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i nventi owoetaes to wirel ess data communi cati on. Mire peetiusul€ardoy, the
present invention relates to a novel and inproved nethod and apparatus for
code assignment in a spread-spectrum wi del ess communi cati on system 10

BACKGROUND | n a spread spectrumw rel ess communi cati on system a base
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"TIA/EIA1S-95 Mbile Station-Base 15 Station Conpatibility Standard for

Dual - Mode W deband Spread Spectrum Cellular System" hereinafter referred
to as "the 1S-95 standard,” or the "TFMEDPA/|1S-2000 Standards for cdma2000
Spread Spectrum Systens," hereinafter referred to as "the c¢dnma2000
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"SYSTEM AND METHOD FOR GENERATI NG WAVEFORMS | N A CDVA CELLULAR TELEPHONE
SYSTEM " both assigned to the assignee of the present application for 25
pat ent 18nd hereby expressly incorﬁg‘?* ference. The forward I|ink
frombase station to nobile users assigns a unique Wal sh code to each

nobile wi th whi |t nsnl LN the Wal sh cg | dentifies_.the
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Al ternate sprea trum systens ingcorporat I f..codes for the
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nei ghbors. Therefore, a nethod is needed to provide the two-
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i dent i fi cady¥pmor hejpingfiers sefemerniniat atthco iy Ianitandardy’ mrnﬂiﬁi‘?TdAﬂlWIérZQOQduci ng
the interfgra058s §3PBAMENNRIS P RIpBOARK | 18tenRRI Re@RAfEY referred to as “the
c¢dma2000 standard,” codes are applied to the data and control information. The codes
identify the target recipient as well as the sender. Operation of a CDMA system is

20  described in U.S. Patent No. 4,901,307, entitled “SPREAD SPECTRUM MULTIPLE
ACCESS COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL
REPEATERS,” and also in U.S. Patent No. 5,103,459, entitled “SYSTEM AND
METHOD FOR GENERATING WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM,” both assigned to the assignee of the present application for

25  patent and hereby expressly incorporated by reference. The forward link from base
station to mobile users assigns a unique Walsh code to each mobile with which it
transmits, wherein the Walsh code identifies the mobile. Similarly, the reverse link
from the mobile user to the base station uses a Pseudorandom Noise (PN) code for
channelization.

30 Alternate spread spectrum systems incorporate a variety of codes for the two-
way identification. A problem exists as codes may be reused in neighboring cells
and/or sectors, creating interference for adjacent neighbors. Therefore, a method is
needed to provide the two-way identification of wireless communications while
minimizing and/or reducing the interference experienced by neighboring cells and/or

35 sectors. Similarly, there is a need for a code assignment method that achieves that

reduces neighbor interference.



35 sectors. Simlarly, there is a need for a code assignnent nethod that
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of LS codegredetermined interference free window. Note that the LS codes within the first and

second subsets also have a null cross-correlation with a predetermined IFW that is
20  typically wider than that between cells.

In another aspect, in a Large Area Synchronized-Code Division Multiple Access
wireless communication system, a method includes transmitting a first communication
within a first cell, the first communication identifying at least one mobile station within
the first cell by a first LS code within a first subset of LS codes; and transmitting a

25 second communication within a second cell, the second communication identifying at
least one mobile station within the second cell by a second LS code within a second
subset of LS codes, wherein a cross-correlation of the first and second subsets is null
within an interference free window.

In another aspect, a controller in a Large Area Synchronized-Code Division

30 Multiple Access wireless communication system includes a first set of instructions for
determining an interference free window size for communications between neighboring
cells; and a second set of instructions for determining at least two sets of LS codes
based on the interference free window size, a first set for identifying mobile stations in a
first cell and a second set for identifying mobile stations in a neighboring cell, wherein

35 the two sets of LS codes have a null cross-correlation within an interference free



based on the interference free wi ndow size, a first set for identifying
nobile stations in a first cell and a second set for identifying nobile
stati ons waoza492ei ghboring cell, wherein 35 the two sets oPCL/BStiotfe® have a
nul |l cross-correlation within an interference free WD 02/49231
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the subsets with respect to each other. According to still another aspect,
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description set forth bel ow when taken in conjunction with the drawings in

whi ch | i kemobileusers avherran sl Brss LiSdeofisi yparicel p dipotedioh dSy cedes sughwsivelyand
wherein: F| G [ gk i a wireless conmuni cation
system acé%%%%ﬁéé tﬂgsfg%tg&g%%@} Hnllggtﬁé& %B%%ggﬂb%% Tustrates in block diagram
formalprotocol for transmtting data in a wreless systemaccording to
one enbodinent; FIG 3 illustrates in tabular formand timng diagramform
pul se code position assignnents for LA codes in a Large Area Synchroni zed

