. .FCR TRANSM SSI ON AND CON QUASI ORTHOGONAL VECTORS BACKGROUND OF
THE I NVENTION 5 1. Fl el d tion This invention rel BLEDsh ls%hF
field of coWMUIL&Eions systewsistind, in particular, to the t PRSI SSron of
spread coded message signals within communications systems 10 11.

BB S T e

each other after 15 transm ssion. The nost usef ul feature of a set of code
vectors suitable for this purpose is that the spreadi ng code vectors are
- mutual Iy orthogonal . Thi §RACRGROUNEPOY THE mwmf@&e of zero
bet ween the nessage signals. The code vectors nost conmonly used for this
pur pose & e Wal sh code vectors. 20 The total nunber of binary code vectors
» having a | en th n_is g However, of the total nunber of binary vectors 2"
within the t taI Vi ?f Eléverﬁmry n are nutual ly orthogonal. For exanpl e,
e et 1o &, 2 G2 St Sasdl 2f1e HEGH OF BorrilliicriGhe LPSIeAROHACHAT S
are mutual Iy orthogona erefore, in a system ereirn n sua
nessage si gnphstiadar,beo 2fhec trevisneidsiand cfegpreati ecoden trﬂmssaganmgnabndvahlm 8
users can be supported, sinultaneously. Likew se, if n=128 then 128 users
can be suppofPEUNEMRALIONFRREPMS: Sone of the vectors can be idle sone of
the timegthereby permitting nore than n users to be serviced. However, the
size of the code vectors still places a limtation on the size of the
conmuni cat i ofis SyQMIptﬁﬁléfﬂﬁiPﬁbDf\rCOde vectors w neeting the

(orthogonallty req |rerre for gt eoretlcal interference of zero can b
represented as fofl owpgpthe-art ofycemmunigagions to miy Medage G

00/11825 2 PEJ M%g%ﬁgﬁ&&eéfv w} h™ éhgread code vetfbrdd '? ??ﬁhﬂgeé}%hflfﬁé\stagé W

is a colum vector using a pha a eqU|va
al phabet . Hesgmheltovbe a)mbin&ﬂ tradsmwﬁedi,oraadusepagateﬂeﬁﬁm edgbhabedr iater

expressefl. as, Wh," and a.set us he. -1 /+ hapet ;i s ex

WS notb ar FransaysFiony The mosh dretl et aio anan: CO% HERHGE Rt Ad oot
10 product Oih@ u%;z\%evf‘scﬂﬁrtstﬂen s%ﬁ%d%ﬁ DRt vERoFL B rf[ﬁhfal rbr@ﬁogonal
represented ' re x and y can have any val’ues between

and n, x ~ yThlmjpv.\rmxts W goreticelyirgkrfevenae o6zayonbetweer, the, mmesgage signals.
Equi vaI ently.,the above, can be t he foliovm ng ?Hr 'ihls 1Qroduct W’aﬁg coée

; €3ecW RRST4TDW6: WIVWAI ° #mm ﬁﬂm@@w WO 00/ 11825 1 METHCD AND AF?P%F\LAH'@@E

A1SO: WK\ - rrhe code vectofs most commonly use urposé are
vectors.
20 The total number of binary code vectors having a length n is 2"

However, of the total number of binary vectors 2" within the total vector

( space, only n are mutually orthogonal. For example, when n=8 there are 256

different binary vectors. Only 8 of the 256 vectors are mutually orthogonal.

Therefore, in a system wherein n=8 usually only 8 message signals can be

25 combined and separated in this manner and only 8 users can be supported

simultaneously. Likewise, if n=128 then 128 users can be supported

simultaneously. Some of the vectors can be idle some of the time, thereby

permitting more than n users to be serviced. However, the size of the code
vectors still places a limitation on the size of the communications system.

30 A set W of code vectors w meeting the orthogonality requirement for

a theoretical interference of zero can be represented as follows:

w, = [Wm Wi ... wl,n]

O = v o
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Representing the ith data synbol to be transmitted as d, and the totaﬂ%gN 2003
nunmber of transmt signals as k, the total transm ssion signal S

transmtted by a base station to a nobile station is: S=~d;w, The nobile
station receWOd9/11828 total transmission signal S and tries toPEMUY#AHAER4 511
message signals except its owmn. 25 In order to elimnate the other nessages
the nobile station can nultiply signal S by the transpose of its own Wal sh
code vector. An exanple whereini =1 is ag follows: TT ~"W S wW i=l A
=11 ~d NI -1- ~ d, Hy 2 4 JANn%gE}‘BM‘uOQ,QQ/\@,HSZS 3 PCT/ US99/ 18814
wherein the first termon the right side fepfesents the wanted signal.
Thesecond & er wiieseinheach gHector dw, rispresehtmnt mecten cudingeac &/1r alphabet ofr,

codes. Sol vi nglanv ey o ¥y Puihel, MefefhgtoWl Y ¥ebficodf kEom arsins sheor
the transm tt g EsicAde S| Oftbssed! ad W I e6fd Véers@ep@giﬂgt e 81761 Oalphabet is

correl ation between the wanted signal and all of the her nessage
signal s. | n orexpressedias W,ze communi cati ons systems as effectively as

ible it10is degirable t il t t it
Tossagesi gnal & as. SBEEAN) vl B P ait SPRRaqiH ol Gleh Siferdad Y

si gnal sang) Seg?dd?ﬁ& df'&ﬁg‘twrd Ped8FLin e SEEHANT HPSERNSThANLIN HeXdpregRitad
vectorsare av as previously described. To overcone this Ifmtation

