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Met hod for determning a residual frequency offset,
comruni cation system nethod for transmtting a
wore®saysss transnmtter, method for processi hg aPOESEZHYE000275
and receiver Field of the invention The invention
relates to a nmethod for determning a residua
freggenc¥ of fset, a_comunication system a nethod for
TEPAFRATFEF nghathedsfet, ganeraking t 2 apluza ity oof f beng
pRESEBESL NEnd SBRRAHE-AR0.A §e¢pLyer. Background of the
invention In a SISO (single 1 nput single output) OFDM
(orthogonal frequency division nultiplexing) system
i C ication systemw th one transnit antenna
R e el b o nna whi ch uses nodul ation of a
plurality of subcarriers according to OFDM for data
trapsm ssion, preanbles are sent before the user data
The WYRNELPN vER ] 3RS reasdnsramsmist teshar tngirhesdif @s

o251ty L U100 AL LS00 LW Bt o son

dewid¢emti on. Frequency offset estimation is necessary
since in practical data comrunication, it cannot be
expected that the |local oscillator frequency at the
BdEE|tNetd | & I1deht cadnit o4 hat of the signal carrier
generated at the transmtter. This is for one due to
circuit limtation and it particularly arises if the
ver. ' el ativ ti.on to the transmtter as . ,
W{D%gp hees lsrk%(%({{fétjion%volf%nﬁytlipﬁter SIFER D Whdhearhgadrd zation
off eI Ny 1A il uRimye offisetp yodga )t & JdHR s, CaHd er
interference (ICl). For a nulticarrier system such as

- TR At SRR R O T QERY deatiagsqedn dresifessty division

mu 1B HeSe iy )a sjHudd canty radation. ,
Aftg? tﬁéﬁghéﬁi preanbleég%%gﬁg??ggﬁvﬂggﬁﬁﬁgﬁg humber of
CPreEsiads oy ehgemelin in SIr8OORBVImsyistigrhi(etdao Tihi scas@efit

: Of g 18¥si e i the | EEE802. 11a standard, see
l[I]) “whi dhq§§§ﬁ§%§|g§é oFxgﬁgﬁﬁeP%égtFﬁﬁﬁiéﬁW‘ i“ce
regdiyyes slawjlon cloagreled wiedt abld et (sewqiendnput single

éiﬁ;%% | e r.e_en ugﬁ for channel estimation. In case
BE M0 e f1 e RREeBcQUPpuE s JBMamS L ructure
thshte e nd Alowrals ty ehd R tco?r@)tlee&'l%ﬁ/b l%e t¥8edeed for~

es 1s .

., however, a higher nunber of I|ong prea
Losatdddgaflion Sfd@eRorspaltiadhaheeneilst. oMoati sophdsheécated

qh%%h%@CE%Qiﬁk%9%nas@H@H@si%%dpRore pilot symbols are

therefore needed.

Several challenging issues are posed when considering the
design of pilots for channel estimation. The most pressing of
all is associated with the provision of adequate information
for identifying all channel responses between every transmit
and receive antenna pair. More preambles certainly allow for
more accurate channel estimation and simpler design, but are
too expensive to engage due to a reduction in throughput. An
_excessive rise in overhead can undermine the whole idea of

‘enhancing data throughput in MIMO transmission altogether.
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physi cal channels are enployed for transm ssion. In

fact, it can be shown that in case of a M MO system
wo b@scouisber of | ong preanbl es shoul d be no | esBCT/B@EI05/000275

t he nunber of transmt antennas. Such an increase of

the nunber of | ong preanbl es2conpared to a SI SO system

has the consequence that the tine for transm ssion of

the long preanbles, also called the |ong preanble

duration, is:increased conpared to a SISO system This
Flgr%egh@wgeatbp%9n®¥%a@hb%t %@l%ﬁCQ%ﬁ%ﬂgcﬁPcﬁr%%% PhHase

in the data synbols succeeding the | ong preanbles in

the presence of a residual frequency offset which is
Thenvohgnpasymiodle 100t he ﬁéadtEonumm@rsimgbmoamtenna case and

reanbles for fr est t F
COBPELETE af MEGHTIR Lot TEHO Ly ST & o T ol £HEE SERBF1E of
tr&ﬂ@fgkﬁfoéit@nm ﬁ@e—d@t§n§YQ@@$SO§§Wt3§mE§I &8flprises a

typically not be adequately corrected and error bits

cy8hdceprefipackessdairteaused. 100 $2]tld bshgomtFp for3
frequency estinmation is described. An.object of the

modn¥ehédosymsols. provi de a. net hod for inproved residual
frequency offset estimation in comrunication systens.
The object is achieved by a nethod for determning a

In' €8 duabntegausnsy QtEseh, @néoﬁﬁﬁﬁiéa@t@ﬁ1§y§bﬁnlsa
nmet hod for transmtting a nessage éha transmtter,

prpvaﬁgﬁ1f@éreaghnefﬁudsy@bobrb@%ssmn a hesgapteanla "100 to
v e u c e
orb e Hp P e hE R R B T PA L PEL IR OCUIST) - hod
for deterninlng a residual frequency offset between a
trans r_and,a receiver a_trapsm ssio ata
an, pISEE b Hh G ol FBROERGHNGP PQ BFOTTARCE BREPERNES
gefBE8888gl Soh§apelhibedsl EQBht BRatr eRE M +48Emi 8si B8 overhead
receiver via the communi cation channel. The nessage
ne@@ﬁﬁaryeﬁoatlpeaspr@ﬁ@béﬁoFfapﬁ@aﬁﬁ+@n agn| bastednesd
coh? ngkgogngrgser data and the at |east one |ong
conprises residual frequency offset ,
detern1nat|on i nformati on. The residual frequency

s.deteym ne ased_on_the, residual ncy

! PBShohot S hERSEIEE BRT ST ramnbEeEER naheLhEE REE
gehekatiagsal plupglacyessagenlypaetnbnssi aher ai Sommunication

provi ded, wherein a message i S generated wherein the
deﬁé§§agéthoﬁb?.§§§tareﬁea§FosﬁénghBPttb?eaﬁﬁﬁeengﬁnt claims.

.l east one |ong preanble and user data and the at | east

one | ongpreanbl e conpri ses residual frequency offset
Sugmbeynpfiatheninvention '

A transmitter is provided comprising a determination unit for
determining a plurality of symbols such that each symbol
comprises a tail component and the plurality is determined in

such a way that the tail components are substantially equal.

~The transmitter further comprises a tone generation unit for

'arranginé the plurality of symbols to form a plurality of

long preambles such that the plurality of long preambles is

tone-interleaved.



informati on and the nessage is transmtted to a

recei ver via a comunication channel. The residua
wo ewgoenssy of fset determ nation information al POMSG2008000275

receiver to determne a residual frequency offset

between the transmtter and 3he receiver in the

transm ssion of data via the comrunicati on channe
FuFHREPET 2 RetBINOLL f Ofc X PLESS) Y FLUEBSSAGL $¥ Pong

receiver is provided wherein a message i s received
Préappd as t aadsTr ¢erpruy] ea bl @b kit ¢atd GrP ehErm et Vi e h

e e A S A L Wherei n he at

| east one Iong preanble conpri ses residual frequency

of fset determination information. A residual frequency
5 §EB££S§E-$§£&E§$EL$£—£E%ﬁ,'”uxgﬁ and the receiver in a
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transm ssion of data via the conmunication channel is
determ ned based on the residual frequency offset
Fiderer bi slaowona i héog nptéamblEuacherding cormpnl enat 3 oh-
system a transmtter and a receiver according to the
nmet hod for determ ning a residual frequency offset,
Fi?’ﬁ_@e@t bREwé 05 tfansiitténgadcoBssaget angnt Sebodihent of
or processing a message described above are provided.
Short deBerip¥eehieR-the figures Figure 1 shows a
comuni cation system according to an enbodi nent of the
i nvention. Figure 2 shows a transm ssion bl ock
Figacer di agovs bhreebbdhgepremmblae 2ovendiog. Detail ed
description_ Lllustr the.long preanbles are
used foFmggg}ﬁﬁﬁ ?ft BE %gY?ﬁgf?%h In this way, even
when a l.ot of long preambles are transnmtted, as it is
the case_in case of a M MO (nultiple |nput mul t i pl e
Figutput) 13y 9sbhrptepnEBer EFEEHGRFY ﬁ%ﬁ?lPoH@W%FeéﬁbF%%
are ”eC€§§ﬁ5¥1éQioﬁhégnﬁbngsbkgﬁﬁbQQS 588058§h§ueb an
frequency offset can be estimated and conpensafed
wi t hout edhtdiimess. oThehienienenohons for exanple
applicable to conmuni cati on systens accordi ng to W.AN
Hn, i.e. for wireless |ocal area networks, but my
righge beiappbteabke thel aige aoceainomalnesaktoordysyens an
such as nDblle t el ephone ¢ommuni cati on systens.
Enbodi néRPsd 6FePﬁe°ﬁn§QﬁtFBﬁeEﬁéP§e fromthe dependent -
clainms. The enbodi nents which are described in the

cont ext of
Figure 6 illustrates the time frequency domain values

according to an embodiment of the invention.

