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WO 2007/ 126394 PCT/ S&2007/ 000125 Method and system
for deconpressing at |east two two-valued synbol
wGee@aanses into a three-val ued conmuni cati on SPCIYRGZIH7/000125
Cross-reference to rel atedlapplications 5 The present
application clains the benefit of US provisiona
Methpdl afat spstoR/ FOX, d88ompkeds3niby 2008+t BRoCeRbeRh1ued
of which is incorporated herein by reference inits
symRal seEyerees ol Ptopdr fhses-vadueterampunipatinnesefuance
The invention relates to a nethod and a systemfor
deconpressing at |east two two-val ued synbol sequences
CrosSﬂrefaremheebevaébadedoappmﬁcatﬁagssequgnc$ aﬂd a
conputer program elepent. 15 Background of the
The Pﬁ%g’ﬁ?? o?wgﬁ’flg‘ﬁﬁ/@?ﬁl ?EngdEhBa]H@?eiféHi gf US provisional
appl€ hcedypor, 1960f jog | smpLe do@VEer
. Spect FUry (L yprcal Ty e e g Ran Eo0RRTT R 7 ich
is inephperdioedrkereinngyt heersncaplihsétesadhbinbeyefo20all
ar &Qégrnation is transmtted in formof inpulse
P psequ'ences. For synchroni zati on between a transnitter
and receiver or channel estinmation, for exanple,
_ re-defined i npul se sequences are sent by the
Field oahshiie t¥RVension opject of the invention is to
The DEOYhLER FEINOLSTOS aPROVhiNg,hMBULSE, saaugpces for
exanpl e suitable for synchronization; “channe
decomptéepmtiomniet bted st atihBiwoomalnedasyohosysequenceh foto a

[ . nme f _the invention '
threég%gqaééE%%%ﬁ&%?%gtlgg ggqueﬁgeoané g computer program

element.

Background of the invention

In UWB (ultra wide band) radio communication, information is
transmitted spread over a large spectrum (typically more than
S00MHz) . One method for realizing this is impulse radio where

information is transmitted in form of impulse sequences.

For synchronization between a transmitter and receiver or
channel estimation, for example, pre-defined impulse

sequences are sent by the transmitter.

An object of the invention is to provide a method for
providing impulse sequences for example suitable for
synchronization, channel estimation etc in a UWB

communication system with low memory requirement.

Summary of the invention

A method for decompressing at least two two-valued symbol

sequences into a three-valued communication seéquence is



10

15

20

25

30

A net hod for deconpressing at |east two two-val ued
synbol sequences into a three-valued comuni cation
wGeegaanses i s WO 2007/ 126394 PCT/ SG2007/ 000125 PRT/SG2007/000125

provi ded conprising conver£ing a first two-val ued

synbol sequence into an internmedi ate synbol sequence
provadddsyehpkiving coubtipliygng thesitntevredilate symboll

sequence with, the secong t wo- val ued synbol sequence
seqUEBCHehBFat 81t hRTERTBELF5PUSH™S OdoFRINCESE 8RS eqTeRds Wise
mult THIYDEE, tAcSYSEEMMaATaReCaRHLAr SRLAGHRM RQHUGhe second

according to the nethod for deconpressing at | east
two-vabuedosyabaédssynbobe $eqgences tienttdiea thireeevadluged

connuchation se%uence are 10 provided. Short
COMMYBSEF-pIoR©8FthE " fi gures 11l ustrative enbodi ments of

the invention are explained below with reference to

the drawi ngs. 15 Figure 1 shows a conmuni cati on system
Furthegor ai ﬁgsg@maﬁndeﬁb@@m@@ﬁteropwaﬂh@ém%ﬁ. ECQEEny to

arcod .gener.atqr. ac di

the B B L a1 9 0 521 g o
sequseqgeendetgenethtrep-aadtordi renimmndra tdwino dieagrin cef atree

invention. 25 Figure 4 shows a code sequence generator
provégﬁ rding to an enbodi nent of the invention. Figure 5

shows a code sequence generator according to an
enbodi ment of the invention. 30 Figure 6 shows a code
Shor§eggencavgénar aforhacandingg to an

Tllustrative embodiments of the invention are explained below

with reference to the drawings.

Figure 1 shows a communication system according to an

embodiment of the invention.

Figure 2 shows a code sequence generator according to an

embodiment of the invention.

Figure 3 shows a code sequence generator according to an

embodiment of the invention.

Figure 4 shows a code sequence generator according to an

embodiment of the invention.

Figure 5 shows a code sequence generator according to an

embodiment of the invention.

Figure 6 shows a code sequence generator according to an

embodiment of the invention.
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enbodi nent of the invention. WO 2007/ 126394
PCT/ S&007/ 000125 3 Figure 7 shows a shift register
wa@ewomekipg to an enbodi nent _of the invention. PEi/§G2007/800125
shows a shift register accdrding to an enbodi nent of
5 the invention. Figure 9 shows a code sequence
Figugenér showsaec ehdifitg regismt e repvadinddmty dfo talme embodiment of
i nventiaon.. 10 @. ure 10 shows a code sequence
generagﬁ?Jﬂg%%}diﬁb to an enbodi rent of the
invention. Figure 11 shows a code sequence generator
, according to an  enbodi nent of the invention. 15
Figuppgfr 8he¥ssRowd 14 tc 689 iséqrence ogeidrdatier adc @adidighand of
an enbadi;snent, 9f,f.he invention. Figure 13 shows a
code sequence generator according to an 20 enbodi nent
of the invention. Figure 14 shows ternary code

. ___sequences according to an enbodi nent of the
FiguREu g BRORS 20 el S8 e R0 AR R GRSEPAS to an

accor dintdithet adidTBnive i d1e i nvention. Figure
16 shows a shift register according to an enbodi nent

of the invention. 30 Figure 17 shows a shift register

ST SRR N SR L T

embodiment of the invention.

Figure 11 shows a code sequence generator according to an

embodiment of the invention.

Figure 12 shows a code sequence generator according to an

embodiment of the invention.

Figure 13 shows a code sequence generator according to an

embodiment of the invention.

Figure 14 shows ternary code sequences according to an

embodiment of the invention.

Figure 15 shows a code generator according to an embodiment

of the invention.

Figure 16 shows a shift register according to an embodiment

of the invention.

Figure 17 shows a shift register according to an embodiment

of the invention.
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Figure 18 shows a shift register according to an
enbodi nent of the invention. Detail ed description 5
wo bdogaea3at i vel y, two two-val ued sequences are POIRGHOT000125
in such a way that the thfee-val ued conmuni cation
sequence is generated. According to sone enbodi nents
Figuokt fiBeshpwenti shiftt hedtiwhevralred redqdeneeamriegnbodiment
characterized %y arameters which require far |ess
nenor?ftBBﬁeth Yhan the three 10 val ued
communi cation sequence woul d need. In sone
enbodi nents, the conmuni cati on sequence has
DetadhgeladeseraPtden which make it well suited for radio
]l i 0 u ses, uch as transmtter-r.ecejver
T g ey B TR Tl R BBk BT e sucn
a wagf thhe theenhree-whénelbocempiovicde ianlsaomeride Make
se of a co ni cati on sequence with desirable

u . . .
genetRkPact 8FFSEFLE I ChEGSh FHROFEREHY Sr OGuithenemveniHioeh
the E§o—€§@§€ﬂagkﬁu%ﬂcb§s%%ef%ﬁ 9%%%%&&%@@!%@}%%%%%5%@%&*1

relatively Oow nmenory, sucﬁ as sensor -
whicHevkbgesre20aa flessvalnedysyobbke séguedcehasn aheedieree:
1 tEe co omen&s of which are Eron1a se& of two
valugleRERVER For 1aRaRsr CS Ol 6y Morgal TRUMSERS) . For
embo@XAEPte, bhpobammsedearces aBduedRicROMAs FRAURNESS Qs
. two-val ued sequences. 25 A bipol ar sequence is a
whichefakfcétt Neléospdhent $osf raRlilonh cemaundiaa toamrarysises,
of .0 Lve _val d LU al .
suchy g PRE AR e oS R gRBLROR ] ol crfirdie
estimegliienceEmBOdAmanitpolodr thequereatisna thequshee thevide a
onpopents of which are, all froma set ott%.%gg,a
w3y BoRErve oal 08, % GG CEF LoBoFCauRR Bt UESigakge
chardct&rastUNbpolvar hseaUene®. mdo2Y0 Held83¥hents which is

PCT/ S&2007/ 000125
especially an issue for communication devices with relatively

low memory, such as sensor-network devices.

A two-valued symbol sequence is a sequence the components of
which are from a set of two elements (for example complex or
real numbers). For example, bipolar sequences and unipolar

sequences are two-valued sequences.

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

sequence.