>

il able,
it isknown toasise quasi orthogonal functions. Quasi orthogonal vectors
arelsvectors that are in addition to the Q,{ﬁrlbogonal vectors. Quasi

ort hogonal vectors have been sel ected from t*He IFemai ni ng code vectors in the
total binary 2" vector space in order to provide as little interference as |
possi bl e. Spechiesa ¥ 3nd §rad; have aBYOHEHey detweendr anddl ecred angl pYoVide 18
| evel ofinterference that is within acceptable limts, even though the

| evel of 20i nteq@rténce is not zero.In order to select quasi orthogonal
vectors a conputer search can beperformed,within the total 2 vector space
for binarys (+1 /-1 al phabet) nmasks. Thier nal .G, be applied to the

orthogonal vectors to forma new set ofvegtors t'hat are quasi orthogonal
vectors. Applying tota] of M nasks to 5set of Wal sh code vectors Wi the
nunber of quaéﬂuﬁfat?ﬁﬁgbﬁgﬁ PONE 1B Fktf’dgﬁ]éﬁ“’ﬁ% magrix prpdyct:Appl ying a mask
mto a code vector w E Wincludes a conppnent by conponent nultiplication

of the mask m and theorthogonal code ve‘(‘,’;\b’ry:\ﬁ to give the new code

vector: W-=Wi80The interference resulting fromthe use of the new code
vectors canbeAtlg(%t ed and the code vectors wtla,tx Pppovi de the | owest

correlation can besel ected to provide a set of quasi orthogonal vectors. A
plurality of 5UChn’R§i§i‘é%aniH§thQﬂ$ dafd) sPRBPPUB b frafbth@fted CasPd OMidIehé total
plurality of sets of Z 4 JAN 203 4 quasi orthogonal vectors froma single
set of or?2hogBumberaditransmit signedens K, dheeiotal trapseyispion| sigank Sntirangmijte

t he quasi ort nal cto f qupnd by the conputer search to be separated
fromeach oth §%0?%8 S‘é%é"s‘} {°o$ %gen%?¥\9gé$‘ors shoul d be nutually orthogonal )
Wth respect to each other. There is ' 5 ginon-zero correl ation between at

| east one code vector in the orthogonal S§e® dd one vector in the quasi

ort hogonal set. Representing the quasi ort/Fogonal vectors as v it can be
shown that: |irhé #ibbileCRMtioN iredeives! Ghd @t&I0 & arishn ROk RgHHIAS! aRf! hegons!
vectors v is to pick the vectors such ! that ncrx i< t< y~v,w~~ 1S as

smal | as possebmanate all messageesighalsrexcept #saywon is a useful measure of the
anount of%geparati Py bet ween yect og, t he .normal i zed correl ation tb«tatween

two code Yectors xIM Ager 10 RURUNAL | the other Ipessages the_meRye Falon £ag
correl ation bejwieipiy tsgndlr 5hB@aRal trafeic¥es of Sitd &6Wn VPHBh abdel veeoZ0 vahue
of correlation results in better separation between nessage signals m xed

wi th the ortheyunple whereins ahds @RdoBews: ni xed with quasi orthogonal )
vectors. Better signal separation results in |ower interference between the
signals at the tine of decoding. The nmean square correl ation between

ort hogonal vectors and their 25 corresvp;%r]__dvivf@ quasi orthogonal vectors

where n is a power of two is 1 /n. The'l owe‘r,-=.g'ound on the absol ute val ue of
correlation can be shown to have

A
= “-IT{dl!‘_'l + zdrll:l)

=2



the value, 1/ ,~ . This quantity is referred to as the Holtzman | owe4 JAN 2003
bound. Masks have been found that neet the | ower bound for cases wherein n
is an even power of two. However, in cases where n is an odd power of two
this 30 boungygwmigat been nmet with an equality. The | owest c@CrRUSIVINLE14
found in the latter case is ,~/ " . Theref®re, the interference of the
best quasi 2 4 JAN 2~~3 WO 00/ 1182S 5 PCT/ US99/ 18814 orthogonal vectors
found in the oubersinethedirst fgyme e the irightt side aepfrsents seaymeantedcsignalie The
,~ times the theoretical.|imt,. ;Thus.i ir.able to, fi dition uasi
ort hogonal ve&egggghtgffgnﬁ‘ Iﬂg%\er?g}&to ’rd& %&ﬁg r%%'ér\(m&t h\e[ H]gtegﬁ}%gggngltor{‘/e@ 0035 r
the case wher glefndinirsy afheBsa@@d spaVs Mfixéd Wwithordhelr tindewRpid tWalshapasdesy
of communi cations systens while naintaining acceptably |ove anounts of

i nterference. SUNMERthioRqEaEON NYENIBI ON 10A transni ssion nethod i 11 a

.communi cations system havi ngorthogonal (-;ggle vectors for transmtting
nessage Si énal s is taught. Thenet hod i WePd Fmng a first vector matrix

i first ' f icshif ' t Lr
usi ng & second Rt e orEAS HRCohthe ARa T <o GaREd R Y ok elven
to provide an Qigdmgaiiak zeasediahdion etheefiLtheRgaffRel sighanandr4l et othed.

