communication device (B) 103. The larger
transmission range between the second communication device (B) 103 and
the third communication device (C) 105 may be due to the third

communication device (C) 105 using more than one antenna in conjunction
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the third comuni cation device (C) 105 nay be due to

the third communi cation device (C) 105 using nore than
Wo@o@oastsenna i n conjunctionw th signal processPELSG2008/000355

techni ques, according to an enbodi nent of the

wittﬁ%’:@ﬂ%l&ﬁﬁceéﬁn édl'fn‘icﬂ% hbéé’rﬂfrf@l‘o‘émenibbdﬁﬁ@ntb@f theen

trans Ssl oh range between the th
inveettionni cati on device (C) 105 and the fourth
comuni cation device (D) 107 nay be limted to, say
6m for exanple. This transm ssion rage is about three

Aé & RithdraN@®ratibRa chf det Sctimstiiab edMarsiigioparange bethéen
first conmmunication device (A) 101 and the second

the third.eoromunigatioadeyvice (§)) tfsand the foarthgommaninationdeyice

37 e Tt 5ok b PR LB g Esihhade B,

atbobethtee fighes largyrithan tentrangmission range hatweah |tlhey first
antennas, at both the transmtter and the receiver

cogiraunicatien daviea (B anddbe srcord ce@musicatan deyice f2) 103.
Tt{e%ﬁgﬁ)«{/}éfgﬁsjmgna {r%ﬁ HEMh &Q)théﬁlébn@guﬁe iGHY Bedibe ©)

! olse ratio e received
105 @rdathe(faucthtdmnananhamdamceXD&ﬂﬂéds tuerts the gsing a smart
range), for ex

h
armn%a@awbqrrﬁ A iteef 2iegas o oRiBLts HenSmUtRn ATtenEny
re@%véls 39\&&% QomrhlRicafés balic8i©snebtandahetfbérth

ura antennas at the receiver, for exanple. In
comlrmunmat/nam devicakD) 407) bmerrhleveean I@Dtm/e@sSIQIh@l tpHioige ratio

(SKHRRE ekRne St i thiR actEVe AY sRiefldvRianatmigtion
rah§e EXéres¥hnihe. I tARSEBrRexOthe maﬂi?nurﬁrRiattd‘leohﬁﬁmthMRC)

such as the fourth communication device (gl:a)@ 107, [ %1
signal Ipreeassing techaiauernay beatsed|te @xplait threpatiahdiversi 103 e
oI S B8 LAUSEIOTSRIEE e Bl

trdrisatitter, tsueh asehe tiisd aonnemmmairon deviceo(®) tF,didving a plurality

Of ARRATIAR B ik Ruehhar GERIA 3P e baPabiaera exfiitine
tratsibioh rahg& afy haredeikE slich as the fourth communication
device (D) 107, using a plurality of antennas can also use MRC technique to
further extend the transmission range. In the backward link, the receiver
becomes a transmitter and the transmitter becomes a receiver.

In more detail, in the Maximum Ratio Combining (MRC) signal processing
technique, each individually demodulated received signal (for each sub-
carrier) is linearly combined before the process of equalization is carried out.
As such, the Maximum Ratio Combining (MRC) signal processing technique

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

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

deploying the plurality of antennas as multiple transmit antennas.
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is linearly conbined before the process of
equal i zation is carried out. As such, the Maxi num
WOR1090383e3hi ni ng (MRC) signal processing technP@ueG2008/000355
effectively optim zes the signal to noise ratio (SNR)
for each sub-carrier. On the other hand, the
transm ssion range on the forward link (i.e., fromthe
In this cdntextrritishardd bernaled that g Igyge 08mber oheorveantiedal transmit

. ; i cati devi B 03 t th f h_,.
dEaTIRG HoBIdUBN Y nEbe Bbed v pomliptit inafitkhitayy of
(tr8sthRY AM@nhBS oRltHE #hitd YoM uHidfDMGeice (T 10P)f6r various

transmt antennas.In this context, it should be noted

reasens. §or sxg@piﬁurtb@pptima&tfmémttuhﬂamefmms(Wﬁlgﬁnver sity

oepfifip ARG R -Ahapfclinffel, M@ GkaR usbd fort e
cofosmigliat abirowbdadisystenid, Map nof be usediopLthertkiagons. For
exanpl e, the optimal transmt beanformn

comrg@wsetm eewpﬂ §Codi0Rde extand th?ﬁ@"%%ﬁﬁg aé&;e Vs $hdeing

~ wi Yégtﬁﬁbleol g'fé)lrra Y?EWe?ﬂmltaﬂaﬁéiBY\ﬁ@@al&m ¢S,
may not be us the

rd comruni cati on devi ce (C)
redWatioms, dat exaimplee transm ssion range, as so doing wl|
result in violating the transmt power limtations of
the said FCC requl ations, for exanple. As a further

ALK ﬂiﬁﬂeﬁ exbh‘ﬁbl@ﬁﬁé%pﬂdéﬁ |ﬁ5@®86nnb~°(§¢b)ttééﬁmq9é' G%‘or faf()émple

exanple, may be used in conjunction with multi
may bessed imponjungkon withanulipie trangmitrantennaste jac Ieven

der .t hi I
e i ah et Roachiie, BbiaBRE perortant v B &g
extéiied trehdmigsion rafge) H‘I@We@ér ta*‘tﬁ:rfef%p@hdﬁfg @ecﬂﬁmgﬂmay be
such, the third comuni cation device (C). 105 usi ng(&)mS

regyercbatringereceivengideshe)such cihgi third CHHV"HWPE‘WHF dewr
I t
uslyitt FeBAGP Hime Lot STBYARGLE oy ROITAMGR" 20 1oy

interaperabilisesitind cooventiorea tooymdricatien (8yicé 08ychf as the first
exa

COEyRY |ﬁg?9%ag“§}:{ezﬂf E@ aﬂlgv éfs'p&gqﬁ %8rr;1r;rlw Li((:egt|ouns&(a]|vici:en (B) 103,

for example.

The transmit diversity techniques used in conjunction with the plurality of
antennas for the third communication device (C) 105 will be discussed in

more detail in relation to Fig. 4 later.

Fig. 2 shows a block diagram 200 describing the data transmission carried
out in the communication system 100 according to one embodiment of the

invention.

In this illustration, Node A 201 may be the third communication device (C) 105
shown in Fig. 1 and Node B 203 may be the second communication (B) 103
shown in Fig. 1, for example. Further, it can be seen that Node A 201 may

use multiple transmit antennas, while node B 203 may use a single antenna.
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antennas for the third conmunication device (C 105
W Il be discussed in nore detail in relation to Fig. 4
WO 20004038583 g. 2 shows a bl ock di agram 200 descrP@i/6G20081@00355
data transm ssion carried out in the conmunication
system 100 accordi ng to one enbodi nent of the
invention. In this illustration, Node A 201 may be the
In bhe ethhnstiment, ke trensassiererange may berexignded en ¢he forwiamd

Node B 2 b d i ' ) .
traa s o oo, A 2R B ¥ el Pt
antditas\WRANKVHAE LtheRtyansisissiohiraRg € nidyalhs ektendeti @mthe,

whi | e node B 203 rra use a single antenna.ln one

revarpe tinkéem nede B 2Qhtonmeds 620 Tawsjeg the MaxinnumdRaiel on
- ans Li k.

CoiB (G bRARNHeREsAHo e dihiade BLAGE A0 tn RIS

achieeetandinfrosed signabtogsois@yative( SNR p(atelchence dehiewyanse

link fromnode B 203 to node A 201 [ th I mur
extended ttanmmissiag r@mmsyvedﬁaﬁ\s avébépgfé'ng %Pédﬁﬁmébsn%ema"d
_ . . . . |t
reHIE 4Bt nolR £ 208 bb RSl Tah RIS retignal o
transm ssion range as well). As such, node A 201 may

. it d j dat i t.h de B h
in 55§ BRlext Moded 20a Gay Fentgaent s SeRRar BediE node &
coRfuMBAtidrERERES Tor éxérlil\\gl@? AHcH LS baly g artefna | Pirther,

device, for exanple, i ch uses only one antenna.
nodarA B8t mayogpresert Brenhansed W idedia coandpicationdsuige afor

communi.cat i o evj ¥ol§ . '
xR Wigh b f PualGior EHER S, Wik FllodPh 5P uBrics s
a trariomgittet, litthay iemplay teaphesmit ieversiantechhigiievgiven irythis
_ technique given in this invention. Wen nod A_ZO]]
inVRAtiRg. \iknes nastesh &1, Works A ERRAINSY. Ui ?ma_ﬁ)dc"ég%@ ng
proSHIWERNBUED sioh Rt MRS CatfBini MR kignal
precdssingktedhniguenfoB@3adgder i bi ng the data transm ssio
carried ,
Fig. 3 shows a block diagram 300 describing the data transmission carried
out in the communication system 100 according to one embodiment of the

invention.

In this illustration, Node A 301 may be the third communication device (C) 105
shown in Fig. 1 and Node B 303 may be the fourth communication (D) 107
shown in Fig. 1, for example. Further, it can be seen that Node A 301 may
use multiple transmit antennas, and node B 303 may use multiple receiving

antennas.

In one embodiment, the transmission range may be extended on the forward
transmission link from node A 301 to node B 303 using the multiple transmit
antennas similarly as illustrated in Fig. 2. Also, the transmission range may be

extended on the reverse link from node B 303 to node A 301 using the

16



10

15

20

25

30

out in the communication system 100 according to one
enbodi nent of the invention. In this illustration,

WOme/0385801 may be the third comunicati on devPCESGI)S/000355

105 shown in Fig. 1 and Node B 303 nay be the fourth
MBI R580 CUnbing (REYSERa Rioselsing stiiigas aTRbde A
30ryint d>r|dbetct aciniewé anampeovesssigaaldonwite @tBOSNR)/(anddence

Itiple. re t . nbo th
acfieyelh SpBey FRBEmRRT e 2l PR o e o
trah%ﬁf“étfﬁ)ﬁ; ?érﬂjé mal e 6:a8hded 8nAhe frwiapd NAK &rofh ABde WS30Dto

mul tiple transmt antennas simlarly as
node|BJ§03 aismg a pluraliy of regriyng antennasaatdiadesd 303y apyeell as

tn AR Ricks] PRSI sb B o A &' dgp R Brgr B dhieve &1
imptdvedl SRRqaAd Hienge xeblbvetiitedbnded earges384 well). rAstddi
to achieve an inproved signal to noise ratio

nodg 30t may H@W@\t andieeaive saaMith 110l %s’fpérpvweaﬂg%eé@nded
traY’@H gsdo ?r!y%" | e, the transm ssion range nmay be

he forward link fromnode A 301 to node B
303 using a pI urallty of receiving antennas at node B

aaigaacg s3B! ond rededs W05 el e blil B bR,
W:Mé&fé& céﬁl?h@r’f@aﬁ’dh 8lie8dBHekANPR, FhitRlses a/eﬁur%u%f

may transmt and receive data with node
angthasy end Mmcremayrmnnlovrs@gnahpmeaslngategbmqle@srsunsb@@ tAe

v Bl R Ring BIRGL SR0ET SR B GTra e, oR Bk dikre.

a plurality of antennas, and which nay enploy S|gna
processi ng techni ques such as th

e
Figohshews @ lecplagr@naﬂoop?fdbéé@mgomwmww d%?«e (C) 105
l agram 400 of the third
acgém%c%{fé gnm g)ev I ¢e ?@5‘9 @%’Iﬂt@bor ding to one
enbodi nent of the invention.
The communication device (C) 105 may include a transmit unit 401 and a

receive unit 403.

The transmit unit 401 may be used to transmit data on the forward link, to
other communication devices, for example. The transmit unit 401 may include.
a coding/interleaving unit 405, a constellation mapping unit 407, a multi-band
space frequency transmit selection (SFTS) unit 409, a plurality of serial to
parallel (S/P) converter units 411, a plurality of Inverse Fast Fourier Transform
(IFFT) units 413, a plurality of parallel to serial (P/S) converter units 415, a
plurality of radio frequency (RF) units 417 and a plurality of antennas 419.

The data to be transmitted may be first processed by the coding/interleaving
unit 405 and the constellation mapping unit 407. According to one
embodiment, the multi-band space frequency transmit selection (SFTS) unit

409 may implement the method of transmitting data to a receiver, in
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The communi cation device (C) 105 may include a

transmt unit 401 and a receive unit 403. The transmt
wWaQiR00p/038313 may be used to transmit data on the POF/8&2088/000355

l'ink, to other communication devices, for exanple. The

coh}[}uﬁ’t&ﬁﬁ?dgwt‘hgh% h l ddramietsy &tlﬁ%’ddﬂ\%m&tﬂf 8ftheN8ceiver

stel’l ati on mappi ng unit
uniti403. Themlultidzare $paogfeequencydransmit seieetmn (SF'(%FEIT‘S) 409

arlbRce FBetig gl 5] Ry e Bifpore det
sub8EquéHtlylr ansform (I FFT) units 413, a plurality of

par al | eI to serial (P/'S) converter units 415, a
pI urality of radio frequency (RF) units 417 and a

urallt
Jigembrdd rRRYICBREAE " oS STl (BE ) CATRREF Lt

41405133ﬁldré|iﬁ3@0f3mvétsé F aéti Fourler Ipansformi(iFFI) Unitdctid ahdhthe

to one enbodi nent, the multi-band space f ue x
plaralityarfinaralil &2 seeal (PERTEIneier UBs A1aymavbe esNertional

t V.

urfi vt R BEUSED Iodetor icFap b RAEIEIAN OFDM symbol, for
exaniplemti on units 421 of the receiver unit 403. The

mul ti - band space frequency transmt sel ection (SFTS)

unit 409 and plurality of paranmeter estinmation units
Tt@&o%é% ed’§atdl 5(51%#thefmﬁt%llﬂﬁéﬁbéraﬁémé%ﬁhﬁﬂ(tﬁm) I't

shoul'd be note ha the pluraliity of serial
copaedert emltS('SYE))may)tim be rpaaaed o thejmuralltteowagincafreqyemﬁy

(REDEAIE G2 75 R BeT pioeselie” bRl belfo i sing e
p|@y@|,tysofdatﬁembfgconventl onal units which may be used
together in order to generate an OFDM synbol, for

exanpl e. The processed data signal (after the

THY, oRNel iAo Rl e Lid P10 RlceRle ddfa'gh fiaUFeise ik b

asse urality o
otlgelecnmmwdaBEbt MImGes fbtbxbmplé uThehmcep;eammiséO& gqay include
f
a gﬁ(@?{qﬁ gggrlgftg ,a pﬁt?rglltlilsolfr}gdlor}re ulelhrce (hpf S\(l)VtItChing units

425, a plurality of serial to parallel (S/P) converter units 427, a plurality of Fast
Fourier Transform (FFT) units 429, a plurality of parallel to serial (P/S)

converter units 431 and a plurality of parameter estimation units 421.

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

It should be noted that the plurality of serial to parallel (S/P) converter units
427, the plurality of Fast Fourier Transform (IFFT) units 429 and the plurality
of parallel to serial (P/S) converter units 431 may be conventional units which
may be used together in order to extract data or information, for example,

from an OFDM symbol, for example.
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The receive unit 403 nmay be used to receive data on
the reverse link, fromother comunication devi ces,
WO 0098385upl e. The receive unit 403 may i ncl udeP@r/SG2008/000355
plurality of antennas 423, a plurality of radio

Asfrhsﬁﬂrtﬁ{&y eAMEY, tﬁé"‘phﬁﬁhtg%f wRFdrRett? estihabioH uditst42104nd the

seri al par al | converter units 427, a
mLﬂllﬂbBaUISlpjiceﬁrelC&@ﬂCFUaﬂS@Ft saleat@ndﬁlﬁT(S?Fuwt 409 may429, a

mBleitel e ntpaf o Romiind Balelo 2 vy o fnR b
pluralftf®f paesrheRs estigatibn ainits A2 10hdy dlei asedqb gbiaiennas 423
may be first processed bxgt he pluralit radi o

MEGSUERMABOLS GIRE\ranFMiSFen § Eﬂcs%ﬂ&tlzepf tB@%’f@Pé%ﬁ'%fihanne'-
passed on to the plurality of serial to parallel (S/P)
converter units 427. It should be noted that the

In pheledibddiment, the trahsinissien eharalkcteristiemaybe mfbﬁmanmi about

427, the plurality of Fast Fouri Transf
a prAPeRY @éﬁweammms@'qaﬂenaﬂ%awebtﬂ%ﬁ{%|traé18"1' é@? éPb carmier

be&;ﬁée?l]tr%oéWt hh&and hé?eé’ﬁ#eﬂﬁi’aﬁ&th%?@%duﬁ@ﬁ{ i t's

euse t oget in order to extract data or
tranafmissiern cbaractemstlemmbe;nfbrmam@rnabjﬁlull\ms;qmty offtbe
e.As nmentioned. ear]ier Lt .
coRuRERIAn el Mot GAPINST pambcifmerh s e Missie
chﬁ%&?rlsftlb%aﬁﬁé)thé"c:ﬁaﬁl%ltsté‘f@lﬁfb_trﬂn%ﬁo(\.SFTS) unit 409 nay
I mpl ement the nethod of transm.tting data to a

receiver. In this context, the plurality of paraneter

t .

i 4 oBPlsRD o Wt o BEr1R98 s BBL Alels ot e .
médsunemieAs oDtheigmdl eimplittde iemeais i menttof thé elgnal power or a
transm ssion characteristic pﬁge i nformati on about a

megasyirRMent of therignal tanrisedation nfQE|eXa8We f or
transmtting the sub-carrier between the antenna and-
the receiver. In another enbodi nent, the transm ssion

Ascdraiflastrativesexampiey abeeasifroment obtheatharine btate infbinngtiart

o - e
(chlewhiehoay Sacule chanadiqueney FoaiPrive Toheath abeaner at
eaéﬁ 3LB-HdHPloTREER Aintdriha, My 5€Bb&iited thﬂgtthémlﬁé 6t

characteristic may be, but  is not limted t a
symbols from the reverse link.

