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WD 2008/ 004984 PCT/ SG2007/ 000195 Title Method and

system for detecting a first synbol sequence in a
waolados/os49gnal , nmet hod and system for generati ngper/sSG2007/000195

sub-sequence 5 of a transm ssion synbol sequence, and

conput er program products Fiéld of the invention 10

Enbodi nents of the invention generally relate to a
Tireidod and systemfor detecting a first synbo

sequence in a data signal, a nethod and systemfor

generating a sub-sequence of a transm ssion synbol
MEEHYENERd SN EQANPYEECHPEFIAY aPEQIYEL SymB81 sequence in a

Background of the invention In radio conunications,
daty. signa\B mekhed ndesBahen Fadi genesariinbcat bshssequence

ranspi ssi k pi Lnc e e I

i e R o
ptbeuttansmitter and the receiver, a synchronization

frame delimter marking the end of the preanble

portion and a payload portion including the data to
rPedrapsmdtedy2p; Efficient methods and systens for
—generating and detecting a synchroni zation frame

delimter in a transm ssion packet are desirable.

f the, | tion, 30 A ing t
ERNOOI SR BF ERE TRUBNLLOR TRNREThod ForaCferacei Rgthod and
sfstsh SyRb@btSEEURHCE firatdaymbsigpabubscePiavihdadta

I ncluding receiving the data signal in which the WO
S Dyt 00 o8t ipe 09YFben16gr generating a sub-sequence of

a transmission symbol sequence, and computer program

products.

Background of the invention

In radio communications, e.g. in UWB (Ultra Wide Band) radio
communications, transmission packets typically include a
preamble portion, for example used for the synchronization of
the transmitter and the receiver, a synchronization frame
delimiter marking the end of the preamble portion and a

payload portion including the data to be transmitted.
Efficient methods and systems for generating and detecting a
synchronization frame delimiter in a transmission packet are

desirable.

Summary of the invention

According to one embodiment of the invention, a method for
detecting a first symbol sequence in a data signal is

provided including receiving the data signal in which the
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2 first synbol sequence should be detected, wherein
the first synbol sequence is expressable as the
wheonoedoes product of a second synbol sequencRCEHRG20@7/000195
third synbol sequence; <correlating the first synbo
sequence with the third synb@ 5 sequence to generate
a first correlation result; generating a second
fieetr elyatdddn geesidricdshmarlcelbat ideg et dgunttie rsyinbalhe first
sequence derived fromthe first cqrrelatio resu
s £ FIUIIF S yirfo AEREERAAE Fet (i AR SRPE Of a
seRHR0Is BRAUENGR L & RS Al Ayt JERpRRld;
negati ve 10 synbols of the second synbol sequence to
copgelrdgatd e siimsdl symond gEmreatdangiidhddther tihgird symbol
result bhased on the second correlati.on result. 15
S%ﬂﬁ%W%ﬁ?xéQSﬂ§E§W%ﬁH%§ﬁé%nﬁﬁﬁﬁe%$%ﬁ¥hﬁﬁ§ﬁ%ﬁkt
geaeGerding d Geddirl nihed ftooreteaatlinga ddrrsdl syirpla
sequence in a data signal are_ provided according to

foevmddisiamal grequrecs lrsriiesh. Toam Adoridinig 130 divteron
SRR e dhie IAXENT AL dIRIIOR.L0led 9aNAK Al Gdbond
a transm ssi on syrrbo S

T8 -sequence © sequence
symboMi detiardaudiyng seteectfiongnat fanr sthasty mizgls selquersgative
from a plurality o reanbl e synbol sequences, the
Sy bIR Syt RS (s e g8 R 1 a
syRiRAD! e portion of the 25 transmi ssion symbo
sequence; generating a second synbol sequence based

gemre ntetie g ras tdesianioll ors erpatcde badrf @origisrFake correlation

re%eﬁ%hd synbol sequence with a third synbol sequence

Serrected from the plurality of preanble synbo

sequences to generate the sub-sequence. 30
Further, a system and a computer program product according to
the method for detecting a first symbol sequence in a data
signal are provided according to embodiments of the

invention.

According to another embodiment of the invention a method for
generating a sub-sequence of a transmission symbol sequence
is provided including selecting a first symbol sequence from
a plurality of preamble symbol sequences, the preamble symbol
sequences pre-stored to be used in a preamble portion of the
transmission symbol sequence; generating a second symbol
sequence based on the first symbol sequence; and

combining the second symbol sequence with a third symbol
sequence selected from the plurality of preamble symbol

sequences to generate the sub-sequence.

Further, a system and a computer program product according to

the method for generating a sub-sequence of a transmission
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Further, a system and a conputer program product
according to the nethod for generating a sub-sequence
wW@R008/00498nsm ssi on WD 2008/ 004984 PCT/ SG2007/ 0POLSE62003000195

synbol sequence are provided according to enbodi nents
of the invention. Short desctiption of the figures 5
[llustrative enbodi ments of the invention are
s yeotypd Jai seeph dreleo v renig o wiefest e ndind e arembbadisnents of the
. Figure 1 shows a comuni cation arrangenent accordi ng
G A ™0 enmbodi nent of the invention. Figure 2 shows
a transm ssion frame according to an enbodi nent of
the inventi 15 Figure 3 shows a first table with
3 e AT 19 e Higfce according to an
enbodi nent of the invention. Figure 4 shows a second
table with exanples for a ternary 20 sequence
Ilaacarrhtigrd erdbdimadi et wfe theverntnikentdom. estp puireed below
shows a preanble foll owed by a synchronization frane
widd) isRGSHe G FitY (R hbodi nent of the 25
invention. Figure 6 shows a preanble and a | ong
synchroni zation frame delimter. 30 Figure 7 shows a
Figreantl ehands & |lcomgueyinsirion zatiargdmente agedidinerto an
WO 2008/ 0 4%?4 ng/§§%997/000195. 4
e imen @]

mbo e invention.

Figure 2 shows a transmission frame according to an

embodiment of the invention.

Figure 3 shows a first table with examples for a ternary
sequence according to an embodiment of the

invention.

Figure 4 shows a second table with examples for a ternary
sequence according to an embodiment of the

invention.

Figure 5 shows a preamble followed by a synchronization frame
delimiter according to an embodiment of the

invention.

Figure 6 shows a preamble and a long synchronization frame

delimiter.

Figure 7 shows a preamble and a long synchronization frame

delimiter.
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Figure 8 shows a preanble and a | ong synchroni zation

frame delimter. Figure 9 illustrates the processing
w@boos/008£i ved signal. 5 Figure 10 ill ustrat eBCT/R€2007/000195
processing of a received S|gnal Figure 11

illustrates the processing of4a received signa
according to an enbodi nent of the invention. 10
Filbetra |eddescrd pideamdlld ustd & iMely,synclomenization frame
enbodlngy a, nethod for detecting a first synbo
sequenceéFHiB ¥ a signal is provided in which 15 al
negati ve synbols of a first correlation result,
generated by correlating the first symbol sequence,
Figaing % 1lshidhradtis st facars idw i terjeaeived hpignal .
third synbol sequence, are nmapped to non-negative
synbol s. This neans that in one enbodi nent (e.g. when
Fidfdrnaro zierlo syl s tafee goggesk 20y taf tdhers@meved signal.
positive synbol) the sign information of the synbo
sequence is renoved. In one enbodi ment, where sign
Fil Q0 T | 0N \GOMFRSRONGS: (0o RIASE, & N OTATBE 80 v e gnal
e sign information is removed the 25 second synb ?
sequencacceogdlrbg/ torarer¢mingdinedt onf ather havgntion.
sequence to a bipolar sequence, the need to track the
phase of the first correlation result is elimnated.
pritiel .adsweiprici rel ation side | obes and thus better
performancé can be achieved. 30 In the nethod for
detecting a first synbol sequence in a data signa
- an [ e e
T o e v T Pt T it o o R protecting @
fiwteet hymiddie sequence in a data signal is provided in which

all negative symbols of a first correlation result, generated
by correlating the first symbol sequence (e.g. a
synchronization frame delimiter) with the third symbol
sequence, are mapped to non-negative symbols. This means that
in one embodiment (e.g. when all non-zero symbols are mapped
to the same positive symbol) the sign information of the

symbol sequence is removed.

In one embodiment, where sign information corresponds to
phase information, when the sign information is removed the
second symbol sequence, e.g. by converting it from a ternary
sequence to a bipolar sequence, the need to track the phase
of the first correlation result is eliminated. Further, lower
correlation side lobes and thus better performance can be

achlieved.