Detailed description

Illustratively, the symbols are determined in such a way that
they share a common tail and long preambles are generated
such that they are tone-interleaved. Due to the common tail,
no cyclic prefix of the symbols in the long preambles is
necessary. Therefore, the long preambles can be significantly
shortened compared to prior art. In particular, in case of a

MIMO (multiple input multiple output) system, where
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the nethod for determning a residual frequency offset
are anal ogously valid for the comruni cation system
wao beeeisbod for transmtting a nessage, the  PCT/SG2005/000275
transmtter, the nethod for processing a nessage and
the receiver. In one enbodi mént, at |east one short
preanbl e conpri ses frequency offset determ nation
rellBE9GAR |ﬁ§n§nﬂoﬁgf§§8§ﬁB$¥ s{hssl si sréetecdi Hgey based
on the frequency offset determ nation information. The,
chganglcantt®apiPRe Rurvhekarbsrdutrdfcetpnty BFaRERLSsSion
' [ i [ a ' f
o D O 4 P AR bR P L e mance.
Theucthaonr esitduaby fbeqeeanyasf ésebpdetrenti optlidn prefix
i,nformatjon.ln. ope enbodj nent, the co nicatjon
Wb anhaT SEONEPTdcbhks Pagbr TORS BAEAShBenERReFoRRD at
ink8askaQnRgPhLObesEPChANBRL . Fdhesdhpl 8382 9RE1 | 888imation at
preanbl e may further conprise channel estination
thenteraaveon based on which a channel estimation is
perfornmed to determne the transm ssion
characteristics of the conmunication channel and the
Inf baguensydohése] det ecaragivenmeshednasi enpldyelieto meet
transmtted via the | east one pilot subchannel and the
thehgrABL re8enFaff oWl hf BFRAFPOR AEDLBEUEE ahBnTiEefropaency
at, .lse sufc L+ s Jhi g ; t
o R Pn T By R PR0E i) PolrapE At chdfnel
espimaibbe peafsmnsscen Rotemphshet vepeoralssgaohstsucted in

. i.] ot . synbol .that allow.th i t
ot ERBPRL ISR Bual AP SBRc b F L br ot ER Rt ERHER, RE ohgne
preahBdeRedtahbRitesgage HsfEeanstl tind ¥ha spptdrabiiydless

of transmt antennas. The nmessage may be received via
ofatpeupaiPey of keeRFPétaAREnh8aSCiTRe2ESRAZE 18 FbP

co%%@@%bﬁd&hanéskﬁhﬁgcéEEehdEQgtEﬁ.OFUW I'n one
enbodi nent; when the residual frequency offset has
been determ ned based on the residual frequency offset

etermpatign_jnformation,. a_phase.conp aLlon i
B G TEl "GuP 1 P al °T 35T “BnE"St GRal "VAI GACWAPER™E™

cleeaei.vetdei Bmbbaimeansnmvascanaet thecpebsdgénbarsedcontext of

the determ ned residual frequency offset, For exanple,
thet LERBSHORERE FﬁetﬁﬁélﬁﬁgéalﬁnvéﬁédfF@ﬁuEHEymEFPQQtfor
gefiet8rahpaki gNutkBl QL RLFONhHaRsBhkbedsSanfiatnea _

resi dual” frequency offset déterm nation nay be carried
copmunagdtapbn geymak.val ues received in the foll ow ng

are corrected(i.e. phase conpensated) based on the

determ ned frequency offset. Wen successively nore
Theesivehball sf eegquencynef EfBbdiment modulation symbols. For

example, the symbols are OFDM symbols.

The symbols can be determined based on a decomposition of a

- plurality of frequencies into passband-frequencies and

stopband-frequencies.

In one embodiment, the symbols are determined based on a
decomposition of a Fourier transform matrix in at least two

matrices according to the decomposition of the frequencies.
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determ nation information is received in the course of
time, the residual frequency offset may be determ ned
W@g@h014868 | Nprove the current estimte of the PErBEAF000275
frequency offset . In the enbodi nent descri bed bel ow,
special pilots enbedded in wth [ ong preanbl es and
data are described. A recursive estimation algorithm
based on the linear prediction method in [2] is
descri bed and a conpensation fornula that counteracts
The heyrfd betamm fuot fexdmp chatwis rreistddies eah et e dat a
s given, 111 ratlv enbodi ment s of. the i nvention .
de%ﬁ Bt Hh %tu %e]tsrPﬁ’ G Ferd® (F (e Fradings into
wht. &héhpd@rﬁeleemwmwm Qﬁh’@ﬂﬁt en ragessadi.ng to an
enbodi nent of the invention. The conmunication system
100 conprises a transmtter 101 (only partly shown in
[ MENe :
The P B0 B A R R AR Bl o = 1o
sysbhetiei n each transn1t antenna 103 is used for signal
transm ssion. Data (user data, preanbles, etc.) to be
sent by a transmt antenna 103 in formof a radio
The| 8@huh ScSUAR | &4, 1 & trﬁ‘&}g%@%ﬁt&ﬂaﬁfﬂ@ ok ks ion.
respective I FFT (inverse Tast Fourier transform unit
Theow,omﬁaaxdlcoam@nad@m@nwmbﬁo bye taartrethsad ta arobaighe
re received .y the receiver 102 via a plurality of
CO?@%%?%%F Aht FRAHES 105, Modul ati on of subcarriers
according to OFDM (orthogonal frequency division
mul tiplexing) is used for the transn ssion of sjgnal
T1{apheat v ntipAinemnisi ¢ aht@nhasenhon &E%@%%L%%%‘? below
wi Hteggg§eggé té\@héf@&é&@ﬁéSOSCI||at0r in"the receiver
cannot be guaranteed t0 operate at exactly the
sane frequency as the one in the transmtter 101 due
Flgo reﬂ £V§ Q?% %%ef 6f§8&69@iﬁ {@wégkgﬁbodlment of
rcui r|es s ar y gives ris a frequency
thefiﬁeénmmoﬁh rot at es the received signals by an angle
that grows with time. Therefore, short preanbles are
sent prior to user data. This is illustrated in Fig. 2
The Eb8nsRiEhOWs2@0 tHAGSHhESERPubLAEK 2060 8€LHE di H%a 1IOTMO
an enbodi nent of the invention. The transm ssion bl ock
(mpdbibsesenput ronlthele epttrotl havpight , The ebrapgnitter 200

COSL%EEQEStREeéhgrgﬁgﬂfgi§ﬁ£8Hn9L055128QiCh is each used to

transmit one of a plurality of data streams 202, wherein the
data streams 202 are supplied to the transmitter 200 by some
data .sources (not shown). Alternatively, one single data
stream 202 may be supplied to the trensmitter 200 which is
mapped to three different data streams by the transmitter
200.

The transmitter 200 comprises an OFDM (orthogonal frequency
division multiplexing) unit 203 which modulates.subcarrierSA
sent by the transmit antennas 201 according to OFDM
modulation such that the data corresponding to the data

streams 202 are transmitted.
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farthest to the left are sent first. The transm ssion
bl ock 200 conprises short preanbles 201 that are sent
wo peospiassl whi ch are used for frequency of f setPCT/SG2005/000275
estimation (FOE) by a FOE unit 106 of the receiver 102
after reception of the short ®reanbles. The FCE unit
106 estimates the frequency offset, in Fig.l denoted
by y . A frequency offset conpensation unit 107
THS
co

es .t.he freguency.of fset estimate as, i.nput and
ﬁ%gﬁggFégf¥h§% r%&ﬁé&@f 5¥P§3Psﬁgraap¥eﬁﬁpﬁﬁgﬁenerat°r

© theacei s etispitgblcov aleesa tAf Uehd peeuentksothset are prepended

C ensation, there renmains_a residual frequency

toog}%k’s A% Ktgh bedear Fhe waksqedndaty, are skater m
of inter-carrier interference that destroys the
orthogonal ity anong the frequency subchannel s and

Fighid dshidwss thriee dongc ompembdesd 3f00r accoaddagt abakn

st.em failure. I.n the .l EEE8 02.11la standard,
e"?’%’&&ﬁb%@ oSy ERatAIEE EdPR ndi ces [8,22,44,58] (with
reference to the convention froml to 64) are

dedi cated for pilot transmssion in a SISO (single
EBgghppf dihegllensupperiibdyest 8@0wiish seatf byqoeacyransmit

r 48l s, ' t t comuni cat i
r R 2B, R @8 pdfera PP PESalEgge) 300
arsy stcdmonieich by sbmensiaict . &t @enNaent03cardeNboh86@igVEo the
ant ennas 10§§tThe same frequency subchannels as in the
respeeigy e P2 te shdsrl 2028, apﬁet%ﬁé&u@ﬁé’yaéﬁﬁcﬁﬁnﬁé% short

prefaril@d Beee Be?22ohd, PELae4S8d0l Arbhkant .
enbodi ment for the delivery of pilot synbols as is
described in the follow ng. The transm ssion bl ock 200

C rpse plural ity qf g-.preanbl es, 202 I\ch are
Assg%¥1§>t§$%Phg¥g oFé%ﬁgéahggeégn%hgrgﬁaﬁiﬁsvgﬁbegooPOt
co?@eﬂs&n@npe&@ﬁ?béﬁ ?QélgbaﬁraﬁegtKgnﬁ?ﬁt&ﬁdekﬁa&?ebetween

r C ubc ne the indiges [8,22,44,58] are
thgi ?ﬁﬁg%’ﬁ?@gﬁ gﬁén tDaPuBLeACP T naReR Bl RIR AOBENBEESTDLes
300he TsiegRall ueal U whkCbrbE LAkt 8ed Lpesvlrbanag! stich a

.via_ transmt antenna t at tinme n . These signal val ues
wayr &hgits gy dfeptégatotasd lt BO2pilsosbasatelitedllnOFAY symbols
Lo e ceLyver ] ha transmt
O R R e e PR, S ShECR =Y, 1006 BECEIKES U8, FAE°Tuls s02
segivgisalthealfuectiinnt hé Bneqdéncyadonmich)itt pepbdki, r, n’
H r t Lf,t,n w + Vf,r,n (Dt=l where Hf r ts.the
channel gain o f the subchannel f
In the long preamble 300 shown top in Fig.3, the values

{6,7,8} can be seen as both part (tail) of each OFDM 301
symbol of length 8 as well as the cyclic prefix of the
following OFDM symbol 301. This idea is-applied to every ‘

transmit antenna 201.

" In the following, it is described how the values of the long

preambles 300 are calcﬁlated.

