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SPREADI NG CODES I N CODE DI VI SI ON MJUL COVMUNI CATI ONS 2
THE | NVENTI ®Q 9P16664pr esent i nventi on rel ate®oot*o spread spect r PAET/SE9/01040
comuni cations, and s nore particularly, to the generation of optinmal code
sequences used to perform spreadi ng and deg-spreading functions in a code
division nultiple access comruni cati on. BACKGROUND AND SUMMARY OF THE
| NVENTI ON A di rect sequence spread spectrum (DSSS) systemis a w de-band
systemin which the entire frequency bandw dth of the systemis avail able
to each user QUADRIPHASE SRRESDING (CODREPINYSODE pHISION MYharlRIbEt
expands or "spreads" the bandydthsSSICONMMUNIOATI®NSSI gnal much nore than
it is required for the transm ssion of information synbols. The spreading
signal is usually called a spreading or scranbling code or sequence. The
term spreading code is generally adopted for this is description. D fferent
users in a DSSS system are di typop OFCTHSINYENTION f erent spreadi ng
codes. This is why DSSS systens are also referred to as Direct Sequence
Code Division Multiple Access (DS-CDVA) systens. In general, spreading
codes are usually bi 1 { e mal~
or pol yphase, with g“%ﬁ@% esnt‘b’?%f%ﬁgdlrﬁfg%}?{cﬁgﬁrggc?k}g%t%gnngpﬁ)ﬁ%ﬁ%%?i& and
correspongh g aﬁa?ﬁi&ﬂb&llﬂ,' thBigeReiation AloRimilN®déRiehuérides uSed B p&Fo/AMPI €X
pl ane. For exdanple, quadriphase corresponds to four points of unit |ength
from the @pidiidihg 4t @e8pFcaldingd figicEions imatcbdddidsibnlirtlipénaddess easi ng t he
nunber of spreadgi ng codes and decreasing interference. The nunmber of
spr eadi ng coatasniuskeh.t o di stinguish nobile station users, particularly on
the uplink direction froma nobile station to a base ,~D ~ Hov zooz ~~
WO 99166645 2 PGT1SE99/ 01040 station, should be as |arge as possible. This
i s because nore spreadi ng codes provide nore radi o channels so that nore
nobi | e stations carBAEK&tRQHrNDAND]SUMMARiYWQE A HG ANSMINTIEN r aphi ¢
area. But increasing capacity in a CDVA system cones at a cost-
interference which reduces the quality of communication for all users.
However) it is s deshdascestduance hpreadopactromn (E5YSSSIsasticonisbemidehand py stam
of the spr_eadi,nrg]) codes be reduced to mnimze the interference bet V\Be['l t he
mobi | d0st dbivesh thmentinedzequegcy PangMidlosef the rsiemyp pEailahlpde egch pg all the
ross-correl ati on bet ween two spreadi s should

ngiagr ow ¢ p G DR St PP e SPe w%SPﬁgﬁaW?%{‘gapgoSé'rg?qfsg’gt?sven
the data nomaraefosl thesefmiBeE bRl BsRutHURh i REhute R 16 BRhbARsIHRt
oper at i on. o e BACK GS)SHECTRS K Fe A ERAH LM, SYITAPL SoRANE g gndom

rat her than perio ues. , an o relatio unétion better

represent Sk AabGRY E6dEbE Qé'tl&‘r%@.mrh\é’ﬂ@ﬁn ApFkalith SydHRak oRhedallyeidoptddibrahBnal
changes during the correlation operation Wile both the even and odd is

correl @t i adestHpabn ODefreRhidelaen @VaE88tsyetendahdistimgashddnisin§ eeedifterorasur e
for any two spreading codes assigned to a pair of npbile stations to

det er m ne gpreadingcedesof Thisds sthgr DEBStsystempatd atsooedercad teedsabirent Ssquence -
difficult to determne theoretically for a given set of spreadi ng codes.
Ther ef or e, Cothe Devisionddhul@platAcaess (IDStCOMAS systennst dn gongrat,spdé¢dding endes are
famlies or sets of spreading codes to determne an optinmal famly/set. 20
The pr esemisuatlydnitphase, prith ietheseres bejunigimg tette sof srdr,ealc}i,rcngpoqqémsé,owithse
for exanple in a w deband- COVA (WCDVA) nobil e radi o communi cations system
Al t hough télemeng!baddngincaadhagetaddrsnpiey noenterptoyespondirpytocdjuddiszed points
downl i nk transm ssions fromthe base station, it is particularly useful in
t he upd nkomltheewtit omclerinrth¢ kemmixxi pkanst dioir smamole, lqeadbskessteatriespomdretcefaune

different nobile stations are not
points of unit length from the origin.

In general, there is a trade-off between increasing the number of spreading
codes and decreasing interference. The number of spreading codes used to distinguish

mobile station users, particularly on the uplink direction from a mobile station to a base
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*?s nutual |y synchroni zed. The optimal spreading cede famly pr ovid8sNay 2002
| ar ge numher of codes that al so have | ow cross-correl ati on between
spreadi ng cHEY/E645 all possible tine shifts between the di f PEF/EENHOH | e

stations. In this way, the nobile conmunications ~D6 ~tOvVv ~OZ WO
99/ 66645 3 PCT/ SE99/ 01040 system capacitygois significantly increased while
still providing satisfactory radio conmuni cations with mninmminterference

to/fromthe other npbile stations. _In % preferred enbodi nent, the opt i,gﬂl
code fani $tptips, shealdsbopsange as rassitden T pivds beeastie meGuwreadingcodengiovige = 2

the S(2) "TaE P FhARRFIa SRR Bipve Al g RS can FOPTP LR o e Aoy Res

bi nary SclRembls b aBriacitea ik T Rt RN T OO0 SRR RS N Ty
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The oi 2o BRCTRETRE Sigh P (if Bhal o R o ol A R e 2,

(L + @(Ldési}%b?e( tLha:’t:ﬂ?e anﬁ)uhw@r%meparmw%é@w (W8 o B ESRadNE doMesYe the

codes is 1 + ~ . The three conponent séquences nmay be generated

usi ng cor rafiredd ndnlrhiRahelinrtfrekcesbitiveer dieshobilgstiont Wosamlhcasielg WBing L
+ 2)(L + 1)2 different S(2) sequences is obtained by conbining the

di f f er ent tlosspodent MragUfenmaely ptheduesxidhloyg, pdreodik,fdresseodrrelatipndlet e iny two
register states: (L + 2) initial states for an a(n) sequence and (L + I(

initial sspreadingorodes shonld béds v ag paysiblguences. As an exanpl e. the number
of S(2) spreading codes having a length (L) of 255 chips is 16,842,752 with

a maxi mum absol ute, even, cr.oss-correlation of 65. Over 16 mllion uplink
spreadi ng codes provinGeRETiQHS icaRSSatnrEelalan. dlsoccadisdiavgn correlain. 48 saHwlsoOthat

e R A e o e
orstem TSl esan, et oD FRLeRla, OV, SRISAISL eyl LY
randont y §fﬂn%8§sel¢av%r}qnébh°% &dthtag p\éﬁBH{%U%lHés‘?rﬁaéero?c, §RBhefation

communi cat1ons system a preferred exanpl e enbodi nent 'of the present

i nvent i on fghdtRmeb@fer rBSreSBAGARE RBrIeRERR dulpwRGLLHIRANSANMO LI iAt&P@GHd | C
code all ocation procedure that achieves nore advant ageous WO 991 66645 4

~0 b Ho YsiankcROigeSHARplM¢aredatids opaapan eV ivid bothathd @venaded «®l ect i on.
Assum ng the entire nobile conmunications system enpl oys the S(2) famly of
codes 5 speoitelatioppiueadongshadd mubsdtaedfo obleinS{rint¢dercnge ofieasooe foraany two
all ocated to each base station (or base station sector}. The spreadi ng code
subset s haRecadme eedes assigssddomrrainel mobYespions & defermire the degree of cross-

correlation. odd cross-correlation is difficult to determine theoretically for a given set of
spreading codes. Therefore, the even correlation function is used to compare different

families or sets of spreading codes to determine an optimal family/set.

20 The present invention provides an optimal set of spreading codes for use
for example in a wideband-CDMA (WCDMA) mobile radio communications system.
Although this set of spreading codes may be employed in synchronized, downlink
transmissions from the base station, it is particularly useful in the uplink direction from
the mobilc station to the base station where the different mobile stations are not

25 mutually synchronized. The optimal spreading code family provides a large number of
codes that also have low cross-correlation between spreading codes for all possible time

shifts betwecn the different mobile stations. In this way, the mobile communications



S S(O) and/or S(1) famlies of codes and provide reduced |nterfere gﬂrzmu
nobi |l e stations operating in the sane base station (or sane base stati
sector) as OVOPUEEeEs t o random y sel ected codes fromthe S(2) RGHSEIY/OHI40
codes. Capacity is one inportant aspect of a conmuni cations systen) but
services are also very inportant. There a%e certain see vices provided in
nobi | e conmuni cati ons systens |ike WCDVA Tel lul ar systens that nay require
or support nore than one data rate. For variable rate and other services,

it is desisystbinecdpacity vsigeaifsqmelydnogasaiwhilelstH proengtdsatizfadieryeradiessed as
an integer nmultiple of each spreading factor iii the nobile conmunications
system Tlemgpurdaations Witbtromioem sderdergsce to/fmm thendsber mpbdhispsionsed t o
spread a single data synbol. Relatively i5 short spreadi ng codes, mhose
code period covers one or nore data synbol s, are desirable in Oégk

support | ow conpl exiley prigfereed ermapd ‘G&ft"éc‘ﬂ"ie&ﬁm&ia cree Gy datios gamrly of
stations. One way of inplenenting multiple data rates is to use those data
rates whi Cfbuxatlhaw oodersegpemsig langtkaldi=y" Falctwihiere (#BR3 an timtelger grepteesbaons
SF(k)~ = L/2 20 where L is the length of each spreading codes in the
code fam leyualnd X The aogesirt theeS(2)tfagely @vgenarateasby suprtipgmoduiotdtirbe
data rate. Therefore, the spreading code I ength should be some power of

two. Havi RgnifdfeAPiR@eht& FRARIhERTIN P QR ehaea%@@eqlreme&@vhtsb@m of

each possible spreading factor in the systemsignificantl y al i at es
| ;
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nunber of n tion in the, recejver
are der| véﬁghmair’rar@egrr%}%&meﬁﬁﬁﬁin)a&cﬁ@‘%&hﬁéé’%ﬁ&’édrﬁawszm% Tpesize of
synchroni zed with the incomng signal. Qhervise,

~e~t S- ~~t dhx &amily, ie.. the nurgbemef qiaternepmpskading coilem wv(trr ngp*elc)t .eodtthe
(relatively smal 1) spreading code period fluctuates over the time, i.e., it

I s difper Qﬁ&xmﬂrrﬁQP@s@%ﬂr&é’lﬁuérﬁ)b@@ﬁEeﬂ%nﬁQ% Pk @d8es AS1 A 4L fFULY) . Mhelifree
difficult to attach a single data synchronization signal t'o a spreading

code peri (7 L a de
cynchr oni S8 B P e R AR R ot
synchroni zat |
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synbol to e the spreading code length a power of 2. In a preferred
exanpl'é en&géﬁwgﬁpr 1) 8BEHFNSHal code synbol is added to the end of each
spreadi ng code. Mre specifically, the extended spreading code is obtained

by addi ng anot her code synbol after L synbol s of the original
(non- ext ended) code &% an@rx@nwlt the pgmbgr ghe ( ékanmaélr@]m%srh@mnga Ifergérd&éar
code synbol may be fix e., have the sane value, for all spreadln

codes in t<Pfe25fDa¢hlP§'|5 161362ﬁér2 with gpnaxiswvbddibsehits, eveheresdeatrelaiien 6f
first chip,n the original spreadrng code. n t he

Qgget Qfe ZT l@fsr%&mtd quaﬁreaaegceﬁﬁeprqr;s%fé qﬁsr@r&t ystf:arﬁqp\,acﬂrhé one
0, 1,
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obj ects, feREURGR niAMSkrASVAIALRS) r@weeeohmra%r&newbh ngt?lﬁ rggpgrg\eﬂhnmr&m

t he follomnng description of preferred enbodi nents as
illustrated in the acconpanying drawi ngs in which reference characters

refer to the ABED 5-Although spFAdZRE MO R 8864P2) family may be randomly

selected and allocated to various users in a CDMA miobile communications system, a
preferred example embodiment of the present invention allocates the spreading codes in

25 accordance with a specific code allocation procedure that achieves more advantageous



