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COVMUNI'CATI ON The present invention relates to spread spectrum “ ’}‘

comtini cation and ‘ i rly, to spread spectrum conmuni cation

t echni ques and appIrTiD' um@g’m%@g si gnature sequences. 5 Spregad m
conmuni cati on techni m , d for information carrying sﬁan‘ﬁﬁ%eﬁg%
vari ety of communi cati orf6®¥%t ens because of their ability to reduce the
effects of certain transm ssion inpairnents.-IMany nulti-user conmuni cation
techni ques suffer co-channel interference, nultiple access interference and
i ntersynbol i nterf ONTGATENATEINEODES MR SEREAD SPEOECUMUSONANITATEiN and
reception attenuates these interference types. In Local Area Networks
(LANs) there is an increasing desire to extend or replace wired LANs in
order to incregse functionali t¥ and maxi,m se the nunber. of Botenti al

appl i cations fOF KRG WYSRUGRrelafes 1O spread qPacium qmpiication aph spts parisatirly oio
w rel ess acce i i 15+ | i ukSe

remain in cont%gf:qta \%F ?cﬁﬂgﬁ S?@@%H%gﬁlﬁgﬁgﬁqﬁéil\#\g@ggﬁ%ﬁ%ﬁ E%F%%ﬁ%tes. ferk €.
Currently &avail abl e systens provide such connections using either radio or

infrared co i cation technol ogy.. For certain s emJyequi renents, .thjis
commint cat | on JESHAPATIRIE CORBUBHEHLON HrBIGHE T1E HESCLHRT SHOSERISD CEHHGISEgHsdn fo
wirel ess LANS ygefy ] fRbintRinicaRgl § BERELS EnER ALiBEPG el kdis of certai
expensi ve and un? |'i abl e. F%art hesgﬁglpe, taﬁge %@Pg@' o %%tsansegﬁsggon ?aciegtgm
achi evabl e ar granshissioneinpairmentshMahy siudpivutércamniunidation teehniqeessuffee co-channel
applications to ich the.systens, maa% be apal.i edwlgov.era e of | ar %z ar ecft
using infrar _ede Ethot nPlg st IRIETHEIFRSP 2 FRIRES _ ol TSP e REpEvs FRIE?
than the radi QpeQRIRLEMiLGsh SRtiekabtRRlatteitidanBRIiMertRnBOyBEs.0r | 1 ne- of
sight infrared technology is cheaper than radio technology, it is

unsui table for nost wireless LANs. 25 The main constraint on using any

i rel LAN s i nterf d t. i SSi ticularl ff
from i nter sy boidss NePastes (CARL e ih B Fir o e b sipnfios el
Achi eyi ng f ul I 2QyRraraer tb ﬁh@éhs@ﬁﬁ@ibhﬂﬁy@ﬁ& hfaQHEa the dﬁﬂiﬂeﬁokﬁ&&htw am'blicﬁﬁéhs
the limts of eye safety presents another problemto system designers, as

does cont endi #@F sch Ryssems. This trendefaciditatesdtie geavipy nerst for wireleasiacegss. e wirelgss

that niah A furth bl. Cour. i gni
nirar ed Pocerverbapgd HERIC ublehtisn T rBpaR i SaEENE LOR BSRORR flNaver
required sensihdrydishanagdl Coasetly sidilable sirstBinEBrovidessuch cornectionslusirlg eltheeradfylot

-2 Achieving full room coverage while avoiding nultipath propagation are,
cmE| i cting r SHIATPRAYAIRNICAtON lrhnalegk Horcerain 4y o Teatdremients, HbbFARBvRILins
iZgssent 18l i adel@HSw CRITTHO bEAIAB, bR YchhOBE NN BALAL MANIidhdidifely
r s needed. In order to achieve full 5 roomcoverage, It IS necessary
t@=sli £f use t haewrand dhdreforocanipiroes tocberbatt expensive wid wreliabid. Fuethemaars the datan

fl t off .1 d ilJ to fill, the. t.h i |
B oo 35 ateauoR s pebRyabias feuiely ot hif S BuiEt il % nR NiBbep ot
sensi ti Vgpﬁl%ﬁbl\lﬁ'bswhiaﬁ‘ﬁle@yﬁ@ﬁﬁ 'ﬁ\@fbesa?ﬁﬁéd. 'OUVE%F& of Q&@g@%gﬁﬁnghﬂ'aﬁ‘ﬁi

necessity to detect a weak infofmation bearing signal in strong o
i nt er f er ence. tesbnelogy s partiaxfariyhexpensive lsvemmordenpensivethie theradioommuri¢asion

i nf d wirel i d i | ahl h ket . .
Comer i al |y SYRRERT Wl aPERaS R o BhS oF Seal P RerRdedray if s pedio
and circuitrytechhdlefy,af £ uBxARBE 68 mYIewirslessIaANg. Wit h radi o technol ogi es.

Wiile there is a dearth of infrared technol ogies that support mufti-user
communi ca?f on, there are nunerous infrared 15 technol ogi es that support

directed line I ]SS t g i

is the infrar gﬁgs‘@??a on;%oﬁﬁsplﬂﬁ“%h %sme}?jh@rr? gel“‘@ﬁﬁgta%rﬂ{e%fe%é?% %lsag%ffg |%ﬁ§ on
(1 rDA) St andapartichlafd duffetss froan impssahisol aintetifetence gireduced Hyo mulfipdts mophgatien
used in relatively inexpensive |IrDA access points., However, IrDA |inks are
onl'y guar ant e&Heqtd Aehieving fell cpveragn i aaoperating FavEpRNarc whilgikesping ohiéhin the
to one-to-oney.cq ' ' T i j i i pi.ended ’
For a si ngl o HEfakE S ey Urdhel BroBldal Y sl BEGRERC a6 B0 GAGRTWRY
Not wi t hst amdi fierfdibicel prodiicedi O naturdl pdpmbeiiddy light Isofdces tHaearilghit be present. A
illustrates the enornmous demand for reljiable wreless techngl ogy. The bes
way to achi ev8urths problemyoqeprskwhen degjgning Jafransd rserives ifag sushy syséeme i hat (the
i nfrared |1 Ofeceldbid fiud: Bty @ARY SR skddM i 3 n ORI iR Net vor k
from anywhere in the operating 3 environnment, signifrcant power 1s lost in
such a diffuse environnent thereby conprom sing the signal-to-noise ratio
(SNR) at the receiver. It is an object of the present invention to seek to
provi de a nethod and apparatus for the generation of signature sequences
for spread spectrum conmuni cation, which will 30 overcone the
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constructed froma nunber of linear feedback shift registers. The cosets
ar'e for'med fromthe seed set utilising biphase nultiplication techniques,
30 preferably by multiplication of each sequence of the seed set by a
sequence el enment for each el enent of the corresponding sequenﬁf. g 11
June 2002 -4 The expansion nmeans conprises a plurality of inp é‘fnee QQ? one
corresponding to a sequence froma coset, nultiplexers, counters, logic
gates, a systemclock input and a plurality_of outputs to forma subset of
sequences. 5 The set generating neans conprises a plurality of shift

regi sters each having an input, a systemclock input and a plurality of
regi ster cells/stages with outputs to formthe full set of sequences.

Preferably, tR&ﬁéﬁﬁgnﬁx‘ﬁE b 5??&%% %"f‘l’ésm{&i&i‘nﬁ %ﬁ?aék?jﬂ%%ahﬂﬂbﬁ%ﬂiéﬁ%

expansi on to neans gener at1 ng°nean I'sa

utilising el eeguicsmentsiin @Uivireless iinfedred!iLAN nBdOfuYl demi co®ragecs asemtalif tetiable
ASI Cs or FPLAs. Optiionally, the neans are_ realisable utilising dedicated
sof t war e t ecHieryuEycatmyetoyardk Eam anyRain; wihial tie ropravs asedednlmpydsy ta ahuevs full
decoding gig r enGes. .l i . I g:at: ]

the_ appar 3t Laoo GrRBRsC IS ek ety 3 GIGE M TRASHIE BERH IR GRLLE WY AR,
generating seagiuemissionuwill reflest of Wvallsangd ctitihgs il thergponetiri sigithl powedreaching a
signals with sequence functigns to produce despread signal outputs; neans
for conbi ni n@lYSRTeABIYET tsaesuaily vary smelbuecessitptigs the 4eeo vaatsgngng?pwgrﬁd Ths
| ogi c circui r g . t nvent | s .
provi des traw;rgn?l%@e?ﬁgn ﬁ{él eil%/grgmgﬁé@f?t é}??ﬁ%In-lgg%ﬁg&ttﬁe&éégégoydﬁ]egk .uma%g{at]on
decodi ng appaeafting sttt rinbsitodpe iterfaonoee, Aepashitvef yheseaubblemscihete ke few
adapted for 30 use wth the signature sequences of the present invention.
11 June 2002 commegcigl ifrazed witeleps LANS 05 agsesiatadriypiems availaile an fhe market.
communi cations systemfor a wireless | ocal area network conprises a
plurality of renote communi cation termnals, each termnal including a
transm tter antrmercidtiyvavailablzasystehnr thgmfereatndigp asns eaborts mguctings ahdrodrenitry,

sequences for .spread spectrum conmuni cation techni ques, ans for
transnitti ng "HBdbACsSXATAFYP SYD (HBRACL M, 35%!51&@%@%% e flsre et &eHh gt
coded i nfrar ¢gh5bd) E&hﬁpf&%ﬁsﬂﬂa@ﬁ?&t AN AREOH R uRc G, Yhe SRIHERERRs ifkrdred

spread spectrum conmuni cation system In a second exenplifying enbodi ment,
a radi o ¢dnmigchoelogies thatt eupfooty direofied eline-of-kightl tramsmassiog, Wwbh& wostp cogwwondy
plurality of re e nmuni cati an _term nal s,,. h term,nal .10 .iacl udi n
ranami (Ler GYRERIS oh QARG Tim el Seiah eptitikobetety Sonteg pirared: Difa cmegttafion
sequences f ofIrBAl) eStdn&REC TV [GAET3AAI Spdrate Mitt @€ RhEY &P, 1024 RRINS anPlare used in
transmtting coded radio signals and a receiver circuit for receiving coded
radi o si gnal selaiely)dnexpsnsive JrDY acoess mpintsgHavaye, Sy dinks re gnly gwarantged to
spectrum co i i i v ephodi A,
D bous WPUPARSLYATY B AR ASel B atditsE Bl o VSRR BB
for exanpd e, IlDA delgritharilymiended rasda aeplatemernit sfor i smighes sriteammnedtionpand is not
net wor ks, radi o cket data networks or, satellitfe networks conprises

DI ural 1ty of THEHBACIOE GRBH P Aot DAY i sorga hos SARICIRE e BORRATTN (LoD
signals to apfafy HMistfaBSNARE h¥iflots danfaflltbAteliRBIR Gyizdlads' BEhnofGH, l*ﬂ@g:%st way to
station has transmtter circuits having neans 20 for generating an

encodi ng si gacitieveemsittiruserchsksf is to €obA tho eperating envirormert withu eiared tightn Whibe

transmtting coded radio signals and receiver circui.ts for receivjng coded
I ks h

radi o si gnal SN £PRNGS FRRHDIEHSES (L SAPRRF! oiP o el s BGTe ARLYDSTR 13 S PReTERRA
comuni ¢4 i OBnwYchinfdht, ediRichRPower s964TiR shchAdifisd ERARIRnidnE thefdbly Coidproidinkg
means for generating and encoding signature sequences for CDVA

communi cat i othetsigrialvterooksg ratinEOVR) 4t the @Beiveransnmi tti ng coded radi o signals
and a receiver circuit for receiving coded radio signals having neans for
decodi ng signature sequences in a CDVA comuni cation system In a fourth
exenpl i fyi ngEERaHHERRof the btdfitavaieRYS sed B irovile! Defi6al£1) dpphradift for the
optical fibre local area network conprises a plurality of renote _ .
commruni cat i ogenegatinm aif s sigoatuteatsequeanssnifor spread espsctraml icghpvwicationg vellich awil!
whi ch are interconnected by optical .fibre. .Eac er m.nal s.a transmitte
Ci'roui t fhvi REFTRUARETS BrorGbRBIaaes AIPHFE oS " SHE NS dtysaHEnss pipide
| i ghtwave CDiineAREHMEREEREr SRR fifR8dedspi®Abpedtaim sigpARM tting 11 June
2002 -6 coded |ightwave signals and a receiver circuit for receiving a
coded | i ghtwave signals having neans for decoding signature sequences in a
| i ght wvave CDMA communi cation system 5 The term"lightwave" is taken to
nmean el ectromagnetic radiation within the ranges of visible |ight and near
and far infrared light. According to one aspect of the invention there is
provided a nethod for spread spectrum communication using a signature

o o e o .y




generating a plurality of cosets fromthe seed set of sequences; 15
constructing a subset of sequences by concatenating the sequences of a
coset; and constructing a full set of sequences by concatenating subsets of
sequences. 20 Preferably, the seed set contains binary seque

Preferably, the binary sequence is cyclically distinct, quas?fﬁgwgﬁggﬁzand
satisfies the optinmal periodic autocorrelation condition. 25 In one
arrangenent, the seed set contains conplex'ééquences. Preferably, the seed
set incorporates a plurality of inner sequences. Preferably, the seed set

i s ort hogonalAccaflihglgathe\preteneinventidrs provideg aeethde df bynstukcting bgnatyre sequencas
each inner seguence, by an el enent of an associ ated sequence, 11 June 2002
Prof er abl y, ESREEAPPCBIm SoFK ealiondecigies. 16t B9 COBmERInghat i ng ¢ he
sequences of a coset using an addition table. In one enbodi nent of the
invention, the addition table is constructed using powers of a 5 primtive
root of the selectirged sezll ssegfirenuances;t he prinmitive root being determned in
accordance with the size of the seed set. In another enbodi nent of the

i nvention? the addition table is constructed using powers of a primtive

el ement of t amtive el enent being

det er m ned ig&fgﬁgg%%gdg%etﬁgm ﬁ@?ﬁifssehg%cgé, the seed set. Preferably, the
seed set is formed froma plurality of rotated sequences. According to

anot her aspect of the inventjion there is provided a nmethod for producing a
15 struct ur e§ORGHELIRSHR SYRSST Phsegpencss bY Sandaienainging SEAHRRGeH fca ¢sRt; rising
the steps of: selecting a seed set of sequences of a given size; generating
a plurality of cosets fromthe seed set of sequences; 20 constructing a
subset ofo0 seqoesauesngdy fdbsst af enpenosy Hylhmonsaenating agbsets of seqisances. and
constructing a full set of sequences by concatenating subsets of sequences.
25 Preferably, the seed set contains binary sequences. Preferably, the

binary sequefge ihyertiibh! hifrilel Yorohidkd 3t aptidsd TORLSNEGSE: ?%ﬁaéﬂcﬁﬁin%fﬁi Sure

. . _ d
optimal periodic autocorrelation condition. 30 In one artangenent seed

set cont ai nsseuepdes fosspyesispestrurh deminbynication teobeijues thd apparatus aingwrising:
plurality of inner sequences. .11 June 2002 _g_ Preferably, the seed set
is orthogonal. In a preferred enbodiment, the cosets are generated by

mul tiplying h@eéd%%f%&ﬁ?ﬁﬁdgﬂﬁ@ins%’@l%&@&@ctmg PRefLABEYqRhcd?) associ ated
sequence. 5 Preferably, the subset of sequences is constructed by
concatenating the sequences of a coset using an addition table. In one
arrangenent, it le ] tr i Jpowers of a primtive
root of 1o tﬁépsgég%%éetin%g?g%gqur einé:g%%p hcé)g%%?ﬁ%eﬁﬁ%/ﬂelg?’oot bei ng determ ned
in accordance with the size of the seed set. In another arrangenent, the
addition table is constructed, using powers qQf a prin‘iti@ge el ement of, the

seed set of ¥pJeAREQn means,whigh; concatenatasnthe, gSqYSNerst oF A FO8et ACCRELBB J¥on e
15 with jhe sig : t f t &eind s formed froma
plurality of ﬁ';%?g@%’g%gﬂ%gggg@s EA%J(:BES)gt I r?ga.%c%s f?ﬁ?at%ﬁgzrqs a’s%)nect of the
invention there is provided an apparatus for 20 constructing and encodi ng

si gnature sequences for spread spectrum %(l)l[nmn%cati on .
a set generating means for constructing a full set of sequences by concatenating subsets.

Conveniently, the seed set generating means comprises a plurality of shift registers each
25  having an input, a system clock input, logic gates, a plurality of register cells/stages and an
output to form a sequence of the seed set. A typical seed set generating means is

constructed from a number of linear feedback shift registers.

The cosets are formed from the seed set utilising biphase multiplication techniques,
30 preferably by multiplication of each sequence of the seed set by a sequence element for

each element of the corresponding sequence.



techni ques, the apparatus conprising: a seed set generating nmeans for
codnstructing a seed set of sequences; 25 a coset generating neans for
generating cosets of sequences; an expansi on neans for concatenating
sequences of a generated cosec according to a predeterm ned qﬁgg( ék@ form
a subset of sequences for each cosec; and 30 a set generating Qﬁ r
constructing a full set of sequences by concatenating subsets. 11 June
2002 _g_ Preferably, the seed set generating_.neans conprises a plurality of
shift registers, each shift register having an input, a system clock input,

| ogi ¢ gates, plurality of register cells/stages and an output to forma
sequence of fihe sxpagsiont megnspeamriads g, Pluraditys O& BRI, Gafferofei FYTHBARENS 0 a
i ncludes a n fe |4 hi gk Sk er. I

the expanai oCAEaee figth M Bleel SRBRKCR ehinth S Ih dtes, 2 YA EBRIARR M o
cor r espondi ngliraliy cfequans® formmsabsooficquendes.ural ity of nultipl exers

havi ng associ ated counters and |logic gates; 15 a systemclock input; and a
plurality of outputs to forma subset of sequences. 20 Preferably the
apparatus.is r . i.n i I . .
comuni cat i ogilgs?q ;glsa %Jﬁggtfﬁﬁlg%{psa%ﬁéfg@%g%ﬁagﬁgfgﬁng;rﬁglg?%r g&@i@%&l%?é@?&
signals; 25 gpaas clevk @pneitd pRirslity o€ Aedstérdetlsiseipes withiohBpiite ito Fomb iy MYl set
recei ved coded signals with sequence functions to produce despread signal
outputs; 30 AESARICRES. combi ni ng the despread signal outputs to generate a
data streamy and logic circuitry for analysing the data stream 11 June
2002 - i0 According to a further aspect of the invention there is provided,
a data transprefeiably, Sustseed Bav pé@raing Mealy, thecosndgener ARGl M@ans, tthe expansion
transmitter incorporating neans for transmtting data using a_ signature .
sequencelfandmepes @é@eﬁh@egl“f st neRnerding, Beans, preg repligatle cwiising @lgcarogic circuitry,
transmtted i L tlr. . e A e j

gener at ed by s R e SR TE bl AR T HPE AL IR S hemms e
a given si zerealifhbjemlisihg delicatql sofwart yechiiqeesset s from t he seed set of
sequences; constructing a subset of sequences by concatenating the
sequences of a coset; and constructing a full set of sequences by
concatenat i : : Sa,p\?@g,; j i

of the i nveﬁ?ig@ﬁ%ﬁ@%@%ﬁ%@?@gﬁldﬁn e ct%gr]rg%ling?diagﬁ%a%} a%t%etn oﬁe@%ﬁiq%ta
conmuni clét i ospealspectmmeonmnwocations systanytbe apparnaink ceropmsingi ng a plurality
of renote comrunication termnals, each termnal including a transmtter
circuit 20 having neans for generating and encodi ng signature sequences for
spread spectﬁggﬂsqamée{‘@qé&da@dg%ﬁm@j gues by perform ng the steps of
selecting a seed set of sequences of given size, generating a plurality of
cosets fromthe seed set of sequences, constructing a subset of sequences
by concat enay i e t and constructing a full set of
sequences b)a/ﬁlg%%c%{]g%tge?‘%?gség esng%sﬁﬁlgﬁgg%quences, the transmitter circuit

al so hawong, a 25 neans for transmtting coded signals and a receiver
circuit for receiyin oded signal s the recejver circuyit having neans for
decodi ng si gR&¥Rr Egﬁgﬁ%’?c?‘ © C%‘}ﬁde%%‘agsp‘@% SEMHES 108t F%ﬂ“’é’%? fpread
Preferably, ~Eﬁalggmi cations network uses a radio frequency carrier, an
ul trasound. 30°carrrer, a seismic carrier or a lightwave or infrared
carrier. Preferably, the receiver circuit incorporates a photodetector, the

hot odet ect or havj n ssoci.at ed .coup] i ng neans communi cati ng wi,ith a
Pecei ver pr e‘&F@sifl?T &}tﬁ‘glunang e despread ngngl outguts to generate a J;ta streamg;’ and

25

logic circuitry for analysing the data stream.

The invention yet further provides transmitter and receiver circuits including the encoding
and decoding apparatus described hereinabove, respectively, each circuit being adapted for

30  use with the signature sequences of the present invention.



11 June 2002 - 11 . Preferably, the coupling neans is fornmed for
differential signal recognition. lIdeally, the seed set is a bal anced seed
set. SIn a preferred arrangenent, the encodi ng signature sequences

i ncor porates orthogonal structured codes. According to particqlﬁrI¥

advant ageous aspect of the invention there is provided a 10 co %Qﬂ%(Jns
nmet hod for transm ssion of data in a network using a unipolar-bi pol ar

si gnal i ng schene, the schenme havi ng code di-vision neans for separating
differential data on a unipolar or bipolar transm ssion channel.