The method al so 'sets forthapplying the determ ned pernuting operations to
t he second nmatmpessagepighdlsle a quasi orthogonal code vector. The quasi

message oi gnal  and PEsEaRUHRE LB TEARNS, SRS A s PRI o RRRG T

the first 1ot rixd@sig®lorol sightleReSyslyi trailBhiit SaRll SepseRate e thaNy Nthelsage
ghar acteristic polynomal_.The characteristic polynonmial of the sequence Tan
e a prinitivesigotlymemassible.h Howeyeneitris oy pespiklecto mixan messageesignals
The | ength of 0 L Of = d . t:he formn fo
first vector ngnx{aralgéé%%%r g%l%lrll &glgﬁ-z%?églgﬁeffcégﬁhclef P%ﬁau%%eoqur%torﬁ&) $%<aqi ‘sécqgrs
extended pri orarecawflabld,i s30p2&ibaskyr idestrityel. pol'y nordrabmies thid tigdithfloA it is
guat ernary polynom al. A sequencehavin he quaternary polynomal as its
characteri sti cKpRWPnEhugs quage Qsthagan nshe (Qeficprtbogenal fesckaig pEe a
Famly A u n .St.eps. f.arm n I X Se:f
accordi ngslt%g fﬂéé& am a&/t}g\gélgua??é{eign'ltﬁemsegxgé&@? ?é@xg?émg'splel%le%gggg??%r
to pernmuting tvectsschaddbeehrselectddbefrorcdhd rembimingatoda vextepsr initthe tatal
provi de a mask and themask is applied to an qrthogqQnal ,code vector to .
provide the quMSABY ?Raa‘aﬁmsw%%Fgrqrdﬁfﬁéoml@%@%%ﬁﬁeppnteégerﬁaca %51 Ressibley

of orthogonal v, d i r ab) of...q i 0 Ji.vec .
WO 00/ 13800 Bl ‘g%%yﬂ%%ggg?’%kgiﬁﬁ%%%bﬁgsga BOAYe R et of
DRAW NGS The fird¢nfersnce otfjad ciss witlinich adeepthblpedimits,t lewepr édhonghi thenkeiveh of
will 5 becgne ITDH% apparent fromthe detailed description set forth bel ow
when takerfd n TU8 GWE‘FF&%“leﬁrQ‘he drawi ngs in which like reference

characters identi foPQfde?%BQMédﬂ%@ds?H?ﬂfo%ohﬁ[ Qighadt a dachpharetdirciicdn Be
shows a bl ock diagramrepresentatfon of a pernutation matrix algorithm

suitabl e for uperformedavitpinhthe totalt 2fevesterssprceifov dinaryn(+1/61Rilghabeth ovasks.

bl ock di agram resentati on of .t he quasi t hogonal mask generation

ol gori t ot HEC Jragen ten Ramistl B2 e ShOBOTHDRecdER ol 2, PEfy set of

representati ony&fioss fHat AR gli86i FRABEHGalY 964tBES W@gi aUbtaPbEM Hasks ol
the nmethod of the present invention. 15 DETAILED PTI ON OF THE

| NVENTI ON 25 t$es @fi Wadsh taodesyeaterso v grdha oguatber hef prusse mrthogemli anctienk s
m are constructed and app).ied to orthoigo_nal code vectors in order to

provi de quasi BFAdissEnal Ddt Wert oPBPIHRS: 2iTHAsl MR & coAg VeriPr pRaSe Vs

20 quaternary shi j ( S . t he h
al phabet of foﬁ{lﬁz E’esn%ﬁ{)%lp%ﬁihpjgycmgﬁ Erg%]lt@m%%g]toenggﬁgésr\rl\ﬁg g?(fan??lle
“i's the inmagi nappthogenaladodentécyor W togive the nevleogdecadtéhat the signal

(S)
transm ssi on net hog of the present invention can require two masks m when
transmtting a nessage signal. One of th¥.tWo*Trasks can be used for 25 the

“in phase ( channe nd. ope_can d.fo he_ out, of ase channel .

I n order t%d practi cihgﬁgtefpeefﬁgﬁf §§$‘g§ﬁ%e{rﬁgﬂi tié'f” ‘fs%ec’fpﬁéesg\gtv& icﬁ&g)n‘f"‘icgﬁs f%‘{é
new nasks M Cape hesteg nedatiRd cdgé R@cldrb e@at f;ﬁ%‘i}b&& khehidwest E8EHetRINS can be
{LFSR). A 2" '-ary LFSR seguence sj tll is a sequence having a having , 30

symbol s )0, 1,selected kprovidetreset f quabi arthegonel ttestarsl uéd pluralitneofbswmelr y
case and 110 | B A fS S UShSIOR YaRB5e odhE RGHER"R BAbURIY SopRublifPRE sets of