Further, the multi-band space frequency transmit selection (SFTS) unit 409
may include a first band switch unit 433, a plurality of space frequency
transmit selection (SFTS) units 435, a second band switch unit 437, a sub-
carrier allocation unit 439, a selection criteria unit 441 and a calibration factors
unit 443.

The first band switch unit 433, the plurality of space frequency transmit
selection (SFTS) units 435, the second band switch unit 437 and the sub-
carrier allocation unit 439, may be used together to map or allocate a plurality

of sub-carriers to their respective antennas in the plurality of antennas 419.
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measur enent of the signal anplitude, a nmeasurenent of

the signal power or a neasurenent of the signal to
wWoi090385at i 0 (SNR), for exanple. As an il ustre€T/9€2008/000355

exanpl e, a nmeasurenent of the channel state

TH%QBE@Q (?i'gar"b@ﬁ%n oﬂg'i_ecﬁlufg?iw b&iBies ey Meir re8pE&tiveY

resp each s carrier at each sub-band for
anterriasamay eadetenyingd ybthei setettiosianiterizhenit 44l nbagedon the

RGN b A M b o
prbﬂ@é&%? tRe plurhity A pdrametetestfidtioAmitsarznl ural ity of

space frequency transnit selection (SFTS) units 435, a
second band switch unit 437, a subcarrier allocation

A bR ELAERLehE i HR he Frdlish iyt 43
maybe 1883 .byithe selastiahidritertd usibade td cempensstet foansmi t
sel ection (SFTS) units 435, the second band sw tch

meRsurement iagcuiasian, fRrpranariealn HEReRHIBREN BB VIdRA bY
thgg)bd@@ roﬁgrggérﬁgfertegti%‘?ioﬂrun%!@q‘?ﬁ'ﬁe?urﬁ’éﬂbrnaéf'thﬁ é:%iibration

thelrr respective antennas in t
fagtors ahit 443 oiill betdistussed Ird mbire detgiatey inrelatiom taFigs 14-18.
the plurality of sub-carriers to their respective
antennas may be determ ned by the selection criteria

Fig.nﬁ shdfhd a bIBER Bfhgramt 4150 FERRUEBEREF 6f the fbhiRh communication
ransm ssi on characteristic of the transm ssion

deyicen(iB| 107 andodding b9 oneccmbedinient pf tte ipxealian.er
estimation units 421 . Additionally, the calibration
factors provided by the calibration factors unit 443

THERECBRer 500 Ay intfudech pRiraty of FedeVing antérina®819,@ plurality
ensate for neasurenent | naccuracles, fo

l e,
of icrgdngﬁeeqv@agm@ﬁéhﬂ%s il 6va gualy of gerigl terparali%J ?é?Pn)p ©
t STe st . _ .
oo BpABP s £ APl 4P bt Fodrier THAASEHATEET]yRlts 513, 2
plavellityi of paralktsl to sSerial (/S poomerfer gmits 54118 mitichans Mazinsum

Rl hambusns SRR Sday s Serpogtilen Al <0 ahd
dRBBRY dEAteriebve RRitisgent i on.

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

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

from an OFDM symbol, for example.

Further, the multi-band Maximum Ratio Combining (MRC) unit 509 may
include a pre-MRC unit 539, a first band switch 537, a plurality of MRC units
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The receiver 500 may include a plurality of receiving

antennas 519, a plurality of radio frequency (RF)
W@eowe3hB437, a plurality of serial to parall el PEB5&)008/000355

converter units 515, a plurality of Fast Fourier

535_ Gﬂé%&?@; é§ kd bt ibhAd Sdrd aasengq%dnHys@fch%ﬁ%éﬂInttﬁis

converter unit
regmm thmerpreaRC @utrb3% laigas(twam)puimlgneﬁgﬁonadlﬂf@mmrmmmm
uni t 507, ei nterl egve u

decod; 05,. Th
chaigiels 80 dseaning raramgls! Stimanprysai g5 tBihad Sats ey
.nfé(%nétidrﬁéstﬁﬁésmgﬁfsﬂeébh ahenRA\¢hahhél afll tha MRCTUrtBBECY

units bef ore bei ng passed on to the

optimniresl theySNR fereach sulycaeiesiof each sub)bamwb@rqde@n the ts
515, |t _sh | f |
pafiineiers pFURSIED By dfh pls MIC et 15 't he pi el 1 ty

of Fast Fourier Transform (FFT) unlts 513 and t he

plurality of parallel to serial (P/S), converter units
After thetningoss fordHuber demasuition angrfleqeding/dejptesieaye process.

r r
RRSGPlofsgSer Ay ARERTH Figh - S1s Rt eRs e
mdlﬁn—baﬁulsbbcéaledu%w trunsmitisetecliont{ SKITIS) vﬂtbm),lltmlé-tnpmand
i ncl udﬁ/H cs) e- MRC uni t 539 a first band switch
m@:’?ﬁe oxtput{MIMQAcammyrieatinn S¥S%8H-cor r espondi ng to each
band, and a second band switch unit 533. In this
regard, the pre-MRC unit 539 takes the input signals
Themootimditiohdoetie embediments ahthe methatl abisansmittingdatade &

ti i t.at
recERyarialq BrpIoR o siisfa e rthinkAt- R A fg4edyse the
lik&lip RIS d8epFedinge afith () lsoaRcdoing Pactiieve e @ésmailﬁ(hiversny
sub- band based on the paraneters estinmated fromthe
Thefeequeocy setectee fading @ﬁanm@tfor pachysala-begd may bﬁé’ﬂfferent

o L AR P, e T

4356 4Hesactsats-bahd nﬁm) bé differdnts Basedforemleeespecttivensm t
sel ection (SFTS) with Milti | ﬁ)u&‘
implgmeniationsieijhe selactiey %'&ﬂﬁﬁum&é?i oWes3is [ fub-module may

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

accordingly.

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

device (C) 105 with multiple transmit antennas.

In the first illustration, the case is considered in which the third communication
device (C) communicates with the second communication device (B) which

comprises one receiving antenna, for example.

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

" sub-band, where f, denotes the carrier frequency, Af denotes the sub-
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The notivation for the enbodi nents of the nmethod of
transmtting data to a receiver is to exploit the
wae@viosssuxzal nature of nultipath fadi ng and t oPCESGBS/000355
the likelihood of deep fading, and thus, so by doing,

i .t h i i o i ) :
cofh i e iy ety FeRapammoon aalesiire
antiherddrwtes thehiotalanpeinén ofesubpeardefs. equency transmit

selection (SFTS) unit 435 for each sub-band may be
different. Based on the respective inplenentations of

t he lection critem a, unit 1 th FTS. sub-
Fore Estitarier fLiper siorthird. 306 nastdfienths forse g BE 1S Sub-
mRAS nfH) BBAD seleédel sab- band accordingly. Let there
be nt antennas and nb sub-bands for the third
conmuni caf{ erargmakce (k¢) 105 with nultiple transmt (1)
antennas. In tHerfirst illustration, the case is

WHESR L ERRSE A e St et iy bR e Blicirigine

ad}3Sq AGMRETATE B ABST (SN i Ui, ihGSrpBHARH Wit the
redifective calibratioh GACORELRIr thd £ Suteaaeiee yndaRe dhsab-wanthEof
h sub-carrier for the / ltransmtting antenna in the

exatriple; ult- Banmay kiecdetermimeddrasedon the signalipawer; sdelency,
D/ denotes the subcarrier spacing, i.e. the frequency

di ff er ence Het ween adj acent -carnrier and ,nc _
o L TR AR Bl e aba e siom

7sub-carrier in the f h sub-band, the best antenna for

nrggi‘iﬂ h 67%s

to Eé%r@g%géis?ﬁ (1 ﬁgﬂ("?\ ?SE\)U#}(? eﬁ?ggg%?ﬂpﬁe sel ection
criteria which may be the function of the adjusted
channel state information (CSI), for exanple,

Thersubspquentediseussiort Wil bebpsed bnédhe dlustration of 4 &) desng
for thel/ 7sub-carrier and the h sub-band. For exanple,

deferipinetibabed dattiee signati powee Howevdreit shquldl bepoated, thatithe

subsequent discussion may be easily extended to the alternative methods of

determining 4, (k) .

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

invention.

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

transmitting data to a receiver achieves spatial and frequency diversity.

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

described as follows.

Let S(f) 601 represent the transmitted orthogonal frequency division
multiplexing (OFDM) signal at node A 201 (in Fig. 2) in frequency domain.
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2 as Auj (k) = H(YU) for exanple, or it may be

determ ned based on the signal to noise ratio (SNR),
wWemh/03854A | (k) = SNR 1' ) , for exanple. ThePCT/SG2008/000355

subsequent discussion will be based on the

[ nagd h .
THis sl Bt Rariie 38 SRR R0, 3G gt ler,
wiEEth FefUse muliiglidositlo 8 dela foActiasi |y extended to the
alternative nmethods of determning Aj (k) . Fig. 6
shows an illustration of the frequency domain
r fio ot
In YR CBHER L 40 b 1edBitife o SRS | ey 1 Brched
fro'th (Eqdahﬂa tc(i 1 ﬁ}fmrolhel sak_Elaj §|r6plajltg\/m1d dwmhmutelosmbbglémmli;ahtyof
t he od ,of trgnsmittjn ata to,.a receiver achieves
Thusain ’éﬂerqi}p&ﬁid@ﬁ'gl?SHb%%ilﬁ'\tﬁq“PHo’ﬁ%re detail, the
mat hemati cal representation of the signal flow may be
described as follows. Let S(f) 601 represent the
Ther taarssmitted dOBDVhsignala s ( f rajumaythein begewnittenlasi pl exi ng
(OFDVM)  si gnal at node A 201 (in Fig. 2) in frequency

dorral n. Thj @ iy resented as a data synbol
0t B A6 o wibh nay be mul tiplied wth @
a delta functlb In thls context, it should be noted

that the sub- band i ndex / may be dropped from Equati on
1) , for the sake of sinplicity and without |oss of
Neydnlet al’! rgpresbotthei caateespond mgoadqmtpajwh ite Gaussiansrajs@nt

lons...The transn tted DM s I 601 may
(AFRIRD Y e iy et ey Thaie Wifen 2 Uoye x|
| et nw representi the correspondi ng additive white
Gaussi an ﬁ@r)s;exw\(’s‘,{)ﬁ{,’,tm‘m] 5(I'ﬁej%ecﬂf\)ed signal my (3)
then be writtemoas fadl"l ows Y(f) [du) +n ]d(f - / O

Let }%}3 régl)esent an ideal filter in frequency domain for all the allocated

sub-carriers at the k™ transmit antenna, namely,

n, -1 ]
F ()= FP8(f - f, - jAf) , (4)
=0 '
where
) _
Fk(j) — 1’ if kbest =k (5)
0, otherwise

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

Sk(f)='id”’F,f”5(f—ﬁ)-jAf)=S(f)Fk(f) (6)

Additionally, the received signal in frequency domain may be further

expressed as

V() = S8, (DH () + NN = SN F(NHL()+ NUS= SUH, (N + N
)
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jT O Let Fk(f) represent an ideal filter in frequency
domain for all the allocated sub-carriers at the /

waeeamsssks antenna, namely, Fk(/) = F d{f - OPET/pGL0)N8/000355
(4) J=Owhere [ i \f h-U _ FJJ)) =31 >n k' beesii

wh&g%\?éf@néglﬁi m%&*b%fd&fﬁw%dpééc@{edéd?ﬁbiﬁgd tdhanhépmsdidrcsd

in“the ¢ lantenna nay be witten as ) "=

respdnsekat ¥ollWs Addi tional ly, the received signal in
frequency domain nay be further expressed as F(/) =

SK(f) HK(/), +NCFYn=S(f) Fk(f) Hk(/) +N(/f S(I)H (!
N K o R B ) 605 mmy e definet as the  (®)

conbi ned channef~frequency response, as follows Ho(f)
= Fk(f)Hk(f) (8) k=\ As shown in Fig. 6, the combined
channel frequency response Ho (/) 603 may have a
Asrshygein Eigep, thed¢argbioredcheneel fsequeriayrrespemse H, (/) 603
sub-carrier (as conpared to the respective indjvidual

may BaYre reducribdrsp tasing ARaracierists feoeadhetbopmes(as
coforfb' réd meen)esR;gar&‘?\feeﬁm[\ﬁd udi 'Bﬁaﬁﬁé’lqpéq’ﬂ;e@gg ?%%Mgﬁsege thod

ransmtti data to a receiver

HEGYB08lamat HE, ( £080T dor ©elmnpie).VEnerbfone ctheldmibodifieit of the
a reduced deep fading characteristic for
method of transmitting data to a receiver leads to an equivalent frequency

selective channel H_ () 603 with a reduced deep fading characteristic for

each sub-carrier.

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

from all transmit antennas may be expressed as

SN =3 5(N=YSNEN =S FN=5F) (9

where )" F,(f)=1 from Equation (5). Therefore, the embodiment of the

method of transmitting data to a receiver allows the spectrum of the combined
transmitted OFDM signals (S(f)) 601 to be remained below the stipulated

FCC regulations, for example.

Additionally, the time domain signal representation for the embodiment of the

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

Let s,(r) represent the transmitted OFDM signal in the time domain for the K
transmit antenna at node A 201. Next, let 4,(¢) represent the multipath

channel impulse response from the k™ transmit antenna at node A 201 to the

single receive antenna at node B 203.

The received signal y(t) at node B 203 may.then be represented as
24
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each sub-carrier. From Equation (8), the spectrum of
the conbined transmtted OFDM signals from all

WQ e@poBA5E3 ant ennas may be expressed as S Jf) =PERE§EI008/000355
S(f)Fk(f) =S(f) Fk(f) =S(f) (9) A=l k=\ k=\ where n
k=i Fk(f) = 1sfrom Equation (5). Therefore, the
enbodi nenfr)ef D1he) we(Badi(of transnitting data to a  (10)
receiver allows the spectrum of the conbined

W BB kel RN BadAEcBnictllitn bpRON o1 “cxampl o

Additionally, the tinme domain signal representation
for the enbodi nent of the thod of transmtting data
Theotrapsreitted \(fF DMa?QB@ afrb Antena By, beLEQP’@‘R%’ith by the

oSG gh g O SR 393 03,004 bl e
f’ﬁw%éf diewshk{t) represent the nultipath channel

ul se response fromthe 1ltransmt antenna at node A

201 to tRhesinghe eive antenna at node B 203. The (11
recei ved gggnalgﬂ)y{%?;at node B 203 may then be (1)

represented asO=!>*(')* (0 + (0 (10) where the synbol

* denotes the convolution operation. The transmtted
Acoppilingly gthel regeivedsignal pr(ernay heyewsttea gsdeliowed by t he

convolution of the transmtted OFDM signal s(t) and

the ideal select filter f k {t s faollo k it

S5 PR T b gD A O & b (12)

y{t) may be rewittten as follows 0 = (0*2 (0*M) + (O =
wt{e% '\ﬁ?,'(t)(ig tﬁ% eﬁﬁ}\/alent channel impulse response with a reduced deep

fading characteristic.

Similarly, in a second illustration, the case is considered in which in the
communication system 100 shown in Fig. 1, the third communication device
(C) communicates with the fourth communication device (D), which comprises

a plurality of receiving antennas, for example.