"6 PCTI SE99J01040 sane parts throughout the various views. The drmr}w e
not necessarily to scale, enphasis instead being placed upon ill r V%ﬂl
t he-princi pl &fo ofsskdze | nvention. Fig. 1 is a function bl ock di pgtgrvO§ioaN
exanpl e nobi |l e comruni cations systemin which the present invention may be
advant ageously enployed; s Fig. 2 is a function block di agram of an exanpl e
radi o station transceiver in which the present invention nay be

advant ageously enployed; Fig. 3 is a function block diagramillustrating
addi ti onal redeltacbmpafed Withshdefetodustletibin A unbihg chs esti@oblleFi 9. 2
Fig. 4 illustrates a unit circle diagramillustrating four quadriphase

val ues in gomeHietionk )Stentetpl8yd theaS{A)oRwkity bf db@a! spadifit YptdadingBode
exanpl e procedures for providing a spreading code from'an opti nal 2)

spr eadi ng aﬂsl,%tsf@m{:ys izp BRRLY Sees&esvﬁrmnbbaeaﬁﬁ%@m béé@:‘ésff&tiél?"rl'ﬂs@-stﬁiéﬁ a
schematic diagramillustratirg 1n further detail the code t5 generator
shown in Fighiod: TH ii BBy 'gﬁr ' ' %ﬁ%& dgd
spr eadi ng %%d%gggﬁﬂlggg{%%dllﬁ%zég?ggrﬁdar%%:gagmét %Hﬁ é(@?éé(‘?&ellﬁgga 39 0 exa?r%l e

embodi ngnt :S(g)ggnéfﬁog-S(Sg)e&"aﬁnﬁie%%}eémfek%néi i@EnréAi&é_é%ltih?etr'fé?sn@fo%ﬁwh@éggons

ext ended spr Ing C generator 1 n accordance wth a periodic exten

synbol exaggéﬁtiﬁnbﬁm%é 3?398 KaBion ot Sarfle Bawétheﬂn Qéasﬁtag@ggﬁéped to

illustrati exaltpl e procedures 1 n accordance wth an e spreadi ng

code enbOd?M%l@fs%efeleﬁecpé&ﬁ%r}froﬁﬂﬁgi”?(@gWgﬁ‘gf}g%fﬁc%&s10 is a graph

illustrating a performance of the ¢ extended spreading
codes. WD 99/ 66645 7 ~ 6 NOV 2p02 PCT/ SE99/ 01040 DETAI LED DESCRI PTI ON OF

THE DRAWNGS In the F?F};@"g% [x‘%oﬁ'@%?bﬂ&ﬁ%}pe&oéf&H&rﬂﬁﬁﬁ?ca@fon%&%fé&?tﬂlﬂn and

not limtation, spec Ils afe set forth) such as parti

embodi nent servie@ @RSt 8 Suery eMPoHAHESTheletare cbair #eVickLpRIVaNedR fhdbier ough
under st andi ng of the present invention. s However, it wll be apparent to
one skiid | edommuieatiins sybaimd like pW EEEVIA callidat dvarermnmhabenay require or support
more than one data rate. For variable rate and other services, it is desirable to provide
spreading codes whose length may be expressed as an integer multiple of each
spreading factor in the mobile communications system. The spreading factor
corresponds to the number of chips used to spread a single data symbol. Relatively
ts  short spreading codes, whose code period covers one or more data symbols, are

desirable in order to support low-complexity, multi-user detection at the CDMA radio

base stations.

One way of implementing multiple data rates is to use those data rates

which allow corresponding spreading factors (SF) to be expressed as SF(k)= L/2" |
20 where L is the length of each spreading codes in the code family and k is a positive
integer and varies in proportion to the data rate. Therefore, the spreading code length
should be some power of two. Having the spreading code length expressible as an
integer multiple of each possible spreading factor in the system significantly alleviates
overall synchronization in the receiver making it independent of the data rate. In other
25 words, if the spreading code period contains an integer number of data symbols, data
frame and data synchronization in the receiver are derived automatically when the

recetver despreading sequence is synchronized with the incoming signal. Otherwise,

-
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exanpl-e; JaATA= 0 E M, e es. described i
of a.mbile radio station|perngemBlicddaspicensija cades, the prssent .
invention is equally applicable To orter—radte=stations) e.g.%’"1adi'c" base
stations. and indeed, to any spread spectrumio comruni cations system 1In
ot her instances, detailed descriptions of5well-known nethods, interfaces,
devi ces, and signaling techniques are omtted so as not to obscure the

description of the present invention with unnecessary detail. The present
invention,is, described i.n the context ni ver sal bi | .
t o ecommuiicciats sbslBetfiot oSEResndhn Cielrtely SBanfSitepfing sademeriod

connecti of,~ [ .ext ernal. . :

For exarpl s TR TR fe Wi ER2R s IPIGBE L R MR Ry Sy pefibd AP

| nt egr at egbsRY itii§ BEfiOUR th aktabieh Wiidie dhERANnchdniRRioRSeMAit W&preading code
connectionl ess-oriented external core network shown as a cloud 14, nay be

f or exanpperivdeandniomseguentBotlsepanate cietwiditkadditien tmagbde synchronizatipordicni
servi ce nodes_16. The PSTN/ | SDN connecti on-oriented network 12 is 20
connect edmust Be egrerad nagsjuleanddrack data syRaueniZABOR as a Mobil e Switching
Center (MSC) node 18 that provides circuit-switched services. In the

exi sting GSM nodel , .t he MSC, 18 is, connected qver an.interface A fo. a.Base
Srati on Subsyst em { By evEs, WRIERErl Lo Ph e Soemevpiss peredimes s muias fon
23 over interface A'. The Internet connectionless-oriented network 14 is
connect ed 2"o—d , BkashalS (RPhskretadrgit edefamil v dezsibedrbsye. nboeeronple, ifomes, the
provi de packet-sw tched type services. Each of the core network service
nodes 18 &fde kmgtloimal.sln ordgr uMrsaRa theoadveantages REopamal highrogpagity@ber a
radi o access. nef work . interface. URAN 24 ncludes one or 99/ 66645
570 & NOVIRTHBAIEIrSEY0F INIONG o6 eTisERTs s Rl B SOT o drdiably JEadhiernc

26 is,con -ef]. Is b tati

2o 3o BB B sl B AL PRl BBl R U

upon wi deRgnfhol EPARKPINS SHRAdiME dddR!18n ABGESSwE WEDNV N MbtdTeirBdiexhfip®d radi o

channel s a?l ocated using % C[%% sprearﬁg coders. V\Cﬁ\/éliﬁ\\lpprovi des wi de

bandwi dt h einbodimlehi, rradidditi@ral icods s padobishmidetiitg the ertdofleavhnapseaingebtie as

robust features |ike diversity handoff and RAKE receivers to ensure high
o]

qual i ty. Bdere sassifleallys Hhe ovieded spraadipg cede is ebtapgd Hyradding gneldge code or der
f b tat | o, ] ify tr i SSi f t hat i cul bi |
stat fon advil B8 fosvineRluhr b SNBh Rk Retl A1 PRl Lelone trom

the base station intended for that nmobile station fromall of the other
transnissions and N S$hexaaf1E ehibddiffe 80 MR ARA:cole SPMbIl R PbS FREHONE.,
transceiver 30 in which the present invention nmay be énpl oyee! is shown in
Fi g. 2 inHavaché¢ samblvable, farathspreddingecslks i e familyhdnsothemerdmplppr eci at e
that other radio transceiver functions used in CDVA transceivers not =s

parti cul aregbedimenssthe addasecqsiesyaholihag dhe saspe ¥alaemstthe fsshehip i theeoriginal
transmt branch, inforfna i on bi%s to be tranam‘t e Ieﬁ-ﬁi ved by pr eader
32 whi ch SPreadias eadseln hedasarf gRAGIRATY SpEsRdingcodesilikgihess ind eﬁ@
spectrum (faq i deband this frequepncy band cqul d be. for exanple.5
Mz, 10 Mi%wﬁss%ra@m w?aqﬁﬂg sede s HaheLmgy PAvS e TR Mg Véﬁ@é@‘en@r bt ed
by a spreadi C I ol | er R ] - AR

spr eadzl% nga%’ocgg"slﬁ%g?%sgg t%ér g{z/llugg% %Q%%lgghgles géfléa ojig g(j(ﬁ)eegygpngglfles‘g%e%? t_o The

spreadi ng @Qﬁﬁizﬁftﬁé‘ inﬁlﬁﬂap&o@‘r@@@rrgl%ﬂ@h%%e&QmQ@kféﬁﬂa%ﬂ%éd%éﬁcé@é&i.0 channel
in a CDVA comruni cations system Because a very |arge nunber  of code

synbol s (sonetines called "chips") may be used to code each information
bit, (depending on t BRAERUDESCRIBTIONOY THERDRAVEENGSJata rate system
such as a WCDVA systen), the spreadi ng operation considerably increases the
data rate thereby ex&gndi ng the signal bandw_ dth. The €i{{)read siﬁ)gnal s
provi ded to a nodul ad Bf [eEERHIEHNGVEEr abiests; Fratwss.cad advankages of shainveption

carrier. A&il?%%'alplpgge%rt. frAé%n %%nf%rll%tweirslg %@s@r?ﬁ{o%pcgtl [%te?er{e%fjéﬁbodiments as well as

25  illustrated in the accompanying drawings in which reference characters refer to the

practiced in other enbodi rren s that d_epa “ om these specific deﬂl@}%y %ﬂz




- frequency carrier at a frequency selected by the controller 44 Tgeﬁy V. 2002
nodul at ed RF si gnal ~~ 6 NO~ ?QbL' WD 99/ 66645 9 PCT/ SE99/ 01040 i thﬂ

filtered ang‘,@m&,jg ed in RF processing block 36 before bei ngp&tR3R§9M1hiecd
over the radio interface by way of antenna 38. Simlar but reverse
operations are carried out in the receive branch of the transceiver 30. An
RF signal is received by antenna 38 and filtered in RF processi ng s bl ock
150. The processed signal is then denodul ated to extract the baseband

signal fr eafenggﬁngghﬁyg%ﬁf 14{@@9;@@%&1% d8witidsnge %o?HE&f‘s@hﬁl)J% SAld1 er

si gnal provi oscillator 44. The denodul-ated signal 1s - de-spread
in a de- sRnRRASK iAStehd beRfpEesE @pvhiudraigans phiaciptes Hthehavestion.ol | er
-44 and generated by the code generator 40. The de-spread signal
corresponds to the received information bits at baseband which are then
typically further priigessed.fultiérebloctlidiaghaal off ametanypialmbbide kemanenishtioms
in the radio station transceiver 30) those skilled in the art wll

appr eci at systeat int Wwhish thapeesem snyentidnempy besdirertaggoushy eripdeed:har dwar e
circuits, by a suitably programred digital m croprocessor, by an
application specifig.integrated.cifcuit, (ASIC, and/or by one qr nore
digitaf signaling p?Fd eéé%?- uvﬁm%%&“&gr@m n ‘F’Ej"élﬁﬁ’l&t'églq $taUeR &rfRseRver
formfurther ,e aEH)Ie details of the ggr&%%ﬁrow ]and the nodul ator 34. A
simlar sdRSHHER NSBIESENEPYFPIPR Mayabya 18y Analngethe de- spreader 46
wi th opposite functions in the reverse direction. Quadrature phase shift
keyi ng {QPSK) is us beot.h _f : : I : . er
32), and the spreadiqﬂé' ?rﬁgaltgp?tﬁ)ﬁr??g%ﬁdd%gl @@‘ggg%’é%pg@%ﬁ@mﬁgggﬁ%é@ﬁﬁ@g)
20 Fig. 4 JhLiast 1Al Sod@Mor B1GS HBRAEIPRIGNDS [ n the unit circl e
corresponcf’ ng to the conplex plane defined by a real axis 1 and an

i magi nary axis Q The four quadriphase al phabet values correspond to n 3;t
3r. ~t C J ~, aJ HEg. 4Elldstrates aQn?@itcl€diabriigligstiatimgfour quadriphbd/ values _
___ __ ~~.,~~ ~ The exanple spreader 32 in Fig. 3 includes tw biphase
(+/- 1p i nharcompler pdéneeans to be denodul ated separately, such as a traffic
data stream and a control data stream which are input to respective
multipliers 52 and 54 in order to be spread and 1 Q nultiplexed. The traffic
and control data strigms inedlepekad dngranfilesennes ammasrpesduren (@odes and
t hen mapped to the 1 and Q branches. Channel ization codes are enployed to
separ at el yptodisheg fyppeaading sede fiwrs anopaimalaf (Ziﬁarqaﬁm ety family imact@gance
streans at the receiver, even if there is inperfect I and Q phase

synchr oni 24tth dite presemeinvesdPer. In the situation where plural traffic and
control data streans are to be transmt in parallel froma single nobile
user, (e.g., multicode transm ssions,-- intended for_ver 0 .hi,gh data
rates), plural ortho'g‘tgnél'séﬁé ﬁ%@‘fé{l??’dﬁ%B@éga%{?%%@éﬁ‘%&%ﬁtg‘q?%fie
necessary %?{eal | el c“gde Fhanﬁel s. The channelization codes can be based on
so-cal I'ed ﬁ%&%ﬁ%‘? VAR 41 Spreadi ng Factor (OVSF) codes which maintain
orthogonzlity even if different spreading factors are used. The

channel i zzt i on codespay § (CUUMBTaRf: dhbraliPhiusGat @4 800 dEA PG 8HIO

information streans represent the real~and 1 nmagi nary parts of a co

data streagardeatbeirt AGBTAANCONRh 2fi WM xicAdb®sERBANSlamIB ehtodfReeMUnd
description, separate real and inmaginary information streans and

correspondi ng di fferent channelizztion codes have been enployed to generate
a conpl ex signal to Bm. $psacthesiatg diagrant dipoathngn easdmp!COMndpd gprbiading
code. However, the signal need 20 not be conplex. Indeed, the present
i nventi on ¢ade ganeeatpt oyackardangy wald apsriedipexehdédionbat exampleggrabodiment;

20 FFig. 9 is a function block diagram illustrating example procedures in

accordance with an extended spreading code embodiment of the present invention: and

Fig. 10 is a graph illustrating a performance of the fixed and periodic

extended spreading codes.