A unipolar sequence is a sequence the components of which are
all from a set of 0 and a positive value, e.g. {0, 1}. For

example, O, 1, 0, 0, 1 is a unipolar sequence.
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A three-val ued sequence is a sequence the conponents
of which are froma set of three elenents (for
wez@mpkaconpl ex or real srrbers) For exanpl BCT/8G2007/000125
ternary sequence is a three-valued sequence. 5 A
ternary sequence is a sequence the conponents of which
A thpee-valuedropueecrset o anecfugacpvéheargepandnsfeof which

tiv al e For I
are FESH!E Gt B PRE Orefielisl thorientbo BOPRESHR B rean
numbeﬂbpdiE@ﬂtexéﬁplént&rﬁédhakg syfghehcseqyencehireeavhWed
val ued synbol sequence. In one enbodi nent, the first
SedueWo€val ued synbol sequence is a 15 bipolar symbo
sequence and the internedi ate sequence is a unipolar
sequence or the first two-valued synbol sequence is a
A teunappla¢q@qm©©llsequsﬁqeeand the cnmppnedtatefSGQuehcere
sequence

a
211 B tori O SEauEReaciES SPteRanpReche Pepisiye value
and @ﬁq@e?ce{ ~-Thep secpndrbwoerahged, synbel, sequengeoi ssfar
exa e a bipolar synbol sequence or a unipolar
tern%yﬁb%ﬁqg%@%%nce 25 In one enbodi nent, the
t hr ee- val ued conmuni cati on sequence is to be
transmtted froma transmtter to a receiver for the
In operposedoheat, | east inherntdiatbabgaboestemaehar i30a- two-

synchroni zati on. WD 2007/ 126394
valup@ T u8eh 5 Hosaaes

In one embodiment, the first two-valued symbol sequence is a
bipolar symbol sequence and the intermediate sequence is a
unipolar sequence or the first two-valued symbol sequence is
a- unipolar symbol sequence and the intermediate sequence is a

bipolar sequence.

The three-valued communication segquence is for example a

ternary sequence.

The second two~valued symbol sequence is for example a

bipolar symbol sequence or a unipolar symbol sequence.

In one embodiment, the three-valued communication sequence is
to be transmitted from a transmitter to a receiver for the
purpcse of at least one of

- channel estimation

- ranging

- synchronization.
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6 The first two-val ued synbol sequence is for exanple
generated wusing a first shift register. The second
wo mw7uaddaed synbol sequence may be gener at ed BGT/AG20@7/000125
second shift register. 5 IR one enbodi ment, the first
t wo- val ued synbol sequence is generated by
The Lycstctsbifhlngdasyhboll segueakeedssyplokxaspiaeneacerated

._The third two-val ued sequepnce i s for, exanple a maxi nal
using ot bheSS SUEEY R s PR eREnBoaP BN E Yot Re AP §vi01
sequéﬂ@eVﬁéyeﬂesggﬂéﬁéﬁedh§§iﬁgcQWEQGQHH suRref ragestEhe

first two-valued synbol sequence is for exanple

generated by nultiplying a third two-val ued sequence
d t 15. u s e, el th .

T ofp e RopdthbRr | oire o R e S PR R AR e 1o
genesgga@nog oychdthsmaytbagmaxihakdl ergt-halsequepa®sl The

third two-val ued sequence or the fourth two- val ued
Sedugkgtience or both may have a conponent sum of one. 20

In one enbodi nent, the second two-val ued synbol

sequence is generated by cyclic-shifting a fifth
The tlwbrqatwedvsaynbdl seqequerncésbyoa prempgéeernimaadmalniength

of conponents. ln . the enbodi ts described hel ow, the
seaugifo| TeeqiencueodItsnSs ERE EorinCUar oy "seqaeHbEnts
has &re€omp&hehef gtinedrt enas code sequences. A conponent

of a code sequence is also called a chip. The code
sequences described in the followng for exanple each

[ \\ I.RS- Ci [ an b re
T B Eaesroney P Yo c O R K ppngrated
by malsbpaypnggeanimabbetuni-valsedhsasueacpr acessofpourth two

rogramred for. the.respective functionality. WO
valugdorrdiea6a - 7 BETF Sp0b 060138 TRPGY T LERGWEeAuenCe OF
the E£OWPTRI €RbLOB1AEHABEETBAL100 RceOr dbRIbkOmakimal length
sequences. The third two-valued sequence or the fourth two-

valued sequence or both may have a component sum of one.

In one embodiment, the second two-valued symbol sequence is
generated by cyclic-shifting a fifth two-valued symbol

sequence by a pre-determined number of components.

In the embodiments described below, the symbol sequences and
the communication sequence are also referred to as code
sequences. A component of a code sequence is also called a
chip. The code sequences described in the following for

example each comprise N chips.

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

a processor, programmed for the respective functionality.
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enbodi nent of the invention. The comuni cation
arrangenent conprises a transmtter 101 and 5 a
WO e@eilyep4 102. The transmitter 101 and the reckPCeG2000200125

comuni cat e usi ng UVB (ultﬂa wi de band) radio

communi cation technology which is in this exanple
Fig.leghpyed abyompiliset ioadiagrangenieantt rldfs maderdii@l to an

S a .pul se generator 103 which

emboggggﬁbe§%c% % é&%%%%ﬁggLfron1a data encoder 104. The

code sequences are in this exanple ternary sequences,

i.e. each conponent of a code sequence has the val ue
The cemmupigatdon GEERrgegsdd SCHPEices @ dupssmedar thel and
a reBeseRandopul 5613 .gengrater 403, Jfy generales @ pul

sequence according to the code sequence and transmts
commphiisapel s isgqidircd wlitaaa witdeahsmd) antcErnachibinifertion

ex l e, .the data_encqder 104 _encodes data taq be sent
teon Sy P Ryo VR Lebud s SuHOe STEIEpIHEs 145 §1t b ulse
radibaseband pul se generator 103 which generates and

sends a correspondi ng pul se sequence. The receiver 102

recei ves the pul se sequence via a receive antenna

Lts Aqt .to the.caod e uggce and a

The %ggggég?ﬁgré?PéuF?%%ﬁ%S%ﬁ Ehga%§%§$¥g cﬂﬁﬂ%ﬁﬁy%ﬁu§03
whicRBbreodéveequenee stougelcetsh€ rdat @ dataadgidddar ti®4. The

sendi ng pul se sequences for data transm ssion, the

code; FEARRTICESr 2F61 iy PdiSs 6*SERd Sp (HeEE aLaq PSR /i /e, - © -

eachf @bmpexaRR! &r al |-t Re fReRIV 8L 102 d @ Syfchronize o ¢,
with the 30 transmtter 101, to allow the receiver to
Whenpar £ofm geavemesl 1sestippdtiedn tof thise hecraiamicc atilee
e et wee transm tter 101 and the receiver
o LPdE g R R odes 1B S0P bsagicordin o the
codePERLGERBRT7AA0L2AnsHhits this pulse sequence via a

transmit antenna 105.

For example, the data encoder 104 encodes data to be sent
into a code sequence and supplies it to the baseband pulse
generator 103 which generates and sends a corresponding pulse
sequence. The receiver 102 receives the pulse sequence via a
receive antenna 106, converts it back to the code sequence
and a processing circuit 107 of the receiver 107 decodes the

code sequence to get the data.

In addition to sending pulse sequences for data transmission,
the transmitter 101 may also send pulse sequences which, for
example, allow the receiver 102 to synchronize with the
transmitter 101, to allow the receiver to perform a channel
estimation of the communication channel between the

transmitter 101 and the receiver 102 or for ranging purposes,
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for exanple for estimating the di stance between the
transmtter 101 and the receiver 102. These pul se
wGeegaanses are generated by the baseband pul seP&I/SG2007/000125
generator 103 in accordanceé with code sequences
generated by a code sequence generator 108. In the
for fealam@m/ienqwxarmﬁmtfmg aore BequenRee gahesat Gﬂﬁe ar ed
ri bed which y, for exanple, be used as the code
tranf@lggﬁﬁeﬁ@é 5%%%&§F%hrgﬂﬁ}vqm 0%-shows a code sequence
generator 200 according to an enbodi nent of the
|nvent|on 15 The code generator 200 uses a first
TheS@i p@llale sequence s2 G- cargknesr a$&ch iy bjhmlmsrsejmumr;melse
ener s 1% nera%%co %&{narxiﬁgguen e 203 which is
gl 8ut &' s EqienEE M s aar?ﬁueerb%essse%eqeor?
a coﬂ@sg@qu@n@@I@@ngﬁnﬁmjﬁ(mogLOS. 20 The first bipolar
sequence 201 is converted by a converting circuit 204

to a uni pol ar sequence 205. The converting circuit

In t%%4fg§@%w%8§1iegi%ﬁr§11%sa%ra Cco r?b% aC{Mu]encTehege%JpaQAﬁs are

sequence tiplied sy
desccrdtvpdn@hﬁchi ey, dh dm;ﬂ&com:da higeal ars segrensd 202
a nultlplyln ircuit 25 206. The result of the
SequﬁﬁF?lﬁFP@&?l&ﬁ %%he ternary sequence 203. The first
bi pol ar sequence 201 and the second bipolar sequence
202 are for exanple generated as shown in Figure 3.
Fig.30SHpysS3askhoRS &S Ie geaere tgan étid ere@ooiiaee draliary

enoo Ao B P50 135 ST S | ar to the code sequence.
generator 200 shown in Figure 2, .

The code generator 200 uses a first bipolar sequence 201 and

a second bipolar sequence 202 to generafe a ternary seguence

203 which is the output code sequence and is for example

passed to the baseband pulse generator 103.

The first bipolar sequence 201 is converted by a converting
circuit 204 to a unipolar sequence 205. The converting
circuit 204 maps a +1 to a 0 and a -1 to a 1. The unipolar
sequence 205 is multiplied symbol-wise, i.e. component-wise,
with the second bipolar sequence 202 by a multiplying circuit
206. The result of the multiplication is the ternary sequence
203.

The first bipolar sequence 201 and the second bipolar

sequence 202 are for example generated as shown in Figure 3.