Let H{) =H, ,(fo +jA) (i=lL-n,; j=l-n; k=l n.; I=1--,ny)
represent the frequency response of the i subcarrier from the k™ transmitting
antenna to the /" receive antenna in the " sub-band, where f, denotes the
carrier frequency, Af denotes the sub-carrier spacing, i.e. the frequency
difference between adjacent sub-carriers, and », denotes the total number of

subcarriers. For the /' subcarrier in the /7 sub-band, the best antenna can

then be chosen as

kD = argmax 4, (k,0 =1,+,nz) (13)

best
ke{l.ng}
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where ho {t) is the equival ent channel i npulse

response with a reduced deep fading characteristic.
w®R0wwl038sky/, in a second illustration, the caseP@BESG2008/000355

considered in which in the communi cati on system 100
whtheWR (R Eng.. Ly fdpfeddtits dhe MBIEGIdHAEHRMatRMKichendy) b? the

communi éat es VVIRt h the fourth communi cati on devi ce
furfdtionh o‘Fofﬁ%r 'a%"j?stéd pbh’éﬁﬂélt )éta@é f&Pationd (B ENfAs exéﬁfple

exanpl e. Let =HkK| Af =| nob "
mcdrporate(t with=the- callbratlon faﬂiors for the Ji @pb@@r@m qnﬁjethe " sub-

bal, BRERErTRG G Gkl nte} TRy BE ARl feFachon the

the f wher d tes the arr e
M?’?"@HUEn@?POD?“a dehintes EaRol. o ey TebNpdCFidpels. sucn as
the frequency. en t

Aslnl ol e S il A k6 E@“v'fe”d? B‘I'"‘?ft%%‘?d gp the signal
subcarriers. For the f h subcarrier in the f

to mlsebmon (ﬁhﬁ?)b@tstheanepema suoh aseh, (el ehcsen)asSNR"” for
gmax , . ( ) (13)where A} (K
example Rthis eqqn&%mﬂse tsnbseauent dissussion ayil abQ\kha@ﬁdrrﬁS} the

el f 2%%%2 v S BEFRIBRE ol op «tpe rhaRC

calibratio t
Hoé’{?o“t%hg &IJ § rﬁé}f-ﬁg t?ntahiﬁ%tsftlggf{ai&%}ﬁa&%&%su@rpgrré)hﬁe é‘asny
ex&fhd@attsrtﬁé RRErAATE héthoti 5 of NBtErminhGat i(R, qurrbl ﬁn)ng

of the received signals, such as Al J (k K, 1
---,n R =1H, or it nmay be determ ned based on the
nal to nojse ration (SNR) at the receiver, such as
Flg %ksmow_s \an UIustﬂm)on: ofithe fgequencyﬁorggwpgesem{apqqn of the

m%ﬁgaﬁﬂir@s% ‘?litlrcig é‘i’c?gt egﬁl%%}']&%# dint o&ﬁ%emﬁﬁngﬂt of the

muﬂ;ﬁtlehnwheﬁbmaﬁﬁé A)IBMhIGaQVECpIumVyeaEtransmutsinrberhrwsband node

not ed t hat ubseguent di scussion may be easily
B 3Q3 bagarvea '%%fsrﬁpg'é( RMEBNARt hods of det ermi ni ng Al
(k,I =1, ,NR) . Fig. 7 shows an illustration of the

frequency dorrai n representation of the
In this illustration, it should be noted that the sub-band index i may be

dropped from Equation (13), for the sake of simplicity and without loss of

generality. Thus, in the subsequent equations, index i is dropped.

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

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

Let n” be the corresponding AWGN term at the /" receiving antenna. The

received signal with MRC can be written accordingly as follows:

n~l ng n.-1 ng

Z(f) = Zza,(.l)y(/)(f) Zz[d(/)

Jj=0 I=1 j=0 I=1

H(J)

k(l) i

T HY) P18 - f,— A (14)
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met hod of transmtting data to a receiver according to
one enbodi nent of the invention, wherein node A 301
whamomasgshairal ity of transmt antennas and nodeP®r/SEB08/000355
has a plurality of receiving antennas. In this
illustration, it should be noted that the sub-band
i ndex / may be dropped from Equation (13), for the
wieemse:{ 8= @ Ii))i ds the eordbinirghweight frsMBLC arach theasliperscript *
Thus, in t Fre subsequent equations, index / is dropped.
defbfés tﬂéldbnjuqa_tt@ ®pbi4tin. Lbt thet £atA) deprdsint Snfideslamet &
the transmtting OFDM signal at node A 301 (Fig. 3) in

 frelqueAbE a6 Ao foriaN. thetalloeatetd suberarasrndtetie )’ afteans yadol

dU) in the/ 7subcarrier multiplying with a delta
exprasser on Eapadians (B and®ni t t ed OFDM si gnal S(f) can be
witten as Equation (2) Let be the correspondi ng AWGN
termat the f h receiving antenna. The received signal
Thuist theMRGhsraittine OMDMtsignal do thel ki diansasit aotenoascanzgé Wwritten
0-JAF) (14)where = (H)* is the conbining weight for
asmaée%r (fl’PTe superscript * denotes the conjugate
operation. Let the Fk(f) represent an ideal filter in
frequency domain for all the allocated sub-carriers at
Anchéhén reneivadasignsl éx fregusndyi domgimwitn MRE) maw bes further
Thus,, the transmtting OFDM signal in the /c"7transm t
re%"ﬁﬁsm’?g un be witten as Equation (6). And the
received signal in frequency domain with MRC may be
further represented as Z(f) = + I (f)Fk(f)N(f)) (15)

GG WA SRR G

=S SN NEWD] + H(DEND)= (s

=1 k=l I=1

HO (O +NO ()

(15)

where a,(f)= Y H (NE) =Hy () . NN =Y HNEWN)

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

HO() = Y E(DH, () (16)

As shown in Fig. 7, the combined modulus of channel frequency response
2

the proposed communication system, wherein node A 301 has a plurality of

HO(f )|2 has less deep fading possibility for each subcarrier. Therefore,

transmit antennas and node B 303 has a plurality of receiving antennas, leads

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

fading possibility for each subcarrier. From equation (16), the spectrum of

total transmitting OFDM signal from all the transmit antennas is given as
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*=1 As shown in Fig. 7, the conbi ned nodul us of
channel frequency response , "(/)| has less deep

wo 20vm0885poOssi bility for each subcarrier. Ther ePOI/8G2008/€00355
proposed comuni cation system wherein node A 301 has

aﬂbHr | rhuef the prSpBdeddcimiie f¢apasie Bf %%nimng the
0y or

ural recei ving antennas, |eads to equival ent
spéctemumfdgtawaesmlmm slga\ahes S ynder FHOC mask. nuch
reduced deep fading possibility for each subcarrier.
From equation (16), the spectrumof total transmtting

Eqaqg ﬁt[ygﬂ?é g{eoaalrﬂéﬂn §|§ﬁaltr‘é Rs¥Bnta f%J?ﬂ% méehrbogswsnt of the

he p opose technique 1s
meihpdhifetram‘isnmlng data tog at Mesmqnawbeoéaslm ektended from the
trapnsmtting signal as S(f)

anglysisy ap eHustjated Hia EHH%"'%&?% (4.25 gﬁcgv%amsgzéeﬁ&)aﬁ?mes the
mutfpathy oL midye eseRaTa o f&en% FaEE eREngH e A
30%5%0 H&eno're%h%geg \ éf’ ﬁédéanne ¥né) recéived @lgﬁalhﬁ () at

tes |npulse re

thd v"omcb% aﬁtreﬁnérafhoaatsesoecah BeOféprésciidd b8 Che Ith

recei ving antenna at node B 303. The received signal
y,(t) at the h receiving antenna of node B 303 can be
represented as = > (O*I\/D +" (O (17) k=\ where synbol *

denot es convol uti o%gﬁg:ﬁt éﬁ{qf 4+ hfnsm tting OFDM (17)
ant

signal in the \ h a can be represented
by the convolution of the transmtting OFDM si gnal
s{t) with the ideal selected filter f k {t) as

BIEGHRST: BN Hogro 0 el B SRR OFY e
in theck't )raﬁ’brhiﬂarﬁéﬁna’rearﬁ b repidsentedty {He cdnvbB)tiodof the

transmitting OFDM signal s(z) with the ideal selected filter £} (¢) as expressed

in Equation (11).

Thus, the received signal y,(¢) can be rewritten as follows:

y,(t)=s(t)* Z L@k (0)+n,(0) = s()*h () + 1, (2) (18)

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

antenna with reduced deep fading.
In this context, it should be noted that the method of transmitting data to a
receiver may be implemented using different approaches as shown in the

following.

Fig. 8 shows an illustration of the first implementation of the method of

transmitting data to a receiver according to one embodiment of the invention.
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where ho | n (t) is the equival ent channel inpul se
response to the Ith receiving antenna with reduced
wole@p/ossadi ng. In this context, it should be noPEHSGIIA8/000355
the nethod of transmtting data to a receiver may be
In tH@ﬁlﬁﬂﬁ%lé%éﬁ%t% & tﬁé@ﬁ@tﬁbd%ﬁ@r@ﬁ@ﬁﬂﬂﬁg Hatd f@%ed:élvérhé
l om ng. Fig. shows an illustration of the first
tranatm&amclaaﬂaote@llctdﬁ@ transnuasion fer eaghsub-cagierangd fepeach

of PRIGRIFLs Rt s & AR R BRI CF AR artohe ol Aoty o

antermastbtbd e diRr drdr@nfitting thé \data istdétepnm@dasdingithe antenna,
characteristic of a transm ssion for each sub-carrier

angd ke syb- @amrswtfatfm highestiquality indhe transmission charasteristic
(R RE LA RO N 1R, O Rl bl perlosdtbpion
antesinag Iri bmeamoedm,ahemwt ahtensalfocter f"esub-sartier intbe  sub-

hi ghest ity in the tr ssion . haracterlstlc

bapd gy B%%%&W%@?CQFPWJQHS??‘P B &t er\aor exanpl e) may
be sel ect ed for each antenna. In other words, the best
antennakfbi thgh lcarrl er in the f h subband maf19)
be sel ect’& aq(ggrngl the following criteria =
Then, the sel ect ed sub-carriers for each antenna can
be revvritten as "best Jbest ) where j indicates the

bes arriers a ati each anten

Thin. s sseien subrdarfets o7 5pel AR Sareaitel Seem
wherein the recegikyer conprises a plurality of nR
receivi eantefiras, the best antenna for the/

7sub BL” er in the th sub-band nmay be sel ected-

(20)

wheee o, ¢fj nigdicatashtheflest subrogrriers taiotation) formaghwatenna in the
H('J) (21 ) k {\,nt
" sub-band.

Similarly, for the communication system wherein the receiver comprises a
plurality of ng receiving antennas, the best antenna for the /" subcarrier in the

" sub-band may be selected according to the following criterion

(i.J) —
k.l = argmale :

best
ke{l,nz}

ki (21)

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

shown in Equation (21).

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

antennas and eight sub-carriers are used.
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For sinplicity, the nmethods of transmtting data to a
receiver wll be subsequently illustrated w thout the
w@omvsskseant i on of the index / (1=1. ..NR) , WhPCHSGH08/000355
t he case as shown in Equation (19). However, it should
be noted that the illustrated methods may be easily
extended to the case wherein the receiver conprises a
Thel firskiminlgmentatienanay hg cantiechaasordidig totthe folidvéng stepsas
shown in Equation (21 ) . In the illustration of ,the
Thiei ahemniehfrequemtyareispanséiomthé i” Sulg-badd, nawety; s rﬁ\ t, may be
antennas and ei ght sub-carriers are used. The first
exprggsedantiad form dsfea/ miztrix; for examples whdre thd mWshef the matrix

foll owi ng steps. The channe| fre cy res or .
may, e FeRieBeRtedby thensybycarpigr ndex. a?sd ewm fﬁ}ee B

bd I Af Ve dtbina frifexexanpl e, where the rows
mécl))’f] gpljr?géﬁex rtgt be rep?esgn(t ed by the sub-carrier
index and the coI ums of the matrix nay be represented

Nt Sgkedkon o Eavattire (ool est BBEnradet Racr Sibcaridr hy
be(sSedted '(§§¥rﬁﬁ’cdt€d kPbéldass attﬁmm Fld:IBQ InShis domtéxti & can be

context, it can be seen in Fig. hat sub-carriers 4

seendn Figw&that subwasiersd and 5rare ailocatedlte antennaedavhiathe

 redpig ShBatidh Bl I PEb IR pHARECS o the h

sub- band, nanely, Hk ( 'J ) , nay be converted to the

sub-carrjers allocation for each antenpa, mebl
Foljewinawhigh: thecehanneb freauency 1espense farthe " sub-bahd,’

i mpl men ,ation, the nunber of sub-carriers per antenna

nams}y. éts , maybe converaeshto thetskrearriersalincation for each

depend| ng on the mul ti path fading characteristic of
ant d, PERRY, Yé andeBRisg td\eqeamym(20). thi s

lustration,bthere are 6 sub-carriérs allocated to
antenna 1, but only 2 sub-carriers to antenna 2. Wile
this fi rst i npl enent ati on provi des an opti nal
In ¢his ficgtimplementatientthe mumber«af subpardensperiantenrpmayRles

dlfFe(}eﬁt t%&foqeegnteﬂﬁglfo HRofhs ! @&?er{(ﬁrttd 8n Qt?éa‘ﬁ‘ﬁ)ltlﬁ’aqn LI'gdlng

characteristic of the respective antennas. As shown in this illustration, there
are 6 sub-carriers allocated to antenna 1, but only 2 sub-carriers to antenna 2.
While this first implementation provides an optimal sub-carrier allocation for
each antenna, it also leads to a different peak to average ratio (PAPR) value
for different antennas (due to the different number of sub-carriers allocated to

different antennas).

Fig. 9 shows an illustration of the second implementation of the method of

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

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

the sub-carriers to be evenly distributed among the plurality of antennas, in
30 '
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for different antennas (due to the different nunber of
sub-carriers allocated to different antennas). Fig. 9
WG bwne3ssm3 i | | ustrati on of the second i npl enent BET/66G2008/000355
the nethod of transmtting data to a receiver
oraéﬁfbr@blﬁﬂcé thedpalCPARragd tattf (HARR) VaIeBtfbPthe Slaraiey 60
to the first inplenentation of the nethod of
(tfransmihantenngsdat a to a receiver, this second
i mpl enent ation provides a constraint on the nunber of
sub-carriers which may be allocated to each antenna.

Thie sn®PPS twa idifferaht Qyprobbitestodistibutetite $e§lebted$wnd:amers
di stributed anmong the pluraljty of antennas, inord

evesivrinang allithe pbgaktytoé (zarsmgantannas.(Preoist eRPRA gises

o PRBAAR) L A0t RS RS S 1€ B Bticn

usesla siamhf ed svay\/terdllpcatuﬂlg saibk-cartierspinioreler toyactieve a
ant.ennas. roach uses

tra S rst a

ree o AP A O Spalealy e tERl rripecia fahPY desfribed

.nme%%@ém r%PJiibﬂ%anﬂsi?G \dte| mol ified way to allocate

he sub-carriers 1n 0rder to achi eve a reduced

|nplenentat|on coaneX|ty The second approach will be
descr.i b n nore det on. to . .10 | ater

f i R viEYe by e By humbes hsit-raMiestrandimitea by e8n
sub-carriers transnitted by each antenna may be

arltérfid AfAyDE timited b Bc. kS: n@hotéivisiilb by AY, then eatheintenna
each antfenna nay benlinmifed to transmit up to only + 1
sub-carriers. In order to si I|fy subsequent
di Ssion, I s assuned tha IVISIb|e by nt .

vy B dinisd todtansrhi b hEnYelcry " 07 RUBSATiSHRy be
easily extended to the cas ﬁ |s not divisible
by nt as well. In the |IIustrat|on of the second
i mpl enentation shown in Fig. 9, two transmt antennas

In anderetogtin plifylsubsequentdisciessicrr it is Bssumeddhat »,_ is divisible
i npl enentation may be carried according to the

byf o] | Ibean hessespsthairte $econt ispégmentationinhay be easiyeexteaded
used in the first inplenmentation, where

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

In the illustration of the second implementation shown in Fig. 9, two transmit

antennas and eight sub-carriers are used.
The second implementation may be carried according to the following steps.

The first step is similar to the one used in the first implementation, where

jl()l ]‘? is first obtained according to equation (20). The selected sub-carriers for

each antenna are as shown in the matrix 901 of Fig. 9.