(LAS) code system accor BRIBF DESCREPEIONOFNTHE DRAWINGS! il lustrates
various Interference Free Wndows (I FW) in a LAS code systemaccording to
one enbodinment; FIG 5 illustrates a pernutation table of LA codes in a LAS

code system acggg dbitGrel Cot)Eds, BAHAOSHVIRALes bf Ghe Bresérltystika@besl MBthod and
arborescence structure for "determining a calculation of LS 30 code |length

as a flhct pRirr@ss Wil beocpaieaneie appasent\iyaig 81 defatipyl descgiption set forth below when
taken in conjunction with the drawings in which like reference characters identify

correspondingly throughout and wherein:

FIG. 1 illustrates in block diagram form a wireless communication system
according to one embodiment;

20 FIG. 2 illustrates in block diagram form a protocol for transmitting data in a
wireless system according to one embodiment;

FIG. 3 illustrates in tabular form and timing diagram form pulse code position
assignments for LA codes in a Large Area Synchronized (ILAS) code system according
to one embodiment;

25 FIG. 4 illustrates various Interference Free Windows (IFWs) in a LAS code
system according to one embodiment;

FIG. 5 illustrates a permutation table of LA codes in a LAS code system
according to one embodiment;

FIG. 6 illustrates an arborescence structure for detérmining a calculation of LS

30 code length as a function of Interference Free Window (IFW) size;

FIG. 7 illustrates transmission protocols for mobile units in a LAS code system
according to one embodiment; '

FIGs. 8A and 8B illustrate in block diagram form various code assignment

schedules for a LAS code system according to alternate embodiments; and



FIG 7 illustrates transm ssion protocols for nobile units in a LAS code
system according to one enbodinent; FIGs. 8A and 8B illustrate in bl ock
di agr am fvoo m/¥e8i ous code assi gnnent schedul es for a LASPCDU801g47360em
according to alternate enbodi ments; and WO 02/ 49231 PCT/US01/47760 4 FIG
9 illustrates in flow diagramform a netthod for code assignnent in a LAS
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However, in contrast to Walsh codes, PN codes do not require synchronization

such as used to implement Walsh codes. Rather, PN codes may be generated by linear
20  feedback shift registers, wherein binary bits are shifted through the different stages of
the register. Output bits from the last stage form the PN codes. PN codes have an
auto-correlation characteristic that allows codes to align at the receiver. The
combination of Walsh and PN codes allows identification of the base station and mobile
station for wireless transmissions. Other systems may incorporate other codes and/or
25 combinations of Walsh, PN, and other codes to identify the mobile user and the base

station.

Large Area Synchronized-Code Division Multiple Access (LAS-CDMA) Systems

30 In another type of spread spectrum wireless communication system, referred to
as a Large Area Synchronized-Code Division Multiple Access (LAS-CDMA) system,
specially designed codes, referred to as “L.S” and “LA” codes, are used to spread the
signals for transmission. LAS-CDMA is a technique for spread-spectrum and time-
division multiple access that creates channels through the use of time division and

35 orthogonal codes. One LAS-CDMA system is described in the “Physical Layer



as a Large Area Synchroni zed-Code Division Miltiple Access (LAS-CDVA)
system specially designed codes, referred to as "LS" and "LA" codes, are
used to spoeaw?28he signals for transm ssion. LAS-CDVA i sparwscimtreue f or
spread- spectrum and tinme- division mul ti£| e access that creates channels

t hrough the use of tine division and 35-orthogonal codes. One LAS- CDVA
systemis described in the "Physical Layer WO 02/49231 PCT/US01/47760 5
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plurality of cells 20, 30, 40, 50, 60, 70, each having a base station 22,