Denoting the s-th OFDM symbol in the a-th transmit antenna in

the time domain by the vector ta,s, its frequency domain
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est abl i shed between transmt antenna t and receive
antenna r , w denotes the residual frequency offset at
wo b@onesss ver 102 (as expl ai ned above after pepPdDsGL00§000275
frequency offset estimation and frequency offset
conpensat i on based on the short preanbles 201) and V f
rni s the AWGN sanple. The tine index n is chosen
equUedl dihat cairlbee Qj”b’t&ﬁpmtﬂstlrtml.td'l'e HHe 91 sehettehedwrigr
reanbles 201 and N q)corresponds t othe last o f
Trat‘rh%f?rdﬁg %‘?@arﬂﬁ‘é%lxz ¥n the following, the
selection o f the Lf n correspondingt o f e
[8,22,44,58] i s explained. The L f r n corresponding
£ 8 thBsg sL.f n according t o equation (1) are used,. (1)
af ter bei ng processed by a respective FFT unit 108, b
y a residual frequency offset estimation unit 109 to

o s pinei Bl
fréﬂgﬁx@ §n&e190t{ec§ b°3}“°é‘ thaénci—fii_ﬂle ‘bafn&/sﬁ g slul?—vfreqd\é\nc:_es

e si gha N ( Nt r,t v if,r,
deﬁ@’&ec‘i— by N0y, : % Ldnd %H‘ééﬂ'vﬁ@tﬂ{h‘@ ’@Q@H_eé( cScbIﬁptSfmcﬂ am 1ts
n for every’t and r when the noi s€ sanpl es at
healdl f detigohent s § @@ Shapedil cotpenssmevariante orm
setting Lf t =s x hi hinplies a fixed power in each
pi | ot synbol Since f e [8, 22, 44, 58] ‘andr e [1, 2

: there exist 4N r independent conpl ex
glnuso &@ﬁél different anplitudes -- i f ,r ,t "Du (2)
Jal Eequency 64w . To conformto the pilot val ues

in | EEE802. 11a (see [I]) a s closely as possible, the
assignment L n =-L22 n =44 n=- -58n s use in

(1} hisn €PROALIRAL ¢+ &h CYELE £- PROFEXLAG €€ PG P SAMDI £5
design is used in this enbodinent. In this case,” the

| ast 16 of the 64 sanples in each | ong preanmble synbo
in thet | need to b e independent of n . This
;&?LEF

| iTes J f G[8, 22, 44, 58] . The
Eg%?éE 2 [? %Ebnarized as d) transmt (3)
TR/E Biigpen % ™ duce i ndependent conpl ex

si nusoi d§ at the réceiver 102 C2) subchannel pil ot
val ue assignnent in consistence wth :

where Egg] comprises the corresponding components of the DET

matrix F.

Since the tail values are common to all OFDM symbols, the’
subscript in the tail ¢ is free from s. For a general MIMO

system with Npy transmit antennas and Ngyp OFDM symbols in

each long preamble, (3) can be repeatedly used to write |



10

15

20

| EEE802. 11a standard C3) tine independence to satisfy
requi renment for cyclicprefix- free |l ong preanble
wale®sgmsIhese criteria can be fulfilled by  PCT/SG2005/000275

appoi ntingFor N-j- =6 and Nr = 3, this is

illustrated by table 1 for tthe subchannels f [8, 44,

58] and is illustrated by table 2 for the subchannel f

= 22. transpm 1ﬁntenna index -> 11 H.} 1 1tinel 11
;Lllindean,l 1911111_111 ]_a],11 11

1 £ail1 tabl e ﬁﬁ]t ant enna |nﬁi 3 '@RL -1
-1§aLgt|ne 10- 1..-1 -D i ndexg E -I'-1-1-1

L1 i -[l=-f -1 Ia 1-1-1-1-1-T%1 41 -1°-1 {1 -1 (4)

table 2 Wth ¢2) , the probl ém of phase q Qgg@ssa}&i on
s, Ngpped ipto one of singlre one e 2 roooY
estinaticon,| Wi ch i& claséi ngIE|d afa si gnal
processing with a variety 6f ?%%dy §of¥tilons in the
literature. The linear prediction estimtor (see [2])
works to a reasonabl e accuracy at an affordable

r zhgna! conplexity and i afiticul arly appealing
f i®pl ement atd on coBpared |w bh,Kay' s

ﬁn

i gﬁuced in[2] . pphaeﬁ tlo (2) for
Ol & sutyi nnel f and a sk
5t i mat oFOut put réadsFor ™ - |3 6 and Nr = 3 the (5)

g

r
nirecei ved by the receiver 102}@{@ i | ustrated
Jle53t05(vvhe[: tlnelgg) dowhwa¥ldg in the
F ﬁ enng
2:

ecel. ve ntenna r ,

5) & MC fabl e 4 e| VeFr 3 &8, 1 L22 ,
| 44 3, 1 L58 , EYES ,S¥MIR2 3/ 2 L44 , 3, 2
3,table 5

In this embodiment, the following criteria are taken into

account:

Cl) The long preamble power should be evenly distributed to
each sub<frequency in the passband for optimal channel

estimation performance (see [2]), every element in the vector

en,s 1s therefore a complex exponent.

C2) The long preambles should be tone-interleaved in the
frequency domain, so different sub-frequencies at different
transmit antennas in the passband are loaded at different
times. For the simplest case, each sub-frequency at a
particular antenna is loaded only once throughout the long
preamble transmission..This implies that the combined set of

loaded sub-frequencies pertaining to the vectors ey, 1, €a,2s

ey garNsym , equals to the set of passband sub-frequencies

for each antenna a= 1, 2, .., Npyx to allow all sub-channels to

be estimated from the long preamble information.
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On account of Lf n being independent o f t and n by
desi gn (as described above) , each colum in tables 3
W@ 2006/0§686818 a conpl ex sinusoid o f a differentPCT/SG2005/000275
anpl i tude but equal frequency. Using the received |ong
preanbles, i.e. using the L¥ r ri' he residual
frequency offset estimation unit 109 generates
For &staiusl e f raguensys el seftlestjpmt-esl g Landdepandiyeg ic
on the current tinme given b y the tine index n)
preaﬁ:norl@h;pgﬂb aLcPNTx— M@ = % Iwhard theSr@dskiand govers
Lf, -1 n fe[8, 22,44, 58 r—I Z alLP,
subrﬁmwhe&cn(%a mm,cﬁvﬁrsl%ﬂexlt?erﬂédrfldf and thte

neex; corresponds to the second | ong preanbl e
St%é¢gﬁie9§ongféiéanbles 202, n=3 refers to the third

| ong preanble of the | ong preanbles 202 and so on.
Note that the residual frequency offset estimate ("LP

@llt Leiegeﬂdejb‘g gt;:t [om0 o A 100fE ,i ndex n ) . Wien

nor me available in thé receiver 102

_f%’@igo;ﬂdkjggi A[@ros T Adomo ey n ) the

requéncy offset estimate will typically

i MG L

generated the residual frequency offset estimte COLP
TP Finally, the transm ssion bl ock 200 conprises a
caplbe athogenf Hata bynbblesDomtemiEh Bie-4ransmitted by
the transmtter 101 after the |long preanbles 202. The
signal values of the data synbols 203 that are
Figransniﬁkeﬂat@stMMefffﬂqmamqys@@nmhmn@¢wenfimrmhe

i ndices. [8,22,44,58] are |ven he sig nal val u
CrARSTESgheR ok FPY PHOUBRCES e EHEE L eV (SRR OF
théslﬁgéﬁgﬂbﬁted i n subchannel f via transn1t antenna t

time n . These synbols are also referred to as the
pllots enbedded in the data synbols . The pilots

Th%nﬁiggeglégrgg Qéiatéyﬂ@ l§h8@ﬂ Eﬁ ﬁf erPfPustrate the

OW Nng ar principles as the pi ots enbedded in
frebeehopgdpmeanblesdihg gondifserent (d)b- fheqrerneised

tr%hggﬁLbég gggagxaﬁd tfﬁééGEBP”QBHQ—lﬁtéPfe§§{n8 55@

preambles.

It can be seen that each sub-frequency at every antenna is
loaded only once in the whole period of 3 OFDM symbol
duration to enable efficient channel estimation. The union of
all loaded sub-frequencies at each antenna over all symbols
(time) is therefore the set of passband sub-frequencies

{1,2,3,5,6,10,11,12,13,14,15}.

C3) No sub-frequency should be simultaneously loaded at two
different antennas in the same OFDM symbol interval to avoid
contention and interference, which causes the signals
transmitted via different antennas to add up and become

indistinguishable at the receiver. Referring to the example
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Df,r,n =+ Vf,r,n (6) where as above, f specifies the
subchannel, t the transmt antenna, r the receive
wapaoeonasand n is the tinme index. To di stingui BOT/SGN5/000275
Vf r n, adfferent notation Vf,r,n is adopted for
AVCGN (additive white gaussiéHjnoise) sanpl es. Unlike
the I ong preanbles Lf ,n which can be nmanipul ated so
abotet i tyaiselipriafd xhes Flathl r@hM tshanlgat @fsitgwallong
val umne u of
or R PONEr (HOGORE T PR ey vr S B 1 B
antdmta i ® UBS, 11, 14 sareirmmemim 3t qo,rJQs,e!mc}e @fnd thus, no
cyclic prefix sets each OFDNIsynboI to 80 Mary
vi B ¢h Fsdindidoiequent |y, the frequency in (6)
is 80w instead of 64w in (1) and criteria C3 above is
no | onger applicable. The pilots are thus chosen
Thé ralependem lof ¢oztmlidigteerctjetm e fremdiremergy that if the

Lo Brint L T Thead i AR SRR ARl ere
pa BRI 1 Ot Se SPLE Hﬁ.d ﬁcﬂrxﬁ fkﬁ Ng@ﬁ&%@gaﬂﬁm@arﬂu@aﬁm—

[1]). The definition accordin (7) 1s illustrated
spd©s hhtr Hx angs Nto &3 ortf}msgdsfiml sat’m‘:h&rmeixm]fltmc[es ofldach

58 in table 6 and | | lustrated Ie 7 for the ,
hopate res 55 e than R O A r e e ing |bain to

thé d4md d€arpkd, AR 2 hd-di8a e Tnk Kik 'f%xsdb &é’q@erﬁzles
3 3 table éptransn1t antenna index -> -ki -ki -ki -
-ki -kitime - 2 - k2 - k2 - k2 - k2 - k2 index -1- -
k3 - k3 - k 53 - k3 - k3qtable 7 The pilots
enbedded in &HE dat@ synil g, i.e. the Df -j- n for f
[8, 22, 44, |58] are,uysed similarly as the pilots
{1, deBOdHed i |t he Iogﬁ gredhbles by the residual
frequency offf set estlnat?aq unit 109 to estimate the
resi dual frequ@ncy Sffs& he counter part of (4) in
estimating each of the tone frequency in the 4Nr

subchannel s "sow knkp -1 Bf)r], n Df,r,n-1 (8) Equation
(8) is arrived at based on (I7) and the property that
{2,511,14) is |[eX™) 0 0 | and

T

O' ej(*)
{3,6,12,15) is | 0 0 el7,

where * represents some arbitrary real values. All of these
matrices are orthogonal and formed by elements with

amplitudes of either 1 or 0.