In the method for detecting a first symbol sequence in a data
signal according to an embodiment of the invention the

detection result is for example the information whether the
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WO 2008/ 004984 PCT/ S&007/000195 5 first synbol

sequence is present in the data signal. The detection
wo e®aloo4986 for exanpl e the position of the firBtT/SG2007/000195

synbol sequence in the data signal. 5 In one

enbodi ment, the fourth synboP sequence is derived from

the first correlation result by taking the absolute
fivetueymbolt beqghienst ter pekathbninesbkt dakaesigakilngThe

t he absol ute_val of the.s ols of . the fi

GeERFF bPAL FERAF Lokt TOF| FUSTPAE] U8Ry DOPRELSNgRT the first

Syﬁgggrg@&hgﬁcg§iﬁeﬂggegaggogﬁbﬁgl,10 first correlation
result. "The first synbol sequence, the second code
sequence and the third synbol sequence are for

exanpl e, t hree- val c 5 enodi
R Rt o oS AP SBosh 5By BRSO e de R cron
theeeondtsypboklseduaneesudtpbyi thkéngywhel sbspéuge tvhéue of

sanme positive_synbol) and maps the zero nbol s of
thenhgizstoRATEGHB P°§eaﬁéﬁé€'t6-ﬁeg§?#&8933 of SPEP&? values

oftgﬁesgggbogggeki¥ﬁesfﬁggk)co%QeIH%i%ﬁ09%@u§qu°|

sequen I's for exanp a ternary sequence and the
I1ftibthasywbdl, seheesdgni $nformexampl ést kemogedndrom the
synbol se nce transfornmed into a bi pol ar sequence.

, u f
L1ESF cB8%& Fg}oph§e§8§5nd symbol sequence is

transforned into a 25 bi pol ar sequence by repl aci ng
each conponent having the value 0 with -1 and
Theefliastngyakeh E6APDERERy KAF H§CORE F&OGe SEAyence and the

Wi _t.h al.rea havi hevalue b 4¢ nQ .
thﬁgées§ngggg§§§?b§Fyafgpgﬁge%&gﬁgl%aﬁhbe% eﬁt quences
unchanged. 30 In one enbodi nent, the data signa

further_ingludes r eanbl e %%%g%n sequenc |dg% udlgg

In GBSt RIPGOSPRBE) SBRUETERSTOT maps”a “zer

symbols of the second symbol sequence to positive symbols
(e.g. the same positive symbol) and maps the zero symbols of
the second symbol sequence to negative symbols (e.g. the same

negative symbol).

The second symbol sequence is for example a ternary sequence
and the fifth symbol sequence is for example the second
symbol sequence transformed into a bipolar sequence. For
example, the second symbol sequence is transformed into a
bipolar sequence by replacing each component having the value
0 with -1 and replacing each component having the valge 1l or
-1 with 1. Components already having the value 1 do not have

to be actively replaced but can be left unchanged.

In one embodiment, the data signal further includes a
preamble symbol sequence including the third symbol sequence

one or more times.



10

15

20

25

30

one or nore tinmes. WO 2008/ 004984 PCT/ SG007/000195 6
For exanple, the data signal further includes a data
w@ayBoeds4 synbol sequence and the first synbol PEESGENT@00195
mar ks the end of the preanbl e synbol sequence and the
begi nning of the data payl o&d synbol sequence. The
first synbol sequence is for 5 exanple a
Fogy exampiiez atthen dhtans idelalniftarthelm inkd udetshed dadra payload

nerati ng a sub-sequence of a transm ssion s 0
sy RER e Rea REEs SPFe T digehe B0 TG (e the end
ofl RRRNAmp1le! UStihatl L@lghen eS WhrdS @ME MeRyi@fnihg of the data

transm ssion 10 synbol sequence, for exanple to be
paydeddas yabonskaosinzst-i Ghe fiigmt dembelt éeduendse is for

transm_ssi on |_.sequ o : rated using a
exsp aﬁbﬁeE@&ﬁ%%%%EE&GEﬁ%%%ﬁﬁﬁb C%%ﬁ'%g%ﬁged in the

preanbl e of the transm ssion synbol sequence. For

exanple, a |list of preanble synbol sequences_is stored

Inj fhg FSUoshSftt geNSR Ity FEISERUPGhet @ transmission

s yidb@S W i O G 4 1R, Qﬂpg%dﬁhé}téﬁ%ﬁﬂh@%ﬂ”bﬁﬁﬁﬂ?
sequence, I.e. a transm ssion frane. The sub-sequence

invengewer,atidd usased ioe 1t he prueadd@esruaita Asmmmpnission
%E§ lt, for exanple, the su%i %fquenc has the sane . £

SYHR®er ISAAG EEqUERTe SFRTPH T8 I &S5 fredhti ¥ zation

fregguerae rand rmy ke generahadsidh dyemol il gremat iion
conplexity. In the nethod for generating a

JengradequardadoR PICEERE SRl SAMEINcGseqlidide can be used
. a rdi a di t..af_ 1. i t4i h

g T S oo TR T ot | DHET Mbayeited o
expinpdeGt 20f1 itshe ofe parcindyirb ayrbejuermepicanc ¢ hies tdtignkd in a

t réégogg_:#g@%:? %g’gﬁ E]Pé({ 3&0 Qles e%m%%/d Itrl'geen tt’ r at nhs(:f‘n is’cqcceorn df osly %oel
preamble of a transmission symbol sequence, i.e. a
transmission frame. The sub-sequence is generated based on
the preamble sequence. As a result, for example, the sub-
sequence has the same underlying sequence pattern as the
preamble symbol sequence and may be generated with low

implementation complexity.

In the method for generating a sub-sequence of a transmission
symbol sequence according to an embodiment of the invention,
the sub-sequence is for example genefated as the kronecker
product of the second symbol sequence and the third symbol

sequence.

In one embodiment, the second symbol sequence is generated
based on a fourth symbol sequence which is the first symbol
sequence, the first symbol sequence with the sign of each

symbol being inverted, a cyclically shifted version of the

first symbol sequence or a cyclically shifted version of the
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30 based on a fourth synbol sequence which is the
first synbol sequence, the first synbol sequence with
wo b@s®igs4 of each synbol being inverted, a cyetT/862009/000195
shifted version of the first synbol sequence or a
cyclically shifted version of the WD 2008/ 004984
PCT/ S&007/ 000195 7 first synbol sequence with the
£fiBb@NsPhbeachegiehot Wethgthénseghedf Aabhghymhndobmésg
. of the sub-sequence can be achieved in this 5 way
iny@pE®di ng the detection probability of the
sub-sequence in the transm ssion synbol sequence
whi | e keeping the inplenentation conplexity |ow _ .
A Fughheandpheesecofidtbgnbob-sequence may be gehépyeddin this
based on. 10 the fourth sy cea a fit
wa¥yﬁ%8F°¥éageﬁ%S ﬁﬁggﬁ£19§ ngk? %ﬂgsﬁbgF 2g8ug%%eggquence
inSehectednbnorstiBa Bhwbali b¥qgabncpr @adlike kegphah the
sequences, the sixth synbol sequence with the sign of
impaenesyabaPnbePRgLlPAtErt €8Y-a cyclical ly shifted
version of the sixth synbol sequence or a cyclically
shifted 15 version of the sixth synbol sequence with
FutbResi, gnhef seachd synboll benngniceveeyede Teamerated based on
transm ssi on synbol sequence for., npl.e.incl udes a .
thgafqurphy FEERO yﬁﬁ&PeggGuéﬂgeaaﬁ&%?%eSgﬁgp e&ﬁgﬁggcﬁoythh
is€%ampken2Qameks sthaeard abitbecpr ganhl ehpoliverlang of
the beginning of the data payl oad synbol sequence. |
prEembérasphbolt keasebceseqibfic 8 1kE ha SyheHr SRPRINCEn Wwith the
fra delim_ter. .l i.nent ,
508" FEp PRrgar YEe e Red G 1B TFar Bary Sadiande. e
vebkkhish synbelk segienegmbbihe seenentesynbal ceduerddy apd fted

the third synbgl sequence are for ex | e.two-,val u
version of th% s%xth ymbol sequence ﬁ?@% %he sign of each

symbol being inverted.

The transmission symbol sequence for example includes a data
payload symbol sequence and the sub-sequence for example
marks the end of the preamble portion and the beginning of
the data payload symbol sequence. For example, the sub-

sequence is a synchronization frame delimiter.

In one embodiment, the sub-sequence is a biploar sequence or

a ternary sedguence.