Preferably, the fifdexehsiifi cilbBRmHL] ki Bfffarsd RoRRNiSARHE Wen! forl sl

the binary sequence is orthogonal. Preferably, the communicafions nethod
for transm sdoahash ndawak compripes aplesling afisniate comtragucation ¢eravinals,seagh terminal

digital transmssion schem% based.on arthogonal. structured codes.,. 20 The
nventi on wi FICHHRE o [RBSBHIcEHr B2HRE| TG vy, ERAEHIRG e RECOJIEE (pRDanre

acconpanyi ng s8hankdigdr sHEAF heshMh cdifmitii¥atiin ﬁﬂgh@s Q% dhns FOM ML fifrp Dded
systems utilising signature sequences I n spread spectrum conmuni cat | oﬁ

t echni ques adufrared signile atche réceirentirarit fos receéving cddeedinfrgref signatshaodingmedns. for
In the drawings: .25 Figure 1 is a schematic diagramof a transmtter based
on Mary bi - GFSAEREHENATIE FEGHENLES 10 ASPIGad SREPHR SOMEREUGHIQR S¥HR i cat i on
system Figure 2 is a schematic diagramof a receiver based on Mary

bi - ort hogonal keying for use 30 in a spread spectrum comruni cati on system
11 June 2002 In 4 2edend exempifys grersiodiimmant] 8 ratlia gommunication sysiami fot & witskeselbcain
M ary bi-orthogonal ke ina for use in.a wreless jn.rared.squ)reack/s ectyum
communi cat i offf %E”@#Céﬁf@ 5% aplpality Qiuemipls somyunIcAUOR Brminals, cach lsmpmak o g
on Mary,pi- i r i i I : )

spect rumlé:)on?rﬁ:gu ca ?g%“%’ggtbﬂ‘?n’&‘%%’ﬁ?’% ngez%ng fgr %!ﬁgﬁ%??guggiﬁggﬁ%gt% of a
di fferenti al sequepas for-dprqadlspectaing namimgidatiomedchnigues) meméans fomtranshettmgicoded
diagram of a transm.tter based an Mary bj-orthogonal keyjng and 1o

di fferential TaQ gnals a] HRACEYCEFIETA fgﬁ&%ﬂnaﬁoéea gedjo ignblsdexine meats dor
spread spect RRGRHA | i ! b St i i agram of a
receiver basg%:l%gn M ar gﬁg%é r@?ﬁ%gg%a reEgy ﬁgmg“n% di fu]agcraggi?%sﬁeﬂ.

uni pol ar-bi polar signaling for use in a wireless infrared spread spectrum

15 conmupj cati gn.syst em .Fi.qgure S schemmat i ¢ _di.agram Qf,..a transm

based on airﬁlabﬁh3 r PR ”(Blr%lﬁgk%_ 5ﬁtd % 3% ?Fn‘%’?’ gk‘%dgm%té‘?]g_ ?%ﬁsn@}%%
used in a sSpEaRMuARSEIT sy¥ter® ToRINde; Tor SanIS! RNRdIRIAMbbiEe RIS Getworks,Ovireless
Figure 9 is a schematic diagramof a receiver based on Mary bi -orthogonal

keyi ng and t lesaldpep pefsorkse mrdia packet Hate neyorie op satellithnetwepiscepmprises g plirality
conmuni cati o m.{, kL Vi I Qur i i

representati %%ﬁétg qitrer gﬁ{o?‘a ?@%%%?{hzfrt ?%P‘goﬂg'gr Feé: %lg’ﬁaﬁ%fi{ra]og§fg§r§§g{° ?%dr from,
peri odi ¢ bi neespyectieelyca cancal bagt statipur Eadhlbdss statiohdrat ttahsmitter airtuigs Isaving méans
the applications to which the structured signature sequences, of, the present
i nventi off mah r SEPAE R RIPding %%’&FF%&?q‘@BgePhéQf CRVAdcommtgisader (rebhies
generating SiGRA!fif GaR@AHEICE W rhdio RPHaRCIRY REGVELCErcitd B AReRling 85§D
el ements may be binary or non-binary, Teal or conplex, g_uadrl phase or 11
June 2002 - 19gnad$ hapting means forideboding sigplunglsegyencestin rrariwaCDdpA rcaninunication

being perf Orsg'%{jema}cﬁca%ﬁ%ﬁgiey ferminal has a transmitter circuit having means for generating and

fars

encoding signature sequences for CDMA communication techniques, a means for
25 transmitting coded radio signals and a receiver circuit for receiving coded radio signals

having means for decoding signature sequences in a CDMA communication system.

In a fourth exerplifying embodiment, a lightwave CDMA communication system for an

optical fibre local area network comprises a plurality of remote communication terminals
30 that transmit and receive lightwave signals and which are interconnected by optical fibre.

Each terminal has a transmitter circuit having means for generating and encoding signature

sequences for lightwave CDMA communication techniques, a means for transmitting



In the present disclosure binary sequences are used by way of exanmple. A
bi‘nary-sequence with elenents E {1,0} is napped into a bi phase sequence
with elenments a {-1,1} by using the assignment ( 1--~-1) and (0-~ 1).
Then, nodul o-2 addition between binary sequences is achi eved ﬁ rs%gpa?e

mul tiplication between the correspondi ng bi phase sequences. g o]
facilitate explanations, the follow ng notation has been adopt ed

t hroughout. A bi phase sequence {a"} has eleménts a" a {-1,1 } . However,
for sinplicity in the description of sequence generation hereinafter, the
bi phase not at icofedightwive stkndls atdb £ tecRRF BirdMiRRreceiving 86A& ghtwale si t he
synbol "+" refers to "+1 ". Furthernore, we denote a sequence of to Tength
w by {a"} _ (havingmeansifor decoding signsthied ssqpenass|n alighteye SIMA etmuanjotinges
{a"(o~~, {a" (% {a"(z~}, ... {an(m 1)} each of length w. Typically, the
sequences bel i 'g to the set {a~'"~} are periodic in w, however, this
does not always needs to be the case. New Structured Codes presented

herei nafter are a significant devel opnent beyond the 15 structured codes
descri bed 3 n The tpmi Slightwave’ Ths: takaneo Shear electram@gnidici madaatpanwithin thamanges of
simply referring,to the structured _nat of these sequences. In the

pr esent applil’f’é&]%}hghttaﬁ@negrﬁde{ &?}ﬁm; for constructing Structured
Codes are presented for the first trrre In addition, specific sets of
sequences suitable for spread spectrum systens are presented. 20 The
procedure forAcamndihgucionagspecs ef tiod inSentimt theedisG@rdeided @ ethod i foespreal spectrum
The sequence set Q‘HJ ;{ ecifies a set of r&l nner sequences {and ;eﬂEaH ~
~}, {a"tz-~}, .commypeatio u&ﬁgeaaelﬁnerrm SOYERCS, LIGUTLEIATE | §q%ﬁ¥°FrReél§ﬁeB &h by
t he nunbey, of .sets is equal to the nunber of conbinations of
m sequences f‘?"gﬁ?’? ﬂ?qt Fﬁg?ﬂg sequences (i.e. 2w im (2"'-m! ) which can

be very large. The sequence set {a~~"~} is ref erred to as the seed set and
is 25 illustrated belqw. a }Seed Set an,~to) (ao ,co) ~o) co~~ al
. az ,...a~ 1{ancn%efe€%\%ﬁsﬂe£y$ﬁtﬂ $£AuepCes o) as en§izef 2 12) } | n(aa(a)

~al | z) ~a2 ~z) ~...a"._|ItZ) ?2lm1l) ~ an )(m1l) (ao(mlI Im1l) Im1) , al (
az ~ ...a" ) 11 June 2002 -14 The seed set {a( ~} is used to construct

W cosets where t hegenerhiting a phiraliyerfades from|the see}dsef of sduBndes< w1, is
construct ﬁd by mul tiplying each sequence of {af")} by the i-th elenent, a;

of tihe correspondi ng sequence as illustrated bel ow where each coset
cont ains m Sequen%ﬁstﬁéﬁﬂgqfsub@i'gf quWenc{esb@rﬁon&atédauhE thOSRfuehds of a todet;and.
w1(0) }i(o) (o) a,, x{a" co) x(aa , ai ,az,...a,, ~i

)(1) {gin ~t(1) (1) ai x{an ~(|) I|) (1) (1) (1) ai x(a ~al ~a2....a, -~

W1 i L Xe b Mikribhe U S0k ndcBb e ddnoRtetidiing ufséek b | ﬁ%qt‘f““f‘ ‘(a0 |

ai ~az ~...aw.i ) The i-th subset of sequences, denoted by {b(~} , is
construct ed l%y concat enating the sequences of the i-th coset, {c( "~};)
accor di ng®t o Faciprablyetherfsad ot sontaingbinaty S6qUeBSE: cont ai ns g sequences
{bk(')} each of Iength N= gxw. The order by which sequences of a coset are
1o concatenated is determ ned by an Addition table constructed on the
powers of a mréfaiab]yyetheobmaqr sequentd is/ eyaioalip mdistinet, nguasbtalhacedaand katisfies the
and a finite set of |j ers or polyngmi als determ ned by the value of m
The const r ucOPBMaLRerR qtt‘aﬁ?rt%fé@r@mpm ustrated by way of exanple bel ow.
Finally, a set of Structured Codes, denoted by {s("~}, is constructed by
sequentially concatenating the w subsets {b(g~} ~ for 0 < i 5 w1l A set
of 15 Stedict lm exk Frohgsment;tie sesd betsenascesmpbacdeqaénceengt h N = gxw.
Structured Codes are construct ed for three conditions depending on m

Condition 1. "m= ime intger" The procedure for constructing a set of
Structured c85:f@rab1§ rhrersegct $ehIRCQMAFatgmY DBl ShHINST SYAUGAH- m = 5. Firstly, a
seed set {ats)} is selected as illustrated bel ow. {a(5)} Seed

Set {anl "} ++++-{dn(1) } +++- +{aa(~) ~++-++{an(3) }+-+++{ a" ( ~ ) ~-++++
Preferably, the seed set is orthogonal.
30

Ideally, the cosets are generated by multiplying in turn each inner sequence by an element

of an associated sequence.



11 June 2002 -is In this exanple, each sequence in the seed set has |length
w =s. W construct w =s cosets using the procedure described above for i =
0, 1, 2, 3 and 4 as illustrated below. |d S)}i
H{CA5)}O{C(5) } L{ C(5) } 2{ C(5) } 3~C(5) } I{ Cn(~ Ji +bbebo bbb bbb ohide - 5555t
C'(1) }i+++-++++-++++-+---+-+++-+2{ C'(~) ? | ++-++++- ++- - +- - ++- HNe.< +-?3{
Cn(") }i+-+++-+---+-++++-+t +t-+++4{ Cn(9) }. i +----- ++++- ++++- ++++-t+++ 5
Wien mis an odd prine, the integer residué’'class zm= {0, 1, 2, ... m1}
forma Galois field, GF(m), with respect to addition and nultiplication
modul o m | f Peefersbly, phé subtset of segennts s tdmstruttedrty eorratepafing=the dequersicsiwé a
integers Zl rel ati.ve{q\{ Eé.i.me %R m (i.e. gcd(l, m = 1), which can be used
to const ruct ©25t WI0E &P GROHGRIDINq), where q = ~(m) +l and ~(~) is the Eul er
totient function. Wien a is a primtive root of mthen the powers of a,
nanely a, a', 1 oaz, . . . a"'Z are all distinct nodulo mand correspond
t o the non- zkr ong esibddienednhiof gee snvantior,the additionaatlerie sonkmmictedt wsiray pdiers aifi a

be expressed as.a power pof the primtive root a. Correspondingly,, an . .
Addi £ on 3t abPETiE, TOR( o) i SR G CREeRURERs BF B ot g idetermined in
constructed. @withdht Siz@oPfHeWebd ¥& root of m=s and the powers of a
nodul o m areac}gi:&gf,wggha% 3 (Hl,e 2,&4, 3). Hence, g =y!(s)+1 = s and
the corresponding Addition table A(5) 15 is illustrated below. 0 Oa lal Z2ai

a' 4 3000124 3al 1230 4al 22341 Qa~44013 2a333402 1 Addition table-1 over
GF(5) for a 1B anothergmboduagnt Qf theinyempian, t tﬁdam}o,n té@?ﬂ%%%ﬁﬁﬂ‘itﬂbuilﬁg Bawers of a

coset {c~""~l: C, i S sf =~} i

s of 1 he B eCABRENTRNG Bled SR of SANERESS ufd prditive Slapélf] S5 Bl

{b(5) ) 10i - tdvcOrdanet withxthdsizeof the seed set.

w1{bk(0)}i{Cn(0))i{Cn(1)i(Cn(a))i{Cn(4))i{Cn(3)~i{bx(i))i(Cnli))i(Cn(a>}i

{on(7)i(Cn(0)Yi{cn(9)}i(bx(a))i{Cn(a)}t{Cn(7)}i{Cn(4)}i{Cn(1)}i{Cn(0>}i{bx

§ i7) )i{Cn(4) }Pxé@)?ét?)slf)r't}{ecg%&iét'ié Mﬁ&@%@%ﬁt&@é&é@e&%&ﬁ&ég Cn(4)}i(Cn(D)
I

i (
(Cn(a)}i{Cn(1 he subsets {b~5~}; f , 3 and 4 are

illustrated bel ow. {b(5 }DSubset

O{ bx~y) O++++; +++- +++- +++-- - - +- +++{ Qx| | ' ) D+r++: +++- ++t -+t +++++-+----{bx(a' } ++

e 4o - AGeppding o anpihey #Pefbpf e iy lon there Jsprovided 3 mgthoq for prodidhnd a

} Dt - +++45- - -siviittired cddetforude{ i (spreaki;spedtapt dath R¥mmunication comprising the steps of:-

J I ++++- +++- +++- ++- - - - - (bX(1) Fi+++- 4+ - - - - +H++- - HHHH{DX(Q" } T+ ++- +

- - - -ttt - {DX( 7} L A - b - - - - b (!

1-+----++++++++- + tht++- £ . o

L ubeet 22( bxf 3 o SEIGERRE FséeP4etbr sequences of p lvep size;

}at++- +- - +- - +- FH+H+t+- - +H+H{ bX(2) }z- - - - - FHE- - - (DX()

} -ttt A A - - - - DX} o HA - - - - - - H++- H{D(D) )

Subset 3(bx*" }; +t geperating a plurality, cgsgt;.f.:p{rbt,p(aisyec; set of sequences;

SR it s Sl ++++{ bx(a) };++- +++- +++- ++++- - - +- ++++-{DX(3) };

-ttt - - - -t - HEHHE- HH{DX( ) - - HHE -t - - - - +- {D(D)

}subset 4, {bx"' } 4constructing-aisubsatofsequencesiby{dpntatenating the sequences of a coset; and
}, HH+- H+t- Hb- d- - - -+ +H+H{ DX (@) Jatt- b HE- HEHH - - - - - H{DX(3) )

- tttt- - - - - - HEHE -t {bX(") ) DE- - - - - - +++H-+H++++-+ 5 Finally, a

set of Structured.dnegeding Ml sev\Bf Slqusreeé By e@dxtemﬁ@%swa%ﬁmmdeﬁkt ~a},
each of length N where N = gxw = 25, is constructed by sequentially

concatenating the subsets {b~5~}; for i =0, 1, 2, 3 and 4 as illustrated
bel ow. 11 Jupe 2002 ~sl.~s) } Set. of . ur Codes Skl )

~ft+t-t -t #fg{éﬁ‘ﬁy’%i§?ef1t8§€<%9“%19?E’l-“?&rsfég’iﬂc s-.I;+t bt te oo ~SK~Z) } -t 4o HE L+
-- - - At - {SKY) Pt - - - - - - HE -t { SO ~) ~+- - - - -t -t -

- +{ Sgl s??+t 4pke Hoo t Lot b s ez - ottt b - Ao o ot . +
LI Ry e bty Seatene e Sl dikaddt duag bt 434 3iened the
t - ++t ++- t Sk opfimal periodic autocorrelation condition.

~+ttt-ttt-+--t---tt+t+-t+t {skill)}+++-+--+--+-+++++++--++++1 Sk112) |
1--+--t-t+t-tttt+tt-ttttt-{Sgll")}-++tt ++++- +++-++- +++- - +- - {$k114) } +-t +t -t t
++t ++t - 30t - Thbhehfth g?r%xresn}élttlﬁé $eed set containg comfiplest Sequensdd. | s) }_ _

R i o i o o ~) }pHt-Ht -+ +HH---t-tt++-1 Skl | B)

~tt++tHtt----t-t-ttttt-+t{SkI19)}+-ttt-tt+ttt++-++-++---t-{Skl Z)}----t+t+-
+tt -t +-tt -+t tIdedllySitle?skrd kéttifiedrporatdsta-gittaliey-oftintdr tseiienasds)

y+t - +++- +++-t Ht Htt +-+----+Sgl ~' ) }- HH+t - - - -+ - H- T+ - +4Sg1 2)
Jt-+t+-t+++----+t+-t++++-+ For the primtive root a = 2 we can construct

anot her three distinct Addition tables over G-(5). Firstly, the

Mul tiplication table over G-(5) based on the powers of a nodulo mis
constructed. Secondly, each non-zero row of the Miultiplication table is
used to construct a 5 distinct Addition table. The first non-zero row of

o, - 1 o . o a o o " o



subset. Since for primtive root a = 2 there are four distinct Addition
tabl es:then we can 1 o construct four distinct sets of Structured Codes for
the seed set specified. Furthernore, the integer m=5 has two primtive
roots, a =2 and a = 3. In this case a second distinct NUItipi{g@ﬁég@oéable
over GF(S) based on the powers of a = 3 nodul o mcan be constructed as
illustrated bel ow. 15 11 June 2002 -19

Oaal a2a3013420000000a101342al 303421a2404213@° 202134 Ml tiplication table-2
over GF(5) for a = 3 As before, each non zero row of the Miultiplication

t abl e over Gﬁ&g?zﬁfr a = g can bﬁ used to construct four distinct Addition
tabl es whi ch HrRerahih thesseep setis aphogenabnst ruct four distinct sets of
Structured Codes firomthe sane seed set. Hence, when m=5 it is possible
to construct a total of eight distinct sets of Structured Codes from one
seed set. Sidne préferrediernbodinfeny e tabisarsgamdraied by maltiplyiye intumsiacic mnehe
nunber of available Addition tables i,s |arge, then the nunber and variety
of sets of SSPAHENEE Brarelgment of aeasjoqigled)seqiencs ndeed. Therefore, the |arge
code spacg covered by the Structured Codes make their application to spread
spect rum conmuni cati on systens ideal. In summary, when mis an odd prine
nunber sets Q@krefetablystthe eubseDdeSeqicnceORSionshctdd by clcatehatingg thes sepeses,of a
constructing cosets, constructing subsets using Addition tables derived 15
from Ml tipl Fest Hepe ampddigoniable.Gr(n) that specify the uni que concatenation
order of inner sequences and finally sequentially concatenating subsets to
forma full set of Structured Codes. Condition 2: "m = non-grine integer"
20 The proceffiuoee trangearent,rthe taddigioa tstde inéorStruniet wsag favdeas ofteeprimitiviesroot of
non-prine is illustrated by way of exanple faor m= 10. Firstly, a seed set
{ail~} i¥0 s oHIECEoR SOt PP ORI P R NE rogtsbeing detgrpmed 4 Accordanes Wiyl Giectize
Set{ ap t ).}t Eé sept-{anti) }H++t+++++-+a" t 2 ) P+ttt ++-+4{ do ( ~ )
}++++++- ++4+{ an } tgtf+++++-++++{ an (s ) }++++-+++++ant 6)
}+++-t +++t +3nt ~) }++- +++++++{ante) }+-+++++++t{ a~t 9 ) ?- +++++++++ I n

this exanple, each sequence in_the seed t.has length w = 10. We_construct
w = 10 coset & BPther awangemeny the aqditipy fahlecif GERSRICIEd using powers of a primitve

Zm{ Cti 0) } 1{ Chjemleh@dfthd Qthjs;t of sequences, the primitive element being determined in accordance
{Ctio)}2{Cfio)}af{Cool} a0C" | ++++t ++++- +++++++++- ++++++++F- +H+++++++- +H+ HH++

+- 1{ Cnt | 1§ ~+withttheisiza ofithe seedt set:+++t ++++- ++1 ++++++- +++++++++- +2{Cnt @) }j +++++
R (e T (N ol e ) I o
e e L R (@ A B S o L o o LR
FHttttttt- 4+ Prefdrably Sth seed set is formed from a plurality of rotated sequences.
e i S L e L Lk o 0 o S NN R 6{Cnt ) }t +++- +H+++++H+H+- ++
4+t F4- bttt oo oo - - +++- +H++HH7{ ONt ~~~] ++- + - bbb - o - - oo - - ++
SRR B (% Rnfer Taspéct; of ‘t{{é “invéntion ' thete’ 1§ +p+r$¢fdt3+§{’ “apparatis ™ for"
++9(Cnt Q) yi +------F- -~ FHFFCFH+FEFFHFH+E - HFFFH++++ HHH+HH+F+