The problem now is to solve for hy,g, €5,s and cs, for a =
1,2,..,Npx, 8 = 1,2,...,NSym subject to the orthogonality

constraint.
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kn {1, -1} by design. By extending to nmultiple
subchannels and rewiting in recursive form (8)
whewooessST Lp NLp a DATA 0 = L p, NLP e o = 1 DPCT/SQ2005/£H00275
, r NLp ,a DATAAn = a DATAn-1 1, 2 , aDATA n
WDATA,n = 8 0 (9) The accu ated suma p jt p that is
generated by the residual FOE unit 109 based on_the
Equabheppr ééhb@lé@ A2t oFdl rRE tREFSFA LK FIPIHe FITSt
value in a n for accuracy enhancenent. The exponentia
factor in the first line of (9) is introduced to
eaceompk,for the difference in frequency arising from (6)
the absence of cyclic prefix in the [ong preanbles as
lQindBpated in (2) and (6) . In one enbodi ment, there (7)
may be two signal field synbols and n=l corresponds to
the first signal field (SF) synbol, n=2 to the second
S L YiROtha@nga 8o &id o1
tor rl’&\gﬂggand E? EQ%E? shb §£e%@%§%g|£§d£%y he recei ver
loadéad anéylbhuetthtedghnutabhesdﬂr@leo ¢hhehe Nipm OFDM
grows downwards in the tables) .table table 9 table 10
symbat¢h oh eheepbRuAmsthA pEbhegOBaL 4tY0CRRAL BEOR ef@r BRE LY
as_a SI c 0 f t
ne By oBEPof -0 SUCULEI ST Equghey of FOBE TR TR e e
antdafABi A 66 bhaesyahokankas.ths éuehuennyydona|antsnna a
di scussed. For ease of Eres ntatlon gs ngéseless ation
neegdgs0i §ec6AEPEEFERT - af PRoTY UERRNSalR HPGu ﬂ?aﬁpﬁﬁF
(7)0LbEr Wigen Byppose a time sequence yn , n= 1,
C ey , I's multiplied with the conpl ex SIhUSOId e W
n+< where w D 1 . Upon perform ng discrete Fourier
tran§éorn1on the product, the frequency domain signal (g
WtenlrIWMrleouna&Mmrey y 1 y2 - yN
] . diag {e (w+ ) ew+f) ... eJ(WN + f) } and
S the Fourler
wherein o is arbitrary and By, | is the null space of By

_(i.e. the columns of By | form a basis of the null space of

By). Ba,| can be obtained by singular value decomposition
(SVD) of the matrix Bs. Substituting (8) into (6) and

defining M = BBy, | yields
€a = MaQ (9)

to which there is no closed-form solution. In fact, due to
the nonlinear nature of the equation, it has possibly no
solution. Therefore it is more tractable, instead, to find,

given M5 and that all entries in ey are complex. exponents,

the vector @& that minimizes the cost function
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transformmatrix. If the effect of the sinusoid is to
be nodelled in the frequency domain with a di agona
woraioeioxese¥ by t hen The above approxi mati on appl PEFSEI05/000275
the matrix JT and any orthogg$al t ransf or m havi ng
fixed power in every el enen i ke the Hadamard matri X,
and i s exact at the diagonal entries. Based on such an
MQT&XEUEIM@ﬁ, the tine domain nodel s and frequency
omai n nodel's are related as depicted in table

J1.Tr, X for. g rem i aplurglli of g °
| iﬁ‘g S‘%f&ﬁ%ﬂm%@?ﬁf a%ﬁ?c% %‘e&dh@?&)heﬂ e
invention The invention relates to a transmitter, a
met hod for generating a plurality of |ong preanbles (10)
and a communi cati on device. Background of the
invention Wth the introduction of multiple antennas
The sublserigdl iazakisobeeh MMOteMUlihi phe bbput Wkt epke of
t,put) systens, the transm ssion capacity of OFDM
not, g arﬁﬁ’eqﬁ@ﬁcwlﬂil{i‘iu@i JAlNgl efpPai@ngrrns st desnd by
is largely gxpanded as the nunber of communication
setgiagnd = i ¥phatk e aandiimdxpinistingThi s benefit is
derived, however, at the expense of a nore conpl ex
recei ver design conpared with the SISO (single input
si ngl e gut put) lution. A direct consequence of the
Jm%sigﬂwweliﬁr%t contri butes to the added (11)
compl exigy i the need for " identification of nore
_sgatgi Elgc%aghgl s. More sophisticated channel
estimati on schenes and nore pilot synbols are
therefore n eeded . Several challenging issues are
whepesad siwhegnleenshdeei Aecbhgodesign of pilots for
channel estimation. The nost pressing of all is
associated with the provision of adequate information
for identdid iﬁg all channel responses between every
E&Fﬁﬁ@ﬁﬂﬂ gnpVrecei ve antenna pair. Mre preanbl es (12)
certainly™al |l ow for nore accurate channel estimation
and sinpler design, but are too expensive to engage
due to a reduction in throughput. An excessive rise in
haspPepRegarEARduRlEr nFABPERENGNGLE) | aed 6L1lbnhahciagevident
~data throu%h ut in MM trangm ssion altogether.Fig.|
thaghp@Rshavrody(Preahbiepibes agcHndijgg=t® prior art. The-
| ong preanble 100 is used for the single antenna case
-and conprises three OFDM synbol s 102 of FFT (fast
Fourierptransfprm sizg Npp = 8 and each OFDM synbol

JBhpTiS &t s°Grs + 257°Gne = 0 | (13)
where

c+js =cos@+3jsinf = e (14)

Gy + 3Gy = UyUY] o (15)

and the subscript of 8 in ¢ and 5 has been dropped for

simplicity in notation. The solution can be estimated using
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cyclic prefix (guard interval) 101 of the length NP =
3 nodul ated synbols. In this conventional design, one
wWe y@biotesps ef i x 101 is provided for each OFDM spetysG2008200275
in the long preanble 100 tqﬁgrotect it agai nst
i nter-symbol interference An obj ect of the
invention is to provide a nethod for generatln%_lon
Newprehapsor @ h tema t TR ReEHhi R e R TR
r pLeadl e transm ssion can be
ltsngdﬁcegg%%%%a$% ?% %rlor art . The .object is achieved
by a transmtter, a nethod for generating a plurality
of | ong preanbles and a_comruni cation device with the
features acc rdln to the independent clainms. Sunmary
g é&h ' transm\gter i s provided conprising (16)
meﬁ M|ommnéc% détermining a plurality of
synbol s such4 hat ea ynbol conprises a tai
conponent and the plurality is determ ned in such a
way that the tail conponents are substantially equal.

.to Theldrahsnniténuhuntherscbapid¢msesfa tone generation

unit for arranging the plurality of synbols to forma
plurality of |long preanbles such that the plurality of
| ong preanbl esgig yone-interleaved. Further, a nethod
Ofqn gefgrat l«ity of |ong preanbles and a (17)
connun|cat|§3.g§ icejaccording to the transmitter
descri bed F rovided. Short description of the
figures Fi urdd g%gh a -long preanble according to
prior art. Figure shows a transmtter according to
an enbodi nent of the invention. Figure 3 shows three
| ong preanbl es according to an enbodi nent of the
wheFRyention. Figure 4 illustrates the frequency donain
power in the transm ssion of. |ong preanbl es according
to &n enbodinent of the invention. Figure 5
dd3(Qist r in es according to an 18
eg@odlngﬁgf £ﬁvgﬁg§on g%é%re 6 illustrates the (18]
time frequency domai n val ues accordlng to an .
‘enbodi ment of the invention. Detailed description
IIIustr t|v t y ey d,j.h S s
and, & 2PHa Fﬁey sagg%ai g%%%%ﬁg%a g% g%gmﬁggauggggnal
beidlge coener at eéspectively, and subscrlpts of B8 again

omitted.