The spreading code generated by spreading code generator 40 is eu:)bw b
the conplex multiplier 60 to spread the conplex information sign#é 2052

conpl ex nmul wgdwess4s60 i n a QPSK dat a nodul at or perforns conplrCT/SES9/01040

mul tiplication 25 between the conplex data stream 1l + jQ and a conpl ex
spreading code (e.g., tenporarily all ocat%d to a nobile station) to provide
the spread signal output to the nodul ator "34. Quadrz=ature nodul ator 34
splits the spread signal into real (1) and imaginary (Q streans which are
processed by a corresRTATLEDIBESSRIPTION OF FHEDRAVMIDEESSHEET o0 s
Hov zoo2 WD 99/ 66645 PCT/S E99/ 01040 64, such as a root-raised cosine
filter, and then provided to respective mxers 66 and b8 which al so receive
i n-phase and_quadr atlHrtRe Y&l G hisdecription Rorgairpdses of Ekslanadon ahédocar ri er
quadrature signals are summed in sumer 70 and output to the RF processing
bl ock 36. lbnitatiorgispecifiediesditiiare sehéontursineh asfpatioMtersymizadt megts; pdecdusesy t o
di stinguish nmobile station users, particularly on the uplink direction from
a nobi | e dechniguest otca ipardestoapioyidessthargu gl uadersang gl the Psesne invenaionow
nore nobil e stations_to conmunicate %; the same ti in the sane, geo%r phi c
area. &n tHRWEYHeR Widhbe apprareRLitoeie Biilledimeis aibthab MssPreasiidnveRiatomay

ot herw se, there.is. too ch o interferen ner at ed.a ile stations
Lo have: apratiedinnbeuihorintn s i She? Fred e Shed it BRI dvraSehiTb e

of Spr?adl\pﬁéé?ﬁ]%ﬁnﬁe#nttﬁ GLhe PRt s lm&ﬁll\@snd&&criﬁeﬁﬂﬁ'nte'c\f)?\ké{t!oq{a O?Héﬁf’?&io(ﬁ
spreadi ng codes T on?y mmni mal” peri odi ¢ cross-corre Ation between any

two of thesta?tﬁfne@sq}x gpﬁﬂggﬁfénﬁliﬁchgoaé%m}{e)/pregcﬂﬁ ift ﬁﬁrnii§QHFalW5g§Wéa@ﬂ§t@Bther

vari ous bi-phase and qua phase | s spreeading code fam'lies e shown I n

Tabl e | behaiw. stdthensalephahgio BhAsestaQ6HL aRANEGdOd ftey sptemespadirudh f f er ent
val ues that each code synbol may assune. For bi-phase codes, the al phabet

si ze 19 twomrhonicgliads syhase laasdhsr ihienatyizheled siczeriptsorfsoafr welltk@oseguence
length (L) is the nunber of code synbols ("chips") in each code and for
al |l code fmethbdegntenfacke, deatdes, hnd signgliap tedhnXfues-ard omibd se apnpstaaobscure
positive integer whose possible 20 values may be restricted dependi ng on
how t he pdheidesaranticioeetheresgntiivardipstwilb aaccesryfdeiily size (11J) is the
nunber of codes in a particular spreading code famly. The larger the

famly size M thecgn,geater t he capacity. The maxi num absc;.l ut e .
crosscorrel ation (OTh¥ Presgnt WéePrEQP fLysehiBee %ﬁ@,c%‘f%‘éﬁ Gorigeise| gipbile

bet .eadi ' ' d i | . Q>
2002 w0 o0F kbR B dSy GT03 U TS RIp SREERd A o7 R PRas oy prliier Ve e
Z07S ) ¢ ; i R e e
b e ARSI Ghar SR BB o EF RN 2543 o e o ftiess
Md4L+21+25Witt k& Telebk8RLNetwolPSTR) ARGV oft thidinte ghdtcd Serlicks HRERAINESAbrk

(ISDN). A representative. connectionless-oriented external core network shown as a

cloud 14. may be for example the Internet. Both corc networks are coupled to
corresponding service nodes 16. The PSTN/ISDN connection-oriented network 12 is

20 connected (o a connection-oricnted scrvice node shown as a Mobile Switching Center
(MSC) nodc 18 that provides circuit-switched services. In the existing GSM model, the
MSC 18 is connected over an interface A to a Base Station Subsystem (BSS) 22 which
in turn is connected to radio base station 23 over interface A°. The Internet
connectionless-oriented network 14 is connected to a General Packet Radio Service

25 (GPRS) node 20 tailored to provide packet-switched type services. Each of the core
network service nodes 18 and 20 connects to a UMTS Radio Access Network

(URAN) 24 over a radio access network (RAN) interface. URAN 24 includes one or



"ol d-li1ke22~~~ _Im=0nod 2L rt 22 L + 1 - |Small Kasami22~~~’Q5+né
nod 2,/ L + 11 + L + lLarge Kasami _~~~~ _Int = 2 nod d~ L + 2) VZUU?
L + ILar ~e oamsé6d2~~~- | mFOnod4( L+2~JL -11+2 L+1Very | arge K®EAVEER9/61640

Int =0 nmd 2( L +2~" L+ 11 + 4L + |Very Large Kasam|4~~ _lrrr =0
rmd3( L+2) L+1-~1+ 4L+ 1}Famlygs(old-2"" - INoneL + 21 + L +
|Fam |y s( ~)42~ lrn > 3(L+2)(L+I§ +2 L+ 1Famly S(z)~ d2~ _ Im
> 52 (L+2)(L+1} |+4 L+1 Based on this analysis of various characteristics
of these cmabee fadid nebzork tentrolen2or KhrehdRINCrfuist ¢ominected 8@ utalitiylof bafe
spreadi ng codes offers the optinal rom se between the | argest nunber

(M of sprﬁaﬂomag(%h%&an@Loanz)qtherRNgs in thedURWEN Al | est

cross-correl ation, I + 4 L+1 . In other words, for the S(2) spreading s
R e
spreadi ng gode. f 63 legg% e/qu nng Igé 3% omntg 1: ius%' on
of the S(PBiRrugP DSA LG Lds s Bl RRARL b
spr eading ¢ ﬁ%%pg gdlﬁ%%f)d%? r %?@UM& quﬁ' damiide Barﬁ LH8@SEor %lgq’%ét?la s@id e

whi ch i’s spreadlng co es obtain y conblnlng
di fferent ﬁ(@bmt@?ﬁl%{ fh)le GRS Ak WAaNLERARS! fehhfeliRe dpRdsil ia)mé@ff%@'R‘EKE

code famlies Include the S(0) famly, which is the subset "of

spreadi ng f&@ﬁ&r@t@&ﬁs@r@ﬂ% Yugliifyl ek M mbbiié lst%hoﬁtﬁtl@%sﬁén@dllt@(de §[§H€B@1’h®nt
sequence shift-register. e S(0)spreading code fam |y has the sanme number

of spreadi 0@d¢bﬂ@$ieaﬁ>nmba§a)itdtlepaeadlldmtdgdemtsamﬂn(ym frotn thiae p&tuldranbbile
has a smal |l er cross-correlation at |east factor of ~ . In order to
provi de a Metxperaswmibmfcurtbcmgol@lﬂe stlaeomtegémfy tragpmissinnsi foomdhs thage siapanof
the S(M} fa of sgﬂeadl ng codes_is now described. Let h(x) = x "' + hi
mtfs leq fox thatnopre statipn from gl gfithe qiberalr@ﬂsnwwpv&dﬁe|n;¢h°<5=rﬁ>r§ﬁe'5\)er
Z,~ of degree m where Z~ is the set of integers 0,1,2,3} , i.e.) the ring
of nodul o- 15 SARGEFE: A 1] st of all the primtive pol ynomi al s over Z4 up to
degree m = 15 can be found in "Un a Recent 4-Phase Sequence Design for

COMA, " Hammons et al . il 743 sHt?d??rrax%%WéE@? iP{Q\lzhic}EZrﬁ'grefsgx?t iﬁgnﬁﬁrz may

804-813. The nt h-ordér Ilnear recurrence a

as a,.~n) peRulBycd I)shioW¥ ArPig. 22 funcn&ﬁrﬁl”d%k fomm( n‘Pﬁos@s& 1ﬂ'ed’4-n Me 4rt %w?l

pr oduces’ a quat'ernary sequence S peri od . The above

recur renceappechee L loeiamadb ushm:@ersmhétﬁorrsagsleatlﬁlcrw«ﬁ/:htﬁaﬂ@@ﬁaa@ﬂs not
connections. 2~ There are L + 2 cyclically distinct sequences which can be

obt ai nedl f pariduterly edeovargnoehdetéseadinvengguatd oot shovn). Inythehmmosimgbemch,
appropriate initial state of the recurrence, i.e., of the shift register.
The i ni ti ainformadon bitsite bg tvansnoit acs rqee@pérbym spreader 32 which spreads those

information bits over the available frequency spectrum. (for wideband CDMA this
frequency band could be for example 5 MHz, 10 MHz, 15 MHz or more), in accordance
with a spreading code generated by a spreading code generator 40. Controller 44

20 determines which spreading code should be provided by code generator 40 to
spreader 32. The spreading code provided by code generator 40 corresponds to a radio
channel in a CDMA communications system. Because a very large number of code
symbols (sometimes called “chips”) may be used to code each information bit,
(depending on the current data rate in a variable data rate system such as a WCDMA

25 system), the spreading opcration considcrably increases the data rate thereby expanding
the signal bandwidth. The sprcad signal is provided to a modulator 34 which modulates
the spread signal onto an RF carrier. An oscillator 42 gencrates an appropriate radio

frequency carrier at a frequency selected by the controller 44. The modulated RF signal



"whi ch can be represented as WO 991 6645 14 r,. = ar (m- 1), ar,(m- 2),
... & . (~~J . 0 6 NOV Z002 PGIJSE99J01040 The L + 2 initial sta ”ﬂyrzﬂu.
r2,..., r~+r can be chosen according to the followi ng algorithmT~r = <
[~-(YrXm~ WO9NGeksn Z )~ ... , T(Y,,X), T(Yr )~ (?) 5 where PCI/SE9/01040 +
~'-+~4+ . .. +5~"mr ynod lyx), nod 4)1 nod x), (3 ) and Yo = 1 Yr ="~
YZ =", Y3=1- x Ya=1- x2~w~Yc+ g§1-xL 1 (nodIlyx), nod 4~

("~) ro The set of sequences ~a,. (j~)} defined by equations ( | )-(4)
represents the ~$' (0~ fam |y of sequences whose g)ararret ers arc given in
Tabl e 1. Thihesdiltesed sndaandiicd-iarRY procassingdieeki @befose being garsmisteddovsy a
degree 8 prim¢tive pol ypom al fover Z4 The primtive polynom al of degree
8, which g?%(ﬁdb%g‘t?‘ﬁéc% FpYdyse UM connections of the cor respondi ng
shi ft-register generator) is ast s fol lows: h(x)=x~ +x5 + 3x3 +x + 2x+

15 the gener al 1 2aciBIG P Fo ey Suons B Puind bt Feskivs desibidihy
W th Che BARRRiPEECARRF SR BeEEhsd Syl Bt S o disatye s

(n)} .ss Blébk 150.2The processed S1EnilNg B Beth8dghird (TR]1BXEGHe Hs8B4d Sighhp
I Yu (n) =a, (n) + 2b.r (n) (

given by the followi ng rel ation: (n) , ) ( nmod 4)) n = 0,
|, ... , flom the RF dabierTiiea demuduiaesr 48 gsiipa safteblelR RicaetbrBygml lproeided by
recurrence over Z, , defined by the s polynomal g(x) = x a + g~.re-~ +...+
ge_i x + | thesosrsl{ater 44 giT{endemddulatedXgmal s @¢-spreadinf n de-greadek@b ), iz >- a
(7) where a _<mis a mnmminteger satisfying ( 3 ~~ ") nod ( 2 "' -

EL) = 3. accordance with a code selected by the controller 44 and generated by the code
generator 40. The de-spread signal corresponds to the received information bits at
10 baseband which are then typically further processed. While individual functional
blocks are shown in the radio station transceiver 30, those skilled in the art will
appreciate that these functions may be performed by individual hardware circuits, by a
suitably programmed digital microprocessor, by an application specific integrated

circuit (ASIC), and/or by one or more digital signaling processors (DSPs).