Zm{ Cti ) }200 Ct canstradtidg and séricodin} sightture) seduehces) 8O (sfread ~jpeetrumt icomtnunidationt+

e e L +1{Ont | ) } S++++++++- +++++++++- +++++HL ++H+- +- - -

----- +-++t++¢ﬁ¢yQ%Fcﬁ?2??mﬁﬂﬁ$Qqul i o 1 o A = SRS AT
+3{Cntl )}t ++++++- +++------ +- - -+t - A A - 4 { Ot ) FE - - - - +
----+++++-+++++++++-+++++++++-+++++++++-++++5{C"t5fit++++-+++++++++-+++++++
++- +++++++++- +++-+aseed setigenerafifigmen forconstructing a5 offsequenaesy ++++++- ++++
+++++- +++++H+7{ Cnt ~) Ji ++- FH+H+H - HEH R bR AR A HH8{ C”
te)}i+- +++++++++- +t H+HH+H+++- FHHHE - AR A HHHHO{CT 1 9) U - -
Fob bt dgls o dosdtt gehibtatiti vitehhd Tor ghier S coletsSofiegudicedle, the integer

residue class Zzm= {0,771, 2,". . . m1l} forma finite Rng) 1 o R(n), with
respect to addition and nultiplication moduio m If ais a primtive root

of mthen there are ~(m. residue integers. Z~ relativel [l to le €,
QL my =1y i erreRkinn Garent B Poceing seatite s il spier Aeftuneto
where q = ~(m +1 aBfkdeterthined obd¥?, folfb@h a kEBseEH selplittices Bit-calhiEBsed; dnd 2
primtive root of mthen the powers of a, nanely a, al, a2, .. . a~""rl,

11 June 2002 -zt are all distinct nodulo mand correspond to the non-zero
residue jntegers Z;. That is, each.residue.integer Zl .can be expressed a
power ofiot he pri n?ts?tv%enrc%‘f‘gdm%rq%%‘bﬁ?ﬁ:% 3, ﬂgﬁcﬁgging%%c?%§$§ogeitpn%

based on the powegghsek. @ nodul o m can be constructed. Thus, a = 3 is a

primtive root of m=1 0 and the powers of a nodulo mare (a, a 1, a2, a3)
_ (1, 3, 9, S7). Hence, g =~ 1 O+1 =5 and the correspondi ng Addition
table A(5) is illustrated bel ow

Oaal aZa' 013970001397a112408al 334620sa990286a3778064 Addition table-I over
R(10) for a = 3 W construct a subset {b~g~}; corresponding to each coset
{c~""~}; by concatenating the 1 o sequences of {c~""~}; according to the

..... ' 1t . T T A7 ™\ o a I T 1. 7 r—\ b1 ~ 1.



length N, where N= gxw = 50, is constructed by sequentially concatenating
t he subsets ~5 {b~s~}; for i =0, 1, 2, 3, 4, 5 6, 7, 8 and 9 as
illustrated bel ow. zo 11 June 2002 -22 { sIS }Set of Structured
Codes{skf "'} +++++++++- ++++++++- +++++++- ++++--- - - - - - - t +- ++++++-1i{1%ki\|ef% -b ttt+t
t-++++t+Ht-t+t++Ht -t HEtHHEEEF +E -t -t +++++1 +{ SQ( Z) } +++t ++- +T +t 17 -t Ot ttt-+
+tt+tt++++t -+t - {SKI 3~} - - - - - - +5ttt+tt+-+ttt+tt-+t+-tttt++t+t++
S+t {SK(4) J -ttt At Ht - Ht Attt T - Ht -ttt +{ SK(5) J
+HHtt-tt+Httt +t -t -t - AR -t HEEE SQ(6) Pt L -t AT EE - T+
t+-+++HtHHtttH+++--t----A-- - {SK(7) Jttttt+-tt+t+ttt-+++tttt-t+tt+t++t+t+t-tt +
++ttt+tt-{Sgtl§)%-. ti t++tt+t+tt +t F++-ttttt+t-tt

RELEYY

-t - - ]
ot tEE L { _the seed set generating means pqmmmfeﬁmlma‘ﬁmf shiftregisters, paghy shaft
~ ittt +++t - tHay t bl T 5 + T T I +iet

oL g Uy el St B e ord Bl )4 it or i
+t +tt - t +t t ++-cels/stagesSloid a)output to form a sequence of the seed set.

~-, ~+, ~~, _(, ++t ++t - FE - -t A - e SK [ 4) F - - - - - t
-tHHttt +t §++t +++tt - +++- HHHH -t A { SK(15) Pt - A - -+
LU+ e bibly, ik ekd Gkt *géﬁ&itfn§+m%ﬁﬁ§ Trictilads! & Hlitnbel "1t fiffé“aif ;gﬁbgcg's&ﬁﬁ“
++t ++{ SKfl 7) } +t ++t F-+tttt +t +-t F++-- -t~ ----- t+H+HC+- t+HH+H+T t +t - - +++
t+tttttttt+tt++-t vegisters t ++-t ++-t+ttt---t------ {SK(19)}tt-t+t+tttt-++t+tt+++
HHttHtt--- - -N- -t A -+t {SKI L ZA) J AL A -t LT - A - -t
t++++-ttt+ttt{Sk(=1) } +t +t ++++- +t t t +t ++- +t t t +++- +++0 t  +H+H++H++- +- + +HHHHH{ SKI

~s' } ++++++- +H$i’i§3ﬁiﬁ"gteﬁ"éﬁ?+ﬂﬁeteﬁ){uiﬁ§f5ﬁtr%i g- éi‘i?e"ét""""'t -{Ski ~3) ~- +ttt++++t t +t
t +t +++- +t Ht FFH- t - AR R T a?x 2?‘? -+t -ttt HtEttEHt L+t -+
+t - +++t LU0t +++- ++t t { SK(25) } +++t +++++- FH+H+H - - HE - R
++{Sk(261}~. +ttt++t -ttt +tf-t +----- A -ttt - -+ttt +H{ SKF27) J+ttttt
-t E-t ) f o % e _gtpzfqr_g{&y_kgrf{lg?q@,te_ggrl} {np{lt_kc_,pp_,_e_s?orgllg(gzt(oi 3 sequence frém a cosgt}

~ M~ tt Attt A A - A - ARt -t {Sg( -9 - -t
tttttt+Htt+t+t+t-++t -+ +HH0L----- +----LSk‘130)}~.+++t+t+t-t++++t++-+ ------ t---
-ttt ++H+t +++E -+ttt +Haphskligigfimultiplexers having assoriatadiconntetstand logiegates;+-t -t +t tt
ttt{Sg(3~~}------ +- - -t HH++- - AU A - - {SK(33) -t
+Httt+tHttttt-ttt+ttt-ttt-t+tt++tttt+- +++++t Sk(34)

}Ht -+t HHpstt H- U+ its?étéﬂ‘r"c'fd‘c'k"iﬁpdt';"hnd*"""'"t ++++t t - ++++{ Sk( 35) } ++t +++++t - t +++++
-ttt ++++- +tt - +++++H HHHHE - Tt 4] SK(36)

Jtt. E+++t+ t------- +--tHHtt-tHttt++ttt+tt-+-tt++++t +{ Sk(37)

}A+t-ttt - +§$T&r§f{t:¥t+c¥fio§?pms_tbﬁ%éisg%%eg !.?.t?g_e%ﬁéﬁfﬁ{ Sk(30)}-t++tt++t +++++

+++t - - - - - - +- - +- FFHFH+ S+ ++-+ttttttt+Httt ++++t -+
+t-t++HtHt+t H+t -ttt { Skl 40)

b~ L ftHttt--- Wt -t -t - HEtt At HE -ttt $K(41)

| EEEEEEEE to ettt bbb -ttt ARttt - -~ A HH{ SK(4~) FH -t e+t

t-+++t Ll ++P¥eﬁr’£ﬁ§r€tfsiﬁ ?‘H%r}ﬁftﬁtisﬁotrﬁﬁd ‘&"ékééééﬁ}rg Sidntibrd rs?'cﬁu"'etnt':és"'ﬁltﬁ §[§iEa+& Sddcerhibd

Sttt ettt HEE-ttEt + FH- ++++++++- +f FL L FHLFHFHL L L +- ++E - ++HHL L +E +E -+
tt{ Sk(45)} - - communicatieng system, therapparatus-compsisingst ++++- +++t +++{ Sk(48) } +t ++t ++

-ttt -t -t - tt-t+tttt+t{Sk(47)}+t+tt +- ++++t +t +- +++t +t t -
e B o i S S tSkfd4lt)}-tt+++++t+--------- ++++t ++t - F+H+- FHFE
++- ++++++{ Sk( 49) } tensd fot técetving dodell Sigmals; - - - - - ++++- +t - 4 11

June 2002 - 23 For the primtive root a = 3 we can construct another three
distinct Addition tables over R(10). Firstly, the Miultiplication table over
R(10) basged on th ower.s of ulo i S. constructed. Secondly, each

non- zer gfgreow of t mf"fﬁﬁ??é@%%ﬁ“?’%lrﬁénﬁ%@nﬂsed to construct a distinct
Addition table. The first non-zero row of the Miultiplication table
constructs Addition table-1 over R(10) used above while the follow ng three
non-zero rows conBieans foragnmbipingtmeedeeddcaded rrignalsiwithi sequengis| fugctinnsrtoRpredyce
as illustrated bel 1g')w. %aal az ' 013970000000a101397al 303971az909713a3707139
Mil tiplication taBrEreAdEH ?eetp 'for a = 3 .f0397 100397 133620 499286
077064 811408 2 to Addition table-2 over R(10) for a = 3 f0971 300971
399860 277648 011082 433204 6 Addition table-3 over R( 10) for a = 3 11
June 20030 - 24 0718egunipr gombinigpthe desprendoigrd euipYBE0 BeBeTAltH d4ta prream; and

t abl e-4over R(10) for a = 3 Each Addition table can be used to construct a
set of Structured Codes fromthe sanme seed set by uniquely specifying the
concat enat i on or dRigi®EirREP foraRalysing €fe dtd firdanp subset. Since for primtive
root a = 3 there are four distinct Addition tables then we can construct
four sets of Structured Codes for the seed set specified. Furthernore, the
non-prine integer m=10 has two primtive roots, a =3 and a = 7. Inthis to
case a second distinct Multiplication table over R(10) based on the powers
oa = 7 nodul o mcan be constructed as illustrated bel ow.
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~'~(a }Seed Setan(al }+++-(anfl) ~++-+(eTi,~2~ }+-++an~3~-+++ In this
eXanpl é, each sequence in the seed set has length w = 4. W construct w =4

cosets 25 using the procedure descri bed above for i 0O, I, 2, and 3 as
illustrated bel ow 11 June 2002 -26 11 June 2002

m-. p~X~{C14)}i {G 14)}0(Cf4)}1{C14)} z{ C14)} 700{ Cn~ }

| +++- +++- +++- - - - +11{ CnN~Z~} i ++- +++- +- - +- ++- +2X~Cn~~~} | +- ++- +- - +- +++- ++3x+1(
cnl 7~ } i +4----+++-+++-+++ Let Zp[x] denote t-he-residue cl asses of

pol ynom al s nmodulo g(x) in the variable x. Then Zp[xj is the set

of pol ynom al s nodul o g(x) each with degree | ess than the degree of g(x).

When g(x) is a primtive polynom al of degree s aver GH(p), then Zp[x]

forms a Gal oi sAnekdingms alfufthéa8pdet OPtheihldhtioAREEts bRovadkdl, hidath ditdmission system
mul tiplication nodul 0 g(x). The Galois field GF(ps)” contains ps elements”
cor r espondi ng havingha trapsmiites aot sseassivef, thetsanemittar dnggrpyrating medns far transmitting
primtive ele t of GF(pf where there are exactl s-1) .primtive ..

el enents, t heﬁeap%‘ésl%\ﬂeﬁ(‘&%‘peégqmlaﬁ?djﬁ? T%FQ}Veé%C,’"g‘-T“{ Pog;c%ez?mgra@daci/epodmg data
di stinct |9 Mgl hisidpda CAEAAHROBEdeRcd, Nhe"SRnEREE & éérﬁuebaﬁgygg@} &b
in Zp[xJ. That is,leach rgsidugﬁpol yn%?n’ al ’car? b expres?ged as a power %Jf Y
the primtive petfemeimg the steps ofespondi ngly, an Addition table over GF(pf)

based on the powers of anmpdul o g(x} can be constructed. Thus, cz= x is a
primtive element of the primtive polynomal g(x) _ xz+x+l1l and the powers
of anodul o g(x) ar 3 (1 ] nce, q = ps = 22 is and

t he correspondi ng Eﬁ%???%%s%egﬁégg%(ggz%miegOFFF%?rs?t%éd bel ow.

oap~a~0l xx+14001xx+1lapll0x+1xat xxx+101dx+1x+1x1lo Addition table-1 over

GF(22) for a=x and X) .=x2+x+1 We constjpuct_ a subset {b~g~}; correspondi ng
to each céet f c~'ggé~'if,aml!ﬁ/a8®r‘ié§b’é>ﬁﬁf’$ PRhS sendesst eEseqgpenees v~y

according to the rows of the Addition table A(22). This procedure is 20
facilitated by assigning the integer residue class Z2",~a = {0, 1, 2, 3} to

t he pol ynom al r eskconstructing s subséf aflsequérites by concaterbtingadbe saqdengs tof a tbset; and
sequential mapping O --~ 0, 1 -->1, x --~ 2 and x+1 -~ 3. Then the i-th
subset f b~4~}; is illustrated bel ow 11 June 2002 -27 (bt'1}ii-thSubset
for 0 <i _< constructing a full set of sequences b concatenating[subsets of sequences.

w 1{bxlo)}I(CntO}i{Cntl)}T{Cnlz)}i(Cnl3)}i{bx(1)}z(Cntl)}i{Cnto>}1{Cnt3)}t
(Cntz)}i(Bxfz)il(Cnt2)}s{Cnt3)}i{CnlO}i(Cnl1)}i(bxI3)}i(Cnt3l}i(Cntz)}i(Cn

| 1>}i(Cnlo)}i The subsets {b~4~}; for i =0, 1, 2, and 4 are illustrated

bel OW. {bl "} Subset

O(bk™" } +++- ++Ad'cbrdihg'to'e( 56Kt IRkt -adprect -of the tavenfibx ItHerk Q¥ provided, fteldctrottdpibtic
}4 - - -ttt (Bt }1Subset L -

1( bkl '} 1+++- +radiation ar4seRie gemuymuuications; systam +for a. ¢opumnunjcations network comprisingya

| " 1-+++- +- - ++-t+Hk- ' s g . . . . : s
2(bx - y i os. DUEANET 0P teplotk BN carion ferminaty, cach termipa) ineluding, 3 wrpnppiier gy
| ') z- ++++20++-havingt indahs ' for }genefatiag d{doxhcoding signature sequences for spread spectrum
}s---+++-++-++-+t H{bi || )} 3++- +- - - +- ++++- ++(bxt 2" } w+- ++; +++- - - +++- +{ bxt"’ , -
- 4+ +- -COPIRUHGAtIGH teghnigues by performing g stepyafsglecting a saefl set fspqusnges o
Nout er seque £ S Ksamadati : F = L :
constructed €?e%%§e’&ﬁﬁng%ﬁtl§§%%lg%§lglg?%§g&t gﬁgf{i}gg glta qs- sﬁ?@t’f;lsg %%cg%,scions:mbc,tmia
2, and 3 as idubsssbf a¢prinbesl pveoncatédatingrthe 28&D@neesA a ¢aS¢SHd}nsmedtingeadfull set of
Codes{ Sk~?+++-t +- ++- §g++- --Sk(1= . o .
}t+-+ttt -t - - -Seauences by qopcptepating, subsets off sgquendes. the; transmitter, gircuitplsg haying. 2
t-+-+-- - tyk+~ <ot st gk o CONY W P, N T o P O N i ~=x :

ot o T Gl i quda i skl gl smeivee Ginqt oo PG g ignals the
}+-t+-ttt+++-receiverseitif hhving inteans- for-deeodingOdighatyire} sequences+in- a-spread Sifetfhim
~tt-+---t-+++t-t+9 ((‘%11.4 t-++-+t +---tt+-+Sk(15)-.~. +++-+t+t-+---+ For the
primtive el é‘r?ﬂ’l’ﬂ“rg— IORSYE/M: const ri ct anot her two di stinct Addition tables
over GF(2Z). Firstly, the Multiplication table over G-(22) based on the
powers of a nodulo g(x) is constricted. Secondly, each non-zero row of the
Mul ti pli cati @refeedbly ths caramdnicatiareetwonit usas diradio fietuéobyi darmer, srabliasoulide
first non-zero row of the Miltipljcation taple constructs Addition table-1
over GF(39) FaEHIAIIBNIRIRITET ORé hﬁngﬁﬁiq{d“ 59 58" er o rows construct

another two distinct Addition tables as illustrated bel ow.

oapa~c~01xx+ X+ld~ -t + 1 Ll ion t -1
over Gr(27)  Pare e ret e Al oo e bt W SR R R i
Addi ti on t ablagsodistedesouphihg flcah9Eormunitatng With ave2divddprearhplifiene 2002 - 29
+0X+11x00Xx+11xx+1x+10x111x0x+1xx1x+10 Addition table-3 over G-(22) for a= X

and g(x) = x2+x+1



Each Addition table can be used to construct a distinct set of Structured

Codes fromthe sane seed set by uniquely specifying the concatenation order
of coset sequences within a subset. Since for primtive root a= x there are
three distinct Addition tables then we can construct three dlﬁyﬁﬁ%t%ﬁts of

Structured Codes for the seed set specified. Furthernore, the Ve
polynom al g(x) = x2 + x +1 has exactly (ps-1 ) _i(22-1) =2 primtive
el enents, a=x and a=x+1 . In this case a seddnd distinct Milti plication

table 10 over GF(22) based on the powers of a=x+l nodul o g(x) can be
constructed as illustrated bel ow.

oapa~c~01x+1xQ0Q0o0 Olx+1xc~x+1lox+Ix1x0Ox1x+1l Multjplicgation.table-2 over
GF(22) for azgﬁerﬁﬁﬁ?éf u meqns g igrmeg ?’b‘ihéf,er%’&éLg ISAEIY Py of the
Mul tiplication table over G-(22) for a=x+1 can be used to construct three
di stinct Addition tables which in turn can be used to construct three

di stinct set sldstllBtthe stedrsetlis @bdlacéd seedisbte same seed set. Since there are
exactly ~(ps-lys distinct primtive polynom als of degree s in G-(ps), then
20 there i"s only one primtive polynomal g(x) = x2 + x +1 when m = 22.
Hence, when = i tadl el 'EJJ%I i L St ets
of Structur egir%aogd%gér&egn?r (?ﬁg&ggghﬁgtgft}? g[%] ungaszeg\,(gézxﬁ-te %?cf)ﬁjogﬁ%rgﬁ%%magn m
=ps where p isretyred oedesunber then sets of Structured Codes are constructed
by selecting a seed set, constructing cosets, constructing subsets using
Addition tables derived fromMiltiplication tables over GF(ps) that specify
the unique concakemghi pRehllAy a8fad:)aBhs SEAURTESiARMA MRk i sroqent i al 1y
concat enating subsels to 5 forma full set of Structured Codes. Alternative
Const r uct® Weammmunichteonsundsked fof traesmissios of datk i a natverk dsigta, urdpolaribipokae

1 Ternat | ve CHRBLPBAE, Ui roleRt haYIRe FAtS SIS R PT SRR P e
may be used fga aipolsbrBipBlar irhBnhitdi6® Shanik], HoVever, the alternative

construct is particularly useful when the integer mis non-prine and has no
primtive roots. In this case, the ~(m residue integers Zf relatively

'n thi s case BRETRIMOE CHABLEoR et pEEsRF T e o oot s, For the

alternatiyge construct, the integer residue class Zm=f 0, 1, 2, ... ml1l5 1
} which forma f rite ring RInm) is used directly to construct an Addition

t abl e nodul o Ide8le theingry spgienesisasthogonflen m =" 1 S the correspondi ng
Addition table A(1 S) is illustrated bel ow
01234567891011121314001234567B9101 11213141 1234567891011121 31402234567891011
1213140133456Ptefetdbly tRd SdmfiRiédtidnsaadtidd fo? hidhdfiRishoF daglifddrpaiaddsAna AR 46678
910111213140123457.7891Q1112131401234568891011121314012345679910111213140123
456781010111 38R0 PS 44 1843l fEAnsaUSSIOR-SEBARY BRSEE LI OTPOBABA STHE §131
314012345§7891011121414012345678910111213 11 June 2002 -31 Addition

tabl e over R(15) using Zls The i-th subset of sequences, denoted by {b~qg-~};
, is then conBterineensivniwillinow besdestribed/mioye particdanin sithrgferéreede quearsompafiying
the i-th coseciggl %{E' ;ﬁ ﬁ\cco ding to.the B edefined Additjon 5 teabl € tilisi
where g = m iFCVIEE AUH sROWe Yo Pk P, SATRIF CHUasCOTRBIcaRoR  Systems_ptilising
constructed hygraafbefhelcky if Ofppstide 3pddtrien tddthmiarsicdtfont Sechiivfies . actorditk %o the
S w1. The set of Structured Codes w ||l Contains N sequences each of Tength
N = gxw. For inyfndioass sxsmoplifiedbyrfgneemshodimsnts. Indde dravingsibl e can be
constructzgd and therefore only one correspondi ng set of Structured Codes
can be constructed. to A further refinenent to the alternative construction
rule i's possikipgevihn dEhématiOliaplal'Bf aMenWhitleo bhsedr dnTh iryebitdrtiogonAlnedyiiidfor
of using the integer residue class Z," _ {0, 1, 2, ... m1 } to construct
an Addition tuspiea spreahipepiEem cRRMYM§atoB SYHEm; i nt egers Z; relatively prine
to mto construct an Addition table. For exanple, when m =15, the ( 15) = 8
residue integers 15 relatively prinme to 15 are { 1, 2, 4, 7, 8, 11, 13, 14}
and the corr @Gpeed 84 sCichhiticQliagraml of d recéibvérUslsédbe d/a8l BMbrthogonal keying for use
012478111314001247811131411235891214022346910130144568111202377891114035688
91 012014691111 23pBed AFTIUNTLZAMWRCHIPRSYSIERL 401367101213 Addition table-1
over R(15) using ZI when m =15 20 Again, the i-th subset of sequences,
denoted by {b~9~};, is then constructed in the usual way by concatenating

t he sequences of the i-th coset, {c~""~},, according to the predefined
Addition table, where q = i1(15)+1 = 9 in this case. A set of Structured
Codes, denoted by