The simple example introduced above is now used to illustréte'
the procedures involved in attaining the proposed tone-
interleaving long preambles. Accordingly, it is assumed that
NFFT.= 16, Ncp = 4, Npx = Ngyp = 3 with the passband over the
sub-frequencies {1,2,3,5,6,10,11,12,13,14,15} and the
stopband {0,7,8,9}. The following steps are carried out:

S1) For a tone-interleaving design,
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15

such that .they are tone-interleaved. Due to the
comon tail, no cyclic prefix of the synbols in the
WO onvgopiseanbl es is necessary. Therefore, the |BPESG2005/000275
preanbl es can be significantly shortened conpared to
prlor art. In particular, in 'case of a MMO (multiple
put nmultiple output),. syst em, whererelatively many

[g ol s e necessary for channe

[ Sti r%{ Eglhrg)ig z%gg't amlig reduction in transm ssion
loyer hi eved wi{ hout conprom se in

ELberTEfﬁgﬁEiT gﬁ% ﬂnnn té'f may be seen as an
1§Eparent cyclic prefix which is absorbed into each

rrg Epte&ntRel S{Thi, tlonei nL ey | eavi ng property al | ows
[ZfﬁhoSI npl e channel estimation at the receiver. In one

t i+ er gt t npl o to neet
’the re u:@rgrnssln%t 7;? %njf%/qu;géhgs}e g’ﬁ%’h fu%gﬁ}'I n t he

a?zﬂ)p?? Eolt ol e B P ion e Por Merice: AL Ebmpl ate

[ ctor is constructed in one enbodi nent as a basis to

Ea,§ ci |H {Gatle2t heb, desi il BFLY, a3g1pr pfitl) es. fiahsnitted at
1 fferent time and space regardl ess of the nunber of
Ei i1t 22ng fg.qFQelgnten in the corresponding
[’ onnun catlon ystem Enbodi fents of the invention
1 ro e nt cJ ai ns. The enbodi nents
ELQWH ﬂ@é@ﬁvgﬁg ?%'the ntext of the transmtter
[18] € analogousl valid for the nmethod for generating a
Ealgmﬁ.l{ltﬁ b, l%ng{l@ré&n:bl aslgnd the comunication
[2gEV|ce The synbols are in one enbodi ment nodul ati on
Fr-Syabel & oFgrs exanpl €.11 e, synpel sar € 30FDM synbol s.
_?’ he synﬁols can be detern1ned %gsggion a de% nposi tion
2 o f_f nt
5, %)assga{lfq ‘?# %@égt:?e%%g)ngg ilgrpjo%}wd{ol@' llé‘quewcjr@s :
[ e enpodi nent, the -synbols are determ ned based on a

ecoEpSs 1Lt 2:0h Sofl; 8 S;dLOo ar 18r bysfdomiant ri x15)n at
| east two matrices according to the deconposition of
the frequencies. The synbols are for exanple determn ned

. det t f t I f f
Lo B e G Sumn BONMGR (RE Lot FAPRES BREROPRARaSF khe
o r d
2 2’%0%?9.92’89?59adgﬂ%ééagﬁgm%ﬁh@éﬁ65m%r, EXSPBLESRIPEES set

of maysbenddapleunas (asbapecsfatidony The sabvunipathosf the

DFTg%E%%e n?y al so be adapted as a nobile communi cation

I

S2) The matrices A5 € n1ex40 g By € [36x40 4p (6) and (7)

are then formed according to (4) and (5).

S3) A singular value decomposition of By, which is of rank

0 40x4

36, is then performed. The null space matrix By, L € can

be easily derived by extracting the 4 columns in the right

singular matrix of By that correspond to the 4 zero singular

values.
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[Ilustrative enbodi nents of the invention are
expl ained below wth reference to the drawings. Fig. 2
WG bawd®1@s8 ransmtter 200 accordi ng to an enbodP@ERG2005/000275
the invention. The transm’tt5er 200 has the structure
according to a MMO (nul tipte input nultiple output)
system The transmitter 200 conprises three transmt
antennas 201 which is each used to transmt one of a
plurality of data streans {2 wherei n the dat
S4) stheanstpd? Mre Babpll éﬂqlozgf@helﬁ rtéi’%rhiqqnlé?utﬁfgt@/ be
sone data .sources (not shown) . Alternatively, one
-single data stream 202 nay be supplied to the

bansmi L hefesgPO gvRk 6. ioSosmPPEd . benot-Nbesssth f foereant+ 0.2236 ]
t?sz%t—rﬁ%%y (}.gﬁ__ﬁ\ﬂi ns 1”%.%%-—3!‘?28% apssktes. o7es;
0" conpri‘ses- an or 6gona freque S| 1 00 0460
81 AT url £5503 WAV ER midt S e CUhtabr RS 0-04%
eh1bY +haSedans mMat2ant ShAtks -2043%ctBriitRY Lol BEDW - 2945
Ut + onosue h -bhatost-he. 1datia -©orresspoOntiddy Do0F7Rer 0.4973]
At 9559 L 9a9E 4202 3k63 110aBSIH; t t-edoddre— bl v bt £152200.2056]
w _tolggé r—gcf.gQ]Eé SEF, z%?ﬁr%ag?ioﬁ hg&rb%% aLo8 ob@t L 198aRted2105

0 ge dng preanbl es _t hat pr.e ded .
FooRL5 (7 0-GAFS) BOF A 1 R BFbords DBt BBt ig) o dgps + 002103
012D s ReWES 7 hr8e3148nyC Fi8ahii1t%e39B00 0alR98F di%ngB4Bs Ant16>
mbostiarent 0 ofsi t Re. 0382ent i 10047 Eactpsdf- @ Hi85kongl-2905 — 0.1578]
reaihy €% . 36431 So. 9288 +hy 46m8 traDSH & caniennao 2042 efo.2943)
h nsmsyber 209,51, r 57860 @ 6531 - 0.26013
oﬁog\%gd (g:l)?%%rne%d%g {]g'dk}gg:geﬁtﬁ?ggrespgﬂdi ng to the 2
respective data stream 202) and there nay al so be sent
short preanbles before the | ong preanbles 300 are
TheS@OL1 Apscean bes SEeH ramif il sAmiltehel st arig apimesiTiresn
300 do not conprise an explicit cyclic prefix (guard
thei At eptamnshefwsds TAGHOFBPINSIABS| Batnixt Rt MapgSociated
..contai ned i | es 300. The val ues of the
Wlt&ﬁbﬁs%n‘%glrs% %gilgjggggt %ggg‘gn such a way that an
identical tail 302 is shared by all OFDM synbol s 301
correspondil{}% to the samg I]g%g preanbl e 300. The tail
55)302 seVeShendfdingti el b “Hh aféi cahtubycedcipragesrdance
In the | ong preanble 300 shown toE in Fig. 3 the
wit\ﬁa'[gll\i/lésg {6 badksardeecsean asnbstth partrift ainkp aft3each17)
OF 01 synbol of tength 8 as well as the cyclic
anddr@fiyx +@f drveivdord |8 b FDM Styeot i@0L. This idea is
applied to every transmt antenna 201.

86) The vector 0 is Ehen created using (14). With reference

to (4) and (6), the time domain preamble can be obtained from

Xa =(§af+ga where the superscript + denotes pseudo-

inversion, and therefore
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In the followng, it is described how the val ues of
the I ong preanbles 300 are cal cul ated. Denoting the
W@ 2006/0CBEM synbol in the a-th transmt ant ennaPCTSGH®5/000275
time domain by the vector t s , its frequency
domai nequi val ent can be obt aihed through the Discrete
Fouri er Transform(DFT) matrix F by a,s = Ft- (D
Rearra[ggagthe e% nts in f_a s into the bandpass
Byhf Fe es ‘dénotled by e_n s and the bandstop
sub-fr 31?‘,136;5391% ted by On , and observing that ta
sisc @ﬁsed of 'its+head conponent ha s and its tail
£o gp b3,1a,.i.n ,ehg formha,s a,s (2) (1) can be
TEW i | g ?ﬁge‘i a@uff'ling the rows of F as ,s (3)
wher e on‘pf’ ‘s%’

orrespondi ng conponents of the

(19)

DFTmarfw}g% |ng3 he tail values are common to all
& BME=s [rfoﬁ? the 'S@b cript inthe tail c is free from
s . Forl*algeeers, 4 systemwith N x transmt

antennas and Nsvm OFDM synbol s in each | ong preanbl e,
. (3) can be repeatedly used to witeln this

thef |l awi ng criteria.are taken into
Theac%:)eosﬂl qo pg:a%f‘fbel JREHEENGEHS] be evenly
dlstrlbuted to each sub frequency in the passband for

i mal _channel_ estimatio Eerforrmnce (see [2%(%, }
Py '8¢ afeft®3i h the vect(br6 1 50380 t&x2712
ohé#RS.~ CO§%%The | ong preadfidle% 06Hd
eL-iLpit’ert-éa8féd i n t he |fT-¢lientyodkd
=f-pepuehdPes| at di f f greAd74+ &AsIH
9bzre +ar eBopded at di-Pfseenb. 130
| st ~oas®4i pach sub-{fpegeenoysiat;
ennzvsi-so.osaged only dnoesthr ugdse
I ¢andsse -tor @) Ssi on.  ThbobdPbi@S 1
00fook oadedoslib- f Fed)Tene| @se Pordsai
006380 @ 03sdb1y | €_A, 2" .| 0,828 80 3577
@@z‘t‘vﬁ@&%du%%m frequengi 0e§6g‘4oro e%g

0.0024 + 0.12423

pfoper €At25813
0joa5t he.54233
@.2222 — 0.5255j
b &89 — 0.54703
t the | opg.os39 +0.11773
hat the cenbbned.oozs;
ingted T NE.1346 - 0.02333
uals to r&esz‘%@t 0.6354]
ant enna 9.713 _%.47303

a partic

{=0.28d¥ X0 b@Psqq) | ow al | syhs¢hapngls(to be es b'B@lizego 44703
n.Lhs Jd en 3E)rearrbl e ijn QLR Lo, Eor exanpl g, 2 0.03135
t .%O‘A/'_ﬁut 1 1? I engt. 13 %CXPoslzzg prefix B 507 +0.08243
X = N3 YN 3 vher g the 31%a5, band cov 1S 5 34951
“$reQuehdtBl (1, 2, 3, 56,7100 11:313°9] 3, 14, 15} [ Antf3P A - 3435
st Bb(gﬁ(a—[oo(,)l—}}jg 9} ‘0. 0256—0 Olllj 0.0256-—0.0111]_

1,1 = £2,2 = £3,3 = &5,1/
L1,2 = 2,3 = £3,1 = La,2r : (20)
£1,3 = L1 = 32 = £3,3

which are mapped to their frequency domain values via the DFT

matrix F as described in (1).

