1 Title Method and system for detecting a first symbol sequence in a
data signal, nethod and system for generating a sub-sequence 5 of a
transm ssion synbol sequence, and conputer program products Field of
the invention 10 Enbodi nents of the invention generally relate to a
met hod and system for detecting a first synmbol sequence in a data
signal, arietdod and system for generating a sub-sequence of a
transm ssion synbol sequence, and conputer program products. 15
Background of the invention In radio comunications, e.g. in UAB
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25 Efficigniquetdods and systens for generating and detecting a
synchroni zation franme delimter in a transm ssion packet are
desirable. Summary of the invention 30 According to one enbodi nent

of the i ngt& s ﬁe”efnggeg Jor, detecting a first synmbol sequence in
a data si udi ng receiving the data signal in
whi ch the :

10 Embodiments of the invention generally relate to a method and
system for detecting a first symbol sequence in a data
signal, a method and system for generating a sub-sequence of
a transmission symbol sequence, and computer program
products. ‘ .

15

Background of the invention

'In radio communications, e.g. in UWB (Ultra Wide Band) radio
communications, transmission packets typically include a

20 preamble portion, for example used for the synchronizatibn 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.
25 Efficient methods and systems for generating and detecting a
synchronization frame delimiter in a transmission packet are

desirable.

Summary of the invention

30
According to one emboediment 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



2 first synbol sequence should be detected, wherein the first

synbol sequence is expressable as the kronecker product of a second
synbol sequence and a third synbol sequence; <correlating the first
synbol sequence with the third synbol % sequence to generate a first
correlation result; generating a second correlation result by
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generating a detection result based on the second correlation

result.

15 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.

20 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

25 transmission symbol sequence; generating a second symbol
seqguence 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.

30
Further, a system and a computer program product according to

the method for generating a sub-sequence of a transmission



30 Further, a systemand a conputer program product according to the
met hod for generating a sub-sequence of a transm ssion 3 synbol
sequence are provided according to enbodi nents of the invention.
Short description of the figures 5 Ill3ustrative enbodi nents of the
invention are explained below with reference to the drawi ngs. Figure
1 shows & GIBMUNGAINRR AlraRFRRR e @ GERLHINA ! QcaBmbba iREhedi AentLaf
the invention. Figure 2 shows a transm ssion Prane according to an
enbodi med Ve BURE i nvention. 15 Figure 3 shows a first table with
exanples for a ternary sequence according to an enbodi ment of the
invention. Figure 4 shows a second table with exanples for a ternary
20 sequerste @c cdusdirigtionaw fendedififentreaf the invention. Figure 5
shows_a preanble foll owed by a synchronization frame delimter
accoraing to an enbodi ment of the 25 invention. Figure 6 shows a
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shows a preanble and a | ong synchroni zation frane elimter.

with reference to the drawings.

Figure 1 shows a communication arrangement according to an

10 embodiment of the invention.

Figure 2 shows a transmission frame according to an

empbodiment of the invention.

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

inventicn.

Figure 4 shows a second table with examplés for a ternary
20 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

25 invention.

Figure 6 shows a preamble and a long synchronization frame

delimiter.

30 Figure 7 shows a preamble and a long synchronization frame

delimiter.



Figure 8 shows a preanble and a | ong synchroni zation frane

delimter. Figure 9 illustrates the processing of a received signal

5 Figure 10 illustrates the processing of a received signal. Figure
11 illustrates the processing of a recdived signal according to an
enbodi ment of the invention. 10 Detailed description Illustratively,
in one enbodiren sV Soh1deteet | 'ango%g s'yh%hr%)ﬁ@%ltl%%qlfgﬂﬁ% in
a data signal is provided in which 15 all negative synbols of

first correl ati on dsidittemener at ed by correlatlng the first synbm
sequence (e.g. a synchronization franme delimter) with the third
synbol sequence, are mapped to non-negative synbols. This neans that
in one erfiedinertt ilduktrdi@s ahle paczesd nsy mifols rake iveppedgad it o
the sane positive synbol) the sign information of the synbo
sequeﬁce is removed. In one enbodi nent, where sign information
corresponds; £, Rhase Jd.ermt iR, %%résts%gS' 3N 4 '%%%teuogl@g
renmoved the 25 second synbol sequénce, by converting it ‘froma
ternary sequence to a bipolar sequence, the need to track the phase
of the f%rst corredgylo% %fult i s_elimnated. Further,. I%Men
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30 In the nethod faicqeties] it s fdnsdd ierolo S egenes ant idrdat a
S|gnal according to an enbodi nent of the invention the

Detailed description

Illustratively, in one embodiment, a method for detecting a

first symbol sequence in a data signal is provided in which
15 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
20 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
25 second symbol sequence, e.g. by converting it from a ternary
sequence to a bipolar sequence, the need to track the phase
of thg first correlation result is eliminated. Further, lower
correlation side lobes and thus better performance can be
achieved.
30
In the method for detecting a first symbol seguence in a data
signal according to an embodiment of the invention the

detection result is for example the information whether the



detection result is for exanple the informati on whether the 5 first
synbol sequence is present in the data signal. The detection result
is for exanple the position of the first synbol sequence in the data
signal. 5 In one enbodi nent, the fourth synbol sequence is derived
from the first correlation result by taking the absolute val ue of

the firstscon el@tdon defilidoe 11 prte%,lenrtg ltnh%h@b%ﬁltlét %lﬁlaqes Thef the
symbol s of the first correlation result. Illustratively, the sign -
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first sy §§ﬁp t%P% equence and the third synbo

sequence are or e a ree val ue quences 15 I'n one

enbodi nent, the transfornatlon maps all non- zero synbol s of the

secong synbol sequence to p05|t|ve S¥Pbols e.g. the sanme positive
)

synboP) iy HhH<E PG rs RS0l S EHELSde SRAISAFSo - Ss 8gFdTes £aom
negative ol s« Q:ogz‘retl%eclmes'ﬁquatﬂwecaﬁ e %% Bﬁ%t%e?‘?ﬂgte of

synbol sequence is for exanple a ternary sequence the f
synbol sdquenterdts daredednpire rasellsacdne . $¢¢b@@ $®@uab@@lute values

t ransf or nto . a blp0| eq C Far np e, 83 second synbol
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ot

1 dol Herrd qoF 45 adcdtary €198 Uldpl aced but can be |eft unchanged. 30
I n one enbodi nent, the data signal further includes a

The first symbol sequence, the second code sequence and the

third symbol sequence are for example three-valued segquences.

15 In one embodiment, the transformation maps all non-zero
symbols of the secdnd 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).

20 ‘

The second symbol sequence is for example a ternary sequence
and fhe 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

25 bipolar sequence by replacing each component having the wvalue
0 with -1 and replacing each component having the value 1 or
~1 with 1. Components already having the value 1 do not have

to be actively replaced but can be left unchanged.