32, 421552 slogzhe ko cod ignpplied & e eptiie sbriiame, ard fiefines fha Emealietied i3 eagh ons
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of “data t ol PEdEB oty BRSNS o 5T 50T R T
LAS- CDVA syst enms\n éteenplaty| anvmymbet éfSa AE-CHOMA dystenFisGlludtrated in FIG. 1.
20  The system 10 is a LAS-CDMA system including a plurality of cells 20, 30, 40, 50, 60,
70, each having a base station 22, 32, 42, 52, 62, 72, respectively, for communication
with mobile stations 24, 34, 44, 54, 64, 74, within the system 10. A forward channel is
used for transmission of data from base stations 22, 32, 42, 52, 62, 72, to mobile stations
24, 34, 44, 54, 64, 74, within system 10. Each mobile station 24, 34, 44, 54, 64, 74,
25  uses areverse channel for transmission of data to at least one of base stations 22, 32, 42,
52,62, 72. In other LAS-CDMA systems, the cells may be as configured in FIG. 1, or
may be positioned in an alternate manner, wherein each base station is associated with
at least one cell and/or sector.
As illustrated in FIG. 1, a first portion of the system 10 is referred to as cell 20.
30  Other portions of the system 10 that are located in close proximity to cell 20 make up a
neighborhood of cell 20. In system 10, the illustrated portion of the neighborhood of
cell 20 includes cells 30, 50, and 60. Other portions within the neighborhood of cell 20
are not shown, but may be located anywhere in close proximity to cell 20. In one
embodiment, a cell neighborhood includes those cells that border the cell

35 geographically. In alternate embodiments, the neighboring criteria that determines



may be positioned in an alternate manner, wherein each base station is
associated wth at |east one cell and/or sector. As illustrated in FIG 1,
a first poov/em3of the system 10 is referred to as cell 2BCT/US@Q/4dver
portions of the system 10 that are located in close proximty to cell 20
make up a nei ghborhood of cell 20. In $ystem 10, the illustrated portion
of the nei ghborhood of cell 20 .includes cells 30, 50, and 60, Clher
portions wkin PPRONs edrg HgEtAeb dn of nesghbostipodamaynbg madswASCoRting nigy thse
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nei ghbor hood i ncl'udes those cells that border the cell 35 geographi cal l'y.
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control information sync word e sync sub-channel header
fi eI d 104 fodlow@dihy 4 spaeenchpf ning eghrénmes d00,mumdesdd., flr 2ne§. 108, sumfn@efrsed 0,

I i [ 2.
Note that ISR SRR PRERGviH) B FnEHBE KaRPAGERe Ml Rl ol s M W%, |
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2, each SUbuﬁlbmsll%th&iﬂ;ld@Blpds aéfadﬁta@rtlﬁa aeeploinnigs. of time slots 108,
wher ei n each tinme slot 108 corresponds to an LS code nodul ated by a

symbol 15 1 n the preddwsiiated &l e sach @é?ciiﬁa@%oé %r&haéea@erqdﬁf@m@éé nmmb@ﬁ ofe
slots, |abghRd)6@108, wRerein- eacﬂﬁme%q&hldg §9%n' @Cédﬁéerﬁ%cﬁﬂm&j%/%t ed LS

code and a subsequent gap vari ab efined b e LA code.
Not e t hat symebals Indttepmsnasrgb@h@dntt, gaqhtﬂelbifoammmﬂ mcludes 17 mmsbts, h@eLeA code
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di scussed im0 dévanidbld sive defivelddy. thEdh c&ilec ONprenhattthe £.S6Gbde s psigaad to the
20  mobile user, while the LA code is assigned to the base station. The modulated LS code
is composed of a pair of complementary components, identified as “C” and “S”
components as discussed in detail hereinbelow. Each C component is 64 chips and is
preceded by a 4 chip gap. Each S component is 64 chips and is preceded by a 4 chip
gap. Therefore, each modulated LS code consumes 136 chips: (4 + 64 + 4 + 64). The
25  minimum size of any time slot 108 is, therefore, 136 chips.

In the present embodiment, the time slots 108 are not assigned a common chip
length, but rather each time slot 108 within a sub-frame 106 is assigned a unique chip
length. The chip length of each time slot 108 is determined by the gap 110 appended to
the modulated LS code, wherein the sizes of the gaps 110 are not uniform over the

30  entire sub-frame 106. The sizes of gaps 110 are determined by the assigned LA code.
The LA code defines the size of each gap 110 within the time slot 108. The LA code is
effectively a pattern that is applied to the entire sub-frame 106. LA codes are described
in detail hereinbelow.

In one embodiment, the frame 102 is composed of 23,031 chips. The header

35 field 104 is assigned 1545 chips, and each sub-frame 106 is assigned 2559 chips. As



preceded by a 4 chip gap. Each S conmponent is 64 chips and is preceded by a
4 chip gap. Therefore, each nodul ated LS code consunes 136 chips: (4 + 64
+ 4 + 64WOM®2325 mninmum size of any tinme slot 108 is, paEUSIOITR0 136
chips. In the present enbodi ment, the tinme slots 108 are not assigned a
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conposefi of 23,031 ChIpS. The header 35 field 104 is a55|gned 1545 chi ps,
and each sub- r(flme 106 i s assigned 2559 chips. As WD 02/49231