2 4 JAN 20D3 7 crs(r +i) =0(nod 2~ ), b'r >0 r=o0 wherer > | ii tllﬁ
degree of the recursion. The coefficients c, belong to the set ~0 & JAN 1003
2'-1 ~and ¢ ~ 0. This type of sequence s[t] has a characteristic 5
polynomal: r C(X) _ ~CrXr r=0 When k = 1, the sequence s[t] is periodic
with a period that is |less than or equal t¢#2-1. If the period of the
sequence s|t] harac eri,stic om al
of stt] i< deﬂUﬁaldoailogog? RRCPYE B 515 ek ? BrfeReasl el el BB R S,
m sequence. HRRE @Fes8hod Qi%\gwﬁﬁxé‘d%ltﬁuﬂ{g bﬁs1sortl% @ﬁhp%ctm.&rbﬁhd by
Regi st er Sequ nces," Hol der San Franci sco, é? A code

i ncl udes one ;bbe|compmtearsemc§weqmba@epmd)ﬁ@npeeacbdoidnferedm quiasii osth@;gona&
shifts. Thus, _the si is 2 The co en he
oxt ended by a3BE GouTS b dRBREA e SetioboRah v s o eafidtyer o There 15
appended a5 _t e SAFRD brrkRARA BEvHerACRaGOG% WoRLlve ﬂa? Jhk iR lal ARy
all zero vector In this nmariner forns the code matrix from code C . .
The code natriard®hayeatordénghb iasandhogenakbsé. . | n one enbodi nent the code
C can be col umw se_ and r oww gerrrut dto (ireate t he V\alsthO code . N h ~~
of size 2 -. HovevdRePiesenting bhe Aursrthos Q! aeqt e ATLY HtGaonPaahe R Bakch
that the set of row vectors of the matr,ix, produgt CP are the sane as the
set of row vectors of WReferring I‘I?W I{Q T.Jiere i s shown permnutation
matrix algorithm 10 which is suitab ;8 usé n th1e present invention. In
pernutation matrix 2S algorithm 10 a submatrix Wof matrix ~'n ~ is forned
as shown in bl ock 12. The submatrix Wincludes r rows havi ng indices 1, 2,

4, ..., r S

fromo oD : T Robl riciink RS piiporal ectors ¥ SGpRAER BOLARHER
of matrix Wighdistinct fromall of the other colums. 2 4 JAN 2003 _

A submatrix Mof code matrix Cis then for shown in block 14 of
pernutation matrix algorithm 10. Subnqtsr,i(x,;?m? rows and 2 r colums. In
order to form.submatrj an, i nternedi ate le M having r rows and 2
r -1 col ums |§a19(§m?éljasgﬂfﬁggilerix M is formed by 5 adding a col um

contai ni ngsall zer osinte® MEFBESIrélaMonTNe i ASbfl0heffure URITBIKd Xaous@n dfe
any cyclic shift of the msequence used in constructing code C. The r-1
rows of submatsepaxation fhstivean rieeators, fthe sionmalizest compdatéar ihetween fiveo wpdene
time unit in C a, alg he first row Every colum of
submatrix Mis e‘%ézt%’i ggf‘g%ﬂ} g?%‘%‘gﬁé‘on matrix P such that MP = Wis then
determ ned as set forth in bl ock 16 of  pernmueation matrix al gorithm 10.
Permutation matrix P (.Js,z =4 xy*

The correlation between two orthogonal vectors is zero. Lower absolute

20 value of correlation results in better separation between message signals

mixed with the orthogonal vectors and the ones mixed with quasi

orthogonal vectors. Better signal separation results in lower interference
between the signals at the time of decoding.

The mean square correlation between orthogonal vectors and their

25 corresponding quasi orthogonal vectors where n is a power of two is 1/n.

The lower bound on the absolute value of correlation can be shown to have

the value, 1/+f7 . This quantity is referred to as the Holtzman lower bound.
Masks have been found that meet the lower bound for cases wherein n is an
even power of two. However, in cases where n is an odd power of two this

30 bound has not been met with an equality. The lowest correlation found in

the latter case is « /«/7 . Therefore, the interference of the best quasi



is the required output of algorithm 10. Because submatrices M and WEV?
the same set of distinct colums the deternination of P in this mannért AN 2001
straightforward. In an alternate enbodi ment of the invention permutation 15
matri x P canwigosiagsy m ned using a nmatri x conputation techni qRET/U998814 be
understood by those skilled in the art that5the rows of the matrix CP are
the same as the rows of Ws,2 . When k = 2, and sequences therefore have a
quat ernary al pPrabegonal gweé%]é@%dmha@drhﬁpww clare wasejesiagnihgeepmprder
Fam |y A sequence is 20 taught —for exanple, in S. Boztas, P. V. Kumar, R
Hamons, " 4- Preesectsseahaviaie isvlh ties tpthearaticelr imitat i on’ Properties, " | EEE
Transactions on | nf t.| : ry, 1 T-38;. ) 9 01- .