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

one or more times.



preanbl e synbol sequence including the third synbol sequence one or
nore tines. 6 For exanple, the data signal further includes a data
payl oad synbol sequence and the first synbol sequence marks the end.
of the preanble synbol sequence and thé begi nning of the data

payl oad synbol sequence. The first synmbol sequence is for 5 exanple a

synchr oniggat ieQanfnane toel daithekighat kFarmrekodnt0ag8ngr ahtA%payload
sub-sequence of a transm ssion synbol sequence according to another
enbodi mefyTeRlt kedueagenenen thiel FiseitasvibpPy, saayebcseasheetbe and .

transniS%%O%h£0p%%g%%hesggHEBEGSe&ﬁé ﬁéagﬂhethg Re EﬁﬁgﬁgsP@ the data
synchroni zation rarme defi mfer I’n the transm sson synbol “sequence,
i s genepatddadsisygbalpseankheesyThel fieguengabunhi ebgaancbeigsédr in

the preanble of the transm ssiqon synbol sequence. For exanple, a
ist Bf GReERbRe o pHB6T ToBFaRABE FE38EOPEAIACAT1S transmiLter that
may be used by the transmitter for the preanble of a transm ssion
synbol sequence, i.e. a transm ssion frane. The sub-sequence is
gener at ednbased mgthothéopr ganlretéaquensab-Ascaenesubf, af brapgmipbeen

t he sub- _sequence has the sane.underlying.sequence.patter t he 20
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gener at e¢ ag.! he kronecker, praduet ah ke fecondotyabghefigauenge and
the third synbol sequence.

generated using a preamble symbol sequence which can be used
in the preamble of the transmission symbol sequence. For
example, a list of preamble symbol sequences is stored in a

15 transmitter that may be used by the transmitter for the
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

20 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,
25 the sub-sequence is for example generated as the kronecker

product of the second symbol sequence and the third symbol

sequence.

In one embodiment, the second symbol sequence is generated
30 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



I n one enbodi nent, the second synbol sequence is generated 30 based
on a fourth synbol sequence which is the first synbol = sequence, the
first synbol sequence with the sign of each synbol being inverted, a
cyclically shifted version of the first synbol sequence or a
cyclically shifted version of the 7 first synbol sequence with the

sign of earhssydhtlo Daldiheddw aF ot WiGh IANAAMESS o1t BR ing
sub-sequence can be achieved in this 5 way inproving the detection
probabi | i ¥3WeHtedhe sub-sequence in the transm ssion synbol sequence
whi | e keeping the inplenentation conplexity low Further, the second
synbol sequence may be generated based on 10 the fourth synbol
sequence Ardigh frdrtdonsyrdolo S eqiee o Whicthndes carsivg hcsdrkeld in this
sequegce selected fromthe plurality of preanble synbol sequences,

the sPxt &) MIH T Tedierfd® WRIFIHOT Hrehadr lddeh ofy b shbi-ggquence
inverted, ;A QycldGaldms shidd edmpear o Of- et B, 1SiXt, l.sequence
or a cycﬁically shifted 15 version of uﬁécgigfﬁ'syﬁgﬁiﬁé q&g%ce wth
t he si gn igfpleawint ayimyolcdugi ek iitwdrawed. The transmni ssi on synbol
sequence for exanple includes a data payload synbol sequence and the
sub- sequence for exanple 20 marks the end of the preanble portion and

the begi minthed, tre sdtichPaynod sWhenceeadsner. ek r@%aPbaselnen
sub- sequence is a synchronization frame delimter. I n one '
embodPnerfile thfatddh Syahen e quengepigndodr fdddhefraberl segugncer wadgh

sequence. JThe §(:L'xrt§1t s%%q_l s%%qfé%%%e 'S etl@%t%%ic %Q%ms %ﬁ%’%o'pl%%‘l‘i?‘t%ebfa”d
preamble symbol sequences, the sixth symbol seguence with the
sign of each symbol being inverted, a cyclically shifted’
version of the sixth symbol sequence or a cyclically shifted
15 version of the sixth symbol sequende with the sign of each

symbol being inverted.

The transmission symbol seguence for example includes a data
payload symbol sequence and the sub-sequence for example

20 marks the end of the preamble portion and the beginning of
the data paylcad symbol sequence. For example, the sub-

sequence is a synchronization frame delimiter.

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

2> a ternary seguence.

The first symbol séquence, the second symbol sequence, and
the third symbol éequence are for example two-valued
sequences or three-valued sequences.

30
A two-valued symbol sequence is a sequence the components of

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



the third synbol sequence are for exanple two-valued sequences or

t hree-val ued sequences. 30 A two-val ued synbol sequence is a sequence
the conponents of which are froma set of two elenents (for exanple
real 8 nunbers). For exanple, bipolar 8sequences and uni pol ar
sequences are two-val ued sequences. A bipolar sequence is a seguence

the conpengiesNf. Wirck:@m@lel dibdimemsagsehcek ang Iﬁ%ﬁ%bim% val ue
and one positive value, e.g. {-1, 11. For exanple, -1, 1, -1, -1, 1
is a bi pASEUeSEFuSTEe IR TRiIlYSCas esE§iERSe (or binary sequence) is a
sequence the 10 conponents of which are all froma set of 0 and a
positive value, e.g. {0, 1). For exanple, O, 1, 0, O, 1is a

uni pol ar A $equedroe .sequemeee ivalau e geeqeenctacei scapseguesceft kbich are

conpopent_.s ,of . whi ch 5 e froma set of three elenents (for ex | e
Compl Bx G GHOM RSET SF. CBRaRGUET 1ot SrAiPy S86qaBRECRI tATe VAIUE,
three-valdued seqyenge. roA RN, seqyence_hs ajisequercqg bheolar
conponents of which are 20 all froma set of one negative val ue and
one posi tSe@efs<ue and 0, e.g. {-1, 0, 1}. For exanple, 0, 1, -1, -1,
O is a ternary sequence. In the enbodi nents descri bed bel ow, the
synbol sequences are 25 also referred to as code sequences. A
conponenta afnipodede seseguercEori bénaaySyehoknces aksa ealhhedca ehep.
A ci£8uit can be a hardware circuit designed for the o
components orf which are all from a set of 0 and a positive
value, e.g. {0, 1}. For example, 0, 1, 0, 0, 1 is a unipolar

seguence.