The first symbol sequence, the second symbol sequence, and
the third symbol sequence are for example two-valued

sequences or three-valued sequences.

A two-valued symbol sequence is a sequence the components of

which are from a set of two elements (for example real



sequences or three-val ued sequences. 30 A two-val ued
synbol sequence is a sequence the conponents of which
wae@shoosr a set of two el enents (for exanpl e reel/S&007/000195
2008/ 004984 PCT/ S&2007/ 000195 8 nunbers). For
exanpl e, bi pol ar sequences an® uni pol ar sequences are
t wo- val ued sequences. A bipolar sequence is a sequence
nyrhize cHNp ofent sxafip W) chips Bar Ss@dheh 08 angetin 0ho 04L
negative val ue and one positive value, e.g. {-1, 1}.
SEIFCSGhIAES to-valuad 'sqquengesq pipolar  sequence.
A uni pol ar sequence (or binary sequence) is a sequence
the 10 conponents of which are all froma set of 0
A Pl yosieduancyalsier sequefds e Eompexempseof Oshidch are
. [ S i pol ar__sequence.. A three-val ued,
> algleq%e%%eé iss&a%q%%%c%eqahe %%%%Jn%%t%n%f‘)%i RpSL BV realue,
e fg.onf-al set} ofFdhreeamdaents, (f,0r-exanmp) el cooPh eXiQs1ar
real nunbers). exanple, a ternary sequence is a
SYHEESral ued sequence. A ternary sequence is a
sequence the conponents of which are 20 all froma
set of one negative value and one positive value and
A giniegg.ay sEqundg I (d:IDrhbJH' mwg@q&nded) -ils _aE)lsdecgJe:zr‘&c@ the
rnary sequence. Int enbodi nent s ‘descri be el ow,
co%rﬁjeonsey soIO%géH’&eCﬁ’c&r%rale Ot So §F aF Y A B ReTLive
vadegenrces. (A, canponait Qfanp1e0de), SEAUENcs, 1.6 & unipolar
synbol, is also called a chip. Acircuit can be a
SSNAEIW&E-e circuit designed for the respective
functionality or also a progranmable unit, such as

10

A three-valued sequence is a sequence the components of which
15 are from a set of three elements (for example complex or real
numbers) . example, a ternary sequence is a three-valued

sequence.

A ternary sequence is a sequence the components of which are
20 all from a set of one negative value and one positive value
and 0, e.g. {-1, 0, 1}. For example, 0, 1, -1, -1, 0 is a

ternary sequence.

In the embodiments described below, the symbol sequences are
25 also referred to as code sequences. A component of a code

sequence, i.e. a symbol, is also called a chip.

A circuit can be a hardware circuit designed for the
respective functionality or also a programmable unit, such as

30 a processor, programmed for the respective functionality.

Figure 1 shows a communication arrangement 100 according to

an embodiment of the invention.
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30 a processor, programmed for the respective

functionality. Figure 1 shows a conmmuni cation
waeooaogosent 100 according to an enbodi nent oPCT/RE€2007/000195

i nvention. WO 2008/ 004984 PCT/ SG2007/000195 9 The

communi cati on arrangement inBludes a transmitter 101

and a receiver 102. The transmtter 101 and the

receiver 102 for exanple comunicate using UWB (ultra

w de band) radio 5 communi cation technology accordi
The oComppN 802t 18N 48X SRRAAGRFHT chgEGSFd?ngr%S%g?ﬁér 181 ana

Lol 55 Pepsopal,AnearNet woikandyshembecsl&Braso2 for

a %g§%%¥%?GEneratFon 2 gystens. Data is transmtted by
exdplér ansmiihi ept20tsisgngWB (rahsai videobandensadios

via a communication channel to the r LVeR,Usizn d
CORBRRT Ger - Bt GRRZ085Y n T 6P FOPdiPa pAEKEP. [ThA f rariar

orOfccbheihhansnussianrofiia watalpaskeerkoasit Aeea Network
transmttér 101 to the receiver 102 is illustrated in

- systguee guchsapi JaMEDIAsHERETatLPRNENSYSIEEASHr ame 200

according to an enbodi nent of the invention. The
transm ssion frame 200 includes a preanble 201, a .
DaS¥NEhr erbnstiianctr ayetiel trahemitSED) 1202 usntgaa transmit

ayl oad data 20 packet 203. The synchronization f.ranme _.
angenna £67 762 'ran&PE‘QP@%cf"%éoéln&%SLP%eﬁhgopFé‘gnﬁleec%fr uSing

a 2gd Eggrpgﬁ%%hn%rﬁbﬂahntE@%m.bfedaEﬁepéb&k&s.Oﬁhkhﬁorm of
payFoa dat a packet 203. The synchroni zation frame 25
thdekirahted s202n o©fdet deted pbyketddres ¢heldrapsmifter 101 to

det er m.nes e .begi.nni_n f ¢t d -dat a packet

th?o§?c?ﬁ§e6r&§%bﬁ g&}uFE%agfgngﬁegﬁﬁgﬁﬁdgg t he
repetition of a code sequence T which is chosen such
that it can be received .30 effecti

. vely for t.he
Figurgoge § e Spac KeRISEGSISSON S 2HFd tpccdrdity to an

embodiment of the invention.

The transmission frame 200 includes a preamble 201, a
synchronization frame delimiter (SFD) 202 and a payload data

packet 203.

The synchronization frame delimiter 202 indicates the end of
the preamble 201 and the packet arrival time, i.e. the start
of the payload data packet 203. The synchronization frame
delimiter 202 is detected by a detector 105 which determines
the beginning of the payload data packet 203.

The preamble 201 for example includes the repetition of a
code sequence T which is chosen such that it can be received
effectively for the purposes of packet acquisition and time
of arrival estimation by different receiver types for example

by a coherent receiver and by an energy detector.
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of arrival estimation by different receiver types for

exanple by a coherent receiver and by an energy
waledosoovms4s WO 2008/ 004984 PCT/ SG2007/ 000195 1BCTFSE2007/000195

exanpl e, the preanble includes the repetition of a

N-chip ternary sequence T. TOmay al so be a binary

sequence or a bipolar sequence. Exanples for the
FolCLRANY186UHRRCBrEadbee ShOWMIdeR EheurepediandndofS5a N-chip

Figure 3 shows a first table 300 with exanples for a
terspndr yegsenagente AcBOVAPAGOL BCad BAPSYNERAUGRCEnST 2
biéQXSEtESﬁuegégh Eggﬁggésokth%hE'E%En%%@l%e RrSROWS are

n~exanple tor the ternary sequence whi ch may be
shosadihnriberpsednhhed 201. In this case, the ternary

sequence is a 31-chip sequence. Eight exanples are

given. Figure 4 shows a second table 400 with exanpl es

Fig Ledst GHBALY 2 F3rS€U¢ende 30Q0kdithg ekl eeriFei rerfernary
the i nvention. Each row 401 of the second table 400

seghewseanceradphg ftor anhenbodimeny $&q e d NMFNTH AFay
be used in the preanble 201. In this exanples, the
ternary sequence is a 127-chip ternary 20 sequence. In
EafaChokowo1t we pakt Fiektt heblespoct ishewserararaksequeerce the
are shown wherein the upper part is follomedk$¥ tQF
teroasy paarenge thd She&pache asssydendde PFoaiHigates 1

a ang | APl QNG 1t d ndicaigs fgbnand Eight
thﬁ?"ggﬁéchggsggE? .ygﬁ§£%¢ néié’si%bol ségﬁené%s t hat 7
exgaylke asxedgdyethe sequence T are for exanple stored

ina first nmenory 106 of the

Figure 4 shows a second table 400 with examples for a ternary

sequence according to an embodiment of the invention.

Each row 401 of the second table 400 shows an example for the
ternary sequence which may be used in the preamble 201. In
this examples, the ternary sequence is a 127-chip ternary

sequence.

In each row, two parts of the respective ternary sedquence are
shown wherein the upper part is followed by the lower part in

the respective sequence.

In figures 3 and 4 and in the following, "+" indicates a +1
and "-" indicates a -1.

One or more symbol sequences that may be used as the sequence
T are for example stored in a first memory 106 of the
transmitter 101 and in a second memory 107 of the receiver

102.