I'n order to obtain ’gf\[:—{gr# ﬁ%sxXQ@fe%q%fefﬁ%g,acfdéy%gar;’)%yg%%o?gmlpgﬁcgr ili‘L/‘Jle‘;Ll:)ﬁ‘(g
pol ynoni al of Keesre€orrelatiodokifto thalortHogorad widtgore ol fthei @bé Svivdrelhean $€tan
{0, 1, 2, 3} can be 25 |ifted fromthe polynomal c(x) as follows: g~x'-~_
(- 1) rc(x) c@ x-eddpomyerfch in onder tofexpanduihearapasiy i sieramuaisatians systems

ol ynom al s PO Aaietinke @R R ARBuRts b e tafiess wi ¢
ldentity," Marcel Dekker, Inc., New York, 30 1974. The LFSR sequence wth
the characteristic pol ynom agﬁﬁmg%%gégﬁéﬁga;%&y A seguence.
The sequence has a period 2 I nowto Fig. 2,
there is shown quasi orthogonal nask generation al gorithm 50. Quasi

ort hogonal mask generation algorithm50 can be used to construct 4-phase
masks for form ng quasi orthogonal vectors of length 2 .. 1n mask generation
al gorithm_]é)o a bi na B?f‘ﬁ‘ﬂ‘? : _5’?81 Honthl a_c(CQYngmb‘@é’ro_é’é rSYsée’gr gﬁﬁ‘&g
as shown in b'&&hpggnap%bag Wickdst f&ettﬁﬁbﬂﬁ&m%‘lm%s?@geaﬁghﬁﬁ fsh?sﬁ%‘i{t.e“ﬁié c
polynom al, a period of an msequence is constTucted-as Shown in ock 56.
Matri x M havi mgthodenslugtes {oxming X f{rst veytoromattie wng afiesteseries of cyglic
constructed as ,shown in block 58. The rows of matri.x M each,contain a 10
poriod of the SHLECRRIETEHE DeRoens POHE MAHHK gt &) ELOR RS offh Fric
Matrix M is té@aRsexTiROgRet Voctber Matmt fid g:e!ﬂrﬁ&eéh@ r(bxﬂd@'&@'br@}?ogo ¢ code
extension of matrix M is perforned by adding an all zero colum and an all
zero row t¥ maand the) permheting mperatings afe geterinxinktar The naediosk alsp' sets Forth
For conveni enceg he first colum.of matrix Mcan.be the,all zero col um,
he 16 set 1 ort fPPIYIRR dbk - deREmiBPA belROE PRERlits Wil Ui sefdi BaM e

the matrix Mtgréo@aea fuidiortiidFordWodesietst. dFhé G0asi SANb@oracddR wdetor is
The pernutation matrix method taught herei nabove, "or. any ot her nmethod known

to those skil | a@plied taa messageasighal tps proYidlepantiaederemepmgs: signal andpthsek

obtai ned i n bt gagodsst shealE LBl & MRASAIUELS BHKod BB, Gidshi
pﬁl ynoni aLzl(g( )é)/e;%tSr ‘gﬁdﬁdébgﬁgmfﬁiﬂﬁaﬁ? _ uEhie Hewired alchbtchﬁ;tt " tﬁtpolylricﬁnia_l. |
shown in oc . e perio e mly sequences w th_the pol ynom

g(x) as ifs chihgsharaceristipp sl o §h%§ﬁ‘é‘ﬂ%‘€ocaébb%HW%V?POEY%%W“}E.

A seauence of it Fldsted 2 CUHEOEN LTSk eR! offsclierte! oq1Ed IsBMCRFCpan

be any one of the A sequen aving at least one synbol®equal to
1 or 3. A vectorthigonhl lcodgtvect@ isln = & arahshe dotmihg Dfetheefitstrvedtor amstrit s

RO A N AN TR e R AT RN
location tg5 Vegh@rprimitive polynomial is lifted to a quaternary polynomial. A sequence
having the quaternary polynomial as its characteristic polynomial is
generated whereby the sequence thus formed is a Family A sequence and the
step of forming the second matrix is formed according to the Family A
sequence. The second matrix is also extended prior to permuting the second
30 matrix. The second vector matrix is permuted to provide a mask and the
mask is applied to an orthogonal code vector to provide the quasi
orthogonal vector. The mask can be applied to a plurality of orthogonal

vectors to provide a plurality of quasi orthogonal vectors.



N . As shown

4 JAN 2003 WD 001 11825 10 PCTN899/ 18814 pernute P found in block 66. lhean 2003

in block 70 the vector Nis then colum pernuted using the

resulting pernuted code word can be used as a nasking function for
generating qW&#0/dBihogonal vectors according to the nethod ofPGHESPAE ANt
i nvention. The quasi orthogonal vectors geﬁerat ed in this manner can be
used with synbol mapping to (+1, 5 1, fj, -j). Atotal of 127 masks can b

generated in

this manner for a length 128 WAl sh code. Two of the nasks

generated accordi ng t o BR{EF PESCRIFAIORN ORI PHE hRAWENEGSet forth in
]

Table I. jlIjl
S1-jljlj-1
j-1-j1j-1

1j1]-

[Lilil]

Y
1-]

S1-1j 1] 4] -

Sj 14§ 15§11

Ly -1-5-1-5-1-j-1-50hyp-1-5-1-51pTj -1

J-1-y-1-p-1-p0 0yl -2-31)-1-31j-1-j1j-1-j1j-1-j1j 1

P =2 -1-j 1l -1-j-1-j1j1j-1-j-1-71j -1-j1j1j-1)]

