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WD 2006/ 016857 PCT/ S&005/ 000274 1 Method for
determ ning a residual frequency offset,

W@ ormenissat i on system nethod for transm tti ngP@Ir/SG2005/000274
nmessage, transmtter, netlhod for processing a nessage
and receiver 5 Field of the invention The invention

Methorcﬁlf%fze%iet&ﬁﬁ&&h@% Qs iR MRy eaifhet,
frequency offset, a conmunication system a met hod f or
commundgadiiion iSyg temeethed £a7 Sransidrting RMRRFIIR 10

tran%ﬁ:gceSSI : on?%%gg%%gl(% = % \fr%ssa %&i %&ﬂf‘er

Sven e i nput single output)
OFDM (orthogonal 15 frequency division nultiplexing)
system . a comunication systemw th one transmt
Flel@bmfeﬁﬁ# M%%cel ver antenna which uses
nmodul ation of a plurality of subcarriers according to
OFDM for data transm ssion, preanbles are sent before
The ihentiser wmHiErds tSeR M@hq@rf@mﬁew«@mn%as@esmual

short les 20 are s nt for timn n tion
EreaiitPy [OdOgcy = SATEHIOH ST orY T Hbart | Ear e f i L
t randdf BAUENE Ya qﬁésss%tge esd lﬂ@énmtﬁﬁg@mma& SBbr
estimation is necessary since in practical 25 data
ProCeFinmi T ae BIRge taré%\rﬁwo’fe%%l‘é%bect ed that the |ocal
oscillator frequency at the receiver is identical to
that of the signal carrier generated at the
Backdfausdridf ethe Thiwentsidor one due to circuit

[Tmtation and it particularly arises if the receiver
isinrelative notion to the transmtter as 30 Doppl er

In aS@iéé [Sihgeyi {abhy & nigpduseebte) theprarstehogonal
frequency.” WO 2006/ 016857 PCT/ SG005/ 000274
frequency division multiplexing) system, i.e. a communication
system with one transmit antenna and one receiver antenna
which uses modulation of a plurality of subcarriers according
to OFDM for data transmission, preambles are sent before the
user data is sent for various reasons. First, short preambles
are sent for timing synchronisation and frequency

synchronisation, in particular for frequency offset

estimation.

Frequency offset estimation is necessary since in practical

-data communication, it cannot be expected that the local

oscillator frequency at the receiver is identical to that of
the signal carrier generated at the transmitter. This is for
one due to circuit limitation and it particularly arises if
the receiver is in relative motion to the transmitter as
Doppler shift is inevitably introduced to the carrier

frequency.
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2 A frequency offset may lead to inter-carrier
interference (1Cl). For a nmulticarrier system such

w@gooenesshat adopts OFDM a residual frequencRCDSGEHO5/000274
results in a significant pgrformance degradation. 5
After the short preanbles, relatively few | ong

sQ, A . n.case

A tPLEAERLERoBELo SR L0F % EN R OERIET hhSnippenee

(ICSke Edi)amhmbtueafrsmpl@y@@emprsuchaasebnesthaﬁta@@pts
i nce on| S | e chann is 10 established, few

OFDﬁcm@ 5?%5%?% f%?%uwg@fl%%?tcﬁaﬁ\% FS &BtfnatPohiiFAnNt

per€8sRaffe M MALMbLiple Input Miltiple Qutput) system

where a plurality of transmt antennas are used,
however, a 15 higher nunber of Iong preanbles is

cessar order, for all ann nformation to
ArcQEOPRE Ao LD SIS, Mo SORPeRk, EPUOL OB RRerBo iy are
senenphanQI$©rOEM@n§ﬁ@§§hOﬂtwénlﬁa@hselbf §aBy et NO¥Bording
in case of a M MO system the nunber o¥ | ong

to EP%aﬁ%IF%%O%hjolﬂ‘ ostb@qlﬂ)rqies%e$ hahl i hehhghbere opmployed for

S nunber
T oG Srearal e harmare 15 *4PE E B fbel R The
estethe@a@ncﬁewr&mngrpréammﬂéararEranenghsfon ohamhel

tlong greanbles, also called the |ong 25 preanble
CSEHUPRt?dN, is increased conpared to a Sl SO system
This gives rise to a nore substantial rotation of the
phase in the data synbols succeeding the |ong
In Eﬁégn%fe% M¥MQrﬁﬁu¥ﬁkﬁﬁﬁuﬁﬁmwtaMPéE#E&QIOﬂt@qnén%ystem

wheg%féeﬁlwpéf %gw#gﬁgﬁf%yénggﬁnég %nge ateth §£

short pre requency estimat |
highEOR)unren @f abtng ghreomvles cas i nacsystem in order for all

channel information to be extracted since a plurality of

physical channels are employed for transmission. In fact, it
can be shown that in case of a MIMO system, the number of
long preambles should be no less than the number of transmit

antennas.

Such an increase of the number of long preambles compared to
a SISO system has the consequence that the time for
transmission of the long preambles, also called the long
preamble duration, i1s increased compared to a SISO system.
This gives rise to a more substantial rotation of the phase
in the data symbols succeeding the long preambles in the
presence of a residual frequency offset which is involuntary
due to the finite number of short preambles for frequency

offset estimation (FOE) in a practical communication system.
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WD 2006/ 016857 PCT/ S&005/ 000274 3 Due to the
severity of the distortion, the data synbols sent

wo poosH1688N typi cal ly not be adequatel y correctPC/aGz05/000274
error bits and error packets are caused. 5 In [2] an
estimator for frequency estimation is described. An

Due ¥ ¢l %%v%&ﬁt&np%n%h%nd&%tb%tﬁk@ﬂiQ§mﬁwﬂﬁﬁpqgmkﬁﬁs sent

i mproved residual frequency offset estimation’in

firsgomaunityaticed lyy soénmbe 20eTive teljye oo rireciehl earst ey car

bits”%%hOdffor det rnini@ a residual frequency offset, a
conﬁuﬁifggigﬁc gﬁeﬁ1 a“MECSY for transmtting a

« message by a transmitter, a transmtter, a nmethod for

processing a nessage and a receiver with the 15

In [Pdatllr €5tdBeSPdi hgLt 6 reRE SN Ye SdERE I@nailms dessivpady
of the invention A nethod for determ ning a residua
frequency of fset between 20 a transmtter and a

An obgeeitverf ithea invenstoasien tef pdatvd del & aethod for
communi cati on channel isO&rovided,,mhenein,a nmessage

Improyed ragdfivetle d FEANRPCNe Ot fardinieStdMmad Ihe ¥ ecei ver
commtird at€ orC @ RKGat i on channel . The nessage conprises

at |least oné short preanble, at |east one |ong

preanbl e and user data and 25 the at | east one |ong

r le_c LS esi_dual .fr nc of f.set .

the GEIREE Lat ARG EVES: RSt FohC iR ol Gbstrashdy esioual
frequichesgt dfss@det, eancoadthubdsed ion s teasi dualetfhepUuERICY

of fset determnation information. 30 Further, a
transgilitdd o FRIFEAEt PVng ATRESEAGE By & trratsmittt&r, i

met O ¥cdedhr JMRBLENY 3 FRSSAGR H DN RIS MNErEIN dhe
nmessage conprises at | east one short preanble, at
featijuagst a;ig@rding to the independent claims.

Summary of the invention

A method for determining a residual frequency offset between
a transmitter and a receiver in a transmission of data via a
communication channel is provided, wherein a message is
transmitted from the transmitter to the receiver via the
communication channel. The message comprises at least one
short preamble, at least one long preamble and user data and
the at least one long preamble comprises residual frequency
offset determination information. The residual frequency
offset is determined based on the residual frequency offset

determination information.

Further, a method for transmitting a message by a transmitter
is provided, wherein a message is generated wherein the
message comprises at least one short preamble, at least one

long preamble and user data and the at least one long
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| ong preanbl e and user data and the at | east one |ong
WO 2006/ 016857 PCT/ S&005/ 000274 4 preanbl e conpri ses

wo e®bduab7 f r equency of fset determ nation i nf oPCESGING/000274
and the nessage is transmjted to a receiver.via a
comuni cation channel. The residual frequency offset
determi nation information allows the receiver tq

pPreafilgr FPRBTASSSr B8P YU Féaaéﬁeyyoﬂféféﬁtb@ﬁﬁéﬁllpﬁslon

1nfoEﬁ§@§ght%%B apd h@gsaﬁgcﬁbngahgle%eHr%BSH‘%%b@@v@& via
data via the comruni cation channel. Further, a nethod

a communpcatesslngaanﬁéssage bysadnedeﬁvequegcylgféﬁéﬁlded
ein a nessage recei ved om_a transmtt
det ey B AT GR TG FirRe R Rl Gn CRESS 08 1Bt Ps SE g nine
resibi@ast reRQuenlQr brpseanbkeweah kdastreneniongrpaeanthe
and user data, wherein the at |east one |ong preanhle

reced gy iise&heesiranami spieguelcyasef ¥ée dbeecAPARRILGRTION
chan %lornatlon A residual 15 frequency offset between
€’transmtter and the receiver in a transm ssion of
data via the comuni cation channel is determ ned
based on the reS|duaI frequency of fset _determ nation

FUTtifor AaIESRO%A OFUPERER 5S4 GomINeateoR s f taiE L or 13

provﬁk@ﬁﬁﬂkkﬁ%ﬁna%dm@sgﬁﬁﬁ'!%rre@%ﬁ%@@ FGdnD ot he i@t er via
for determning a residual frequency offset, the

a cometumddaftdront ICélﬁSlmetlt Which message awhnrHeevetiodeasdr one
d 5
R I G b e S LR e

wheﬂammMﬁkﬁaklQQasysbﬁﬁlao&qr@m@@MbiancOmpﬁxxésnnasudual
the invention. 30 Fi ure 2 shows a transn1SS|Qn block

freqRasH NG 5 4 LeaRROatReR IR Gkt GrS1

frequency offset between the transmitter and the receiver in
a transmission of data via the communication channel is
determined based on the residual frequency offset

determination information.