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 1is a sequence the components of which are
20 all from a set of one negative value and one positive value
and 0, e.qg. {-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.



respective functionality or also a programmable unit, such as 30 a
processor, programmed for the respective functionality. Figure 1
shows a communi cati on arrangenent 100 according to an enbodi nent of
the invention. 9 The comrunication arr@angenent includes a
transmtter 101 and a receiver 102. The transmtter 101 and the
receiver 102 for exanple comunicate using UWB (ultra w de band)
radio 5 communi cati on technol ogy according to | EEE 802. 15. 4a standard
or accor di My TYBHG: PRt OB WA SR tpey e SArfe & INBYSISTIE © s Y Stle pid

such as Vi MEDLA Gener@d i op), 2 &y&q@gcteqatﬁ)f Saf%gaeﬁmﬁetc%%@é LS for
transmtter 101 using a transmt ant enna Via a communi cation
channel texdmele epmimeriacsiangisiang abe vierl ard ene Hdhd)n faarim of dat a

packets. The form.of the transm ssion of a data packet fromthe

Pr aner i O (AL et SRS i T U e 07 g dce 3 anggrd
Figure 2 shayscard 1aNsis Ssldhdy ams 200 AGCQ didigs dr 187 r LA B

of the invention. The transm ssion frane 200 includes a preanble 201,
a synchraws Zis orfyghms dEMERIfeCreRB)t iZ0P Zamy gyl oad data 20
packet 203. The synchroni zation frame delimter 202 indicates the end
of the preanble 201 and the packet arrival tine, i.e. the start of
t he payl dzakalats tpaoketi 203 bhhe sy nadars izaid o Oflr arse ndp adelramishen:
202 i.s detected by a detector 105 which determ nes the beginning of
t he &§y| Y T3 IRt KR 20 FOmFHE i5iddat) ErEenslort xkdifpIre Geidegd&s ing

t he repetd gﬂ&bﬂfe@ 2rftQAfh S ANENGE b dat £RR8RSUCR N, it 32N
e receive
the transmission of a data packet from the transmitter 101 to

the receiver 102 is illustrated in Figure 2.

15 Figure 2 shows a transmission frame 200 according to an

embodiment of the invention.

The transmission frame 200 includes a preamble 201, a
synchronization frame delimiter (SFD) 202 and a payload data
20 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

25 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
30 effectively for the purposes of packet acgquisition and time.

of arrival estimation by different receiver types for example

by a coherent receiver and by an energy detector.



30 effectively for the purposes of packet acquisition and tinme of
arrival estimation by different receiver types for exanple by a
coherent receiver and by an energy detector. 10 For exanple, the
preanbl e includes the repetition of a Ndchip ternary sequence T. T
may al so be a binary sequence or a bipolar sequence. Exanples for

the terna@yr segueiles TR raehdve ihdihgWeshd dgedition g¥r e J-chip
shows a first table 300 with exanples for a ternary sequence
accor di ng-&3'&Y HRIBRTRt -ofT TR iShdénhticoR PEREK Yr §RIBENCES OFha

first tabl; %ga%é exam r 1 s c ,ch
may be u?elgxi;ﬁ%qrt he pr erg%ﬁl e 20{’?6%?1 fﬁﬁgecgs?té‘?‘am)éfﬁgél‘?y@ ?e%gnce
is a 31-cHigyrsequeticrires ghtandeXanpl es are given. Figure 4 shows a
secong table 400 with exanples for a ternary 15 sequence accordi ng
to an“enbodi ment of the invention. Each row 401 of the second table

400 showsigfheX@HRWOR thie st ey 3380¥ARGE Mg XBY oBe susednkRy
the preanble 201. In this exanples, the ternary sequence is a

127- chi p IEFIFAICGE ZESEGUacdC an exdediswntt we pact $ngkenthen.
respective ternary sequence are shown wherein the upper part is

foll owed by the lower part in the respective sequence. 25 In figures
3 and 4 a&xth rdvhefloldfowheg,first itadileat’®® ahvls andexampiladiceat egea

- 1. Eﬁe Qr nore synbol squﬁnces that may be used as the se%uence
ternary sequence w 0l. In

ich may be used in the preamble
this case, the ternary sequence is a 31l-chip sequence. Eight

examples are given.

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

15 seguence 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

20 sequence.

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

25.
In figures 3 and 4 and in the following, "+" indicates a +1
and "-" indicates a -1.
One or more symbol seguences that may be used as the sequence
T are for eXample stored in a first memory 106 of the

30 transmitter 101 and in a second memory 107 of the receiver

102.



T are for exanple stored in a first menory 106 of the 30 transmtter
101 and in a second nenory 107 of the receiver 102. 11 The
synchroni zation frame delimter 202 includes sequence bl ocks which
are related to the ternary sequence T used for the preanble, such
that a | ow conplexity of the receiver 102 nay be achieved. An
exanpl e fmofe %ﬁf&&r&ilezazﬁ:brﬁrﬂ}a@né EMNehreH 2abi aRchihaee debhahter
202 is shown in figure 5. ure 5 shows a preanble 501 followed by
a synchr oS dﬁllth @A d@ljiagﬁetdertos@’bea@@éﬁ?@lrﬁg sequgn cenBodisrenosf
the inv e a 01 J . petiti h
sequence e Hpsat R, A R T PR b R Te Th2
synchronhm%ﬁihﬂ1ddhmayaﬂﬂ|AﬁtexaMﬁxé|ﬁ@raap@a@umbl@f2alPa@H1a ternary

base gequenc S and the ternary, sequence i..,e. 15 SFD =.,S (c) T
wher 650 OGS e Hibhdcicd &f%d%&te&r 287r &t SPpFBddet F1PHIEE Reans
that [sl, s2, ..., sp] OT = [s1*T, s2*T, sp*T] wherein si*T neans

the sequence T with all conponents being nultiplied by si (for all i
bet ween ﬁlﬂﬂieF@ shipirce hreakidirecdr forlddwed b a §€@@®m©ei3aaddna

20 sequenge r-ein t he kronecker. produ |l ed

di rect pr o%lucet) olrmlt ri%i)ezs V\nctoﬁdén@el alnnteg&&dé{ng& %acé e x P
mat ri x anichverlgiorg i nterpreted as a 1 x N matri x. In the exanple
shown in figure 2, S=10[-1,0,0,0,+4,-1,0,-1]. 25 Pis 8 in this
exanpPe, such that the synchroni zation frame delimter 502 includes

8 sequenc, PlHRCks N3 Shereidl #R the repetition of the sequence T,

which is in this example a N-chip ternary sequence. The

synchronization frame delimiter 502 is a product of a P-chip

ternary base sequence S and the ternary sequence T, i.e.

15 SFD = S ® T where ® denotes the kronecker product or direct
product. This means that [s71, s3, .., sp] ® T = [s1*T, s2*T,
wr Sp*T] wherein s4*T means the sequence T with all
components being multiplied by s; (for all i between 1 and

P). Hence the kronecker product of a sequence S and a
20 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, § = [-1,0,0,0,+1,-1,0,-1].
25 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).