Fig.3 shows a code sequence generator 300 according to an

embodiment of the invention.
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t he code sequence generator 300 conprises a converting
circuit 304 and a multiplying circuit 306 which
w@ermenaided a ternary sequence 303 which is thePOISE2N07/000125
code sequence froma 5 firsx bipolar sequence 301 and
a second bipol ar sequence 302. The code sequence
Simigemetat ahe380dbukskhtencenpidrsastdd 208t shewel 116G Fiddre 2,
circuit 307 which cyclic-shifts a third bipolar
the gpdgescausaset aea@ﬁéFé?tre 3090 G EiSp S SCTVEFIERE

circd9i 35Q Fhe ‘éogﬁl%%%ll%%% aNLLANO 0F0 Q1 Wit netate a

conprises a second cycli'c shift circuit 308
terngyyl seaskintes 383f wﬂph bJSpdtIh@r ouwgmieneeled e quence from a

firs%ie%glggg %gégég?%%@%%g polntaqr1 guence 302 15 The thi rd302

310 are for exanpl e code sequences fron1a set of N-
chi p bipol ar base sequences 311. For exanple, the code
The gefgefcasenfet Benssater NOOhifnmihes] aqommss@s@ first

cycl§%qgﬁg%%sc§}%u§Ee %HS%%g%ﬂF%ﬁchﬁ%ﬁg%ﬂF e%g%%lrd blpolar

quences). I'n onée enbo eac sequence
sequeheesé09 b @embmptblm@kamiha&eh&@quence$qﬁﬁhddKB&mun
of conponents equals to 1. 25 Another exanple for the
generation of the first bipolar sequence 201 and the

The £86@NdcBlLBALAr g28ALERCE 209 IS hWN ddhpHiIUY & 4econd
Fig.4 shows a Ccode sequence generator 400 according to

cyclag sBdféntédcmint 366 whd dnveetliiorshgififisl @ floatttie bipolar
sequiBfe 330UEA°EASLA 9 7IT SN RO Bnad,

€ Séquence generat or
2007/126394 10 PCT/SG2007/000125 circuit 404 and a

circuit 406 which generate a

4 fir
The EhiRt PLoptaEeB e an 0T Pac s Fo b g oL ar

sequence 310 are for example code sequences from a set of N-

chip bipolar base seqguences 311.

For example, the code sequences in the set of N-chip bipolar
base sequences 311 are M-sequences (Maximal length
sequences) . In one embodiment, for each sequence in the set
of N-chip bipolar base sequences 311 the sum of components

equals to 1.

Another example for the generation of the first bipolar
sequence 201 and the second bipolar sequence 202 is shown in

Figure 4.

Fig.4 shows a code sequence generator 400 according to an

embodiment of the invention.

Similar to the code sequence generator 200 shown in Figure 2,

the code sequence generator 400 comprises a converting
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sequence froma first bipolar sequence 401 and a
second bipolar sequence 402. 5 The code sequence
w@emenaddos 400 further conprises a first cyclPCT/SGR00T/000125
circuit 407 which cyclic-shPfts a third bipol ar
sequence 408 to generate the first bipolar sequence
circupn, 430 &ndt hefirshemebtidpigfugncérgener 406r wh@ch
conprises_a_second cyclic.shift, circuit 409 _which
gene 9] & ERr R o 2P Bur e ne 3 dbithetfohbs a¥beHRacade
sequéidé df ey@l hershiett bepotait sddlenBichoicyakbi 6- shicbhg a
. Fifth bipolar sequence 412. The cyclic- shifted fourth
bipolpporagusegBedé- 410 and the cyclic shifted 15 bipol ar
sequence 412 are nultiplied by a second nultiplying
circuit 413 to generate the second bi pol ar sequence
The d&2e sd@eehher dehepatar géquéncehd8cotmpeitesr thfirst

bi pol ar, sequen¢ 0 and the fifth_ bi_pol ar seqguencge
oye1 55 50PEe o Pk AT ouBECh0 Eah iEnths Throm Shiap Bipolar
sequdh&di Pobi pgl genbagecssequereest4b3po14s %Q%&?nch9@01.

exanpl e, the code sequences in the set of chip
bi pol ar base sequences 413 are M sequences (Maxi nmal

I . nbodi , | h
rorc| 18 Dy BISREE Lol Do OB RERRILTERL cLGELERRN o secons

cyclseqsiencesc4idutibedgsanwnichcepponenthig€gdabs fbarth Bipolar
code se&uence gener at ed agcordlng to enmbodi nents of
sequepee +hleAlfon FﬁérﬁoFyéiéﬁpﬁblﬁ ecﬁ6PPéﬁﬁﬁé1f@§ﬂGPes

cyclé%LsKEEQSC¥Ck&%tﬁU59§895£eE§&h8HcefQ@ rtibgs ch?ic~
coherent detector, that can detect the phase™o
shiftedefgedthi hhrbsar phenenhhe édfeasdqtibrceyicdic shifted
orrel at ed mﬁgﬂgitsel 26394 11
5

. f: WO %007/ . .
bipobdh) &ed8hrBo0135° 5P EgRELe alifososrrars: FogtipLying
circpl®pLIBi €6 pyBnaRaeBethy¥ deteatiobipbhatr eagudetectobhe

anpl i tude of received signals,
The third bipolar sequence 408, the fourth bipolar sequence
410 and the fifth bipolar sequence 412 are for example ccde

sequences from a set of N-chip bipolar base sequences 413.

As above, for example, the code sequences in the set of N-
chip bipolar base sequences 413 are M-sequences (Maximal
length sequences). In one embodiment, for each sequence in
the set of N-chip bipolar base sequences 413 the sum of

components equals to 1.

A code sequence generated according to embodiments of the

invention has for example the following features

« zero cyclic auto-correlation properties in a coherent
detector, that can detect the phase of received signals,

when the code sequence is correlated with itself;
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when the code sequence is correlated with a sequence
in a set of bipolar base sequences (such as the third
wher@ohamsequence 5 309, 408). The zero cycl i BCT/SG2007/000125
aut o-correl ati on property L$ a property of a sequence
wher eby a peak val ue is obtained when the conponents
. zegfo tdyelseruerive cryereiditiql ippobpenthidg seh famnehstgyred

and 10 _zero is aqbtained when th equence' s ,conponent
deted R e prr i SBhaCSu e AP LR EERE EonEareie br ARy o
whenPessi 8b8e s¥ghibecehiikt edritd1hoellt Fichi BShe¥@lpicen i@f 4 set
the_sequence. In coherent detectors, the peak val ue
of bigohar|hasnepgguecseeectsrsh aRetpeakhigdu®irelen Bpapence
309 1§0§?sides generating code sequences havi ng perfect
“aufo-"correl ation values for both coherent and energy
detector in the receiver, the code sequences

enerators accordin%Fto enbodi nents of the invention
The 73 ObEY?iﬁFeﬁEEPé&O FEh2TEPY PERPSE Y nprefeRabeshy ©Ff 2
sequéRsl WRetELYBa0bcARMEY nHSAgeonreaRREHALMENRER BB onents
bi pol ar sequences used for generating the ternary

of theqseneenaecakesngltnpésedMaxihulitbendt hnseguamess pndA

naxi l engt h, sequence can_be,generated by a L-stage
zero (b8 1 Bt oL 08 DuBIERECC GRTNPE SORERBLEL DS 2rk
mult POl ysenhal, swheed Mith2khelcompeneheeeofi Br@N@ossible
enbodi ment, the bipolar sequences used for generating

cyclifieshefhafly (SeffeNcé &R&PAOL VeEBHPRIOfN LASMEREMPI But
In c@ﬁ@r&ﬁ@e&é£8ét8¥s§hkkk'g@QkaSiéE_§9 ﬁQfI%E%n%Eg%
h igure 2t

sequence generator 200 own I n IS i
deteshows, i bh&i gark 5alw® 2607K126394 PCT/ SG2007/ 000125

12 Fig.5 shows a code sequence generator 500 according

to an

Besides generating code sequences having perfect auto-
correlation values for both coherent and energy detector in
the receiver, the code sequences generators according to
embodiments of the invention may be implemented with very low
implementation cost in terms of memory usage, especially when
the bipolar sequences used for generating the ternary

sequence are M-sequences (Maximal length sequences).

A maximal length sequence can be generated by a L-stage shift

register representing a primitive polynomial, where

N = 2% -1. Therefore, in one embodiment, the bipolar
sequences used for generating the ternary sequence are not

stored in a memory, but are generated by shift-registers.

For the code sequence generator 200 shown in Figure 2 this is

shown in Figure 5.
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enbodi nent of the invention. 5 Simlar to the code
sequence generator 200 shown in figure 2, the code
WG e@aanses gener at or 500 conpri ses a converti ngPCTBGLNT/H00125
504 and a nultiplying circdit 506 which generate a
ternary sequence 503 froma first bipolar sequence 501
and a second bi pol ar sequence 502. 10 The code
sequence generator 500 further conprises a first
Fig.Shshbwsegi sbee 58¢uandea geeeend oshishD Ee@cidEm P an
The first shift register 507 is characterized by a
embofipgptpgify fBRI ANVeREAGed by NO, receives a first
plurality of shift register 15 bits 509 as input and
generates the first bipolar sequence 501. The second
Simidhicf tor €gestede568gusnceagackekitoed 2I00) ahesconch figure 2,
ol,ynom al denoted by ML, receives a second plurality
the BpaesgeuRPRLS, d5Tererop PO%s FOMRE LeREUE AT YERTorA et
circtihe seeomdd hi ﬁi@h.@'ipigﬁ‘r'l%n%%r@_@l%-t Goley wHeH iJetterate a
pol ynom al , the second pol ynom al, the first :
ternpryir aEpRpner pEgi Srem bi £ r5¢9 bape lefre ssenemnge 501 and a
u ' 0 regi-:st.er bits 510 need to be stored.
secoﬁ? égééﬁﬁf %egagﬁ?ga5§eﬁory saving factor of 7 can be
achi eved conpared to the storage of the bipolar
sequences 501, 502. Another exanple for generating the

bi pol ar sequences 201, 2 30 using shift, registers
the B SR EHCR GERE a R0 300 P EERSSS PERESERGO A GO0 LS5

shift3rEh8sBeshevs aneode s2ePHeNGS 1¢eNeLatiQh L0G @ccaHd HY rst
to an enbodi nent of the invention. Simlar to the

shifgogegsegaenél’géRechesr 2O isiewWryi B Kiigwte p@lynomial
denoted by MO, receives a first plurality of shift register
bits 509 as input and generates the first bipolar sequence

501.