Fig.5 illustrates the time domain values according to an

embodiment of the invention.
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= [ 0d 0oood od Cof , = [0010010000010010] T , =
[OOO OO 0000 A f , can be chosen. This is

wobdoastgsagt ed in Fig. 4 . Pig. 4 illustrates therCT/SG2005/000275
frequency domai n power in the transm ssion of |ong
preanbl es according to an efodi nent of the invention.
The ni ne diagrans 401 to 409 shown in Fig. 4
illustrate the frequency domain Ioading at different
sub-frequencies,_ transmt antennag:and i mes f

The grigid MG ERVIHF e RS Hrditl &9 thg HAFH5ES s o0 (a0

N Y eniand1e |0RARd amey tails

forgﬁacclg %ﬁpct%]ewv\}}o eOlgirllrgg\ée{)c? 3 OFDM spyrrbol duration to

(skmvablkmlei firci®ig. i)haﬁmeobém S o S tTHO Wi SeRIe Salare
oadeq% b-fre uen | es at each antenna over al

ld%?%b €J¥rﬁﬁ Btore the set of passband

sub-frequenci es {1 2 3,5,6,10, 11, 12, 13, 14, 15} C3) No

sub-frequency shoul d be S|nultaneou | oaded at two
Figyi § f ek Bigt e i hinge I@Dl\ﬁ? IVaHeT EECYiing

avoi qg%s ce, which causes the
tosa%n&[‘k?@ ﬁ%ﬁmﬁ Vi a‘gérpfelecr%gnt antennas to add up

and becone indistingui shable at the receiver.
Referrln to_ t he, exanpl eabove, .in trans n he
The| FSTOEPERY GBS aToTHe | T B e he it 4 601 co
60H08ds sSup- £ﬁ€&ﬂ§§§'§§c&ﬁdﬂn%otd3ﬂhea@i£ﬁpﬁhZhbove
{2,5,11, 14} and antenna 3 {3, 6, 12,15}, and thus, no
V|olat|on of the condltlon The above can be

rnER0SeL U8t a1 0t b, £ AU LRTEDLoLbaLr b allerl 908 anove i

ues a eac requenci es In t he
inpasghand fsrreabtdedctowotma—meeﬂeavm@ desigxs. This

this tjmespace rix pas to be orthogonal . an
ocEBR YOBE DRSCALRDEF Rt - HOBRLt LM BRIRTE s e (egge tO
al78l0suRet gf ehhgdagakast ort heesask exanp) etotdelve (13). As
time-space matri x for sub-frequencies J(* >

a {:@snlno 1By ipng pregmple }:imeS{‘z%lliaih}t?sagflu}r% unit

'amg %t?&gs if %ﬁ Feg&gn%%5&o?§lﬁgeﬁﬁ EGPhesgbEs, sone

rary rea se matrices are
orehbbogamatyamd épauedtbmeeEQHEﬁvernShb frequency can be

achieved by introducing special orthogonal matrices as an
alternative to the tone—interleaving strategy. The idea is to
produce common tail long preambles from a small set of tone-
interleaving seguences by linear combination using orthogonal

matrices.

To illustrate the concept, the design example above is
considered. Careful obéervations shows tHat the interleaving
tones have amplitudes deviating slightly from unity, by a
maximum of about 1,6%. Instead of designing Npy = 3 sets of

interleaving tones, npyx = 2 < Npyx sets can be designed by the

same procedure to arrive at
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15

anplitudes of either 1 or O . The problemnowis to

solve for h_a, S' eas and s, for a =1, 2, , NTX

W@ 2006216858 , NS y1 subject to the orthogonality PCT/SG2005/000275
constrai nt. Equations (4) and (5) can be expressed in
conpact forma = a a (6) J Bdka (7) for antenna a . |If
every sub-frequency in the passband is | oaded on

once] threddghewt. 2H&7dur at i on of {Hbe 4%M¥n Q}:@\AES]ﬂTbN S

| n ANeNRd ga o LA Tk hogonal i Ly | apngdidg ofy i g1es| |y

met by applying cycligc shift of the tone assigndept in
ant ena 18 7ot &-He¥53Hnf ennas. As <>U9h026ﬁl‘§/00§g93311 enna

a needs F1@7be conmjsder ed. The sollubi.onsot-e of. izeﬂoi_] hear

equa1|on h by a = 1|a, 8 ais
ar b|1 %§) aOBaz%g%Sjl 5 the nul | 5,‘8(;278]8 B\M;%(gﬁ t he
col ul (IBEGBaO‘Gm‘m]aj basi s of the¢—OubRlépade 7dfllj|ja ) -

a JL obt by singul ar yalu C DN
(SVD Coa;bz?h%e ncgtrl X Ba . Substitut :On§2?§ -PQT’%%'ZESB and

def i ni-AglMZ +AOBOBR8Y] el ds a = Maa Q9:9547)‘\I\ﬁ+@$18$]‘](=re
Lails Mo_gl gsgd-f ar @7?@# Ut i on."alh Tacg, 4sie 1@, 3111@5

nonl i near naturé of the equation, It has possibly|no
sol uf -8n40Fher £+8P8%1t is nore tna@:t]a‘b@% pn%%%%lj to
find_gi yemiMapapdsthat all entrileg. iozsea+ay B xRl ex.
expoments, the vector| that mnirze e C

functi J187 —24P0%\h =ja - | —ﬁ E&EB &%TJI + H

- (1())—0Tm668ub5>012|9p83 n has been cmOt t5®8i A G S Tdgve

(2) s B 65|13 et ng [g Z QueM ) MG Ao

IJ settingig

maxi mi-2i. g2 e e 0é2§|] gul ar val ud —@e #éo"le-lQ)gn?e'ﬁcls
been | car{d £d_ogito34RM ja“ ng (10) |apd1$41)- 0. 0382§
evi dént’ that to have J (a) = 0 implies eH U _ e =0 or
J 3 () Tr+r-+25TGmc:O(13)V\,herec+Js:
cos (g + jsi = e (14) and the subsc '

f
Sléﬁé §hﬁa§Tbeen2d?%}§)ﬁeHaV%r sFRAPFPE F?/H‘p Eo‘?aﬁ?%ﬂ Z?The
t ted
soFBAFAL VB RREnbil GptRTEXbana gl CL3Ro e g eae Ly Scombined by

any arbitrary ratio kj and kp, the resulting signal will

always end up with a fixed tail so long as kj + kp is fixed.

For instance, if the first set is multiplied by 1 and the

21 / 3

second set is multiplied by e or the first set by

JJem /3 _ 1 4 2m/3

and the second by 1, k1 + ko in either

case and the resulting time domain waveforms share a common

tail.

Both waveforms do now occupy all. the passband sub-frequencies

instead of being tone-interleaving. This can be understood
when the portions of the two tone-interleaving sets are mixed

in according to the linear combination. Since the. linear

combining ratios 1 and ejhc/3 are both of magnitude 1,

multiplying the 2 sets by these factors does not change their
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its first order Taylor series t o yield the m ni mum

norm sol ution of where = 2(CG s - SG ¢ + SGrs + CGic
w0 2(0&®)esand C and S are diagonal natrices w t hP€TBG2005/000275

mai n diagonal s being c and s respectively, and

subscripts of g again onttéd. The si npl e exanpl e

i ntroduced above is now used to illustrate the
ampdridaeiduries fuamlensy .i Asatths @i sgtshansr gddddinterleaved

assgkg%ﬁﬁl%gﬁkggscgﬂqﬂ%ée%@?f%ﬁ t@&&Pﬁgg%Q%%r Mﬁlisresult

in thevayaskiand cavid tahe adub plrsetpaentc ifesquencies.
{1, 2,3,5,6,10, 11, 12, 13, 14, 15} and the stopband-
{0,7,8,9}. The following steps are carried out: Sl)
FolhQwihd Aerd S MiNg 4o I 1brfd lorbal®1E3k I a
O-,iﬂll}él: (2. PrAnas 14} " 10, 1. .ng,pll}a{S 6 ,e{l%ze, ces ean
be E5Jsilh0,created thet} meek fthe Zomm@n Hme glomain tgil @nd

cevfhogolly W gty ), g

smalll. tZDne-‘h_nteE:LeaKangS,seQ ,:l.le;onib]Lexl%xplﬂ}ent{ Q,alz,los for
11} F {1, 4 10, 13} ,{12, 15} F {

eactp arr_[t:gnnq @jferentlg_}lmeS{ 1 If'4 it lSl:ﬂnSUngl tj:l@t the

seqluzﬁnéf% cj’:}{osé% %g] d%.ffe%ﬁntS afxt%nfas ar fr%hgg%lx%ll%gx

spa,cé)—tinileo 2, cHEdnelSles ik titd, therILB:}heF desFig{nO isl |
, 9, 10, 11 3, 14
co%eﬁ% §é{ w&*ﬁﬁmr@omﬁmifo ! ﬂrﬁ%ﬁa‘fﬁgﬁd sgtFe gnd
t
gengsat %%vﬁgke §8?§)t9§%as and5h unﬁg§1a§%§gggfﬁe%§

6b¥ the subscripts) of the DET matrix F . The
°; et FPEe§TACRNE B 15RA6SAna"Ba % 50@@@66@1@ 6) S¥mA°L7)

are then forned accor tqg (4 d (
(tifsig R rartReR e det C’%1 3113&:% \ﬂ#té}?qoé'?a&fltryank
comfitich thehdPeI iy mReinhe null space matrix Ba j_
can b e easily derived by extracting the 4 col ums in
the right singular matrix of Ba that correspond to the
4 zero singular values.S4) The matrix M= AaBa j _ e D
4 |s Ehgn conputed to be 0 . 1314 - 0. 0656J O.
€ 0640 -0. 0820 + 0 .2557J 0 . 4933 +.0.2236

I)=12629 - o. 2779J o . 1534 - 0 . 3681J -0. 3530 - (21)
éészal 0 %?z 007680 - 0. 3232 - 0 . 1455] 0
T S04z 0 T%283 - 0 . 0616J O . 0598 + O .