30 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.



sequence block is T, -T or a sequence of N zero chips (indicated by
a 0). 30 The preanble 501 and the synchronization frame delimter 502
are for exanple used according to the current |EEE 802. 15. 4a
standard for lowrate | ow power UNB Wrled ess Personal Area Network.
12 In the above exanple, the synchronization frane delimter,
including 8 tinmes N chips, is a short synchronization frane
delimter. In transm ssion scenarios where the signal to 5 noise

ratio (SNR) Ghe |dwve famien tthe tsvaswiossizen icandeams dedigy teler e
may be a ﬂ?@l&ﬂq an ﬂ%rg tl\het:lﬁ Chri%maz t'o% s%%'ﬁ%o%ﬁlz'ar@ito L effr%ne

better detection of the synchton Zation rame imter by
det ect or ddi5imilflerA Sirmpdmeametiaed dro sgenerrdios arhlearg thenchigmailz abi on

frame_ delimter f,ron@@hqrt synchroni zation_frane delimter is to
r a

repeat a ¥hoit Blich 5%n Fhafe GelEn &he Frodspd ssion, ergteds

in figuredhg 1 @uni b hasaPrean#eQh angd %yln%g'onization
synchroni zation frane delimter 602. Simlar to figure 5, the

pr eanbl e BoNg it Lidels athef are pettits e tefc ttilve odq dédrec & yTichwioing iz aitd oinn

this exanple a N-chi.p ternar 20 .sequence.. The | ong synchroni zation
frame delrrif)rrﬁr%eerd\l_efs]dénll&ne t]JO es%ﬁ degeq éJ&.etC‘LI%tE}I'OﬂS of a short
synchroni zation frane delimter 603 which corresponds to the

synchroni zatjon frame delimter 502 25 shown in figure 5 and
accotdi ndt P imRladisthod @ wemeraiie @hilsdig Ssy@whgonggtion frame

synchronigatipn i derflel Il 80209 Yation frame delimiter is to

repeat a short synchronization frame delimiter. This is

illustrated in figure 6.

15 Figure 6 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

20 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

25 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

30 synchronization frame delimiter is a poor detection
performance due to the gentle up-slope and down-slope of

correlation peaks.



exanpl e adopted in the | EEE 802. 15. 4a standard specification draft
for lowrate | ow power UAB Wrel ess Personal Area Network. The

di sadvant age of such a highly structured long 30 synchronization
frame delimter is a poor detection péer¥ornance due to the gentle
up-sl ope and down-sl ope of correlation peaks. 13 In one enbodi nent,

to achi even gaod dlel@miieot prapakitidwe ?&m RNR IS drOWradba@Ad ity when
synchroni zation frame delimter is used, which is in the follow ng

al so denct¥tl % ‘Wt setiferfo@ A B zatdeg HremR delidigeredat 8¢ om
a P-chip hernarys Siqﬂtﬁfécefoal%@g{??éals%z’dﬁo@edsg]s %%%eaftle%@g% W, of

sequence T froma set of preanbl e sequences

TK. The prasagidl 9y nbiulps sEqesrsdest Elroml2, P-chipl Keana rgodegaeguaences
whi ch.may. be used simlar to &Qe ﬁgﬁyence T for the preanble and are
for exa é‘sgﬁheﬁﬁés'ﬁr6ﬁﬂtﬁﬁl QUSRS s FEMIENT S He tT6Med SRT £6 X
figures 3;and 4. T o Wis . giv by W= S.(r) Tj, I.e. =
[sI*Tj, é&*gl}jﬂ,p .Pr.é}‘g“&%% Fedendes s Shsouimint e éjc?&é“%’lrereﬁgg“\{?d
usage in ddeddansm ttey, 101 gnd Lhe Jecelvelo 102, Al

sequence §Q§EE gen?&%te usingﬁgt | east ongqagﬁﬁ%é N—gﬁ%pgﬁgf%%ngggd

sequencessiiilal?,to .the HequaiceeXamyre tHNQ reR@aRCaNd areclrddes B
segnents (sub-sequences) &%erein the ith segnent 20 includes Pi chips

such t hate#¥@mpl® sequences frompghg tea@ences shewnedanphe tekdles in
segngpt i @$§§g§i t fth a ternary sequence U, that is for exanple
generatedﬁf on1oégéﬁgi?%e Tj. In one enbodinent, the P-chip ternary
base sequence S is

The sequence W is given by W = § ® Ty, i.e.

W = [s81*Ty, s2*Ty, .. sp*Ty].

15 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 Ty, T, .., Tg. For example, the sequence S
includes B segments (sub-sequences) wherein the ith segment
20  includes Pj chips such that P = P; + P» + .. + Pg with B 2 1.

For example, each segment is associated with a ternary

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

In one embodiment, the P-chip ternary base sequence S is

- 25 constructed for the purpose of generating a P * N-chip long
synchronization frame delimiter (SFD), W, from the set of K
N-chip preambles, Ty, T2, T3, .., Tk, 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.

30 the first N chips of the segment}) if the number Py of chips

of the segment is greater or egual than N or assigning a Py-



25 constructed for the purpose of generating a P * N-chip |ong
synchroni zation frame delimter (SFD), W fromthe set of K N-chip
preanbles, T1, T2, T3, ..., TK by carrying out, for each segnent of
the B segnents of the sequence S: assighng a N-chip sequence T to N
chips of the segnent (e.g. 30 the first N chips of the segnent) if

the nunbethBp e&gEdhps(s@-SdQuESCGENT Ithdreah@indy ed@ltHdha Mot
assigning,a Pj 14 chip segnent (sub-sequence) of the sequence to
the segneht Pjfipjsmal |t8@nt%afh%mr“éiw s ghéhst RfepdrlEanbl e
sequences_T1 T K, one of the n tive preanble

T2 e
sequencess@%?ngé@,gl’rBT,Z'. A3k Ty Aoy | S HISGEd WRe RE SRS Sof
one of th e sequepces J1, T2, J3, ..., TK,,.0r qne..of, the.
negati ve %C? a‘%%lgl%sefqb’engﬁe%’ ST -T2, T-KI’S,OIf- ﬁ(;cyacnl “ i%%%teg N Sarrd 9
< B (is. e. mipad di or h emai /i Ng R
chi ps. 100frﬁ(§en€%12%fat?}\%%ge%nbl edié;%ﬁger%:é?-fﬁj' cTcé'r grs%oﬁdi nrtldgt oOFﬂa ondlos
preanbl e sgguenge: fiye i Srddo s éhS@afuence :ﬁjzrvx,i_tqtb,al__l_, Qoent s
being multiplied by -1. Exanples for the for |ong synchronizat'i on
frame delifiBprs Nlndenes a@ eth as. descrided s gr @dddiug) raies ifor
figure 7 and figure 8. In the exanples below, Tj denotes the ternary
sequence BfRwemainind Fow df eleosabl e 300 shown in Figure 3. 20
Figure 7 shows a preanble 701 and a | ong synchroni zation frane
delimter 702. Simlar to figure 5 the preanble 701 includes the

repetipt i Ofhe negative preamble sequence -T4 corresponding to a
preamble sequence T is the preamble sequence Ty with all

components being multiplied by -1.