15 Fig. 3 illustrates in schematic form further example details of the
spreader 32 and the modulator 34. A similar schematic would apply to the
demodulator 48 and the de-spreader 46 with opposite functions in the reverse direction.
Quadrature phase shift keying (QPSK) is used both for the data modulation (performed
by spreader 32). and the spreading modulation (performed by quadrature modulator 34).
20 Fig. 4 illustrates four quadriphase points in the unit circle corresponding to the complex

plane defined by a real axis | and an imaginary axis Q. The four quadriphase alphabet

values correspond to



"The polynomal g~x~ is related to the pol ynom al htx~ and is obt afn1 p”mfcﬂﬂﬂz
“the pol ynom al g X~ g| ven by g(X)I (x- XI) x-~x:s)~:=x—(‘>z“ -

|l ac n1g ~l ~ = h(I) + g(x~~ nnd ?, a = n1( C For h( x) glven by equatlon
(5), the corresponding g(x) is equal tog(1l,)=x~+x~ +xs+x+1. (10) i5 The
set of L + 1 distinct (but not cyclically distinct) sequences bs(n) is
defined by the appropriate initial states of the recurrence defined in

equation (7). The L + 1 initial states ~S, ¢Si . ¢S, ,..., ¢S~ are defined
as 0 6 NOV 202 V@h%%&ﬁﬁﬂ@s% aBéEFBzBE%ﬂg)BQﬂ@md@s Foviphdse (¢41) ~2 = x, d3
=X 2, . ~~ = X ~-~ nod h(x ), 2~. The actual initial state

~b.,t ( nnnfoi:m,atlba s(reams 2o be demodubated @epara&:ljgwueh aby traffic daedf §tredmeand ao f
correspondl ng. pol ynom al d~ defined by equation % accor.di n to the
f ol | owi nGORBPREABAIreamg which presippit tql)easpecuyemulup(lwﬁ pnd 54 mpr ery, be 0~

1 S shRand0 ERHIPREER  The traffic hing Conprg) dua Stregups ape fprerd B digrepant™ -
obt 0 R RTAS, RGO oS ASOGER O 1B S, SR aghPcde
sequence%r ?ﬁ%g&%dn@ ste?a.ﬁdtélﬁ 638{&9"%411@%15@1'1%{1&?913 real 4f¥ima ngxy infor atfor N~

n enumeration a or the
set St 2~ se@BrReait €8S teeetlePYewerif thdfe istimpérfedt)] asd 21 phase*éyrfc‘ﬁ@orﬂ;ziuon at fhel

(13) s=0,1, 2, ,L t=0,1, 2, , L The sequences c~ (n~ are obtained by a
I i near r qecsivendia thaeftuZuoxﬁ whefd pledaloyafficeandadontial dhtafstrm)ns=ar)$ to be tfansmit -
+ f~i ~+ 1as c,~—~)="fic,(n-1~+ f2c, (n-2~1.. (n-e) (md2), n<e,

( 14) o4riparalp! dgyng e adugle mobile user, (e.g., multicode transrmssmns -- intended for very
10 high data rates), plural orthogonal channelization codes are used to make the necessary
parallel code channels. The channelization codes can be based on so-called Orthogonal
Variable Spreading Factor (OVSF) codes which maintain orthogonality even if
different spreading factors are used. The channelization codes are common for all

mobile stations.

15 The I and Q information streams represent the real and imaginary parts
of a complex data stream to be transmit over a CDMA radio channel. In the present
description, separate real and imaginary information streams and corresponding
different channelization codes have been employed to generate a complex signal to be
spread using a corresponding radio CDMA spreading code. However, the signal need

20  not be complex. Indeed, the present invention may be employed to spread any type of

information signal.

The spreading code generated by spreading code generator 40 is
employed by the complex multiplier 60 to spread the complex information signal. The
complex multiplier 60 in a QPSK data modulator performs complex multiplication

25 between the complex data stream / + jQ and a complex spreading code (e.g.,
temporarily allocated to a mobile station) to provide the spread signal output to the

modulator 34. Quadrature modulator 34 splits the spread signal into real (I) and

imaginary (Q) streams which are processed by a corresponding pulse shaping filter 62,

AMENDED SHEET



“17 PCT/ SE99/ 01040 where a S mis a mninmminteger satisfying (o&m M
(2" - 1) =5. The polynomal f ~.r) is related to the polynom al h~x) and
i s obt ai nedwbr¥issadbe pol ynom al f (x)~ , given by f~.r)~ =(Xpx3)E9%010¥P) ZJ
X-~x5)2~ . Xx-(.x5)~e ~ (nodh(x),nod?),(l~) 5 according to the follow ng
relation f ~x)I a<ml _ , f ,r) h(x) +lf (a)~ md2, a = m( 16) CJ For
h(x) given by equation (5), the correspond‘i ng f(x) is equal tof (x) = xR +
X" + X" -=~ .r ~+1 . (,17) The set of L + 1 distinct (but not cyclically
di sti nct ) 64etigbras@sroot-reispdicosineffiltardan thengrovidap po ogspeatiee intikeisad6 sidbes
of the rec r.rer\ce ( 14), These initial states are already defined by
equati on Whichalso rageave Brphaseind quadratswe vewsionsif tse RF eprieadiThg modidated
fam |y produce edes with elenments belonging to the set { 0, I,

ﬂugt er nar.één )
2. 3?2 . THIONT GHAT@BHAIS éaamfm@ge 18 SHBURETVY ¥shewtPhbta the RF poeesssing

envel ope,bygcg( 6rea| and imaginary parts is being bi-phase | values, i.e.,
with el enents bélonging to the set J;; 11r. 13r I~r a4, a ~, a ~, a
4 , the following transformation is applied ;t n J- J~i~~ S?(r7) =a ~ -

axpl anat 1 on of how e epagied SvertY ARREG M 218 LBFRT G0
ref er encedisﬁngm\gh Rete 1 d ﬂaﬁomgﬂs?Pﬁﬁchlz{rﬁ“M g?c "l%;ﬁ!rﬁi&sr?zghd FrbHPA b 1 0

function block format in Fig. nitially, on requests a

traffic cstatoeto ¢ base sthtiby shentti hgasldrp@hs pesseblansalloWeees dbyR stRidRngom
access channel 5 (RACH) (block 82). The random access channel has one or

nor e cor reypongicate 8ptheasiinng tioedeshekamb gebgraphiy dreasiGt ilRNoBFPhAYE the
transcei ve over that random access channel. In response to the nobile's
request, Rwabphelspseadingrosengannnide tohdargandderaseesere aonahutlp t he

mobi | e st%iig% the nunber " v " of .a spreading code zv (n) fromthe S(2)
spreatf ng'LTETCREhEERErRISdRIROB INQbilertatipnsdP g Ve anasceaptiblsaredmuadiation.
channel . # is.,defined in eqguation 12),. and v is defined jn equation (
73 above! TtBtesEn{ L BiPe mip e S8 HnrbEAi08 O b arcomimel ootk ef i nes
t he ordi pw S ' i |y, identify the.initial states
of shift nl?(laaglgtl stl e‘r%{sr°(l:'121 ggﬁ%aoggﬁé?a\gmeé {:]%%&t\%ﬁ@gx%%'gﬂﬁtpeé@ ifeﬂ@é%‘cafr?fa("iof)

, b~ (n) bet%@nme(l‘ivo)oﬂﬁ%is??&d‘?’r@é’@désr]nQHé'%rﬁfms (1), (7) and ( 14),

respectively. 'Those three conponent sequences arc conbined to provide a ~
5 correspondi ng S(2) quaternary spreading code zv. (n) in accordance with

equation ( 12) For comparison, parameters of various bi-phase and quadriphase
15 spreading code families are shown in Table I below. The alphabet size corresponds to
the number of different valucs that cach code symbol may assume. For bi-phasc codes,

the alphabet size is two: for quadriphase codes the alphabet size is four. The sequence

length (L) is the number of code symbols (“chips™) in each code and for all code

families in the Table I is equal to 2" ~ |, where m is a positive integer whose possible

20 values may be restricted depending on how the particular code family is constructed.
The family size (M) is the number of codes in a particular spreading code family. The
larger the family size M. the greater the capacity. The maximum absolute cross-
correlation (C,,,.) is the maximum, periodic, cross-correlation between any two

spreading codes in the spreading code family.
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Based on this analysis of various characteristics of these code families, the

inventor determined that the S(2) family of spreading codes offers the optimal

9

compromisc between the largest number (M) of spreading codes, (L + 2)(L + 1), and

the smallest cross-correlation, 1+ 4+ L + 1. In other words, for the S(2) spreading

codes, the ratio of the number of spreading codes to the cross-correlation peak is

maximized for a given spreading code length L. The S(l) and S(Z) spreading code

families are obtained by generalizing from the construction of the S(O) family of



"0 s ~ov z~2 WD 99166645 20 PCT/ SE99/ 01040 S(2) code family and hag gﬁbbem
cross-correl ation properties, and therefore produce less interfer g

bet ween nobiWe9%6&d#E. Table 1 above shows that the S(I1) code PERPE/HEMI t he
S(0) code fam ly have one half and one fourth of the maxi mum absol ute
crosscorrelation as the S(2) code famly, (gespectively. In this preferred
enbodi nent, the | arge nunber of codes provided by the S(2) famly is

enpl oyed by the nobile conmuni cati ons system but specific subsets of the
S(2) codesquedeiphabogtadingacaues t Tayl §(2)ogreadinatbon famity edledss tiei §(I)
sectors. Consequently, depending on t nunber of nobile users in a

par t1 cul ar (AfieA vl icR iCTIMNRRL o AF L P! 1), spREIdIAE Bodtibihihetihy ERNBHRRE

.e., less Intérference between users connected to the sane

station org; S i t i ' '

system rraydlggezgg(é@ sagl;a egﬁﬁngg"é%‘?!gi‘“ g?@ﬁg%htrﬁgﬁ'@g@mf @?nrgg?é a%@s%%?%ti on
BSO i s al |l gcat.ed.t he, subs of S(2). .caodes..defined co nent
cequences TOTRY MG S0P iy WHeR TE yREIE o YL, 3 £HPERRRE Sotes, e,
words, BSO.is. allotied the "pyre” famjly of codes. A second .

nei ghbdr i ngPBisd b G fsrrtaaithlshtes ¢ oAmald Féma%wépqg%éﬁuﬁfresmr- The
spreadi ng cqodes defined by the conponent sequences corresponding to indices
r = U, 1)2S5(0) spreadingcdde familyt has the same munberd ispsmdingcodes asifiesGalde very
simlar to the pure S(0) codes, (the S(O codes are multiplied chip-bychip
Wi th a congpreadiaprodemsiggvente $(0)(family handshays wesesdrrélatiynt¢eza6P
characteristics. As a result of this S(2) code subset allocation, the
cross-corrpaltcﬂério @o bet ween those allocated S(2) codes for each base
station is e sahte'as for the S(0) code famly, i.e., less

cross-correl ati on between codes as conpared to that for the S(2) famly in

general . Using such anoedt4) pseiAaeh &ﬂ@?uﬁhéx@&%in@%ﬁhé?@ﬁ%ﬂ iR,

interference between nobile stations connected to™the sane base station is

m ni m ed,@&gr 2% 1l NtEhH A, o L s, al so
bounde ac%or iutrclgs?gsFtﬂlﬁé;‘sgr' %&t‘ﬁ&%ﬂﬁ@gwgtsf'?awggéb@gg\b%él 66645
PCT/ SE99/ 01 4}(3%2;, S(2),codes. The S(2) subset code allocation strat eeg may
be general ﬁex # nedhBs fol féwsit deWhBS (far BS Zae bt Grorimysyepolyagsial over?
spreading codes fromthe S(2) famly defined by three conponent sequences
havi ng an iZdekdegree W)y, whei Z, i} the sct bfanagernd @;Eﬁ,iﬁ .ard the rhat ofamheduhi-gue
for each base station (or base station sector), i.e., the 5 indices s and t

have diffepg k NhAEGE, f,art i bas f At it e .
subset code a elr%)cat%Q@Lgﬁeﬁ)rilgngﬂg\ﬁaﬂ?gﬁgﬂgai ﬁr ?Iﬁg{p' @{&Fer%é;és F$khn be

cr 055~ cO ' fhiid NPk YeRenMIHSe B88lichce DA RS COMACVIAREHGHs A% aEpeEed

to the general S(2) code famly, hand-over situations require sone speci al

provi sion. TFafs. Coenrfus avobrE1-Ban6a8 | pp. t180a-81hi Tiee stlaiordet [keep sedirecrirne
spreadi ng code allocated at the io beginning of the call by the source base
station/ se@,trg,? gvanzi fdéﬂpﬁedrgpi;}(g} ghlanges fromthe original source base
station duri hand-over to a destination base station. Usin the code

al l ocated by the source base station while connected to the destination
base station may ,pf,adu i.nt erf er ancesgreater(th t f1Qr e S(
fam | y~. But thag’{'ﬂt e,r:’%é??en@e ?%ae@ti?}l'h'othgflggt 2’5 th{)ldtd'ﬁ’at ;%e fng )for
the S(2) code set. ~ 5 In the hand-over situation where the source base
station allocated a particul ar spreading code,to the nobile station, the
sour ce basBraduses 3 QuUpterprevaquenca eloperidd dcatd ng It hhie sbeive EpuEEACH ghaole
bef ore the. hapded-oyer, nobil.e station finishes the call to avoid the

si tuation WHBIENG Hﬁﬂglaes@ﬁafﬁﬁﬁﬁé ‘%}Fféfeé—’éizf‘ﬂhé‘a”‘tcﬁ@o@fane code. One way of
acconplishing this is for the source base station to assign a tine-out flag

the cofls ey be. al | odMEERAC Faha: res i RUE it TR Rethuche B ERiE i BfHact HoRd
interval hgg ﬁ%ﬁﬁ@ﬁce%@ﬁﬁecf n?ecﬁ%]@;?/)nm§ b?lch88§m§q[\ea‘8‘#¥(ﬁfr «}%zmgxlaygtawqgt{ (E\le?ﬁe

has a non-zero |1 ne-out val ue en” t he nobi s’'In over w

time out i pé&irdlce CAMENHRifAlredibRr ! THE im‘tiaha'agzio}l,eﬁsa'ékééa%f%yel&*ﬁ%ﬂﬁaﬁe

code is prevented from belng assigned to two no e stations at 25 the sane
time when Ghgchem b@%p}@erﬁg@@@ct ed to the neighboring base stations.