11 June 2002 - 32 {s~"'~}, is constructed by sequentially concatenating
the w subsets {b~Q~}; for 0 < i _< w1l The set of Structured Codes wl|
contai ns N sequences each of length N = gxw. Although m= 15 has no
primtive roots, we can construct another seven distinct Addiﬁi%et%éd%es
over R(15). Firstly, the Multiplication table over R(15) based o the 1 (15)
= 8 residue integers relatively prinme to 15 is constructed as illustrated
bel ow.

x01247811131400000000001012478I 113142024814527’1113404811321471170714| 3412218
808121 141314711011714213184130131 1 7114B42140141 31 187421 Ml tiplication

tabl e over REFigHredsis apchemafiediagram of a fragsmittes hased onadlcary rirprinogenal &gyigg for

The 1irst notee bt bYiBEs e B ERRR el Dol 5wt s adai tion

table-1 over R(15) using ZI when m =15 was illustrated above while the
foll owi ng seven non-zero rows construct another seven distinct Addition
tabl es over Rig®y 4usp sehematigiipgram of-awceiver rsehomddan birprthagonaldeyingdonused

to construct. f.Str ure des from the sane seed set by uniquely
speci fyi ng; tﬁgaﬁ#&(’gf g%atr%’cg#r ?’cgsé’r [ (9835?“5%%\38%@%’“\7\& thin a subset.
Since for m=15 there are eight distinct Addition tables over R(15) using
ZI when m= 15 then we can construct_ei ?ht .sets of Structured Codes for a
speci fi ed sefiguwed Is 3pnhematic reppessatation of a dififerential unipolsribipalansigrabiog fomagn
only one Multiplication table can be constructed in this case. 11 June
2002 -33 In a simlar manner, a refinenent to the alternative construction
rule i s posskijuge 6ReR stRemabic diadram GMWirdsthRaeichadbEod -MAORIL@thdponal i@ing and
degree s over GF(p) the residue classes Zp[r] forma Galois polynom al
field ovdr Ghifferenial mninsigrdyipolan sagnaling ofer ause inuk t Wiselessainfoaredrowsad spestrum
The Galois p nom aj: i over GF(p) contains exactlyps pol ynom al

el enent s eacgéﬁé“f%glecg{rmeﬁeg)%bq%’-l and each belonging to the residue cl asses of
pol ynom al s ZP[x] nodulo g(x). For this refinenent, the only requirenment is
that the polynom al, g(x) be.irreducible. Then the residue classes Zp[x] can
be used di reétauw f ds aowaemnatic diagm of dctecaitien Pased OatMusy tbawrdogonal keppgand
However, onl -fgg%- |t okl gati : £0 e thisqc
Subsequent | y%h eac thﬁgﬁ!pg’lédrrgﬁ %I%F'Os?g%?hxgg Cl\)fgf]t‘}lggllﬁcgt%% %ﬂgésag‘éé&%%ns%%d u%ggnt‘%
constructs a cemmunichtididslistangn t abl e, which in turn defines the

concat enation order of coset sequences that nmake up a subset. A further ref
nenent in this case is also possible. Wen g(x) is a primtive polynom al
then the COHP@M is9P SHehaBE didpriA b al thRmittdr DabtiPsh A-85%ildthodbial Reyih 2y €
el enent a of (ps) the powers of a, nanely c~, a~, ¢~ ~. . . C¢c~"-2, are

al | di sti nct twia distinet] epdg(sejs thatl cam be cispdrinl a spreasespeoimumeemmanicdtien system to
pol ynom al s %%\xb%eoéﬁr%l [hat is, each residue polynom al can be expressed as
a power of t #je el enent cr and the order s of the primtive

el ement 2oz is equal to ps-1 such that a~ = 1. Correspondi ngly,

Mul tiplication and an Addition tables over GF‘(E‘E)fsn)1 based on all the, powers

of ad m)_dg : o Hiewe T skemansdingtmef a mervoehaseq ph Mrarydireriogeal kgying and two
of oo et y el ShaPsddTbhat Yan 68 iSGPh o Sprel ot imAufticali Rysed %o OUERE S

| nstead, if ¢dpacioy;der of element a is E, where s < ps- | but E~p' "-11is
the | east positive integer for which a~=1, then the powers of crup to E 1,
nanely a~, c¢c~) az, ... c~~, are distinct nmodulo g(x). In this case it is
possi bl g4t 0 &Ufet t LRl | 1 > ifal . based
on the Szgwerg 0 g(}lfl}pa %@é’x’egaﬁ{: &?ﬁg#éﬁghil?,ﬂgogédglzﬂfef@ﬂ?f %ﬂb@lﬁr g@%ﬁé@ﬁg%x). | f
t hi s furt herforeétiodobinary ssquemdsidmdn it is preferable to chose an el enent a
with the Largest possible value of swhere there are exactly ~(~) elenents
of order s and hence it is possible to construct ~(~ Multiplication tables

correspondi ng; Ny : £%; 1

constructi orr:El Sl%l?ﬁg?&%%ﬂt%ﬁﬁgf‘gghé Bfr‘)f(glgteaggl gagwﬁs(')fr%nvgﬁ hgg&%&d%%ﬁgiﬂgn%t%rgz

- 34 | n sumueseguertceesfthe piesarpantrgionmay abiantigebsly rapplied.o conpl ete t he
construction theory of Structured Codes. In practice, the nost useful
construc¥s are provi ded by Conditions 1, 3 and the Alternative Construct
using the i i y ( i edilgn 2
and The et | e o e B B P e
roots or whegengfal,)sequence elechentsahay beibinant onmonAiinary ereakboreompl ex, ywedriphaseor

practice but nonethel ess conplete. The algorithns illustrated above provide
a systematic way of constructing a very |arge nunber of sets of Structured
Codes. In this section algorithnms are illustrated that provide 1o

gui delines for selecting seed sets that generate particularly useful

N r o - o o - . ~



bi nary sequences. However, the first and nost obvious way to select a seed
set is'to choose it froma set of known sequences that have known good
correlation properties. For 25 exanple, we can select the seed set froma
set of msequences or CGold sequences or Gold like sequences gy gaBldggdet s
of Kasam sequences or |arge sets of Kasam sequences or Barker sequences
or Legendre sequences or GW sequences or g@igy sequences or Frank
sequences or Chu sequences or Huf fnman sequences etc. etc.. However, sets of
Structured Codes with good correlation properties are obtained when the
nunber m of ofPhaseeic.MithIwmespondiegimathematicalppztations bhiaglpsnigrmedwacserdingved
sequence, that Jjs, m=.w. Mre.specificall i f,the binar equence {a"
(oot e a, th thegrelinl afibioNBie iRy Spalehioes 3t uped ey Ph EAMEIG S RSy Soqbknee
and sati sfi esy; i i odi i i L1 14 2
235 W Tor Sog BeRAS L OF L et Hph e epiihef VI dbitn S HL R RRR,
left or rightheysignaht G- MHitaad¢0—{19. Thenp hdutse2 abdisioh betweembihdrg sdquences is
Structured Codes W th good correlation properties. The term quasi bal anced

i s taken fo @ekiavediat bipheserowitiplicafonbetwegndthe correspendingdiphase sequenges flaordsy

. Th iLcal t f t i cal t d
oD oune, e R Ao B RS B S PV il Rt
and ful fill tosieadd [dRhapelehfRftsa, o { OO HR)vadvie TofQRMIEitP i tHeebiHptiod f
m sequences, the binary Barker sequences (++ to ), (+++--%+-) and
(+++- - - +- - +- yequeagegmiemtivadizesinaterythe biphase ddtatiod o i {Afegensdd winate syenbdi”A'
GWV sequences. . Ot her binary sequences that fulfill these conditions do
exist. The pFdedderd Pl tedmanbal oF Frdcra 1Q &l - Surthsanorgete AgRqtn g seduende off

l'i cal St ps il trated : I =
1 and 1 Gy R Ry S (b6 a5 BED IR Bhorfl PRI BCRUL"ETO) T =
Set { apay +++- Ia,f?}f%r{w,@} ,}.:"."‘Taé,;()’":u'}{ @udhof lehgtitw; TYibilly, the sequences belonging to the set

a

}-+--+++{a~f4) } +- - +++-{ anl --+++-+{anf6) ~-+++-+- One of the nost
significant defi3tareperiodieindvi howewer,dbiscloas hotralwnysneeds tabethe@sses occur s
when the seed set is orthogonal and m= w. The termorthogonal is taken to
nmean that every sequence in the seed set is orthogonal to every other

sequence in Nae Siaeturs® CodWisiesetled tein@Rer feth sighifiddnb agiedmeéit Geyond the t hen
the resulting set of Structured Codes is al so orthogonal . Sets of

Structur&d coassured sedesdes@itedda shapriorare The aameAtushires CAE) rAagensis BEESr ed
o iy ) eSO | . ]
ol ovant 1o BRI reieho WA B Rl ndtlie VIIB0R e 0 ReR B frd PP Ehplibiln the

certain that céhplee algorithing fonenseudting Stnrared Uoded dratprasehied fforthe fise tince Al
periodi c autoggrrel ati.on conditi on showy bel ow. 25 11 June 2002 -36 R(~)
P for 7 o Gion shroifi setd RfscanPloed SUlAbNG risBropd apectiifn s SR BrFsdgited
ort hogonal seed set {a~4~} can be constructed fromthe four Left or right
cyclical shifts ofgia"} and the resulting set of Structured Codes 5 {5~16~}
gener at e?p i sTh¢ procedure dermoaktructings sstiof $irudtared adep iscdasedbedidhabore: Thetseguange

Condi ti 3 | imer. A d t ti b > I
Struct ured (e PeEEE S8 U HHET HOHERT P Cac i kil bet(era rddhan o
matri x can bRne@mNeIwhrs BoisaRin@per. TRACHE TuRBERbf HaildbRi sébd SetflseqhalTo AR

T
Since the rows of an Hadamard natrix are always orthogonal then the
Struct ured Ooutebergdicembinations ef alssquenceshivomraatiotal Af 2hseqhengast(e’ /! (R  an)hdy

of constructi O thogonal Structured Codes,js also based on the use of a
b1 nary. sequeHBEea pe Japaaree, Th sadudfce seh L2 1) TofetReer it foad sidnd s
cyclically diigkifted bejgiasi - bal anced and satisfies the optimal periodic
autocorrelat%%hrcond?tﬁgn wfor z =0 R=1tl far r~ 0 15 Firstly, a set of
sequences is constructed fromthe wleft or right cyclical shifts of {a~}.
Secondly, if RO rj = -1 for — 4 enent equal
to {-1} is appended to ea&hb%% uence in the Seed % an additi pnal sequence
with all sequence el enments lequal) to {;d } J& appended tw) the spt.
Alternatively, if R( z) = +1g¥9$2{ %%tﬁgn A 25 édggtiegal sefjuence

el ement equal to {+1 } is dppeHted |t mBicl Sbqaetce.dunthe set|and an
addi ti onal sequence with a11‘§éqyeqcF glemenis egual To,[F1 ] s appended
to the set. The resulting Pﬂ “of” selq fla 21 &2 f A mvEn arthagbnal seed

nces
set. Exanpl es of sequences |t hat- are quasi - bal anced and fulfill|the optinal
peri odi c autocorrel ation comgi GO [ICLUHe al I, M SgaUences, [, the bi nary

Bar ker sequences (++-), (+ +{J€“+ijajg[f‘°€++'-l--ai- g2y medypaeddle sequences
when w = 4k'1 for integer k and certain GWVsequences. O her binary




sequences that fulfill these conditions do exist. The procedure for
constructing an orthogonal seed set when {a"} is cyclically distinct,
guasi - bal anced and satisfies the optinmal periodic autocorrelation condition
is illustrated by way of exanple below for {a"} _ (++++- - 34 juhe 002N

m sequence. 30 11 June 2002 -37 {a(e)?Seed Setanl o) ~+++-+_Jan?|>?

| ++-+--+ { 3n(~) }+-+--++-dn(~) }-+--++t-fa fa) "+ +++ {gn(s!

"}~ t+t-,an(6) 1 1| ~ ++-+ {a c~) ~ n_-1l4- A fourth systematic way
to construct a set of Orthogonal Structured Codes is to use a snall 5 set

of Orthogonal ( i of i (m)y
Targer set of DY Neaaeal” ot roar oo fORSHEER RRs pliplelie FANBOL ekhiled B @) or
construct a sed <ok vt fogonalctéd by eiuliplyirgoses séquehce oR{adP} by liee Sthedermet, a,0,
froma set of orthogonal CGold sequences. One of the main constraints on a

wi rel ess commefiteaeomsespondingisequenes as illusated belawevhere gadtcaseticanjainomSeauansEes
ef fects, nultignﬁ fcea§ effects and nultipath propagation effects. The

ef fecti veness %Bf 8@‘@@ gpectrun1techniques to conbat the interference
depends onsthe properties of the signature sequences used to spread the
spectrum The Structure Codes possess good autocorrelation and
crosscorrel ation prde&tii es flor spread speehrddiesysdredss iTkewQ t hogona
Structured Codes a t{‘ ofpart L,ujo)dT s(io) - uaimc*'u(guaus(g e_d.k(,oi)l code—1s—15
orthogonal to ever) { i

Gehat code:i'fr{Enelset .| ' Pepeds adhmumd cat-Pen het wor ks
based on spread speqgifmm,techn dnequgnf iy, use ogthogomal seqguences in
order to cgncel 05 qtheggnss-gﬂqu§§" o E%Lﬁggh—dLéieLg%i—géaﬂgnzes—mhen
correl ated sinultahdésudlly in|eh@x§asf? }f r edueficyaiinda ‘Untal> now.-t'He set of
ort hogonal sequencfS TDST coRmMONTy USed 1§ The V&l S codes taken rTom e
rows of a Hadanmardbmatrix wever "*only gne set of WAl sh’’20 codes exi st
per code length N,|{befd N mhat ' e {ag™itnt eger pauerof af'me., THelsegyency
construction al gor Fthms—descrbed—aboveextemnds—tthe—rmmer—of—sets—of

Ort hogonal Structured Codes per code length N. More inportantly, the

al gorithms ar ghe apablisepbf syarRBE deasied bycdHS}, isicdnsiricted byicbhatartifg the
- Orthogonal Structured Codes for nm racti cal sequence | engths and beyond.

In addition, &equepsesipfahei-thyoseleds %ogcrardimsg@n;re sfined pidep Wher: esihsst fantains

Ut ocor ol at 1 SRCRER Do aeadriat Ebel ol ST RAESue] OE ol sesEndRBEa B g

Codes sumg o gércateh@teddy Getémiing® b AhfAddigucaple cohfnteddorsthefowers dfla priiftive
2002 -38 The flexibility of the construction rule for, generating sets of

Ot hogonal St Fagt pupEmitivRielsmert ysingwoduleearithpetiagnde finlg sen of ingaers#r = 23,
that is, p = = | opNgy ~8~1 1S -
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| +++- +- fa tahl (o et
a1 engrh w Stuetulig Gades onpaths B RRaSh o 3BfLM RETYERE Sl T AR Red
above for i =céhstricted foBthre’hcoﬁditi@nﬁﬁégeﬁd dnlhustrated bel ow. 1o
Zp~X~{ Cf 6) }i { C(91} 0{ CF 8) } 1{ C(8) } 9{ Cf 8) } 300( Cn~~~

Jit+t - - - -t - - - - - - +-+++11{C' i) ~~++-+- - +- ++- +- - +- - - +- - -+ -+
}j 24 (2) 3+ Eondition - " ='ddd pritkie fnfegbit™ - TfX”{ Cn(3)

~i +- - +++- - - ++The grocedure foit consttucting@set df Seadtized Codes is illustrated by way of example
PR R e o e e I e ats ot S o b e Xigt)X{. Cnl s) .

Vi4- - - 4420 ++when m_= § ., Firstly, 3 saed set ~}y@.&qlec@d(a;)dlustrated below.

I o A o e kb

Zrmr~, ~X~{ABI}i{CIA}4{C8)}5{C. (B)}6{C(E7} 700{ Cnf~) )
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U+t +4t ++++t +t +H 444+t 4t SiNCE, a= X 1S a primtive el ement of the
primtive polynomal g(x) = x3+x+1 then the 15 powers of anodulo g(x) are
(ap, at, a2, a~, a4, c~, a~) _ (1, x, xZ, x+1, Xx2+Xx, X2+x+1, 11 June 2002
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X2+1). Hence, q =ps = 23 and the corresponding Miltiplication table M23)
over GF(23) nmodul o g(x) = x3+x+ 1 is illustrated bel ow.

oac~a~a~a~' a%a’' 601xxzx +1x2+xx2+x+1xz+10000000000cz10l xx~x
+1IX2+XX2+X+1X2+1C~X0XXZX +1IX2+XX2+X+1x~+11c~Xx20xzX 1

+l X~+XXZ+X+1X~+] | XC~X+10xX +1x~+xx2+x+1x~+11xx~xZ+x0x~+xxz+x+1&Zﬂ”qiaeg?
+1IX~+X+10X2+X+1Xx2+11xXzX +1Xz+Xxx2+|l OX=+] 1xXZx +I x2+xx~+x+1 Ml tiplication
tabl e over GF(23) for cz= x and g(x) = x3+x¥t The seven non-zero rows of
the Multiplication table can be used to construct seven distinct Addition
tabl es. Addi fn eiis t@dmgsle leachsequence frtht seud seligasiibhgth wroB:- Weranstawt af=3 fsets
Multiplication table is illustrated bel ow O0IxXx~X +1x~+XxX~+x+1x2+1001xx~X
+1x~+xx2+x+| ¥oiRgHhoRrocedure descaibed phevedersx #, 1, 2, 3 and 4 as illustrated below.
+10XZ+AXIX~X2+1IX~+X+IX~X~X" +1X~+X0Xx2+Xx+1xX +11x+1X
+1X1IXa+X+10X2+IX2X2+XX~+XXZ+XX~+X+| XZXX~+10ZX +IX~+X+1IXi +X+IX=+XX~+1X

+IX210XX~+] X' +1X~X~+X[H| g XL+XxsHIxO (16 Iftison kse I far a= x
and g(x) = x3+x+1 W "néncfr?ﬁri H.}:.\ lllgﬂ}f PP{ELL9L~ gg.r r}gc gnrlL}r'::rcﬂ Sr%&lz.\r‘ coset

~ A0
j;;+ac ﬂilng to tHhelrows
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facilitated by assignjng t (m tege +gsi iue_ class+;:,.+_++10 1;4+2 3, 4,
5, 6, i5 7} to the po YDOILn{@T““);eS du-ue cl a8 4 Z[X-]++*+{ Lis¥e K2 X3l X24X,
xz+x+1, x2+1 } accordrmg—to T Jume—2002—a0—the—sequentta— mapprmg 0 ~
0) 1--~1, x--~2, xZ-~3, x+t1 -~ 4, x2+x ~ 5, xz+x+1 ~ 6 and xZ+1 -.>
; bTh;e]p tsge wndg rﬁk&ﬁﬁidc{ﬁhﬁe,}the ir&egdrlrésﬁueemgzgei oy1, 2,0¢/m-13 foim kGalois
ubset f or <
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are ideal for cellular nobile application where a |arge nunber of sets of
sequences with low correlation values are required. {a~'}tmseq. Set
1m seq. Set 2Wal sh CodesOrt hogonal Gold CodesArbitrary Set 1Arbitrary Set
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Structured Codes construfGgdas N TN B, BXATRT BT o SRy FL G alyedr st nct . The
termcyclically distinct B Zim}:ﬁ[‘ c"rmgixg’fh ﬁcﬂvgr‘i/c"wg'l{gﬁc lig the set is
not a cyclical shift of afp'Biher [sbmitthée. Wi i{wh? tbhm ' Sht{ cdfd:hgnce each
sequence is periodic in ody  TNIS; Pr. T, 15, wRa] | agp nasqusg the rows
and col ums of each Addi{ on {4 {:Cf")nzqr?ffé i)aéfc"(jéi%jpnh‘ig‘r,?i‘t is
conjectured that when p p{B8hd s |¥ % hiben Atidict 'dm{ 29D} ds. BVer |GF(ps) wil |

al ways be distinct and hepgenihe re&uhf}lpg«s s of Qrhpganal Sfructured
N1 i iltn i it&n i
& St-Rct- .hfs B Ly s shec