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

3 gub-carriers

n
allocated for each antenna, n;**, where n;™ = —=*
ny
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j is first obtained according to equation (20). The

sel ected sub-carriers for each antenna are as shown in
wo bmowsssud x 901 of Fig. 9. The second step i nvPAT8E62008/000355

initializing the maxi mum nunber of sub-carriers

wﬂﬂ'th@%ﬁé&t GRaIitgas %é‘ffhﬁ@r’ﬁ%sndh éhara\éléﬁ‘sﬁc %rﬁbngthe Jfedted

Sub-carrierswith the highest quality in the

Ut’f)aglﬁﬁbéﬁ.bp@aféﬂ@éué&w ithebach 8dMAth, §.8E e%%heaﬂt&%@eme

b‘SUD carr iers are selected for each colum, i.e., each

rerﬁamémeaé% étﬁﬁ@érﬁb@(n%%élgtsﬁfb éalﬁleesﬂlzrar@r:s) 4reaneh Yeset

rriers 2.and are then reset to zero, as shown
to zero, aesmwnmtbemaiﬂxsog of Figi this context, if the
nunber of selected sub-carriers j is |less than nx,
then all the selected sub-carriers for that colum

1] hosen i C se for anke
SR e bl spieré?iﬁﬂﬁ B0igs or BUBEHER &7

al l ocated for each antenpa may then be updated _
thexcalbthei sejectedisub-cartiats mﬂ %uforﬁhat gglummwilide chggen (which

selected (s) , where s is the step index. In the third
is theemsefonentesnb-2as shews iRFi®dt i on for the remaini ng

sub-carriers may be obtained for each antenna. For

exanple, this may be achi eved by repeating the first

Thetremaivitig hubibericf Babdanders ditoeated for @aciNaxtenriaeay sherebe
n for each antenna may then be updated accordingly.

up&ﬁfédéﬁdoﬁdnﬁb@@ theBqltaesh bga’t@w ) em%(s)r@g:élé‘t’@q];y where s
unti | for all anten (assovvnlnthe matri x

is fheSstep "ﬁeg( 9). Finally, the first, second and third
steps may be carried out for the (| +1)th subband,
until all the sub-carriers in all sub-bands have been

In fHé ﬁ‘emen?p’ Lhéw t—ﬁ%ﬂ@n’ést ﬂo[béjal(t)i?H?&r Rk BmaMing %atblaéanggrs

ation o transmttln
ma)ebebbtamertfmreachgammmd=oerdxamp1erth|a3rhayl’me aahmr&d oy.

repeating the first step among the remaining sub-carriers.

Next, the value »;"* for each antenna may then be updated accordingly.

The third step may then be carried out repeatedly until n,‘:’a" =0 for all

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

Finally, the first, second and third steps may be carried out for the (i+1 )”’ sub-

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

Fig. 10 shows an illustration of the third implementation of the method of

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

This third implementation is similar to the second implementation of the

method of transmitting data to a receiver, with the exception that the third
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This third inplementation is simlar to the second
i npl ementation of the nethod of transmtting data to a
WO emeisssn3 with the exception that the PCT/SG2008/000355
thirdinplementation uses a sinplified way to allocate
imP%éﬂQﬁ&?ﬁéé@é%ihBliﬁ&o@ﬁéytté’ afGHtE e 3ubRAHGEH in order to
npl enmentati1 on conplexity. In nore detail, this third
achigveentadused implenyentatien complexityb- carri ers randomn vy,
for exanple, instead of the first x sub-carriers with
the highest quality in the transn ssion _
In FiUE Mkl 15k third RplefEHIRIdh w‘a? SRIe 05 @y ehftidrs e
sorting operations used in the second”i npl ement ati on.

: Ll b | .
rofiforiif o Al AREBebAng SR L, oo pleR S A o
quér’rﬁ%tthé ﬂaﬁsﬁ@iém&%rﬁ@fé@ﬂéﬁol‘ ef8mpld} i BRier to avoid the

I'1'Tustration of the third inplementation shown in Fig.
softthg eperationsesed irathessecanddmplamentatienbAs sueh,dhis leads to a

st g e i o B eB bR ooty
H%éﬂér,aﬂgié ﬁha&?@s@lﬂﬁl a8Afhlligeridimapee towk. | npl enent at i on,

ere best 'rs t ined according to equation (20).

The sel ected sub-carriers for each antenna are as

o S8 R g oy o 0

anterinasadrid eight slih-camiers af@usedch antenna x , where x =
-- . Next, the x sub-carriers anong the sel ected |
sub-carriers are selected randomy, for exanple, for

Th%Qﬁnd %B nthtién m céme%%orﬁhg t6 HBfdNoléhg stegs.
sel ected sub-carriers (nanmely, sub-Carriers 2 and o)
are then reset to zero, as shown in the matrix 1003 of

i ont ext he nunbher of se

Tr, st 8Ppiie P Brie TRE0Ee tisef in g sEteimgfpm@isiion Where

B ] s
P Ny . spbecap L I d f

oA AR ey eR iR i Hr BLERE G 10 The
equation " ( + 1) = ax (s) - n

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

n .
allocated for each antenna »™, where n;™ =—. Next, the »n™* sub-carriers
hr

among the selected jl()ijs’;) sub-carriers are selected randomly, for example, for

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

In this context, if the number of selected sub-carriers j,ﬁiés";) is less than »™,

then all the selected sub-carriers jlgie’s’;) for that column will be chosen (which

is the case for antenna 2 as shown in Fig. 10).
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ected (s) , where s is the step index. In the third

step, a new sub-carriers allocation for the remaining
wGemo038su3 ers may be obtai ned for each ant ennaPCFe62008/000355

exanple, this may be achi eved by repeating the first

Th;et %m&@gg%dﬁﬁeﬂ&@bf&dﬁﬂe%@b‘%f& R 2achi@ftenrid®ayahes be

h antenna may then be updated accordi ngly.

up-'cigfecf Q&édildﬁngqg él'r?@éqhﬂﬁﬁh hewcgr li)e_-an‘(s)r—?;P’@m’e’d(k)’,twhere s

until ax = al'l antefnas (as ghowrd irfthe matrix
is H0steBfinddg- 10). Finally, the first, second and third

steps may be carried out for the (i+1)th subband,

until all the sub-carriers in all sub-bands have been

|l pcated. As a side renar i n.he se
in i 8RR, ARah SEFaTBEF gt FBhing Tehfnb Wib-defers
mé)E_Bé QBBAIhed Fsteatheantésid.i Fut exadnplBethis maly b aghievest be
third step of the second inplenentation, respectively.
repgafingithedstaiepamang.therrgmainingsubHearfieis: t h
I mpl ementation of the nmethod of transmtting data to a
recei ver according to one enbodi nent of the invention.

Ne Rt Roe drr AT EnBhla RS R e BB B BB,

fourth inplenentation al so provides a constraint on
t he nunber of sub-carriers which may be allocated to

: . hemsub- .
R BB GRRA R Bty et pirer
. . . K
anfli iy B g e iR ABS AT 8L=0 ' Mot
antennas. However, the approach of applying the
FiGall: i gt secend ancytAire siras oy soariag oub fardfn g 1T suo-
bafne%f\fi‘l' ATPhB LR iR \Ul ib-barfis RavebethalGtately

conpl ex sorting operations of the second

i npl enentation and the performance loss as a result of
Asé% %{c@ rn?qar git géﬁ%glfsréﬁtqgﬁgt{i'\'egfﬁ's{ &%bea%hgtthf?@ 'stt.J,pnofItlmsS
third implementation are identical to the first step and the third step of the

second implementation, respectively.

Fig. 11 shows an illustration of the fourth implementation of the method of

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

Compared to the second and the third implementations of the method of
transmitting data to a receiver, this fourth implementation also provides a
constraint on the number of sub-carriers which may be allocated to each
antenna. This constraint allows the sub-carriers to be evenly distributed
among the plurality of antennas, in order to balance the peak to average ratio

(PAPR) value for the plurality of (transmit) antennas.

However, the approach of applying the constraint in this fourth implementation
is carried out using a set of threshold values. By so doing, this fourth
34
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threshol d values only requires the conpare operation.
In the illustration of the third inplenentati on shown
WO 20050885430, two transmt antennas and ei ght PCT/SG2008/000355
sub-carriers are used. The third inplenentation may be
m%ﬂirﬁérﬂﬂtl@ﬁ 'é%l@*s'lﬁe UBeldithd RighfEdrapRikeadsting bBeffdtibhb of the
step invol ves determ ni n% a set of threshol d val ues,
segpnd implementation ang éhe:pe penam@ loss &is aniasuitof dhe approach

P G, s e oy P g 7,

thidsholiayallies enlyraeides meacdmpa@a@xtemtim carrier and the
respective antenna. 2 If it is determned that HJ ) >

a , then the said sub-carrier and the respective

n s PR Eof ot igtng el bayyin Py 1Bt
ar@ma”schntgegbt'slhb.xcammslawu%eq +) =11(tm"(5) - |

In the second step, the threshold val ue used nay be
changed to a2 , where a2 a . Next, Hk (iJ) may be

THeORREiRPldniéntation hdy bé @aHI?e‘aeé&%hﬁH? $& %éﬂiﬂbb@rﬁgf s@b@

the respective anternna. is determned th
) > a2, then the correspondl ng sub-carrier and the

e T L e
ok BTRELE B5FRAE i SR 32], 85, N ) e

carried out for the remai ni ng threshol d val ues a, ”

valuy nBt l(wharees* of’ ymiaIbe iRitialized.[FSllo@ving WisdH, (’0"‘1 may
shown in Fi g. 11,n;t he nunber of threshold valu

selected is 4. The matrices after the processi ng usi ng
bet ¢asmpareddotaries Racky subtagerigr and-the respective: antendar t h
threshold value ( 4 = 0.5 ) are | abeled as 1105 and
1107
12
If it is determined that ‘H,E”J )‘ > a;, then the said sub-carrier and the
respective antenna may selected and indicated in bold as shown in matrix

1101 of Fig. 11. Accordingly, n,”™ may be updated according to the equation

n;cnax (s+]) = nmax (s)—

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

- L a2 .
a, <a;. Next, ‘H ,ﬁ””‘ may be compared toa,, for the unselected sub-carriers

and the respective antenna.

Y :
If it is determined that‘H,((”f )’ > a,, then the corresponding sub-carrier and

the respective antenna may be selected and indicated in bold as shown in
matrix 1103 of Fig. 11. Accordingly, »n;** is updated according to the equation
E(s+1) = n;(nax(s)—l.
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respectively in Fig. 11. It can be seen that the
nunber of iterations carried out depends on the nunber
wo@boovlsssshol d val ues sel ected. As such, the pepdDsGENE@00355
as well as the efficiency of the fourth inplenmentation
depends on the number of threshold val ues sel ected.
Fol | owi ng which, the allocation of sub-carriers rm% Ibe
o}

Foupwmgewhncbr theasaransi step i ramiedraut fendhmseainiag dres
e n St | ried out using the preanbles

vaﬁg@ e%lc o%l\éﬁﬂg%n&ur?ﬂéral;xanpl e. Turning now to the
transm ssion characteristic used in the nethod of
transmitting data to a receiver, it is known that for

In thepitiustration siwovant irt Fige 1d ﬂ'ieshmmbéupf twestwpld Vu)es selected is
communi cati on system (such as a communj cat

4. J pgtreﬂﬁnceé @ﬂekmepp@pew@g wm@athwﬂ thneshalg) vad#e (%e— 1.4)

dllnkistherec:|pro agatl
angiBR Rt INTE A0 Srblesen. £ 80 3% RRQIh 2B g msid}fw

r than the propagation channel
re%‘lﬂ@&%&d@ﬁ?%ﬁ However, it is also known that thi sis

not the case for the radio frequency (RF)

transcei vers, which @% exhi bit significant anplitude
It carbe Race thatéhen@ﬁé@r iteeationsicariest oMt depgidsranthese

nu lﬂaif%f tl'?l%s Id va"ﬁfeégelgﬁtﬁ ”}ﬁ{gts'uel'\eth% érfdthEnc ?Hé%ell as the

ese n sha ches €sSen rom se
eﬁ&ﬁéndyedﬂ the fodirth hﬁpl&hﬂ;ﬂtﬁiomﬂ@xb@dsﬁmthmthmmbe( &Shyeshold
t hey result in a severe degradation in the
valyesisgl ‘Péﬁ‘ée of the enbodi nents of the nethod of
transmtting data to a receiver.Iln nore detail, the
effects of these mi smatches are described as foll ows.

Fonnwir@ewhichr thesallwication mﬁyub@aumrsimey bd updatesfor gach data
pagfel Bt ety Based o 1 anuiel 2REMATRg at it o BTBing b

pré/dthbRsi sTeachidifta patket! f&fé&aﬁﬁileresponse of the
transcei ver may exhi bit a random channel response

whi ch may approxi mate the ideal frequency
Turning now to the transmission characteristic used in the method of

transmitting data to a receiver, it is known that for a point to point time division
duplexing (TDD) communication system (such as a UWB communication
system, for example) the propagation channel of the forward link is the
reciprocal of the propagation channel of the reverse link, provided the round-

trip delay is shorter than the propagation 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 multiple antennas.
Since these mismatches essentially may compromise the estimation of the
channel state information (CSl), they may result in a severe degradation in the
performance of the embodiments of the method of transmitting data to a

receiver.
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response. The magni tude of the exhibited deviation
fromthe ideal channel response depends on the

woregniosssde of the random process vari ations. |PCT/BGH08/000355
context, the approximte ideal response nay be

In bS8 rde?&l ttlﬁ’e @ﬁe&s'ﬁf %Iﬁ@éé?ﬁnsi?ﬁéféﬁéﬁ afé Geééﬁt)/@f &s Riidws.

reverse |inks. 12 shows a signal
representation of the dat a transn1SS|on carrled out in

ArLHBREPAHENG EoP (ORI (B bpSobihd Bvelans

chbhAGISEEpohdeLaEHIEmpRRidesiRl dilasd iphase NDuB o vafgue random
domai n and R(f) represent the receive frequency

precessomsiationsidhe aetual chaeqale'ﬁépomﬂ the tﬂﬂf@CﬁiW@heWb't

n
= b L B Vot FRAPRTIRR IO B Bueny
re?pons@n Theinkagnitiele dfithe rixhibited hjelvratlbhefrcrm tiee ideal channel
rewﬁﬂer e 2;'}3%&365 ethe emgbj{ﬂt@q f tFa}éaﬁg ex&(r)ggsssegﬂﬁbn In this
I
copfet, the 2Praxifatd ideafféspofSe {ﬁ@fs&é Fre8ItBlds! 4/flismatch
betwegre the fovatchamad; reMersééinks.smat ches. As nenti oned

earlier, since the selection criterion for the nethod
of transmtting data to a receiver may be based on the

Fig§! ﬂz@howgw?ﬁm floberephaseifthtisi of thel duta tramshissioFBhiried
only the a itude of the m smatch need to be

out un&\eomremunwatlnn sysiem 400 acecarding:topene embogipent efdbs
m\l%“'{g and |R(f) | may be nodel ed as a real Gaussian
A Ie As such, the nean of the respective
anpl i tudes nmay be expressed as a unit value (which is
the val ue of the ideal frequency
Let T(f) represent the transmit frequency response function in the frequency
domain and R(f) represent the receive frequency response function in

frequency domain.

The mismatch in the transmit frequency response function may be expressed
using the complex gains T'(f) = T(f) | e/ 38T (/) and likewise, the mismatch
in the receive frequency response function may be expressed using complex
gains R(f) = R(f)|e/ 28R where |T(f)| and | R(f)| are the respective

amplitudes of the mismatches, and ¢/ 287U and ¢/ 28R(/) gre the

respective phases of the mismatches.

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

be considered.
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response di scussed earlier), and the variance of the
respective anplitudes may be denoted ass 2 . In this
w@owessts43 it shoul d be noted that the Gaussi anP@ESGZI08/@00355
nodel is comonly used to nodel radio frequency (RF)

In IR LbAELE thE r&pocti?@ dmplitided %@1 f}?'drﬁd FRGY eshy B&mddiged
[l (up to 40%

variance s2 is sma t or exafmpl e) ‘such

astehl@la_l Gagjlssmtﬂdr'gbm Af‘z sur,mﬁ ﬂgatn'r;ega ofehe Eeﬂiéﬁﬁﬂe iasnplitudes
negligible. In Fig, , the conpined c nel response
may bejexpresaad aga Wi valye (Whichy 'ééb%e/?ij%of?tgmséﬁ% Tiglaency

YRS Tod AR ol o al bkt inSidebeBife pipuces
m%y;b%dén%%aé H <J,t)RB (J) (22) Crvsk Wt) =T ) rVs

( ) where k - \,---,NT is the antenna
i ndex corresponding to the transmt antennas at node

A. The terms Hy vdk (f. t dHn , (f, t t th
in s oot o b neten 3RS Etssiencvaaels Mog Brse
Y i P TES Tnprtgpro s

tydidally) as¥unfed thiat the\VarianceNo-2 s %H?Wb' Wb,qoﬁéi(%@ble) such

estrmation carried out using t preanbles is
thatahbiocedrrehcenofh negativeezaliZati@nt Js negligitdeer, C d (f) is

t he channel response which is used in determ ning the

sub-carriers allocation in the enbodi ments of the

In PR "2, 3 Ol {idiie) s, @ 5L BT8 ARGy e e
reSHittiVE PEdvAa dnd! reQURRHRE VAR InciLBE 1} gg; ReS] ARl th

ocatiron criterion may be rewritte OWs ere
channelfesponse B (1), nfaylbe defifed bsfdlldvst O/ ) , t =7 0
+740 . L = (J0°+' D ) . TB

C fwd, (f+1) =Ty (NH g, (f DR () (22)
Crvs, (f+1) =T (N)H g, (fsDR 4, (f) (23)
where k =1,---, Ny is the antenna index corresponding to the transmit

antennas at node A. The terms H 4,4, (f,t) and Hyys, (f,t) represent the

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

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

H fog, (fs1) = Hppg, (1) fOr k=1, Np.