Examples for the for long synchronization frame delimiters
15 generated as described above are illustrated in figure 7 and

figure 8.

In the examples below, Ty dencotes the ternary sequence shown
in jth row of the table 300 shown in Figure 3.

20
Figure 7 shows a preamble 701 and a long synchronization

frame delimiter 702.

Similar to figure 5, the preamble 701 includes the repetition
25 of the seguence 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

30
W=S®Tj



25 of the sequence T, which is in this exanple a N-chip ternary
sequence where N = 31. Pis 64 in this exanple and the |ong
synchroni zation frane delimter 701 is given as 30 W= S (r) T} 15
where S=[-T5(cyclic right shifted by 1Q5chips) 0 0 T3 |

[ - (+000- +0+++0- 0+0000- 00- O+- 00+++-) 00

- +0++000- +- ++00++0+00- 0000- 0+0-] 5 = [-000+-0- - -0+0-0000+00+0- +00-
- - +00- +Q0++000- +- ++00++0+00- 0000-0+0-]. =S has two segnments, a first
segnent "RETEiST Pb eysd ighirgghthshddteduiy €8 cirspsycli & Ihifted to
the right_ by

hi ps .10 f.ol| by t zer i ps and a second
segnent in IJ&%@ _4§fﬁ£&§9+9@$g§%8é%ﬁ§%§dﬁir?t@BTS. Thus, S includes
g
P =P +-Rdi70ed-chips.o+An+ancithen—exangl e, instead of using T3 at
the end of S, also 15 -T3 may be used, such that S=[-T5(cyclic right

shifted by =10 @500 0 ~O18C000-00+006-086+++6- 0+0000- 00- 0+- 00+++-)

00 - (- +Q41000r 1120 +40400- 0908 3tdn) 402

[ - 000+- o e A b R 30805651+ - 00- - 0 20

00+0000+0-0+]. O herwise this exanple is simlar to the one shown in
figure 7. Another exanple is shown in figure 8. 25 Figure 8 _shows a

pr eanbl e SBHF Sad Ca G SPnc Ar dhitP4t BEFTChtadBCdBringt Ba §033 chips
being equal to -Tg cyclic shifted to the right by 10 chips

10 followed by two zero chips and a second segment including

P> = 31 chips being equal to T3. Thus, S includes

P =P1 + Pp = 64 chips.

An anocother example, instead of using T3 at the end of S, also
15 —-T3 may be used, such that
S=[-Ts(cyclic right shifted by 10 chips) 0 0 -T3]
= [-(+000—-+0+++0-0+0000-00-0+-00+++-) 0O
- (—+0++000—+—-++00++0+00-0000-0+0-) ]
= [-0004+-0---0+0-0000+00+0-+00-—+-00+-0--000+—+—--00—-0-
20 00+0000+0-0+]. Otherwise this example is similar to the one

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

25 FPigure 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

30 sequence where N = 31.



Simlar to figure 5, the preanble 801 includes the repetition of the
sequence T, which is in this exanple a N-chip ternary 30 sequence
where N = 31. 16 Pis 64 in this exanple and the | ong

synchroni zation franme delimter 801 id&iven as W= S (¢c) Tj 5
where S=[-T5(cyclic right shifted by 10 chips) T1 0 0] _

([)0]( +00? 8@881*#8&4%1%9%%1@ D@Dtk tHROAGHY QyhtdtPA0 51151085800
- +- 0- - - 0+0-

0000+00+0iedgigriter FHY0+6s @H-#E0w-3300+- +++00- +0- 0000] 10 S has two

segnents, a first segnent including P1 = 31 chips being equal to -T5

cyclic shifted to the right by 10 chips and a second segnent

i ncludi ngg R2 &= @3rchi ps being equal to [T1 0 01. Thus, S includes P

= P1 + P2 = 64 chips. 15 According to another exanple, S is given by

S=[-T5(cyclic right shifted by 10 chips) 0 T2 0] _

[ - (+000- +0+++0- 0+0000- 00- O+- 0OQ+++-) ~ 0+0+- 0+0+000- ++0- +---00+00++000

00] _ [-O0t=0-S=~Tpdrysd ioo M@@hﬂé@ed by 10 chips) Ty 0 0]

-+0+0+ 0+ 0 S has two segnments, a first
segnent lﬁ 883330,19(%}:‘# gJZLOng)I g)% r%)‘LéLéfujI to -T5 cyclic shifted to
the ri ght MMWM+mme4op@®d@qb]zer=o [dﬁio@@ro-t—hm@ﬂd and a

second segnent 25 |nclud|n P2 = 32 chips being equal to T2 and al so
havi ng a(ﬁBHHdEH' 0 0rfe Ocridt O +TIRED + -3 it uded 000]

10

S has two segments, a first segment including P; = 31 chips
being equal to -Tg cyclic shifted to the righf by 10 chips
and a second segment including P» = 33 chips being equal to
[Ty 0 O]. Thus, S includes P = P71 + P» = 64 chips.

15
According to another example, S is given by
S=[-Tg5(cyclic right shifted by 10 chips) 0 Ty 0] =
[-(+000=+0+++0-0+0000-00-0+-00+++-)
0+0+4+-0+0+000-++0-+~——00+00++000 00] = [-000+-0- - -0+0-

20 - 0000+00+0-+00~ - -+0+0+-0+0+000~++0—+——-00+00++00000] .

S has two segments, a first segment including Pq = 32 chips
being eqgual to -Tg cyclic shifted to the right by 10 chips

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

25 including Pp = 32 chips being equal to Ty and also having a

padded zero chip at the end. Thus, S includes
P =P1 + Pp = 64 chips.

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

i.e. the sequence W, itself as receive correlation sequence.