The second shift register 508 is characterized by a second
polynomial denoted by M1, receives a second plurality of
shift register bits 510 as input and generates the second

bipolar sequence 502.

Only the first polynomial, the second polynomial, the first
plurality of register bits 509 and the second plurality of
register bits 510 need to be stored. In case of N = 127 a
memory saving factor of 7 can be achieved compared to the

storage of the bipolar sequences 501, 502.

Another example for generating the bipolar sequences 201, 202

using shift registers is shown in Figure 6.
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t he code sequence generator 600 conprises a converting
circuit 604 and a first multiplying circuit 606 which
w@emenaided a ternary sequence 603 froma first BCPSG2N07/000125
sequence 601 and a secondlBi pol ar sequence 602. 10
The code sequence generator 600 further conprises a
first shift register 607, a second shift register
608, and a third shift register 609. The first shift
Fig.6eghstver a6@ddes seghanaet geneed tby #00i asicopaliyworcalan
enot ed hy , ,receiyes a 15 first plurality of shift
emboaé§?§FeP?ngg 62FSR5 PRput and generates the first
bi pol ar sequence 601. ‘The second shift register 608 is
characterized by a second polynom al denoted by ML
and receives a second plurality of 20 shift register
Simipprstelthgscodpuseduracehioedeshitior PO§i shewnsd® B gure 2,
ra [ ird | ynom_al_ _denoted_by M2 and
the SOACRELELLAR] %n%f“%‘?é’ 0 PR s ePe g SO0 %1 2
circast bDpubnd2a Theseumpat iph tihe secend tshwofdt whawhst er
608 and the output of the third shift register 609 is
Jenexlei gl LEIRPSYNHEAVGIRSE) By & oBedoid it Bipoliagg sequence
L ECYi tQ. a e d bi polar sequence
601 B e B e e e RS 1 55" 14 I cnse of N
= 127 a nenory saving factor of 5 can be achieved
conpared to the storage of the bipolar sequences 601,

. Possi bl e i npl emen pi ns.of the shi.ft registers
The 380 35HAEREd ORPERFoTerORce b RGP i B o
shiftheebaklkew 897, Fagsécshawsha rehirklyikegirste®n,7Gd a third
. _according tg an enbodi nent , ‘
shift registeér 609. The first shift register 607 is
characterized by a first polynomial denoted by M0, receives a
first plurality of shift register bits 610 as input and

generates the first bipolar sequence 601.

The second shift register 608 is characterized by a second
polynomial denoted by M1 and receives a second plurality of
shift register bits 611 as input. The third shift register
609 is characterized by a third polynomial denoted by M2 and
receives a third plurality of shift register bits 612 as

input.

The output of the second shift register 608 and the output of
the third shift register 609 is multiplied (symbol-wise) by a
second multiplying circuit 613 to generate the second bipolar

sequence 602.
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of the invention. 10 The shift register 700 is a
five-stage shift register and conprises a first stage
w@omy/1z38€cond stage 702, a third stage 703, BCT/SGI0N000125
stage 704 and a fifth stagé4705 which are nunbered
fromO to 4. 15 The stages 701 to 705 are serially

In caedpb&dN Hile meanenoldt satvhiegouapitorofoft e ddd He
_stage 701 is coupled to the input of the second stage

achieged ppmpasrs & &hei deradei ry &hvee fiolrgs)sequpsces

601, 0Wbput of the second stage 702 is coupled to the 20
'input of the third stage 702, the output of the third
stage 703 is coupled to the input of the fourth stage

7 (b ans f. "a second adding circyit 707) and . |,
Poss{ R ol AMBTE G AR PR En Lt 250 PO ol % FHgined
withi PRk rehdehe d irfilghrakage aAQ5 8( by tHRAFS 100w i rd

adding circuit 708). The output of the fifth 25 stage

705 is the output of the shift register 700. In

: ddi,ti.Qn, u  Qf t fift . 705 s _coupl e
Fig. 30¢hblg iantgurﬁ?ff)&f "Rl sPert 100 S&é:%fgltf?%teg‘% B el sfhe
of thheiseeandonstage 702 by neans of the first adding

circuit 706, to the 30 input of the fourth stage 704

by neans of the second adding circuit 707, and to the

The EARYE ebdtikeh floh skage r7198 by Jpans i f the i dng
adding circuit 708. WO 2007/126394 15
comppEFLSGROGL/E00 528.9eAd Odenki srednaberegea 7§ ,f ta third

egpster, may characteri zed hy .. ol ynom ln.
Stag%h?g§éx§npleFQ$th§ Ff?%ée P%tgrf %h§§ﬁ%§i#05 which are
numbehatiactrem Dedoby .t he polynomial 1 + X + X3 + X4 + X5

or equivalently by the vector of coefficients of this

5 polynomal, i.e., 110111 (starting with the
The §685ELCH@At +@f 705 are serially coupled. This means that

the output of the first stage 701 is coupled to the input of
the second stage 702 (by means of a first adding circuit
706) , the output of the second stage 702 is coupled to the
input of the third stage 702, the output of the third stage
703 1s coupled to the input of the fourth stage 704 (by means
of 'a second adding circuit 707) and the output of the fourth
stage 704 is coupled to the input of the fifth stage 705 (by
means of a third adding circuit 708). The output of the fifth
stage 705 is the output of the shift register 700.

In addition, the output of the fifth stage 705 is coupled to
the input of the first stage 701, to the input of the second
stage 702 by means of the first adding circuit 706, to the
input of the fourth stage 704 by means of the second adding
circuit 707, and to the input of the fifth stage 705 by means
of the third adding circuit 708.
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XO. In this exanple, the coefficient vector
characterizes the shift register 700 according to the
woog/1ed3st if the ith coefficient is 1, the optPsG200/000125
the fifth stage is coupledl®o the input of the stage
nunber i. Hereby, i starts fromO, 10 i.e. the ith
As meoweidned exlboves, t hesbbDEL f regestenfmbhebet bhpoweterokeX by

2 poihoifa LB B FRetRl & chapeLbnf§othbes 190RET be
i Cl j h thesfifth

char£GELel Sady Opnd pbEynfRiRLeD o8 Okt A ot Pl

equiyslagel puspeth@) vedbofhet | apatfioiehesshitf thiegi ster

700, in the abo xanple the register bits 509, 510,
polympyeiatl o - 11 %¥§1§%0?§5a Sindi VAP thal Gestifatdcrheot

, 701 05.,20 A is, f
x0) . PR et RIS R, PrehEosiet, SheEs e Bhs racspiaps
the SNttt ofdedsbyrazgbogkcstgnay tpothshewny tdaki RiEnghkheth

time points at which the stages 701 to 705 store the
coeffiairet e nptevartevifof ekanpiétht séasr pesceppéed to

. W h. Ctive n

cre Lotk o o0 £logk signel); YWLbepechupasitteriiant,

i.e. redge siteh JOOLOUtpehs as thapooeffifdbhp) odf thkeith power
respective genera ed_code, sequence.

of x| PR Rt P el o TRe R RN RRer £ AERERE 15 iepgard in

.. 8..3 10.8_s hi regi st 8 ¢car.di ng to.an.
ehis plte Lt P orBY R ralkhtr of PRt BB0 7P Eokg0d Eook X8 s
zero PET/ SR 007¢ 000135 thé ThetshsthgeegDstes 8@ it®» all other

ive-stage shift register and conprises a first stage

f h
Stag%%ﬂ?fg Se@ ol 5fa§atage, nambRrrd) -

The input to the shift register 700, in the above example the
register bits 509, 510, 609, 610, 611 are stored as initial
values into the stages 701 to 705.

A stage is for example implemented as a flip-flop. The stages
701 to 705 are controlled by a clock signal (not shown) |
defining the time points at which the stages 701 to 705 store
the respective input value (for example at each positive
flank of the clock signal). With each positive flank of the
clock signal, for example, the shift register 700 outputs a

component (chip) of the respective generated code sequence.

Another implementation of a shift register is shown in

Figure 8.

Fig.8 shows a shift register 800 according to an embodiment

of the invention.



10

15

20

25

30

stage 803, a fourth stage 804 and a fifth stage 805
which are nunbered fromO to 4 and which are serially
w@oeoniaedsed, in 5 reverse order with respect toPCH8G2007/000125
shift register 700 shown i h® Figure 8. The output of
the first stage 801 is the output of the shift
The skiisteegBOfer THe0 shsfa figesseag808hirAy, ragithershhiit

register 700 in 10 figure 7, be characterjzed .the
compf iAo 513t S5edS 30 5E dex8iar SearyaPent Fy b tthe
stagdegt®) Hfrceped ficieat soofahli 8 POEYROBtaLe18081dnikA are

this exanple, the coefficient vector characterizes
numbeprd shfen ¢ el st epn@oohiakcardi pgrieliiecenpectpde the

p S ith 1 u LS. t n
revoflPUla0L {1 LGS LI oI BpUIREE L k81 LE0t B0 opun o
Figuod 8 heTlie foltsht fofregestersB80btays 8be abovRe output of

enpodi ments, a ternary code sequence was gener ated
the ghittiFeP+3%o?t b? POt ar sequences. In the following, 20
enbodi nents are descri bed where a ternary code
sequence is generated starting from uni pol ar
The skegfiencesistey. 806 Hoag, aasotdkesehgiiEhceegénerat 300900

. ' t nbodi f t ' tion. 25 Th
rioufSGl generatEn 5o (SesPh FRPcPORRTBBrar sequence 901
i pol 9
L f ey SEauense P03 AT aREE ey oY sl FeEsgE"
coeffeglemce ahdthss foolexamphe 1passed Lo thesbasebahd, the

| se generator 103. 30 The fjrst wunipol ar .sequen
coe £ Gpatent ERGErT cPBYAGtebnaErt FRE S FhuFEIdB FooH0
acco PP af o SERIENEE: 908at T{aﬁeceav%&i BY €hECHtLge9Q4RBPS

a.0 to a +1 and a +1 to a -1. The bipolar sequence WO
numb@py/ 196894 17 FCTrSE2007F0D0ERE 802 the output of which

is the input of the fifth shift register 805.