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

combined channel response C,, (/) . However, C 5, (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.

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

follows
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{j) =TB (/0 +JAf) , and ,B0)' =B (fo +J f ) |
=l,--,n ¢c Assum ng that the respective frequency

WO e®possses T and remai n unchanged across the PCT/SG2008/000355
sub-carriers, then all the respective calibration

factors TO> R?U3, dH J')and .~B 0J)) may be

consi dergﬁvqaqﬂ,;%dﬁpé’h@w %‘;( )sub-carrier index (24)
Accor di nglty; "Equétj 6h) (28) 'ndp (6@ further sinplified

as follows k best (26) Fig. 13 shows a signal flow

representation of the data transm ssion carried out in

t he.c ni cation system 100. accor d| t he

ACERUTRRE P Gather HRSAEP iEr ik t e R A foyows
conmuni cati on devi ce (node B) ?@,m)ri SIS?;” plurality of
recei vi ngyante cuUSIMLLar Ly |to ihe Base of Fig. 12, (25
let T(f) f‘épreggg’ta tra%g;ﬁmffré"ﬁu%ﬁé response (25)
function in the frequency domdi n and R(f) represent
the rereive frequengy. . regponse functiagn . in frequency

WhEESi Ecéﬁfddf(%@;r*y,%b’(%{vfk) _\Cerasmz (= 3 | are the
respective anplitudes of the m s(rr)at ches. The conbi ned
(¢hanne} ¢r UC ; ' ; i

r@hanne| 1 eSRANSRUC-[® ) (AndiApy, @) £ e JAPpRaTd i ve
Aﬁcorv\ékgfoanz Y evRtss |A1(njle%ls,1 ﬁ. ch ing%}édé f(ﬂs . R(f)
(and the channel response H(/) , may be defined as

RY bHIRyE @ ) for 3 The—,6. ) H (7, t)RB (/) (27) C (f,1)
=TBi (J)H (f,t)RA (/) (28) where k \,---,NT is the
antenna i ndex corresponding to the transmt

Assuming that the respective frequency responsesT(j) and RY) remain

unchanged across the sub-carriers, then all the respective calibration

factorsTjgi), RI(‘{];), Tlgj )and Rl(gj ) may be considered as independent from the

sub-carrier index ;. Accordingly, Equation (25) may be further simplified as

follows

(26)

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

plurality of receiving antennas.

Similarly to the case of Fig. 12, let T(f) represent the transmit frequency
response function in the frequency domain and R(f) represent the receive
frequency response function in frequency domain. Accordingly, | T(f)| and

| R(f)| are the respective amplitudes of the mismatches.
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antennas at node A. The terns H,(/,0 and (/,0

represent the respective forward and reverse |ink
W@ b@nsis4¥ esponse function, which may be assunedIr/s62008/000355

have the property of tinme invariant reciprocity, i.e.,

' £ ol)ehz =l (7 d kv ¥nr I S
ol bl oSl ) 1y ARl ot
I LS.t c [ I :

R ARy i RERHIB SRR E, AL EE BB Enbier
rem,{slé Hf:‘(fl)l?ﬁﬁylﬁb dstridadidiewshe sub-carriers

all ocation in“the enbodi nents of the nethod of

transmtten gﬁgt)a: T"O(P)H%v'e{fﬁ?ﬁ& (?(?) such, the (27)

rel ati onshi g’ betweeh C ( may be descri bed

as follo T L / [> = * f C k
(1) t° \(I@’f‘*"@y(tg ZaTBoFégAéIé“é-r%’ﬁé{Ay@t §1e sub-cérri errVS @8)

ati ; . : : | -
RO O B SSRGS BT,
+i = JY 7, =1J= '
e R A A it
- 1 d . .
oG o ol RSBORRE uiqTci o
assemeddoihavedheé ipropertyof time invasianhyediprocindieder ed as

i ndependent from_the sub-carrier index j .
H_Amg:bfaél] T, (Bl AR ﬁl('3'@§/’;rrﬁ‘db%=f’ur'§ﬁer sinplified
as follows ki = argmax k {\,nt ) i=

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

combined channel responseC,,, (/). However, C fuay., ( f) is the combined

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

the embodiments of the method of transmitting data to a receiver.

As such, the relationship between C, (/) and Chua,, ( f) may be described

as follows

T, (f)
R, (f)

R, (f)
Ty, ()

Chua,, (f51) = Cps, () (29)

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

) Ok
Ay cY 5
(J) Sk ()]
RAk TB’

n

2 R
) -
Cdek,l ‘ = argmax z

keflnr} =1

g
) _
k) = argmax Y,

ke{l,ny} 1=

(30)

where CY, = Cp, (fo+ 78, CY, =Cp, (o + 8N, Tg) =Ty, (fo + 8.

RY =R, (fo +J8). T) =T, (fo+ j&f) , and Ry =Ry (f, + jAf) for

j=l-n .

c

40



10

15

20

25

where the pre-calibration factor R may need feedback
fromnode B to node A using the reverse link. In a

WO ewovkessssenbodi ment, a pre-scaling factor / , PCEHSG2008/000355
\,---,nR at node B 1303 is utilized when transmttlng

h t ti b th
RS T PR YEBPh el orbPRab 1) Hd Bt

n}:@%ﬁ@éd 58RABARE sUB- dahﬁer%etr%rnsal dhter}’éspéf&tw&, caem@ttdrpn

can be refornmulated as ¢ (/ = s.o (/) (32)

JBi pthegit b SidBepEndéntdrh tIee
faétSFsTfkﬁa R{“he?ﬁeg@d tSI%’ fﬁg%)d%magﬁﬁ%lﬁgeg?ae calelbbrr] ation

act or c n be t oul.gd.\be_n
A NG T L G
fo@ﬁ&? of Fig. 12 ( tLk R) and case of Fig. 13 ( ) is
e R Ak TB const ant \RB | TB|] , which is independent
of index k (and /). ﬁ§m2such 3Tdrfference will not
af fect theusub;cay. % L nl dand the same (31)
precallbraF¥onk%a gg P &k L both the case of
Fig. 12 and Fig. 13 éreln th ei ver conprises
ei ther a receiving antenng/f ,a plurality of receivin
7?

wm'eahaase-dahbtdtmnfiadcl pmydﬁedaf&&db@ti:krfmmdm e B
is provided to obtain the calibration 2 T Lk R B

to nede X usihgltke reve@réelinkhe case illustrated in Fig. 12
for the \ h transnmitter at node A as well as the

cal i brati on factor of R for the case illustrated in
Ei ol t de
n il el SFeldANRTIALEE /) 2000, ) Blnotep 103

utiitzéd fv&HerF f}Snéﬁ\ﬁtlﬁé%ﬁhHﬁél &dtirhth §ymbols in the reverse link, in
order to avoid the hassle of doing pre-calibration factor feedback in the

reverse link. Thus, equation (28) can be reformulated as

Crns,, (50 =[5, 15, (NH (DR, (f) (32)

Let £, = ‘RB, i / ‘TB]‘, then the selection criteria can be re-written as

2 2

2
| ,

& 1 IRB,
= arg max —_
keflng} o1 ‘fa‘ lTB’

fl fl

k(]) Ay Ay

best —

(33)

iC(”

sy

g 2
= )
= argmax E ‘ka,l

kell.np} =1

2 2

‘Ak ‘Ak

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

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

2

T,
—= ) is the

Ay

TAk RB

) and case of Fig. 13 (
4 Th

case of Fig. 12 (

constant |RB/TB|2, which is independent of index k (and /). Thus, such a

difference will not affect the sub-carrier allocation, and the same pre-
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Fig. 14 shows a block diagramillustrating a first
nmet hod for determ ning the calibration factors
w@ewonsismy t o one enbodi ment of the invention.PdTISGIN0S000355
first nethod, a test board 1401 nmay be used to obtain
caﬁmatuan fnéthoARBRY p?ln)eﬁir%oimhet EfseCal Fiy. aRi it Firg 13, wRefein
1 Bfromthe diffeerent transmtters and recelvers of
the neceivemcoempeseo rithier Becevpr antanmng eha rluralily ohsegeiving
anhee(\/nl:lg 14. As shown in Fig. 14, the test board 1401
%5e a device external to the communication device
1403. The switches S1 1405 and S2 1407 may form a
calibration | oop, and may be used tq control, th
In mwbmta 9@%@%@“% Fethad ds paovided toobkaiR éh¢ calibragion
bi nar hase, shift keying (BPSK) signal may be used as

ol 5 208 o At B L2 0P b

test board 1001 and the conmuni cation deV|ce 1403, so

nogg"ﬂ aeas\kéggts?ﬁe ehlitrtien fadthko ,él Z/EQ tﬂ ke easd flugfBted in

seen f measur enents of t transfer

F|% ?gtfgpg'?e ?(”’%F%Ygfﬁyher EAYBHEOR Jr?ﬁanllgﬁy &lﬁg%%#en%élon factor of

onnections are nm
ca nectlo sigon |1 0ss due tq, the
Retlre] GBBNEISG i oA Rab SRS 5 Pase et A ASEETH: val ue
Lc . The nmeasur enent s obt ai ned nay then be expressed
as "1.1 ="1.2=TB, LcRA(34) " ,I =TAt
Fig. 14 shows a block diagram illustrating a first method for determining the

calibration factors according to one embodiment of the invention.

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

2

measurements for the calibration factor from the different

A Zp
RAk TB
transmitters and receivers of the communication device 1403, using the setup

shown in Fig. 14. As shown in Fig. 14, the test board 1401 may be a device

external to the communication device 1403.

The switches Sy 1405 and S, 1407 may form a calibration loop, and may be
used to control the measurement sequence from Antenna 1 to Antenna nr. A
binary phase shift keying (BPSK) signal may be used as the test signal.
Additionally, the channel estimation may be performed at the respective
receivers on the test board 1001 and the communication device 1403, so that

estimates of 7, and R, may be obtained.

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

direct cable connection, the transmission loss due to the cable connection
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LcRB, <nt =TB LcRAt where TB and RB denote the
respective transmt and receive frequency responses
wo e0090kss4x 0onmuni cat i on devi ce 1403. The cal i br B T/86G2008/000355
factor ¢/ may then be defined as follows a Al Bl f

mﬁbg aSstiiméBito ()%53 chﬁ‘éiéﬁtf \%Iﬁe Lt 'En€ AldRUrdrhentsiaistaided may

trix CF can for med foflows It can be seen from
th&qy@@ygfésgaa)ast hat t he cal [ br ation factor matrix CF is
a diagonal matrix. As such, its values may be stored
in the fdtlaﬂﬁdeh,ry, for exan‘pl e, and then | oaded
during an ini.tj setup. In this context, the | oading
of the v%‘lzueg *“orf‘lthe calibration factor matri x CF nay
be referired to as a precalibration process. Further, (34)
as the rratr|>c<( ks a diagonal matrix, only nt val ues
may be totée /l-(s%;uch no additional of built-in
calibratgon=crrew try my be needed for the
communi catt on “dévi‘te” 1403. Accor di ngly, in the case as

whdré st GalSE §8ndtdne HspaivEitarishfit 41RF RictRe FOGIAGES

one Pecel vi'hg antenna, Equation (26) may be rewitten

re@n ' ek $or theChsh uﬁféﬁloﬁd@viﬁ@eﬂﬁ)? cI‘ﬂt‘étcaﬁbrati%n fat®ra may

tant which is I ndependent of k, and as such,
théh badefined agffbiksds t he process of allocating the
sub-carriers. Simlarly, in the case as illustrated in
Fig 13 er ejn tﬁfsl"mecel ver conprises a plurality of
receivin lanmn%Al_ygauatl on (33) may be rewitten as

(35)
a T, R
Cfn __ Unp)l — Anr B,
Toa,, RA,,T Ty
Therefore, the calibration factor matrix CF can be formed as follows
CF=|: . : (36)
o .. cfnr

It can be seen from Equation (36) that the calibration factor matrix CF is a
diagonal matrix. As such, its values may be stored in the flash memory, for
example, and then loaded during an initial setup. In this context, the loading of
the values for the calibration factor matrix CF may be referred to as a pre-

calibration process.

Further, as the matrix CF is a diagonal matrix, only nr values may be stored.

As such, no additional of built-in calibration circuitry may be needed for the

communication device 1403.
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x\ cf kxconstf } (38) where const = TB/ RBis a

constant which is independent of k and /, hence it
waedob/osssy3 af f ect the subcarrier allocation. FiBCT/862008/000355

shows a bl ock diagramillustrating a second nethod for

Ac@SFo%dg’W,”ih'iEe 'cB8e @alillstRité®h ERE U2 WhereRPid fegefver one
enmbodi ft 'n t

ment o he i nventi on. hi s second net hod, an

coapiises onelreceivingranteona, g guation (26D maydhe mwittanias o
obtain the asurenents for the calibration factor
f r o) thargeliahc kT e x| d/p a>ns<min"szt|2§rs and receivers of the (37)
comuni cat4on' dévi ce 1500, using the setup shown in
Fig. 15. As shown in Fig. 15, the additional
calibration circuit 1501 nay be part of the
conmuni cagi o devi ce 1500. The switches 1 1503 and S2
whEB® Zohar-n-axedt isha abnstant whichdsindeperident of ki and assugh,
whi ch mayZbefysed to obtain the neasurenents for
calibration factors fromthe different transmtters
mayhgotraftast the Brosess REalienatingi thasubrealdeisce 1500. Based
on the neasurenents obtained, the calibration factor
matri x CF may be forned according to equations (34)
Siraitarly, 3% the Eade asvllugtratédcin, Fight3 ediereindhe secéivert corspnisgs a

be. used faqr the conpensatj.on the msmatch for
PRI 8 Ger HHARD SR TERe EACEHOR (59) AL REEPTAG Tat a to a
receiver. Further,,as these cali brgti on factors may be

- obt ai nedktisinghie 'fys)t'-k‘tfkad&ﬂnkn'r nal calibration (38)
circuit 1501 euwring the'initial setup, these val ues

may not be dated reqular|ly, In this context, it can .
WHSE SBBH < Fra ot e 2SR TRRL Vb s dptPRSnditia K and Y, e it
.caljbration factar trix) may be used in view that
wi H%% %#%Fﬁﬁ'é? Sgs%ﬂfaefgﬁ‘%aﬁ'ﬁ ion is estimted using
nmeasurenents fromthe reverse link (instead of the
forward |ink). However, the channel state information

Figel5 shews belect dingran illustiagngeesenosdanethodrferdetegmining
the]c 85IY@590r|1 *anclfo%Sac%brc'qua 101 gné %n’i l;b%i%%H 8¥n&9nvention.

in this second method, an additional calibration circuit 1501 may be used to
obtain the measurements for the calibration factor from the different
transmitters and receivers of the communication device 1500, using the setup
shown in Fig. 15. As shown in Fig. 15, the additional calibration circuit 1501 |

may be part of the communication device 1500.

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

setup, which may be used to obtain the measurements for calibration factors
from the different transmitters and receivers of the communication device
1500.