Further, a communication system, a transmitter and a receiver
according to the method for determining a residual frequency
offset, the method for transmitting a message and the method

for processing a message described above are provided.

Short description of the figures

Figure 1 shows a communication system according to an

embodiment of the invention.

Figure 2 shows a transmission block according to an

embodiment of the invention.
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WO 2006/ 016857 PCT/ S&005/ 000274 5 Detail ed
description Illustratively, the long preanbles are
wais@d/oias7 resi dual of fset estinmation. |n thi SPEEYG2005/000274
even when a |lot of long 5 eanbl es are transmtted,
as it is the case in case of a MMO (nultiple input
ultiple output) system since relatively many | ong
Det%&s@ﬁ; et essary for channel estination, the
resi dual frequency offset can be estinmated and

conpensat ed wi thout data |oss. 10 The invention is for

I1lesiamdliaredppl itdebl ond rira eaitdon ussdteps Beebidwihg
WAN L o 1.e. f.or. w es C rea, ne
Off%él}[ may n{a tgomt'eelarbp |lcavara§L’t oéY%I?g@%I?e% Lot M\q&%
preadsinamisd itoraraysitensd Such Bs iwbilke ¢esephonease of a
communi cation 15 systens. Enbodi ments of the
MIMQ n\Eht G igh SRR fRbh the® dapendentSY e mss infe
re1§¥4¥8%¥“ﬂgﬁy\MBﬁélﬁﬁééﬁk¥%§'é¥%’ﬂébéé@éﬁynf8ftcﬁénnéfe
met hod for "determning a residual frequency offset are
est @Al ogos | sesidual forequenconeiiseatcan 8y s¢ehina hed
nmet hod for. transmtti nessage, the transmtter,
and  GRRER ST S o"flatqb(?%%ei%g%gloas%ssage and the receiver.
In one enbodi nent, at |east one short preanble
conprises 25 frequency offset determ nation ,
The | HIeHetQbn anftPa $FEREH PP bi¢aete | 50 deprrwR heytion
e fr ffs d ' i
Sysﬁ?%?an%%%%&rh% at a cglng'cgfn:peri gfé% ﬂ:t[] e%ggsés%%%% area
netwoegueroyt offsetlsShaamrhcatlonte nfargataomaand a

COHH{EI;Y?J;C?B;%%{J[Se}%%{i%n%Ce O%OLECE}?S]:at.ﬁ d’g{?t e em ’Qea{ép nor(lzgncgnelmunication

systems.

Embodiments of the invention emerge from the dependent
claims. The embodiments which are described in the context of
the method for determining a residual frequency offset are
analogously valid for the communication system, the method
for transmitting a message, the transmitter, the method for

processing a message and the receiver.

In one embodiment, at least one short preamble comprises
frequency offset determination information and a frequency
offset i1s determined based on the frequency offset

determination information.

The data can comprise further residual frequency offset
determination information and a residual frequency offset
determination can be carried out based on the further

residual frequency offset determination information.
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resi dual frequency offset determ nation information.
WD 2006/ 016857 PCT/ SG2005/ 000274 6 In one enbodi nent,
W b@eooIsRLUNI cat i on channel conprises at | eastPONBGHAS/B00274

subchannel and at |east onegpilot subchannel. The at
| east one |l ong preanble may further conprise channel 5

n estina%ign ingor tion based on which a channel
BEE| FTHPPONTST” petF or MR R boabt 8P nFRENERE TPERSHPES Bh

leaShabast 85t st s@Scinnd Neak@nEUNL 63k 08n&h3N6L SchBgnel .
frequency offset determnation information may be

transmtted via the | east one pilot subchannel and

t e s it | ' r [ :
thet 08 SHARRSLnE LA 00O 0T AL POl g channer
estThasioransfohmdtidre phseod swbeghaonebschaendsedstimébeon is
perEeriod of long preanble transmssion to transmt

PERPA| EQyABF LIRS Tehe phY 3RS ADHPR) CheRactart dhieheot

the! 868hNELchOLPEr L4 A& 1904 eshdual b equENGYr 9L { set
estimation. I n one enbodi ment the nessage iIs

determnsatioediviarmaiplom ahay yoe ot ranamshtedani @nnbs. 1§hset

nessage nay, be received via a urality, of receive .,
one BT IR oe B el At othY | o fop Bl hihi bl Panc R Fotat ion
may 660t gangmi ot LA OMa tie ote eabodi FRAt davhesublRannel .

resi dual frequency offset has been determ ned based

on the residual frequency offset 25 determ nation

Thign$?5H§t£9Qt @h@ﬂ&fﬁygog@ﬁgﬁgﬁﬁgfsi§r8aﬁ£é§dinoy efsériod
at [east one signal val ue ich'is recerved 1n the
of iongsprszmibhe of rdieminessagetbaseansnit hspdeial nsnwidols

. residual frequency offse 30, For exanppl e, at on
(1 FonbhESF o TR E e e n T hioy r shpehty e Brfokp pEFform a
resfet &l nFraghoncy Nd of S@t | O hapsshtted so far, a

In one embodiment the message is transmitted via a plurality
of transmit antennas. The message may be received via a

plurality of receive antennas.
The message is for example transmitted according to OFDM.

In one embodiment, when the residual frequency offset has
been determined based on the residual frequency offset
determination information, a phase compensation is carried
out for at least one signal value which is received in the
transmission of the message based on the determined residual

frequency offset.

For example, at one moment in time based on the frequency
offset determination information transmitted so far, a
residual frequency offset determination may be carried out

and all signal values received in the following are corrected
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resi dual frequency offset determ nation may be carried
out and all signal values received in the foll ow ng
wae@epoissect ed WO 2006/ 016857 PCT/ SG2005/ 0002 7ECT/FG2005/000274
(i.e. phase conpensated) based on the detern ned
frequency offset. \Wien successively nore residua

o H OSSRt 8L SR 03L bRk BB erccuoncy

offkeequrney ehitsetsiaylbendeterabngdaaga@i-Bghentyl BREQYE
the current estimate of the residual frequency

detgrmipatipp fRECEMBOAPRHERE HeseivbddiBetb®, copespabf time,
pi.Lot ' ong. pL.ea data.ar
A S e T e e Pk
impenvehehki neareptedsetimate n@thotei pesfidhais fdesaehbgd
and a conpensation fornula that counteracts the
off&ffect on both the channel estimate and the data is
given. 15 Il lustrative enbodi nents of the invention
are expl ained below wth reference to the draw ngs.
In Ehg. ¢mbhdimeatcdamuniibadi baleyst epetd@dlapidpdsngmbeddrd in

odi nent _of .the_invention. 2Q The,.co i cation.,
oot OB a R 86°Banbe: 2b8 B FF anCr: HEAFT 160" (BnfEchariry
estshawiohnaflg8rithanBascieesi vBE 103eaFhpriHansibht fethod in
101 conprises a plurality of transmt 25 antennas 103,

[21wher epRcEabRt PRASAI FoBRERAREL2D3EPEMUdadthel congharacts
the! E2BSALS8hOBo L HALAc( URGAAER! Bsr PRERADLAS. LREC kb0 e
sent Dby 1 I'n I O

a transmt antenna ormof ara
givehgnal is supplied to the transmt antenna 103 by a
respective I|FFT (inverse fast Fourier transforn) unit
104. Radi o signals

Illustrative embodiments of the invention are explained below

with reference to the drawings.

Fig.l shows a communication system 100 according to an

embodiment of the invention.

The communication system 100 comprises a transmitter 101

(only partly shown in fig.l) and a receiver 102.

The transmitter 101 comprises a plurality of transmit
antennas 103, wherein each transmit antenna 103 is used for
signal transmission. Data (user data, preambles, etc.) to be
sent by a transmit antenna 103 in form of a radio signal is
supplied to the transmit antenna 103 by a respective IFFT
(inverse fast Fourier transform) unit 104. Radio signals
transmitted by the transmitter 101 are received by the

receiver 102 via a plurality of receiver antennas 105.
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30 transmtted by the transmtter 101 are received by
the receiver 102 via a plurality of receiver antennas
wQa2®s/0WB52006/ 016857 PCT/ SG2005/ 000274 8 Mdub@r/s61008000274
subcarriers according to OFPM (orthogonal frequency
division nultiplexing) is used for the transm ssion
nal

Q I values formthe transmi{ an nas 3 to the
vodRle Lt Bros BuHRaT - To6e oagRnas) beaPrBle T prhRsRona Y
fretihentgceivesidfZmaannpt eRengguasanteadrbe @per ak@nahission

exactly the sane frequency as the one in the

of piLgR3M veérezofonleths FepasMyE RBEPBAasr 103 to the

LB f j LN rdware circuitries, the disparity
recé??%é %gEF?Q%Et%Bg'frequency of fset which rotates the

received signals by an angle that grows with tine.
Therefore, sho reanbles are sent prigr to user
As HEFaEO?ﬂ'SOSngiPEagtﬂatEBeiﬁeﬁﬁgng $82Frgneoénbis a

guatkhAB8BHS8H08pELREK 200266017 RHct Q2A8 reEBAMLEENG SO0k 1
the invention. The transm ssion block 200 i's sent from

onet ha Ebettronshettee LPghduej te. rehetéivenmntdoonf otrhe

: nsm.ssion block 200 .farthest to, the lLeft _are sent

imopf PERTL SR B, B a P o ROLk 255 cuhp FasePEnow, Jives

rispreanbl esedldnthabrraee gRathf kbs8htapdtnhi eBcani@ecdsedgnals
for frequency offset 25 estimation (FOE) by a FOE unit

by 32peaBglEnkhRrEcEroBF ¥dShati®BE- reception of the short
preanbl es. The FOE unit 106 estimates the frequency
offset, in Fig.1l denoted by iy. A frequency offset

Thecefrpeasashontupreanb¥eseseevesntherfipequencgenf lseb. This

is illustrated in Fig.2.