10

15

20

25

30

30 transmtter 101 and in a second nmenory 107 of the

recei ver 102. WD 2008/ 004984 PCT/ S&007/000195 11
wab@ssyseshr oni zati on frane delimter 202 i ncl UBEESG2007/000195

sequence bl ocks which are related to the ternary

sequence T used for the predhble, such that a | ow

conplexity of the receiver 102 may be achieved. An

Th@xéﬂﬁbﬁrﬁﬁ&zét@bﬁaﬂbéﬁeZQélﬂmﬂt@rSZSynﬁhbmndéatBéguence
frame delimter 202 is shown in figure S gure

bl@ﬁbaswblﬁheaﬁﬁléeéeleﬁorpoﬁEa B9raa§ynéﬁH8ﬁPE t fopsed for
th% HB&E”‘%ﬁ%ﬁSQQa@CQothngoﬁBlé§1€9b89'ﬂﬁ@tr%EeEQ%r 102

£l on reanbl e 501 Tncludes the repetition
mapfbéhechequedceAﬁ exampﬁh feri p phiesmbianglé anN-@hlp

ternary sequence. Th nchro ation, frame _d
SYBEQrngéagFSBUEFaﬁF geél%ﬁgﬁr ?généFynggg §8q%é 85655

and the ternary sequence T, i.e. 15 SFD =S (r) T

where (r) denotes the kronecker product or direct
FlguoduétshwWSSanéaﬁgmbhat5P$|fOéiowed bysp] sypphronization

S1*T, .s2% T ere P* e T
Eeh &7 LR sRBoRCht SoBETRG BT i AT SRRy AT ar M
lnb@hﬁ@@ﬂ 1 and P). Hence the kronecker product of a
sequence S and a 20 sequence T herein neans the

kronecker product (or also called direct product) for

Thgﬁgﬂarg@el\éﬁ *5'@151Hehﬂaetgnt:%p&%@qﬁgo@l be xR 'E%tque)hce T,

Ing Interpreted as a X Nmatrix. In th
whéxanpke ishdWwi si exBinglee a2 N- Ship[ttrmamyoseng@Q@ The

VB GheRr SAEEAEon P LG ot 8P 2508 Pnelgqusts of 2 Behip

tesga¥ONea skl eeksch03 whane mheatkrnseguerceiddloeck,i s . 5.
-T or a sequence of N zero chips
SFD = S ® T where ® denotes the kronecker product or direct

product. This means that [s1, s2, .., spl ® T = [s1*T, s2*T,
ws; Sp*T] wherein s;i*T means the sequence T with all
components being multiplied by sj (for all i between 1 and
P). Hence the kronecker product of a sequence S and a
sequence T herein means the kronecker product (or also called

direct product) for matrices with S being interpreted as a 1

x P matrix and T being interpreted as a 1 x N matrix.

In the example shown in figure 2, S = [-1,0,0,0,+1,-1,0,-1].
P is 8 in this example, such that the synchronization frame
delimiter 502 includes 8 sequence blocks 503 wherein each
sequence block is T, -T or a sequence of N zero chips

(indicated by a 0).

The preamble 501 and the synchronization frame delimiter 502
are for example used according to the current IEEE 802.15.4a
standard for low-rate low-power UWB Wireless Personal Area

Network.
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(indicated by a 0). 30 The preanble 501 and the
synchroni zation frame delimter 502 are for exanple
waised/oesor ding to the current | EEE 802. 15. 4a PGI/aGziar/d0019s
for lowrate | ow power UAB Wrel ess Personal Area
Net wor k. WO 2008/ 004984 PCT/ 52007/ 000195 12 In the
above exanpl e, the synchronization frane delimter,
including 8 tinmes N chips, is a short synchronization
frame delimter. In transm ssion scenarios where the
Instignatbeve Sexangker athe ezm&@r@%lZ@ﬁAO@.§¥amﬁeﬁe%h@lterr
ansm ssipn range i s Io
ing LG Rens (RS enenPBRPSAL L on® Tiane SUT i oar pgioR frame
debehiesrdetectironsaf sthensyoehaphozatwvhene thanmeignal to
delimter by the detector 105. 10 ghéi | e netho
noyepefat€Cal gﬂﬁb $§neAFonfz 4t i BRSRr QEQPFW%P§%°Pr6ﬁPge is

loﬁgShQﬁéréyﬂggrBQ'éahbga bafen @héﬂ‘&ﬁé k§ntArohepaat on
Short synchironi zation frane delimiter. This is

framéudel ahedernfbigbeetér d6tEChles 6fshbas sanphsgnpration
601 an ong, synchrani_zati on rame delimter 602.

fr@?ﬁiﬁﬁflpb£FFgBVegg? gﬁgeﬁ% n%Pé 601 i ncl udes the
repetition of the sequence T, which is in this

exanple a N-chip ternary 20 sequence. The | ong
A sympheomﬁthpdohOf9§ﬁ§ré§E|ﬁlﬂQEQGGZnPﬁépﬂdé§tR0n grame

deLERELLLI 008,00 8,808 b\ RYAERRONLEALLOR LEAMBICdENiTLkeh 5 to

corresponds e synchroni zation franme
repehtnht eno282s¥hcaond zanibhgliremd dediadterd Agliy is
Includes P.= 8 x 8 x N chips. Such a |l ong
ll%yﬁEﬁ?BﬁﬂzéﬁlgﬁgPFéné delimter 602 is for exanple

adopted in the | EEE 802. 15. 4a standard specification

FigureVG shows a preamble 601 and a long synchronization

frame delimiter 602.

Similar to figure 5, the preamble 601 includes the repetition
of the sequence T, which is in this example a N-chip ternary

sequence.

The long synchronization frame delimiter 602 includes R = 8
repetitions of a short synchronization frame delimiter 603
which corresponds to the synchronization frame delimiter 502
shown in figure 5 and accordingly includes P = 8 x 8 x N
chips. Such a long synchronization frame delimiter 602 is for
example adopted in the IEEE 802.15.4a standard specification
draft for low-rate low-power UWB Wireless Personal Area
Network. The disadvantage of such a highly structured long
synchronization frame delimiter is a poor detection
performance due to the gentle up-slope and down-slope of

correlation peaks.
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draft for lowrate | ow power UWB Wrel ess Persona

Area Network. The di sadvantage of such a highly
wa@eoogob498€£d | ong 30 synchroni zation frane del POT/B€2007/800195

a poor detection performance due to the gentle

up- sl ope and down-sl ope of €drrel ation peaks. WD

2008/ 004984 PCT/ S&007/000195 13 In one enbodi nent,
IntOn@CkhBYE1M6RE, debesthoaver gbaki bet¥cwhen pEdBabs1iew when

a | ong 'synchroni zation frame delimter is used,  which
SNRsisnleweaf bpnewsngchrenidahbprdizamgodelivgtencdswrsed,
whkn kS”QBhtEéNf?TFB§1g8”85?5988R59ghaa5'EBBE Lehdh¥e W, of

seéquence 5 S = [SI, s2;7 sp] and a ternary sequence T
lefigom axNethopsKgehNeehtpdpfeambbkePsefupntesndty F2guence

..., TK The preznbl sygbol se%uences Tihn}z’ o set of K
S Tklate EddesefBendBS @hiFEhRAay BEIMEBES sUniF&F fo°°t ©

t he sequen T for the _preanbl e and.,are r I
M-SR E R e Ee TP P b ERaondes Shotn TR~ RES, BEFaLbLE symbol

Lgur 3rmand 4. «Th e c [ iVen =

seqehb ] B, SryC - Thrp SRS MR B PR Y S, B used
sifDedi FBNthet QchAdHEE TERBLY tHEAGER chibl B antr ansmitirer

101 and the receiver 102, portions of the sequence S
examplgenepueeadeasifngratheeasausnecst shRenNLighithe tables in
figreanbéeasgq%ences T1, T2, ..., TK For exanple, the

gﬁﬁgn e®8% "ncl udes B segnent s (sub-sequences)

wherein the ith segnent 20 includes Pi chips such that

P=PL+ P2+ ... +PBwthB> 1. For exanple, each
Theegmranenis Hssecigaved wvt W  Sefhdry Isequence U, that
is for exanple generated fromone of the Tj. 1In one

W snbedifgnt S2tRgP~cHiPp Ttidrnary base sequence S is 25
constructed for the purpose of generating a P * N-chip
| ong

In this embodiment, to reduce memory usage in the
transmitter 101 and the receiver 102, portions of the
sequence S are generated using at least one of the N-chip

preamble sequences Tq, T2, .., Tg. For example, the sequence S
includes B segments (sub-seguences) wherein the ith segment
includes P4 chips such that P = P71 + Py + .. + Pp with B 2 1.

For example, each segment is associated with a ternary

sequence U, that is for example generated from one of the Ty.