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

calibration factors may be used for the compensation of the mismatch for the
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In one enbodi ment, the forward |ink channel frequency
response for each antenna (of the transmtter) may be
we@sdonosssexl by arrangi ng the transm ssion of cheemee2008/000355
estimation (CE) synbols (such as preanble synbols, for

enfyGtimkenls 6fthe fasthod Uf eramenatting tRitd (aseEdiVer Fusther,ads a
time, and then perform ng the channel estimation f'or

these-ealibratinmiactersmeay e gbtained usingi the buit-ineadditiondlot her
caﬁg;‘?a?gh 'gﬁ'gprt 1‘58‘? dfu?ﬁ ﬁg |Alf|{|l%e?§szH§§e (lél‘ﬁg not be

response each enna ransm nmay be

updatadmigetarlyy transmttl ng orthogonal channel
estimati on synmbol sequences for different transmt
antennas at the sane tinme, then perform ng the channel

In f’rﬂé cBRiexR "t ¢4 BE 'slée,& hatthe ctahSrattlbﬁqéﬁg gﬂttﬁé‘ %ﬁﬁbr%iion

e recel'ver side ovmn this
factbemadiix)shay beiused rlmytevvotha”t d)lne thanna spatetinfoembtionis d

esljiaecb (SO TTOAR ST B e PRcPUER LiTirad o PRJorWel

Imk);1 W\Iér ethesdr%ﬁnef %t@?ﬁ%éiron%h? %Iéd“@e E%ﬂ@ﬁé‘d(usmg

annel . The received estimated channel state
meaﬁwemantsdmmetpetfwardémls%oﬂlswasﬁé in $he:tadlowing f
antennas for sub-carriers. However, it should be noted
that the transni ssion of the estimated channel state

In bAé @mBddigent, fthe asrezey link ehanseé)frdduacy héspatsel foe each
side to the transmitter side may involve considerable

anfennes(el the baneieRbaay (s CStiRAted IAFANGIAG i Irang@ission
o B4 S RGRTCBISFLEN 5k 44TeBFEAS s g Bamor

ction proc
for edheatenna dt tHectnansraitten] dnd beatime) sadtbér performing the

deci sion infaormation for each b- t
chABaR R AR, R PaC g ARt A I AL e ecaEL e 1 anatper
enfSodifeHt, 18 idrvar® sk cﬁHRnQQFey#‘éhcy ?(;éd?ﬁ'ns%afé?e%}? hRtdnfa

transm t ant ennas are used ts na
(ofrtbgutansitten) reay-be estimated by tranamittiag oatbegmnelrcd\a’rmi

eslinBliMumd! §PaR@sTon bt liniiit fueblat Mt serme
tintd)@hé&h pBASIMIng the channel estimation jointly for all the transmit

antennas at the receiver side.

Following 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

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
feedback channel. As such, it may be preferable to implement the antenna
selection process directly at the receiver side instead, and then transmit the
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state information is perforned using nmeasurenments from
the forward link, in order to performthe above
waele®ensssesl st eps at the receiver side, hardwarBCESGZ008/000355
sof tware changes may be required. This may |ead to an
anzmﬂmﬂ ddsivhlitfofatidn R SHRNTBUY-EartiePliadB¥ifé6dback -
I.e., the said receiver nmay not be W Media conpliant,
chaoneleldsing thjs appirgach.eondydviit mayibie reguirad femeagh sidwcariier

. conmpensation of m st in th r

in R na R i SRR e s, Al A aite oRSNEN B

rediiRd-RY EBERSUBLArA&H iftRe 2B8e Wiere SéurParasinic Aalmdbs are
state information (e.g. the conbi ned channel response

used, ankse @er se | i nk) according to one enbodi nent: of
the invention, wherein the receiver conprises one
receiving antenna. In the selection criteria unit 441

In tfe Embodihtertts|discusbedmbbie Fvieredthe estiomtioparafahe dhannel

Rt v P RSP BE ar
ordé'th e’?‘fo'rr?irlhﬁﬁ@t{og/% éﬁé%&geaﬁté’&‘ She r@%éipﬁfv%lﬁe, hardware

respective co channel response e reverse
anbiarlsofthiaee chabges thaytznregjuineds bbissvay (€ad to/an incempatibility

wiBvisil it e e i S rerevBE nabfl e
Wmdigbampqgn{’wéyaﬁnﬁgg provi ded by calibration units
443 (al so shown in FI 4). The obt ai ned conpensat ed

estimati on of the conbi ned channel responses C using

iGN o b R B G Bins R Ay

- prédessIf Bhtetind add Subwarter selédtipnovby beecatib ¢ out baseaf oa the

best antenna using equation (25). As shown in Fig. 16,
cafibratign actars anththerestimatedahapngtstats | t@tﬁ‘d—%h%?‘i’ er
coflbildtfchgiel ?@éspcmsesiﬂ RRE FEVdrSE ﬁnlg)agcé%?diﬂb 9 BRE &N b&iment

each antenna using theinproved sel ection~criterion
of Hesimdention, veherein thetredeivbaoombrisésbaeire¢evingtantenr(aCs| )

and the calibration factors. Simlarly, Fig. 17 shows

an illustration of how the conpensation of

In the selection criteria unit 441 of Fig. 16 (also shown in FIG. 4), a
compensated estimation of the combined channel response Cg,, in the
forward link is carried out by multiplying the calibration factor ¢, of an antenna
with the respective combined channel response C,; in the reverse link. The
combined channel responses (C,s, ; to Cns, 1) in the reverse link are provided
by parameter estimation units 421 (also shown in FIG. 4). The calibration
factors are provided by calibration units 443 (also shown in FIG. 4). The
obtained compensated estimation of the combined channel responses Cg,a
using equation (24) in the forward link corresponding to different transmitter
antennas are then transmitted to the SFTS unit 435 for carrying out the

selection of a best antenna using equation (25).

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

the best set of sub-carriers may be allocated for each antenna using the
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m smat ches in the process of antenna and sub-carrier
sel ection may be carried out at the transmtter side
whawemsssws t he cal i bration factors and the estiP@/8G2008/000355
channel state information according to one enbodi nent

im foJe'aeséléBf%ﬂtdr@é‘norY‘BSé&i Bn the€ ebBnatePEndriaPstate nférmation
urality of receiving antennas. In the selection

(C8t)iaret the aalibratipmnifactorssi g. 17 (al so shown in FIG 4), a
conpensated estinmation of the conbi ned channel
response Cin the forward Iink is carried out by

s:méﬂy Fﬁlw 18 shb®s &l illlstedtioprnofl s tHe édmpéngatiownsfenna
he respective conbi ned channel response Cn, |n

mlsm@tcﬂ@senélae progess oh@ntenns ardisebreamiar aeé%qél@nsreay e,
oot i A 3P AR BpSBY S 6 bbas A ATy

esfimatedhthanirid] istate irfotrmatioraaecqrding tdaﬂwdogmbedlnhmatofd)he
units 443 (also shown in Fl G %J T bta ned

invesipBnWREERIN the FacRIVEs FOBTPTiSRE RIHEN: of eshig antennas.
responses Cb using equation (29) in the forward |ink
corresponding to different transmtter antennas are

In tﬂeselecmmtehadlrﬁtmétm@f AT $7 {aliso shewnf iorFIGa|4r) yang out

t he se] ection of est ntenn usin ua (
comp&nsggedsﬁmat P‘ Fﬂ?"ﬂ%‘ﬁc \K)g?‘ﬁcg] Wstgﬁ on
forNard kT Edy@iddiout b?%@lilﬁ%@th@fcaﬁﬁféim&a@m ¢, of an antenna

sub-carrier selection may be carried out at the

withetbeirespedtivécombined phgnmleregmsqngwf indhereverse linkeThe

coplifeLraHRE rEURIRES (Cnet Bt varinthaReMREgHaR a8 1N

pr@h@é@bytpxar@hefe?@%umam@nanﬁtgmms(alsla@fmImF\lG o¢) The
re-scaling factors has been given earlier in

cafilratipn factars are/providgd hycatibrat lom&m&q‘m}(alw ﬁhawni's FIG. 4).
Th%r taﬁ%o&gr(ﬂéga%d n%étfrﬂQ%V%Sfdw% & néa%ﬁaﬁhel responses

so S
Cﬁ@qmng equét&ih) (29rm thenfoolvardr IeﬂemortespondlrtgtarmﬁeMd

treRR) ATRPARES A1% BERUFATSBES St ST Byl &3 57 canying

out the selection of a best antenna using equation (30).

Fig. 18 shows an illustration of how the compensation of mismatches in the
process of antenna and sub-carrier selection may be carried out at the
receiver side utilizing pre-scaling factors for the transmission characteristic of
the transmission in the reverse link, wherein the receiver comprises a plurality

of receiving antennas.

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

as f3, =|RB, ‘/’TB,‘ , for example. As shown in Fig. 18, a pre-scaling factor is

applied to the channel estimation (CE) symbols, which is also shown in

equation (32). CE symbols refer to the transmitted pilot symbols that will be

used to estimate the channel state information or channel frequency

response. As such, in a later stage, the need of the feedback of calibration
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response. As such, in a later stage, the need of the
feedback of calibrationfactors fromthe receiver to
wo bmonssamsm tter can be avoi ded as il | ustrat edP@TISG2008/000355
equation (33). The pre-scaling factors can be easily -

fadbistiroRdtd RERdits o BfeliraRSMite tai BECADIddd @st itbsttated in

r
transm ssi on power for the estimated transm ssion
equatiora(33). i e prexbcaling tactors ndass bereasilyobtainedpirem the pre-

nt ennas _such as., at ,npde,B 303. .130 nQr.mal |
caftfefBn RSt FEE B HARESROT o PRI o ST le ey Titeo
traRSmid S re cHARICETSHE Of the Bhhafksion frb® rAkitipld agtepngasltie as

structure and the effects of such nodifications on the

at pdeo Brdfde 1303 maye PBoaPHRatizedofo tgemphyt Wil IBEC spectrum
3 LG data to a receiver are discussed. In each
copiliblor Uyt

synbol, the allocation of sub-carriers
for each antenna nay follow the sanme characteristic as
the data portion described earljer. Based on the
Next pogsible depigpquedibigationsdertng exisiag rpéﬁamg’{q strypre,ae the
G e R L S D S R
méthod of ransmittingdatate aisembiVerrareuisnussed. gai n cont r ol
(AGC), synchronization and channel estimation, for
exanpl e, wthout any nodification. Since the

In 86ch BREAbIEOPONPSAHbELREANICALEAI Bab-ddbliens fBR¥adIy
expected to exhibit a flattened sloectrum as conpar ed

antenra ey jellaw theasamalcharagierist herdatagortiondesasingdal

eatleh Boted Reje cofRemTiealsndl St Entier 02, ¢ uHipa n
il

e Rof T 8 B S SUESI o i T R Bmo e

of tHeamethod oMeassmittingdatad isagckivee nsayied usgd fbri aatbmatic

for exanple. Next, the Packet Error Rate (PER
Qaﬂb‘PQ'BFqlrénR@&)r gyighranization ga @heaa‘#'rﬁeﬁ%mae@h qu)eemrﬂﬁd

withbut ?g\pﬁm&iﬁé#ﬁgqma to a receiver, are obtained using

S nu I ons. performance results obtained are then
conpared to those of

Since the equivalent frequency selective channel H (/) may be expected to

exhibit a flattened spectrum as compared to a conventional multi-band OFDM
channel, less signal distortion and improved robustness for automatic gain
control (AGC), synchronization and channel estimation may be expected, for
example. This may further reduce the probability of noise amplification when a

simple channel inversion is applied to channel equalization, for example.

Next, the Packet Error Rate (PER) perfdrmance results for the embodiments
of the method of transmitting data to a receiver, are obtained using
simulations. The performance results obtained are then compared to those of
the standard WiMedia Ver1.0 communication devices. In this context, the
IEEE 802.15.3a UWB indoor channel models [1] have been used in the
simulations. For the case of using the proposed Multi-band SFTS system,
channel realizations corresponding to multiple antennas are generated where
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the standard W Media Verl .0 conmmuni cation devices. In
this context, the | EEE 802.1 5.3a UWB i ndoor channel

woreeelsssiid] have been used in the sinul ati ons. PED8G2008000355

case of using the proposed Milti-band SFTS system

asﬁﬂfi\mbebror _aAl ispate® ﬁﬁté?ﬁfa%‘iﬁlﬂpﬂﬂd:&ﬁelhféd"mhltllpaih?fadmg and
nterhas are generated whereassum ng properly spaced

coaataé@abadwwmgu'ﬁbeﬁer aedfoud typeistal ghannelaapdg! | in table
rrel ate owi ng. There are four types of channel
19@@&&“‘1% I0FAQ- T3 "t able 1900 shown in Fig. 19. Fig. 19

shows a table 1900 describing the channel nodels used
in the sinmulations carried out on enbodi nents of the

Fignl@ahews a teble H0Mhgescribingthe shannehmadels werkin them
sirﬁﬁl%ﬁ@i?géﬁieﬂ dUtPAEhBs ﬁ%rﬁ@%’ﬁ% inVBftién t he

Sion range’i's rom ab to about 4m

Further, line of sight (LOS) |s assurred bet ween the
comruni cati gn devi ces iC betr tt|n .on the
Fos gxample,ABeie | ﬁneﬁkmwa i 'FPB‘??:%"I S S

ch%hﬁ@ls\mé%i thE t Eﬁﬁsﬁén %acfgg??ﬂ%o I b Pgﬁ'n 'ﬂonaﬁcﬁl? 4pR F"Llrther

ransm ssi on channe r the
Ilnerdﬁscghlr(eldﬂs) i5f agsumenkbatyeet thtercmsmumcahgn devigesavhich
nt _channel, reali

maghe ERsIANG SPdesr FPasBRe A ey Ry, 2

m&ARRIY trafSHisidin délﬂ?l@?BCbmﬁs sk suensdimthel said triAsknission
shadow ng Case B: |ndependent fading channel wth

chandebendent shadowi ng Case C. |ndependent fading
channel with correl ated shadowi ng The channel
real i zati on of Case A corresponds to the case where

Addi tﬂﬂféllwfo‘ﬁ fres émhbadinmemaofthé mathed of Fhasmittimg dataptat 4
fadi ng are_assuned. The channel real Ié‘?}{gl on of se B

regejyele sﬁd%ﬁqrsnhﬁharu@dre%lg@@omh&Pe,reﬁP
ﬁa@nﬂ? c ted nultipath fadi ng and
ARSI e aqgngﬂ t%gdgémh% "are assumed. The channel
CaseeAi Independerit fading dbanoet withoutdshadowing
Case B: Independent fading channel with independent shadowing

Case C: Independent fading channel with correlated shadowing

The channel realization of Case A corresponds to the case where properly
spaced antennas with uncorrelated multipath fading are assumed. The
channel realization of Case B corresponds to an ideal case where properly
spaced antennas with uncorrelated multipath fading and uncorrelated
shadowing are assumed. The channel realization of Case C corresponds to
the case where properly spaced antennas with uncorrelated multipath fading
and correlated shadowing are assumed. Further, the distribution of the

channel model for Case C is aligned to the measurement results [2].

In this context, it should be noted that the performance resuits shown in Figs.

20 to 22 are based on the channel realization of Case A.
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the case where properly spaced antennas wth

uncorrel ated nulti path fading and correl ated shadow ng
wae@oasssydred. Further, the distribution of thePChHaG288/000355

nodel for Case Cis aligned to the neasurenent results

FI%ZiO shows theé Pﬁgvfle[(t%?FFor rhfe R F;S’erﬁﬁ’nﬁ?fc%drewl?é fc;rtfﬁe dat ta

er f ormance ts shown in 20 to 22 are base
traosmission haterof[480ddbps it CM3 (@1 @.‘lass for/a eommuricationvae vides
Jpacket .error .rate R) ,..perfo nce results for the
wilt i WitBRUiad bhe entebeueak el RRIEYeR e (a- 10m for
a communi cati on device with and W|thout usi ng one
enbodi ment of the invention. It can be seen in Fig. 20

It ganelpe seen .ijiq;aamthﬁtag HdB ghineway biecachie wadfed &rstandard

willeliai b fo MR RN oY ¥ S BB the method of

trah8fftting daté tda freceivérm witls four teimsaiinastenhas tF@ther| it capralso
al so be seen that a 3dB % n may be achi eved for

beeandhatia ARLERIA Malobe RRIGHEE 467 @ RlandAs Wibledia 1 an
coffRaAESRH d?wc%\l%g l{gﬁ%sm frfbotdrrﬁ@ﬁm)itth qﬂeﬂ%ﬁ%f?&n@mlttmg

receiver w ant ennas hese per formance
datmions redeivert with 84d rahsmérapdenreds. t he enbodi nents of the
met hod of transmtting data to a receiver when used in
hi gh data rate transm ssions. Additionally, it should

Th §e H%?mbhéé galisHRIwW ﬁ@éﬁ&tn%ﬁ@si‘b%e@ﬂﬁodlﬁ{e?ﬁs of the

asRc= for exanple) which nay be used
methad@&ﬂdnsmﬁbdg data © 2 ceneiverovherousedin bightdatal rate be

nap§Essions P fara, 800 B R0 A0 abef HReE bRiRg wtioh

coﬂéfi'é'ﬂe"ss(sﬁ@rﬁ a&he datfar ExamnplE) wWHich it e 0ed BY al\élﬁﬁdér’a
10m fof a communication device with and

Wmédwuto gemptLricetiondsiie®nd tofbe less ieffeetivd rhigh datarate
be seen in Fig. 21 that a 3.6dB gain my be achieved
trapgmissiaRsandar d W Medi a 1. 0 conmuni cati on device by
usi ng an enbodi nent of the nmethod of transmtting data
to a receiver wwth four transmt antennas. Further, it
Fig.221 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.