In the above embodiments, a ternary code sequence was
generated starting from bipolar seqguences. In the following,
embodiments are described where a ternary code sequence is

generated starting from unipolar sequences.

Fig.9 shows a code sequence generator 900 according to an

embodiment of the invention.

The code generator 900 uses a first unipolar sequence 901 and
a second unipolar sequence 902 to generate a ternary sequence
903 which is the output code sequence and is for example

passed to the baseband pulse generator 103.

The first unipolar sequence 901 is converted by a converting
circuit 904 to a bipolar sequence 905. The converting circuit

904 maps a 0 to a +1 and a +1 to a -1. The bipolar sequence
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905 is nmultiplied synbol -wi se, i.e. conponent-w Se,
with the second unipolar sequence 902 by a
wororiipddyd ng circuit 906. The result of the PCT/SG2007/000125
mul tiplication is the tern%?y sequence 903. 5 The
first unipolar sequence 901 and the second uni pol ar
905 Zequehtéprddedasembol-ekaapl - genepmpedens-ghewn wnth the

Figure 10. Fig.10.sh code guence gener at or
secon 3t SRl RgTPEReR o oot fehtl b SLRESPraBREROR. 226
The Sshlarotothbencoeepseguencs genenat eerfflysbewichBe 903.

Figure 9, the code sequence generator 1000 conprises

a converting circuit 1004 and a multiplying circuit

The gt“@ﬁﬁ?oggfegg Seﬁcet9?faéﬁgsgﬂgeQgg?ﬁgoﬁnwpbigriS
the out put code sequence from 15 a frrst unipoftar

sequaeceieht? 4061fanderasprtondenarpbbdr aseghenneinl@@dure 10.
The code sequence generator 1000 further conprises a

first cyclic shift circuit 1007 which cyclic-shifts
Fig.1®YsRohdnhero8t s2Qubhtée QQ%e@EBbEdlUUDPQE@Er@@ﬁgTEBean

1009 to generate the first unipolar sequence 10
embodheerodel sehsehgeeyehernat or 1000 further conprises a

second cyclic shift circuit 1008 which cyclic-shifts

(by a nunmber of 25 bits bl) a fourth unipolar
SimiBefuencehd030d¢ osgghenat egbherseeendoonspekar isequgaee 9,

1002. The third uni pol ar_ sequence 1009 and the fourth
the gripofaruciequenterabad aPR0T 6PIBLARBFeac6ABVEERLBACES

circﬁf@ni@o@egnefahhu§9%§r§£ngnkﬁehaﬁtbéés6S@H§egcg§né9é%e a
For exanple, the code SeqUences In the set o chip
ternamy pptavenbaselgequiehckesitOtiicapetusequdrcesg(baxientdl-om

a fi%§@9&Qi¥%i§QOZé&§§§§§ fgaﬂsgggoglgggégg u%?polar sequence

1002.

The code sequence generator 1000 further comprises a first
cyclic shift circuit 1007 which cyclic-shifts (by a number of
bits bgp) a third unipolar sequence 10092 to generate the first

unipolar sequence 1001.

The code sequence generator 1000 further comprises a second
cyclic shift circuit 1008 which cyclic-shifts (by a number of

bits bq) a fourth unipolar sequence 1010 to generate the

second unipolar sequence 1002.

The third unipolar sequence 1002 and the fourth unipolar
sequence 1010 are for example code sequences from a set of N-

chip unipolar base sequences 1011.

For example, the code sequences in the set of N-chip unipolar

base sequences 1011 are M-sequences (Maximal length
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sequences). In one enbodi nent, for each sequence in
the set of N-chip unipolar base sequences 1011 the
wawratedgpnmponents equals to 1. 5 Anot her exabPi/eG1007/000125
the generation of the first#8unipolar sequence 201 and
the second uni pol ar sequence 202 is shown in Figure
sequétceb) g. Th shewsmdbodddenseqiienc eageneresafmnceldth the set
according to an, 10 enbodi nent _of _the invention.
of NSFREPPIIBOLAE BGGE SEGUERCESgeNetald SOF SHowrmppnents
equafkodke19, the code sequence generator 1100 conprises
a converting circuit 1104 and a nmultiplying circuit
1106 which generate a 15 ternary sequence 1103 from a
LS Lpal ar._sequen 1101 and secand .uni pal ar
mnotb Lok AERS) Fo:s UERERHO AT S8 SN0
sequkdetheDlcanpr it$es sacbhistuniewthkire sshjddndd rand tislEhbwn in
~ which cyclic-shifts a third 20 uni pol ar sequence 1108
Figurg démerate the first unipolar sequence 1101.
Further, the code sequence generator 1100 conprises a
second cyclic shift circuit 1109 which cyclic-shifts
Fig.3lf ebpws 25 codiepeleancscgugrterdidd dnd G advamlicyriticc an
hift circuit 1111 which cyclic-shifts a fifth
emboéﬁPﬁBFansgé&eﬁggeffffﬁ‘The cyclic-shifted fourth
uni pol ar sequence 1110 and the cyclic shifted
. .unipol ar sequence 1112 are conbined by a XOR circuit
Simiigar3tpeiher FioRg &cCBEPShHeFENRirad oxOR Bheatwvronnt Figure 9,
r h unhkpal ar c
the BRN8 Lo o St 1188, SR B s e
circséquendd 2hd0 aamditthielfiihigh cimicpditar I9squweniceh Y2 rare a

tern2%§ ggh%%%zglaq%%4fﬁgg(EG%QQEQO%%%%%15¥Bsequence 1101 and

a second unipolar sequence 1102.

The code sequence generator 1100 further comprises a first
cyclic shift circuit 1107 which cyclic-shifts a third
unipolar sequence 1108 to generate the first unipolar

sequence 1101.

Further, the code sequence generator 1100 comprises a second
cyclic shift circuit 1109 which cyclic-shifts a fourth
unipolar sequence 1110 and a third cyclic shift circuit 1111
which cyclic-shifts a fifth unipolar seguence 1112. The
cyclic~shifted fourth unipolar sequence 1110 and the cyclic
shifted unipolar sequence 1112 are combined by a XOR circuit
1113 performing a component-~wise XOR operation to generate

the second unipolar sequence 1102.

The third unipolar sequence 1108, the fourth unipolar

sequence 1110 and the fifth unipolar sequence 1112 are for
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exanpl e code sequences froma set of N-chip unipolar
base sequences 1113. As above, for exanple, the code
waeguaeses in the set of N 5 chip unipol ar baB&T/SG2007/000125
sequences 1113 are M sequehBes (Maximal |ength
sequences). I n one enbodi nent, for each sequence in
examphe sedle ofcdhehips ubrpal ar sbasersrqurnpeanipdIatrheagem
of conmponents equals to 1. 10 Simlar to Figures 5
sequep@e®, Lthé- uni pol ar sequences used to generate the
ternary sequence nmay be generated using shift
registers. This is illustrated in figures 12 and 13.
As alFpyed2fshowsamptadetseqaedeesganenacer in200easetr difnly—
nip Qa0 ;12 grbodi ment of tgglénvent'gn. Sinilar(hg the,
ChiP EPReAteMTE BR3P orS9 hdwh 1'n°RRYGrE®s, ‘CeRe™e
leng €00 GEGHNEHSE. JEMEHAE OEMBIEIMEARPr FE@ScacROBYEENRE in
circuiit 1204 and, a nultiplying circuit 1206 which -
the gehephti-ahDD vetpPalyrsbgaensedesnsefrr émld thessum of
I a e; 1201 and a second uni pol ar sequence
compqg%ggéT%%é%gﬁgeée%Uence generator 1200 further
conprises a first shift register 1207 and a second
. .shift register 208. ghe 25 fLrsi shift register 1207
Simitarchrhtyerted Byalfi FEE PBLPROATaPSHBRBFES HyeRD"C
genefLEEI VRS Befh&sy PLYLAhEEYMAL BB §bnck89La! B&iRyt Shift
1209 as i nput and génerates the first unipolar
regiseguencBhipols BblTherseedndnshipnresgildt end1208 is
characterized by a second polynom al denoted by M,
recei ves a second plurality of WO 2007/126394 2 O
Fig.PLT4156200d/ 6084 26cqabhtt gegeshebrbibs012tGoaslingptib an
nd generates the second unipolar sequence 1202.
embogﬁ%?% robxaEipl TPty Rer ati ng the uni pol ar sequences
901,

Similar to the code sequence generator 900 shown in Figure 9,
the code sequence generator 1200 comprises a converting
circuit 1204 and a multiplying circuit 1206 which generate a
ternary sequence 1203 from a first unipolar sequence 1201 and

a second unipolar sequence 1202.

The code sequence generator 1200 further comprises a first
shift register 1207 and a second shift register 1208. The
first shift register 1207 is characterized by a first
polynomial denoted by MO, receives a first plurality of shift
register bits 1209 as input and generates the first unipolar

sequence 1201.