In one embodiment, the P-chip ternary base sequence S is
constructed for the purpose of generating a P * N-chip long
synchronization frame delimiter (SFD), W, from the set of K
N-chip preambles, Tq, T2, T3, .., Tg, by carrying out, for
each segment of the B segments of the sequence S:

assigning a N-chip sequence T to N chips of the segment (e.g.

the first N chips of the segment) if the number P4 of chips

of the segment is greater or equal than N or assigning a Py-
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synchroni zation frane delimter (SFD), W fromthe set
of K N-chip preanbles, T1, T2, T3, ..., TK, by
wa@ 2008904984 out, for each segnent of. the B segP€ns6200f/000195
the sequence S: assigning a N-chip sequence T to N
chips of the segnent (e.g. 3 the first N chips of
t he segnent) if t he nurrber Pj of chips of the segnent
chip FeRpidit Ofs 188Ul i vt N & 38Si
. 23308/%984 PCT/ S@ 07/ 000195 14 %%%%%%?en%pthe segment
$b-se ST dihathdl sdmprgice T 19 aie stdientprédmiPie
i s small t han N\/\herelnTls one of the preanble
s& é:r?csegrlm T2pp T3p3 . IK: ARE SHe tte trrﬁgéﬁe’g‘éﬁ mﬂ@eamble

equences_ - T 3, ..., ~TK, .o .
e%%l i C Shl Tt'ed “Ver S|T031 5°7of Zféﬂe %t & rf‘é/‘b]rjéén%”f:‘efted version
£S @gide F 0 of,_the ative
° pr earrbr&:%g;e%lq&er-r%&blﬁlsequ?f%%grl’ rﬁe T8¢ “and Kr fofpjone of
e %Kr and

the Negd iives fBddmifle MigdAHe s nt_) addj
fore@{éhe rer%nlngePJ chhlps 0T gi:\tl\/e

1fptP§an90INeammqe|%$ (fj . L.omcRs peryH rﬁgtnﬁerﬁ:) RHRRMHE zeros for
sequence Tj is the preanbl e sequence Tj vvlth al |
theowpoméminddisng Muldhiplsi.ed by -1. Exanples for the
for long synchronization frame delimters 15
gener at ed as described above are illustrated in figure

T AR g Rl R RRIPLSS R alndiiRE 5

ternary sequence s InJthdo

s el Bebhgii u
prand ael or?gaus;hn%hr%an%%aﬁh%nE)%fe%g%g%\é%e%m% @2Wl% all

coBpnhkat st befinguime1%,iplihedppgarnl.e 701 i ncl udes the
repetition 25 of the sequence T. which is in this

exanple a N-chip ternary
Examples for the for long synchronization frame delimiters

generated as described above are illustrated in figure 7 and

figure 8.

In the examples below, Tj denotes the ternary sequence shown

in jth row of the table 300 shown in Figure 3.

Figure 7 shows a preamble 701 and a long synchronization

frame delimiter 702.
Similar to figure 5, the preamble 701 includes the repetition
of the sequence T, which is in this example a N-chip ternary

sequence where N = 31.

P is 64 in this example and the long synchronization frame

delimiter 701 is given as

W=258® Tj
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sequence where N = 31. Pis 64 in this exanple and the
| ong synchroni zation frane delimter 701 is given as
W@000geu9$t O Tj WO 2008/ 004984 PCT/ SG2007/ 00019BCT/862007/000195
vvhere S=[-T5(cyclic right shifted by 10 chips) 0 0 T3
] [ - (+000- +0+++0- 0+0000- 0020+- 00+++-) 00
-+O++OOO-+-++OO++O+OO-OOOO-O+O-] 5 = [-000+-0- -
- 0+0- 0000+00+0- +00- - -
+00- +0++000- +- ++00++0+00- 0000- 0+0- ]
wheggnmtls T 54 CYPRdE §é@ﬁ§nﬁmlﬁé|eﬁdbﬂg 181 Chl§§ cr‘P Fs T3 |

ri(RR080 Pt DB e 3 B e 0 ARG e second.

~+8890B0L+1-04bdiing 00R2 0B 03b+ghilps being equal to T3.
Thus, S includes P = P1 + P2 = 64 chips. An another

§Xé|'ﬂ9|0@+—|0nsrea@+@f-0@§|0rfg9OTF:@“dtOOrhe end of S, also 15
+oo ifg%h%e §3%8+:15i5%5ot_@%tOOSDLOT_ﬁ(_cycI ic right shifted

[ (+000 +0+++0 0+0000- 00- O0+- 00+++- ) 00
- (- +0++000- +- ++00++0+00- 0000- 0+0-) ]
S PagoG¥op s getﬁﬁt@ooméwcﬁ@@qmarﬁom& Lushee £1 gp3%.chips

20 00+00Q0+0-0+1. Ot herw g d npl e | si.nm |
bedpg 578215 k8w Tion i 3‘&(: s{s’i‘ ﬁcé)r Rarpi % t byshlg)rvm frips

folﬂoweglu% %WOzéerJoglghq‘p% %@1%1\/\'%] %e@o%%{@ %n%%ﬂtmq] o 1&ding

hroni zati on Frame delimter 80 r to
P2f |=gl3r1e cﬁ;ptshe)e;im@ammls&‘b iTc| Udess,t I$e imepetdds on

P = P71 + P» = 64 chips.

An another example, instead of using T3 at the end of S, also
-T3 may be used, such that

S=[-Tg(cyclic right shifted by 10 chips) 0 0 -T3]
= [-(+000-+0+++0-0+0000-00-0+-00+++~) 00

- (=+0++000—+-++00++0+00-0000-0+0—) ]

= [-000+-0---0+0-0000+004+0-+00--+~-00+-0--000+—+--00--0-
00+0000+0-0+]. Otherwise this example is similar to the one

shown in figure 7.
Another example i1s shown in figure 8.

Figure 8 shows a preamble 801 and a long synchronization

frame delimiter 802.

Similar to figure 5, the preamble 801 includes the repetition
of the sequence T, which is in this example a N-chip ternary

sequence where N = 31,
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of the sequence T, which is in this exanple a N-chip
ternary 30 sequence where N = 31. WD 2008/ 004984
wWEONRBER8N7/ 000195 16 P is 64 in this exanpl ePemnsGLi0&000195
| ong synchroni zation frane delimter 801 is given as
W=S 0T 5 where S=[-T5(cykéic right shifted by 10
chips) T2 0 0] _ [-(+000-+0+++0- 0+0000- 00- O+- 00+++-)
P -3G0GOH Qi +ehH0s-00np Ter 200 Hh OO0 Y syd 9995+ D+ OO rame
g Q00+00+0- +00- - - +- 0000+0- 0 +++0+- OOO+ +++00- +0- 0000]
g 4845 8o ISedHeif’s 2% first segnent including Pl =
31 chips being equal to -T5 cyclic shifted to the
right by 10 chips and a second segnent including P2 =
W %B&I@p%lzbei ng equal to [T1 0 O]. Thus, S includes P
= Pl + = 64 chips. 15 According to another exanple,
Sis given by S=[-T5(cyclic right shifted by 10
h|p 0 T2 [ ( +000- +0+++0- O+OOOO 00- 0+- 00+++-
thm OISO 044 X St G 6] 10 [Sraam. 1 -0 -Gleor

Q8%§Oq§q% %O@ %qg0+pp_6ﬁ465)4ddeO] S has two

—O@@@n@n@s++@#—|0m$1+ -segmentsd-g L@ﬂj&ﬂ? =Pt h% o’i)&_ﬁ{u_gsm,loo_
0 erig y

gﬁ g equal to -T5 cyclic shifte

000R+S +Oaﬁ90havﬁhQ0§0ﬁ§d@édﬁﬂﬁ79@ﬂﬁjiﬁﬁﬂQﬂﬁ@ﬂﬁﬁﬂ@hd a
second segnent 25 including P2 = 32 chi ps bei ng equa
to T2 and al so having a padded zero chip-at the end.

S MRgstwS srghedés,Pa=fRrst B2gmebd dhiisiding Pq = 31 chips

being equal to -Tg cyclic shifted to the right by 10 chips
and a second segment including P> = 33 chips being equal to

[T3 0 0]. Thus, S includes P = Pq + Py = 64 chips.