Fig.2 shows a transmission block 200 according to an

embodiment of the invention.

The transmission block 200 is sent from the left to the
right, i.e. the elements of the transmission block 200

farthest to the left are sent first.

The transmission block 200 comprises short preambles 201 that
are sent first and which are used for frequency offset
estimation (FOE) by a FOE unit 106 of the receiver 102 after
reception of the short preambles. The FOE unit 106 estimates
the frequency offset, in Fig.l denoted by wy. A frequency
offset compensation unit 107 receives the frequency offset
estimate y as input and compensates the frequency offset for

all further received signal values.

After frequency offset compensation, there remains a residual

frequency offset, although usually a small quantity, in the
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estimate yr as i nput and conpensates the frequency

of fset for 30 all further received signal val ues.
wa\b@oen1d8sEquency of f set conpensati on, there rePEli/B62085/000274

residual frequency offset g although usually a snal

quantity, in the WO 2006/0?6857 PCT/SG2005/000274 9

formof inter-carrier interferen g&t destr s the

formgpfhdGERAFEY FafENERELPEERGEN ﬁ&ﬁﬁ’é(lss

orth%%BhglﬁgysamonbftB@tfQ@qﬁéﬁ%gt%@b%@%nheQ@Uéﬁdt@b@hd thus
systemfailure” 5 In the | EEEB02.1|a standard

- 1ff neguenupesshtiandelrs oﬁauﬁél¢@§al[$ygzem4fggﬂw%ﬁth
reference to the convention froml to 64) are
dedi cated for pilot transm ssion in a SISO (single

In thepukrEsonglhe a0utpuih raly s remoichlz 64 ubceguerdys of indices
subcarriers. It is assuned that the connunication
[8/ 28y dtte @B100 vildha rRITRDSRRE toplteel FaYERt 1em frpre 1 to 64)
Y ennag sH03 s iad MNinput
are B T 105, “The e 71 aduenes cub oo oo
singde ontpbhe) IE&E&@ﬁLMhahsﬁandhmmnuanqy stfheafnrdguesncylt is

subch nnel s of the |nd|ces are din.,.
s SuRAG g S EATEGH S ol P dO bt SR, Gl iple

1npuk5n@§%§guge%utg@ﬂ s&@%eﬁowﬂ%ﬂ EHH%éMﬁﬂ“ﬁHﬁﬁﬁd&% 103

| ock 200 conprises a plurality of long preanbles 202

and Wi GRcarieesemiteafiaer 105 Iher tsepreditelprncy2Gublhannels
signal values of the |ong preanbles 202 that are

as ity ahemIEEES 02n e sftm@qi@e:woy lsmcl*témér@qﬁertqye

oo IS8, 12370 YRl Do B e,

embddS nlen@N it ted idaallszt&q;h@rmegh Ifotvisyntcans ras Jaa’ltcm’m:a:ﬂbed
at time n. These signal 25 values are also referred to
in the tiod 19"igk%s enmbedded in the |ong preanbl es.

The transmission block 200 comprises a plurality of long

preambles 202 which are sent after the short preambles.

The signal values of the long preambles 202 that are
transmitted in the frequency subchannels of the indices

[8,22,44,58] are given by the signal values Afﬁ;n wherein
Af ¢,n denotes the signal value which is transmitted in

subchannel f via transmit antenna t at time n. These signal
values are also referred to as the pilots embedded in the

long preambles.

The receiver 102 receives via transmit antenna r and
subchannel f at time n the discrete signal value (in the

frequency domain)
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The receiver 102 receives via transmt antenna r and
subchannel f at tinme n the discrete signal value (in

w0 b6/ 08851 r equency domai n) WO 2006/ 016857 PCT/SG2005/000274
PCT/ SG2005/ 000274 10 Nt jf4( on Lf,r,n =

I, tAf,t,n e+ Vf,r,n (1) t=1 where Hf,r,t is the

channel ain of the supchannel f established between
transm ntenna t and|regejve antenna r, 5 o denotes
Lffenr S| aIHf;fn,e Qdency| ®f f set fal’fthe recei ver 102 (as (1)
expl ai ned=hbove after perform ng frequency offset
estimation and frequency offset corrpensati on based on
the short preanbles 201) and VE,r,n is the ANGN

. J h.that p=1
he%‘%?%aslb’o%gls ?%% :ﬁée?a | rst ot ﬁs%fhﬁingsﬁé%%ﬁlgi‘ 501
est @i ST HSAFdES RS O thgr @St oimﬁhfe(lzgfge ?nff%nna r,

reanbles 201. In the followng, the selection o
® oftel ébﬁr eesgddaﬂ;gfregueocﬁ/ ef[f8e22 ad44 th8] rexeiver 102

e he Lf n correspondi these Af,t,n
(as aéé% ng 1% PFuh T eff(pl é‘? dggea‘ﬁ%‘?c%e‘?ﬁﬁset
estmmmeﬁld)yf@q'@wtdﬁ/&é:fk&ﬁkbén%orb%e@sé@sdnqu’é‘ll)e

frequency offset estimation unit 109 to estinmate the

shotlep A L9T edlienAPbiset, wol S 207 tARGH Hempken from
(1) that if Af,t,n is designed to be independent of t
such t hat Af,t,n = Af,t, Mt =1, 2, ... , Nt, then

The tthEm& I Otdx M is chosen such that n=1 corresponds to the

first of the long preambles 201 and n=Njyp corresponds to the
last of the long preambles 201.

In the following, the selection of the Af t,n corresponding
to £ €[8,22,44,58] is explained. The Lf,r,n corresponding to
these Af t n according to equation (1) are used, after being

processed by a respective FFT unit 108, by a residual
frequency offset estimation unit 109 to estimate the residual

frequency offset .

It can be seen from (1) that if Aftp is designed to be

independent of t such that Af,e,n = Af,, V& =1,2,...,N¢, then

the signal
N
'Lf,r,n t Vg
=== | 2 Eert odon | Lo (2)
f,n £=1 Af,n

will sketch a complex sinusoid in n for every f and r when

the noise samples at different times n are shaped to the same
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25 Lf,r,n = EH ,r,t e64c,)n + Vi, r,n (2) Af,n t=1
Af,n wll sketch a conplex sinusoid in n for every f
w@pae1688En t he noi se sanples at different tiPEFSG2085/@00274

shaped to the same WO 2006/ 6857 PCT/ S&G2005/ 000274

11 variance by setting IAf,t & which inplies a

fixed power in each pilot synbol Since f E[8, 22,
varddncs8byasdttifg| :f%r—~0§,WH*dh il es exi SixddNrpower in

i ndependent conpl ex sl nusoids of different anplitudes
eacMpHiot syilabblequal frequency 640). t=1 To conformto

the pilot values in | EEE802. 11a (see [1l]) as closely

as possible, the assignment 10 A8, n = -A22,n Add, n =

: 8 globs qthi odi megpt
Slnéchlc pre & 45?&@ éﬁo 4 %#gg%b1e d@%’gJﬁ%f%§%&St e

mdépéﬁdeﬁa‘oegmek smuwiés cgﬁedlt:h@rleaﬁt amB19tubbs 64
sanples in ‘each |long preanble synbol in the tine

L conat et ot R Prol RSl fibeg) "rne mbove

crlterla can be summarized as C) transmt antenna

i ndependence to produce independent conplex sinusoids
To abnfbemrecetmer pl03t20aZds suhcheRneD2piliat (y8kugl]) as

assignnment in consistence, wth |EEE802.11a standard
Cloﬁg}yt?ﬁepPﬁaéBéﬁdeﬁE% %%s%%Pm§F§ requi rement for

Ao, Y Freeatoan ek Purt EPal By! apoarnting L GTopdgent.
{8, 44, 58}
A cyclic-prefix-free long preamble design is used in this
embodiment. In this case, the last 16 of the 64 samples in
each long preamble symbol in the time domain need to be
independent of n. This implies that Afgp = Af for

f € [8,22,44,58]. The above criteria can be summarized as

Cl) transmit antenna independence to produce independent

complex sinusoids at the receiver 102

C2) subchannel pilot value assignment in consistence with

IEEE802.11la standard

C3) time independence to satisfy requirement for cyclic-

prefix-free long preamble design

These criteria can be fulfilled by appointing

1, iff e {8, 44,58}

A -
£ tn { -1, iff = 22
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Af t,n -1, if f =22 (3) 30 WO 2006/ 016857
PCT/ S&005/ 000274 12 For Nt = 6 and Nr = 3, this is
WO bdoastasat ed by table 1 for the subchannel s fP@r/F&2005/000274
44, 58] and is iIIustrated by table 2 for the
subchannel f = transmt antenna index -* 1 1 111