Codes wi || al ways be cychH-eatiy—di PSPty Hfically
beneficial when the sequences are used in nultipath since they will remain
‘orthogonal ' -y igehhe This 116 4 . of Wal sh Codes whi ch
are not cycl iTcgls%geﬁi@ti}hg%Jan% hg’njcgehdglgQ;ne::)1 ﬁ%'tre&r%g‘liﬁaé?vf hogonal in nultipath

unl ess covered or masked by anot her pseudorandom sequence. Wen p = 2 and s
= 2 the rows and col ums of—the-Adgi-tiontables—over-G={(4)—mpdul o g(x) =
x2+x+1 are not distinct (set'The cosgbsarcti on exanpl e given fdar Condition
3). It is conj ectured that{&r)s | $+khre- arky+incrdent--whentdhg Addition
tables are not distinct. Holwm\’eh, {f#+he +eressicorretat-on-condition is

rel axed between sets bel ongim 2:}too Hi+ffer ent+Addi-t F ort+t-abted-ddri ved $om t he
same primtive elenent, the k‘;ﬁ}w t hi*s~Tagd+an hrermattver f'or m of t he

Addi tion table can be used Hpuotted o grari gt —aE t%ciHagge of the

el enents as illustrated bel Q') Subget 1
oaa~Cc~01xx+10001xx+1all0x H1{ee "X X +[L 0d3cr~L e +1 xd G-+Add | t++om tal-e lover G-(22)
for a= x and g(x) = x2+x+1 mi;j\ybdi ieth+Addi t+ ot -t abl+e+based+or) A(22) for a
=x 01 x x+1 1 x+1 0 x x [O{Befhl k*1-% AFter mattve+Addititon tlable over 1 0
(22) for a = x and g(x) =[x #;ggl 1T uAd&* D002+ -+ 44~ - The' d*t 4rnat i ve
Addition table night be ugee:iita—spteadSpestPim-comitinldati-gn syst em
where a single set is depl bR} 0ncbSuBsREr 8by avoi di ng crosscodrel ation with
ot her sets, while ensurind {thdt}. t he+seguenees -of-1 he+set+depl dyed are
cyclically distinct therelylbgjdrant eetrig--ort togonat+ity' -s#t+mhi ti path. |f
several sets of Othogonal { Lyet uf 2t Codettaréttb ‘e~ tepi*dyed
simul taneously then the alltignati ve, Addi 15 tabl® [Td hot Tpreflerable. Using
Structured Codes in a |igh e f f systemis
achi eved by uni pol ar - bi pol dP chrr el 4888 $echniques. I n general .
uni pol ar - bi pol ar correl ati dﬂ’x:l lo i pttioducesta+dr st urbthgtrerm| namely an

of fset that can be renpved {B’y AC c U?*i‘n +1He *phtt dddtector*t ¢ t he recei ver

preanplifier. The offset is{be:é’gSed By *th&~Bite -8t Tibaldice ¢f the
sequences as well as the 7 3 T TAfieods Sedpéhite angni ssions in
the case of CDVA. I n appli bt odet ector is
PRPS§Eiha either bal anced séquences or by
15 [chanmek+ttrat+generates-a+di {f erent i al
hies sejctrid *ehtmirteltr b g~ pt ovitded | by wavel engt h
di vi si on nmul tipl exi ng technfques. [BEIddcsd 'St rtitturdd todéstaje illustrated
hereinafter for |ightwave |cgfmhi ol 1731, “HoweVEr." Orthoddnal $tructured
Codes may al so be used to ‘feé&sea e e ettt pofﬁ*ﬁ-%am | ar signaling
schenme wi thout the need for a second physical channel. 20 A set of Bal anced
Structur dy M0 (her,
bal anced seo 2or o8 ARARL CRARTs DO MBI MAMEEN A beifincer 184 S el
an equal nunkggthof wherdé N 2gsiw'= 15, iet@izaateed b%@%uénﬁ@llﬁeeﬂbﬁﬁatih thedudeeed
the resultin 5t of Structured Codes is also bal anced. Sets of Structured
Codes that aff h&rdmcad, Radendrbanillustrated bevBal anced Structured Codes.
Hence, the identification of bal anced seed sets is specifically relevant to
the generation of Balanced Structured Codes. A systematic way of
constructing Bal anced Structured Codes is al so based on the use of a binary
sequence {a"} _ (ao, al, al, ... aWwl) of length wthat is cyclically
di stinct, quasi-balanced and satisfies the optinmal periodic autocorrel ation
condition 30 R(r~ _ wfor r =0tl for T~ O

needed, the off set can bd Pe
usi ng a conpl enentary (sed dﬁe{
signaling format; nom nall y{bs




11, June, 2002 - 45 Firstly,

| eft or
t hen an addi ti onal
sequence in the set.
addi ti onal
t he set.

right cyclical

Exanpl es of sequences that are quasi -
periodi ¢ autocorrelation condition include al

Bar ker sequences (++-},
when w = 4k-1 for
sequences that fulfil

constructing a bal anced seeq
- bal anced and sati sfi gs{d g o
is illustrated by way of eX
In this exanpl g
~++t-t--,{a" (1) }tt-+4-
~ - - - f
construct a set of Bal anced
Bal anced Structured Codes

set of Bal anced Structured
constructing the Structured
have been identif ed for
Applications of the signaty

guasi
m sequence.

aut o)
~. ~_-+++-_fan(5l

reference to specific

the transmtter and receiv
di recti onal

path for bi-

sequence el enment equal
The resulting set of sequences thus_forma bal anced seed set.

i nt eger

a set of sequences is construc

shifts of {a"} Secondly, if R( 2z)
sequence el enent equal to {-1 } is appe
Alternatively, if R +1 for z$ O

to {+1 } is appended to

bal ancé8- and ful fill
m sequences,

ted fromthe w
_ -1 for t~ 0
nded to each

tnch Sheeee iy

t he opti nal
t he binary

~

[e

@@t (o"f*"é'truc"f:uré'a )Godl:ggen

f\f\ﬂ Lono.00

( +++{-s-tm})

re sequences

L(J.I uull\;ba

-+ + ++ ‘4-++-—--

|w \..Cl
{quk +QD§++ 0+§-2(|+§-§-+ hg- pr OC
ﬁet} gn-{a k.5 -cvelisally. d
ik el perigdic- autecor r

P 1OV 40K - {4+ + } ++ - HrFF -+
ot ¢ +tHhat++mr 7 +7 +Whi 440 -w- =8.
’3)""."{ ‘a.ﬂ"l'(+3)'+-)+_-_- Et--ti;-—-j--’l—t-l- {
et ==+ - 1S +AnOtHer+8y5t e
Ir et CodestHtstto-use 8 s
pall” setrt T tthettorstt Ut |i
ToalyA\ gﬁfltﬂﬁﬁﬁ"*ﬁ§+fhtﬁf
ﬁ@ﬁftl Bnétr*+++++ggLTT+

-+t ++¥+ S+p
e@ﬂ++§9§$-++¥ m.cQuyunj cat
PRCAS W1 RoW e _desari
PE+aNd - 268 Vervsak e hi 420
DAPH Hred- o+ -each-+eAd+-of+ t
Ot ++ TRt - +By+ way - of ++eX g

M ety +bi£or t hogomat+ ey

t heg

ad s

us
lqggsepu
qegimixt
b sate) c
di’tat

25t

(640)

Sher binary 1 o
edure for

stinct,

el ation condition
- - ) i.e. an
{a(") }Seed Set |
a"(,)

matic way to

mal | set of

i on of a |arger
eal i sed for

sets of sequences
i on techni ques.
bed with

tures. Usually,
he comruni cati on
npl e the

ng schene. An

transcei ver design is based {e th
11 June 2002 -46 alternatiyee
schene. In an Mary biorth Sﬂg
transmtted during each sy Shu;nt
represents a co-ordinate i {Q‘Kwd'”ﬂﬂ§hQDQL+§L9ﬂﬁL+§
orthonormal basis function$y Eﬂ)wﬂalthL+pLL oganal,..] the ' 5 synbo
set consists of M2 orthonormalr—pasis runcttrons and therr.conpl ements. For
the transcei ver designs presented, the orthonornal basis functions are
chosen from Fet thepiintitivh oouimat 2 Ster cantconsidicCantaber tmesﬁqinetmﬂgﬁtioapdﬂes over

1 ictent oK s RS MR HaR SR VArbitos st ARk e o & spfolo m s

establ i shed @bﬁnhedednyédbhaty eSO/ R0 rdw f the MElkipREAthROebRlis hedIb chfdmices

Codes as orthonornal basis functions is conpletely new. In the description
whi ch f ol § ondlistinet Addition tablex dbp fiest nog-zefo row-of thy Midtiplication tableisomytrustsgonal

St ruct ured C%%&V&P tgblg gnég:?@m{e wﬂtlé fbllé%fﬁgﬁi}egg@ﬂ%%f§mmgcoﬁwg 3@{)% T
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respectively. In addition, d(t) and D(t) denote unit anplitude, rectangular
bi pol ar and uni pol ar data waveforns, respectively. In this general
arrangenent, the transmtter architecture is firstly described with

reference to Figure 1. Unipolar blnary data tj:1g27gd jnto al:k
= %0 | 0 -
are_usefl to 2hode dne

mul tiplexes at rate 1/ T, where k pl exes out put,

(k-1 ) nost-significant bits (VSB fromK = M2
0 o hegsiynbob wavebor g [The | ease

Ah@ther or not _the sequgence is

2k' ' sequences thereby determnin

significant bit (LSB) determ nes

conpl emented thereby realising the Gotlntr| hhl F of tfhe §y ol code-book. The
resulting synbol waveformis then ahde2 avab | abl @ faér tirapsni ssion. The
transmtter architecture is based| gn|a, st apdgrd;M ary ;25/ bi - ort hogonal
keyi ng schene except that the sywboL wavief or ms ﬁave the ual functionality
of spreading the spectrum and act| Ag|ad lor? hdnotmaP bdsik functions. This

i s possible because the sequemgg@haitﬁ)rtﬁmeq dVep GRS for@f=2r t hogonal
Structured Codes. In general, this may be expressed by 30 ~ ~(i)} - fsn~~
for 0 < 1p < K 1 and the maxi mum val ue of Kis N, 11 June 2002 -47
Figure 2 is a schematic diagramof a receiver design. For the Mary
transmtter architecture presented above, the correspondi ng receiver
consists of a bank of K correlators matched to the orthonormal basis
functions ~(t), where K= M2 2k'I. The outputs fromthe 5 correlators
are passed to sanplers and are sanpled at tinme t KT before being fed into
a deci si on Ioglc bl ock where a ﬁHXIﬁUﬁ1|Ike|IhOOd detectlon of the data

Y .- 1

t he

n

N 1 — M o

L T T Y 1



20 show schematic diagrans of the transmitter and receiver architectures

i ncorporating the electro-optic interfaces. At the transnmitter the sane M
ary bi-orthogonal keying schene is used to generate unipolar synbol
waveforms which directly control a drive circuit that sw tchgﬁoﬁ gi&@bwave
source, such as a Light Emtting D ode or Laser Di ode, on an P in
the generalised architecture of Figure 1, the orthonormal basis functions
are obtained 25 fromsets of Othogonal Structsured Codes. At the receiver
shown in Figure 4, the optical signal is detected by a photodi ode or an
array of photodi odes and anplified by—=abroadiand—transimpedance anplifier
before being fed into a bank of K cofrél al 0¥ s? The dorrellat or out puts are
passed through sanplers to be 30 sanplgd ptytine,t 3 ki and then fed into a
decision |l ogic block that inplenments|a maki mum | i kelihood detection of the
data transnitted. 11 June 2002 - 4B 2Wier? tthe phofodPoge is DC coupled to
the receiver, the unipol ar-bi pol ar cprrel atd on techpi que| presented above
generates an off set if the spreadi ng sequences are_inbalanced. One net hod
to renove this inherent off set is to dsel Bal4nc®d Strtictured Codes as

ort honormal basis functions. However} thel perforerance »ffa full set of

Bal anced Structured 5 Codes is infge Jonc of a full set of
Ot hogonal Structured Codes. If &@Ep%?%lgi%é}ger@(igcoup ed to the
receiver then Orthogonal Structured Codes nmay be used wi thout introducing a

sequence dependent offset. In applicatioR ling is required,

t he of fset produced by inbal anced sgquenge$® clan de Jren%v’ed efficiently by a
di fferential unipolar-bipolar signal]f g fOFﬂB‘lﬁ —Fi guTE, illustrates a
schematic diagramof a 1o differentifal "uni polar i pol & |si gnali ng schene.
JIn addition to renoving the off set |[ef4eqt4 & diZferentifal unipol ar-bi pol ar
si gnal i ng schene renoves common node iftgrferenge. Jhigs (is particularly
useful for conmbating artificial amnbijent Iight interference, such as that
produced by el ectronic-ballast-drivgn tangps, % nandnf¥gred wirel ess
.transm ssion enbodi nent. 15 Bi pol ar |dat ajdg¢th ato axate jof I/T and its
inverse -d(t) are spread by nultinlyi I W Tt Tfonormal basi s
functions ~ (t) and ~s(t), respejé??f\?{g?;t/%b%N%\égrvé{gr@tt?}gn ~s(t) are an

ort hogonal pair of spreading sequences. In practice, ~~ (t) and ~j (t) can
be sel ected $om a set of O'thogonal Strusctured-Codes—As an Ot hogonal
Structured Code (sn~~} and its reverser séqﬁleﬁcel{ ¢ "4~} form an orthogonal
pair, it is recommended that ~ (t) {5~ §n614u2~r§ﬁ) _~s "t'~} are
chosen to result in an efficient allocation o0f Sequenceg. The orthogonal
pair of signals are then converted frdm bipolar 4t 0 %uni2pgl ar format using
Level Shifters, sunmed together and|thenjtfagsmttad @n|a uni pol ar channel
such as a |lightwave nmedium At the feceivyer, .the tqtal nfeceived signal s(t)
is directly multiplied in parallel by 2%he b Bol % 35 drdhonor mal basi s
functions ~ (t) and ~s(t). The outpytst from heonmulti glilers are differenced
and the regsulting difference signalitios td p@aoyé}t@@(lsﬁ&fbgyer t he synbol
period T. In a differential unipolar-bipolar signaling schenme, the in-phase
val ue of the correlator output is the sane as that obtained when a nor nal

bi pol ar - bi pol ar ,si ling.fornpt is .used. 3 he trapsmtter regeiver
ar ohi ¢ ect ur esEaToARRT g AE PRUBS ashio FoReha SBBR LR S e CoalRSm e
uni pol ar - bi podapie sdedlRat W‘&ﬁ_ﬁ@él?&%céiﬁdﬁg Wk chaeReHakidh obdirBPLavet RiqREARE within a
signaling format by augrenting the Mary bi-orthogonal keying schene with
the circuits 8ibsenSinceForprimitye rootid=2ithere200four dgtigenAddjtiomtables then waean
receiver two nultipliers. are requited per~branch., A schematic diagram of an
M ary bi 8t h‘b"d‘gﬁ&?‘ ‘i?&&ﬁﬁﬁn‘?éﬁ‘ég’g%r%%?%%?%ﬁsﬁér %ﬁeff%(f%eﬁfﬁeﬁfé:eéii gnhaling is
shown in Figure 6 while a schematic diagram of the correspondi ng receiver

is shown in Figure 7. In the transmtter, the differential synbol waveforns
drive separ atEurtheymons tie itrger o= 5Sasbve pamétive rpots; a&s2sndwet #.dn ths case a

differential signals.t s..place o he |} ve, channel . Thi s

Cont § gur at | orPHURS R TRHRIEER o Goletier GRIDERE S FRESWerdh e 2 gradylo m can
t hereby avoi dhd\¢hrBietell 36 AhistriteA'Heliwen® in the transmtter. For a given
sequence length N, the spectral eff ciency of a spread spectrum

comuni cdision 1 o system can be substantially increased by using two or
nore distinct sets of Orthogonal Structured Codes in one transceiver.
Figures 8 and 9 show schematic diagrans of a transmtter and receiver,
respectively, that use two distinct orthogonal code sets in an Mary

bi - ort hogonal keying schene. That is, the transceiver consists of two Mary
bi ort hogonal keying schemes conbined in parallel but using two distinct
code sets. In this i 5 case, the capacity of the conmunication link is

I I N 1 T " L T T [ - - I - B . 7 1 \
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decodi ng si gnatwe sequences in a spread spectrum communi cation system In
thi s enbodi ment each renote communication term nal conprises an infrared
transcei ver 20 that can use either the transmitter and receiver gair shown
in Figures 3 and 4, respectively, or the transmtter and recqi]v%ﬁ%@iog
shown in Figures 6 and 7, respectively. For the transceiver n’bj d
according to Figures 3 and 4, binary data is fed into a |l :k rnultiplexer
fromwhich the k 1 MSH are used to chose oné®from K sequences which may or
may not be conplenmented by the LSB. The code set is chosen froma set of
Ot hogonal 25 Structured Codes. THe synbol oWBéﬁEféJl’ a2t haes igenerated is used
to intensity nodulate a |ightwave [souXce rsteh—as—a—tght|Em tting D ode or
a Laser Diode. At the receiver a photosensi%i¥ve %Iet‘éct%r for exanple, a
phot odi ode or an array of photodi qdes} ocd¢tecte the i ghtviave signal. The
resul ting photocurrent is anplified 0anq a l%agy o{ K—col;rel ators generates K
mat ched filter sanples. The K samles are fed into a naxijmum | i kel i hood 30
detector circuit that detects thel|ka'tf&ngmictted 4ata bitg9 and converts them
into a single serial bit stream whi:ch,i$ gn gstjnaie of [the transmtted
data. Each receiver contains a negns pf 11 June 2002 -4l synchronisation
that aligns the received signal wilth & Rell dca |yt geherht¢d spreadi ng
sequences used in the bank of MdgslicatibRiadls2 oEe;rGF(g; fof @rsyei ver

i npl enented according to Figures 6 and 7, unipolar binary data D(t) is 5
fed into an | :k nultiplexer. The k | VBB feed two distinct code sets that

are nutually " e S

or t hogonal O&) {ISAT%QS&%}WO}II%%O r@%?atrﬁgw}'{sl%%ﬁ %atlogﬁ%élé og%reéfw%% sgq%agr]l)(?euéec} n
both code setts cdx@ambtefdubms{mct Acdd)non &Blﬂ:s{WlndStrm}mﬁl cabite s88 tyvoerstiuegionr " Hi "

wi |l not conplenen ~"'~~) w || conpl enent ~n~~}S and vi sa . versa

when the BSB dlﬁlnpbiﬁs(:of &talcnne@l&?ﬁdgyﬁmnhm sﬂeﬁhsr:rs Hs%lé%l When meehilg possible
modul ate a S‘?@g&eﬁs d{ﬁgz{d &%%&%@gg{)gﬁ sé&%?]s cfirdd QQ&csﬁgB uohgg?ﬁ@a ge or a

Laser Di ode. erenti a waveronn 1s forne I'on of the
paral l el synbol wavefonns in the |ightwave nmedium Alternatively, the
paral l el synmbol wavefonezs can_be sumred prior to _electro-optic cgnversio

and the resulSingegheinymbsrafiavailable sasd |setgdy laran snd sivce the nambﬁéoﬁa\allnglpéddltlon

| i ght wave so do,LQ}e gp%lt

exanpl e a phgéﬁgﬁlgﬁg‘%?ﬁ%ﬁnﬁg?wggéﬁ% gﬁl esé et ecttggt%%lgs foe ﬁ%lé %

si gnal . The rimimdt"l’hegefptaotlmdwgc@nde sp;acaaner&d byl thenSitrectiuzed KC agles make thelr
differenti al olIl ﬁ)rs nerateKnatchdfllter X! les. A differential
correl ator cGRB %aﬁg“ PR SLRY A ’&P&V?emﬁr‘l ‘or each possible pair
of synbol wavefornms, whose outputs are subtracted. The K sanples are fed
into a maxi mum | i keI i hood detector circuit that detects the k transmtted
data bits andnSenmenyehes m isemoddimnsime rymbgraetsafSitruchired Codesaare capstalsteddyan

estimate of t n € &S

ynchroni sat FETEE R Pyt RuAind @Rt ARG B o 4G Bbles cepeg
spr eadi ngs sedgranMadtiplivaton tibldd @veAGK (7o) thist spietify teariiqike mmafehaﬁm orderl ifinner
advant ages of the technjques used in the above enbodi nent are: g (1) Wen
combi ned wi t §eqeasss apd finally sepysanaliesAnsatenatingssuseterq fsmonill sst pfetrugtugd
Codes give bandui dth efficient nodul ation schenmes that are robust against
narrow band interference and nmulti path propagation effects. (2) Wen
differential unipolar-bipolar signaling is enbedded within a |ightwave
spread 30 spect nun é)I’W‘UnI cati on S stem,then common node interfering

si gnal s are ~SRGLAY jonsprime tegers »q spectrum systemthis has the

advant agg, of g mg?d/c'e@&etﬁecoggﬁétﬁx?} sef B8R 5es WHLBE B dIHRAHAREillubifarad
mnreless |gh ve spread spectrum system t has t he
added advant dgevayfoferatupierfor #ivel @ Rirstlyiat semd sen{a\5tie selpeted as ittustreted deboed by
interference fromanbient artif cial light. (3) Wen used as direct
spreadi ng sequences, sets of Othogonal Structured Codes remain orthogonal
under multipath condition and in general possess excellent autocorrelation
and crosscorrelation properties. (4) Wen used as direct spreading
sequences, sets of Othogonal Structured Codes aid synchronisation between
transcei ver pairs because they form Conplenentary Sets. In a second
exenpl i f #¢ng enmbodi ment, a radi o comunication systemfor a wirel ess |ocal
to area network conprises a plurality of renote comrunication term nals,
each termnal including a transmtter circuit having neans for generating
and encodi ng signature sequences for spread spectrum comuni cation

techni ques, a nmeans for transmtting coded radio signals and a receiver
circuit for receiving coded radio signals having neans fox decoding
S|gnature sequences in a spread spectrun1connun|cat|on system 15 In this

o, o -




15 communi cation system for use,

net wor'’ks, w

satellite networks conprises a plurality of
that send and receive radio signals to and from
base station.
for generating and encodi ng si gnature sequences for

t echni ques,

rel ess | ocal

| oop netwo

Each renpote term na

for exanpl e,
radi o packet data networks or

rks,

in cell

renmote co
resp

ular nobile radio

muni cation term nal s
ecti velyy, JumecEI02 al

has a transmitter circuit having neans

CDMA conmuni cati on 20

a nmeans for transmtting coded¥adi o signals and a receiver

circuit for receiving coded radio signals having nmeans for decodi ng
n(g@at)}

si gnature sequences in a CDVA conmmu
transmtter circuits having neans f
sequences for CDMA conmuni cation te
radio signals and receiver circuits
havi ng neans for decodi ng signature
system This enbodi nent generally c
connected to a fixed network,
area of coverage of the access poi
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packet data radi o network.
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Structured uEes gl ve pamgwdtiTef T crent— D At oM SCTEmES—tiat _are
robust agai nst narrow band interference and nulti path propagati on effects.
11 June 2002 -55 (2) Wien used as direct spreadi ng sequences, sets of