According to another example, S is given by
S=[-T5(cyclic right shifted by 10 chips) 0 To 0] =
[~ (+000-+0+++0-0+0000-00—-0+~00+++-)

0+0+-0+0+000~++0-+--—00+00++000 00] = [-000+-0- — —0+0-
0000+00+0-+00- - -+0+0+-0+0+000~++0~+-—-00+00++000007] .
S has two segments, a first segment including P7 = 32 chips

being equal to -Tg cyclic shifted to the right by 10 chips

and having a padded zero chip at the end and a second segment

including Py = 32 chips being equal to T2 and also having a

padded zero chip at the end. Thus, S includes
P = P71 + Py = 64 chips.

In one embodiment, in case of a coherent receiver, the
detector 105 may use the synchronization frame delimiter,

i.e. the sequence W, itself as receive correlation sequence.
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In one enbodi nent, in case of a coherent receiver, the

30 detector 105 may use the synchronization frane
waledoson4es , i.e. the sequence W itself as rer€i/s6€2007/000195

correl ati on sequence. WD 2008/ 004984 PCT/ S&007/ 000195

17 This means that the correl®iion sequence with which

the transm ssion frame 200 is correl ated by the

THiet esda01s It chdlei@ete 16 Sy Nl Zath o, ffd®,) the
delimter 202 in the transm ssion franme 200 is given

Lrans@igip iors frame R0fhel s cxaipis it st hethe admrecxionlo5 to
defgé}:l{e@fg)sﬁ:}% : C1 . sy.nchroni zati,on

frame delim teHr chls%%o%nan?%e&&glﬁ%&rat%gn Jsr?sq%é%ce
tr@ramissidd uStHnad ebhd g igwrdh &s ‘A0, Fi-gu ey

illustrates the processing of a received signal 900.

The processing illustrated in figure 9 is carried out

by the . receiver 102 shown in figure 1. 15 At first,
THS, & SEEE P80 O G TGO STHATPY o edse A4 Anich Wive detection

off @3RI Lo AIHBNNA tiQ4, |5 MLOCRSSEH %d?gﬁ&%efo[ N

circuit 901. The radio frequency circuit extrac
cogire lavdlong se aenaes iCyng]  ifsr drh et rmegreed Vied fSiignad 900,

for exanple by denodul ati on of the received signha

900. The 20 anal ogue data signal is then converted to

FigdudicQiot aky | i.gnal al ogue-to-digital _,
l?gn\?erter g%%%#%es g:?léal E%aéload(}ast%gngi g’ﬁla K& Fs e stonal 200.
transm ssion frame 200. To determne the part of the

data signal th hol ds the payl oad 25 data packet
T O oE e AP RGP FEP G TFae OdaRT i Bt CPZIRS! out by the

redeti@etredo2l Bhbhhs i@xaRhee this happens by two
correlation stages which are part of the detector

105.
At first, the received signal 900, which is received via the

receiver antenna 104 is processed by a radio frequency
circuit 901. The radio frequency circuit 901 extracts an
analogue data sigﬁal from the received signal 900, for
example by demodulation of the received signal 900. The
analogue data signal is then converted to a digital data

signal by an analogue-to-digital converter 902.

The digital data signal holds the transmission frame 200. To
determine the part of the data signal that holds the payload
data packet 203, the synchronization frame delimiter 202 is

detected.

In this example, this happens by two correlation stages which

are part of the detector 105.

In a first correlation stage 903, the digital data signal is
correlated with the N-chip sequence T used in the preamble

101. In a first correlation stage 904, the output of the
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30 In a first correlation stage 903, the digital data
signal is correlated wwth the N-chip sequence T used

WO noosloetops eanbl e 101. In a first correl ati on BCBH§E2007/000195
904, the output of the WD 2008/ 004984

PCT/ SG2007/ 000195 18 first cifrelator stage is
correlated with the sequence S. The second correl ator

fiAsAY@drsrel d 1 AL ald A3l SLAP6, W Chhe NSyifence 5. The
correlation rate that is Ntines |lower than the

SR ISR TEH e SFRYhe F iF shovcorated atarrstatys: $aye which
haGoMmy, 4, SSUE- W receivers is the frequency
aoffset t hat rrlg}l ;kralct%g%gﬁag td s ithhngefsy Izqvf(?rerte}hatn e
cogmypdtedlian arkte fafequendii dat tdertdianssn tdrgand

receiver. Direct inplication of this is that the

phases of the correlation 10 peaks out of the first

A Soagd003 ST it oAt dfie r RARLIBNGE Gl the SRGAI
correl ator stage 904 may be significantly degrated,
ofdsgdcithiaty mitvemrtilse sequdencelSatsly chgf fekepussittseral clock
I asyre.is to.insert a frequenc ffset
fr%%é%é’a{lglr sc%eet WEER SHE B S0 5 1&’@6‘? st F03 and
imp3 iche ivec ofd tedkr elsatoiatstage 4 d0 FOMRCt.dN& 1ation

hase information of the output fromfirst correlator
pegksgeusoef thei {irsti mrraser 08d may drgudite arel thiegur e

P A oot ST sed W TR roferancet & Tt o ihe

.100 th reféerence to figure 9,
sigadéiivedtdiygnabratied) iesppcdeddsedheys aheadicquence S is

requency s e 1001, an anal ogue to digital
locgﬁvér P& Sigg%, Cﬁufli%f%t mr‘?é‘rsrugleatgl&r TSt 4G =FS BOFFSBIRRCY
of@issecenfipeacktebat petabage k8041 st hirs 8% &tage 903 and
the second correlator stage 904 to correct the phase
information of the output from first correlator stage 903.

This is i1llustrated in figure 10.

Figure 10 illustrates the processing of a received signal

1000.

As explained with reference to figure 9, the received signal
1000 is piocessed by a radio frequency stage 1001, an
analogue to digital converter 1002, a first correlator stage
1003, and a second correlator stage 1004. In this example,
the output of the first correlator stage 1003 is processed by
a frequency offset compensator 1005 before it is fed to the
second correlator stage 1004 to correct the phase information

in the output of the first correlator stage 1003.

An alternative without the need for a frequency offset

compensator 1005 is explained in the following.
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the output of the first correlator stage 1003 is
processed by a frequency offset conpensator 1005

whedosness is fed to the second correl ator stegesSEBOZ000195
to correct the phase information in the output of the
first correlator stage 1003. 130 An alternative w thout
the need for a frequency offset conpensator 1005 is

Ac%é&ﬁ@cge@o'%n%h%mbgdﬂﬁ@n%gofw@h%OQ§ﬁQ9&3%ﬁ instead of
PCT/ SG2007/ 000195 19 According to one enbodi ment  of

ustihg CpyghH en®@ |']1'1$tsaambnfelaismcrrg Loplercs (o ASE(S) @ T
correl ati on sequence, Ccoh f(S) (r) T is used, e.qg.

isbyseke @etgecior tit:@5 da;uwt@rt A& 5, undtsinsn theoffuaction £ of a
ernary sequence t ransfor tlon Q tio

tefgﬁéfr%l §C§| rjrc?n ?grgr@ﬁlsg%rm r{? éjquengémuconvlertlng

al@nao@om@%t iohG p3l lin Z&¥e0 sefuesiden U h,eb sequene®ntedrding all
-1. For exanple, if U= T3, i.e. T3 =

zer) £hGpE- 10+ D6+ FGEIIS0d. (-0 110 f (U) is given as
f(T3) The usage of the sequence f(S) for detection of
the synchronization frane delimter is illustrated in
Folri gwaeplE, 15 The ryncessi.ng illustrated in Figure 11
is for exanple <carried out by the detector 105 of the
T3r eeei vert 01920 0FHe +HHEDEHR0-OP 0edirdhice Ccoh is for
% r{pl e enerat ed by a correl ation sequence generator
8 5f 2 ﬁaél F&cei ver 102 that may al so sel ect the one
£ (@3) ey @460 +H-he 1syrhacel-isequences-~K-+-20 from t he nmenory
107 to generate the correl ati on sequence Ccoh Figure
11 illustrates the processing of a received signal

The usage of the sequence f£(S) for detection of the
synchronization frame delimiter is illustrated in figure 11.
The processing illustrated in Figure 11 is for example
carried out by the detector 105 of the receiver 102. The

correlation sequence Ceop 1s for example generated by a

correlation sequence generator 108 of the receiver 102 that

may also select the one or more of the symbol sequenceé Ty
from the memory 107 to generate the correlation sequence

Ccoh-

Figure 11 illustrates the processing of a received signal

1100 according to an embodiment of the invention.