- 1-j | Thelfeafinied j eljerts] afdj advgritageg Dfjthej pldseht linvention will
L 1-j - -1 1) -1 3 - 1oj L= 1-f1-j 2j - 11 -1 1]

bagorng mmose gpparent jfrom ke ??ﬁa}leé-éeﬁcrmnqn e} 'fqrt{‘ralaqﬂ@w when

Referring now fQ,Ri0comunchBhewi WPawhEdLin TBRR Gk URGEEH e 1 0arat b
FGhe a qua e

shown in vector ‘mappin

nction or t hogonal "vector mask can

2

e

represented eiglentidy entrtesponting yldmdrits fthoomngheu And, wher@h: al phabet or with

synbol s from

{+1, - + phabet of Table 1 using the nmapping: 0-al

4, - |
1-~j 15 2-~-1 3--~Fig-As‘glg%i]m}QISF%H&sﬁémlmreimtatWDe§f)éd%€ir%ﬂlgﬂt}0ps Heatmx/
1) val sh cod - ipli ks in the {0, 1,
1)yt codngtethal urppTHL U Sl oo e kR lich e, ©,

addi tion 30s mappedFigh2 chews+4d blodOdiagrain reprdseatstimbaif e ghasinorth
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Thus, the maxi num absolute correlation is 8 .~ ~ and the theoretical |owe

bound on the

correlation set forth hereinabove is met with equality.
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In the signal transmission method of the present invention, masks m
are constructed and applied to orthogonal code vectors in order to provide
quasi orthogonal code vectors, wherein the masks are four phase or

quaternary phase shift keying (QSPK) masks. Thus the masks m have an

alphabet of four elements, {+1, +j}, rather than two elements, where j = ST
is the imaginary root of unity. It will be understood that the signal
transmission method of the present invention can require two masks m
when transmitting a message signal. One of the two masks can be used for
the in phase (I) channel and one can be used for the out of phase (Q)
channel.

In order to practice the transmission method of the present
invention, the new masks m can be generated using linear feedback shift
registers (LFSR). A 2*-ary LFSR sequence st] is a sequence having a having
symbols {0, 1, ... , 21} where k is limited to the value 1 in the binary case and
two in the quaternary case. The sequence satisfies a linear recurrence

relationship of the form:

iing

r

)

]



10 and the nunber of nasks provided according to the nethod of the present
invention for several powers of two. Table Il LengtMaxinunCorrel ati ongNumen)
O hAbsol ut enAvai | abl eCorrel ati on Wt hSpectrunvasksWal sh code320. 177~~ g + ¢
~31640. 125~+ 8 ,+ g ~631280.0833~ 6 } 127i 6 t2560.0625~ _t _,i ~
QL6162555120. 0442~t t + ~~51132 32 The prevfous description of the

preferred enbodinents is provided 15 to enable any person skilled in the

art to make or use the present inveption. The varioys nodifications to
these embodiments will be readily zﬁ 7% t‘Bf%Od“ﬂSOZ’ i Tled in the art, and

the generic principles defined herdi’n may be applied to other enbodinents
w thout the use of the inventive faculty. Thus, the present invention is

not intended tgege kixn ﬁsefhetdbgtrh@o?%@fﬁt@@&iﬁﬁnt’ﬂ)éf&m&é@ﬁtﬁE,Fbélblhgité the see
accorded the w dest scope consistent with the principles and novel features

di scl osed herei0).1, ...2 Z-TAMhE0)3 0D Tlid 1§P6 Af2sEfiiridSost]1 B8 4 ChAtddteristid
transm ssion nmethod in a comruni cati ons system having 2 orthogonal code
vectors forStrpnbmarmialy message signals, conprising the steps of: 4 (a)
formng a first vector matrix using a first series of cyclic shifts; b (b)
form ng a second vector matrix using a gg§eidcgeries of cyclic shifts; 8
(c) pernmuting the first vector matrix to pr¢ygi de an orthogonal code; | 10

(d) determ ning the_pernuti operations .of step.(c); (e) applying.the

det ermi ned pernuti n&%b‘iibnkéﬁ ﬂgthg Sf-’%uel@etsﬁg 1§ é’@&%ih‘%&%lﬂ} é P%eélcfffé‘xf}tdg lgssythan
ort hogonal cod o 2Rd f | F}R@s' 0

vector to a megg\zge ﬁggitgngp'tgﬁggo%?@g ﬂgﬁc%d msi[gggéi@gﬁgﬁeaﬁggﬁénum
transmtting tkelen®sdedheredesteristgn ploly@omiale of rsfith sz defiimed nast hogrivhitive
claim1l, rein step. (a conpri ses clic shifts of sequence having a
char act er :Ni‘?l pPB_Bf ‘}F?fgﬁ’i(’ a‘)fr}gﬁt_.‘e %qch %"% g?dﬂ'ﬁ?&‘ﬁﬁﬂe'oy‘aseﬁ%nﬁ@,o%ﬁ’ésr é?ﬁe
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4. The transm ssion frethod of claim3, wherein the ptimtive 2 polynom a

has a degree r Francisdoe GA,di¥6Wi ssi on met hod of claim4, wherein the sequence

2 conprises an mse%ence. 2 4 JAN 2003 WO 00/1 1825 13 PCT/ US99/ 18814
code C’ includes one period of an m-sequence and one period of

each of its cyclic shifts. Thus, the size of the code C’ is 2"-1. The code C’ can

15 then be extended by appending a zero bit to each code word in C". The zero
is appended at the same bit location of each code word. The inclusion of an

all zero vector in this manner forms the code matrix C from. the code C".
The code matrix C has a length 27 and a size 2°. In one embodiment
| the code C can be columnwise and rowwise permuted to create the Walsh
20 code W,» of size 2". However, it is sufficient to obtain permutation matrix
P such that the set of row vectors of the matrix product CP are the same as

the set of row vectors of W, .