The second shift register 1208 is characterized by a second

polynomial denoted by M1, receives a second plurality of
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5 902 using shift registers is shown in Figure 13.
Fi g. 13 shows a code sequence generator 1300 accordi ng
wo o00an2e3esrbodi nent of the invention. 10 Sim | apCT/6GLU0@000125
code sequence generator 909°% shown i n Figure 9, the
code sequence generator 1300 conprises a converting
shiftirewmistd80diandl2alnas i phyihgaodr ganerdB66 whechecond
uni Qerateua tgﬁgggy sequence 1303 froma first
PUri ol aF S5 Te 1301 and a second uni pol ar sequence
1302. 15 The code sequence generator 1300 further
conprises a first shift register 1307, a second shift
register 1308, and a third shift register 1309. The
Anothey sexapp+e Fohi $R%Frase9i Shechaineteri $eduBpcast PPt

902 POl YoM at denof edo Py M shEGR! YESpagaPef 1 BSt
0 ﬁ?urglity of %%i%?eregist%r Its 1318 ag I nput and
generates the first unipolar sequence 1301. The second

shift register 1308 is characterized by a second

. | ynom al denot ed M and receiv second.
rig. £f YEOM 5L FSACLECR M SDMCLReRL T308 3868 ing, to an
embodhgethi 66 shéfinvegtséer 1309 is characterized by a
third polynom al denoted by M2 and receives a third
plurality of shift register bits 1312 as input. WO
2007/ 126394 PCT/ SG007/ 000125 21 The out put of the

- i f o) 0 p f it he.
oons SEECR0 B0 oot s e300 0B0:L 18, SUIPULoul S0y 5

the codeusequench perénabsral3fhbobmpirsieeXOR operatriongt o

. ene t he second. uni pol ar ., seguen 302. The
c1red E AL T of SRR RV PR G reh 490F < BkpRaPASGTEte 2
ternd¥Nsequence 1303 from a first unipolar sequence 1301 and

a second unipolar sequence 1302.

The code sequence generator 130Q further comprises a first
shift register 1307, a second shift register 1308, and a
third shift register 1309. The first shift register 1307 is
characterized by a first polynomial denoted by MO, receives a
first plurality of shift register bits 1310 as input and

generates the first unipolar sequence 1301.

The second shift register 1308 is characterized by a second
polynomial denoted by M1 and receives a second plurality of
shift register bits 1311 as input. The third shift register
1309 is characterized by a third polynomial denoted by M2 and
receives a third plurality of shift register bits 1312 as

input.
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reference to Figures 7 and 8. In the follow ng, an
exanple is given for the generation of 10 ternary
weegaanses. Fig.14 shows ternary code sequenceBCT/SG2007/000125
according to an enbodi nen€lof the invention. 15 In
figure 14, 54 127-chip perfect bal anced ternary
The seguences taéessh@m,s?ﬁﬂtnge(agmgﬁeﬁemgsgﬂnﬁi ndiecategut
b '+ in figure, 14), -1 (indicate ya'-"in
of ti$ g@?%rﬁﬁp%ﬁa B GhACPRbERP 8d2T81°PBPIREY( RifePBi #OBoMd 13
circRHDEh Scheb¥Bedris a0 ds Jh a1 8w 98k k6f) opdhetBHe Lo
sequences have zero cyclic auto 20 correl ation
genepropetheesecandotnipo taheseguedeeedBOR2.-and an energy
detector for perfect synchronization, ranging a
channel estimation purposes for inpulse radio. The

The §@ﬂ§tsﬁégi§§€@§ssrh@%ﬂbénift‘bgeﬂénaéa aks@srekpl kedetOwash
25 PBTSs %perfect al ance ternary sequences). The
refeypenetatPoligRrethé #B¥S8-is explained in the
followi ng. Fig.15 shows a code generator 1500
according to an enbodi nent of the invention. 30 The
In tlhedeofeoeiayprads@Rawphpr i segiaeunifpel ahesgguenaeion of
source 1501 providing an unipol ar sequence, a second
ternyhy pdfaresgfuence source 1502 providing a second
uni pol ar sequence, WD 2007/126394 PCT/ S&007/000125
22 and a third uni pol ar sequence source 1503 providing
Fig.p4tpheds barperdrcedguendecnThe secondivai peol an

ce-apd_t %§ﬁ£ uni pol ar sequence 5 are

embo%%ﬁ%ﬁﬁegfbgggnbi c%?%ﬂit 1504 according to a

conmponent- w se XOR operation. The resulting unipolar

sequenfg ig ,
In figure , 94 127-chip perfect balanced ternary sequences
are shown, having components +1 (indicated by a '+' in figure
14), -1 (indicated by a '-' in figure 14) and 0 and labelled
sl to 870 (wherein some numbers between 1 and 70 are
omitted). The code sequences have zero cyclic auto-
correlation properties in both a coherent detector and an

energy detector for perfect synchronization, ranging a

channel estimation purposes for impulse radio.

The code sequences shown in Fig.l4 are also referred to as
PBTSs (perfect balance ternary sequences). The generétion of

the PBTSs i1s explained in the following.

Fig.1l5 shows a code generator 1500 according to an embodiment

of the invention.

The code generator 1500 comprises a unipolar sequence source
1501 providing an unipolar sequence, a second unipolar

sequence source 1502 providing a second unipclar sequence,
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transforned into a bi pol ar sequence by a converting
circuit 1505. The first unipolar sequence and the
wher@oham9sequence are nmultiplied by a multi pl R¢T§G2007/000125
circuit 1506 generating on€Za 10 code sequence (PTBS)
1507. Each of the unipolar sequence sources is for
and exahpke undplodrentsetiusnce Sudricd AP egrodidione a third
,_enbodi nment, the shift registers used are inplenented
UR1PRsAfaSeHEEN Fescribed with 15 reference to figure 7
wherein in this exanple, shift registers with seven
stages are used, i.e., L = 7. The shift registers used
The pgcPEhds vaibodiare meareg agererd ¢hen thihed sernige tdratsacmnce

I, i ye C i cient..vector and the 0 feedback
are %? HIF ﬁgl%gu}ggu{% no?&)ﬁwec Hrézéjtltsf%é)ezl taoccior?fe&inrgpﬁﬁos HCRPnent-
wiseOKDBI opbagedors Jefe a®stafdined wigdien€aafdidianti s
vector as described with reference to Figure 7. In
trangdgirppen IndQc R SHirlah SGIBISHCY dvkiay o Tt iqlyr it

hi . et i nitial . ey
15053 'IHB [FeQlsgt Sngillgﬂeotl%l( 's{éﬁéﬂe%ce %&Jgtg;vﬁeﬁglg{lﬂazdegédﬁé}zgce

the initial s of st ages.

are emBodideed, byi rcentliiapd vamg tdireerivni iid] @rgeregpeaniany one a
sources eac i.ng dnplemented by a shift register

code  BRaEERGE: o {0 odrrl e

cient vectors, 3 initial value
vectors) are required. 30 In this exanple, each
coefficient vector is an eight bit vector and each

Eachj gift tae walpe lvactseduesice sovaras tisydramrexamgilrce

; ectors al . I.nt reted_as bipary .
imo EHERE NCFLOSS 23 S 1L SUPLEL S8 MUY, ppe s
regibtems| ebedr iaght impltdrientexams éad eert hied @fivestwikii
refegglpﬁ Ecge fli%%site S'7' %Jrﬂefrle%%ntinbIt&li%ndegat}nepfel ,(‘:’hsthninfstt bi t

registers with seven stages are used, i.e., L = 7.

The shift registers used in this embodiment are generic in
the sense that they can receive a coefficient vector and the
feedback of the output of the last stage to the inputs of the

other stages is set as defined by the coefficient vector as

- described with reference to Figure 7. In addition, each shift

register receives a plurality of shift register bits (initial

value vectors) defining the initial values of the stages.

In this embodiment, since there are three unipolar sequence
sources each being implemented by a shift register, six
inputs (3 coefficient vectors, 3 initial value vectors) are

required.

In this example, each coefficient vector is an eight bit
vector and each initial value vector is a seven bit vector.

Since these vectors can also be interpreted as binary numbers
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20

the nost significant bit) the coefficient vectors and
initial value vectors can also be witten as decima
woentaeas94 5 In Table 1, the required siXx i nputBCES€2007/000125
shown for each of the PBTSS (wherein nore than one
possibility may be shown for one sequence). Therein,
(readhéromeﬂéftiemghvedMOmhu@ leex asijed, iddetoth@uidﬁﬂmdst bit

e ource 1501 | n.the colum | abelled. 1 ,
veindo B0 2 2R SERE I Gert: chantrre i o Ba S e beiag
the hb8t %@gﬁﬂ$1§aﬁﬂeB§Q )S WL RobFHE dierth & QY WHY initial

| abel | e pol ynom al 2, and the coefficient vector to

valuge vegppltsedanoaleRke behivird tdegu e desdmade MBERYss i n
the columm | abelled polynomal 3. The initial value
vector (also denoted as seed) 15 to be supplied to the

In Tﬁbﬂst1$equenaeqaduedesk&Okdpﬁtbna&heshmwnnﬁbﬂE§aﬂﬂeaf the
the initial value vector to be supplied to
PBTStShéWQ@éSﬁa 5oy feht@ls Gicc @OFSGP 114 Hvh Mave RoIshwyn for one

sequleﬁp,@ | e%é@@qr@ +RRd e Aiiitdal M Yector %ﬁq ed to

lied to tﬁe third sequence source 1503 1s
the é@kahnSEQbehbedsozmcseééﬂa.1BEES ﬁﬂqnumhmmnswéélled

Pol ynomi, al eed Pal_yna d Nu r 1122 3
polyi8RiRI00: 5h8:508 5 CIe G oTTrTI A INE SUCbI fes g he
secoddl s%%u&ﬁ@e1&5uréelfﬂ§ 095 1%85n1Q31614c%121mn5 1H92188£13

57 157 8 5 193 88 211 118 191 96 6 131 13 18.5 8 171

polypgmiglig; ggdpthezcpgdEmient Vortpr 145 Igs spppliggl to
the third sequence source 1503 is in the column labelled
polynomial 3. The initial value vector (also denoted as seed)
to be supplied to the first sequence source 1501 is in the
column labelled seed 1, the initial value vector to be
supplied to the second sequence source 1502 is in the column
labelled seed 2, and the initial value vector to be supplied
to the third sequence source 1503 is in the column labelled

seed 3.