04693
where [E:] = eea’s a=1,2 n =1,2 N 1 i
Rila,s ¥ & ’ = Ly Lyeeey TX,S— r Ly eeey sym,_lsa

column vector of ones and ¢ € DNTXXl is an arbitrary complex

vector. The first equation guarantees'that the linear
combination ratios add to a constant over all symbols to
realize a common tail for each antenna in the time domain.

The second equation ensures orthogonality across space-time.

Referring to the example, if
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-0. 0101 + 0. 190G - O . 0842 + 0 . 3566J -0. 4363 -
O . 1382 0 . 1316 - 0 . 2945J -0. 362 - 0 . 0994J -0.
WQIZ@4/016888 . 1212J -0.2168 + 0 . 14347 0 . 0571rPET/8G2005/000275
49733 0. 2859 - 0 . 04243 0. 2388 + 0 . 02337 - 0 .
0252 - 0 . 3567J 0 . 1752 + 40 2056J M= -0. 0840 - O .
41553 0 . 2432 + 0.2530 0.0386 + 0 . 004G -0. 1925 +
0.0 %%njgﬁ . 3013 - 0, 01p9J -0.2694 + 0.2126J -0
0367 {0 . 43153 L0. 1925 + D . 021G 0. 1290 - 0
B .2787J -0, 374Qj2r 0324054 -0/ 2904 - 0 . 0006J O .0848
2170 3.116%J 0.2518 + 0 . 046pJ - O . 0582 + 0.1704J O
. 1981 - 9 .1552@_-0.%9@6/43 . 1578J 0.3446 - O .
26023 10.. 0283 + 0 . 4322J -D. 0882 + 0 . 1392J
-0.1142 + 0 . 294333-0.04£9%R7F 0.3421J -0.2172 +
0.0169J 0134788~ 0.1785J 0.0531 - 0.2601J | y O The
nul |1 9pagge/ 3 _ e of Moy 3{milarly obtained fromthe
E28=cgeuifis of the %ightesingu ar matrix of M associ at ed
Wi t ht|hg2®8 /Zer it Nngul ar qval yes. S5) G e D 12x12 and
Gne D 12x12 are calculated in accordance 19vl with
(15). A randomvector 0 e Dis fit into (13), (17) and
(18) to produce n after n iterations. S6) The vector q
is'g Ebeﬁh&fééﬁaﬁtyéhggiﬁlﬂilf W-ehssefsresgewien(4) and
( ?, the tine domain preanble can be obtained froma =

('-a ,)w8a e t:he superscrijpt + denotes

E1 p$ ind & nveg"\gdnl}h anthe e by O e RTTIMY-§ i Hpduence at
domai n preanbl e values are 0.2763 - 0. 6893J 0 . 6947

the 8 anB880Rds' ale. ob924nedlas Z71RJLS 1- 6. DB8B iy, 9. OB6EI ©
O. 1021 - 0. 04413 0 . 0024 + O . 12423 -0.1507 -

rePr2366is0the2&@dénecBer pOBLEICD.. THE450mmon, tagdsjare shared

-0..3636 - . 0,4049J 0. 4874.- Q.. 10 0
atsﬁ%%geé?§§4§l$e§.‘f@@?&z?)o.ggﬁﬁé gg%e.°§§8égz8£}95§23t
eathOsub52584uBné§82an Be ©3941y- vBrif78d9frem0the3i9dgquency

0. 5689 - 0. 547 § -0.1296 - 0.0342J 0 . 0852 - 0
dogedgivalges 0639 + 0 . 1177J 0.0847 - 0. 0864J - O .

099 6 + 0 . 0431J 0 . 1209 - O . 0025J t a,i = 0.1093

- 0. 0820 a,2 =- 0. 0896 + 0 . 0387J a,3 = 0 . 134

6 - 0. 0233] 0.[@33@06 €.0.99803 [0 . 8277 - 0 . 3577J

- 0. 6270 - O . §§5§%49q237@9¢4p. 4489 0 . 4694 - 0

2029J) - 0 . 1703 70 . 47 %9 ~0.2883 - 0.3459J - 0

. 4134 + 0 . 178\ ®32351 054D2€75 | 44703 -0.0723 +

0.0313J - 0 . 0723 #6209 +08K3RB4y D . 0723 + 0 . 0313J

-0.1907 + 0. 082#J - 0O.. 19Q7 +.0| . 0824) - 0 . 1907 +-

0 . 0824J -o.795)‘%=Q%§%4§é%ﬁ57193. 7950 + 0 . 3435] - 0

. 7950 + 0 . 34353005552560-.16790J11j 0 . 025 6 - O .

allj o. 025 6 -_? 136511 b gq@fj nterleaving is

acconpl i shed by setfing ’
~0.0000 — 0.0000]

= = £ =
B,1 =22 =583 %) 5 0000+ 0.00003

—~0.0000 + 0.00007
| 0.5386 + 0.20803

~0.5730 — 0.0711j
0.2687 — 0.51103
0.2337 + 0.52797
0.3492 — 0.45975
| -0.5480 — 0.1817]
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[, 1 2,2=3,3=al l,2=1t2,3=23,1,2" (20) 1,3
2,1 3,2 ta,3 which are nmapped to their frequency

walorseionssyal ues via the DFT matrix _F as describenS6mo5/000275
(1) . Fig. 5illustrates the._tinme domai n val ues
according to an enbodi nent the invention. The tine
domai n values are shown in the di_,agrans 501 to 509 for
al | antennas accpOdiof§0t b G-HO®Kanpl e above. The tails
(shown bold in F g) 53;7)0 fomedkAy| the Tast four
sanpl es are ideng for each antenna. Fig. 6
illustrates the On§3p eﬁd%'ﬁyﬂﬁohain val ues accordi ng
to an enbodi nent @f obhe 4—r0/617t66;m The frequency
domai n val ues ar i pgrans 601 to 609 for
all antennas accalpdll%g%t?irh 92e%an‘pl e above. There are
si tuati ons wher e| tthé 430t dtlire® Mescri bed above is
i nadequate for spatjs or - nterl eaving designs.
Thi s occurs V\hen'?t%e{ﬁ%‘oep S?F}’?} ansmt antennas i s

¢ too large to all OW - D00 ci &rt0QfHgr ees of freedomin

-p,cfz ) L%?%L}ysq(ﬁ 0. oBDA-reddo; fhe 1ong preanble

nes wl [ o ac uire unit anplltudes in the

frequency dOﬁHI n| 0-R080ch &40 prthogonality in
space-tine for eueoy4$gb#0eqegn§&/ can be achi eved by
i ntroduci ng spect a| tho [rices as an
alternative to tn@ %?q$+g§a ng strategy. The
idea is to produg® G@r&ﬁ)m @ A48832jophg preanbles froma

smal | set of tonmd1§%g§ﬁn@rgk§ qguehces by |inear
conbi nati on usi ng orthogonal ces. To illustrate

t he concept, the(dediZH? é%%ﬂ&ﬁ%ﬁlaoove i s consi dered.

Caref ul observat | Qng 1970Wsy 19wt pe interl eaving tones

have anplitudes devi ating sllghtry fromunity, by a

maxi mum of about 1 6% I nstead of deS|gn|ng Nx =3

sets of interlegv t ones, N x sets can be

Forg SRR Dy THE AR st WHSH th ve dipacggn srgce-

time AY the vR23%ks 0 . 6445J 0 . 4016 - 0 . 2019J O .

1488 - 0 . 91993 0 . 1971 + 0 . 2353) - 0 . 0241 + O :

8497J O . 3187 + 1 . 2004J - 2119 + O . 257Q

0 . .
1768 7 6 2 .
0 7+ Ny 4 S2805670 815388 935470 0 083%% o
0.52205 6. 0187p92@1304c7 + Q5045 00, 503820 000187547 - 0
0:5998%490.01875 0.5770 + 0.01879 —0.3047 + 0.4904]

1 /3 jem/3

= (-0.3047 + 0.49043) [ 32®/3 1 2m/3
Jen/3 gem/3

which is an orthogonal matrix as expected.
The procedure is summarized below:

1. Given a number of antennas Nyyx, design tone-interleaving

sets for nyyx antennas,: where npy < Npy.
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ra,l =- 0. 6187 - 0. 274 ' ta,2 0 . 4234 - 0
6445J - 0 . 4016 + 0 . 2019J O . 1488 - 0 . 9199J - O
WO 2009/P16858 0 . 2353J - 0 . 0241 + 0 . 8497J 0 .PGWL8G2005/000275
. 2004 - 0. 2119 + 0 . 257G - O . 1768 - 0 . 2978J
- 0. 17 68 - 0 . 2978) 0 . 24916 + 0. 7011J - 0 . 0916
+ 0. 70113 - 0. 2225 + 0 . 0926 - 0 . 2225 + O .
6J _0_.. 7 - .Q....0382J Nriba¥r, 0.._03832J) Sipge
Z’Eﬁ%%l n—nﬁxégksnﬁgggiﬁgkgﬁnéﬁutaiI (thé ﬁast§4§éaﬁﬁﬁi§)that
sat s AN A1) MR @O, e 18 Aty ienealdnt Gent;ned By
any "arbitrary ratio k] _ and k2, 'the resulting signa
complldx al:wyerind up with a fixed tail so long as k] _ +
k2 is fixed. For instance, if the first set is
multiplied by 1 and the second set is nmultiplied by e
Q§§P R ill
IDWEH%-%égé%%giﬁgﬁgéﬂF¥é In é#?ﬁgfﬂggggq%nd theakﬁé Sl
inadsplatieng d iste vionili W wesdfrer My esttine carc dramore tegised by