Referring now to Fig. 1, there is shown permutation matrix algorithm
10 which is suitable for use in the present invention. In permutation matrix

s 25 algorithm 10 a submatrix W of matrix W, is formed as shown in block 12.

The submatrix W includes r rows having indices 1, 2, 4, ..., 2"'. Note that the
indexing of Wi is zero based and ranges from 0 to 2"-1. Matrix W therefore

has r rows and 2° columns. Every column of matrix W is distinct from all of

the other columns.



6. The transm ssion nmethod of claim2, wherein n = 2" is equal to 2 ?QEJANZ
I'ength of the orthogonal code vector and step (a) conprises n-1 cyclfic 003
shifts. 7. The transm ssion nmethod of claim®6, conprising the step of 2
extending the first._matrix prior to pernuting the first matrix. 8. The
transm ssion method of claim3, wherein thé prinitive 2 polynonial is a

quat &1 nary pol y nonts FEDRRHR M 6F SASERGFon Crist e GFIBKaphoaowaLp PGk
the step of 2 FT‘PIX[['I S o e Is t I nomng j tos7
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second matri xqﬁ\lﬂ?ﬁ‘ lfgo‘géfdrrﬂlﬁ %nglt e @é%o%f%ﬁ??'x%}%gaﬁ )g)i\:dr gg?nﬁgg?gbry

met hod of gl aigildlng GOFBINSh NebritAmifk e Rfros Zo( SUbMEHHUINING THee fFECPOW of
vector matrix to provide a mask; and 4 (b) applying the nask to an

orthogonal codebwegtiRrM eafrbevirdecydie shiftsof et hogajirnce agdedrin ddnstilieing
transm ssi on nethod of claim 12, conprising the step of 2 applying the mask

to a pluralityogk @.rTH@QOP?&WEI%@'(SQbﬁmaItﬁxHVDWbH@\AﬁngtHé&iﬂsi Yowf ar@Udfdcessive
ort hogonal vectors. 2 4 JAN 2003 WD 00/11825 14 PCTNS99/ 18814 14. The

transm ssi on mhifto byodne Itirhen dnit vilme eaihn cadee beg inmige naith 2theo fiestv ector Hvasy a
|l ength n and the abso] ute val ue of correlation between the orthogonal
vector and t h€olyag; ofosubmaliaM Jedishinck is 1 /fin for n any power of two.
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nmessage signhals, conprising:(a)a first vector matrix Tormed by a
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t hel2det er m ne ernmuting operations to the second matrix;and 14 (f)
encoded nessageraghtfaiwaod. {m ansaltessatererhbodimieby odiphé yinngntibe paamutation
or t hogonal,_code vec messa 16 _signal r.ansim.ssi on Siltsév?ﬁ]
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transmtting nﬁéﬁﬁﬂ@rsﬁb&cﬂ)%ﬁo@é’@kﬂieﬂ 0:thé drhde@RSrovws of ehéTmidtrax CPrae
vector matrix using a first series of cyclic shifts; 6 (b) neans for

formng a SGCOIﬂ]’dSAB(HNthEBIGWS(OﬁSWﬂg.a second series of cyclic shifts; 8
(c) means fox pernuting the first vector matrix to provide an orthogonal
code vector from t h&Herr & =\vhcral sequerices therdfdye hexrsafqratemmary rlphabket he

DTV, 98" R8s RheShERs Kby, ¢ 5oh 4 Hetol D, OBhY B8P B geauence s
82& gp Ogﬁzg 0 {aR@hs e examiplé Xirl G. PBOMbsle Pa VIURSImdY R) tHAENNShs COWSPhase
Sequences with Near-Optimum Correlation Properties,” IEEE Transactions
on Information Theory, IT-38 No. 3 (May 1992), pp 1101-1113. In order to
obtain a Family A sequence, let c(y) be a binary primitive polynomial of
degree r. A polynomial g(x) having coefficients in the set {0, 1, 2, 3} can be

25  lifted from the polynomial c(x) as follows:
g(x* )= (-1)" c(x)e(—x)mod 4)

Such a lift of the binary polynomial ¢(x) to the quaternary polynomial g(x) is
a special case of the Hensel lift of polynomials. For example, see B, R,
MacDonald, “Finite Rings with Identity,” Marcel Dekker, Inc., New York,
30 1974. The LFSR sequence with the characteristic polynomial g(x) is defined

to be a Family A sequence. The sequence has a period 2'-1.