PBTS Polynomial | Seed | Polynomial | Seed | Polynomial | Seed
Number | 1 1 2 2 3 3

1 193 4 241 5 213 4

2 131 16 171 16 143 80
3 193 125 [ 241 32 157 115
4 131 95 185 103 143 2

5 193 88 | 213 57 157 8
5 193 88 211 118 191 96
6 131 13 185 8 171 78
6 131 13 253 3 203 55
11 191 77 145 96 241 118




WD 2007/ 126394 PCT/ S&007/ 000125 24 PETS Pol ynom al

Seed Pol ynom al Seed Pol ynom al Seed Nunber 1 1 2 2 3
wW@2002426894 77 131 37 211 55 12 253 89 193 82 POBSGA®7/000125

12 253 89 137 3 143 55 132247 40 145 12 131 52 14

239 10 193 22 137 24 15 211 49 137 4 131 4 16 203 70

PBTS193 Hbl rdlom 61 $eeay3pdﬂyﬁ&${i£9 P53ed3| P20 vhéhiG8 [18sed
92 1191 116  21|229 127 241 103 1f1 95 |22 167 127 13
Numbesg 43 115 231213 197 253 18 2B8 65 |84 171 107 pA7
L T 06 17078 19308 203 50 |38 19028 1ae 70 2Ad
12 58 | 29211 92 28% 47 %3 43 29 Paz2 92| 288 64 171 6418
2012032 29 1912 213 11 —30-203- 291143 122 191106 1
12 137493157 54 148 29 13 145 40 pd1 92]145 54 33 pAi
13 30 4?457job 247 4340 oS4 }557 oU Z3Y 5élel &.Bq 52
14 239 10 | 193 22 137 24
15 211 49 137 4 131 4
16 203 70 | 193 16 145 16
19 213 17 | 157 29 253 23
20 171 68 | 185 92 191 116
21 229 127 | 241 103 | 171 95
22 167 127 | 213 125 | 143 115
23 213 107 | 253 18 239 65
24 171 107 | 247 65 191 36
25 213 T2 | 157 49 239 46
25 213 72 | 131 74 211 110
26 171 9 193 41 203 59
26 171 9 185 70 247 58
29 211 92 | 241 47 253 43
29 211 92 |131 64 171 64
30 203 29 [193 1 213 1
30 203 29 | 143 122|191 106
31 137 10 |157 54 143 29
32 145 10 | 241 92 185 54
33 241 38 | 253 55 247 37
34 143 50 |239 82 191 118
35 241 3 203 11 247 63
36 143 96 |211 104 | 239 126
37 167 56 | 137 18 143 102
37 167 56 |185 126 | 247 21
38 229 14 | 145 36 241 51




35 241 3 203 11 247 63 36 143 96 211 104 239 126 37
167 56 137 18 143 102 37 167 56 185 126 247 21 38
PCT/SG2007/000125

nom

al

WQ@2074263945 36 241 51 WO 2007/ 126394 2 5
PCT/ SG2007/ 000125 PBTS Po?¥y

Seed Pol ynom al

Seed Polynonmial Seed MNunber 1 1 2 2 3 3 38 229 14 157

PBTS63 | 239 Bfom B8] P4Eet? ATy HEniSY [106ed39 PRAYndbMiais Sded
209 44 40 143|24 145 33 229 43 | 40 148 24 211 26 [191

Numbgs | 43 191 21 131 1 [1%7 5 44 253484 1ﬂ§ 64 229 80 ° 45
38 197 BH 21122 167 50 14% 253 30 Pey 38|263 52 49 [1gp

113 241 33 253[25 49 145 113 167 122 2397114 50 |137
39 71 |20l 47 247 392 50 137 71 143 66191 167 53 157 [2506

131 Q2 171 38 2 1!-_._/ o)~ :IRTI N20 5(\ EA 185 _r,T 1(\’3
39 93 50 54 18% 76 229 17 247 E?ﬁ 552087741 203 &5
10 239 RB 56 I85(84 2N 22 247 2 bi3145[E569185 17 2583

85| 58 137 68 157 68 191 85
40 143 24 | 211 26 191 82
43 191 21 | 131 T 167 5
44 253 84 | 193 64 229 80
15 191 60 | 211 22 167 50
16 253 30 | 2209 38 203 52
49 145 113 | 241 33 253 25
i9 145 113 | 167 122 | 239 114
50 137 71 1229 47 247 39
50 137 71 | 143 6 101 76
53 157 25 | 131 93 171 38
53 157 55 1167 68 239 59
54 185 76 (193 93 213 50
54 185 76 | 229 17 247 110
55 157 41 | 203 52 239 32
56 185 74 | 211 22 247 2
57 145 17 | 185 17 253 85
58 137 68 | 157 68 191 85
59 157 59 | 203 23 167 69
60 185 99 | 2209 81 211 116
61 239 34 | 137 14 167 48
61 239 34 |185 65 171 95
62 247 34 | 145 26 229 6
62 247 34 [213 125 | 157 65
63 167 50 | 137 61 213 89
64 229 38 | 145 54 171 77
65 211 56 1137 57 171 42
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59 157 99 203 23 167 69 60 185 99 229 81 211 116 61

239 34 137 44 167 48 61 239 34 185 65 171 95 62 247
W@2001426396 229 6 62 247 34 213 125 157 65 63PABIGHO7/000125

137 61 213 89 64 229 38 146 94 171 77 65 211 56 137

57 171 42 WD 2007/ 126394 PCT/ SG007/000125 26 PBTS

pBTSPol |yrsigradm Seke d sBelayhpsl ahobeed Pokyaofirall voead al | Seed
Nunber 1 1 2 2|3 3 B6 203 14 145 78 213 42 69 247 25

3
Numbgzg ©3 131 90 |#0 239276 193 45 187 1163Table 1 As| &n

66 examp®E, the g at sof the B TS 73
expglained. Froin Table 1, one can| see that the shiff

~\

69 redizter 5 inmpkenment2py the firsEBsequﬂﬁe source| 90

1 is characterized by 193 whigh is iin binary

=<7 AL

70 regrat®nt ati on| 760000323 whi ch i s| 4Phe ¢d&Fkicient | 116

vector of the polyno 'aEaET§r§Ct rizimg tie sttt

regi sters operation for this case. 10 According to the

rul e descri bed above with reference to Figure 7, the
Ister's structure i own in I gure 16.

shift r s, as sh F
Rs aRyeF e Lof ooibaBRIBF L hERoBE phbSt BETRePITPSE 4t dde
expl@Kbgeventh 84888. 1150hk0cAf §BeWenhatShhbt she¢iStehister
1600 accordlng to an enbodi nent of the invention.
implementing the first sequence source 1501 is characterized
by 193 which is in binary representation 10000011 which is
the coefficient vector of the polynomial characterizing the

shift registers operation for this case.

According to the rule described above with reference to
Figure 7, the shift register’'s structure is as shown in
Figure 16. There is feedback of the output to the first stage

and seventh stage.

Fig.16 shows a shift register 1600 according to an embodiment

of the invention.

According to table one, the initial wvalue of the shift
register 1600 is given by 4, which is, in binary
representation (with the leftmost bit being the least
significant bit), the initial value vector 0010000. Initial
values are stored in the stages 1601 of the shift register
1600 according to this initial value vector as shown in

figure 16.

From Table 1, one further sees that the shift register
implementing the second sequence source 1502 is characterized

by 241 which is in binary representation 10001111 which is
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According to table one, the initial value of the shift
regi ster 1600 is given by 4, which is, in binary 20
wo eprases ation (wth the | eftnost bit bei ng tPer/s€za®T/000125
significant bit), the initi%l val ue vector 0010000.
Initial values are stored in the stages 1601 of the
the shieffif icdgingt eectoBO®fadder ¢iglynamitli shariadtarvaing the

. Jyect s_shawn 25 Fron1TabIe 1, one
Shlf%u%i er%segsopﬁ t ﬁﬁ%lgiﬁ?%gPﬁbfﬁﬁ i mpl ementing the

second sequence source 1502 is characterized by 241
which is in binary representati on 10001111 which is WO

Accorgadnhl1 263842 ¥ URET ASSIOUNThRRY e eIt deffaransr to

FigubeChHor +at Lhe spoly ﬂ@r‘%p@ﬁﬂﬁﬂﬁﬁh%icort L4 to]{tln

regi sters opération for this case
Flgum@Ié7de§hembedsaﬁ@mﬁbﬂdﬁ1d@ﬁﬂnﬁmmaput ﬂbi%nﬁuﬁﬂﬁst

th hi f_t, t e i.'S as shown _in
stady” the e He FLGabAci 6T S R ARE t G haH ey entis

staget.age, the fifth stage, the sixth stage, and the
seventh stage. 10 Fig.17 shows a shift register 1700
according to an enbodi nrent of the invention.

C g I t tial, v Iue of the hi i

rig 4200L R0, Gkl e e ) Lilotal e of AP Slldfnene

of thepna&emtabmon (Mﬁth the leftnost bit being the | east
significant bit), the initial value vector 1010000.