P=Pl + P2 = 64 chips. In one enbodinent, in case of a coherent
receiver, the 30 detector 105 may use the synchronization frane
delimter, 1i.e. the sequence W itself as receive correlation
sequence. 17 This neans that the corrél7ati on sequence w th -which the
transm ssion frame 200 is correlated by the detector 105 to detect

the synchmond zeddran tdh=ae Heldofnahtd@d iskdulRecet arsMyasican theane
200 is given as Ccoh = S OT. 5 The reception of the transm ssion
frame 200 ERFRiES @ dammsn 200 isheogyrdiatest Pat iths Fearetas) LRbt &p

202 base%e@%éﬂqechec%rfn%kﬁtd '}astq_%lfle%%mgc% fllﬁll'tlelruﬁto@arlﬁdt!h@ figure

9. 10 Figure 9 illustrates the processing of a received signal 900.
The processimgiiddiust riated i200f 1igurd vRnl %Sc@rr%‘ed QU ly, the

receiver 102 shown in figure 1. 15 At first e received signal 900,
whi ch5is received via the receiver antenna 104 is processed by a

radi o frequen CIrCUIt 901. The radiq frequency circuit_ 90
extracts%&? %ﬁ%ﬂ & ¢t &°& GFADSIEEHLORe & F@@@ié@@ §P&n§P39§GteF6ion

exanpl e byt Q@{@@yr@m%ﬁf ke, rf%%ieV%fél%a%l 900. b‘é@%dZ%na@ﬁleogue
data signal is then converted to a digital data signal by an

anal ogue-acrrfilgittigin cemvencer (g2, iBhe ldivgitrraltedatia $iignak Rel ds t he
transm ssion frame 200. To determne the part of the data signal
that hol ds the payload 25 data packet 203, the synchronization franme

deli mht erpi2Q2-d 9 lqgk@ﬁE%Qesl@h%hb§o%é%@35%’o%hgsrgégﬁ%@a QY b8 900.

correlation stages which

The processing illustrated in figure 9 is carried out by the

receiver 102 shown in figure 1.

15 At first, the received signal 900, which is received via the
receiver antenna 104 is processed by a radio frequency
circuit 801. The radio frequency circuit 901 extracts an
analogue data signal from the received signal 900, for
example by demodulation of the received signal 900. The

20 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
25 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.

30
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



are part of the detector 105. 30 In a first correlation stage 903,
the digital data signal is correlated with the N-chip sequence T
used in the preanble 101. In a first correlation stage 904, the
output of the 18 first correlator stagé is correlated with the
sequence S. The second correlator stage is a lowrate correl ator

stage whiftirsthasomre«ioet altare ra eddall died\diidies heoweiuhar she The
correlation rate of the first correlator stage. 5 A_common issue with

coher ent FHEHYV Y TH AR fFEfifercy 2 e Thaorgy) adrrsstage which
slightly yid feremrormstict HQCkndy aQUeN®Y (gt bhe L' apsm ther and

receiver. Direct inplication of this is that the phases of the

corr el at i@y il Pisiaks madte off tire fiirstt stcage 19@dmeadei.ft and t he
performance of the second correlator stage 904 may be significantly
degraded, especially when the sequence Sis |ong. A possible counter

nmeasur e i damdiserdswie fiaquenmer it selccGapensat ehbetrwegRnld
first correlator stage 903 and 15 the second correl ator stage 904 to

correct tHe SHaddal maor ratiisen dfe ttise sddubl vi erhiftirest covssRat edock

stage 90 .S S A0 fiqur Bl qure 10 i |l ustrates
t he pr ocf:,:fsrselQEEJQH%T'\J zLdr ééc}%éls\t/t;%tng‘?n&r%ef %gldi(%%.el eq‘éxplDéi(}:r?é:& wth
r ef er enceinpd fdaguirom Hf tithe o deeithed signahaskR0G 1 $her eoeseed thyna

1[??'5?0];{)&%% ncéusttsf})%sé: 0eO:I]‘E'irasq: seil:%%leo% % tm%ydIdgr:itf(ilzl a%(c)im{:%ret er 1002, a
performance of the second correlator stage 904 may be
significantly degraded, especially when the seguence S is
long. A possible counter measure is to insert a frequendy
offset compensator between the first correlator stage 903 and

15 -the second correlator stage 904 to correct the phase

information of the output from first correlator stage 903.

This is illustrated in figure 10.

Figure 10 illustrates the processing of a received signal

20 1000.

As explained with reference to figure 9, the received signal
1000 is processed by a radio frequency stage 1001, an
analogue to digital converter 1002, a first correlator stage
25 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.
30
An alternative without the need for a frequency offset

compensator 1005 is explained in the following.



25 1003, and a second correl ator stage 1004. In this exanple, the
output of the first correlator stage 1003 is processed by a
frequency of fset conpensator 1005 before it is fed to the - second
correlator stage 1004 to correct the phigse information in the output
of the first correlator stage 1003. 30 An alternative wthout the

need for mcésedlencyo obis atmbalimens ad PreHdOmveheddd ained day tdre
followng. 19 According to one enbodi nent of the invention, instead

of usinguEEh G 0= TS &8 Eoasetariehasequesnegyueieoh Sk S D(T ®sT
used, e.g., by the detector 105, where the function f of a ternary

sequence 1Fi%5¢te ¢ ranstHrimie iGtapaatibn cdmae tihyg Birmtionp o8 @
chips in %ﬁéﬁﬁf’@%@%&éé Y ﬁg%&g&gﬁ%@&%@é_l%%ﬁg&m&s ddhvdl& ing

sequence exanp
- +0++000- &t I #0000 - I00fs Q0-tHD dddferice g ven lasarfd EHnverbiequsdde
of the sequence f(S), for, detection of the synchronization frane
delimter?$%s°i% rHt S PIIYNE U.E° 15 The processing il ustrated
in Figure 11 is for exanple <carried out by the detector 105 of the
receiver 102. The correlation sequence Ccoh is for exanpl e generated
by a corfet &tz bequehde gdimwer dt.or. 108 of the receiver 102 that

may al so sel ect the one or nore of the synbol sequences Tj 20 from
the memory3 107 t o I & e CorGd W dence  Ccoh Figure 11

iITugpratesyf hes pyoRessiNg of a received signal

F(T3) = +t—ttm——tbtttm—t bttt bm b=t

The usage of the sequence £({8) for detection of the

synchronization frame delimiter is illustrated in figure 11.
15 The processing illustrated in Figure 11 is for example

carried out by the detector 105 of the receiver 102. The

correlation sequence Coop is for example generated by a

correlation sequence geﬁérator 108 of the receiver 102 that

may also select the one or more of the symbol sequences Ty
20 from the memory 107 to generate the correlation seguence

Ccoh-

Figure 11 illustrates the processing of a received signal
1100 according to an embodiment of the invention.