(f) means for applying the quasi orthogonal code vector to a 16 nessage
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of matrix M’ is performed by adding an all zero column and an all zero row

to matrix M’. The dimensions of matrix M are therefore 2° X 2. For
convenience, the first column of matrix M can be the all zero column. As
15 set forth in block 66 a permutation P is found which column permutes the

matrix M to contain the same row vectors as those contained in W,,- . The

permutation matrix method taught hereinabove, or any other method
known to those skilled in the art, can be used to perform the operations of
block 66.

20 A Hensel lift is then performed on the primitive polynomial c(x)
obtained in block 52 of mask generation algorithm 50 to provide the
polynomial g(x) as described hereinabove. The Hensel lift operation is
shown in block 72. One period of the Family A sequences with the
polynomial g(x) as its characteristic polynomial is generated as shown in

25 block 78. A sequence of the Family A sequences is selected. The selected
sequence can be any one of the Family A sequences having at least one

symbol equal to 1 or 3.

A vector N’ of length (2'-1) is constructed. The vector N’ consists of a

period of the Family A sequence selected according to block 78. A vector N

30 of length 2" is formed by appending a zero bit at the first bit location to vector

N’. As shown in block 70 the vector N is then column permuted using the
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Table 1
Referring now to Fig. 3, there is shown vector mapping function 100.
10  As shown in vector mapping function 100 a quasi orthogonal vector mask
can be represented equivalently with symbols from the {0, 1, 2, 3} alphabet or
with symbols from {+1, -1, +j, -j} alphabet of Table 1 using the mapping:
0-1 |
1
15 2--1
3—-j
As shown in blocks 102, 104, respectively, the (0/1) Walsh code vectors
(multiplied by two) and the masks in the {0, 1, 2, 3} alphabet can be added
using modulo 4 adder 106. The result of the addition is mapped into a {+1, -
20 1, +j, -j} alphabet as shown in mapping block 108. The output of mapping
block 108 can be applied to coded QPSK symbols by mixer 110 to provide a

coded message signal output for transmission.
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1. A transmission method in a communications system having
2 orthogonal code vectors for transmitting message signals,

comprising the steps of:

4 (a) forming a first vector matrix using a first series of cyclic
shifts;

6 (b) forming a second vector matrix using a second series of
cyclic shifts;

8 ()  permuting the first vector matrix to provide an

orthogonal code;
10 (d)  determining the permuting operations of step (c);

(e)  applying the determined permuting operations to

12 the second matrix to provide a quasi orthogonal code
vector; and
14 (f) applying the quasi orthogonal code vector to a message

signal to provide an encoded message signal and

16 transmitting the encoded message signal.
2. The transmission method of claim 1, wherein step (a)
2 comprises cyclic shifts of a sequence having a characteristic

polynomial.

3. The transmission method of claim 2, wherein the characteristic

2 polynomial of the sequence is a primitive polynomial.

4. The transmission method of claim 3, wherein the primitive

2 polynomial has a degree r.

5. The transmission method of claim 4, wherein the sequence

o

comprises an m-sequence.
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2 the length of the orthogonal code vector and step (a) comprises

n-1 cyclic shifts.

7. The transmission method of claim 6, comprising the step of
2 extending the first matrix prior to permuting the first matrix.

8. The transmission method of claim 3, wherein the primitive
2 polynomial is a binary polynomial comprising the step of

lifting the binary polynomial to a quaternary polynomial.

9. The transmission method of claim 8, comprising the step of
2 forming a sequence having the quaternary polynomial as its

characteristic polynomial whereby the sequence thus formed is

4 a Family A sequence.
10. The transmission method of claim 9, comprising the step of
2 forming the second matrix according to the Family A sequence.
11. The transmission method of claim 10, comprising the step of
2 extending the second matrix prior to permuting the second
\ matrix.
12. The transmission method of claim 1, comprising the steps of:
2 (@) permuting the second vector matrix to provide a mask;
and
4 (b)  applying the mask to an orthogonal code vector to

provide the quasi orthogonal vector.

13. The transmission method of claim 12, comprising the step of

o

applying the mask to a plurality of orthogonal vectors to

provide a plurality of quasi orthogonal vectors.
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between the orthogonal vector and the quasi orthogonal vector

4 is 1/vn for n any power of two.
15. A communications system having orthogonal code vectors for
2 transmitting message signals, comprising:

(a) a first vector matrix formed by a first series of cyclic
4 shifts;

(b)  asecond vector matrix formed by a second series of cyclic
6 shifts;

()  an orthogonal code vector formed by permutting the
8 first vector matrix;

(d) a determination of the permuting operations of

10 paragraph (c);
(e) a quasi orthogonal code vector formed by applying the
12 determined permuting operations to the second matrix;
and
14 (f)  an encoded message signal for transmission formed by

applying the quasi orthogonal code vector to a message

16 signal.
16. A transmission system in a communications system having
2 orthogonal code vectors for transmitting message signals,
comprising:
4 (a) means for forming a first vector matrix using a first

series of cyclic shifts;
6 (b) means for forming a second vector matrix using a
second series of cyclic shifts;
8 () means for permuting the first vector matrix to provide
an orthogonal code vector from the first vector matrix;
10 (d) means for determining the permuting operations of step

(c);
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