PCT/ US01/ 4 each sub-frane 106 contains 17 tinme slots 108, and each
time slot 108 includes an LS code of 136 bits and a variable size gap 110,

each time slot 108 is, therefore, at |east 136 chips Ion% sufficient for
the LS code. Nofhetges 10 arq daterrained byogha dAeqede efotheseelh inglor seetgere i s

no gap 1108pé:1ﬂré°éll?°£’ﬁ§paeagi@ g8 Ca ejtiEQd & (fet\%ﬁ%ﬁé' i?ile%%gn&ée& BFtu'cl? sforAgingh af he

cell and/or*secto ode I's a code used to determne

t he boldasuteframé anidrte idensify a/wetlharrd/@r set®rs ulbA fqodae naycbet desighaietlifythe cel |
and/ or sec A code esignated by the follow ng paraneters, (N,
KO, K): (i &oqfoﬁln$gar?ﬂle§eﬁsu er?® 15 pul ses; (ii) "Ko" is the m ninum pul se
interval; and (iii) @) KN”listht hembatdlpulsés;code | ength in chips. 15 A pul se

is a fUI’lCtIOI’l wth unit.ene and infinitesi I uration. Each pul se
identifies a time b&th &§ t?%?‘“%‘“i“i%uéﬁf’é‘feri he m ni mum pul se interval

i s determ ned by the(lllzr‘gelgﬁletd@ﬁﬂASC&QQQHgch&}{193 present enbodi nent, the
LS code consunes 136 c , and therefore the m ni mum pul se int erval i's

136 chitps. Am»tl@rlﬁarf@l@mwrm@ef@mndmﬁymml dE@“@BdEéCW\P‘ﬂW identifies @nt
l'engt hs angneeGqady iheh eitte S0 168 MR hifimum pulse interval is determined by the

size of the LS code. In the present embodiment, the LS code consumes 136 chips, and
therefore the minimum pulse interval is 136 chips. Alternate embodiments may
implement LS codes with different lengths and hence different minimum pulse
20 - intervals.
As the LA code defines the timing boundaries over the entire sub-frame 106, the
total LA code length refers to the length of the sub-frame 106, including all time slots
108. In the present embodiment, the total LA code length is 2559 chips. Note that the
LA code is a parsing scheme that covers the entire sub-frame 106; and therefore, the
25 total LA code length is defined as the length of the sub-frame 106, and not the length of
the LA code that liststhe time intervals assigned to each time slot 108 within the sub-
frame 106. With respect to FIG. 2, while one LS code is applied to each time slot 108,
one LA code is applied to the entire time slot 108.
As illustrated in FIG. 2, each sub-frame 106 is 2559 chips, wherein a chip is
30 defined as the sample after spreading. The total LA code length, K, is given as the
length of one sub-frame 106. Each sub-frame 106 is segmented into a predetermined
number of segments, each segment allocated sufficient chips to accommodate one LS
code. The number of pulses, N, corresponds to the number of segments after
segmentation. For example, as illustrated in FIG. 2, each sub-frame 106 is segmented

35 into 17 segments, i.e., N=17. The minimum pulse interval, K, is measured in chips and



20 intervals. As the LA code defines the tim ng boundaries over the entire
sub-franme 106, the total LA code length refers to the |ength of the
sub-framwa@os492sncl uding all time slots 108. In the preseatr/usabodionent ,
the total LA code length is 2559 chips. Note that the LA code is a parsing
schene that covers the entire sub-franme8106; and therefore, the 25 total LA
code length is defined as the _length of the sub-franme 106, .and pot the
length of It fRpsEanedHRaleRgh lof s ietaﬁeeq:“?]n@ Pt Ieg 8% e st neips: _owé‘égéﬂg’ci ne
sl ot 108 Wgtfdd thd&isilRim &t kABth W thné SRPEOS, roR afftihe dots W08 bt e LS
code is applied to each tine slot 108, one LA code is applied to the
entire timo Hiegniniiogm sagment lorgth aandpeitieprnatinge slebt(P isigqualrtaike modmug: 2559
chi ps, whergj Lo i i . S r i e
Fotal LA cSaumyBGR fin dherlfls R3ds ARudidp S meR RELEY REFAL Ml
sub-frafie ldgth of thegimsnsled L0$isograatpr thaetl 86 whipedthe riifffidrencec’s nsaigmpritysgapeach

segnent al l.ocated sufficient chips acc e gne LS code. The nunber
of pul ses, lﬁﬁS%F?‘E&bt&’ﬁﬁ%§t0814998g%&&}§5’@%£ﬂ¥§€gﬂ§ﬁ9 Cafter segnmentation.