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

data to a receiver with two transmit antennas.

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

used in a standard WiMedia 1.0 communication device.
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be seen that a 2dB gain may be achieved for a standard
W Media 1.0 communi cati on devi ce by using an

wendodsssent of the nmethod of transmtting dat aP€DSG2008/000355
receiver with two transmt antennas. In this case, it
shoul d be noted that part of the performance gain
obt ai ned by using the enbodi nents of the nethod of

Figr 22 showsithe pdeket ermrarataaﬁ%ER)eperMma}wresﬂfts éar theg date

ffect hannel, ,codi.n h Rc =5/8
weisaisio bt 42 MBBE IR SIS HETRRY f a SIS iande dre
wifledh@ WltﬁbGt uging DReVEMbO@IniEHt betheSinventidrmt € ( PER)
performance results for the data transm ssion rate of

480 I\/bps in CM3 (4-10m for a comrunication device

Iy, e bty RPN B RG ibdEtaton gieosted

ast MetHodr B); thmmﬁhﬁﬂemﬁnfdtl@hglaﬁbéléiﬁaé\/Mdtﬁ@H 23), thé hisird
second inpl enentation (| abel ed as Met hod 2a t he

Implﬁm%nta%m Qﬁﬁﬂlegta%weth%%bwda@%pﬁb dm@!ﬁm%"r‘f‘é‘t't)ﬁe
d Met hod 3 h
(bR e M B sl (R 22 o s That the firat
i npl enentation (Method 1) shows the best per f or mance
1 8550053t 4 i A2 o b i Fbaodia s e
be%%?ﬁ%@%rﬁ:eoﬁr%ﬁ{; HANRE .mbrehnért@uérwrnt&hd aeb%a%ﬁéﬁ {Ha the

_ . When conpared to the performance results
second ireplemertatiom(Methodaa)showska bompajable prormance with

dation in.per as a result of using the
th%g 'QR!‘?’"&HP%t (M%Fﬁgj:ﬁnunber of sub-carriers

al l ocated for each antenna in the second
i npl enentation (Method 2a) and in the fou
When cempared fotheparfaraangy resulsefthedisst 'mﬂ!ﬁmQGBtIOH

ORI B TSRO D B
onotheunaxlgumm aumbed ohfrstJoaaiere ralllooated der each anlnileanaaen dime

[ t at t
se6hd SERIeT TSRO MEo8 S 06 T4 Fadltn Atk mentatiap (gthod
3) i8hlyli&&s than 1dB. However, the degradatlon in performance in the third

implementation (Method 2b) is significant as a result of using the random

selection in order to achieve an implementation with lower complexity.

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

criteria.

As a side remark, it should be noted that the performance results shown in

Figs. 23 and 24 are based on the channel realization of Case C.

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

using one embodiment of the invention.
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first inplenentation (Method 1) provides the best
choice for the selection criteria. As a side remark,
WO 2009403853l be noted that the performance resul PGI/SGABI000355
in Figs. 23 and 24 are based on the channel
realization of Case C. Fig. 23 shows the packet error
rate (PER) performance results for the data
In tmeresdetail izopenfarimeance ctiddpavigos dfahe avacioosimpleatendations with
devjce with and, w t hout usi one enbpdi ment of the
archwtigut he fafianeh adichss S ShOuRTGFBrES: compari son of
the various inplenentations with and w thout the :
calibration process is shown in Fig. 23. It can be
It carebe iseeriing Fig 23 that at.8dB gBinymay bengchievert forastandand
St. rd Whedia 1.0.co nicatiaon,device Usi :
WA R et e B LB el o AR RS it Ty g of
trar@fftting 'dath tdafrecsivér @il fadr thaHseiib aftenhbst Pétther it cafbe
be seen that the performance degradation due to

segndhattor pesfosmapce isgradaiinwiuentocnismatad isanly Abewt 2dB
Wi B s oo RSB, ot PR AR S R oo

reduicbd foanrdly I0y5dB Wwhea catibediontigcatrieri gpatr f or mance
degradati on may be negligi bl e when the neasured
calibration factors have only about 10%error. It can
. _ , : :
AGRITERD. & B b 2 e geroRtanee BR0RRiAhinay Boieafihtt
wherthei measurefl dalibrationfactors haveanslyi abautd Odaeeot.o a
receiver wwth calibration to conpensate for the
m smatch i s about 4dB. Fig. 24 shows the packet error

It ¢ Be 6BERthAI&hé OVERINGRidtRidnce Ja athievEd¥ér a standard
transm ssion rate of 200 Mops for a communi cation

Widediad .Qrremmyfticationdrmicaiby ngingrembedisirnieh themetined of

| . . . r .
i e B Aok Ao Befiof 8 B PAFBBR o g ismatr
is abddtadB.t he cal i bration process is also shown in Fig.

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

using one embodiment of the invention.

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

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

It can be seen in Fig. 24 that a 3.3dB gain may be achieved for a standard
WiMedia 1.0 communication device by using an embodiment of the method of
transmitting data to a receiver with four transmit antennas. Further, it can be
seen that the performance degradation due to mismatch is only about 1.6dB
when calibration is not carried out, but the performance degradation is
reduced td only 0.4dB when calibration is carried out.
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It can be seen in Fig. 24 that a 3.3dB gain may be
achieved for a standard WMedia 1.0 conmmuni cati on
wa@lewposssy usi ng an enbodi ment of the nethod oPCT/SG2008/000355
transmtting data to a receiver with four transmt

A@dﬂl@ﬁ%?slt i€ Hf bited thatGRE g%ﬁ‘_oﬁﬁﬁﬂ é B@@a@éﬁgﬁ%@?&ﬁzﬂce

tion ueto m smat I's on out
neghglttbe aheorthesmearturedlcalltenatioutfactb[st haveconlgraboubAl¥%eerror.
degradation is reduced to only 0.4dB when cali bration
is carried out.Additionally, it is also noted that the

It 88h bersERARath@ A&l ?érfGWarhﬁe G ldchidved P8 Rtantfard

measured calibration factors have onl?/ about 10%
Wévledia. 1.0 copmunieatieredevina bytusingembadimenrtrafdhemmetbod of

efpeBEHIP 2 BEnati AR AR Bratblf3S BrhsheGRTE the Rl len

istabans2iodB. ng data to a receiver with calibration to
conpensate for the msmatch is about 2.9dB. Fig. 25
shows the packet error rate (PER) performance results

Fléoﬁstsﬂ widh p%%?@%%ﬁ@iﬂ?ﬂ%&%%ﬁ@p&%o%&é@%u% ?6rth€9data

hanne reali"za a comuni cat |
tratemissionirate afftB0AMbbs uiven thencharme| egdlizdtior fvr Case Befor a
inventign. Simlar, to Fi 23 and 24, a rfor nce
caspRpaicatioh dgvicendtn apd wilBoLkbiaganeABAKMAN!
invéritiyput the calibration process is also shovvn in Fig.
25. It can be seen in Fig. 25 that a 6.2dB gain may be
achi eved for a standard W Media 1.0 conmuni cati on

d e-b d t of t d of.
Sifigh IR 43 415 28, £ PaRPioEERke fompatiedTbof e o,
impréraentations Withtirl WRRG@the calibratioATHReEESS it @ldd Showssin Fig.
the | arger performance gain achieved in Fig. 25 is

2%rimarily due to the independent shadowi ng channel
Thi s nmeans the upper bound of the perfornmance gain
achi evabl e may even be hi gher when the enbodi nents of

It tdrebewkndn Fig.t25thatiat6.20B ghirn maycbeaaclaeeed'&wr astandard
Wlﬁeél ia 1.0 communication device by using an embodiment of the method of
transmitting data to a receiver with four transmit antennas. In this context,
when compared to Fig. 23, the larger performance gain achieved in Fig. 25 is
primarily due to the independent shadowing channel. This means the upper
bound of the performance gain achievable may even be higher when the

embodiments of the method of transmitting data to a receiver are used.

Further, it can be seen that the performance degradation due to mismatch is
only about 2.8dB when calibration is not carried out, but the performance

degradation is reduced to only 0.8dB when calibration is carried out.

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

WiMedia 1.0 communication device by using embodiment of the method of
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Further, it can be seen that the perfornmance

degradation due to msmatch is only about 2.8dB when
W@ 2000088583 on i s not carried out, but the perf oPCEBGHO8/000355

degradation is reduced to only O ddB when cali bration

train%gﬁt%h? I2th 5 re Qe d W Bhlibratibh té éo g%ﬂs&%tf%ijvlj]é;ﬁ'isrﬂatch

formance degradati on nmay be
is abastlyr.4dBcal i brati on factors have onI y about 10%
error. It can be seen that the overall performance
gain achieved for a standard W Media 1.0 comuni cati on

Fige26 Ghos the ﬂﬁcl@l@?ﬁr%‘lﬁ (PER) ri:férf@?ﬁ'ﬂéﬂ@e results for the data

oftransmtting data to a receiver with calibration to
transmissiearatef ofr 48 bassineC b fos aapeumunicaien sysgemagith and

wif ghX rbSPreESPhafld dor b PubhR. 250 Nope i n om for

a comuni cation systemw th and wi thout using one
enbodi nent of the invention. It can be_seen that th
It ear b@tse@ﬁ that the effeeiron salibrtionfenthecmisatsh ameng mtétlple

oo S5 AT BBl b rsprSTfi
(mﬁmlmmmmmml\t/lgtgysmmm) ¢dmmg;d%;jle?/uv?§$ltemaﬂt ) ﬁlpl_lﬁrgad rthat a

anrﬁﬁtﬁl g%’ﬂl Bié‘é’ﬁgvmbtyh et PERRGsEd Aﬁ@@ﬂ?ﬂ%’ %H%IMO
coﬁﬁﬁ gV,ét‘iBh §{/§t§ﬁ‘{‘®ﬁh %tr&ﬁéfﬁﬁ%%@’erﬂdshaﬁ&‘? rﬁhéﬁ}ﬁ’?%tennas as

|a10| nment at i on. I's al so notice
commmeds Iwiths theratandardeIMexha s‘eO dnipjementatiah. deigraldatnaticed
nce. Nbreove

oAl sgirtionaedl dadse cvaqurygakiepfadliBE o dné "SF s
peﬁbﬂﬁéné‘éi EMbtddver! it &ngbsavedtRat ©ie pdiftsmiiceOdegragation due

. degradatl on becones |ess than 1dB after the proposed
(o)

ausmaicht isombant rdByewithouinany realibrationaehierrarformance
deg?aldamloﬁt & {ﬁ@sc fe%gsthgﬁvl%Blg%re{hregﬁerngfﬁ é Q:Eaf?brai Bfé where

vera ornmance I nprovemnen

we\bigdunier ticat Shd iddsMizd oalmratlmfaomsrssrmaﬁ%ﬁmrsz Rx)
With pre-calibration for the msmatch i s about 5dB
over the standard W Media 1.0.

Therefore, the overall performance improvement due to the proposed Multi-
band SFTS-MIMO communication system (2Tx, 2Rx) with pre-calibration for
the mismatch is about 5dB over the standard WiMedia 1.0.

Fig. 27 shows the packet error rate (PER) performance results for the
proposed Multi-band SFTS-MIMO communication system for the data
transmission rate of 480 Mbps for CM1 with and without using one

embodiment of the invention.

It is observed that about 10dB gain can be achieved by the proposed SFTS-
MIMO communication system with 4 transmit antennas and 4 receiving
antennas as compared with the standard WiMedia 1.0. It can be also seen
that the performance degradation due to mismatch is more than 2dB without

any calibration. Similarly, the performance degradation becomes less than
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Fig. 27 shows the packet error rate (PER) perfornmance
results for the proposed Multi-band SFTS-M MO

W@ orvamsHsent i on system for the data transm ssi oPCT/8G08H00355
480 Mops for CML with and wi thout using one enbodi nent

1dY aftBF thé“rgﬁ% %&bs/)}é ﬁél’fbrgﬁéﬁ.rﬁjg ﬁ%ﬁpi}%ﬁpﬁhé%@rﬁét%n is

can be ac € propose comuni~cat1 on
negyigibbawhienihd measused calibratom fectanschalver Hi%ierrorg.

antennas as conpared with the standard WMedia 1.0. It

can be al so seen that the performance degradati on due

THeRefdré MHeCOvdrall 'PerdrinBAbe 4P roVdri@Nt ddé Yo GRé IR6F&$&d Multi-

Simlarly, the performance degradati on beconmes | ess
bandabi 8 canmunicaton sygtene avitly ealitration fori tye. mismateh is more

tRRRuEe I sl ERPRELTD have Towerrore.
Therefore the overall performance inprovenent due to

the £ro posed Mul tiband SFTS communi cati on systemw th
Figa|38 shpwsnthenPacket @rsrafate (RERD merformanggpresults forethe

pr(?éf?%&fé‘ rg@ﬂ;fv%‘&' 3Frg) Mllel'dJ cﬁmﬁ?ﬁ:\gﬁ?ﬁ E)bé?é’ﬁ\k Qith®2" Yansmit

Ir'f or mance resu I oposed

aménrias éahd réedidingldvitemreasat 98 Mbps msdingm 6+QAM
transmt antennas and 2 receiving antennas at 960 Mops
by using 16-QAM It is observed that sone perfornmance

It BAOB5erfeY Ratdome @Ffomiaﬁ&f @é’ﬁ%@ aehleved BPthe prop osed

communi cati on sys emvmt data rate as conpare
SFI$-MIME commmunication Kgsiem mm. hTQher data egterdsyhempaegdh with

th%{%@g@ﬁ@@aﬁ ?&.achi eved by using the proposed

MO comruni cati on system w t h hi gher
order nodul ati on such as 16- QAM (Quadr ature anplitude
nmodul ation). Enbodi nents of the invention may have the

Thesefops igher data shropahedi rantbe achievedi by estigothe proposed

M@gébt‘é{ngfsgﬂgq\am%m% E(%Woﬁ%v?t%ﬁ Eb@ﬁ'{ hfqh%? Rir§4emiddulation

requency divers
suth asst6-QAd (Qoddiatere amplitude modulation).

Embodiments of the invention may have the following effects.

Embodiments of the invention provide an elegant and low cost means to
achieve full spatial and frequency diversity at both the transmitter and the
receiver as well as the antenna array gain at the receiver, extension of the
transmission range as well as enhanced robustness. Embodiments of
invention also maintain its interoperability with present communication
devices, and as such, may be applied to enhanced communication devices or

next generation communication devices.