As explained with reference to figure 9, the received signal
1100 is processed by a radio frequency stage 1101, an
analogue to digital converter 1102, a first correlator stage
1103, and a second correlator stage 1104. The first
correlator stage 1103 carries out a correlation with the
sequence T and the second correlator stage 1104 carries out a

correlation with the sequence f£(S). Before being fed to the
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1100 according to an enbodi nent of the invention. 25
As explained with reference to figure 9, the received
wWGa2@eah4984.100 i s processed by a radi o fregquencpCEBEY®7/000195
1101, an analogue to digital converter 1102, a first
correlator stage 1103, and a0second correl ator stage
1104. The first 30 correlator stage 1103 carries out a
se&Ohfetationavbthsthge sequeneBeToapguthefserandirst
correlator stage 1104 carries out a correlation with
corhelabonentad® (5} 03BeFoPEOBRFAGIS BY RoPPhBTWEP magnitude
2008/ 004984 ; 7 9 c corregl at ;
cofT a8 03 T RE obt Rt "AT naCTiTErS Gofrolater ‘stage "
otAd03wbBdpf oteksedthy abpolatet vaimagnbfutlbe cohpekspdnthe
circuit 1105 which conyerts all -1 to 1 or, in other
flﬁBng?ngkégofhétﬁggoPXSé'vaIue of the output of the
5 first correlator stage 1103. As above, the second
correlator stage 1104 is a lowrate correlator stage
Aswhbotiehasha secpeHatponelatert R&ages1NOdi esa Lewerate
t ha he correlati.o ate_of the.fit re r. -
CO§F33@£OEOS i@%.wbﬁcgaégsoﬁ FﬁérE%FFéﬁétggﬁeséﬁégnéS § times
loWeedtasn! epg ceyprehrenbrarhes bramhedelgict eorG@2aitor stage
figure 6, i.e., S =[-000+0- - -0+0-0000+00+0-+00- - .
1198.+00- +0++000- +- ++00++0+00- 0000- 0+0-], .t he
correspondi ng bi pol ar sequence f(S) for the
correlation carried out by the second correlator
Instage &fOdhescgirvehabyon sequence S used as long

...................

S = [-000+-0- - —-0+0-0000+00+0-+00~ - -
+00-4+0++000~+—++00++0+00-0000-0+0-], the corresponding
bipolar sequence f(S) for the correlation carried out by the
second correlator stage 1104 is given by
F(S)=[+———tt—ttt—todt——— et —ftm— bttt —— bbb —— b bbb =

e E ) I
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WD 2008/ 004984 PCT/ S&007/000195 21 dCdainms 1. A

nmet hod for detecting a first synbol sequence in a data
W@ 2@nab498onpri sing 5 receiving the data signal PETIS@EIOTN00195

the first synbol sequence should be detected, wherein

the first synbol sequence is2lexpressable as the

kronecker product of a second synbol sequence and a
c1bhikd synmbol sequence; correlating the first synbo
—seguence with the third synbol 10 sequence to

generate a first correlation result; eneratlng a

S con rrel ation r I re N rt.
1 SEERREH R BT ARLTRY b BB SIS RO L o caa
81gﬁamlbowp&hsanbifth synbol sequence derlved fron1the

second nbol sequence hy a transfornatl t hat _na
re&IeFLVﬁQ@aﬂ: Fe dféasy"»ﬁﬁaﬁé éf #hd che&dvd Ty |Syg§q1}er%@uence
shgglﬂoﬁen@%@ lteq, syiRoksn and QQQ%&a@ di‘ggdﬂgdég‘ls

resul based on the second correlation result 20 2.
explre ssabﬂed aac thedikmgnec kelraipmotiudthe fdet ectdond rasdal

bein t he mat i on ther the first synbol
Segugh ﬁc@ndsa %& LEntY ﬁhéeﬁﬁFﬁl§ﬁgnal 3. The met hod

co%%%@%@hﬁ@ @ eClair2 s vk 1d eleRfldre aSWH teheb Hiegify symbol
the position of the first synbol sequence in the data
seglgnal. t¢. gEmergdehed fagedr giorgalatdloa meBUltie fourth

ge%%ng%ﬁn SEAUENESR 4 %b%%e%%%' %gﬁkéq? fd Jfgela 1n (ﬁ

corre ionresul't by solute v
fohhehfBW&bo&OB@@u@hﬁ@ndE&iwa.f%@nQ&Q&iGﬁA&&AC@rrelation
PCT/ S&2007/ 000195
result with a fifth symbol sequence derived from the second
symbol sequence by a transformation that maps all negative
symbols of the second symbol sequence to non-negative
symbols; and
generating a detection result based on the second correlation

result.

2. The method according to claim 1, the detection result
being the information whether the first symbol sequence is

present in the data signal.

3. The method according to claim 2, the detection result
being the position of the first symbol sequence in the data

signal.

4. The method according to claim 1, the fourth symbol
sequence being derived from the first correlation result by

taking the absolute value of the first correlation result.
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22 5. The nethod according to claim1, the first
synbol sequence, the second code sequence and the

wo biogdo®ganbol sequence being three-val ued seqRensex07/600195
6. The nethod according to claim1l, the transformation
mappi ng all non-zero synbol s2& the second synbol
sequence to positive synbols and mappi ng the zero

5.5y HROS tofod Re eeand teyMelirsaguanee fiagie
synbols. 10 7. The nmethod according to claim1, the
SCHEBTE 1S SIS ECOBGUENEE FEIWGTES ENFhrifiss dd\igite & Va1

fif -§§nq l....S ' second synbol
%Seﬁ%%ﬂ¥% ns 5Fﬁ%§gﬁ§¥%€§ %gg%%%%f sequence. 15 8.

The net hod according to claim7, the second synbo

sequence bejng transfornmed.into _a bhipolar seqguence b
6.1 GBI B kAT he HRal e U i
ma@d nd @RhaGIRG RACh LAMRAREHF had NG ddRl Wi 1l quehce to

with™. 20 9. The nmethod according to claim1l1, the
pogdttd vl gryalooflgr eimel magmimd Sihey ze e eamlal syafbhdlhe second

S ence conpri,sing the third ynbol sequence one or
Syﬁ%&é RS beOTW%QFEﬁﬁgﬂs g%éﬁﬁ?ng to claiml, the

data signal further 25 conprising a data payl oad

synbol sequence and the first synmbol sequence marking

7.t FBSeHEtHOG REHEEMS &5 yHFdm Lsedieh&e oy tHi@bol
inni .qf , th t , : k1.
S R oraie o S E R P R, YR
sesgpguerc ddismionghe serncimdbyzétdlors dquenmeadldandfmrmafDinto a
b,20 8/ 004984 PCT/ SG2007/000195 23 12. A systemfor
1§&-e¢t iSTEYE S st synbol sequence in a data

8. The method according to claim 7, the second symbol
sequence being transformed into a bipolar sequence by
replacing each component having the value 0 with -1 and

replacing each component having the value 1 or -1 with 1.

9. The method according to claim 1, the data signal further
comprising a preamble symbol sequence comprising the third

symbol sequence one or more times.

10. The method according to claim 1, the data signal further
comprising a data payload symbol sequence and the first
symbol sequence marking the end of the preamble symbol
sequence and the beginning of the data payload symbol

sequence.

11. The method according to claim 1, the first symbol

sequence being a synchronization frame delimiter.
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signal conprising a receiver receiving the data signa
in which the first synbol sequence shoul d be

waledsoows4 wherein the first synbol 5 sequenckCT/SG2007/000195
expressabl e as the kronecker product of a second
synbol sequence and a third &pnbol sequence; a first
correlator correlating the first synbol sequence with

12t.he tskisténs eoldeseqtamee ot & igaterana fdagtence in a data
correlation result; 10 a second correl ator generating

signadc GRIREGS &%t i on resul t by correlating a fourth
a %%@@%vé%“yéﬁgy%fﬁﬂwﬁﬁgjd§H§“§f§h§ﬂ'fﬂ wHIQIH el ionst

result wth a h synbol sequence derived from the

s ysbodn ¢ esyrdnale m@qﬂc@eb;deaetqrtmbf ovheate ign thvatf inegds symbol
se%l&:,? ne ag%%\fé;/nb I%I%]‘ gcllij:e }econedcks nbolod%ecq:uen]ge tsecond

era Clrcul

syaRar alddi@ncdetrrtd %lrx@s@y&n&ﬂ_se;b@mnddke second
correlation result. 13. A conputer_program product

a GHitery, apae leteautced It at 1w ddifputisist o) mequence with
th%oﬁq]tr HoAr MR iidod § of r% £ 1 PF A sf IdSre1ation
synmbol” se na

uence 1m a data sig conpri'sing receiVving
refslid tdat a signal in which the first synbol sequence

shoul d be detected, wherein the flrst synbol. sequence
2 155 COBEDIESE AT s TS TR L Rors 1S GO St oult By

coWHQl: 12 SEGURNGS aRthid 1t ddh D le SBAUENGRm the first
correlating the first synbol sequence with the third

cogyneialt igequeendd o tdeperfitfd ha fymianl csrqudngs oterived from
threesul L eg}%rlbatl gs%r %esnecceo%d cor{ a{nastf %gteiso%t }pélt ?Pes all

Sorre 119 guence rlved rom
nddaﬁﬂvaxyymﬁdﬂs(mf ﬁﬁéIsﬁﬂdﬂd\myﬂbdﬂfsé@denq&ﬂxﬂ non-

sequence derived fromthe second synbol sequence by a
NEGRAASIO I it BRC maps al | negati ve

a generating circuit generating a detection result based on

the second correlation result.