For exanple, asthl lestgaécadl bmbbdifaent?, 12aCkodeybDafd apRerd ORavifg SpaaRetead 35
into 17 se%rrents i.e., N=17. The m ninmum pul se interval, KO _1s neasured
in chips a W’W,WPLQ%WP@T{K%@ﬁﬁAW? % SA%EWPIQTYM code & iflestgted of at
| east equaly f; .%esé—énféeﬁg}nsé iffervalt 36 £81eRSd intBk WaIUER froffd kiESen! 145 BN MUM
segnent |length of a tine ot 108, not all tine slots 108 are equal to the
m ni muddsegomespohdingtté onared thedRdjme slotst 108e0fsFIst. 2108a¢ls pelgeidittenval hasean

mni mum s ) I i t. I i I th.
When t he sg%glr%{edéz%llnlg}neg?wlz%@%ﬁée ?sﬁelp%sl é%el @hﬁgggerg{;%ﬁ 2‘? 0?‘%3@?%6 chi ps,
t he differ ense positiondén timebipr @agh inHt0 valub see) ulbustrated b < bpandent T the

he diff ositioagd bfp b ed Hehew $h lf th
nmodul ated LS code..

par anet er s CO‘E‘?F’??’?L%‘B% %%%gg’?gfi&is? ,Otr N@gg g@%@;a&éﬂﬁoﬁég%&iﬂé‘ Xﬁ%ﬁgﬁ\{%g LA

code is il kuslosat @athin theFl code, frOaMBO1E6 thefisSpulscd inedrvaa lcBrradpondstdi adined
index values fromO through 16, each 10 corresponding to one of the 17 tine
slots 108 &meries 108, ofﬁaaa%&éﬂ@kdi % br Vo fitshpulsn Intgiyvabisi capldodiPshiRngt h and
pul se posi Ttﬂe%difﬁu%d seMredtvAIE SPREL fobed teErsPHRR sIRU (8Ei%as aT B 110Gl to
positions in tinme for each index value are illustrated bel ow the LA code.
The corr egpondiongnpng athpbs LA ends, the nextipalseAntenubis dsbapsatecwish thescedrido

begi nni ng each, 4dl l.qt., - Wt hi. - t .1 he
first pul sgliqenst?@r 1\/(%3', ’F%Slreraegpo ﬁss %nggrggfl?rl %?glféé eﬁ{&?tﬁ%reﬁc{rg?ﬂ 9 gretlsfénltgfré 2

(1 abel ed " @lilse odhes ki (1S6-+-p2B)s274.nThe vaond simeqiletl 1080hdk36gaphl Wsequal to two

20 chips. Successive pulse intervals within the LA code define the timing boundaries of

the time slots 108 within sub-frame 106, wherein the final pulse occurs at the time
. corresponding to the 2559™ chip. Within the LA code of the illustrated embodiment,
successive pulse intervals are two chips greater than previous pulse intervals, until the
end of the LA code. Alternate embodiments may implement an alternate assignment of
25 pulse intervals. The combination and order of pulse intervals creates a pattern. The
pattern is then permuted to create multiple patterns, providing distinct LA codes

applicable to multiple cells and/or sectors.
FIG. 4 illustrates an exemplary permutation table for 16 permutations of the
primary LA codes of FIG. 3. Each permutation defines a combination of interval index
30  assignments of the primary code, wherein each permutation alters the arrangement
and/or order of intervals. The LA code permutations identify cell and/or sector of the
base station. LA codes are used in LAS-CDMA to create separate multiple access
transmission channels on a same RF carrier. The channels may be used by different

cells and/or sectors. |
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the m ninum pul se interval. Therefore, the first tine slot 108 has a gap
110 equal to zero. Continuing with the LA code, the next pulse interval is
associ at adowe/4923t he second tinme slot 108, |abeled "1." ThCHEUSOIWHEraal is
138 chips, and therefore the correspondi ng pulse occurs at (136+138)=274.
The second tinme slot 108 has a gap 110 Qqual to two 20 chips. Successive
pul se intervals within the LA code define the timng boundaries of the
time slotslPd@dést hin sub-frane 106, wherein the final pulse occurs at the
time corresponding to the 2559th chip. Wthin the LA code of the
illustrated enmbodi ment, successive pulse intervals are two chips greater

t han previ OVkilepliAsendentaer yeddsto ideniify eolleandégrosestort he qofet apeusedlin dekit e
enbodi nent ' .an.alter i . af i | s.
The. combi na A BHEHTRE «RBib TR oROSH A ER TS ool RUNERhFHA
pattern5i s chimnlsp&sniltechtédindflGaleamiu$ togd 8 apahtpbrmentangroothogomadjcellegtaimct LA