1 1 _index 1 1111 11 1 1
For vy 1§ 4nd ﬁ oA SR ShTLEACTRERRY GAPAAnd £OT the
1 -1, ; 1
sub&ﬂ §§e§l fiéﬁﬁf?%%¥ﬁ ?E& }% }}ﬂﬁ%t;%t§§ @% t%%1%12_for
the- éub&haﬁnelable 2Z2Wth (2), the problem of phase
conpensation is turned into 10 one of single tone

parameter estimation, which is classical in the field
of signal processi n%r‘él'ntsRl% \é%ft'e%h)é ¢haesady
solutions in the literature. [T near prediction
esti
an af f ordabl e coﬁiutationa@ conplextty and ik 1
tim@articul agly appeahing in 4 1 1 1
index 4 1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
table 1

transmit antenna index —

-1 -1 -1 -1 -1 -1
time -1 -1 -1 -1 -1 -1
index -1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1
-1 -1 -1 -1 -1 -1

table 2

With (2), the problem of phase compensation is turned into
one of single tone parameter estimation, which is classical
in the field of signal processing with a variety of ready
solutions in the literature. The linear prediction estimator
(see [2]) works to a reasonable accuracy at an affordable
computational complexity and is particularly appealing in
terms of implementation compared with Kay's estimator
introduced in [2]. When applied to (2) for a single
subchannel f and a single receive antenna r, the estimator

output reads



15 ternms of inplenentation conpared with Kay's

estimator introduced in [2]. Wen applied to (2) for
w@2®@bngise7 subchannel f and a single recei ve aPCEBGZ05/000274

the estimator output readslél\o 2006/ 016857

PCT/ SG2005/ 000274 13 1 NL 1 NNPwL E- L E

Lf,r,nLf,r,n-1 (4) 64 n=2 Af,n JAf,n_| 64 n=2 For Mt

=6 and N\r = 3 the Lf,r,n received by the receiver 102

5 are %Iu trated jn tablesy,3 to 5 (where tine grows

. downvar §sF (L, # he tIéf_bk,Qﬁ)]_ recellv i«fienna 1+ L8, 1,1
°°|_2 41 I}f LES A % C Sfimalf, on-1
L58° 3V B4 534423 L8 , 1, 4

L22, 1 4 L44 114 L5811 4 L8 1,5 L22,1,5 L44,1,5
L58,1,5 L8, 1, 6 L22,1,6 L4 , 1, 6 L58 1, 6 table 3
For Nece: ve A anpa-2 it 2.4 122 Pedelddd 2oy £58,2edeiver 102
L8, 2,2 L22,2,2 L44,2,2 58,22 L8,2,3 L22,2,3 L44,2,3
5 arelbBl@stBratdd 2id 132 &5 B 4d, 2, dwhdBe 2t dme LPr@wS downwards
\ L%%ZSL4425L5825 L8,2,6 L22,2,6 L44,2,6
in aRlaP tabl e 4

receive antenna 1

Lg,1,1|b22,1,1|La4a,1,1|0bs8,1,1

Lg,1,2|L22,1,2|44,1,2{L58,1,2

Lg,1,3{L22,1,3|L44,1,3|558,1,3

Lg,1,4|L22,1,4|La4,1,4|L58,1,4

Lg,1,5|L22,1,5|L44,1,5|L58,1,5

Lg,1,6|L22,1,6(%44,1,6|L58,1,6
table 3

receive antenna 2

Lg,2,1|L22,2,1|L44,2,1|L58,2,1

Lg,2,2|L22,2,2|L44,2,2|L58,2,2

Lg,2,3|L22,2,3|L44,2,3|058,2,3

Lg,2,4|L22,2,4|Las,2,4(L58,2,4

Lg,2,5|L22,2,5|L44,2,5|058,2,5

Lg,2,6|022,2,6|144,2,6(L58,2,6
10 table 4

receive antenna 3

Lg,3,1|L22,3,1{T44,3,1|L58,3,1

Lg,3,2|L22,3,2|L44,3,2|Ls58,3,2
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receive antenna 3 L8,3,1 L22,3,1 L44,3,1 L58,3,1

L8, 3,2 L22,3,"'2 L44,3,2 L58, 3,2 WO 2006/ 016857
weanbBERO05/ 000274 14 L8, 3,3 L22, 3,3 L44, 3, 3 pGBSG2085/000274

L8,3,4 L22,3,4 L44,3,4 L58,3,4 L8,3,5 L22,3,5 L44,3,5

L58, 3,5 L8 3,6 L22 3,6 L44,3,6 L58,3,6 table 5 On

account of A4+ hﬂ' A :h.depﬂf"*ﬂ H—ef—+—7and n by

desi gn (a&%&c&i%%&@%,%&ﬁwwﬁ} in tables 3

to 5 forns Sc,‘"rf{rx siAtsoi-d—af—a—¢diff er ent

anpl i t ude b?t(ﬁr%q‘h 3rr~°€vcfhel‘n“c4yr.3rdsi thet fecei ved | ong

preanbl es, - €; g 1 Ti+theTesi dua
frequency o%'s?é'tf’ et 'mat‘ﬁ oLn4‘{Jrﬁ¢5 f0§98' %]'e?]er ates
residual ff n € [ 5 : (dependi ng
on the currlg@tuf’téi:n‘eﬁg’i% b@i’tﬂgétisﬁ‘%'%’ngex n) 10
according to alLp,1 = 0,tah1&a#P, n = alP,n-1 +

Lf,r,nLf, r,n-1, n =2 3 , , * fe[8,22,44,58] r=1
LaLP,n OLP,n 4 (5) 64 15 which i s an extension of

on TR R LB LSRN oA g B 975) dpion
JRE A A A e

resid requency of
comebéx @ieusoid of a different amplitude but equal

frequency. Using the received long preambles, i.e. using the

Lf,r,ns the residual frequency offset estimation unit 109
generates residual frequency offset estimates &mpﬂl

(depending on the current time given by the time index n)

according to

arp,1 = 0
3 *k
arp,n = aLp,n-1 * Z Z Lf,r,an,r,n—lr n=23-,N,p
fel8,22,44,58] r=1
Zarp,n
® = . (5)
LP,n 64

which is an extension of (4). The time index n=2 corresponds

to the second long preamble of the long preambles 202, n=3
refers to the third long preamble of the long preambles 202
and so on. Note that the residual frequency offset estimate

®1p,n 1is dependent on time (note the time index n). When
more Lf  p become available in the receiver 102

(corresponding to a growing time index n) the residual
frequency offset estimate will typically become better. When

all long preambles 202 have been transmitted, the residual
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20 LP,n is dependent on tinme (note the tine index n).

When nore Lf,r,n becone available in the receiver 102
w@ ewsoespondi ng to a growing tinme i ndex n) thePCESGZOHD00274

frequency offset estinmate wdl typically becone

better. When all |ong preanbles 202 have been

trans ed resi dual WO, 2006/ 016857
FOE i SebB0Sr bbba TS T TR RhT (¢ fi%gf%ﬁl%ﬁf@%%%&’m
of fide &e8idyel &Eg quency of fset estimate a)Llp, NLP .
Finally, the trahdm ssion block 200 conprises a

plurality of 5 data synbols 203 which are transmtted
by the transmitter 101 after the |ong preanbles 202.
Finghby si gnal t vansress ofon Hel gzt #%@n@@h@ﬁ@@st@aplmellty of

ransmite n th freq en subch el
aatq PR 7807 avs D A SR e VT 057 P cripmi e 101
aftyﬁlﬂ@@ Iémgnpmegmﬁaéslzdzt n denotes the signal value
which is transmtted in subchannel f via transmt

antenna t at time n. These synbols are also referred
t t qgg% o) 15 The
The 9} %i %§d§$ﬁg$§ téﬂgﬁﬂ€1$2§@%n %Pdégeloped
tramsmitMQ@glslhhéafr¢qmemnyﬂsubeﬁaﬁM®l@léﬁtshenb@dﬂedsln
e | reanples. In contrast_to ), the received
(8, %gg‘h‘éﬂ 5804 HesIpren Wc%ﬁe?pq%l%n\saflée%h £itf, it ﬁ“hﬁrr@ln
gi'ven by 20 Nt Df, t.F ej 80can + Vf,
I's, ’C(B) etm)j{t%é?’@ é&gél@&vé(alflesﬁé‘&ucﬁﬂ é§ t é@&ﬁ&%én t
subéﬁghﬁéan v1a transmit antenna t at time n. These symbols

are also referred to as the pilots embedded in the data

symbols.

The pilots embedded in the data symbols can be developed
following similar principles as the pilots embedded in the
long preambles. In contrast to (1), the received signal

values Df, r, n corresponding to the I'fy n are given by

Ny

Df,r,n = Z He v, tl'f,t,n | ©
t=1

18 0mn " vfﬂ;n (6)

where as above, f specifies the subchannel, t the transmit

antenna, r the receive antenna and n is the time index.

To distinguish from Vg r p, a different notation Vg, is

adopted for AWGN (additive white gaussian noise) samples.

Unlike the long preambles Af,t p which can be manipulated so

that no cyclic-prefix is required, the data signal values

I'f,t,n assume no such freedom. In the case of OFDM
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antenna, r the receive antenna and n is the tine
i ndex. 25 To distinguish fromVf,r,n, a different
wmoeioaniass? Vi, r,n is adopted for AWGN (additi vECTIBG2085/000274
gaussi an noi se) sanples. Upkike the |ong preanbles
Af,t,n which can be mani pul ated so that no
e C|IC fix is required, the dat | ues 30
Sebfaettranmck ot s bmonef pp el dale BRobebm vese in
th1§0Q@$&éﬁﬁéﬁtPCEA§GBQ@§§@@Q23ﬂ cyblL{Orphegonakets each OFDM
frequency division nmultiplexing), that is used in
Symb%lst@n%édMn®hY SYmbOb$e%@nb%n@thcycllc prefix sets
each OFDM synbol to 80 Mary synbols in length. 5
Consequently, the frequency in (6) is 800 instead of
cOnﬁéqwemﬁly(1ﬁhanﬁr@qtéﬁ¢yalﬁ3 apoye 8S8wnanlsearger of 64m in
appllcable The_pilots  are thus chosen_independent of
a%%tcH%E%ﬁH%n?3oﬁb?V%nﬁsnnoo%on%%%n%P?é%Fégﬁ? khhejpllots

areftfuid 8:hésén §h§épé§déﬁttof £ pkh, déﬁeﬁdengz £7F and n, or

where kn e {1,-1}"1s a tunction of n in conpliance
quampkibhatheelyseudor andom sequence for the SISO pilots

specified in the |EEE802.1la standard (see [1]). 15

The definition according to (7) is illustrated for N

6 and( Ni = 3r f Q& (4he swpchannels f e [8,44,58] in
Eaphe=6iand s illustrated by table 7 for the (7)

subchantel™nr= 22. iffafsAét antenna i ndex -+ kI kI kI
kI k1 kIl time k2 k2 k2 k2 k2 k2 index L k3 k3 k3 k3
k3 k3

where kpn € {1, -1} is a function of n in compliance with the

pseudorandom sequence for the SISO pilots specified in the

IEEE802.11a standard (see [1]).