13. A computer program product which, when executed by a
computer, makes the computer perform a method for detecting a
first symbol sequence in a data signal comprising

receiving the data signal in which the first symbol sequence
should be detected, wherein the first symbol sequence is
expressable as the kronecker product of a second symbol
sequence and a third symbol sequence;

correlating the first symbol sequence with the third symbol
sequence to generate a first correlation result;

generating a second correlation result by correlating a
fourth symbol sequence derived from the first correlation
result with a fifth symbol sequence derived from the second
symbol sequence by a transformation that maps all negative
symbols of the second symbol sequence to non-negative

symbols; and
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synbol s of the second synbol sequence to non-negative

synbol s; and WD 2008/ 004984 PCT/ S&G2007/ 000195 24
wW@eousnetd8fng a detection result based on the serONEG2007/000195

correlation result. 14. A nethod for generating a

sub- sequence of a transmi ssidf 5 synbol sequence,

conprising selecting a first synbol sequence from a
gefdtsal hyyaofletpeeashl eesybbobasequencese sheopdeanblelation

synbol sequences pre- stored to be used in a preanble
regttion of the transmission symbol sequence; 10

generating a second synbol sequence based on the first

synbol sequence; and conbining the second synbo
14seaumethodnfhragEherdtsygbelSubeqaeneeceepécﬁeﬁrﬁﬁémﬂSSlOﬂ

pl urali g BOE\rea nbl e synbol sequences to
Su

Bﬁ% ﬁ?gu?ﬂg BHUEntE. 15 15. The met hod according

sei@c@iﬁ nh1ﬁ1rbbeS§MEO§GQQQG§ﬁcbefﬂgm gepenatedtys ofthe
kr onec mgroduct of the second synbol sequence and

preaebifi £ 9ﬁb§ﬁq§eqeeﬁcethzopzeambﬁe ﬁﬁ@ﬁ@& SCEYFHCRG Pre-
Storegl % bagég lﬁego geg%ﬁ.ﬁ? ﬁg%%ggﬁn‘é% Qﬁ'engransm1551on

genera on a our sequence which 1s
symheﬁfeﬁqheﬁyebol sequence, the first synbol sequence
with the sign of each synbol being inverte
geE9EPFéag|9 SeﬁpﬁeanWEPi éﬁqBFnFﬁg PF?§t°§y598|flrSt SymbOl
?SQH@@CGaHH a cyclically 25 shifted version of the
Irst synbol sequence with the sign of each synbo
cobeingnpntbet egcond. syhbokeskadeaceordichg at §hdirgi myrbol

sequgnggcgggec¥ngo from the plurality of preamble symbol

sequences to generate the sub-sequence.

15. The method according to claim 14, the sub-sequence being
generated as the kronecker product of the second symbol

sequence and the third symbol sequence.

16. The method according to claim 14, the second symbol
sequence being generated based on a fourth symbol sequence
which is the first symbol sequence, the first symbol sequence
with the sign of each symbol being inverted, a cyclically
shifted version of the first symbol sequence or a cyclically
shifted version of the first symbol sequence with the sign of

each symbol being inverted.

17. The method according to claim 16, the second symbol
sequence being generated based on the fourth symbol sequence
and a fifth symbol sequence which is a sixth symbol sequence
selected from the plurality of preamble symbol sequences, the
sixth symbol sequence with the sign of each symbol being
inverted, a cyclically shifted version of the sixth symbol
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sequence bei ng generated based on the fourth synbol
sequence 30 and a fifth synbol sequence which is a
W@ Roosloo®gnbol sequence sel ected fromthe pl urabPCT/gGminT/00195
preanbl e synbol sequences, the sixth synbol sequence
with the sign of each symbol 2Being inverted, a
cyclically shifted version of the sixth synbol WO
se4008£604284 PGEASC2007/ BBATREd 2Brséguende the @ixth symbol
cyclically shifted version of th i xth synbo
Segééﬂéﬁcgl%PtFhﬁhélgpgﬁfoﬁaggcﬁY?gﬁaoéeﬁgﬁﬁanﬁggﬁped.
18. The nmethod according to claim 14, the transm ssion
synbol 5 sequence conprising a data payl oad synbo
18sefbenmetand eheordiabgssgquededmmidii et & aasaiss iohe symbol

reanbl e portion and the _beginni f .t

Se%&ﬁPSSdcg 5 18dqdeics? PEYITRS %%F%E&'%% %%?ﬁb%ﬂg the
sudl-aimutdcet harxibysequereed bei re PR eanmbyrcooniizat ison the

frame delimter. 20. The nethod according to claim 14,
beghandap- edqlibRceabai RgY18akl SVBRP Ls SGINFEEor a

ternary sequence. 15 21. The nethod according to claim

14, the first synbol sequence, the second synbo
19seqhienme; hand acke rdhingd toy ialim d8qudmee sudisgguence being

t wo- val ued segue ces or Hhre -val ued sequences. 20

a PYNCRATOPIEELLGr GEREr £5AT 4 Sub- sequence of a

transm ssion synbol sequence, conprising a selecting
circuit selecting a first synmbol sequence froma ,
20p| @hal mephold preeardiads rebeilagaqddncddie H®HesafIce being
al__ sequences pre-st ysed in a preanble
a %ég?iogﬁ 5 gJt eém%zgl%t r%aﬁcse%'rn%gi%%eg@ﬁoﬁ%'sequence; a
generating circuit generating a second synbol sequence
based on the first nbol s ence; and _,
. The method accor&?&g to éTyim 14, the first symbol
sequence, the second symbol sequence, and the third symbol
sequence being two-valued sequences or three-valued

sedquences.

22. A system for generating a sub-sequence of a transmission
symbol sequence, comprising

a selecting circuit selecting a first symbol sequence from a
plurality of preamble symbol sequences, the preamble symbol
sequences pre-stored to be used in a preamble portion of the
transmission symbol sequence;

a generating circuit generating a second symbol sequence
based on the first symbol sequence; and

a combining circuit combining the second symbol sequence with
a third symbol sequence selected from the plurality of

preamble symbol sequences to generate the sub-sequence.
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a conbining circuit conbining the second synbol

sequence with a third synbol sequence sel ected from
wo b@spbasal ity of 30 preanbl e synmbol sequencesPtDSG2007/000195

generate the sub-sequence. WO 2008/ 004984 -

PCT/ SG2007/ 000195 26 23. A &@®&nput er program product

whi ch, when executed by a conputer, nmakes the
23¢conpubapupert pirdga affeihedulcer widrer,atihkg executed by a

sub-sequence of a transm ssion synbol sequence, )
CORBHEETS HGXeSeltbet CRFPA R PErdpBbI2 Jedharcd Fr grrgrating

rall pr.e I SRARNAC dhePr eanhd ‘N

@ %&#b%F é&%&n?gsap?ggn%€§¥gg'{b be usegﬁ?% a Sgeanblg%Sl 7
sefecttiioy af firett symboils sicomensenifoloms equanoelity of

ener.ati ng.a_second synbol, ,sequence .based.on the first
pr%?ﬁ@&@ 59 lﬁénégﬂ Sh =fo g&ﬁb&ﬁ%ﬁﬁﬁpﬁégﬁﬂg?(j%%ﬂﬁﬁﬂces pres
StSLQUERCE bU Red thi Hd pYu¥hR)1e FRAUEREE Felter et dr@ssion
the plurality of preanble synbol sequences to

sygbedr stegiueRessub- sequence.
generating a second symbol sequence based on the first symbol

sequence; and
combining the second symbol sequence with a third symbol
sequence selected from the plurality of preamble symbol

sequences to generate the sub-sequence.