codes applicable tq nultjpl el | s and/ or ctars. FIG 4 illystrat an
oxenpl ary BTG REed RBIE sk Oeg @Rl 86 Lortoch ronHes of fintindf A Foes o
FIG 3. Eaefud)geaihahi OreodionB@saiti o8 onpbhéf. OThé @ @hd 3 coipbients3tre
assignnments of the prlna%y code, wherein each(gernutatlon alters the

ar r angenenfeRiFigh by geprer FBF each bS\eare coppfiuens (¢ gaé SHeempansnisore designad; f v
cel | and/ ok, $a6kQhe Qbsd BSirelRAHEAL R Flhe LEERIES 2R SithtP s cérthidk-AfaGRVA o
create separate nmultiple access transm ssion channels on a sanme RF
carriel) The chinpe¢ smhaginsat,ubed byl dicomponents arwegansragasdfrom igdial seeds. 35 WO
02/ 49231 PG/ 4 Ll e LA codes are used to identify
cell and/ ogglg?{g(j#?gﬁaggc% egé_gr\’%%%%gwlﬁ LAS- CDVA to spread the
transmtted signal and cr(€dt 81 ul(##pt¢ code divided transm ssion 5
channels. As illustrated k@_EéCi 2, 3n LS code is a conpl enentary

ort hogonal code pair used“Fo _re(é'%i"ynbol s. Each occurrence of an LS code
consi sts ofyharcpdh r-“Qhdicaees 1a logasidad] Yimdtad - andicaedPpizanbgia e bbib In
conponent. The C and S cqggonents_are separ at ed Q¥ ga?s.,For each LS code,
const i t¥enPreeEpRiineRh 33etERt §ORRs A¥e Sytheted BaEh Thftollpwang rule is used to
cross-corr%g@rétgaoﬁm@gnigmdags FBf 42c6p6ieS IS zero within a certain

duration. IO In one enbddi nent, the C and S conponents are generated from
initial seeds. Exanple d€dd palR2s ®dy beS3 ven as follows: (Cl; S1) _ (++;
+-) | (C1  -C2; st -S2)
(C2 C1; S2 S1)
20 (Cc2 -C1;, S22 -S1),

wherein a negative indicates the binary complement of the original. The rule may be
used to generate continuously longer codes.
The present embodiment generates subsets of LS codes within each set of LS
codes having a given LS code length. The subsets are designed such that the cross-
25  correlation function between any two LS codes in the subset is zero. The range of
offsets within which the zero valued cross-correlation is maintained is referred to as the
Interference Free Window (IFW). The range or interval of the IFW is represented as [-
d, + d], wherein “d” represents the offset distance from the origin, and wherein the
origin is the position where the two LS codes are exactly aligned. The range is
30  described over the offset origin, wherein the offset origin refers to no offset between the
codes. The cross-correlation properties of the LS codes allow for Multiple Access
Interference (MAI) rejection and/or reduction.
Another characteristic of the LS codes is that the auto-correlation is null within
an interval centered around the offset origin, but not at the origin. The auto-correlation

35 functions are generally defined for a sequence x, as:



(C2; S2) _ (-+4; --), wherein a "-" indicates a low logic level bit and a
"+" indicates a high logic level bit. In 15 one enbodi nent, a seed set
cont ai ns wow2/s26h seed pairs. The following rule is used poT/UgemErat e
doubl e length codes froma seed pair: (O C2; S1 S2) (Cl -C2; Sl -S2)

(C2 d; S2 Si) 20 (C2 -A; S2 -SlI), whet@in a negative indicates the binary
conplenent of the original. The rule may be wused to generate continuously
| onger codes. The present enbodlnegt(f égrates subsets of LS codes within
each set of LS codes having a given'1S a1 ength. The subsets are

desi gned such that the cross- 25 correl 4tion function between any two LS
codes in tkhesibded theswadenof dlemenirigeadt owhirsmiesofwhd fiqueide afvodber &er o

val ued cross-correl ati nmai nt ined.is referred to as the terference
Free WndoﬁP%q F‘W’emrﬁ% Ié%él—‘? ?IB?%H‘S PHetar W?@S%l?éepﬁlé‘gte‘n{&@?da‘ﬁg' [- d,

+ d], wher gpfeafon "ﬁ?rl%‘h%ﬁ %’Afc%latté&eth%f btfhatis LARGS Hd%@ﬂ biRe; OLh@ifd: s