The definition according to (7) is illustrated for Ny = 6 and
N, = 3, for the subchannels f € [8,44,58] in table 6 and is

illustrated by table 7 for the subchannel £ = 22.

transmit antenna index —

kq kq k1 k1 k1 k1

time ko ko ko ko ko ko

index ¢ k3 k3 k3 k3 k3 k3
table 6

transmit antenna index —

-kq -k1 -kq -kq -kq -kq



20 table 6 transmt antenna index -~ -kl -kl -kl -kl
-kl -k1 WD 2006/ 016857 PCT/ S&005/ 000274 17 time -k2
WO k@6/0keB57 k2 - k2 -k2 index -k3 -k3 -k3 -k3 - kBCFEG2005/000274
table 7 The pilots enbedded;tn the data synbols, i.e.
the Df,t,n for f E [8,22,44,58] are used sinilarly as
t he pj Iot enbedded in 5 the | ong preanbl es t he
time agi dua %Qequency dffset e ¥|nat|on£%n|t 10dq¥o
ti _the residy frequency off The ount er
lndg%r% f ( in estlﬁatlng eg%h of thg tone k3
frequency in the 4Nr subchannels is 1 00 [Dfrvn
Df,r,h-1'=1w=-z - Z 00 knkn-1Df,r,nDf,r,n-1 80
n=2 Ff,n rf,n-1 80.n=2 (8) -15 Equatton (8) is arrived
at based on (7) and the property that kn e {1,-1} by
desigph. By extendihg to multiple subthannels ° and
rewiting in recursive fesme(8) beconmes j 5 aLP, NLP
aDATA, O = aLP,NLPe 4 20 kO =1, Df,r,O = Lf,r, NLP, WO
2006/ 016857 PCT/ SG2005/ 000274

The pilots embedded in the data symbols, i.e. the Dft p for

f € [8,22,44,58] are used similarly as the pilots embedded in
5 the long preambles by the residual frequency offset

estimation unit 109 to estimate the residual frequency

offset.

The counter part of (4) in estimating each of the tone

10 frequency in the 4N, subchannels is

oo * oo

.1 Df,r,n || Pf,r,n-1 1 *

w = —/7 L =L = —=Z Z knkn—1DPf,r,nPf, r,n-1 -
80 ne> Ff,n Pf,n—l 80 S

(8)

15 Equation (8) is arrived at based on (7) and the property that
kn € {1, -1} by design. By extending to multiple subchannels

and rewriting in recursive form, (8) becomes

.5
37 43P, N p
8DATA,0 = aLP,Np,p® ’

20
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18 aDATA, n = aDATA, n -1 3 + knkn-1 Df, r, nDf, r, n
-1, n=1, 2, ... fES8,22,44,58] r=1 LaDATA, n
weDAEA1685E 80 ~ (9) 5 The accunul at ed sum alLpP®i/FG2005000274
is generated by the residuakg FCE unit 109 based on
the | ong preanbl es according to (5) is wused as the
first value in aDATA n for accuracy enhancenent. The
CBRBBeNTi WATH@or in the first line of (9) is
i ntroduced 10 to account for thexsdifference in
frequency arigimg fromtye abseWteyof cytlic r I-X L2, e,
in the |ong pr%gﬁbigngé?hgqﬁﬁat__ :ﬁﬁVQ ’réﬁdg(gg. Enz
t here y “be m5"'ignal field synbol s
and 15 n=1 corresponds to the first signal field (SF)
synbol, n=2 to the second SF synbol, n=3 to the first
data synbol and so on. For Nt = 6 and N\r = 3 the
Df,r,n received by the receiver 102 are illustrated
Jdn tabl es &gy@alQ (Where time grows downwards 20 in
mbméAtabFeSTT—ggrnalized recei ve antenna 1 val ues
kiDg8, 1, 1 kE 2, 1, 1 k1D44, 1, 1 k1D58, 1, 1 k2D8,
1, 2 k2D22, 1, 2 k2D44, 1, 2 k2D58, 1, 2 k3D8,1,3
k3D22, 1, 3 k3D44, 1, 3 k3D58, 1, 3 WD 2006/ 016857
TheP@?PE@E@@E?GO@EW4angqgabt@aB horganeretdedebyi the residual

antenna 2 val ues
unit 109 based on the long preambles according to (5) is

one enbodi nent,

(9)

FOE
used as the first value in apaTa,n for accuracy enhancement.
The exponential factor in the first line of (9)

to account for the difference in frequency arising from the

is introduced

absence of cyclic prefix in the long preambles as indicated
in (2) and (6).
In one embodiment, there may be two sigﬁal field symbols and
n=1 corresponds to the first signal field (SF) symbol, n=2 to
the second SF symbol, n=3 to the first data symbol and so on.
For Ny =

6 and Ny = 3 the Df, r np received by the receiver 102

are illustrated in tables 8 to 10
in the tables).

(where time grows downwards

normalized receive antenna 1 values

k1Dg,1,1

k1D22,1,1

k1D44,1,1

k1Dsg, 1,1

koDg,1,2

koD22,1,2

koDgs4,1,2

koDsg, 1,2

k3Dg,1,3

k3D22,1,3

k3D44,1,3

k3Ds5g,1, 3
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k1D8, 2,1 k1D22,2,1 kiD44, 2,1 k1D58,2,1 k2D8, 2, 2
k2D22, 2, 2 k2D44, 2, 2 k2D58, 2, 2 k3D8, 2,3

wh308A16858 k3D44, 2, 3 k3D58, 2, 3

recei ve antenna 3 val ues
kiD44, 3, 1 ki1D58, 3, 1 k2D8, 3, 2 k2D22, 3, 2 k2D44,
ngQZ, 3, 3 k3D44, 3, 3

3, 2 k2D58, 3, 2 k3D8,
k3D58, 3, 3 5 table 10
to 10 can be regarded as a
10 In | |

freque
the fr
presen
al t hou
atine
wth 1
Upon p
produc
in mat
y f
di ag{

Fouri e

sinusoid is to be nodel ltethiae g he

with a

tabl e 9 nor nal PCBE8G2005/000274

kigs, 3, 1 kiDz2, 3, 1

fect

3

éﬁ%ﬁﬁ%f the colums in tables 8
singl e conpl ex sinusoid.

of a residual

-he following, the ef
ncyostrderedi ReFReVE ARtEBRAEI B GRS s

ynbol s in

R

héﬁré%'is%]e

ussed:

s

K2 Bk

f
ed,

DK, 1
5%&2&%%%

e

PALIIE A LSL T e

Suppose
plied

Dk
br%orh?hg

Ol ST NUSL

di'scréete

ouri’er

ATt b

co 11 1.
n the

[ the fr

FPYt - (10)

equency d
s WD 2006

omal n, si gnjal

can be

/ 016857 PCT/ SG2005/0

Wwritten

wher e yt

=¥ Y2 |..

YN T A

0274 20

(co+=)¢€

(Cco2+~)

I 5'tran

sf orm mat r

—i Nl
el (CoiN

ix. IT the

)} atrd

His the

ef fect of

t he

di agonal

matrix Qby 10 y f QE VYt (11)

frequency domain

t hen

normalized receive antenna 3 values

k1Dg, 3,1

k1D22,3,1

k1D44,3,1

k1Ds5g, 3,1

koDg, 3,2

koD22,3,2

koDsqg,3,2

koDsg, 3,2

k3Dg, 3,3

k3D22,3,3

k3Ds44,3,3

k3Dsg, 3,3

table 10

Each of the columns in tables 8 to 10 can be regarded as a

single complex sinusoid.

In the following, the effect of a residual frequency offset

in the time domain on the symbols in the frequency domain is

discussed. For ease of presentation, the noiseless case is

considered, although the same argument applies otherwise.

Suppose a time sequence Ynr D=1, 2,

wr N, is multiplied with

the complex sinusoid eJX®3+®) yhere o0 1. Upon performing

discrete Fourier transform on the product, the frequency

domain signal can be written in matrix form as
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H N=1 ej (Wk+~) j((O N+1+0) sin (2 ) Q=FPF | =¢e 2 |
(12) N Nsin (c) 2 15 The above approxi mati on
wappbiesstor the matrix F and any orthogonal PCESGC1005/000274
having fixed power in everypglenent |ike the Hadamard
matri x, and is exact at the diagonal entries. Based
on gycPPan approxi mation, the time domain nodels and 10
o0 F?equéhty domai n nodels are related as depicted in (10)
table 11. Tine domain Freq donmain e] e w2 CPO -CPO
di scarded ej col 6 WD 2006/ 016857 PCT/ SG005/ 000274
21 ejcoly7 1Co 80+17 & 2 LP1 ejeol8 * -C 21 [sln(32D)
Whegs ¥ FoBOL 6¥2si'H( YNL«L PL 2 ej co[ 64(NLp-1)+17]
co[64(NLp-1%+80217 e ] e co[64(NLp -1)+18] LPN,,
I3 =Ad1angjNLb %iejwé?t¢b)~-ebOUP$¢@ﬂ¥paﬁa+§Ols6éhe Fourier
si n( (FyLP, NLP -
transform matrix.