Orthogonal Structured Codes remain orthogonal under multipath condition and

in gener aI Mohenan is norcprimenthe diegss oesiducslass @nantd, dr dssowrldommiadinite Ring,
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{ 1,0} chip inbalance (see Figure 10). Each receiver contains a neans of
synchroni sation that aligns the received signal with the locally generated
spreadi ng sequences used in the 1o correlator. The advantages of the
techni ques used in the above enbodi nent are: (1) Wen differegiial

uni pol ar - bi pol ar signaling is enbedded within a |ightwave spreéadung 2002
spectrum conmuni cati on systemthen conmmon node interfering signals are
renoved. In a |lightwave CDVA systemthis haglthe advantage of renoving the
DC of fset caused by sequence inbal ance. (2) Wen used as direct spreading
sequences, _SetsqPhisfhiBANB: Sid dittodpéith (UHERPARS FSNUPIARLLE . That is, each
autocorrel ation and crosscorrel ation properties. SpeciticalTy, when ?o
synchr oni sed redife intagar Acen beiekpresseipsra pdwear o€ the prindtiee Mt 5. Chrespehdinghe ags

|1 th / f f t. W d di t d
Sequences.  SeAn BEEANSBRAT) B OPIRbAOTSEEL BILly T AR BhFSIRIREIR b e e
{ranscel ver BaL 3RO Bt oR oY= 10 L SUPLAHER! AlbariBle ared) IRGASEYUAICES,

present ed herernabove represent a sig I'cant devel opnent i’n ’si

sequencess f or7) dready spKTOyHIm § andrihei daa:teismdtngqmiimmblem(rs? dptged below,
Ot hogonal Structured Codes conbine properties of orthogonality for certain
wel | defined cyclical shifts with small autocorrel ati on and

crosscorrel ation val ues for other feyctteat—shiftis——Fhese properti es nake
Ot hogonal Structured Codes ideal |spreadinfl 8eglienfes®in a direct 30
sequence spread spectrum system §$pecififably, whes synchroni sed O thogonal
Structured Codes can give a spect q} eff C%Elby oiglﬁg%bmhile obvi ating the
near/far effect in a nondi spersive cHaRngl | vef, infa dispersive
channel Orthogonal Structured Codgg’rleda| n1 2114Jufe 2002 -s~ orthogonal
unli ke the Wal sh codes. Significaptgy, st hesalgogithm gegcri bed herein is
capabl e of systematically construgting nultiple sets of Jorthogona

sequences for nost practical code|ferjgfhs dnd béyofd.®That is, two or nore
sets of Orthogonal Structured Codea®dam pezcensvrueted flor a given sequence
|l ength N. The inplication bein T I &7 5 be used in
parallel in order to give a su%égtiran Illgal%?l #é?%g{s(z@)l %ré%?’ capacity of a
spread spectrum communi cation system In addition, a very useful property
of Orthogonal, Structured Cod is that they form Co ntary Sets of
sequences. T cqngt,ruqtﬁesug%r{ggﬁiﬁo%p Fg\é%‘fﬂi‘ erset lr{,rmp'(l':) ir%’rf‘)é‘f’ztﬁﬁtmgé fiences
in a setpf bagorals Bhr d ' 15,
except tho 2ErneRRR T (0 PN RUEu S I AaARIcR (i RSP R
sequences is not limted to infrared wirel ess communi cati on but may be
applied to a w de range pf—gomuntreatten—teehntgues—whi-eh—+netyde radi owave
as well as |ightwave techh? qEES arld f X6 SyBsakefor dsSwh eleks tlechni ques. A
sanpl e application tree @%E'quﬁrqkﬁgnﬂW%FiHH&G’E%Eﬂ(&ﬂgi”ﬁ?”““niCation 15

systens t hat woul d parti CH "Iry DeReT it oMt 1eE—Se6 TCes -—cel [ ul ar
nmobi | e radi o networks, J@F@§s |cJé%hUoﬁbH%E'%g}k§9?§¥ Fﬁngégket dat a
networks, satellite netwof{k$ land rdd,'® ), psal),o,68) el Aprles'?}Thg use of
Structured Codes, specifigatiy OO a rpCtared fagilitates
hi gher t hr oughput o? dataﬁ%giﬁa,gigéﬁgig‘ﬁifhfﬁh i bl as o a greater
nunber of users or highef{mdtla rat|ds.?'de{@dth{cfanie's} de.' Raot Her
contribution of the present Tnventron 1s the disclosure of new M ary
digital transm ssion architectures based on Othogonal Structured Codes.
These M ary Einahy,taeset of Ssuctmret iGodes g0 r whick porgaids Voputért sequences) {of Jatachadi s
functions to realise bandwi dth efficient transm ssion schenes that are

r obﬁst to inleggﬁlfﬁ,me At 3G At ponsueied by srarfinlbr joneatenatiog ik gbsets
and specld | o BB ERDy o P S8 PP PG P o oyt ems, radio

systens and optical fibre systens are disclosed. In addition, transceiver
archi tectures based on conbi ni ng i ndependent sets of Othogonal Structured
Codes are disclosed. These architectures can at | east double the capacity
of conventional spread spectrum 30 comruni cati on systens. 11 June 2002
-58 The further contribution to the art is that of differenti al

uni pol ar-bi pol ar signalling. This signalling schene renoves the sequence
dependent off set associated w th unipol ar-bipolar signalling and all ows
any fami20/ of binary signature sequences to be used in a |ightwave

(uni polar) transm ssion system Differential unipolar-bipolar signalling
uses code division s of differential data on a single transm ssion channel.
Code division is ideally achieved using Othogonal Structured Codes,
however, any binary code pair can be used providing they have the sane
{1, 0} inbal ance. The sequences are generated by a conbi nati on of sequence
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and alterations are possible wthin the scope of the invention.

11

2002 -60 lains 1. A nethod for spread spectrum communi cation using a

Si gnat ure sequence,

the steps of

June

the .signature sequence being generated by perform ng
5 selecting a seed set of sequences of a given :
generating a plurality of cosets fromthe seed set of sequenc@ J?J?lf%OOZ

constructing a subset of sequences by concatenating the sequences of a

coset; and constructing a full set of sequenggs by concatenating subsets of
sequences. 15 2. A net hod as claimed in claiml wherein the seed set
cont ai ns binary seguensce 3—A-pethod as—claipedin—clail-m-2—in-whi-ch-t he
bi nary sequence ild Sés'”dl i ¢ &.Fyofiissrierired iedsk - bal anced and sati sfies tlhe
optimal periodic e(u;w’c}M | @k al 4013 +CONdHE v O+ + 20k i 4 v+ A FBL RO sas+elai+mgd i n
claim1 in which|t{Be'*'Jeed +set+iaaREaH 138+ OTPh e -3 guences ++b-+-A+rethed (as
claimed in any of {(sk‘é’} ++Or 4 titRraiice P trh e+ Sieed+ set+HrRe of porat esHa
plurality of innérss&duenees:--z5-6++A+wethod+as+chat red+if-arty - ptecedilng
claimin which théss(g d b et~ 15 Hart trogongd ¥+ 7+ A et Yod +as*ci+airmedHith any of
clains 3 to 6 in gt tuser s wretgtnérated - b%ﬂ-mﬂ*‘t*rgb}m grtetftarn each
i nner sequence by 31’17, Iewé‘h‘f**d‘f** antggsdtirar ey s agtedart A TEtRogd as
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a plurality of rotated sequences. 20 23. An apparatus for constructing and
encodi ng signature sequences for spread spectrum communi cation techni ques,
t he apparatus conprising: a seed set generating neans for constructing a
seed set of sequences; 25 a coset generating neans for generqqhﬂge%@ﬁ ts of
sequences; an expansi on neans fox concatenating sequences of a generated
coset according to a predeterm ned order, to forma subset of sequences for
each 30 coset; and 11 June 2002 -63 a set-Henerating nmeans for
constructing a full set of sequences by concatenating subsets. 5 24. An

apparatus as @oakiEEsihitive réoth 23 v dcaidnbtridi AnStBeCthERdi 4RHRE AAHItRE AR Sver
conprises a plurality of shift registers, each shift register having an

i nput, a syst &qle). fuktly,theMultiplifatioy tabésoves R{l Qrbas¢d gn e poaxgrs oy modulo m is
cel | s/ stages and _an, qutput .to fqrm a sequen f, the seed t.. 10 .25. An
appar atus as EP’éﬁtﬂlgEF%i %gcé’lngfyme R 3?%” Qgﬁieﬁ\q{?\h’ipﬁﬁatf%taggéﬂ “_%egtto construct a
gener ati ng MeaNintA4HEBS tb1) THHrsGHonl 286 Asw bEREMsipE&ition tal1gicahsusts 26.
An apparatus as clainmed in any of clains 23 to 25 in which the expansion

means conpfi sdelditidh tabletlueedriR(Y0)uiseil apeneswhidattia follgwing dlnce aspa@ai mys construct
sequence froma coset: | ural,it f.omul ti Xer.s havyi associ at ed
counters and IaB%f?‘Er tgﬁeé@%t%gyéag{t@ﬁt&l%%vqrmkj as ﬁ‘bﬂt@gfd tWrality of

outputs to forma subset of sequences. 27. An apparatus as clained in any

of clainms 23 to 26 for decoding si a spread spectrum
communi cations system the apparatys conpfisi &y: aimeainsa¥ of recei ving coded
signals; nmeans for generating sequencXfu T s for conbining

recei ved coded signals with sequenge _functions t3 ptaoduce despread signal
out put s; 11 June 2002 -64 neans [dr [conbi i Ag Phedde8prjead si gnal outputs
to generate a data stream and 5 |pgid gifrcyitry;fog arallysing the data
stream 28. A data transm ssion sygtemhgving a transmttier and a receiver,
the transmitter incorporating nmeanp?f gr3tjrahshitfing ditd using a signature
sequence and the receiver formed f ng data
transmtted using a signature 1 o sequence being
generated by perform ng the steps o t of sequences of
a given size; generating a pl JYitiplipatisn tebleel ever ROHtRea Sekd set of
sequences; 15 constructing a subset of sequences by concatenating the
sequences of a coset; and constructing a full set of sequences by

concat enati ng subsets of sequences.| 2 29.0 An Qieoirqm4gnetic radi ati on or
soni ¢ comruni cati ons system for a cesRi-eati-ors—aetwerk conprising a
plurality of renpte conmunication tlerfinal%,3 eath % erfrijnal including a
transmitter circuit having neans for genersatd ng 2% and |encodi ng signature
sequences for spread spectrumco nigati%n%eﬂgwﬂguqﬁ by perform ng the
steps of selecting a seed set of seguéncles of a given slize, generating a
plurality of cosets fromthe seed s structing a subset
of sequences by concatenating the s and constructing a
full set gf sequences by concat gnat. enges, the
transmitt®t circuit 3o al so hav?ﬁ%& itting coded signals
and a receiver circuit for receiving coded signals the receiver circuit
havi ng neans for decodi ng signature.sequences in a spread spectrum

conmuni cati on system 11 June 2002 + G50 30. 7An lel &ctfromagneti c radi ation
or sonic comuni cations system as dFrarmgd—m—ctarnmr29—n which the

conmuni cations network uses a radio f?equ@néy Carrier. |5 31. An

el ectromagnetic radiation or sonic comnunwcaiiansosygtén1as claimed in
claim29 in which the comunications petjwor k. uges gan qulftrasound carrier.

32. An el ectronmagnetic radiation or{ sonijc communi cati ofs system as cl ai ned
in claim29 in which the comuni catli ohs [nét Wor B uges 4a |seismic carrier. 10
3 32 0 4 6
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33. An el ectromagnetic radiation or sonic conmrunications systemas clai ned
in claim29 in which the comunications network uses a |ightwave carrier.
34. An el ectronmagnetic radiation or sonic comunications system as clai ned
in claim15 33 in which the comunications network uses an igfr 00
carrier. 35. An electromagnetic radiation or sonic conmuni cati ons system as
claimed in claim33 or 34 in which the receiver circuit incorporates a
phot odet ector, the phot odetector having an gﬁgociated coupl i ng nmeans
communicating with a receiver 20 preanplifier. 36. An el ectromagnetic

radi ati on or sonic comruni cations systemas clainmed in claim3 ~ in which
the coupling neans is fornmed for differential signal recognition. r 25 37.
An el ectronagneti c radi ati on or sonfe—cofnuntcattons—systemas clained in
any of claims 29 to 36 in which the|seed|s®t?ista Bal &n¢ed seed set. 38.

An. el ectromagnetic radiation or sopig comrupicatignsgSystemas clainmed in
any of clains 29 to 37 in which the| encoding signature $equences

i ncor porates orthogonal 30 structurged’cofes. 1 9uné 2002 -66 39. A
conmmuni cations nethod for transm ssjon of aga 2n & netyrk using a

uni pol ar bi pol ar signaling schene, thg s:hpq; hgvigg goje di vi si on means
for separating differential data on a“unj polar ©or bip0lar transm ssion
channel. 40. A communications nethod Por| t¥ asn® ss?on8of data as clained in
claim39 in which the code divi $4 : _ Infry sequence. 41. A
communi cations nethod for trans%?gngﬁagﬁaﬂ%?gkggﬂgﬁé?ne% inclaim40 in
whi ch the binary sequence is orthogonal. 10 42. A commruni cations nethod for

transm ssi on of .as aimed in.any of clains_ 39 to 41 ipncaqrporatin
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10  modulo g(x) and correspond to the non-zero residue polynomials in Z,[x]. That is, each
residue polynomial can be expressed as a power of the primitive element «.
Correspondingly, an Addition table over GF(p") based on the powers of & modulo g(x) can
be constructed. Thus, @=x is a primitive element of the primitive polynomial g(x) =
x*+x+1 and the powers of amodulo g(x) are (a’o, arl, az) =(1,x,x+1). Hence,g=p’= 22

15  and the corresponding Addition table A(2%) is illustrated below.

0o & 2+ 2

+ 0 1 x Xx+1

0 c 0 1 x x+1
2 |1 1 0 x+l Xx
& | x X x+#1 0 1
2 |+l | x+1 x 1 0

Addition table-1 over GF(2%) for &= x and g(x) = x*+x+1

We construct a subset {5}, corresponding to each coset {c"™}; by concatenating the

sequences of {¢™}, according to the rows of the Addition table A(2%). This procedure is
20 facilitated by assigning the integer residue class Z=s = {0, 1, 2, 3} to the polynomial

residue class Zy[x] = {0, 1, x, x+1} according to the sequential mapping 0 —» 0,1 — 1,x

—» 2 and x+1 —> 3. Then the i-th subset {4}, is illustrated below.
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Finally, a set of Structured Codes {s*’}, which contains N outer sequences, {5}, each of

length N where N = gxw = 16, is constructed by sequentially concatenating the subsets
(6™} fori=0, 1, 2, and 3 as illustrated below.
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109€&& () - H

1086E&& () - H

{29} Structured Codes
{9} B
{s'V}) | #rmrrrrrocmrore
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For the primitive element @ =x we can construct another two distinct Addition tables over

GF(2%). Firstly, the Multiplication table over GF(22) based on the powers of & modulo g(x)

is constructed. Secondly, each non-zero row of the Multiplication table is used to construct

a distinct Addition table. The first non-zero row of the Multiplication table constructs

Addition table-1 over GF(2%) used above while the following two non-zero rows construct

another two distinct Addition tables as illustrated below.

0 & & 2
X 0 1 X x+1
o 0 0 0 0 0
@ i1 0o 1 x  x+1
& 1 x 0 x x+1 1
& | x+1 |0 x+1 1 x

Multiplication table-1 over GF(2%) for @=x and g(x) = o+l

+ 0 x x+1l 1
0 Q x x+1 1
X X 0 1 X+1
x+1 x+1 1 Q x
1 1 X+l x 0

Addition table-2 over GF(2%) for @ =x and g(x) = x*+x+1
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0 & & 2
x 0 1 X+l x
0 0 0 0 o] 0
2 11 0o 1 x+1 x
& | x+1 |0 x+1 x 1
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Multiplication table-2 over GF(2%) for @=x+1 and g(x) = x*+x+1

15  As before, each non zero row of the Multiplication table over GF(2?) for &= x+1 can be
used to construct three distinct Addition tables which in turn can be used to construct three
distinct sets of Structured Codes from the same seed set.

Since there are exactly @#p°-1)5 distinct primitive polynomials of degree s in GF(p°), then
20 there is only one primitive polynomial g(x) =x* + x +1 when m = 2%. Hence, when m =27 it

is possible to construct a total of six distinct sets of Structured Codes from one seed set.
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Although m = 15 has no primitive roots, we can construct another seven distinct Addition
tables over R(15). Firstly, the Multiplication table over R(15) based on the #15)=8

residue integers relatively prime to 15 is constructed as illustrated below.

% 0 1 2 4 7 8 11 13 14
0 0o 0 0 0 0o 0 0 O O
1 6 1 2 ¢ 7 8 11 13 14
2 0 2 4 8 14 1 7 11 13
4 © 4 8 1 13 2 14 7 11
7 0 7 14 13 4 11 2 1 8
8 0 8 1 2 11 4 13 14 7
11| 0 117 14 2 13 1 8 4
13/ 0 13 11 7 1 14 8 4 2
14| 0 14 13 11 8 7 4 2 1

Multiplication table over R(15) using Z; when m = 15

Secondly, each non-zero row of the Multiplication table is used to construct a distinct
Addition table. The first non-zero row of the Multiplication table constructs Addition
table-1 over R(15) using Z; when m = 15 was illustrated above while the following seven
non-zero rows construct another seven distinct Addition tables over R(15) using Z; when m

=13.

Each Addition table can be used to construct a set of Structured Codes from the same seed
set by uniquely specifying the concatenation order of coset sequences within a subset.
Since for m = 15 there are eight distinct Addition tables over R(15) using Z; when m =15
then we can construct eight sets of Structured Codes for a specified seed set. However,
because there are no primitive roots then only one Multiplication table can be constructed

in this case.
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In a similar manner, a refinement to the alternative construction rule is possible when m =
p’. For any irreducible polynomial g(x) of degree s over GF(p) the residue classes Z,[x]
form a Galois polynomial field over GF(p) with respect to addition and multiplication
modulo g(x). The Galois polynomial field over GF(p) contains exactly p° polynomial
5  elements each of degree < s-1 and each belonging to the residue classes of polynomials
Z,[x] modulo g(x).
For this refinement, the only requirement is that the polynomial g(x) be irreducible. Then
the residue classes Z,[x] can be used directly to construct a distinct Multiplication table
over GF(p°). However, only one multiplication table can be constructed for this case.

10  Subsequently, each non-zero row of the Multiplication table can be used to construct a
distinct Addition table, which in turn defines the concatenation order of coset sequences
that make up a subset. A further refinement in this case is also possible. When g(x) is a
primitive polynomial then the construct described in Condition 3 is used since for any
primitive element @ of GF(p") the powers of @, namely &, d, &, ... d"? are all distinct

15  modulo g(x) and correspond to the non-zero residue polynomials in Z,[x]. That is, each
residue polynomial can be expressed as a power of the primitive element « and the order ¢
of the primitive element « is equal to p’-1 such that & = 1. Correspondingly,
Multiplication and an Addition tables over GF(p®) based on all the powers of @ modulo
g(x) can be constructed. However, if the polynomial g(x) is irreducible but not primitive

20 then for any element @ of GF(p®) the powers of &, namely 2, ... "7 are not all
distinct modulo g(x). Instead, if the order of element ais & where £<p°-1 but £| p’-1 is the
least positive integer for which & = 1, then the powers of zzup to &1, namely ap, a, &,
... &, are distinct modulo g(x). In this case it is possible to construct Multiplication and
Addition tables over GF(p®) based on the powers of aup to &1,i.e. &, &, &, ... &,

25 modulo g(x). If this further refinement is used then it is preferable to chose an element
with the largest possible value of £ where there are exactly #(£) elements of order £and
hence it is possible to construct /&) Multiplication tables corresponding to the order &
Once Addition tables are defined then the construction of Structured Codes can proceed as
normal.
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VSO () -\ YR Coes Th prastics, the fost useful constuctd are providad by Londitions 1, 3
and the Alternative Construct using the integer residue class Z,. The constructs provided
by Condition 2 and the refinements described above, when m is non-prime without

5  primitive roots or when g(x) is irreducible but not primitive, are less useful in practice but

nonetheless complete.