V\/nerel n the "originis the position where the t codes are exact

aligneds The {d%”ge ' Srl?éoadi@%@;rélgﬁ&'%g}’%rtz%? iRl i§€i§d9§ | olhs LG B

of fset originre €f's to no offset t he e Cross- corre ation

properties QfyctifEotiRe ﬁﬂﬁgﬁiﬂ@ rdaved ﬁ?er'@éhﬂﬂo@hﬁerf&&%ﬂﬂé nterference (NAl)

rejection and/ or reduction. Another acteristic of the LS codes is that
t he auto- cor r el dhe owmbst 91 4S wpdes af aagivemildr cede lsaathethet! salisbyinke crassof f set

gener a1y sefenidt pbi 0ot Riol ot GRRERI ALY sl BEHATRE, .
Rx (i) Y woxglsg jthe mmﬁberwﬁéSmoﬂes] per&sutblsm mmayntizedetarnirddelme thieSIFW siza@hd the

f th , d i de. el t dj i h d
CFenentD rhSe R Rl APE TR SR i b wERES B PR DbrR e febie, Pon°
cal cul at esof s csmﬁsfyllﬁg@ﬁesébﬁ)ﬂéftﬁ@l&&re@sfele and its shifted 5 version
1; . Th t at f the LS cod | I t
and) ot educt | IOt TRER A FBLERY U GePer oA Rey saTa et oY SHBBY 1 51).

the offset between the two codes, wherein the cross-correlation between the two codes

is null. The distance from the origin corresponds to the shift from the origin, wherein
15  the codes are shifted in time with respect to each other. As illustrated, for IFW=[0,0],
the window covers the origin. As the window increases, the number of LS codes
available decreases.
In one embodiment, LS codes are defined according to an arborescent structure,
such as illustrated in FIG. 6. The structure begins with a code length of two bits,
20  wherein each of the C and S components are one bit. Progressing down the structure,
four LS codes are provided with two bit components, followed by eight LS codes of
four bit components, and finally through to 128 LS codes of 64 bit components. For a
128 bit LS code, the desired IFW determines the number of codes available to form a
LS code subsets. For example, an IFW=[-7,+7] the subset includes 16 codes. As the
25  size of the window decreases, the number of codes available for the subset increases.
For IFW=[-3,43] the subset includes 32 codes; for IFW=[-1,+1] the subset includes 64
codes; and for IFW=[0,0] the subset includes all 128 codes. Note that IFW=[0,0]
indicates that there is effectively no IFW.
The following table provides an example for LS code length of 128 bits.
30



The nunber of LS codes of a given LS code length that satisfy the cross-
correlation and auto-correl ation properties corresponds to a given |IFW

si ze. | nvoohs923nords, the nunber of LS codes per subset PaEpUBE/4Iedoer m ned
by the IFWsize and the 10 LS code length. For a fixed LS code length, the
wi dth of the IFWincreases, the number llof LS codes satisfying these
properties decreases. FIG 5 illustrates several IFW wth respect to
offset intervals. The FWdefines the offset between the two codes,

wher ei n th?aﬁEqSE“VQ%RELEgkﬁﬂc@ﬁg%ﬁggéﬂ“ft““ codes is null. The distance
fromthe orrgin c ft fromthe origin, wherein 15 the

codes are shifted in tine with respect to each other. As illustrated, for
| FWE[ 0, Q, the w ndow c s the or'LgJi R As ('?{he wi ndow i ncreases, the
nunber of LS codes avail e decreapesFh e enbodi nent, LS codes are

defined according to an arborescent SLS@ddese, such as illustrated in FIG
6. The structure begins wth a-code{ength of-tw bits, 20 wherein each of
the C and S conponents arfg,opne bit. Progr essi ng down the structure, four LS
codes are provided with two bit conppnents, followed by eight LS codes of
four bit conponents, and fi-hHlI Iy thrpbhh to 128 LS codes of 64 bit
conponents. For a 128 bl[t § code, [he desired | FWdeterm nes the nunber
of codes available to form a LS codp subsets. For exanple, an | FW[-7, +7]
the subset includes 16 cdedks4]l As the| P& size of the wi ndow decreases, the
number of codes available for the subset increases. For | FW£[ - 3, +3] the
subset includes 32 codes; for | FW[-1,+1] the subset includes 64 codes;
and f or5 | F8¥nal THandrhissismbset i ncludes all 128 codes. Note that | FW[O0,
indicates that there is effectively no IFW The follow ng table provides an
exanple for LS code length of 128 bits. 30 WD 02/49231 PCT/US01/47760 11
Tabl e 1. | FW veasus illistreiesl &-asiisednsSh#idn b dluieedello tvithinSsysREEH0 of BI®)] 128

[-1,+1] 64 LFS +3] 32 [-4,+4] 16
he transmlssmn signals include symbols 108, as illustrated in FIG. 2, separated by

gaps in time of varying duration. In the example illustrated, signals are transmitted to

10 mobile user 24 within a first cell that is assigned a first LA code. The first LA code

defines a time boundary sequence. The first LA code defines the chip sizes of gap 1,

gap 2, etc. For mobile user 34 withiﬁ a second cell of the first cell’s neighborhood,

signals are transmitted having a second LA code defining chip sizes of gap 3, gap 4, etc.