If the effect of the sinusoid is to be modelled in the

frequency domain with a diagonal matrix Q by

Yg ® QFY, (11)
then
: N+1 . (ON
. }I::I—l ej((x)k‘l'(l)) ](C0—+¢) sin (-;")
Q = EPE" » —=5 I=e 2 ——1. (12)
N Nsin(EQ

The above approximation applies for the matrix F and any
orthogonal transform having fixed power in every element like
the Hadamard matrix, and is exact at the diagonal entries.
Based on such an approximation, the time domain models and

frequency domain models are related as depicted in table 11.-

Time domain Freq domain
I
ejmz

CPO : a Yepo discarded
_ejm16




2 ejco(64NLp+17) ej 0)(64NLp +18) CP1 ™ discarded
-CPl e cO(64NLp +32) ej W(64NLP +33) j 064NLp +
wOw8816852 Data ej cO(64NLp +3 4) D yDTl sin (BR/8¢2005/000274
ej co(64NLp+96) [64 sin (0)),7yDT1 2 ej CON 4NL P +8
O(n 1) +17] ej 0)[64NLp +8 O%n 1)+18] CP2 N yCP2
scarded ai r\nr 64Nl p +8 ﬂ/n 1\ +Q’)1
ej 0[ 64NL +%@i1”-1)+33] W(64NL|C+80( pE%6ER3 e 2
Daf a ej co[6e4NLp+80(n-I)+34] A ln yD'Eﬂ sim (32¢)) Fy
ej W 64NLp+83(@i8l |) +96] [64 sin (|0 -D[n 2 WD
LPR0p6/ 0168 PCT/ |SG29 51000274 22 tabl e 11 ile the
NLP | ong preanblies share one sijngl e |34t @ —é)
16| sanpl es|, st |[succeedi ng datg sy %I S ovxfm) -wm
e -
[ I @I64NLp~1)+171] Jal6 4N p 1+ 2]
e
oJ O{64(Np,p ~1)+18] ;
LPN Yy
" : =LE,Npp sin (32m) Fy
oJ Ol64(NE,p —1)+80] 64sin(y| LB NLE
- - 2
[ J@(64NT,p+17) ]
ejCO(64NLP+18)
CP1 g Yep1 discarded
ejO)(64NLP+32)
064N, p+33)] S o6aNg p + 22133
Y
1 : =DT1 sin (32w) v
oJ OI64NL,p +96) 64 sin(g) —PH
[ J0l64N7,p+80(M—1)+17] ]
o] 0[64Ny,p +80(n—1)+18] _
Cp2 i Yepo discarded
oJ0O[64NE,p +80(n—1)+32]
[ JOl64NE,p+80(n—1)+33]] jCO(64NLP+80(n—1)+96;33)
e
Data ejco[64NLP+80(1r1—1)+34]
) : O Ypr
n : —~n sin (32m)
. E—ZDT
o OI64NL,p +80(n—1)+96] 64 sin (D n
- - 2
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5 prefix each. As the nodel shows, the discrete

signals at receiver antenna r in the |long preanble
wanpwevhstdat a synbol segnents are given respeRCT/s€095/000274

by j64co(n- 31 ) sin (32(0)ope 128 eo FyL p n n = 1,

2, , NLp (13) 64 sin (-) 2 10 and 18000(n+ 128NLp

01 20~ OA o} D_IA\IHT fa) n — 1 2

J[L J.UU St+h \\JLVVI C— U o1 1T ( yl_ ] L L] 1_, o T

: (14) -) 15 As the received SI gnal val ues ‘are phase

rotated rn poth the ti qu T EqUETICY domai s, the
channel identified based on t]he di storted | ong
preanbl es can devi ate consi derably from the actual

ha ccount of the effect of residual equenc
s SORERE WoP B8RS P retin] o8 SheERgoRe: FhapLBacyBL L Brotix
t n c e wth (13).
ot %Eegéﬁ\fghelfbngh%/:geg éc‘e(glc (#i ? % ?@%bcﬁanﬁef(:yfﬁ%ﬁd
prefEE eeyen. Ast ehaansdeal eshi@sb@t ethéodi beréhansgbngaisnat
r,t and the transmtted values_ Af,t,

rec%ﬁ%r 03B BSIRPCT/ St/ o 7Rreanbie 6%91( Ehﬁzgaaa symbol
seghintsladd ghlefh: ge§éébﬂ§@9&y]@§“(2 ) e 128

. 31
jeden-=""2) | sin (320)

© o |™Lpn, no= 12, Nop (13)
64 sin(—)

2

and

\ 128N, p-31

Bo0n+——2"—) | sin (320)

e ——— | E¥pp n=123:-". (14)
64sin05) e

As the received signal values are phase rotated in both the
time and frequency domains, the channel identified based on
the distorted long preambles can deviate considerably from
the actual channel on account of the effect of residual
frequency offset ® over a relatively long estimation

interval in a MIMO system. In accordance with (13), the Nrp

long preambles collected at subchannel f and receiver

antenna r are related to the channel gain He, r,t and the

transmitted values Af i, by



5

10

15

64 sin (CO Lf,r,NLP 2 31 O ej64co(Ntp -128)
1 Hf,
woRgooB1dd57 r, 2 Af, 1, NLP Af, 2, NLp ...

I Af, 2,1 "' Af, N,
(15) In matrix form
The 64 sin (-)
wi th no consi deration
given by H-1 Hhf,r
Af Af)-1L(AfP 64 sin (

31Lf,rd 2[ 128 sin (32

2c)g S, | r |- i

in 13(,{,2% A rd ésgéu(éqb—l@g
of the Fpur| et stinafs
Vit B Al power iR

ransform which isr
preanbl e design. By (

2 5 conventi onal

that A=

Af, 1,
r,1 Af, 1,2 Af,2,2 ... Af,

Af , Nt , NLPPEK/SG208i5/000274
L f spg(3200) can be witten.

LS channel estimate
frequency offset is
=eadrt)r=f -f sin (32(o)
Af)hf,rl286) - ) j64cO(Ntp +1
) [sin(32CONLP)1 h p sin (3

D) 2 10 upon 6o property
consgant x F2§or instead
ort hogonal transform

i ke the Hadamard

~of resi lia|

Dr m any
yery el ement

15 subchannel f and a
M MO- OFDM sy|st&mi, 1

Af,1,2

_Af, 1, Ni,p

In matrix form, Lf = St

64

pasonably valid for optimal | gn
14), the data synbols recei veld
. e
Atenna r at tinme n for a
Ag,2,1 Af, N1 | B p 1
Af,2,2 Af, N, 2 Hf, r,2
Af,Z,NLP Af,Nt,NLP_ Hf'r'Nt
(15)
n(E2m) |-
————i—ig-gggfgfﬁr can be written. The

singg)

conventional LS channel estimate with no consideration of

residual frequency offset is given by

o _ H -1, H
he r = (AfAg) "AfLe

_ sin (32m) <A§/_&f>—
(0}
64sin(50

N1, p +l_ 31

36 4a =
128

)

YalPAhe .

~re 2

64sin (2
2

sin (32m) || sin (32wNy,p)
. ﬁf,r
N7,p sin (32m)

upon using the property in (12) and assuming that A=

constant x F (or instead

of the Fourier transform any

orthogonal transform with equal power in every element like

31

LP—T2)

128

the Hadamard transform) which is reasonably valid for optimal

long preamble design. By

subchannel f and antenna

(14), the data symbols received at
r at time n for a MIMO-OFDM system




WD 2006/ 016857 PCT/ SG2005/ 000274 24 adopting, for

i nstance, a VBLAST (Vertical Bell-Lab Layered
wEpmeeieBsne) structure, is Yf,1,n Yf, 2, n 1MET/SGR005/M00274

) 80cO(n+128NLp-31) 160 sin £32w) = e 64sin( co 2

Hf,1,1 Hf,1,2 ... Hf, 1, Nt Xf, 1, n H ,2,1 H ,2,2 ...

TR, | T AN ST Bt ebeb bt benopegered

Spad@STlmeh éﬂﬁ@&ﬂhpé [P sin (32co) Hf, 1, Hf,1, 2
... HFEL1, N XFL 1, n (17) Hf21Hf,2,2... HE, 2, Nt
Xf 2,n H[f,Nr,l Hf, Nr, 2 ... Hf, Nr , Nt LXf,N,ni

ajite'r maki ng use of (16), inplying Xf,l,n H ,1,1
.. HL,1L,NE XF,2,n = Hf,2,1 H,2,2 Hf,2, Nt
Efx;‘z, Ntfnl Hf,Nr, | Hf,Nr,2 H,N,Nt (18)
Yf,Nr,nJ
, 128Ny,p—31
_ Pl | sin(320)
64 sin(E)
2
He1,1 He 1,2 HE, 1, N Xf,1,n
Heo,1  Hf 22 Hf, 2, Ny Xf,2,n
HE, Np, 1 BE N2 BE, Ny, N | L% Ng,n
jOJ[8O(n+128NLP—31)—64(NLP +l_ 31 )
e 160 2 128
sin(320)NLP)
Ni,p sin (32m)
He1,1 Hr,1,2 fe,1,8c ([ Xe,1.n (17)
Heo,1  Bf22 Ae2,nc || X£2n
_Hf’erl I:Ilerrz I':Iff:-,].\]]:-,l\]-[—__ Xf'Ntrn

after making use of (16), implying
X (A i i 11
£,1,n £1,1 £1,2 frert
X2 | _ | HE21 g2 HE, 2,3

X ~ -~ ~
ENen | |HeN,1 BE N2 HE, Ny, N
- (18)
Yf,1,n
, Z(NLP—].) rer
sin (320Nyp) “POMRTT Ye g

Ni,p sin (32w)

Yf, Npyn
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Yf,l,n -j8 Cci~[n+ 2(NLP -1)] sin (32coNLp) 5 Yfr 2r n
e NLP sin (32(0) [Yf,Nr,njJ WO 2006/ 016857 .
WEAN6BEIF0S5/ 000274 25 While the anplitude attRCUSG2005000274
sin(32coNLp) is time- NLP sp® (32co) invariant and
negligible due to a small co after frequency offset
estimation and conpensation based on the short 5
preanbl es, the phasedrotatLon termis anb:ncr$ﬁ:L2?0re
i on time and i s thusgdil e
Whiﬁ%nﬁ%\?‘?‘%&l{we ORI P EE_C'OTI;FJ’SI rIhdmmﬂ%&t iion thae—t he
di stortion in both the channelPe%t] and the data
1nv§¥ﬂ§>@1ﬁ Sand heed BLRiyed Sionadb avé‘rhét'?? & Jlf{éxarﬂequency
| aced by a residual frequency offset