25
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

30 correlator stage 1103 carries out a correlation with the
sequence T and the second correlator stage 1104 carries out a

correlation with the sequence £{8). Before being fed to the



1100 according to an enbodi nent of the invention. 25 As expl ai ned
with reference to figure 9, the received signal 1100 is processed by
a radi o frequency stage 1101, an analogue to digital converter 1102,
a first correlator stage 1103, and a €&cond correl ator stage 1104.
The first 30 correlator stage 1103 carries out a correlation with the
sequence skcud tdie-rsacand cakigel aton,stage oLi@htCakr kas @tlksa
correlation wiith the sequence f(S). Before being fed to the 20

second cHFHHEGOLEIGICL 1043 tife PEQCSFESE bvhe PPAst teompepatyde
stage 11 i ; I : i e onvyersi en_cireyit
1108 whi oF Eemaario T fat i TR e de Y SRed "phe
absol ut e ardlege woafdst,he adugtsprtheobisled ut® fiadske odr tekabotpstagé the3.
As abgve,.th secaon %prre%ator ﬁ@gge 1104 is a lowrate correlator
st age” whi'ch Hras 4 *EoAt & atit695r at'@rhat is N times |ower than the
correlation rate of the first correlator stage 10 1103. In case of
the correlation sequence S used as |ong synchronization franme

del i ni t e™SBEPAVEf itfiGr Segond gorredaor- eege01104- §$020008+06+6- +00-

- 15 +0Q:% Eﬁ%%%k*b%%%%*%%ﬁ% '%%%OéOE%}%e1%Q§8§0%%§%p999%2gs R eohak

sequence f t he correlation carriéed out Seco

correl at dowstragdabl @hd sogiret@athyn rate of the first correlator stage
f(S):&+---++-+++-+-+----+--+-++--++++--++-++---+++++--++-+--

4oty L350

In case of the correlation sequence S used as long
synchronization frame delimiter 602 in figure 6, i.e.,
S = [-000+-0- - =-0+0-0000+00+0-+00- - -

15 +00-+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)=[+——~++—++%—+—+————+——+—++——++++——++~++~~—+++++——++—+——
tmm——bed—+ ],

20



21 Caims 1. A nethod for detecting a first synbol sequence in a
data signal conprising 5 receiving the data signal in which the
first symbol sequence should be detected, wherein the first synbol
sequence is expressable as the kroneckdr product of a second synbol
sequence and a third synbol sequence; correlating the first synbol
sequence guidimg he third synbol 10 sequence to generate a first
correlation résult; generating a second correlation result by
correlating a fourth synbol sequence derived fromthe first

correl ation 5 resyl e r|v d_from.t
second synbol seﬁ%%ﬁ%e by aC%P%' ornaﬁ%bggﬁﬁéﬁ ﬁ% e%FF %ggatg95a15
synbol s ofidred s&nmgnismm@bol sequence to non-negative synbols; and
generating a detection result based on_the second correl ation

resul 2%0?1‘*%? et 6§ t&e Sty 1o "Hig&imtlle fHe Sdefa®bren SpagaPFe
bei ng t he el B i stheld)er,Hhe i hste SRRl o BUENSR hidncll et

in the data signal. 3. The ‘et hod according to he detection
resul t ZEHmﬁaﬁ}ahﬁﬁ[&&ﬂﬂh&ﬂknﬁhadhﬁﬁ|Hmmﬁ3¥nb¢lase@uendeswmbbhe dat a
signal. 4. The netho qr di o.claiml, the fourth synbo

sequence Sbe(aquedlctfeﬁ ?ld‘rlﬁdjt ™ s 5 S EB4t i on result by 30

t aki ng t ke mhseltite; \t&ﬂeu Fiafstt @nﬂjdls ts effenRleati®h keSUkhi rd2 symbol

10 sequence to generate a first correlation result:;
generating a second correlation result by correlating a
fourth symbol seguence derived from the first correlation
result with a fifth symbol sequence derived from the second
symbol sequence by a transformation that maps all negative

15 symbols of the second symbol sequence to non-negative
symbols; and
generating a detection result based on the second correlation

result.

20 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
25 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

30 taking the absoclute value of the first correlation result.



5. The method according to claim1, the first synbol sequence, the
second code sequence and the third synbol sequence being

t hree-val ued sequences. 5 6. The nethod according to claim1l, the
transformati on mapping all non-zero syols of the second synbol
sequence to positive synbols and mapping the zero synbols of the
second syniifHe sespient e daw meEgaf ine Sabolls. tHe FirEre syethad
according to claim1, the second synbol sequence being a ternary

sequence S FHE f it S{AAY CRSRENSE 1gd R esdbdkd symbel

sequence ddansfd Mg At e RIPAA SRAGNGS . 15 B. The nethod
according to claim7, the second synbol™ sequence being transforned

into a bipolar sequence by replacing each conponent having the val ue
Owth -1 a repl.aci ng _each conponent, having the value 1 qr -1 with
1. 2059:%%h@ﬁﬁ%€ﬁ56“5%5%F:F 1% " aAt ’hé&ﬁhﬁ&%ﬁﬁﬁ%&WaF&PPher
conpri si ngagp R @l excsiHiRAo SEAURNGE FOMME FRGrid& yitiond sesyEhek to
sequence one or nore tines. 10. The nethod according to claim1l, the

data si giPfts¥tirteneymbzs sc Gigt MeioRg ng dditea z5a0 saabylsholf sdguercendnd
t he first;q%%ﬂﬁ n rKi t of the preanble synbo
sequenceS nd t %Jeb gl lr%% f\tg) 0 thﬁggrfaggmg%alsdad synbol sequence. 30

11. The nmethod according to claim1, the first synbol sequence being
23 12.. A systemfor detecting a

a synchraoni zation fr delimter

firs?asyﬁgoﬁi§% é%%i?iQ?QQHﬂ%ﬂg L9 Gl dmpitilsi sgcond symbol
sequence being a ternary sequence and the fifth symbol
sequence being the second symbol sequence transformed into a

bipolar sequence.

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

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

20 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
25 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

seqguence.

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

sequence being a synchronization frame delimiter.



a receiver receiving the data signal in which the first synbo
sequence shoul d be detected, wherein the first synbol 5 sequence is
expressabl e as the kronecker product of a second synbol sequence and
a third synbol sequence; a first correlzator correlating the first
synbol sequence with the third synbol sequence to generate a first

correl atioh. xespdten Ifbm ol pra efiaty genylatddgheneecond data
correl ation result by correlating a fourth synbol sequence derived
fromthe 31981 c¥REISN%n result with a fifth synbol sequence

derived fg ofcd e second SyHpaly é%@%ﬁ rJr’o J]tnr apsfer M g1 Lhat
the second synbo

maps all negative synbols 0O sequence to non 15
negat i ve syl ssequrhce gdrerlat iy dstremutiad, gevenatimg he cfetrec:t isgnmbol
resul based aon the second 13. conp

| at | t
progr 3m product. Wit = RATET & %@ee(r:elﬂ 2(}'% ]r%eo%%cé‘c?ﬁ"p Srakés aLt fgcond

conmput er Peidar maBidotior detied] | |s§&x}:ﬁ>l fsﬂerqsien%\énbol sequence in a
data signal _conprising receiving the ta signal in which the first
symbol sey %§A Isr dgerraElad inghdns it isE feivmbolswelgalence with

sequence .i %ﬁ%@ rqQne A dyct..of +a SEca d S nbo
25 sequeﬁggaa at é>53%%%F§§%h3§h§h§1cor%%%b€?ng t 7€ 3 ynbol
sequencenﬂﬂdiﬂhe third synbol sequence to generate a flrst
correlation result; generating a second correl ation result

corr bat i g i 3l g%é@fé’r‘\:éé‘gd@rls\%?@n@ &ﬂrtl}%éafﬁlpﬁ Yesult by
correl at i rAQtiguld reuldt A Sy ey c%e%%q%dd%rfoﬁe%fer e he

second synbol sequénce by a transformation that nmaps all negative
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-

15 negative symbols; and
a generating circuit generating a detection result based on

the second correlation result.