‘0 s Nov zooz WD 99/ 66645 22 PCT1SE99I 01040 The construction of thﬁﬁ@@v gnﬂz
other famly _of spreadi ng codes produces spreadi ng codes that eac ave
length L = ZWO99/6€6.45C0nsequently, each code's length is not a RGUWBEIi04.
However, in a CDVA systemthat supports different data rates aver the sane
physi cal radi o channel depending on which gf different services is
currently 5 operating, the spreading code | ength should be expressed as a
mul ti pl e of each spreading factor_existing in the nmulti-rate CDVA system
The spreading factor is the na ra,(w?—c})i,p,s(n(pm)r.a]a,.(ﬁ)r]ps are used to
spread one data bit) within the data synbol. One way of inplenenting
multiple data rates is to use those data rates that permt the

cor r espondThe sprikasitiapstaesst of ,S;,(,SE),..I,QLQECMBé eR6&sh A%ok@inghokthe bi18%in
where the variable k is proportional to the data rate. Nbreéver, since the
nunber of algopthmvi thin the data synbol should be an integer, the spreading
sequence |l ength should be a power of 2. Consequently, spreadi ng code
sequences belonging to the S(2) famly is should be extended with one

guat ernary synbol for optit (gp ! kt3)- r at ystem The esent
i nvention resol ves thi sgf‘ie-ggf )f%g; oﬂiﬁ(% a)ﬁ]&fr’eﬁ&’if!négi di}’extensi og‘i)

W t hout i ncreasing the maxi mum cross-correl ati on between spreadi ng codes in
t he spreadi code famly. with mninmm hardware inplenmentation conplexity.
In a prjef e\”Bg’& enbodi nent that tries to reduce hardware inplenentation 20
conplexity. the spreadi ng code synbol is added to the end of the original

spreadi ng code in order-to extend the coq?e by one synbol. _OF course) the
d

| engt h of the ori gi{gak di gode. gdu b 4n i a,gode
synbol to other Ioéé i gngﬁ tﬁg origi%al cédgya%?? %?ﬁé%%&g?%égpexg nded
spreadi ng codes nmay be obtained by adding an additional spreadi ng code
synbol) aft%t the L synbols of the original, non-extended is spreadi ng code
of |engtr|%9_.2 "o 1. WO 991 66645 23 o s N oar 20Q@ PCT/ SE991010 O In
one fixed code extension exanple enbodi nent, the additional spreading code
synbol is fixed, i.e., the same for §H| spreadi ng,codes. In the case of
quaternary codes |ike the S(2) fan*PV of/ 1spreddi ng: codes, the additional
spreadi ng code synbol can have four possible values. The particul ar code
synbol value, ji.e., chip s,value, nmay be_ghosen to nininise t he nut ual

cross- cor rBb ath on- Betnkert ext-edded Sskquences| may a(xetmodd.), A S(2)
sequences.

10 The set of sequences {a,‘(n)} defined by equations (1)-(4) represents the S(O) family

of sequences whose parameters arc given in Table 1.

The set of sequences {ar (n)} of length 255 can be generated by a degree

8 primitive polynomial over Z,. The primitive polynomial of degree 8, which provides

the simplest feedback connections of the corresponding shift-register generator, is as

15 follows:
/7(.vc)=x8 +xX 43 x4 2x + 1, (5)

The S(]) family of sequences {y"(n)} cu=0,L.. (L+2)(L+1)~1,is the
generalization of the S(O) sequence family obtained by combining the quaternary

sequences from the set {a,,(n)} .r=0,1,2,...,(L + 1), with the binary sequences



An exanpl e of the fixed code extension enbodi ment is shown in Fi gﬂG?Nw 2002
original S(2) spreading codes of |ength 255 where |i ke reference nunbers
refer to | weIdb@wents fromFig. 6. The code generator 40" i RCHSE9/01040

i ncl udes conparator 120 ~o connected to the outputs of each nenory cl enment
of the shift register 104 which generategsthe conponent sequence a, (n) .
In addition. a corresponding register 122 containing the initial state r,,
of the shift register 104 is connected to the remaining avail abl e i nputs of
the conmparis ﬁ?} ] 28.0,812,1 1., Lyt ey sande Bnigtie hTht erict B2dorithnt Bngieeh &9 the one
input termnal’ to the output of sumrer 1 10. The other input termnal is
connect ec’t’oﬂgvﬁﬁg?aﬁtigﬁ?‘ed code synbol value x, and the output of the swtch
is connected to mapper 112. Qutputs from conparator 120 suspend the
shifting operation of all three registers 100, 102, and 104 as well as
control the state of }U(r%)%’\&t(%'#%lgn) I(m&p:s)"at,i, om, 1,t hey conpar at qig) 120
detects the end of arf ‘orfginal ’S( $preadi ng code by detecting the énd of
conponent sequence a,. (n) . Only the 20 conponent sequence a, (n) has the

sanme peri as the S¢2) \spreadi.n de;. The other two nm t. ,sequences.
bs{y and @f‘jef HENCES ee'gh%l’etoeebga’ﬁ’g?;B&&%ho\?ﬁrcrﬁc q%ncgo%%eéf%eaa%qﬁ%fjhbj riod of
an S(2) spreading code, and thqqef ore, they are not used to detect the end
of S(2) spelgpoinig gloge: x Theger'd of. “cgppanehtassequence n,. (n) is detected
by detecting the subsequent periodic occurrence of the sane state of the
shift register 104 25 which was |oaded in register 104 at the
initialization pf(nik e 1gengys{nor 240, open atd)or{mdaip).ng: & 7
initialization osf( 2h§lcode genggtg(tor )j:g Q{abﬁl thrg(e shi)ft retgtie’sters( )100,
102, 1 L WO 99166645 24 PCTI SE9Q9/ 01040 and 104 are | oaded with the

corresponding initial states a h el egsede rundn parallel. However,
only then?h?%r%almﬁ gtrﬁmd‘%wf'hénqg%%rf%ﬁ?é’dpggér ‘13)%’qd;({57mni ﬁo‘réd by the
conparat or 120. When the end of the original spreading code is detected by
the s conparator 120, the conparator 120 generates a shift suspend
operation during t h&hagolyrspnmadi(ny is celeteslyinbiod polyabenialat(thand is oetairtdde
extensi on synbol x , which can be any one of the set of values 0, |, 2, or
3) is added to the end of the code when the switch 124 is nonmentarily
connect edfred thieepolynemial ngl)i ngiveeddance with an output from the
conparator 120. During that tinme, the internal states of all three shift
registers remain to unchanged. As a result, the S(2) spreading code is

ext ended by one, sy fo 2% ot al 22266 (synbol ‘Wi ch is power of 2.
i.e.,1®s £(2b6: me-gt'e)ﬁtkns(re\’rﬁeéfthi(gqé ntzﬁr. a WEL} ee sr@md hzzg)maﬁ %)‘st@?)t
shifting fromthe correspondihg initial/ states wthout actual re | oading of
those initial states. Fig. 8 shows an exanple of a periodic code extension
enbodi ment in_|Is which the original spreading code is extended by a single
chi p whos&capsding tpdhe fhellewing wdatidfat of the first synbol in the original
spreadi ng code. The structure and operation of the code generator 40" shown
in Fig. 8 is simlar to that described abgve for the code generator 40
shown in Fig. 7. However, the swtch 1§§§)'s not ernplk@yed; nor is there any
external source ' x" that sgpplies the extra chip. Instead, when the gnd of
the 20 original spreading code iFh(d@t@g(@d]bwcﬁme copparator 120, the
correspondi ng out put of the codelgenerator 40 represents the extended 256 -
th~ chip value. The shifting in all shift registers is suspended during the
next chip_cycle so the sane state, equal to the ipitial state, appears in
the fi rstF@hihére)cgme@ bt equasionete). Wprceagspendoge(sprs eaalAPter the inserted
chip interval, the three shift registers continue shifting fromtheir
corresponding 25 initial states without actually re-loading those initial
states. g(x)zxx+x7+x5+x+l. (10)

15 Theset of L + 1 distinct (but not cyclically distinct) sequences bs(”) is defined by the
appropriate initial states of the recurrence defined in equation (7). The L + 1 initial

states &,.9,.5,.....0, are defined as



Accordi ngly, an additional synbol code equal to the first synbol 05. NOW 2002
original spreading code is inserted after the |ast synbol in the original
spreadi ng cH¥R9%668455 H v ~pp~ WO 99/ 66645 PCT/ SE99/ A 040 25 RFTHREAYIQMYed
har dware. This same periodi c extension may be inplenented using a nodul o
counter, nodul 0-256 in this exanple where jg = 255, (nore generally the
nmodul us of the counter is equal to the period of the extended
spreadi ng. code), which_ indicates the end of extended spreadi ng code. In
operation, the shift r&gFdherslre s reinitialized as usual at the end. of
the code period and geperate. as_the Xt chip @%t%v{'fhej%258t chip(éﬁ)the
code as determi ned by 4 ¥ BT Al >st&ieS Yof t hE"ehiRY) ‘ers. But after
this lirst chip is output) (thereby extending the generated spreadi ng code
by one chigg, the counter generates an output that causes the shift

regi sters Tbepetwnbidtialstare pedpect ), ve(mni 2 ,aL,bs((ga a8 givent biathe ¢nefgicatrdel
code generation operation is again re to started. Reference is now nade to
an ext endecogespondingt polgnbhliaick, d8fhetbiycdyuiationi§1 INadcesrdinges ane Fellgwimpedur e
in accordance with the present invention. Initially, a famly of original
spreadi ng godesni S generated, each code having a length L (block 202). For
each generated spreading code, the end of that original spreading code |Is
is detected (block 204). Shifting and |inear feedback operations in the
code gepnerator are nnnentg;hiy(?usn ateld (4 @ck%906¥+né+yggzsion is made in
bl ock 208 whether the fixed spreadi hg code ‘éxtersi on procedire or the

peri odi ¢ spreadi ng code extension procedure described in the tw exanple

enbodi nents i medi atgly ve i.s selected. For ri odj preadi n odg, 2

ext ensi on, a spreadi ﬁb%g@?g g"&‘h‘gﬁp?é?ﬂféﬂncteﬁiﬂ{égﬁi sttb'gofsywzgﬁmit*hg -1
code is added to the end of the spreading code {block 210). For a fixed
spreadi ng toxfuirther gasemubizatiof iuxe theds(FyaribS(i) Samdlied tos htaieedibpf t he
spreadi ng code (block 212). The code extension process is repeated for each
generat ed e0@®iriRg Bfksedfbhce hrofPtHeSre van ety Hbﬁn@tﬁ.ﬁi@g@p(@?sarhﬁ H. (bﬁ?}d&'i&s an
to the particular type of extension, the decision in block’ 208 no |onger
need be mageg... Far ¢t h ( fam| f i . S
ext ensi on gg%lélégﬁlr%é {ﬁe&:)?i %ﬁeé 2 (?\V)e{ar asr?%lt%ﬁ%g'r ?%roﬁn&ggégstﬁgygg%lwﬁa“On'
m ni mal hardware. These extended S(2) codes provide the necessary
flexibility to optimze nultirat o] icatjo il ermtting the

| ar gesj1 nunber of users b@l(ﬁhﬁéﬁ?«if%ﬁfﬁ%cl Qﬁo\é@ﬂt‘g?ﬁel ation g\g

991 66645 26 0 6 NO V 2002 PCT1SE99J01040 bet ween,gxt ended codes. B déhse
the cross-correlation properties of extended codes’is difficult to predict
theoretically, the follow ng performance eval uati on of extended S(2)

spr eadi ng %W&gnhéra%g%l%‘ﬂﬁu% ¢y t'h%:semizgec%ﬂgk%%%d%fy.the fixed and
peri odi c spreadli ng code extensions i's s‘considered now’in conjunction with
Fig. 10 and is based on the cal cul ati on of the

v=I‘-2(I'+I)(I'+l)+S-2l'+' ny

r=0.1.2,....,L+1 (13)
s=0,1,2,...,L
[:0‘1,2,...,L

The sequences c,(n) are obtained by a linear recurrence over Z, . defined

by the polynomial f(x): X fix T S x+ 1 as

15 c,(n)zflc,(n—])+f2c,(17—2)+...+c,(n~e) (mod?_), nze, (14)



average bit error probability Pe in a nultiple access systemvvith.”(ﬁ }ggy m
concurrent users. The bit error probability calculation is inplenente

rel yi ng on+wio®Qopgis cal eval uation of an anal ytical fornula tpafskddedbddes
(K-2)-fold convolution of the code-pair crosscorrelation probability

density function as follows: z 10 Pe = . f~(z)O ZEn 1 - dz, (19) N~ Eh
where ( 2 Qz~=1Jer | dt, 2~r Eb is t Ad data bit (spreadi ng sequence)
energy) No is the additive white Gaussian noi se power spectral density, and

f, (z) is the nulti,ple access.interference propabilyty dansity function,.
(PO, THUMFGn 76,1 IO iBge SaTO0E (DKo 390 | o illcorivol B4 Pl gmighe

code-pair cross-correlation PDF fp~".(z"), i.e., x-i ~I (2Z2) = fporr(Z,) *

~ Zr) Sy.X Z A BRSK, dat duyl at i f t dti ift
et veen LLEPb iR [ lng v BeRURG APk Bt athof et i R P ARl (ol
(chip) peniodbwere assunmed 20 so that the cross-correlation probability
density fRINER%n can be presunmed di screte. The cross-correl ation

probability density function was obtained by counting ail the different o]
s Nov ZaaZ WO 99/ 66645 27 PCT/SE9%%?104O Va3 ujz of the,keal part of even