Off%% %Jaﬁa@prurﬁrtd 1q@nmf§nsqn§mn21@a¢se@ o) wammgz na;] é

prefioled TG THRT O ST kS Pnkpparabed T tion

of tihme ea:tceohs rtHus sivdyspdresadfe SUPRLI88E0 B0Z8FGvide the
forcing interference suppression (ZFIS) unit 111 whic
amouf s ARSI é%on&’%}ﬁﬂﬁﬂé? e‘amﬁmfz%rdwmrtmn fatkoth the

T t t
Chagﬁégc%ée&%attoe ga% da.iJfZ g\kﬁ“g{ per for nse?%%v%l%c%b‘ﬁ@l
valeés t e, wat aré&e@ld[mrglby he mdobveualeveropaenty i Sffset

derlved for the VBLAST
compensation unit 110 by

) 2(Ny,p—1)
. —1n+——L§——44aDATAJr—1
Y, rn = Y, r,ne ’

n=12-:,

£=1223-,64,and £ = {8, 22 44, 58)

(19)

After this, the signal values corrected in this way are
supplied to a zero forcing interference suppression (ZFIS)
unit 111 which serves also as a channel equalizer (and for
data detection). The output of the ZFIS unit 111 is supplied
to a decoder 112 which performs the decoding of the data.

Although the above development is derived for the VBLAST
configuration, it is straightforward to show that the same
compensation formula in (19) holds for a GSTBC (Groupwise
Space-Time Block Code) system. It is also remarked that for
the case when the long preambles are loaded with cyclic
prefix, the same phase compensation can be readily applied to

arrive at the equations

Long preambles:



configuration, it is straightforward to show that the
sane conpensation formula in (19) holds for a GSTBC

w@ oepssse  Space- Ti ne Bl ock Code) system | tPCHSGL®H000274
remarked that for the caseyphen the |ong preanbles
are loaded with cyclic 25 prefix, the sane phase
conpeniation can be readily applied to arrive at the

2&Fdat ohs Long preanbl es: WO 2006/ 016857
PCT/ SG2005/ 000274 26 alLP,l = 0, 3 alLP,n = aLP,n-1 +
Lf,r,nLf,r,n-1, n =2, 3, ... NLP fe[8,22,44,58] r=1

5 OLP,n Za80,n (20) Data synhols: aDATA O = aLP, NLP

L85 S 1 Dh 2 ri o L5 S itral i, sy i - e
n=1 2, ODAT Lé%g%?:%‘lréﬂ)fﬂ,h’: 80EPi1asé ’ %
conpensation: 20 (NLP -1)

- Zayp,n
5 COLP,H = —8—0'—. (2O>

Data symbols:

aDATA,0 = aLP,Np,p-

10
ko =1,
Df,r,O Lf,r,NLPI
apATA,n =~ @DATA,n-1
3 *
15 + knkn_l Z Z Df,r,an,r,H—ll
fe[8,22,44,58] r=1
n=12--,
. _ Z4apata,n
OPATA,n = ———— (21)
80
Phase compensation:
20
w  (Ng,p—1)
. —J[n+—L—E2)——]4aDATA,n—1
Yf,r,n = Yf,r,ne ’ (22
n=15,2:-:-, )

£f=123--,64,and £ # {8, 22,44, 58}
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jn [ + ]LaDATA,n-1 Yf,r,n = Yf,r,ne 2 (22) n =1, 2,

f =1, 2,3,,64,and f # {8, 22, 44,58} WO 2006/ 016857
weFambBERO05/ 000274 27 that yield identical pepdDsGEHNER00274

using the pilot designs acggrding to (3) and (7)

since the difference lies only in a less efficient

(o} n_conmun tion
thaf oG Bl RISBPAERT BECErFBEa-BbR0& onb enRANGr Bosins’
accestiingt ton (B§ athWVUGSlﬂéetBBeDdh@Ee&éh@Bamﬂébsonly in a
Instead, aLP,n is conputed after each |ong preanble
lespsefééeionl Pﬁeaeéoieaﬁceraﬁmhles)lnleomueﬁlaaﬁpva| of
lnfgyﬁgylggDNIsynbol aDATA, n is updated as specified in
(9). Phase conpensatlon on Yf,r,nis carried out to
obtain Yf,r,min (19) for subsequent processi ng such

chan eI equal i zatjon, etc. 15 Si | ation results
In ?ﬁsmﬁ%’ﬁaaleﬁagnaeﬁsalbeﬁvfﬂaegem RBSENapBefeget ination is
reqa@PpENsat tpB. p§&BE|éﬁbEMahHelBP|@HEEE@H'OBLbS Ogg'eéﬁputed
as only a few inevitable non-Ilinear operatloﬁs are

afteeqaachdlohy gdeshgble20s| Aecasecafl ia NeWMOrGebWesystam(s) .
in each long training preanble, signal field and OFDM
synmbol , eight of the subcarriers are in one

Upoﬁ”@?ghﬂﬁﬂtogegbéﬁ§e@Fbﬂ B ﬁeglslgggig injard aaked"gée

t he coherent detecCtion ro ust aga ’ frequ ncy
spe@ifsed and(phasenBoeSeompERSELRbhObNSYENEl § $Bakhrried out

to obtain gﬁrﬂn in (19) for subsequent processing such as

channel equalization, etc.

Simulation results show that the method provides almost
perfect compensation. Simplicity in implementation is obvious
as only a few inevitable non-linear operations are required

by design.

In case of a MIMO OFDM eystem, in each long training
preamble, signal field and OFDM symbol, eight of the
subcarriers are in one embodiment dedicated to pilot signals
in order to make the coherent detection robust against
frequency offset and phase noise. These pilot signals shall
be put in subcarriers -48, -34, -20, -6, 6, 20, 34, and 48.
The pilots in the long training preamble are not modulated
over time but those in the signal field and the OFDM data
symbols shall be BPSK modulated by a pseudo binary sequence
to prevent the generation of spectral lines. The contribution
of the pilot subcarriers to each OFDM symbol is described in

in the following.
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15

25 be put in subcarriers -48, -34, -20, -6, 6, 20, 34,
and 48. The pilots in the long training preanble are
woedsode! at ed over tinme but those in the sigpel/SG2005/000274
and the OFDM data synbols shall be BPSK nodul ated by
a pseudo binary sequence to prevent the generation of
spectral |ines. e con rlbut on 30 of the Iot
ThesEBE%F??%{%O? Ea@% fi?gyﬁﬁ FargigesctPhe h n® QEDM
the follow ng. WO 2006/ 016857 PCT/SG2005/000274 28
SYMgRé EHNPFPHLETOOBI FOREIPT | bEaBabeERr PEr §SEBRNERe nt h
OFDM synbol is produced by Fourier transform of
P-sseopience P- 53 583 581ivenPb830%3 gi ven bel ow. First,
defi ne the sequence P-26,26 = 10, 0, O, 0, 0, 1, 0O, O,

: 0] 0, o, 00 0, 1, 5
Flrgto %8‘8“6‘9 tlge Q%q‘ge%g% 0.1,0,0,0,0,0,0,
0'0°0°0'0 1.0.0,0.0'0 th n 2-53,53 =
P-2®.26, 08, ég & %602811 Br QS% g 0 %'OP’_OZ 108, 000,01’, 0,
0,000,0,000,0,000,0,000,0, 1P026, 036}, 0, oThe pol arity of
0 éh% @Llo BUb arrlers | controlled by the sequence,
n P ’|S 9y9V|c extlensi on of the 127 el enents
10 sequence and is given by 90..126 = { 1, 1, 1, 1,
then| -y -1,1, 1, 1, 1,1, 1, 1, 1, 1, 1 1, 1, 1, 1, 1
1, 1, -1, -1, -, -1, -1, 1, -1 } Each sequence
E_5§I§§ent{|§Ly§eg6fo] ane ¢Oblgh, synmbol . The first and
second | ement s, the pil ot
arrﬁe 326, %ﬁ’tQT ntF’rs’t ‘ﬂghsegbﬁhfc| 6, 2¢hbol
15 respectively, while the elenents from P2 on are
Theupedafratyt kef the pilot subcarriers is controlled by the

sequence, pp, which is a cyclic extension of the 127 elements

sequence and is given by

®0..126 = {%,1,1,1, -1,-1,-1,1, -1,-1,-1,-1, 1,1,-1,1,
,x,2, 1,1,1,1, 1,1,1,1, 1,1,1,1,
t,1,-1,1, 1,-1,-1,%, 1,1,-1,1, -1,-1,-1,1,
-i,,-1,1, 1,-1,-1,1, 1,1,1,%1, -1,-1,1,1,
-1,-1,1,-1, 1,-1,1,1, -1,-1,-1,1,
l,-1,-1,-1, -1,1,-1,-1, 1,-1,1,1,
1,1,-1,1, -1,1,-2,1,-1,-1,-1,-1, -1,1,-1,1,
i-1,1,-1, 1,1,1,-1, -1,1,-1,1, -1,1,1,1,
-1,-1,-1,-1, -1,1,-1}

Each sequence element is used for one OFDM symbol. The first
and second elements, pp and p3, multiply the pilot
subcarriers @ of the first and second SIGNAL symbol,
respectively, while the elements from pp on are used for the

DATA symbols.
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DATA synbols. WD 2006/ 016857 PCT/ S&005/ 000274 29 In
this docunent, the follow ng publications are cited:
wQ 2jo6/oR®st 11: wirel ess LAN nedi um access contPOI/SGNOSH00274

and physical |ayer (PHY) specifications: Hi gh- speed
physical 5 | ayer in the 5 Gz band." | EEE std

In 892 | 4G 399, Supp ] 1999, Se
1996 [2] S Kay, " St at i sti (:(% é‘%%o%ﬁ%&# onaf | f/stgé
efficient frequency estinmation”, |CASSF 98, pp.