. Bot h vef or do, now oc y .all. the passhand .
110G (G T G - G b iTHg B Tam i Maddpption-
Thildlivo0a) fe dddestepdmpendiie 261 id@iodindihendtmd x E;

tone-interleaving sets are mxed in according to the
and impas @i aworcorB-naedtieatimearetconiah nhatatd es 0 in
1 and e p ' are both of magnitude 1 , multiplying the
(2P sets by these factors does not change theiranplitude
in frequency. A s the 2 sets are still interleaved in
frequency after scaling, adding themtogether wll
sin@sUWHte itwa aveioromi oaded woritk ald fasshertd the common
frequencies. Following this principle, sets o(j | ong
taple bl s dfRITCEE XBIPH B AT IOt ddted iardoRatT, the
redffc COIMON 1 1E dopRi D faid. and I aaeNaye AOTBIE STBfdsign
requi renents b y linearly conbining a snal
istomet i thertemtimteeteaninomttex epdrrenieaditivsrgvised
each antenna at.-differ ' f iy ensyred
Wh?rﬁa{h? HESS U 65" 2 %Iglgtlh %A%%% elfnen%h%n hnas are
coRf i fogontdn i chapase-by neifily cdrapiney i st ameit hean, ot thergonal
the design i s conplete. Suppose there are n X
matpie-Ehterl eaving sets, and set i i s nultiplied with
the linear combining coefficient e ' for antenna a
(space) and at | ong preanble synbol (tine) s, then it
Illustsafingi udid onithetlos t hmgonatamylepnoy tapmlyimg FET as

hold by havinpg n Tx " 1 =1cH, i=l (2i;
the mixing matril

1 1 1
B = —Fp = |1 &2m/3 Am/3
& =2 3

] Jm/3 _Jem/3

a zero tail non-tone-interleaving long preamble sequence can

be generated. If the system is reduced to Npy = 2, a simple

change to a size 2 FFT matrix to



10

15

20

25

| .-iHEI =1 , Vi =1, 2, ..., nT Xx where [Ei]la ,s
-=-e'3,a=1,2, ..., nTx, s=1, 2, Y

WORH016838 i s a col umm vector o f ones and c eP@I/KG2005/000275
s an arbitrary conplex vector. The first equation
guarantees that the linear c®dbination ratios add to a
constant over all synbols t o realize a comon tai
for each anﬁg ma in.-the tinme domain. The second
gquat +Bn e #}hogonallty across space-ti ne.
Referrlng xanple, i fis set, the conditions
in (21) are satlsfled wth El + E2 conplete |ong
preanbl e sequence at the 3 antennas are obtained as

leEfis €b) at zero+tdid, grabmbee(dpsienresent Bpfhe= 16, Npy =
Kronecker product . The conmon tails are shared at

Ns¢inf Fe2ent times (synbols) . Space time orthogonality
at each sub-frequency can be easily verified fromthe
frequency domai n val uesFor instance, sub-frequency

s.lLo . Spaget.i - e ;

In\-ﬂnﬁ.}lgsﬁ‘d}géwé?bltg&Jggsggb?gligogg%1%%%585%%5‘%%& to) is
gi®#87J 0. 5770 + 0. 0187J - 0. 3047 -1- 0. 4904J O.

5770 + 0. 01873 0 . 5770 + 0 . 0187J 0. 5770 + O.

0187J - 0. 3047 + 0. 4904J (-0. 3047 + 0. 4904J)
As@ﬁhﬁﬂg‘%h@@ @rtEggQﬂéhn”aﬁﬁéxmﬁﬁlﬁﬁﬂeShﬁgreahgrror solution

procedur e i s—Sunmarized below. 1 . G vén a nunber of
toanbengas Nexwrideshgastone-interleaving sets for n c

antennas, where n x < x2 . Design mxing matrices Ej _

e NTx x NTx, i =1,2, ...,nT x that satisfy (21) and

(22) wherein every elenent in E _ is a conplex

5 - In the extreme case when the degrees of (22)
freedomare still inadequate to solve (13) , extra
freedom can be released by lifting the constraint in
h Zegg,tailiad r Y

S%é%?%ﬁ#%gthﬁgaﬁ t?%ryﬂoggaogona:P%%t¥?x%§éal%ﬁi?alve
equdtientwo tone- |nterleaV|ng sets such that ¢ =0 _ in

(21) . Since the two mxing matrices work to subtract

the conmon tails of the tone-interleaving sets in the

time domain, the resulting tail is always zero. The

@gygmq ge,MgMdgg ﬁlde3|gn is that the tone-interleaving

set's can be rea y re-used when the nunber of

transmt antennas in the system configuration changes

simply | oyi ng anot her orthogona
w%ver?p51ncgpth% o%erat&on on thegrlght hand side does not

Ho
warrant an exponential vector required on the left, the

iteration has to be modified as

where [o]; denotes the i-th element of the vector in the

argument.
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matrix E_ ] _. Illustrating again with the sanme exanpl e,

by applying FFT as the mxing matrix 1 1 eJ2p / 3 eJ4p
WO 286816888 -E2 = - f 1 e J p/ 3 e J2p / 3 a zerOI/8G2U05/000275

non-tone-interl eaving | ong eanbl e sequence can be

generated. If the systemisreduced to NX =2, a

sinple change to a size 2 FFT matrix tol 11 - -12 1 -
Clapnsads to a zero-tail preanble design with N =r Nrpc
=sym~ . In the followi ng, an alternative for solving

equation (9) is given. Assuming that e _a is known,
1. theenamiten sepepeies 8y or solution to (9) can b e
_ witten.as .= a e ) bst.i t ut.i for Iy (.
Feldifdite thed Rt Rt b D, o gymbols
sudpeiail Gadh $ybdl gldmpwing ssiade ide scomgionary anid athe
exponential vector required on the left, the iteration
Pliysl ity g mrfigrelned Sasheh) & wewvkigh thtdrdy"1j
n%%}gg t I s Shent e vector in the
e rgurrrgcﬁlst . asl‘!irrgsjm&l%.l Tranlsi}r)n({%de&i}'conprisi ng - a
- aleterarnigeteat o tudior et eemmianigiqa Waur@linal igfy of
ol s such that. each, synbol. conprises a tail
SO LG 1 HEL B G (3 [T R SATRAE (P ifnge the
pliey #thatot NEod Qi b r£QMPRNE NS R -Subsdanddwddy equal ;

- a tone generation unit for arranging the plurality
of synbols to forma plurality of |ong preanbl es such

2. t%né & Prﬁé%&%&ﬁ(gl J‘Q:lpa[%?r@,l %eif‘edin the s ols are
t'one-1nterleaved. ‘I TFansmtter accor Ingto claim1

moduldieren nsyrikso synbol s are nodul ati on synbols. 3 .
Transmitter according to claim2 , wherein the synbols

are OFDM synmbols. 4 . Transnitter according any one of
3. thedr e 48cSrding to claim 2, wherein the symbols are

OFDM symbols.

4. Transmitter according any one of the claims 1 to 3,
wherein the symbols are determined based on a decomposition
of a plurality of frequencies into passband-frequencies and

stopband-frequencies.

5. Transmitter according to claim 4, wherein the symbols are
determined based on a decomposition of a Fourier transform
matrix in at least two matrices according to the

decomposition of the frequencies.

6. Transmitter according to claim 5, wherein the symbols are
determined based on a determination of the nullspace of one
of the matrices, into which the Fourier transfqrm matrix is

decomposed.
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wherein the synbols are determ ned based on a
deconposition of a plurality of frequencies into
wpawslhanas f requenci es and st opband- f requenci eBCT/S62005/000275
Transmitter according to claim4 , wherein the synbols
are determ ned based on a d nposi tion of a Fourier
transformmatrix in at |east two matrices according to
7. t e e bRps i 2B BNg Hee farsgusicials . the clpdamsr thoerd
wh:?&l‘foféj!éwaoﬁ%cflagicméii & 1 TP WA 5, ar e
det erm ne ased on a determ nation-of the null space
of one of the matrices, into which the Fourier

transformmatrix is deconposed..7 . Transmitter
0. QA T i it = o L b OFf (10T feey s
- aapiad acenndng ¢ o Mo sy seMddt erdBIOG IS that
eagﬁneratlng a plurality of Iong preanbles - wherein a

wErel eimeians 2 dral daemanssg sush theatpleasiiity is

' [ and. th I i [
BT S S R e

sulssibsitaid i) lequegqual ; - the plurality of synbols are
arranged to formthe plurality ofg%gﬁggfreanbles such
[

- P e bt 45 Yot Ry Hriedif form the plurality
of 1Ny gt ericaed & -+ MU tdﬂlidc?”o%e 1SHP M 1es
a transmtter, the transmitter conprising - a
is dedregmimzgilmavadt for determining a plurality of
synbol s such that each synbol conprises a tai
conponent and the plurality is determ ned in such a

9. V@mrited cd tieord aidvicmengitis e S ulsiranditaldy, aqal |
- a tone generation unit for arranging the plurality
Cr SRR SIPRGHR%A plurality of [ong preanbl es such

- 4 hadedhe Rl ural idﬁ@fféﬁ%ﬁﬁﬁmg%s(i?iluralit A Cﬁfngsymbols

tone-interl eaved. 10. Comruni cat i ce acc
suglp Wladi marh sphikehl iomubptesd as s basestrarnitomndl khe

uni cat i devi ce, accardi.ng to cl.ai . i,ch is
P llfelq“!’t;‘-’lanl}c?tLlc lgss Qgencr?orbnﬁnee% of %usﬁ}cc}b% offt¥de |acq—je.%he o
components are substantially equal;
- a tone generation unit for arranging the plurality of
symbols to form a plurality of long preambles such that the

plurality of long preambles is tone-interleaved.

10. Communication device according to claim 9, which is

adapted as a base station.

11. Communication device according to claim 9, which is

adapted as a mobile communication device.