! . . Y] . “ 2 .
SrRGr bt e 1 2 i Cl t*3'-¥(82)§53- o {REa B PR g 2).15)
extended S(1) spreadi ng codes (which forma subset of S(2) spreadi ng codes)
of length L =32 . It was found that both the fixed and periodi c extension
appr oaches- QY& 20 MO IIWH S MRigier f or mance. The average bit error
probability Pé o? K=14 coﬁburrént users using periodically extended S(1)
sequences of length 32, as well as S(I sequences extended by a fixed synbol
(equal to 3) is shown in Fig. 10. Conparihg performance between the
non- ext ended and extended gggﬁ) sequed&%@, one woftikd? expect) based 8g)the
maxi mrum ahsol ute period cr JcarrehatipR’ (C' "=~ ~ , that the non i
ext ended spreadi ng codes shoulgj£g§é+bt@®eﬁmﬁ%%fo?ﬁdﬁce because they have a
smal | er Chmax val ue. 1f the nunber of users’is K= 4, the periodically
ext ended spreadi ng codes produce a slightly higher average bit error rate.
However, pBen(eieHRaqalioS8) ShkReFeasaRIILe M Fifequdilg extended codes
surprisingﬁy gkﬂgﬁce%gg%bwép ngrage E?t eer?/KQ é ?ﬂén non- ext ended
spreading codes. This latter relationship remains valid For all t 5 other
nunbers of users greater than hi g@h i s anot her advantage of th t ended
spreadi ng cede enbodi nents offﬁﬁtbﬁ}égéanané%tT@n. The explana?%ﬁ may
lie in the properties of the odd cross-correl ation function, which

dom nantly, i nfluences the shape of the code-pair cross-coyrel ation
pr obabi | i ?Lbcash%fie LT L%fém%Zgwp@trf(yz:ﬂseﬁnbgtSHgF%rseqwf@cr%%ﬁ+ Dk sriisdtheshy the
ext ended spreadi ng codes. Th?_ shape of the mdj tipl e.access 20 interference
probaHl | | RRPIPERSIS kAl sEateDAT the resurrengghi . diheaimyalfeates arhalseadyedeiingdge
bit error ratﬁ%.is influenced both by the shape of the function f p~" (~' ~
and by t hBY SGHBEP" kDsel f =convol utions of fpair. (z) in equation (20},
i.e., by the nunber ol concurrent users. Wile the present invention has
been described with. respect to a particular enbodi nent,. those skilled in
the art wll recogniT;S a@’ﬁéf? cpﬁétrb&é%rbgnft%r i“hevéﬁ‘f)l SHER “ﬁ&PdFiftﬁ‘T"t‘@oPrtoguf‘ﬁe
specific enbodi nents described and illustrated herein,, Different formats,
quaternary codes with elements belonging to the sctqo, I, 2. 3} . To obtain complex

quadriphase spreading codes having a constant envelope, with real and imaginary parts

. . ] : . .
15 being bi-phase + — values, i.e., with elements belonging to the set

V2

s n
Y S e . o .
{e 1 e 4.¢ 4, 4 } the following transformation is applied

32(11)'-‘-8 4.e2 (18)



0 6 NOv 200 WO 991 66645 28 PCT/ SE9Q9/ 01040 enbodi nents, and adap%rm]\s 2[][]2
besi des those shown and descri bed as well as many m)drfr cations,

vari ati ons, va@degdgies val ent arrangements may al so be used to ||m-lrm§7‘gmt4.he
invention. "therefore, while the present invention has been described in
relation tee its preferred enbodi nents, it s to be understood that this
disclosure is only illustrative s , and eﬂénplary of the present invention
and is nmerely For the pur poses of providing a full and enabling disclosure

of ‘the invention. g/g'it‘ri'tmglnYathrtrﬁ'u%a Sptatedntdialow Eﬁ%r SF??&&E?@%@%ﬁlﬁgd

only by the spirit and scope o arns appended

2002 29 WHiiies S EhieRd Betdinde @fwgnaa%gggﬂ%bﬁemrﬂ R BHEN B55S)

nmobi | e comuni cations system i n ity of e radi o stations

conmuni cat ﬁldé’trbﬂ:d%%ﬁétr&%ﬁadkaﬂirﬁ\abﬁ Figsatin@ngly, @¢Réiitk biatienre§eeRaditRdfic
geographi c areas over a radi o channel, each radi 0 channel corresponding to

one of a sefiardk! EPCHYGyN@ndirfies tracfﬁecbﬁmmbreqm:tet ovE o @didons hatdserianncl
conprising: a spreading code generator providing quaternary spreadi ng codes
from a § an{R4Cét) (hm@sh)ar?hcsmmescqsﬁ chanmygt has ore pr morekorgspordimg s an
i nt eger greater than or equ 5, having code el ements from an al phabet
{0, 1, 2, sprradigaredss @dn@ytlsmmﬁbm skt goal Ot\/ﬁrl@é*aem%@ﬁt:r %@am&% access

i ncl udi ng first conponent quate se a, a.secon nent
bi nary seqERHELbIn ERoESE tt 8 TBERHERERFIIHF by inesords QRerBeFRdom
conmponent bi nary seq ences nd c.ar rrultr l.i ed 2 before the dul o-4
summ ng; a3<GsEREkan F‘r‘i’&aﬁ&rﬁtﬁ“m'b rsJ| gn‘a&/ fRrepeIng (18 ﬁ
nobil e radi o ~s using one of the quaternary spreadi ng codes to provrde a
spread si gtiel S(nspreadiegsydedderiiyddleph 8axtargespondingitven aliemated usiinghomeel.
of the quaternary spreading codes. 2. The radio station in claim1, further
conpr i s ng:Z 4njrizddd fatear innepliakiohi (1@).tdrel 8 s dafinad gnajuadiohd 18) nadve. mmg tre)
and 20 a denodul ator denodul ating a received radi o signal and providing the
denodul at egpigadinglcode rivmebetey s freemdbile sBuiohheteradnos Sicadridom]inunsbasm,1s. and
wherein the fam |y of quaternary spreading codes provides a maxi mal nunber
of spreadi dgwbistiesigticla igant fycthlean:tiadstptes @ fiehi (tegistcss wsad wagcenerate the three
cross-correl ation.

component sequences a, (n), b.(n).and ¢, (1) defined above in equations (1), (7)

and (14), respectively. Thosc three component sequences are combined to provide a

15 corresponding S(2) quaternary spreading code z,{n) in accordance with equation (12)

(block 88). The S(2) quaternary spreading code is then mapped to a corresponding
quadriphase spreading code (block 90) and used to spread/de-spread (depending upon
transmit or receive operation currently being performed in the mobile station)

information using the gencrated quadriphase spreading code (block 92).

20 Fig. 6 illustrates an example shift register implementation of a code
generator 40 for generating S{2) quadriphase spreading (and de-spreading) codes in
accordance with one example embodiment of the present invention. Code generator 40
includes three linear, feedback shift registers 100, 102, and 104. Each shift register
includes eight memory elements (shift stages) 0-7. At the beginning of each chip

25 interval, the content of each memory element is moved (shifted) to the adjacent, right-
hand memory element. The outputs of the memory elements are multiplied by the

coefficients of the respective recurrence equation and then summed modulo 4 (or 2).



6 Novenber 2002 30 4. The radio station in claim3, wherein the f e
famly of quaternary spreading codes is ~L + 2))L + 1)2 and theosr%)Z('fnrr\\’jn%‘m2

absol ute cross-correlation value for the famly of quaternary spreadi ng
codes is 1 WOA9/6¢645 1~ . S The radio station in claiml, wh@FESEIVHS | r st

conponent quaternary s sequence is defined by: ar~n~ = hta~n -1~ - h2atn -
2~-...-h"~a~n - m~ nod 4~, n > m wherel9 is a first polynomal, the
second component quaternary sequence is defined by: bs ~n~ = glb~n -1~ +
gZb~n - 2=#...+b~n.- e~ t.nod 2~, n.>- to where is a seqgond . .

Dol ynoni ety of summaligh s sioredin edahyh S diEnee” pletel AREY Wpeinpina of -
f t c~ ~n,- W%T+.. .+C~ ~n - e~ nod 2}, n > a, where f is

1~ + f 2 G~ -
athird pgfey%(?ﬁ?%qe.mghlp]ﬂ]éeradi o station in claimb5, wherein the code
generator includes first, i5 second, and third feedback shift registers

that generate the fi : I ternar nces,
respectively, and ﬁé%?#ﬁgﬁgqggr@@g%%%ﬁﬁ%&ﬁﬁ?‘ﬁ}g{?‘sg%&gf@ %/%Wst ,
second, and third.shiftf registers are determmned are redef,ned far e of
he opr eadiiiiadas S ha PR e BT beih el AT Sediebat age B co e IRE
radio station in claim1, wherein the radio station is_a npbile radio 20
statioh aganeraesdhe chig)beespiesees iNGisordasre Ndthosruagions k) apst ek diecodeytst o
the nobile radio station in response to a request to a conmuni cation

i nvol vi ngof Bl frsigistersrlffi andst @2 penmubBipliedeyr adl th respedtioe muitipligrsn! @6
wherei n spreadi ng code generator maps the quaternary spreading code to a.
quadr i phagBdd P e &d h@fég%léhfee SSQW?@%EB?PUQg@ih%@@?spﬂﬁ’émﬁmré@ SRidt regnstess is
claim1, wherein the code generator extends the |ength of the generated
quat er nar yuBpicEkidi ignwetés0 ta genamie Wl e) SEAETTNY e viliish & cqteErEidiorhe
generated quaternary spreadi ng codes are extended by one quaternary synbol
so that t leerrgsprnehimgiSy 2} mueddphasecspdeading code by way of mapper 112. Of course. the

10 S(2) quaternary code output depends on the actual initial state set in the shift registers
which are determined in accordance with equations (2). (3), (4), (11). Those initial
states may be input into the appropriate shift registers by the transceiver controller 44,
which sets the appropriate valucs of the adjustable paramecters in the transmitter and
receiver, both in the mobile and base station transceivers. Although in a preferred

ts  embodiment. the spreading code generator 40 is implemented using shift registers
which generate the necessary S(2) spreading codes as needed. those S(Z) spreading
codes could be generated in advance. stored in memory, and retrieved using a table

lookup function.

Thus, the present invention provides a tamily of quadriphase, CDMA
20  spreading codes that provide a maximal number of CDMA spreading codes of a
particular length having a minimal cross-correlation. At the same time, these spreading
codes have a small signaling alphabet which is very convenient for the practical

implementation of the sprcader and the despreadcr.

Although the S(2) family of spreading codes may be allocated randomly,
25 apreferred cmbodiment allocates codes from the S(2) family in a more advantageous

fashion. As shown above. the S(1) and S(0) spreading code families are subsets of the

R



"length is a power of 2. 11. In a code division nultiple access ( " 2002'
nobi | e conmuni cati ons systemin which a plurality of nobile radio stations

comuni cat e whbdlehe Or nore radio base stations |ocated in CoprREROGLNY
geographi c areas over a radi o channel, each radi o channel corresponding to

one of a set of spreading codes, one or mpre of the radio to stations,
conprising: a code generator selectively 890viding quadri phase spreadi ng
codes determ ned froman S(2) set of quaternary spreadi ng codes having a

maxi mal nu r..of L Wi LOi el

Cr oss- cor Ty s HANCERE A S BERRLRG EOHERBh ot A therefore produce o
codes to support.nulti-rate co ni cat.i i h CE}DI\/A il ed .
comuni caﬁF%n‘g[eggFﬁ'é?ﬁ b%ltwseigzpergggye gﬁ?réagi%ﬁbe gﬁBPﬁ? Bt {ﬂg’ghﬁ 51@ C?%e %lémly
transmt by the i 0, stati. usi ng 0 of th adri,phase. spr eadi codes
i 1 ocat ed 9 B (BaeS soi Port st BT agd ane TR St iarsiri sbis ciesr
nodul ating the spread signal onto a radio carrier. 20 12. The radio station
in clai m Eprralatiqrhast §pdgyfamailyaigspRAtivebt denodul ating a recei ved CDVA
signal fromthe radio carrier, and a de-spreader de-spreading the received
CDMA si gnal using the one quadriphase.spreadi ng code to proyide a, [eceived
i nformdtion signal . gl 'Sm'@%?’aﬁ‘ij Sn&éﬂ?‘ﬁﬂt’%ﬁ?@r&q pyrmber Qhedss Proxidsdn tsn
signals to & transmt 2s are allocated into g real data stream.and an

i magi nary 4 e)afaﬂ‘hé%ﬁmphé’eldatw tesnabile fommurHeatians mypieat. fyit spesi tiqribaeisof
2002 32 a real, K channel spreader spreadi n%the real data streamusing a real
channel i zaheof(2¢ cxbees are ahegitadity pattisniarbaspsatides os paseastition s¢eorsmgi nar y
data stream using an imagi nary channelization code; and s a conbi ner

conbi ni ng Congequentty.alependingan tmoumbeyd heopilciaensen agyardader sraaco firehdidire
a conpl ex signal, wherein the spreader spreads the conplex signal using the
one quadr i hEdY nehverdisesYicedrabny BoatREaved chdesioBlarierengen between mpkile adi o
station in claim13) wherein the nodul ator, is a quadrature phase to, shifit.
keyi ng'0( QPSRYS HIMFCHRdo0 RAAMEPREFAIN LoPAsESAtNgalori & s GkAmRlf: heraabile

d . . .
an communications system may use S(2) spreading cndes of length L =255. A first base

station BSO is allocated the subset of S(2) codes defined by the component sequences
having indices r =0,1,2....256; s=0: and /= 0. In othcr words, BSO is allotted the
“pure” S(O) family of codes. A second neighboring base station BS1 is allocated

15 another subset of S(Z) spreading codes defined by the component sequences
corresponding to indices r =0,1,2....256: s=1. and { = 0. The second base station
codes are very similar to the pure S(0) codes. (the S(0)codes are multiplied chip-by-
chip with a common component sequence b,(n) ). and have essentially the same
characteristics. As a result of this S(2) code subset allocation, the cross-correlation

20  between those allocated S(2) codes for each base station is the same as for the S(0)

code family. i.e., less cross-correlation between codes as compared to that for the S(2)

family in general.