While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art
that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the

55



10

15

receiver as well as the antenna array gain at the
recei ver, extension of the transm ssion range as well
wa@sooenssamzed robust ness. Enbodi nents of i nventPONSG8000355
maintain its interoperability with present
apPBLRA CRANSOThESKbEE S tRNFVERIGH R huSMdiEReaR thed (o
nhance onnunlca I on devices or next generation
appentied ctmnsamdomwhangesmmnbb come withiarthe oneaning lapdrrange
parti cul ar| wn _and.described with reference to
of BRbb PTGt RlAe 2% Hfrcn Aendet RbE SFABACRY T hose
skilled in the art that various changes in form and
detail nmay be nade therein without departing fromthe

~ In &his doeument.dbe fellaying publicationtis siteds def i ned by

t heappended cl ai ns. The scope of the invention is thus
i ndi cated by the appended clains and all changes which
[1lcoRoetsich) 1THaMMelMdeliog Sut-Camatitteé ResportvRinahtlelof2003,
the clains are therefore intended to be enbraced. In
hﬂpH(QiO%%Uﬁ@ﬁp,rglgﬁélﬁ%ﬁi%\lﬁ/rwbbub-l ication is cited: [1]
Foerster "Channel Mbodeling Sub-Committee Report

2 " :
lzlh% Wbrise 3l 42P 8, "Megpieament asss ang mageing gpscts for
th&WVB&hd@mhahnePaIEEE InfeasationaEConfezsndtd on AW BRI BISTY
aspects for the WWB radi o channel," | EEE Internationa
20@8Ef'%&'%fﬁeée d\‘laXMBO%UV\BST 2002) Bal ti nore, May
2002. CLAIVM5 What is clainmed is 1. A nethod of
transmtting data to a receiver, wherein the data is
transmtted using a plurality of sub-carriers, the
nmet hod conprising determ ning, for each sub-carrier
and for each of a plurality of conbinations of the
sub-carrier and an antenna of a plurality of antennas
to be used for transmtting the data, a transm ssion
characteristic of a transm ssion of the sub-carrier
usi ng the antenna; selecting, for each sub-carrier, an
antenna of the plurality of antennas
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to be used for the transm ssion of the sub-carrier
based on the transm ssion characteristic of the
WO canesEsssi on of the sub-carrier between the aPtBSG2008/000355
and the receiver. 2. The method of claim1l, wherein
cltAimglata to be transmtted using the pl urallty of
sub-carriers is data of a comuni cati on channel of an
upper comuni cation |ayer. 3. The nethod of claim1,
erein the antenna is sel ected based on a
t'&?@i’r“ﬁgd%d criterion wth respect to the
transm ssion characteristic. 4. The nmethod of claim1l,

V\/nerel n the receiver receives the transnmtted data via
-onhe Aameé'maofotrarssrmﬁmgaqi @tﬁytocﬁ reggivenmaerein thedatads hod
"%‘f’*%gﬁn%%d Dyito o UL of SR EARIENY thETRkNEHonishg
det eleterminiog} H‘ert eacts rr"sslsricarnethandclf@rreanh oofb%qmlumhty of
t recei ve n The nmet hod of claimb5, erein
COFﬂ’é“%féﬂné ofst Lﬁ%c%ﬁf ioh and ?’é@“&‘?’b’}ﬁ Pha Rivealibypf ?813’1”@5 to
t e \V e i @gn d
bef WBeHetoh SPinsAirigh Ine > uaed L o e SibRC chllfackyiisiige of 2
transmls;smeofﬂmmh-carﬂerﬂsmtm@rltemasm tter to the
receil/ﬁeﬁ. anfolthh ecti.on i s arrleﬂwout ﬁaY fe t
r ec EFIREINT GO pREh SHPHAITIE: ap|aftanra ol e Rlvlip el antennas
to beGedgor ficdfdsmitSionTtes suB tarferi B ed A trdidmisSion
The method of claim1l, wherein the transm ssion

charagteristierafdhe ransmissien ahthecrubasastier hefwesseiheyadenaaand
th&P rH cation channel used for transmtting the
-carrier between the antenna and the receiver. 10.
The nmet hod of claim?9,

2. 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.

3. The method of claim 1,
wherein the antenna is selected based on a predetermined criterion

with respect to the transmission characteristic.

4. The method of claim 1, wherein the receiver receives the transmitted

data via one antenna or a plurality of antennas.

5. The method of claim 1, further comprising
receiving, by a transmitter, a signal from the receiver, and
determining the transmission characteristic based on the received

signal.

6. The method of claim 5, wherein the data is to be transmitted from the

transmitter to the receiver and the selection is carried out by the transmitter.
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wherein the transm ssion characteristic is information
about the quality of the communication channel. 11.

wabmowsstsiod of claim 10, wherein the transnm ssSPONSG2008/000355
characteristic is a channel state information. 12. The
method of claim1l, wherein the data is transmtted by
nmodul ation of the plurality of subcarriers and

7.t r addei methegl Qfltéainbambe@d; thebdataris tebe tum'sng'ttﬁm from the
w13, Th i :
DGR in Zecdirier 41 B seicalrb Palned RELSY Tt ¥Gphvere

transm ssi on characteristics of a transm ssion of the
sub-carrier for different transm ssion antennas. 14.
8. The TihetmethaskoflaimT 1ehergieing recetyer signglsstine selestiosyto the
traﬂ%mti plurality of sub-carriers an antenna of the
pfurality of antennas is selected to be used for
transmtting the subcarrier.15. The method of claim

13, _wherejn the selection is carried out individually
9.1 or TORIREHOGH I MFal ity of sub-carriers. 16. The

et Oadr&ih tﬁh Qi‘dﬁs%lsé%‘ﬁ Eﬁé&cté}%ue'ﬁ@ ﬁﬁ&ﬁ?%ﬁ&f %&Eti 4 Bfdpehty

conpri ses the antennas being sel ected
of thebearamuinicationudtannehusadfor drainsmiltingithé subhecanfigreatveen
thquag [ t% in, the transm ssion characteristic is sel ected
4 gntepnaAnd HeJePPIVER 17, The nethod of claim 3,
wherein the predeterm ned criterion conprises a
maxi mum nunber of sub-carriers to be distributed to
10eac T hermethed of idaimmBe nmet hod of claim 17, wherein the

pr e% ?&Wtﬂsqra% H&%ﬁ) @hél% {J}%'ilc%) fﬂ%hﬁgﬁon about the quality

of the communication channel.

11.  The method of claim 10,

wherein the transmission characteristic is a channel state information.

12. 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.

13. The method of claim 1,
wherein the selection is carried out based on a comparison of the
transmission characteristics of a transmission of the sub-carrier for different

transmission antennas.

14. The method of claim 13,
wherein for each sub-carrier of the plurality of sub-carriers an antenna
of the plurality of antennas is selected to be used for transmitting the sub-

carrier.
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the antennas are selected for the sub-carriers such
that the antenna with the highest quality in the

WO e@nesEsssi on characteristic is selected for eRetiSG2008/000355
subcarrier. 19. The nethod of claim 18, wherein the

15preq¢fee,hgmb@dofcd1é,h1quon further conprises the antennas
are selected for the sub-carriers such that for each

ant avheseintthe selagtion i® tagigsceutrindividuptly fagtgash afibe plurality

antenna has been selected is below or equals to the
°f88f’e°PFﬁ"’r{8d maxi mum nunber of sub-carriers. 20. The

met hod of claimb5, further conprising determning the

transm ssion characteristic based on a transm ssion of
16t he Thepmethod; &fiClaifuds t he receiver to the antenna. 2 1.

The WJR-GAdna oS e ikd SHERGH Eor‘ﬁ HEELTHY S%ehRSs bei
TEdReH P 5 RS

transm Ssi on aracteris Ses conpensatl

selictécforithe sbb&m@stslmehnhauhetamnma‘ with¢hé highest qaah:ty in
of the sub-carrier. fromthe receiver to the antenna

th%Hanﬁ'Wéﬁﬁ%b@?Q'?EEeﬂéﬂc fsh%e'?F*&Hsf Y ea¢hy aubscarrigs.
sub-carrier fromthe antenna to the receiver. 22. The
nmet hod of claim?2 1, further conprising: deternining

17t he Ttheamethiosiof@haiohdr acteri stic of the sub-carrier
fromthe. rtEcel v(ﬁr to. gntenna u3|§r/1\ﬁ a_calibration

f actiieTeig BipR %‘8{’3' KON, FRIMPESES A LpRYIM U, gumber of

subddriérattb B cﬂ@ﬁ’bgfedﬁ)&@érﬁaﬁfenﬁg as a function of a
transm ssion characteristic of the antenna and a

reception characteristic of the antenna. 23. The

urther conprising: nmultiplying
thel:'@%l'ﬁ%v&tdl onra%ai %’r with the determ ned

t r apvHErsinithe peddatearhricdsdriterion farmersubrpmesl er from
the receiver to the antenna to obt ai
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.

19. The method of claim 18,

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.

20. The method of claim 5, further comprising
determining the transmission characteristic based on a transmission of

the sub-carrier from the receiver to the antenna.

21.  The method of claim 20, wherein determining the transmission
characteristic comprises '
compensating the difference between the properties of the

transmission of the sub-carrier from the receiver to the antenna and the
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conpensated transm ssion characteristic of the
transm ssion and sel ecting the antenna based on the
w@eovpesssat ed transni ssion characteristic. 24. A¢ESG2008/000355
met hod of clainms 4 and 22, wherein the receiver
préperRiEs %?ﬁw@trahsfhfs'sidn\/ofqhe BUARHAST o BN the
transmtted data, and the calibration factor is
recever. mi ned as a function of a transmi ssion
characteristic of the receiving antennas and a
reception characteristic of the receiving antennas.

2225. ThEné&hba Yt cRiimcd rifihér comiprigingwherein a
pre-scaling factor is applied to channel estimtion

sy nisieterminingh the sarsrissiosi charagteEstihahiie subsearnge fram the
re:?éﬁ%’ﬂ]ost F%n‘?@nﬁaent fromthe receiver to the

nsm and being used to determ ne the

t r ansirigca |calibrelnan fadter fos¢ompefisdtethe dlffetremase er from
the recejv %ﬁgt he ntenna such that

the
t r andIarelsy acter isdefermpedsama fupgtion of@ om
trdnBmiS§6H 'cKSFa&&nétB%f e gﬂ%n'asarﬁpélré&;mohrb §ctenstlc of the

pre-scaling tactor, wherein the pre-scaling factor
antawmigr ocal of the function of the transm ssion

characteristic of the receiving antennas and the

reception characteristic of the receiving antennas. 26.

23TherHeeilettbPbf Shimh 22 2furthehebRipiisRReh of the plurality
of the antennas that are used for transni ssion of the

sub-neutiplyingsthezealibratiosfactor withdheidstemmined trapsayssion

chgl'flct(%]s% nﬂ‘hh? g@@ c%'?nérifg(ﬁrﬂrt ‘?58 “?éa'ﬁsm H?\}]@nﬂée@%tﬁam a

comprinsated ﬁsnsfrﬂtseldnscﬁdraéteﬁstﬁd eﬂthestrargsmsgbnraﬂdl defecting the
sub-carriers, the comunication system conprjsing a
antenna hased gn the GQmPSHS@}ﬁﬂttraé‘éﬁ’f'$ﬁﬂP sharastefistier ni ne,
for each sub-carrier and for each of a plurality of
conmbi nations of the sub-carrier and an antenna of a
24p| u'Ith mieyhaxf oﬁamia'mmasandcﬁbevhﬂeim thereceisescorpiises ahe

ans ssion .ch teri of a ransm SS
Il ot Bt ae tor Ercandfa e fransmitad e, dad i SNBSS
factor is determined as a function of a transmission characteristic of the

receiving antennas and a reception characteristic of the receiving antennas. |

25. The method of claims 1 and 24, wherein a pre-scaling factor is applied
to channel estimation symbols at the receiver side, the channel estimation
symbols being sent from the receiver to the transmitter, and being used to
determine the transmission characteristic of the sub-carrier from the receiver
to the antenna, such that the transmission characteristic of the sub-carrier
from the receiver to the antenna is scaled with the pre-scaling factor, wherein
the pre-scaling factor is reciprocal of the function of the transmission
characteristic of the receiving antennas and the reception characteristic of the

receiving antennas.
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sel ect, for each sub-carrier, an antenna of the

plurality of antennas to be used for the transm ssion
w@booviosssszb- carri er based on the transm ssi on PCT/SG2008/000355

characteristic of the transm ssion of the sub-carrier

260et TRe mdthed anélam 22anherdia daRof Yigs plutdlity D éhe antennas
comruni cation systemof claim27, further conprising a

that anesysied for trapsmissiomel thersabeeaTines bas a respgetyercalibraiion
i i . eGel , first
L S s
transm ssi on characteristic based on the received

signal. 29. The communi cation system of claim 28 .
27 ur vhEPTERIRIFAON Ry SO JBE frRneB NG ARtanyheReIn the data is

' ; . ; o . ciic
g € Y B R o ARBNRE TR v
campridieg ant enna. 30. The comuni cati on system of claim
27, wherein the receiver conprises one antenna or a
pl urhlS&¥€6f antennas for receiving the transnitted

dat & seledtion! (it EORMBLIES 46 deferfiisd, 6t Act bab-Eadfer and
further conprising a conpensating unit configured to

foceagheatapiirality adicombirationstniithe subtoaerierrarsban jaateryta of a

plorgiot ST B bk Fatiftiboghe eld HfuffBSlalf
charadtBastidbf £ tans@issidroot theesubrdareausing the antr@iay ahd to
32. The comruni cation system of claim 30, wherein a

selegti for garbsubarier. A8 aniernagf hed lv@libeeianteRpas i be used
fof fife (AHERERNIdTIné B Cahié ke orfié KOS

chanacterster ofsthe dravisntission of thesutaodrrier bebegen the antenna and
characteristic of the antenna. 33. The comuni cation

the Je¢&IM8Tof cl ai s 30 and 32, wherein the receiver
conprises a plurality of antennas for receiving the

2d." A LS Rk udafion dYRtem of claim 27, further comprising a
transmitter comprising
a receiving unit configured to receive a signal from the receiver, and
a first determining unit configured to determine the transmission

characteristic based on the received signal.

29. The communication system of claim 28, further comprising
a second determining unit configured to determine a transmission
characteristic of a transmission of the sub-carrier from the receiver to the

antenna.

30. The communication system of claim 27, wherein the receiver comprises

one antenna or a plurality of antennas for receiving the transmitted data.

31. The communication system of claim 29, further comprising
a compensating unit configured to compensate the difference between

the properties of the transmission of the sub-carrier from the receiver to the
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calibration factor is a function of a transm ssion
characteristic of the receiving antennas and a
WO e@epssseh characteristic of the receiving antRCR862008/000355
34. The communi cation system of clains 29 and 32,
anfdi=LhnY tHeEpoPBRRIESGHthe franSmiiysionl b tHY stihealriee from the
calibration factor with the transm ssion
angennadettbeireeeivelof the transm ssion of the sub-carrier
fromthe receiver to the antenna. 35. The
comuni cation system of claim 32, wherein each of the
32pl urd édrimeinicatibArsystent of claira 30; aveneiss calibvatiarhfactor is
sub-carries has a respective caljbratiogon factor.,K 36. .
used dydBaeemrensating §pi fememprensating @9 eqee, %Pewgﬁwm
thé cBISER6R fAH SAARELOT of BRYRhiddloft LABRRKe Rfc!dThe ON
synbol's at the recelver side, the channel estimtion
antsrmzcarsd heeceptioanthdracteristicof theeantenna.o t he
transmtter, and being used to determ ne the
transm ssion characteristic of the sub-carrier from

33:. hehe @BRiNBRichlon BFstem MEIAimsS3E Bnll 321 whekein the receiver

ransm ssion characteristic of the sub-carrier from
cotripsisee ceplueality of antennas émmaceivingcthiedtansmitied ata, the

caPly iR fectPP i D A Garton Sl FoBidhh et ofifb odifing
antdiiaRCdrR & séddptioh dHagadtefislio bhBeaatenimgsarttonnasdie
reception characteristic of the receiving antennas. 37.

The communi cation system of claim35, further

34‘?°'ﬁ{énéérﬂ lﬁ\iéﬁi@ﬂ%ﬁ/s{e‘?ﬁ o?Efé%g%fg%q gﬁ,ﬂkhé’f‘éir{ et ors of
al | € antennas tnat are use or € transm ssi on of
coh}pensatienw by eruitiplyiAg tAd ealitmativn factor with 4hys transmission
claim 28, erein the da is to be transnmtted fro
charE eI o De AnBEITSRD PLI SH-CaReT Ihet TR Beavets e
antéidd.ed out by the transmtter. 39. The communication
system of claim 28, wherein the data is to be
transrrittepl fr_omthe _transrritter to the receiver and
3_5t. hel'hseeclzoer%:anlu(?1ri]calt|‘?)ncs%lrs{e'n(1e %f 8fét|m 32, wherein each of the plurality of
antennas for the transmission of the sub-carries has a respective calibration

factor.

36. The communication system of claims 29 and 33, wherein a pre-scaling
factor is applied to channel estimation symbols at the receiver side, the
channel estimation symbols being sent from the receiver to the transmitter,
and being used to determine the transmission characteristic of the sub-carrier
from the receiver to the antenna, such that the transmission characteristic of
the sub-carrier from the receiver to the antenna is scaled with the pre-scaling
factor, wherein the pre-scaling factor is reciprocal of the function of the
transmission characteristic of the receiving antennas and the reception

characteristic of the receiving antennas.
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by the receiver. 40. The comuni cation system of claim
39, wherein the receiver signals the selection to the

W@ e@nesassi er. 4 1. The communi cati on syst em of PCI/8G2m08/000355
27, wherein the communi cation systemis an ad hoc

377 adite @cﬁﬁmmmc%bh@}vsﬁeyﬁbﬁmanﬁ%s flirtherQomptisied & @emory for
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39. The communication system of claim 28, wherein the data is to be
transmitted from the transmitter to the receiver and the selection is carried out

by the receiver.

40. The communication system of claim 39, wherein the receiver signals

the selection to the transmitter.

41.  The communication system of claim 27,
wherein the communication system is an ad hoc radio communication

system.

42. The communication system of claim 41,
wherein the communication system is a WiMedia communication

system.
43. The communication system of claim 41,
wherein the communication system is a Bluetooth communication
system.
44, The communication system of claim 41,
wherein the communication system is a Firewire communication

system.

45. The communication system of claim 41,

63



WO 2009/038543 PCT/SG2008/000355

wherein the communication system is a Certified Wireless Universal

Serial Bus (USB) communication system.
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