The algorithms illustrated above provide a systematic way of constructing a very large
number of sets of Structured Codes. In this section algorithms are illustrated that provide
10  guidelines for selecting seed sets that generate particularly useful Structured Codes for
application in communication systems. Specifically, three families of Structured Codes are
identified called Cyclical, Orthogonal and Balanced Structured Codes, respectively. The
properties of a set of Structured Codes are underpinned by the seed set from which they are
constructed. In general, a seed set can be selected from any family of sequences including
15  binary or non-binary, real or complex, quadriphase or polyphase etc. with corresponding
mathematical operations being performed accordingly. For example, in the case of binary
sequences there are 2*!/m!(2"-m)! possible distinct seed sets consisting of m sequences
each of length w. Hence, even for modest values of m and w the number of seed sets
available is very large indeed. For example, when m =4 and w = 4 there are 1820 available

20  binary seed sets.

In the case of binary sequences, a seed set could be constructed from any set of random
binary sequences. However, the first and most obvious way to select a seed set is to choose
it from a set of known sequences that have known good correlation properties. For

25  example, we can select the seed set from a set of m-sequences or Gold sequences or Gold-
like sequences or small sets of Kasarni sequences or large sets of Kasami sequences or
Barker sequences or Legendre sequences or GMW sequences or Golay sequences or Frank
sequences or Chu sequences or Huffman sequences etc. etc.. However, sets of Structured
Codes with good correlation properties are obtained when the number m of sequences in

30  the seed set is equal to the length w of a seed sequence, that is, m = w. More specifically, if
the binary sequence {a,} =(ao, a1, a2, ... au1) of length w is cyclically distinct, quasi-

balanced and satisfies the optimal periodic autocorrelation condition
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then a seed set {a"} constructed from the w left or right cyclical shifis of {a,} produces
5  sets of Cyclical Structured Codes with good correlation properties. The term quasi-

balanced is taken to mean that the number of "+" and "-" elements in {a,} differ by one.
The name Cyclical Structured Codes refers to the cyclical methed used to construct the
seed set. Examples of sequences that are quasi-balanced and fulfill the optimal periodic
autocorrelation condition include all m-sequences, the binary Barker sequences (++-

10 ),(+++--+-)and (+++---+--+-), Legendre sequences when w = 4“! for integer k and
certain GMW sequences. Other binary sequences that fulfill these conditions do exist. The
procedure for constructing a seed set for generating a set of Cyclical Structured Codes is

illustrated by way of example below when m =w =7 and {g,} = (+++-+--),i.c. anm-

sequence.
15

{at™} Seed Set
{an'®} bt~
{an'*’}) ot
{a,'? ottt
{a,'?} bt
a,' b
{an‘®'} -t
{a,'®)} bbb

One of the most significant constructs used in the generation of Structured Codes occurs
when the seed set is orthogonal and m = w. The term orthogonal is taken to mean that
every sequence in the seed set is orthogonal to every other sequence in the seed set. When
20  the seed set is orthogonal and m = w then the resulting set of Structured Codes is also
orthogonal. Sets of Structured Codes that are orthogonal have been called Orthogonal
Structured Codes. Hence, the identification of orthogonal seed sets is specifically relevant
to the generation of Orthogonal Structured Codes. It is almost certain that there is only one
periodic sequence that satisfies the ideal periodic autocorrelation condition shown below:

25
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orthogonal then the Structured Codes generated are also orthogonal. A third systematic
10  way of constructing Orthogonal Structured Codes is also based on the use of a binary
sequence {a,} = (ao, ay, ay, ... ay.1) of length w that is cyclically distinct, quasi-balanced

and satisfies the optimal periodic autocorrelation condition

w for =0

R(7) = .
) {il for 20

15
Firstly, a set of sequences is constructed from the w left or right cyclical shifis of {a,}.
Secondly, if R(2) = -1 for r# 0 then an additional sequence element equal to {-1} is
appended to each sequence in the set and an additional sequence with all sequence
elements equal to {-1} is appended to the set. Alternatively, if R(2) = +1 for 7 0 then an

20  additional sequence element equal to {+1} is appended to each sequence in the set and an
additional sequence with all sequence elements equal to {+1} is appended to the set. The
resulting set of sequences thus form an orthogonal seed set. Examples of sequences that are
quasi-balanced and fulfill the optimal periodic autocorrelation condition include all m-
sequences, the binary Barker sequences (++-), (+++-~+-) and (+++-~=+--+=-),

25  Legendre sequences when w = 4! for integer & and certain GMW sequences. Other binary
sequences that fulfill these conditions do exist. The procedure for constructing an
orthogonal seed set when {a,} is cyclically distinct, quasi-balanced and satisfies the
optimal periodic autocorrelation condition is illustrated by way of example below for {a.}
= (+++-+--), 1.e. an m-sequence.
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A fourth systematic way to construct a set of Orthogonal Structured Codes is to use a small
5  set of Orthogonal Structured Codes as the seed set in the construction of a larger set of
Orthogonal Structured Codes. A fifth systematic way to construct a set of Orthogonal

Structured Codes is to select the seed set from a set of orthogonal Gold sequences.

One of the main constraints on a wireless communication system is the interference

10 produced by co-channel effects, multiple access effects and multipath propagation effects.
The effectiveness of spread spectrum techniques to combat the interference depends on the
properties of the signature sequences used to spread the spectrum. The Structure Codes
possess good autocorrelation and crosscorrelation properties for spread spectrum systems.
The Orthogonal Structured Codes are of particular significance because each code is

15  orthogonal to every other code in the set. Wireless communication networks based on
spread spectrum techniques frequently use orthogonal sequences in order to cancel out the
cross-interference between different sequences when correlated simultaneously in the same
frequency band. Until now the set of orthogonal sequences most commonly used is the
Walsh codes taken from the rows of a Hadamard matrix. However, only one set of Walsh

20  codes exist per code length N, where N must be an integer power of two. The sequence
construction algorithms described above extends the number of sets of Orthogonal
Structured Codes per code length N. More importantly, the algorithms are capable of
systematically constructing multiple sets of Orthogonal Structured Codes for most practical
sequence lengths and beyond. In addition, a very useful property of Orthogonal Structured

25  Codes is that they form a Complementary Set of sequences. That is, the aperiodic
autocorrelation function of all sequences in a set of Orthogonal Structured Codes sum to

zero for every time shift, except the zero shift.
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1s 1llustrated by way of example when m = 2°, that is, p = 2 and s = 3. Firstly, an orthogonal
seed set {a®} is constructed using the m-sequence {a,} = (+++-+--) which is cyclically

5  distinct, quasi-balanced and satisfies the optimal periodic autocorrelation condition.

{at®}) Seed Set
{as'"} .
{an'V} R
{a,® o
{an™! TR Rr
ap' RS
{an'®) -
{an‘® S
(3} |~

In this example, each sequence in the seed set has length w = 8. We construct w =8 cosets

using the procedure described above fori=0, 1, 2, 3, 4, 5, 6 and 7 as illustrated below.

10

Zn | Zplxl {c'®} {c®}, {c'®} {c'®}, {c'™}s

o |o {ca'¥} O S I U R
1 |1 {cn'® Y}y | #+-t-=t= | dtobmmtm | cmdmbdet | b —de
2 |x {ca'®}y bbb | =gt | bmdemps | bkt
3 | x+d {ca!P}y | #=tmmmt | cpmmtbd= | dmbdmnd | bmde- -t
4 |2 {cn )}y | #==ttt== | =ttt | b | -
5 | X+1 {ca'®} R b I L S BT T
6 | X+x {ca'®} et ot o T T e B B
7 Eax+l | ("} B T I = v arariy RSO s
Zn Zp[x] {c®}, {c'®}a {c'®}s {c}s {c'®}q

0 |o {en'¥} dtdmtmm = | mmmdedbb | mmempmddd | =t
1 |1 {en'*} L T o et T B S B T e
2 | x {cn®}y | =44 | #obmmtt= | #otomdte | —rott -+
3 | x+1 {Ca® )i | ~dmmtbtm | bbb | cdemdddn | oot
4 | {ea'*}s Fompdtm= | dmmtbm~ | cpbmmett | -t
5 | X+l (€™} | =ttt | #vmccbodt | ottt | o
6 | XP+x {cn'®}y | #-==dmtt | —tdt=b-= | o=ttt | demmt=tt
7 P Pex+l | ')} | bt | bbbttt | bbbttt | bbb

Since, @ = x is a primitive element of the primitive polynomial g(x)

= x’+x+1 then the

15 powers of @modulo g(x) are (&, &, &, &, d, o, P)=Q,x %, x+1, XP+x, X+,
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10 | " Addition table-1 over GF(2°) for &= x and g(x) = x*+x+1

We construct a subset {5}, corresponding to each coset {c™}, by concatenating the
sequences of {c™}; according to the rows of the Addition table A(2%), where g=p° = 2
This procedure is facilitated by assigning the integer residue class Z-g = {0, 1, 2, 3,4, 5, 6,

15 7} to the polynomial residue class Z[x] = {1, x, x%, x+1, x™+x, x*+x+1, x+1} according to
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5  Then, a set of Orthogonal Structured Codes {s%*} which contains 64 orthogonal
sequences, {s:’}, each of length 64 is constructed by sequentially concatenating the

subsets {6®}; fori=0, 1,2, 3, 4, 5, 6 and 7 as illustrated below.
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For each primitive element & we can construct a total of seven distinct sets of Orthogonal
Structured Codes from the same seed set because seven distinct Addition tables can be
derived from any one primitive element. While the sequences are orthogonal within each
5  set they are not orthogonal between sets. However, the inphase crosscorrelation value

between sequences belonging to different sets derived from the same primitive element is
always equal to NV * (i.e. 8 in this case) since the corresponding Addition tables are
guaranteed to have only one coincident element per column. Furthermore, since there are
exactly ¢(p*-1) = #(2°-1) = 6 primitive elements, corresponding to the residue polynomials

10 in variable x modulo g(x), then the total number of sets of Orthogonal Structured Codes
that can be constructed from each primitive polynomial is 42 (i.e. 6 x 7). And since there
are exactly gp°-1Ys = #2°-1)/3 = 2 primitive polynomials of degree s = 3 in GF(2*), which
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1) primitive elements each with p’-1 distinct Addition tablies. Consequently, the total

number of distinct sets of Orthogonal Structured Codes that can be constructed from a

common seed set for the condition m = w is given by

S

g \p’ -1 w(p* 1),

Since the number of orthogonal seed sets available is large when m = w > 4 then the

overall numbers of sets of Orthogonal Structured Codes that can be constructed is very

large indeed. For example, the following table illustrates six distinct orthogonal seed sets

each of which can be used to construct a set of 64 Orthogonal Structured Codes. The table

is by no means exhaustive and many more orthogonal seed sets containing m = 8

sequences each of length w = 8 exist. The example shown includes an orthogonal

construction on the two m-sequences of length seven, a set of Walsh codes taken from an 8

x 8 Hadamard matrix, an 8 x 8 set of orthogonal Gold sequences and two arbitrary 8 x 8

sets of orthogonal sequences. For the example being illustrated a total of 504 distinct sets

of Orthogonal Structured Codes each containing 64 orthogonal sequences of length 64

could be constructed using the six orthogonal seed sets identified. Clearly, such sequences

are ideal for cellular mobile application where a large number of sets of sequences with

low correlation values are required.

{a'®}, m-seq. m-seq. Walsh Orthogonal | Arbitrary | Arbitrary
Set 1 Set 2 Codes Gold Codes Set 1 Set 2
{@n' P}y | #4dmt=m= | dbtbmmtmm | dbbbddbt | bbbt R e - S
(@} | dbmdmmtn | dbmmtmbm | tmdmdmde | bbbt e e IR et ot
{@an'®}y | #=4==td~ | +=-t=tt~ | tFomtt-- A PR L
{@n}s | =+ttt | mmbmdbbt | bbbt | dbbmtp-- === | m==-- +++
{@n )}y | #==tbtmm | bt | bbdtm-—- e, T B et +
{as'®"} et~ | debbpemn | fmpmme bbb =t T S R i
{389}y | ~4+4odon | mtdbmts | dpmnmetd | dmmmmimt e I el b
{aﬁ”}, ---------------- B sl o i it o et =44 htbt+t ittt i




yXo 10%."& ()-yx 10%"& ()-yx 10%"& ()-' yx 10% " & ()-NQcj meE+6yx

10%"& ()-yx 10%"& ()-yx 10%"& ()-yx 10%"& ()-' -yx 10%"& ()-yx

10% " & ()-~hL, 6yx 10%"& ()-yx 10%"& ()-' yx 10%"& ()-yx 10% " & ()-yx

10% " & ()-' eGteyx 10%"& ()-' yx 10%"& ()-yx 10%"& ()-yx ]@(‘V géﬁb' yX
= _gx

10% " & ()- eE+6yx 10% "& ()-yx 10%"& ()-yx 10%"& ()-yx 10% "

10%"& ()-yx 10%"& ()- hL,6yx 10%"& ()-yx 10%"& ()-' yx 10%"& ()-yx
10% " & ()-yx 10% " & ()-' /07: KLUeG+6yx 10%43& ()-' yx 10%"& ()-yx
10% " & ()-yx 10%"& ()-' yx 10% " & ()-UvghogjJ, 6" yx 10%"& ()-yX

10% " & () - yX 1 Qefliméry( te seV 8f ORWbgSha BrondnulddEods(chnbtdioted ihAbEs' eXamptevate

10

15

20

cyclically distinct. The term cyclically distinct is taken to mean that every sequence in the
set is not a cyclical shift of any other sequence within the set and hence each sequence is
periodic in NV = 64. This property is realised because the rows and columns of each
Addition table are distinct. In general, it is conjectured that whenp > 2 and s 2 3 the
Addition tables over GF(p*) will always be distinct and hence the resulting sets of
Orthogonal Structured Codes will always be cyclically distinct. This property is
specifically beneficial when the sequences are used in multipath since they will remain
'orthogonal' in multipath. This is in contrast to sets of Walsh Codes which are not
cyclically distinct and hence do not remain orthogonal in multipath unless covered or
masked by another pseudorandom sequence. When p = 2 and s = 2 the rows and columns
of the Addition tables over GF(4) modulo g(x) = x*+x+1 are not distinct (see the
construction example given for Condition 3). It is conjectured that this is the only incident
when the Addition tables are not distinct. However, if the crosscorrelation condition is
relaxed between sets belonging to different Addition tabled derived from the same
primitive element, then for this case an alternative form of the Addition table can be used

which involves a rotation or exchange of the elements as illustrated below.

o & &
+ 0 1 b4 X+1
0 0 0 1 x x+1
A {1 1 0 x+1 x
a | x x x+1 0 1
& | x+1 | x+1 x 1 0

Addition table over GF(22) for &= x and g(x) = x*+x+1

Modified Addition
table based on

A(2%) for a = x

0 1 X X+1

1 x+1l O X
X 0 x+1 1
X+l x 1 0

Alternative Addition table over GF(2%) for &= x and g(x) = xPx+]
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The alternative Addition table might be used in a spread spectrum communication system
where a single set is deployed once, thereby avoiding crosscorrelation with other sets,
while ensuring that the sequences of the set deployed are cyclically distinct thereby
guaranteeing 'orthogonality’ in multipath. If several sets of Orthogonal Structured Codes

are to be deployed simultaneously then the alternative Addition table is not preferable.

Using Structured Codes in a lightwave spread spectrum communication system is achieved
by unipolar-bipolar correlation techniques. In general, unipolar-bipolar correlation
introduces a disturbing term, namely an offset that can be removed by AC coupling the
photodetector to the receiver preamplifier. The offset is caused by the one-zero imbalance
of the sequences as well as the number of simultaneous sequence transmissions in the case
of CDMA. In applications where DC coupling of the photodetector is needed, the off-set
can be removed by using either balanced sequences or by using a complementary (second)
channel that generates a differential signaling format; nominally the second channel being
provided by wavelength division multiplexing techniques. Balanced Structured Codes are
illustrated hereinafter for lightwave communication. However, Orthogonal Structured
Codes may also be used to realise a differential unipolar-bipolar signaling scheme without

the need for a second physical channel.

A set of Balanced Structured Codes can be constructed from a balanced seed set. The term
balanced seed set is taken to mean that every sequence in the seed set has an equal number
of "+1" and "-1" elements. When the seed set is balanced the resulting set of Structured
Codes is also balanced. Sets of Structured Codes that are balanced have been called
Balanced Structured Codes. Hence, the identification of balanced seed sets is specifically
relevant to the generation of Balanced Structured Codes. A systematic way of constructing
Balanced Structured Codes is also based on the use of a binary sequence {a.} = (ao, a1, a2,
.. ay.1) of length w that is cyclically distinct, quasi-balanced and satisfies the optimal

periodic autocorrelation condition

w for =0

R(z)= :
(=) {il for z#0
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Firstly, a set of sequences is constructed from the w left or right cyclical shifts of {a,}.
Secondly, if R(z) = -1 for 7= 0 then an additional sequence element equal to {-1} is
appended to each sequence in the set. Alternatively, if R(7) =+1 for 7 0 then an
additional sequence element equal to {+1} is appended to each sequence in the set. The
resulting set of sequences thus form a balanced seed set. Examples of sequences that are
quasi-balanced and fulfill the optimal periodic autocorrelation condition include all m-
sequences, the binary Barker sequences (++-), (+++--+-) and (+++--~+--+-),
Legendre sequences when w= 4°" for integer k and certain GMW sequences. Other binary
sequences that fulfill these conditions do exist. The procedure for constructing a balanced
seed set when {a,} is cyclically distinct, quasi-balanced and satisfies the optimal periodic
autocorrelation condition is illustrated by way of example below for {a,} = (+++-+--),

i.e. an m-sequence. In this example we note that m = 7 while w =8.

{a'™} Seed Set

a,'% IR
{a.*" .
{a,'*)} R b &
{a,"??} —dm et~
{an'®} [ #--+++--
{a,'®} e T
{a,'9}) bbb~

Another systematic way to construct a set of Balanced Structured Codes is to use a small
set of Balanced Structured Codes as the seed set in the construction of a larger set of

Balanced Structured Codes.

Algorithms are thus realised for constructing the Structured Codes. Additionally, specific
sets of sequences have been identified for use in spread spectrum communication

techniques.

Applications of the signature sequences will now be described with reference to specific
transmitter and receiver architectures. Usually, the transmitter and receiver are combined at
each end of the communication path for bi-directional communication. Thus, by way of

example the transceiver design is based on an M-ary bi-orthogonal keying scheme. An
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alternative example would be an M-ary orthogonal keying scheme. In an M-ary bi-
orthogonal keying scheme one of M possible symbols is transmitted during each symbol
interval, where M > 2. Each symbol represents a co-ordinate in a X-dimensional signal
space using K = M/2 orthonormal basis functions. In M-ary bi-orthogonal keying the
symbol set consists of M/2 orthonormal basis functions and their complements. For the
transceiver designs presented, the orthonormal basis functions are chosen from sets of
Orthogonal Structured Codes. Consequently, spectrum spreading and M-ary transmission
are combined in a single bandwidth efficient modulation scheme. Though M-ary bi-
orthogonal keying is an established digital modulation scheme, the use of Orthogonal

Structured Codes as orthonormal basis functions is completely new.

In the description which follows the notation adopted is: {#,"} denotes the j-th Orthogonal
Structured Code with elements ¢, e {£1}; {@} denotes the unipolar version of {4,"}
with elements &, € {1,0}; and 4(¢) and &(¢) denote bipolar and unipolar waveform
versions of {4} and {9}, respectively. In addition, d(z) and D(f) denote unit

amplitude, rectangular bipolar and unipolar data waveforms, respectively.

In this general arrangement, the transmitter architecture is firstly described with reference
to Figure 1. Unipolar binary data D(?) is fed into a 1:k multiplexer at rate 1/7, where k =
log:M. At the multiplexer output, the (~1) most-significant bits (MSB) are used to chose
one from K = M/2 = 2*! sequences thereby determining the symbol waveform. The least
significant bit (LSB) determines whether or not the sequence is complemented thereby
realising the other half of the symbol code-book. The resulting symbol waveform is then
made available for transmission. The transmitter architecture is based on a standard M-ary
bi-orthogonal keying scheme except that the symbol waveforms have the dual functionality
of spreading the spectrum and acting as orthonormal basis functions. This is possible

because the sequences are taken from sets of Orthogonal Structured Codes. In general, this

may be expressed by
(47 = (™)

for 0 < j < K-1 and the maximum value of Kis N.
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estimate of D(¢) the original unipolar binary data inputted to the transmitter.

In a first embodiment, a wireless communication system is disclosed. The transmitter and
receiver architectures described with reference to Figures 1 and 2 are adapted for use with
15  coded signals based on Orthogonal Structured Codes. Such generalised architectures may
be used in any spread spectrum signaling scheme. For example, in a radio communications
system the output of the transmitter shown in Figure 1 can be directly carrier modulated
using either amplitude, frequency or phase modulation techniques. In a wireless infrared
communication system based on unipolar-bipolar correlation techniques, Figures 3 and 4
20  show schematic diagrams of the transmitter and receiver architectures incorporating the
electro-optic interfaces. At the transmitter the same M-ary bi-orthogonal keying scheme is
used to generate unipolar symbol waveforms which directly control a drive circuit that
switches a lightwave source, such as a Light Emitting Diode or Laser Diode, on and off.
As in the generalised architecture of Figure 1, the orthonormal basis functions are obtained
25  from sets of Orthogonal Structured Codes.