13. A computer program product which, when executed by a

20  computer, makes the computer perform a method for detecting a
first symbol seguence 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

25 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

30  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



synbol s of the second synbol sequence to non-negative synbols; and
24 generating a detection result based on the second correlation
result. 14. A nmethod for generating a sub-sequence of a transm ssion
5 synbol sequence, conprising selectindg4a first synbol sequence from
a plurality of preanble synbol sequences, the preanble synbo
sequencegygrecatsimy ed derdae itseddgula pearblod ROkt iserodl therelation
transm ssion . synbol sequence; 10 generating a second synbol
sequence,” %&in the second synbol sequence bei ng generated based
on a fourth synmbol sequence which is the first synbol sequence with
the sign of each synbol being inverted, a cyclically shifted version
of the fli4stA SaHEd Fegquasne mrt ing yclsupalsegushickt ed wetsihosmdbsibn
t he f'rs%}%%%gpl sqﬂggggecyﬁth.the si gn of each synbol being

i nverted; “an i i gt (e Sedond%Synbol sequence with a third

synmbol  sequencesel gatred fsyampdihegeusrdld toroaf appearahe tsyplol
sequences to generate the sub-sequence. 20 15. The net hod accordi ng
to cl ai MPEAATHHE SYBPSLqFERENSE g the REEa®d cas yibe 1k seAsekers pre—

o e e R
bei ng gemsgmdicdd seasedcen the fourth synmbol sequence and a fifth
Synb?6 S%%%%@% fﬁg %hsg%o%d$g§%goﬁyg%%he%% eegggrein the second
symbol sequence being generated based on a fourth symbol
sequence which is 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
15 the first symbol seguence with the sign of eaéh symbol being
rinverted; and ]
combining the second symbol sequence with a third symbol
seqguence selected from the plurality of preamble symbol
sequences to generate the sub-sequence.
20
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.

25 16. The method according to claim 14, 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

30 inverted, a cyclically shifted version of the sixth symbol
sequence or a cyclically shifted version of the sixth symbol

sequence with the sign of each symbol being inverted.



selected fromthe plurality of preanble synmbol sequences, the sixth
synbol sequence with the sign of each synbol being 30 inverted, a
cyclically shifted version of the sixth synbol sequence or a
cyclically shifted version of the sixtisynbol sequence with the
sign of each synbol being inverted. 25 17. The nethod according to

claim 14,17 herkid anStASS QU SHDY S QUUERCE LOMHd g shidatidrpaynead
synbol sequence and the sub-sequence marking the end of the preanble

portion aP@dYPRCe HEYIRInt g dfa tdndt aldtay Jsmd caEnbRinsaqusaqsefesl thels.
The net ho i t al VA e ei .
synchr on Su arafudde Wl Ald e AP GIRREMASE IR i Rp ang fre

14, the stodgseguenoet beienglati) maiger] aymedueremeaiicea ternary
sequence. 20. The nmethod according to claim 14, the first synbol

sequerice, the second synbol sequence, and the third symbol sequence
bei ng tworyalmed SEGURDCRE N itHY &8s \AlUef 110 S8RUENEES edibnc® PEIhgM

for generating a sub-sequence of” a transm ssion synbol sequence,
conpri si iy Sym@iegtlFaf gy dijanss eleddmiingra first synbol sequence from
a 20 plurality of preanble synbol sequences, the preanble synbo
sequences pre-stored to be used in a preanble portion of the

transm ssi®n Tyurhed t ISR uenesidid geRerAabifg 10, GHd GePYRfdaitaAbeing
second symhol sequence, wherein the second synbol sequence being
genet8t et RHRAY Gn SLAENGH G 17 HARIATYs SREBYRESrhi ch is the first
synbol sequence

20. The method according to claim 14, the first symbol
sequence, the second symbol sequence, and the third symbol
sequence being two-valued seguences or three-valued

15 sequences.

21. A system for generating a sub-sequence of a transmission
symbol sequence, comprising
a selecting circuit selecting a first symbol sequence from a
20 plurality of preamble symbol seguences, 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,
wherein the second symbol sequence being generated based on a
25 fourth symbol sequence which is 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; and
30 & combining circuit combining the second symbol sequence with
a third symbol sequence selected from the plurality of

preamble symbol seguences to generate the sub-seguence.



with the sign of each synbol being inverted, a cyclically shifted
version of the first synbol sequence or a cyclically shifted version
of the first synbol sequence with the sign of each synbol being
inverted; and 30 a conbining circuit c@®bining the second synbol
sequence with a third synbol sequence selected fromthe plurality of

preanbl e ByMmlcEgauenc g8 dorGe iRttt ke isH)- SeYHeR&Rcu2ed B9 aA
conput er program product which, when executed by a conputer, makes

t he conpUiEPYPer% oM e ndtfoFIutgen@eafiong aameibhosedgangenstraging
transm ssj e, [0 .Sl L eGgti firs l.
sequence%%%gﬁ?g p J?%%?#@ﬁo tg%%gggﬁ%ﬁg%sf o%ﬁségﬁBﬁéggf %ﬁ%¥g§glng
preanbl e syirligequenoes pyvebodt Gretiehaehe rused pluaapiegnblte
portign of %ﬁﬁ)transnf sion synbol sequence; generating a second
SynboP s SRS HEIRA T CHETEEsnd EPey REGR 8 GuSHES Bor RGUGEREPaPEa"
based on g dwu tdy sa\émledlqns%ng%%ﬁlb}aﬁél &R i3 ohhe £f ikt t%)émﬁhssﬁo§

sequence with the sign of each synbol being inverted, a cyclica
shifted afdicagn ssfauemieeifirst synbol sequence or a cyclically shifted

version t first synmbol sequence with the. sign of, each s ol

bei ng ig%%ﬂ {gilngg%'f Conbi® i%&ﬁtﬁgqygggﬁd ??ﬁﬁ%ﬁnsgaﬁeﬁggo h a

third symyalbols egueree s tledaigegcheemthe bplsedabint ¥ ebuptaaghheosynbo

sequ%gces t 0 generate the sub-sequence.
sequence which is 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; and

15 combining the second symbol seguence with a third symbol

sequence selected from the plurality of preamble symbol

seqguences to generate the sub-sequence.