Using such an §(2) subsct code allocation strategy, mutual interference
between mobile stations connected to the same base station is minimized, and the

25 interference between the base stations is also bounded according to the properties of the



i magi nary conponents which are then input to real and imagi naryﬂﬁpﬂw 2002
the QPSK nodul ator. 15. The radio station in claim 14, wherein the code
gener ator n¥PMEYSquat ernary spreading code to a quadri phas&THESYAIHE
code. ~ 5 16. The radio in claim1l, wherein the code generator extends the
| ength of the S(2) quaternary spreading ¢ades periodically. 17. The radio
station in claim11l, wherein the S(2) quaternary spreadi ng codes are

ext ended by one quaternagry synbol so that the S(2) spreading code length is
a multipl 3} cedesn bhe nﬁ?ﬁispé@etWé@éhOﬁgt%&tfaiﬁgy oscbs genafallCORAngdBs | e 20
comuni cations system 18. In a code division multiple access (CDVA

communi cafalbovss: sgashddSi(or WS stetar) pasiatleasty Lof 2 (Spm%lmg:aw@nﬁomet\hbaﬁé)
communi cat e usi nfg al l ocat ed communi cations channels, each channel

cor r esponfimijy defined byftheceseamponenbispqugnceatinvigg@odadex a mdtod. £érpndi ng:
6 Novenber 2002 33 generating ,a famly of original S(2) quaternary

spr eadi ngindiersss apdch thitiage vaiqus(fey cachbaseratons(or base Hgtiopsectoakilify the
predeterm ngd | ength, and extending the. |length.of original.S(2) quaternary
spr eadi ng"?fﬁﬁfésslalngn{ pﬁéefjéfrﬁ?rlef?t H\‘g i GilvRs) Sgﬁferﬁ‘ﬂfat? FRB8PSpr eadi ng codes
by a code synbol to generate a s famly of CDVA spreading codes. 19. The
met hod in claim18, L e . i.ng: . I X tecti,ng the
end of one of the o%ﬁ%g}l‘lg§Pg§et§é§?§ﬂ8§%§/&g%@§{(ﬁ lgégg%@éggo%sﬁ@ ‘ggg!tng t he
code synb [ : L gihal i

Codes. "1 % bR ROl e Plech PN Kot Sl Phfle QARTSEARL o REA T
sane for h rig p U r L e Jamd.y.
21 The. mlHEG T o) S G ar G HoRRRRL BT ) Reo i o

origi nal %@auﬂHaﬁ%rfﬁa&ﬁﬂ,?}Pio elil@%t&%’?é sUREsARESpRAd I ddel A locafdFat the

k
synbol in the one origlna is 22. The method in cla m 18, wherein the

added g odgesinmi of theaddiesly tie $diRc€BakOStadhifstot enar tigd ArdbilS(cBhnges from
guat ernary Spreadi ng codes periodically. 23. The nmethod in claim 18,

wher ei n t blee daginhys@frcobage stakioS(d)inguatner avaar yo a picedditivgh batesatésre Using
quadri phase codes, and each added code synbol used to extend the
the code allocated by the source base station while connected to the destination base

station may produce interference greater than that for the S(0) family. But that

interference is still no greater than that defined for the S(2) code set.

15 In the hand-over situation where the source base station allocated a
particular spreading code to the mobile station. the source base station is prevented from
allocating that same spreading code before the handed-over mobile station finishes the
call to avoid the situation where two mobile stations are assigned the same code. One
way of accomplishing this is for the source base station to assign a time-out flag to each

20 available spreading code. The time-out flag is set, meaning that the code may be
allocated to another mobilc only if a predefined time interval has passed since the code
was allocated. Alternatively, the flag has a non-zcro time-out value only when the
mobile is in handover with the time out interval commencing at the time of handover.
Either way. the same code is prevented from being assigned to two mobile stations at

25 the same time when the mobiles are connected to the ncighboring base stations.



original S(2) quaternary spreadi ng code has four possible val ues. []%)NIW 2002
The nmethod in claim 18, wherein the added code synbol is selected to

m ni m ze cr¥9P4Fel ati on bet ween CDVA spreadi ng codes. 6 REOVEB@1049002
34 25. A CDMVA code generator providing CDVA spreadi ng codes, conprising:
one or nore feedback shift registers havi2@g m stages, where mis an

i nteger, where an output of a last stage is fed back to an input of a first
stage, the output of the one or npre fegedback shift registers correspondi ng
to one of a family &he SPQStﬂlQﬂ%‘éﬂﬁhﬁr@m@éb%@%‘&d@gSlé‘TeaFiB}ﬂg‘FCPd% produces
-1, and electronic circuitry for adding an additional code synbol to the
one S(2 wmeadingicydspitaadacighavsle lénptiprowi2ie —an E€shespledtl$( 2dchocades targth
spreadi ng code corresponding to one of the CDVA spreadi ng codes. 26. The
CDMVA codeisgmtarpmvaar afr2. cHaweves, infalc DMA systepr theit sypparss gif&mpbdattacmtes over
detecting an end of the one code and signaling the electronic circuitry to
add to thbesametphynidal cadie chpnnel dapsnding ehwhigh ehdifffentceauices s campent

d [ | ai , | h i Si ng: i i
Count & cORBNInE RErBHIN PO BN CBASHRsErba AR EABILALER e shi f
i st t t ti. i niti.al b 284 Th .
goner at or TR o X aea e e st BN seshabn The Bra i iR isabe o

the addecbBaE" S HAE Wyrfihidiireil G aPRaERE &k Phio BRI B SRR "

code symbgleiy \;‘a{)‘lein?ﬂgn%iti%'ggﬂhltfb‘?@'@fﬂﬁ@tesﬂ‘go g{/@:@gg@ﬁﬁtm@@mﬁ%emm@i m

25, wherein a ue of the Itrronal 20 cod is selected’to reduce

Cross'CorE&%@{p}oﬂﬂirpﬁ%}?@%é&hﬁc@%ﬂ;ﬁf?gieg?re%Q §s 31. The CDMA code

generator 1n alr m=25, Fern t codes correspond to a famly
of quaternary sequences of length L =2 " - 1, where mis an integer
greater than or equal to 5) having ngfﬁ)g nts froman al phabet {0, 1, 2,

I
3}, 2K generated by summ ng nodul o- 4 e “¢dnponent sequences including a
first 6 Novenber 2002 35

where the variable k& is proportional to the data rate. Moreover, since the number of
chips within the data symbol should be an integer, the spreading sequence length should

be a power of 2.

Consequently, spreading code scquences belonging to the S(?.) family
15  should be extended with one quaternary symbol for optimal use in a multi-rate CDMA
system. The present invention resolves this need by providing a spreading code
extension without increasing the maximum cross-correlation between spreading codes

in the spreading code family. with minimum hardwarc implementation complexity.

In a preferred embodiment that tries to reduce hardware implementation
20  complexity. the spreading code symbol is added to the end of the original spreading
code in order to extend the code by one symbol. Of course, the length of the original
spreading code could be extended by adding a code symbol to other locations in the
original code. In other words, extended spreading codes may be obtained by adding an

additional spreading codc symbol, after the L symbols of the original, non-extended

25 spreading code of length L =2" —1.

S



" conponent quaternary sequence a, a second conponent binary sequegce b) and

a third conponent binary sequence c, wherein the one or nore fe ﬁaN@XsE@mﬁ
regi sters inﬁ'&gl?@ég“sfi rst, second, and third feedback shift r@GTSEEVY4Nat
generate the first, second, and third conponent quaternary sequences,
respectively, with the output of the secppnd and third 5 shift registers
being multiplied by 2 before the first, second, and third conponent

ol aim 2;’5_‘5 ymﬁiﬁgfﬂfﬁé‘r&%s}%% %‘a‘géﬂ%%ga%%ge %%ﬁeﬁ%tégr%fﬁﬁ%a sequence
i i , . i i i
Syt e | rPTGRAING <PE S amophe S conde Fane ey DL SRsA B TR i g el
Family f o sﬁx@%‘ 8%%%»?{&%?8@9§§$€£§5§ér‘§5&i§s%%Fitsééﬁé%?gif rn%E%ﬁr?% i%fé‘éélge
pread ngaBbd Piavg 1Py BorlervaliEs Tihnuel et 8 EbeLrabi L atbcond.
Shbsels OTYAIUE, Rk bhHodkn BPRAATDE (OHRIATL A AaSGE RO LA SR 0N
g nthe i second subsets have

wherei’n tHe codes | rst an ower
a1y, PR e O A B O S8R eb Ty 1 T e part i cul ar spreading code
famly 20 corresponds to the S(2) code famly and the first and second

35. The method in ol TG enEneEasE xRN adithet Mt RAFIn FE T no
component Fr e AREES AT g ER AFRERAT 255 GHFLASE bk it fifh 0|

s the spreadidd cons) N0t TABAR0ANSBF 40N R 71iAChEES ol Abatdle: pagONd

and third component sequeficés are first an econd se

statigns. conr%c%ﬁ"l%rm@rquwg OC?}Qa%Fmem?'@érh&Q dMhELRIMedistes Y64 Dafich

conprising: for a particular ca assfgning a nobile station associ ated

with the bLighcRagecatbhon &Qu?ﬁ%égw.cﬁdﬁdﬁtﬁ&Wat%é‘s' bRl YRERke0f22

spreadi ng-codes; associating a h the assigned code; Setting the

flag to aﬁa‘éﬁt?ﬁ{ing/ﬂwﬁﬁ%%tghga fﬂame' iR &dib@p 108 id géé@e&é%a foWhE!?@m%ﬁlig' |

setting t ag'to a secon e after a prescri time expires,; _
B tor thet gy S FRERTDr e P RABOLes SRR RTASNIRY BBk 124 Bbpiguerst
conpri si Ngne input terminal to the output of summer 110. The other input terminal is connected
15  to the fixed code symbol valuc x, and the output of the switch is connected to
mapper | 12. Outputs from comparator 120 suspend the shifting operation of all three

registers 100, 102, and 104 as well as control the state of the switch 110.

In operation, the comparator 120 detects the end of an original S(2)
spreading code by detecting the end of component sequence a,(n). Only the
20 component sequence a, (n) has the same period as the S(2) spreading code. The other
two component sequences. b, (1) and ¢,(n). have shorter periods which are contained
in the period of an S(2) spreading code, and therefore, they are not used to detect the

end of S(2) spreading code. The end of component sequence a, (n) is detected by
detecting the subsequent periodic occurrence of the same state of the shift register 104
25 which was loaded in register 104 at the initialization of the code generator 40 operation.

During the initialization of the code generator 40. all three shift registers 100, 102,



to setting the flag to the first value at the begi nning of thef‘dﬂﬂ}laml_-
nmeasuri ng th@o%ggégi bed time fromthe beginning of the call. 38. The
method in claim 36, wherein the nmobile station enpl oys the asfiJEFIoO0sa
for the duration of the call even when the call is handed-over to the
second base station. is 39. The nethod in z4 aim 38, further conprising:
setting the flag to the first value when the nobile is involved in the
associated with the

1l i g, th ibed time f L.
and- over ; 24 0% Pr¥ IRBSRA T s crrewondinaisitig aisies ancheanrelssed seirwmin « he

mobi | o conbrianeh: NBREvED clf e iR Be) SebSaftnecshiy St 1 ipmarutorea bygha

for communigabhfgoMAd) nobile stations and enpl oyi ng spreading codes froma
particul ar spfeading code famly for radi o communi cati ons between the
nobil e stations and the base station, a nethod conprising: allocating a

first subset of the Paidn giél@Hd §%@Qﬁi§19al¢§iﬁ@ad‘i§$’%{nﬁe Fsodéleétieﬁ%é' fgse 2s

station sector, and allocating a second subset e particular spreading

code fani | gompamtareldindhdesmpatadt DO gentrates a shift NaVRIHIES pRBRdn Ahriaaheindxt
the spreading codes in the fast and second subsets have |'ower cross

correl ati ospreadingsprdeayinbyl cydles Anthnhénparthé extbasios pyeddi ng whidt daanbd My -
41. The method_in claim 40, wherein_ the particul ar spreading code famly "~
cor r espond@n¢ 8f thesespbyalusad. flaki 953 daaddpd te thesindapidths eodrdviserbthet sviscte 1 24
associated. s with one or botg of the S(O% and S(1) code famlies. 42. The
met hod i n BIBPHCRENIMAERRETEd LR thor ter@inal g pcegidarcecwith anppwati frgne dite

subsets is i three onent sequences such that a. first conponent
sequence ine &%@goqal?bi‘ n@@%“eﬁﬁ"m@& &‘,e 15 mgll.sef\?teioﬁali,thr\ﬁﬁéﬁéé Fegigterhgemain
spr eadjng | emgth,  and,.one more of indices for e second and thir
corrponL?nt g@%ﬁdg g(g'sh Py Q‘ree‘g{z)i %or]eg&nlghc(g)a]ei|§ %%tea%é Bé(%‘ﬁcfy fgf attp

sectors. 43, _The nmethod in claim40, furt heg conprising: for a particular
cal |, assi@h?Hysunhelsiviichtianipoweisyfobiiat.ed” w236 .t Adicf imssticHadép sttatvdnthrec
sector an gssigned code fr, mtE{e first subset of spreading codes;

associ at i n§”§ xggléberwtlaﬁt fHEING pg‘hg@ Esponding initial states without actual re-

loading of those initial states.