Initial values are stored in the stages 1701 of the
Accotlithy £egkshee ohEQ0 tqlfecqrrﬁt%lt Qfatllﬂes dinidalspaue

vector as shown in Figure 1
register 1700 is given by 5, whlch 1s, in binary
representation (with the leftmost bit being the least
significant bit), the initial value vector 1010000. Initial
values are stored in the stages 1701 of the shift register
1700 according to this initial value vector as shown in

Figure 17.

Furthermore, Table 1 shows that the shift register
implementing the third sequence source 1502 is characterized
by 213 which is in binary representation 10101011 which is
the coefficient vector of the polynomial characterizing the

shift registers operation for this case.

According to the rule described above with reference to
Figure 7, the shift register's structure is as shown in
Figure 18. There is feedback of the output to the first
stage, the third stage, the fifth stage, and the seventh

stage.
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Furthernore, Table 1 shows that the shift register
i npl ementing the third sequence source 1502 is
w@eb@raeddes i zed by 213 mhicE is in binary PCT/SG2007/000125

representation 10101011 whit®h is the coefficient

vector of the polynom al characterizing the 25 shift
Fig.l8gpbpwssaopliati saIfteiterhils 0fasecoaddogditiog arno enfpediment
of tﬁg!e ge%%abged above with reference to Figure 7, the

shi ft ?egls ér's structure is as shown in Figure 18.

There is feedback of the out put to the first 30 stage,

the third stage, the fifth stage, and the seventh
Accogflagg. tmtééé?/ Pp6394he dnpELRSCIGERR0OG1 Ehe Fig.fig
reglépgwsleo@h'lgt g&%gh%g 41808 ;2¢cqrdi ng e rbodi ment

of the invention ording to 2Bl & one, einitia
repreabuéabﬁonhéwshhftheSleégmsserbl&O@eu&ggt%enl@ﬁst

. i.ch is i.n bi eprese tation (wt | ef t
s1onh B eBarn the FERGLOLER FRG BREPT PRATORG A tial
valu¥3l Heeveebeeq0940080. sltalgte'salls ovalses har erstrer eddikter

the stages 1801 of the shift register 1800 according
1800t gcehirdingi trakhval daidetoivadsies Nemtoin 280 skiogur € n1.8.
FlguIE hases of individual PBTS sequences may be cyclic
% so that one of the three initial seed val ues

can be flxed at a comon value (1, for instance). In

this case, generation of a PETS sequence on
The PRgfHeres T W@llvaeutaé PBIPn S8 WRECER TeY £ iovédylc shifted

so tke8seauent! ¥nel 853ckakHas 106ed b v%qu%tsorc%% %d iR at

nmenory reqU|renent can be reduced further.
a coppon/ Y268¢4 (PCTASE2007L000825 I29 thdlsaicmse, the

generation of a PBTS sequence only requires five inputs
(since one value is fixed). Consequently, less values need to

be stored and the memory requirement can be reduced further.
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1. A nethod for deconpressing at |east two two-val ued
synbol sequences into a three-valued comuni cation
wGee@aansed 5 conprising - converting a first twewaGuew000125
synbol sequence into an iAPernedi ate synbol sequence
- synbol -wi se nultiplying the internedi ate synbol
Claimequence W th the second two-val ued synbol sequence
to generate the 10 three-val ued conmunicati on
sequence. 2. The nethod according to claim1l, wherein
1. Atzﬁ@tw&efgﬁda@tzsm%g%@f%%ssgugggst' Ew8 E%a\%@hﬂ%g symbol

synbol sequence. e nethod according to clal

sequencegs wwhepednthheefvasuedt mommahiedtspnbekgsegaence is
com a.giﬁolar synbol sequence and the internediate
© p%%qb %ce is a uni pol ar sequence or the first

- convervahged symbel tfequencedi syabdni pehaens¥nbako an
sequence and the internedi ate sequence is a bipolar

integpeiibhee. spObQl FREUABFAOD according to any one of

- syﬁ%éﬁﬂ%i&etﬂuﬁtiéﬁﬁﬁﬁ nth&h?n%@EﬁgggQggegﬁﬁggﬂu%Egﬁ%hgg
sequence is a ternary sequence. ~ The net ho

with aclcer sk agntioteoyvaeheedf sghbbhsségtienéde whegenaratbethe

second two-val ued synbol sequence is a bipolar synbo
thregafrient S?m%uHﬁFBB¥8F S§HBBICSequence. 6. The net hod
according to any one of clains 1 to 5 wherein 30 the
t hr ee- val ued conmuni cati on sequence is to be
2. The anshhededccordang transaint ér wbeaeiacéheeinftermehéate

T T NI

3. The method according to claim 1 or 2, wherein the first
two-valued symbol sequence is a bipolar symbol sequence and
the intermediate sequence is a unipolar sequence or the first
two-valued symbol sequence is a unipolar symbol sequence and

the intermediate sequence is a bipolar sequence.

4. The method according to any one of claims 1 to 3, wherein
the three-valued communication sequence is a ternary

sequence.

5. The method according to any one of claims 1 to 4, wherein
the second two-valued symbol sequence is a bipolar symbol

sequence or a unipolar symbol sequence.

6. The method according to any one of claims 1 to 5, wherein
the three-valued communication sequence is to be transmitted
from a transmitter to a receiver for the purpose of at least
one of

- channel estimation
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- ranging - synchronization. 7. The nethod according
to any one of clains 1 to 6, further 5 conprising
w@ermenaipng the first two-val ued synbol sequenPEI/SGHIONE00125
a first shift register. 8.3%he nethod according to any
one of clainms 1 to 7, further conprising generating
- ratidiengecond two-val ued synbol sequence 10 using a
second, shift register. 9. The nethod according to any
- SYRFRrORLEREIMR- 1 to 8, further conprising generating
the first two-val ued synbol sequence by
cyclic-shifting a third two-val ued synbol sequence. 15
7. THO. méh@O@E@h@@rdtngrdbngnyoonéabﬁ1Qlammeréinotﬁe fhktder

:_val ued_seguen S ence.
comp kiR HOSE L EOPE| Fjet SLEF R Fi'B 87500 ANBPaTn SeAuchte
usind ha r e » 290 gM@fuakgggsﬁgguence has a conponent sum of
one. 12. The method according to any one of clainms 1
to 11, further conprising generating the first

- d sequ e LN thir
B0 EL Y8 40" eAERGeRY, IV BABLE"S BoL" urter
compBBﬂﬂ@@C@enéﬁatiﬁg nathedcandotdbngataedl ayhibd2, sequence
wherein the third twp- val ued sequence or the fourth
usingp-Y2FeRY %aEEnE@%?tBsth are maxinmal |ength
sequences. 30 14. The nmethod according to claim 12 or
13, wherein the third two-valued sequence or the
9. TIfl@dﬂ%‘hhcpdvoaog@néélngqueﬁw onebofhclhame 4 tonBenénirrther

comp§151ng 8Q§erg€£ 80z£12§§%gtPg%é§9398géooo %l %%quence by

cyclic-shifting a third two-valued symbol sequence.

10. The method according to claim 9, wherein the third two-

valued sequence is a maximal length sequence.

11. The method according to claim 9 or 10, wherein the third

two-valued sequence has a component sum of one.

12. The method according to any one of claims 1 to 11,
further comprising generating the first two-valued symbol
sequence by multiplying a third two-valued sequence and a

fourth two valued sequence.

13. The method according to claim 12, wherein the third two-
valued sequence or the fourth two-valued sequence or both are

maximal length sequences.

14. The method according to claim 12 or 13, wherein the third
two-valued sequence or the fourth two-valued sequence or both

have a component sum of one.
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15. The method according to any one of clains 1 to 14,

further conprising generating the second two-val ued
wa@habe3ssequence by cyclic-shifting a fifth tMFsaw®M00125

synbol 5 sequence by a pre3determ ned nunber of

conmponents. 16. A system for deconpressing at |east.

two two-val ued synbol sequences into a three-val ued

comunij cati on sequence conprising 10 - a converting

15. The (MeERPH gBF SaT EonEohPePRYaCRer 8F EhBLNEI ded© dymbo

furtBEAUEHESr 81 Qg a8ehBEEEHRY 8hE SXABAL $§BUSHESeY Rymbol
mul tiplying unit configured to synbol-w se nultiply

sequenee bnteyabtitasklisyhhgl aséfiehcewairvhlubhd seubod
wo-val ued _synbpl sequence to _generate the
sean e B o BES TR LF FoR 287 CaR EREBOPEREoA

conput er program el enent naking a conputer performa
met hod for deconpressing at |east two two-val ued
16. BRyppdremsEquefresmPhessSanghpkeloabtieiweoRitanmivedtiegh symbol

sequifGUEneR: 805 CONPLLESLNILCAMLERINGCa: | bhSLbiRrYAl ued

synbol sequencé into an internedrate sy Se€quence

comprisymdpol -wi se nultiplying the internedi ate synbol
sequence W th the second two-val ued symhol sequence

- 2 g lhel aF e thb 98T LRFEEdy APUBARESRAA EaFFen tHo-valued

symbSEUYEREEnCce into an intermediate symbol sequence

- a multiplying unit configured to symbol-wise multiply the
intermediate symbol sequence with the second two-valued
symbol sequence to generate the three-valued communication

segquence.

17. A computer program element making a computer perform a
method for decompressing at least two two-valued symbol
sequences into a three-valued communication sequence
comprising

- converting a first two-valued symbol sequence into an
intermediate symbol sequence

- symbol-wise multiplying the intermediate symbol sequence
with the second two-valued symbol sequence to generate the

three-valued communication sequence.