2 V.0l 10. WO 2006/ 016857
1) S etonhs HaAAes F0TCmEHET ECRRA ROt RbFoOl (NAC) and
physiieter miayay eeHwsigheadi fireauency: af fsetsh @é&\% dﬁ:al
no

transmtter and a recei Ver 1n a transm SSI1 0

laygy gy the Qo fHmikand -dh IEHEhmdd Sierbla-1929 meSgEyenant

to IEENRS ted fdqm the tr rgggtter to the receiver via
the comuni catidn'c anne - the nessage conprises at
Ieast one short preanble, at |east one |ong preanble

ser - the at Ieast one | ong preanbl e
q% s'esdfﬁe%l(ﬁlﬁi GERRP Tt adriana Jcbét%ﬁ 'Chl'a-?tli’fon
frengrﬁfméiﬁrmat'ldrh'e F@S@lpalggfr enoy.
determ ned based on the resi dgzggl’J frequency of‘i‘oslet 4, 1998

determi nation information. 15 2. Method according to
claim1, wherein the at |east one short preanble
conprises frequency of fset determ nation infornation
and a frequency offset is determ ned based on the
frequency offset determ nation information.
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20 3. Method according to claim1 or 2, wherein the

data conprises further residual frequency offset
wa@ledoeonissat i on i nformati on and a residual frepCESGE3005/000274

of fset determnation is &arried out based on the

further residual frequency offset determ nation

Clai_H{Snforrmtion. 25 4. Method according to any one of the
—<Cl

taims 1 to 3, wherein the comunication channe
conprises at | east one data subchannel and at | east

one pil ot bchannel . 30 5.. t;h '
1 il AR et AR D ercen
a trdnd dHeamle 4 wddgrveaonpr issascarhanined ioresiff mtiomvia a

i nformati on based on which a channel estimation is

commysdadrifed aherdetler HIRES e transni ssion
- & SIALARL O ShiGs. Al U 2006 Q485 SUHSRO0Y D002 4

communi cati on channel and the residua
receivequeancytiof feeimurdetaririmattiasmelnf ormation i s

transmtted via the | east qgne i l.ot_ .sub
- the [ SR GO T TAS 14 e s e e P aanre, 0 teast

I'a
one 18&% aﬁdré%lteoﬂ?d%@r sihehannel . 5 6. Met hod
according to any one of the clains 1 to 5, wherein

- thé het nesssigeonas tonmapiealll i ewP Bl 3R al Feyiorat r Gheayency
offs%{]g ?r:ég’i%m.t%ao%i%n l\/lbépggnﬁgﬁ&qdl ng to any one of the

_ wherein e Tressage is received via a
- thel el ddyl of regeehae affssnass d8teibihed haseddpngthe

any one of the clains n__the Message 'S

| 1to 7, i
resigpahshF ¢T&RNGE cot BF Ry ?%Fé%ﬁ%ﬁgggggﬁl%é?ﬁ%ﬁ accor di ng

to any one of the clains 1 to 8, wherein,

2. Method according to claim 1, wherein the at least one
short preamble comprises frequency offset determination
information and a frequency offset is determined based on the

frequency offset determination information.

3. Method according to claim 1 or 2, wherein the data
comprises further residual frequency offset determination
information and a residual frequency offset determination is
carried out based on the further reéidual frequency offset

determination information.

4. Method according to any one of the claims 1 to 3, wherein
the communication channel comprises at least one data

subchannel and at least one pilot subchannel.

5. Method according to any one of the claims 1 to 4, wherein
the at least one long preamble further comprises channel
estimation information based on which a channel estimation 1is

performed to determine the transmission characteristics of
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when the residual frequency offset has been determ ned
based on the residual frequency offset determ nation
WO pdoe/on@s? on, a phase conpensation i s carri edP@USG1005/000274
at | east one signal 20 valdle which is received in the
transm ssion of the message based on the determ ned
the d&dhiialadileouentihdl faet tHD. r&orguyi catepresysteifset
conprising a transmtter and a _receiver_%ggrein 25 -
detenmhigatiams finfeema td ol dt der it e T sHRSY ran
pilogrg%béﬂéyﬁﬁytgﬁa gﬁ%téﬁaﬁﬁgf”égﬁiﬂgﬁﬁéhciﬂ@%&ﬁé%&é@nis
channe erel n the message conprises at |east one
transharfepreanlies =t 1dxastomnedd ongyradaabiel and user
data and the at | east one |ong preanble conprises
resi dual frequency offset 30 determ nation information

6. M?'tﬁcg‘c? L 8EH ¥Blg |t adapt Skl LOF dehera fend T eso dbial wherein
requency offset between the transmtter and the
the messigeris rtrdresmil X067 0368571 RCT) Sap 005/ boapyalt 32
antetransrn'ssion of data via the communi cati on channe
BHad2d on the residual frequency offset determ nation

information. 11. Method for transmtting a nessage by

a transmtter, 5 wherein - a_nessage s gengerated .
7. Mokerdi el i e e RYnpReses hpe ?ﬁ%&@soﬁetgh pyWherein

the @%g@%ﬁ%e%ﬁa%eégf§éd°9?al9”@19£§§ﬂ@§eo§ngeé§§ﬁe datannas.

east one long preanbl e conprises residua
frequency offset determ nation information 10 - the

nessage is transpitted t ' ' _
o e e AT AR A SRR B, B gp 7, whorein
the hE8g4gaCYs of fsesmdeteantsabianngntor @EDMoN

9. Method according to any one of the claims 1 to 8, wherein,
when the residual frequency offset has been determined based
on the residual frequency offset determination information, a
phase compensation is carried out for at least one signal
value which is received in the transmission of the message

based on the determined residual frequency offset.

10. Communication system comprising a transmitter and a
receiver wherein

- the transmitter is adapted to transmit a message from the
transmitter to the receiver via a communication channel
wherein the message comprises at least one short preamble, at
least one long preamble and user data and the at least one
long preamble comprises residual frequency offset
determination information

- the receiver is adapted to determine a residual frequency

offset between the transmitter and the receiver in the
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allows the receiver to determ ne a residual frequency
of fset 15 between the transmtter and the receiver in
W b@ent@ssn ssion  of data via the conmmuni cat i PEI/SG2005/000274

channel. 12. Transmitter c@&prising - a nessage
generating unit adapted to generate a nessage 20

transhdseiibnt bE GR$22G6 aC@RRl coRsudti d-83%h MMansRArthased on
preanbl e, at |east one |ong preanble and user data

the I8§1itHe laf rrayshcon et tEskg dptearting tdempiinfesmagsicdual
frequency offset determnation information - a
sending unit adapted to transmt the nessage to a 25

11. Medbpdefovi dransoiminngati oeschkarnély wheransmittiehe

resi dual frequency offset determi nation informtion

Wheﬁﬁlpoms the receiver to determ ne a residual frequency

- a ekksaye hetyegBrbRedt LABSELh @h AR g @RI at
the transm ssion 30 of data via the conmunication
leas¢hgRfieFhoxB. PreRAbde oORtpleesssiong domgspagerbyeaand user
r [ er el 0 16857 / S&005/ 000274 ., 33
data %ganégéaég F%gggngéeggﬁgo rgagE§§Sﬁpppgﬁsgﬁar551dual
frequemmynbEateondeharnehawvhbah inESIage ieanpri ses at | east
one short,greanbleh at | east one | ong preanble and
- thgsBpsgags, 1SwhErBPRithedat ol BageCsAF SFoNg 3pReanbl e
comm®@iBEL$6S ERshAdal 5 frequency offset determ nation
information - a residual frequency offset between the
whergignsmitter and the receiver in a transm ssion of

' h ' ' h l, is.d 1 ned
- e Ra - P RIPH L B r B Rey cort gl i her b RERaL SR

allowsf oheatéosivd® to determine a residual frequency offset

between the transmitter and the receiver in the transmission

of data via the communication channel.

12, Transmitter comprising

— a message generating unit adapted to generate a message
wherein the message comprises at least one short preamble, at
least one long preamble and user data and the at least one
long preamble comprises residual frequency offset
determination information

- a sending unit adapted to transmit the message to a
receiver via a communication channel

wherein

~ the residual frequency offset determination information
allows the receiver to determine a residual frequency offset
between the transmitter and the receiver in the transmission

of data via the communication channel.

13. Method for processing a message by a receiver wherein
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14. Receiver conprising - a receiving unit adapted to
receive a nessage froma transmtter via a
W@ ownissat i on channel which nmessage conpri SeBCEH$G2005/000274
| east one short preanble, &3 |east one long 15
preanbl e and user data, wherein the at |east one |ong
- a pleeadblee isonptesesdr €sodual tirbegueney roffiseta
deternm nation infornmation - a determi ning uni.t
comnyRdeEd oo ChBPBPHM HE1& Yy BSSFGEr cPReqdETSy 20T fis@st one
shorRereannhhe EEaﬂéﬁbEt%heaﬁ@nbh?r%%ﬁ%ﬁ%e%dd1ué%} Yata,
transm ssi on of data based on the residual frequency
whergfifhséhe dét éeaphavhenlionbopmerimbie comprises residual
frequency offset determination information
- a residual frequency offset between the transmitter and the
receiver in a transmission of data via the communication

channel is determined based on the residual frequency offset

determination information.

14. Recelver comprising

- a receiving unit adapted to receive a message from a
transmitter via a communication channel which message
comprises at least one short preamble, at least one long
preamble and user data, wherein the at least one long
preamble comprises residual frequency offset determination
information

- a determining unit adapted to determine a residual
frequency offset between the transmitter and the receiver in
a transmission of data based on the residual freguency offset

determination information.