At the receiver shown in Figure 4, the optical signal is detected by a photodiode or an array
of photodiodes and amplified by a broadband transimpedance amplifier before being fed
into a bank of K-correlators. The correlator outputs are passed through samplers to be
30  sampled at time ¢ = kT and then fed into a decision logic block that implements 2 maximum

likelihood detection of the data transmitted.
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or the transmitter and receiver pair shown in Figures 6 and 7, respectively. For the
transceiver implemented according to Figures 3 and 4, binary data is fed into a 1:k
multiplexer from which the k-1 MSB are used to chose one from K sequences which may
or may not be complemented by the LSB. The code set is chosen from a set of Orthogonal

25  Structured Codes. The symbol waveform thus generated is used to intensity modulate a
lightwave source such as a Light Emitting Diode or a Laser Diode. At the receiver a
photosensitive detector, for example, a photodiode or an array of photodiodes, detects the
lightwave signal. The resulting photocurrent is amplified and a bank of X-correlators
generates K matched filter samples. The K samples are fed into a maximum likelihood

30 detector circuit that detects the % transmitted data bits and converts them into a single serial

bit stream, which is an estimate of the transmitted data. Each receiver contains a means of



=Q "10%9%& ()-1 "10% 9%& ()-1 "10% 9%& ()-1 "10% 9%& ()-1 "10% %& ()-dD; cn
=Q "10% 9%& ()-1 "10% 9%& ()-1 "10% 9%& ()-1 "10% 9%& ()-1 "10% %& ()-|

"10% %&' ()-gG ;| "10% %& ()-1 "10% %& ()-1 "10% %& ()-:cn =Q "10% %& ()- |
"10% % ()-1*+ #;cn =Q "10% % ()-1 "10% % ()-1 "10% % ()4 "rjr?%gg ()-1
"10% %& () - +- 2<>GPdD; cn =0 "10% %' ()-1 "10% %& ()-1 "10% & P}

"10% %&' ()-1 "10% %&' ()-1 "10% %' ()-PYbcdisgG :| "10% %&' ()-1 "10% %& ()- |
"10% %&' ()-:cn =Q "10% %&' ()-1 "10% %&' ()-su~_#: cn =Q "10% %&' ()- |

"10% %&' ()-1 "10% %&' ()-1 "10% %& ()-1 "10% %& ()-dD,cn =Q "10% %& ()- |

Losi () et v sl s Sl e BB EEE . oue

sequences used in the bank of K-correlators. -

For the transceiver implemented according to Figures 6 and 7, unipolar binary data D(?) is
5  fedinto an 1:k multiplexer. The #-1 MSB feed two distinct code sets that are mutually

orthogonal; i.e. code set { P}° and { &}° where { &}° is orthogonal to { &}°. The -1 MSB
are used to chose one from X sequences in both code sets denoted by {#,9}¢ and { 2,9},
The LSB when logic "Hi" will not complement { &,%}° but will complement { #,%}* and
visa versa when the LSB is logic "Lo". Each symbol waveform is used to intensity

10  modulate a separate lightwave source such as a Light Emitting Diode or a Laser Diode.
The differential symbol waveform is formed by summation of the parallel symbol
waveforms in the lightwave medium. Alternatively, the parallel symbol waveforms can be
summed prior to electro-optic conversion and the resulting differential symbol waveform
used to drive a single lightwave source. At the receiver a photosensitive detector, for

15  example a photodiode or an array of photodiodes, detects the lightwave signal. The
resulting photocurrent is amplified and a bank of X differential correlators generate X
matched filter samples. A differential correlator consists of two parallel correlators, one for
each possible pair of symbol waveforms, whose outputs are subtracted. The X samples are
fed into a maximum likelihood detector circuit that detects the k transmitted data bits and

20  converts them into a single serial bit stream, which is an estimate of the transmitted data.
Each receiver contains a means of synchronisation that aligns the received signal with the

locally generated spreading sequences used in the bank of X differential correlators.

The advantages of the techniques used in the above embodiment are:
25
(1) When combined with M-ary bi-orthogonal keying, sets of Orthogonal Structured
Codes give bandwidth efficient modulation schemes that are robust against narrow
band interference and multipath propagation effects.
(2) When differential unipolar-bipolar signaling is embedded within a lightwave spread
30 spectrum communication system then common mode interfering signals are
removed. In a lightwave spread spectrum system this has the advantage of removing

the DC offset caused by the sequence imbalance. In a wireless lightwave spread
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performance caused by interference from ambient artificial light.

(3) When used as direct spreading sequences, sets of Orthogonal Structured Codes
remain orthogonal under multipath condition and in general possess excellent
autocorrelation and crosscorrelation properties.

(4) When used as direct spreading sequences, sets of Orthogonal Structured Codes aid

synchronisation between transceiver pairs because they form Complementary Sets.

In a second exemplifying embodiment, a radio communication system for a wireless local
area network comprises a plurality of remote communication terminals, each terminal
including a transmitter circuit having means for generating and encoding signature
sequences for spread spectrum communication techniques, a means for transmitting coded
radio signals and a receiver circuit for receiving coded radio signals having means for

decoding signature sequences in a spread spectrun communication system.

In this embodiment, each remote communication terminal comprises a radio transceiver
that uses the transmitter and receiver pair shown in Figures 1 and 2, respectively. At the
transmitter, binary data is fed into a 1:k multiplexer from which the 4-1 MSB are used to
chose one from K sequences that may or may not be complemented by the LSB. The code
set is chosen from a set of Orthogonal Structured Codes. The symbol waveform generated
modulates a radiowave carrier for transmission. At the receiver, the radiowave signal is
detected via an antenna and subsequently is demodulated in order to remove the radiowave
carrier. A bank of K-correlators generate K matched filter samples. The K samples are fed
to a maximum likelihood detector circuit that detects the & transmitted data bits and
converts them into a single serial bit stream, which is an estimate of the transmitted data.
Each receiver contains a means of synchronisation that aligns the received signal with the

locally generated spreading sequences used in the bank of K-correlators.

The advantages of the techniques used in the above embodiment are:
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(2) When used as direct spreading sequences, sets of Orthogonal Structured Codes
remain orthogonal under multipath condition and in general possess excellent
autocorrelation and crosscorrelation properties.

(3) When used as direct spreading sequences, sets of Orthogonal Structured Codes aid

synchronisation between transceiver pairs because they form Complementary Sets.

In the above embodiment, common mode interfering signals can be removed by
embedding a differential signaling scheme within a radiowave spread spectrum system

based on the architectures shown in Figures 6 and 7.

In a third exemplifying embodiment, a radio code division multiple access (CDMA)
communication system for use, for example, in cellular mobile radio networks, wireless
local loop networks, radio packet data networks or satellite networks comprises a plurality
of remote communication terminals that send and receive radio signals to and from,
respectively, a central base station. Each remote terminal has a transmitter circuit having
means for generating and encoding signature sequences for CDMA communication
techniques, a means for transmitting coded radio signals and a receiver circuit for receiving
coded radio signals having means for decoding signature sequences in a CDMA
communication system. Each base station has transmitter circuits having means for
generating and encoding signature sequences for CDMA communication techniques, a
means for transmitting coded radio signals and receiver circuits for receiving coded radio
signals having means for decoding signature sequences in a radio CDMA communication

system.

This embodiment generally consists of a centralised access point, connected to a fixed
network, and a number of remote terminals within the area of coverage of the access point.
This network topology is typical of a cellular mobile radio network, a wireless local loop
network or a packet data radio network. Usually, frequency division duplexing is used to

separate the uplink and downlink transmissions. However, within either the uplink or
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downlink, separation between communication channels is achieved by code division
multiple access. The downlink transmitter uses the binary data of a user to sequence
inverse key an Orthogonal Structured Code. This process ensures that each user within a
cell is orthogonal to every other user within the cell when a full set of Orthogonal
5  Structured Codes are used. A significant advantage of using Orthogonal Structured Codes

as opposed to Walsh codes in this application is that the Orthogonal Structured Codes
remain orthogonal in multipath where as Walsh codes do not. After sequence inverse
keying the symbol waveform modulates a radiowave carrier for transmission. The
downlink receiver reverses the operations performed by the downlink transmitter. The

10  radiowave signal is detected by an antenna and demodulated in order to remove the
radiowave carrier. The resulting signal consists of the signals intended for all users in the
cell. A user's data is recovered by using a matched filter detector matched to the

corresponding Orthogonal Structured Code.

15 A user's uplink transmitter is based on the architecture shown in Figure 1, that is an M-ary
bi-orthogonal keying scheme. Binary data is fed into a 1:4 multiplexer from which the -1
MSB are used to chose one from X sequences which may or may not be complemented by
the LSB. The code set is chosen from a set of Orthogonal Structured Codes. The symbol
waveform generated modulates a radiowave carrier for transmission. A user's uplink

20  receiver is based on the architecture shown in Figure 2. The radiowave signal is detected
by an antenna and demodulated in order to remove the radiowave carrier. A bank of K-
correlators generate X matched filter samples. The X samples are fed to a maximum
likelihood detector circuit that detects the k data bits and converts them into a single serial
bit stream which is an estimate of the transmitted data. Each receiver contains a means of

25 synchronisation that aligns the received signal with the locally generated spreading

sequences used in the bank of X-correlators.
The advantages of the techniques used in the above embodiment are:
30 (1) When combined with M-ary bi-orthogonal keying, sets of Orthogonal Structured

Codes give bandwidth efficient modulation schemes that are robust against narrow

band interference and multipath propagation effects.
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(2) When used as direct spreading sequences, sets of Orthogonal Structured Codes
remain orthogonal under multipath condition and in general possess excellent
autocorrelation and crosscorrelation properties.

(3) 'When used as direct spreading sequences, sets of Orthogonal Structured Codes aid

5 synchronisation between transceiver pairs because they form Complementary Sets.

In the above embodiment, common mode interfering signals can be removed by

embedding a differential signaling scheme within a radiowave spread spectrum system

based on the architectures shown in Figures 6 and 7. This can be done on both the uplink
10  and downlink.

In a fourth exemplifying embodiment, a lightwave CDMA communication system for an
optical fibre local area network comprises a plurality of remote communication terminals
that transmit and receive lightwave signals and which are interconnected by optical fibre.
15  Each terminal has a transmitter circuit having means for generating and encoding signature
sequences for lightwave CDMA communication techniques, a means for transmitting
coded lightwave signals and a receiver circuit for receiving coded lightwave signals having

means for decoding signature sequences in a lightwave CDMA communication system.

20  The term “lightwave” is taken to mean electromagnetic radiation within the ranges of
visible light and near and far infrared light.

In this embodiment each communication terminal comprises a lightwave transceiver based
on the transmitter and receiver architecture shown in Figure 5. In general, lightwave

25  transceivers are interconnected by a shared lightwave medium such as optical fibre. At the
transmitter binary data is converted from a single serial bit stream into two parallel
differential bit streams consisting of the original data and its inverse. Each differential bit
stream sequence inverse keys a unique spreading code where each unique spreading code
is chosen from a set of Orthogonal Structured Codes. Each differential spread spectrum

30  signal then intensity modulates an individual lightwave source, for example a Light
Emitting Diode or a Laser Diode. The two emitted lightwave signals sum on the lightwave

transmission medium to produce a differential spread spectrum signal. In an alternative
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arrangement the two parallel spread spectrum signals are first summed and the summand
intensity modulates a single lightwave source. At the receiver a photosensitive detector, for
example a photodiode, detects the lightwave signal. The resulting photocurrent is amplified
and a differential correlator generates a matched filter sample. The sample is fed to a
binary threshold detector circuit that detects the serial bit stream, which is an estimate of
the transmitted data. It should be noted that a differential signaling scheme may use any
code pair to spread the differential data providing that the sequences used have the same
{1,0} chip imbalance (see Figure 10). Each receiver contains a means of synchronisation
that aligns the received signal with the locally generated spreading sequences used in the

correlator.
The advantages of the techniques used in the above embodiment are:

(1) When differential unipolar-bipolar signaling is embedded within a lightwave spread
spectrum communication system then common mode interfering signals are
removed. In a lightwave CDMA system this has the advantage of removing the DC
offset caused by sequence imbalance.

(2) When used as direct spreading sequences, sets of Orthogonal Structured Codes
possess excellent autocorrelation and crosscorrelation properties. Specifically, when
synchronised, the sequences will support N users where N is the set size as well as
remove the near/far effect.

(3) When used as direct spreading sequences, sets of Orthogonal Structured Codes aid

synchronisation between transceiver pairs because they form Complementary Sets.

The sequences presented hereinabove represent a significant development in signature
sequences for spread spectrum communication techniques. For example, Orthogonal
Structured Codes combine properties of orthogonality for certain well defined cyclical
shifts with small autocorrelation and crosscorrelation values for other cyclical shifts. These
properties make Orthogonal Structured Codes ideal spreading sequences in a direct
sequence spread spectrum system. Specifically, when synchronised Orthogonal Structured
Codes can give a spectral efficiency of 100% while obviating the near/far effect in a non-

dispersive channel. However, in a dispersive channel Orthogonal Structured Codes remain
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orthogonal unlike the Walsh codes. Significantly, the algorithm described herein is capable
of systematically constructing multiple sets of orthogonal sequences for most practical
code lengths and beyond. That is, two or more sets of Orthogonal Structured Codes can be
constructed for a given sequence length N. The implication being that such code sets may
be used in parallel in order to give a substantial increase in the capacity of a spread
spectrum communication system. In addition, a very useful property of Orthogonal
Structured Codes is that they form Complementary Sets of sequences. That is, the
aperiodic autocorrelation function of all sequences in a set of Orthogonal Structured Codes

sum to zero for every time shift, except the zero shift.

It will be seen that the application of these sequences is not limited to infrared wireless
communication but may be applied to a wide range of communication techniques which
include radiowave as well as lightwave techniques and fixed as well as wireless
techniques. A sample application tree is illustrated in Figure 11. Other communication
systems that would particularly benefit from the sequences are cellular mobile radio
networks, wireless local loop networks, radio packet data networks, satellite networks and
radio local area networks. The use of Structured Codes, specifically Orthogonal Structured
Codes, facilitates higher throughput of data for a given bandwidth allowing either a greater

number of users or higher data rates for each channel.

Another contribution of the present invention is the disclosure of new M-ary digital
transmission architectures based on Orthogonal Structured Codes. These M-ary
architectures combine spectrum spreading with orthonormal basis functions to realise
bandwidth efficient transmission schemes that are robust to interference and multipath
propagation effects. General architectures relevant to any spread spectrum or CDMA
communication system and specific architectures relevant to infrared wireless systems,
radio systems and optical fibre systems are disclosed. In addition, transceiver architectures
based on combining independent sets of Orthogonal Structured Codes are disclosed. These

architectures can at least double the capacity of conventional spread spectrum

communication systems.



. p&MLO%A&' ()-. p&MLOWAE ()-. p&MLOWE ()-. p&MLOYE ()-.

FGLQX[ bB?vZ>NO9# p&MLOYB& ()-. p&MLOYS& ()-. p&MLOYB& () - .

P&MLOYE () -
pP&MLOYB& () -
P&MLOYB& () -
P&MLOB& () -
3YI _?vZ>No9#
pP&MLOYB& () -

5

10

15

20

25

30

. .Aou 3YI[]bdfk_?vZ>N99# pE&MLOYA () PE&MLOYA! ()- .

| DEMLO® (.. paMIOWE ()-. paMLoveR ()., - Asdane 200270
PEMLOYRE () p&MLOYRA&' ()-. p&MLOYE ()-. Pp&MLOYR () - .

. PEMLOYAR ()-. bB?vZ>NO9# p_8gl\gll_0°/8/&' ()-. p&MLOY& ()-.

The further contribution to the art is that of differential unipolar-bipolar signalling. This

signalling scheme removes the sequence dependent off-set associated with unipolar-bipolar

signalling and allows any family of binary signature sequences to be used in a lightwave

(unipolar) transmission system. Differential unipolar-bipolar signalling uses code division

of differential data on a single transmission channel. Code division is ideally achieved

using Orthogonal Structured Codes, however, any binary code pair can be used providing

they have the same {1,0} imbalance.

The sequences are generated by a combination of sequence modulation and concatenation

of a selected seed set of sequences. When the seed set is orthogonal then the set of

Structured Codes comstructed is also orthogonal. Furthermore, by adopting different

Addition tables, other sets of Structured Codes can be constructed.

Using Orthogonal Structured Codes to provide orthonormal basis function while spreading
the spectrum at the same time is a significant development in the art of M-ary digital
transmission. By combining two or more distinct sets of Orthogonal Structured Codes,
spread spectrum communication systems with significantly enhanced capacities can be

realised.

The use of code division to separate differential data on a single unipolar (lightwave)
transmission channel is provided by the differential unipolar-bipolar signaling scheme
presented above with reference to Figures 5 and 10. The realisation of code-division using
any binary sequence and not just orthogonal sequences is a significant development as is
the incorporation of a differential unipolar-bipolar signaling scheme into an M-ary digital

transmission scheme based on Orthogonal Structured Codes.

In addition, the Structured Codes presented have beneficial applications in error
correction/detection, synchronisation, cryptography, power-line communications, ranging

and tomography.

The new Structured Codes disclosed in this document have been named Supergold codes

and their application to specific systems has been named Supergold coding.
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frequency carriers but may be implemented using any suitable carrier. Such suitable

alternatives may include, but are not limited to the use of sonic or seismic media in

5  response to a given application requirement.

It will of course be understood that the invention is not limited to the specific details
described herein, which are given by way of example only, and that various modification

and alterations are possible within the scope of the invention.
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1. A method for spread spectrum communication using a signature sequence, the

.signature sequence being generated by performing the steps of:-

5
selecting a seed set of sequences of a given size;
generating a plurality of cosets from the seed set of sequences;
10 constructing a subset of sequences by concatenating the sequences of a
coset; and
constructing a full set of sequences by concatenating subsets of sequences.
15 2 A method as claimed in claim 1 wherein the seed set contains binary sequences.
3. A method as claimed in claim 2 in which the binary sequence is cyclically distinct,
quasi-balanced and satisfies the optimal periodic autocorrelation condition.
20 4. . A method as claimed in claim 1 in which the seed set contains complex sequences.
5. A method as claimed in any of claims 1 to 4 in which the seed set incorporates a
plurality of inner sequences.
25 6. A method as claimed in any preceding claim in which the seed set is orthogonal.
7. A method as claimed in any of claims 3 to 6 in which the cosets are generated by
multiplying in turn each inner sequence by an element of an associated sequence.
30 8. A method as claimed in any preceding claim in which the subset of sequences is

constructed by concatenating the sequences of a coset using an addition table.
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generating a plurality of cosets from the seed set of sequences;

constructing a subset of sequences by concatenating the sequences of a

20 coset; and

constructing a full set of sequences by concatenating subsets of sequences.

13. A method as claimed in claim 12 in which the seed set contains binary sequences.
25

14, A method as claimed in claim 12 in which the binary sequence is cyclically

distinct, quasi-balanced and satisfies the optimal periodic autocorrelation condition.

15. A method as claimed in claim 12 in which the seed set contains complex
30 sequences.

16. A method as claimed in any of claims 12 to 15 in which the seed set incorporates a

plurality of inner sequences.
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18. A method as claimed in any of claims 12 to 17 in which the cosets are generated by

5 multiplying in turn each inner sequence by an element of an associated sequence.

19. A method as claimed in any of claims 12 to 18 in which the subset of sequences is

constructed by concatenating the sequences of a coset using an addition table.

10 20. A method as claimed in claim 19 in which the addition table is constructed using
powers of a primitive root of the seed set of sequences, the primitive root being

determined in accordance with the size of the seed set.

21. A method as claimed in claim 19 in which the addition table is constructed using
15 powers of a primitive element of the seed set of sequences, the primitive element

being determined in accordance with the size of the seed set.

22. A method as claimed in any of claims 12 to 21 in which the seed set is formed from

a plurality of rotated sequences.

20
23.  An apparatus for constructing and encoding signature sequences for spread
spectrum communication techniques, the apparatus comprising;
a seed set generating means for constructing a seed set of sequences;
25

a coset generating meaus for generating cosets of sequences;

an expansion means for concatenating sequences of a generated coset

according to a predetermined order, to form a subset of sequences for each

30 coset; and
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S 24,  An apparatus as claimed in claim 23 in which the seed set generating means

comprises a plurality of shift registers, each shift register having an input, a system
clock input, logic gates, a plurality of register cells/stages and an output to form a

sequence of the seed set.

10 25.  An apparatus as claimed in claim 23 or claim 24 in which the seed set generating

means includes a number of linear feedback shift registers.

26.  An apparatus as claimed in any of claims 23 to 25 in which the expansion means
comprises:~
15
a plurality of inputs, each input corresponding to a sequence from a coset;

a plurality of multiplexers having associated counters and logic gates;
a system clock input; and

20
a plurality of outputs to form a subset of sequences.

27.  Anapparatus as claimed in any of claims 23 to 26 for decoding signature sequences

25 in a spread spectrum communications system, the apparatus comprising:
means for receiving coded signals;

means for generating sequence functions;

30
means for combining received coded signals with sequence functions to

produce despread signal outputs;
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A communications method for transmission of data in a network using a unipolar-
bipolar signaling scheme, the scheme having code division means for separating

differential data on a unipolar or bipolar transmission channel.

A communications method for transmission of data as claimed in claim 39 in which

the code division means utilises a binary sequence.

A communications method for transmission of data as c¢laimed in claim 40 in which

the binary sequence is orthogonal.

A communications method for transmission of data as claimed in any of claims 39
to 41 incorporating means for integrating an M-ary digital transmission scheme

based on orthogonal structured codes.