Fig. 8 shows an example of a periodic code extension embodiment in

15 which the original spreading code is extended by a single chip whose value is the same
as that of the first symbol in the original spreading code. The structure and operation of
the code gencrator 40° shown in Fig. 8 is similar to that described above for the code
generator 40° shown in Fig. 7. However, the switch 124 is not employed; nor is there
any external source **x that supplies the extra chip. Instead, when the end of the

20 original spreading code is detected by the comparator 120, the corresponding output of
the code generator 40 represents the extended (256 - th) chip value. The shifting in all
shift registers is suspendcd during the next chip cycle so the same state, equal to the
initial stalc, appears in the first chip cycle of the next spreading code period. After the
inserted chip interval, the three shift registers continue shifting from their corresponding

25 Initial states without actually re-loading those initial states.

Accordingly, an additional symbol code equal to the first symbol in the

original sprcading code is inserted after the last symbol in the original spreading code



" 1s setting the flag to a first value when the nobile station |sﬁﬁ1\HﬂWQﬂﬂzn
the call: settlnﬁsﬂthe flag to a second value after a prescribed tine
expires; an¥© Diting assignment of the assigned code to BROSEYVOISM | e
station until after the prescribed tine expires. 44. The nmethod in claim
43) further conprising: 20 setting the f28g to the first value at the
begi nni ng of the caI ) and rreasurl ng the prescribed tine fromthe beginning
of the call. 43) ..wherein the ti,on.enpl oys
Che. assi ghah tideachariar, FRisT s bt °85{qnswerna¥ﬂﬁn pfembde utd §
handed- ov t 46. The
S{ dufo E%té#%@cﬂﬂg%ﬁtﬂéwﬁﬁg ere the l,g:?{%?% gt%ﬁé"x% 1?%

met hod i n"clal m er ‘conprising: ‘setting ¥ val ue

when the muhl% StREIcBnies lé ee]a{ma@hé Eeﬁmopa{é ext@f?d%%ibkrp'r i}r}g%oeé)ew,bped

time froma tine associated wth and-over; and if bile’station

has not bggiicdtes thehaidsfveitesded f{]ﬁeﬁd‘iﬂg(é@tié I1t Bperfatiag, the sﬁﬁtt ré@steheagecond
value at the end of call.

AU A A?. Adindiahzed adB§ual At A erd Af th, oade. petioliSindegeh@ A adtie Aext chip output
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cal] ca] ca] c”a] ca] ca] ca] ca] caULca call ca]c;
g
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E, is the data bit (spreading sequence) energy, N, is the additive white Gaussian noise
power spectral density, and f, (z) is the multiple access interference probability density
15 function (PDF). The function f; (z) is obtained by (K - 2)-fold convolution of the

code-pair cross-correlation PDF f,,, ( "}, Le.,

K-1

A

Si(2) = Loar(Z)* Lo (2) S e (2). (20)

A BPSK data modulation format and time shifts between users
corresponding to the integer multiples of the code symbol (chip) period were assumed
20  so that the cross-correlation probability density function can be presumed discrete. The

cross-correlation probability density function was obtained by counting ail the different
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users using periodically extended S(l) sequences of length 32, as well as S(1)
sequences extended by a fixed symbol (equal to 3) is shown in Fig. 10. Comparing
performance between the non-extended and extended S(1) sequences, one would
expect, bascd on the maximum absolute period cross-corrclation (C',mu ) that the non-

10 extended spreading codes should have better performance because they have a smaller
C,.. value. Ifthe number of users is K = 4, the periodically extended spreading codes
produce a slightly higher average bit error rate. However, when the number of users
increases to K = 6, the extended codes surprisingly produce a lower average bit error
rate than non-extended spreading codes. This latter relationship remains valid for all

15 other numbers of users greater than 6 which is another advantage of the extended
spreading code embodiments of the present invention. The explanation may lie in the
properties of the odd cross-correlation function, which dominantly influences the shape

of the code-pair cross-correlation probability density function f

pair

(z'), both for the
non-extended and extended spreading codes. The shape of the multiple access

20  interference probability density function f, (z) , which directly determines the average

bit error rate, is influenced both by the shape of the function f

ban (27) and by the
number of self-convolutions of f,,, (z) in equation (20), i.c., by the number of

concurrent users.

While the present invention has been described with respect to a particular
25 embodiment. those skilled in the art will recognize that the present invention is not

limited to the specific embodiments described and illustrated herein. Different formats,
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5 and exemplary of the present invention and is merely for the purposes of providing a

full and enabling disclosure of the invention. Accordingly, it is intended that the

invention be limited only by the spirit and scope of the claims appended hereto.
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equal to 5, having code elements from an alphabet {0, 1, 2, 3}, generated by summing

BPOoOoo Xx—"a

0 O

10 modulo-4 three component sequences including a first component quaternary sequence
a, a second component binary sequence b, and a third component binary sequence c,
where the component binary sequences b and ¢ are multiplied by 2 before the modulo-4
summing;

a spreader spreading an information signal to be transmit by the mobile radio

15 using one of the quaternary spreading codes to provide a spread signal; and

a de-spreader de-spreading a received signal using one of the quaternary

spreading codes.

2. The radio station in claim 1, further comprising:
a modulator modulating the spread signal onto a radio carrier, and
20 a demodulator demodulating a received radio signal and providing the

demodulated signal to the de-spreader.

3. The radio station in claim 1, wherein the family of quaternary spreading
codes provides a maximal number of spreading codes of a particular length that have a

minimal cross-correlation.
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component quaternary sequences, respectively, and wherein the corresponding initial
states of the first, second, and third shift registers are determined are redefined for each

of the spreading codes in the family of quaternary spreading codes.

7. The radio station in claim 1, wherein the radio station is a mobile radio
20  station and one of the base stations assigns one of the spreading codes to the mobile
radio station in response to a request to a communication involving the mobile radio

station.

8. The radio station in claim 1, wherein spreading code generator maps the

quaternary spreading code to a quadriphase spreading code.
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9. The radio station in claim 1, wherein the code generator extends the

length of the generated quaternary spreading codes.

10.  The radio station in claim 9, wherein the generated quaternary spreading

codes are extended by one quaternary symbol so that the quaternary spreading code
5 length is a power of 2.

11.  In acode division multiple access (CDMA) mobile communications
system in which a plurality of mobile radio stations communicate with one or more
radio base stations located in corresponding geographic areas over a radio channel, each
radio channel corresponding to one of a set of spreading codes, one or more of the radio

10  stations, comprising:
a code generator selectively providing quadriphase spreading codes determined

froman § (2) set of quaternary spreading codes having a maximal number of quaternary
spreading codes with a minimal cross-correlation and extending the length of the $(2)

quaternary spreading codes to support multi-rate communications in the CDMA mobile

15 communications system;

a spreader spreading an information signal to be transmit by the radio station
using one of the quadriphase spreading codes allocated to the radio station to provide a

spread signal; and

a modulator modulating the spread signal onto a radio carrier.

20 12.  The radio station in claim 11, further comprising;:
a demodulator demodulating a received CDMA signal from the radio carrier, and

a de-spreader de-spreading the received CDMA signal using the one quadriphase

spreading code to provide a received information signal.

13.  The radio station in claim 11, wherein information signals to be transmit

25 are allocated into a real data stream and an imaginary data stream, the radio station

further comprising:
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an imaginary channel spreader spreading the imaginary data stream using an
imaginary channelization code; and
5 a combiner combining outputs from the real and imaginary channel spreaders to

generate a complex signal,

wherein the spreader spreads the complex signal using the one quadriphase

spreading code allocated to the mobile radio.

14.  The radio station in claim 13, wherein the modulator is a quadrature phase
10 shift keying (QPSK) modulator and wherein the complex signal is split into real and

imaginary components which are then input to real and imaginary inputs of the QPSK

modulator.

15.  The radio station in claim 14, wherein the code generator maps the

quaternary spreading code to a quadriphase spreading code.

15 16.  The radio in claim 11, wherein the code generator extends the length of

the S (2) quaternary spreading codes periodically.

17.  The radio station in claim 11, wherein the S(Z) quaternary spreading

codes are extended by one quaternary symbol so that the S (2) spreading code length is

a multiple of each of multiple spreading factors used in the CDMA mobile

20 communications system.

18.  Ina code division multiple access (CDMA) communications system in
which a plurality of communications devices communicate using allocated
communications channels, each channel corresponding to one of a set of CDMA

spreading codes, a method comprising:
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adding the code symbol to the end of one of the original $(2) quaternary

spreading codes.

10 20.  The method in claim 18, wherein the added code symbol is the same for
all of the original S(2) quaternary spreading codes in the family.

21.  The method in claim 18, wherein the added code symbol to the one

original § (2) quaternary spreading code is the same as the first code symbol in the one

original code.

15 22.  The method in claim 18, wherein the added code symbol is added to the
end of one of the original S(2) quaternary spreading codes periodically.

23.  The method in claim 18, wherein the family of original S (2) quaternary

spreading codes are quadriphase codes, and each added code symbol used to extend the

original S(2) quaternary spreading code has four possible values.

20 24.  The method in claim 18, wherein the added code symbol is selected to

minimize cross-correlation between CDMA spreading codes.
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quaternary spreading code to provide an extended S(Z) quaternary spreading code

corresponding to one of the CDMA spreading codes.

26.  The CDMA code generator in claim 25, further comprising:
10 a comparator detecting an end of the one code and signaling the electronic

circuitry to add to the additional code symbol to the end of the one code.

27. The CDMA code generator in claim 25, further comprising:
a counter generating a counter output at the end of an extended code period

which causes the shift registers to be set respective initial states.

15 28. The CDMA code generator in claim 25, wherein the added code symbol is

the same for all of the codes in the family.

29. The CDMA code generator in claim 25, wherein the added code symbol

to the one original code is the same as the first code symbol in the one original code.

30. The CDMA code generator in claim 25, wherein a value of the additional
20 code symbol is selected to reduce cross-correlation between the CDMA spreading

codes.

31. The CDMA code generator in claim 25, wherein the family of codes

correspond to a family of quaternary sequences of length L =2" — 1, where m is an
integer greater than or equal to 5, having code elements from an alphabet {0, 1, 2, 3},

25 generated by summing modulo-4 three component sequences including a first
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the extended quaternary sequence to complex quadriphase CDMA spreading codes.

33. In a mobile communications system including plural base stations for
10 communicating with mobile stations and employing spreading codes from a particular
spreading code family for radio communications between the mobile stations and the
base stations, a method comprising:
allocating a first subset of the particular spreading code family to a first base
station, and
15 allocating a second subset of the particular spreading code family to a second
base station,
wherein the spreading codes in the first and second subsets have lower cross-

correlation than spreading codes in the particular spreading code family.

34.  The method in claim 33, wherein the particular spreading code family

20 corresponds to the § (2) code family and the first and second subsets are associated

with one or both of the S(0) and S(1) code families.

35.  The method in claim 34, wherein each of the first and second spreading
code subsets is defined by three component sequences such that a first component
sequence includes an index of r=0,1,2...,L + 1, where L is the spreading code length,

25 and one or more of indices for the second and third component sequences are different

for the first and second base stations.
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ing codes;

associating a flag with the assigned code;
setting the flag to a first value when the mobile station is involved in the call;
setting the flag to a second value after a prescribed time expires; and
prohibiting assignment of the assigned code to another mobile station until after

the prescribed time expires.

37.  The method in claim 36, further comprising;:
setting the flag to the first value at the beginning of the call, and

measuring the prescribed time from the beginning of the call.

38.  The method in claim 36, wherein the mobile station employs the assigned
code for the duration of the call even when the call is handed-over to the second base

station.

39.  The method in claim 38, further comprising:

setting the flag to the first value when the mobile is involved in the call;
measuring the prescribed time from a time associated with the hand-over; and
if the mobile station has not been in a handover during the call, the flag is set to

the second value at the end of call.

40.  In a mobile communications system including base station having plural
sectors for communicating with mobile stations and employing spreading codes from a
particular spreading code family for radio communications between the mobile stations
and the base station, a method comprising:

allocating a first subset of the particular spreading code family to a first base
station sector, and

allocating a second subset of the particular spreading code family to a second

base station sector,
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42.  The method in claim 41, wherein each of the first and second spreading
code subsets is defined by three component sequences such that a first component

sequence includes an index of r=0,1,2...,L + 1, where L is the spreading code length,

and one or more of indices for the second and third component sequences are different

10 for the first and second base station sectors.

43.  The method in claim 40, further comprising:
for a particular call, assigning a mobile station associated with the first base
station sector an assigned code from the first subset of spreading codes;
associating a flag with the assigned code;
15 setting the flag to a first value when the mobile station is involved in the call;
setting the flag to a second value after a prescribed time expires; and
prohibiting assignment of the assigned code to another mobile station until after

the prescribed time expires.

44,  The method in claim 43, further comprising:
20 setting the flag to the first value at the beginning of the call, and

measuring the prescribed time from the beginning of the call.

45.  The method in claim 43, wherein the mobile station employs the assigned
code for the duration of the call even when the call is handed-over to the second base

station sector.
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setting the flag to the first value when the mobile station is involved in the call;
measuring the prescribed time from a time associated with the hand-over; and

1if the mobile station has not been in a handover during the call, the flag is set to

5 the second value at the end of call.