The LA sequence for each mobile user 24, 34 continues with other gap durations

15 between modulated LS codes. The particular LA sequence identifies the base station

from which the transmissions are sent. The gap between symbols is a time duration

during which no information is sent. The sequence of gaps, or the LA sequence, is

effectively a code assigned to a base station or other transmitting source. The total

frame length for each of mobile user 24 and mobile user 34 is consistent; only the time

20  duration and order of the gaps between modulated LS codes is different among users.

Each frame complies with a predetermined format and/or protocol that defines the time

allowed for an entire frame. The LA code effectively sets the symbol boundaries within

a frame. Note that for transmissions from a given base station, the sub-frame pattern,

i.e., LA code, repeats in successive frames. Alternate embodiments may alter the frame

25 length per user. Note that within a cell and/or sector, a base station uses a single LA
sequence. Neighboring cells will be assigned different LA sequences.

Within a cell and/or sector each mobile user is assigned a unique LS code.

However, neighboring cells/sectors may reuse the LS codes, and most likely will have

at least one LS code in common. The common use and reuse of LS codes by



5 Signal Transmission FIG 7 illustrates transm ssions within each of two
cells within system 10 of FIG 1. The transm ssion signals include synbols
108, as WoOuysnated in FIG 2, separated by gaps in tinePoOf/Us@ar4ieg

duration. In the exanple illustrated, SJ[ nals are transmtted to 10 nobile
user 24 wthin a first cell that is ass %ned a first LA code. The first LA

code defines,a tine,boundary. sequenpce. The first LA.code defines the chip
si zes of ghpegPorng Gells ,an%/gﬁ Sélclt—‘?)rf %FF‘B Illéte%?gpc%ﬁ'aéwpﬁlﬂlpﬁg%%%ﬁ ECERHONof t he
first cell oftraghghhdsipeadby osd gnahBipRrobileanssiih ineikhbanmhdeells/seteeNdrieA code
defi ni ng chig si zes of '%ap 3...9ap 4, _etc. The LA sequence for each nobile

user 24, 38xRplEiyerRRodiment wilizEs they FWusharactisties op @ d s Mdy pystesn by's

codes. Thepafitd GIBLAS ok RS ILRAGR o HERd fPves the base station from which
the transm ssions are sent. The gap between synbols is a tine duration

during Which no information is sent. The sequence of gaps, or the LA
sequence, i\S.: I code assigned to a base station or other
transmtti plsi %Lﬁ%& e eglt al frame length for each of nobile user 24 and
nobil e user 34 is consistent; only the time 20 duration and order of the
gaps between no ed LS codes is di rent anmong users. . Each frane
conplies with a%z%%?‘é‘#ﬁf‘ﬁéa%ﬂ%}lwa‘? Ogirg/%’ae ﬁ&bﬁe&@lnq Pn%?‘?mé@‘ﬂflﬂé‘ time
al | owed f Okystdin @00 h&ing eaNE702] 64,1766 cToke 7€0,fAQL | ASlMsERES al eI de
boundaries within _a frame. Note that for transm ssions froma given base

statioff tFEPSEUAFsigNee 1P aechengighboring cell| Kopermnple.cpulpet 4 i assigpubio el
frames. Al W@Z.n@hélngi%ﬁ&/ﬂ’s WERES 708 rePddeR asdiBSed § 8fferdn ahaw({?efggsﬁéﬁts Not e

that within a cell and/or sector, a base Station uses a si

sequence. Redeghwerpingubsst Bsiswgissigndseio #68 i7ghethbaitiG &y aspigneditoses 7@hcebsetW t hi n
a cell andfpx r. e [ ' i | :

However , nfe)iolé H%% ée%gtoc%ﬁré ég%ésgtrgﬁsﬁésf'i@ 8@2@ c?lgg‘ilggan?gé ggeec ﬁé%&g%%%td tloi kely
wi || have cdl 712adt thinevdySnoadebilenueoimoell 70Revitloberassigned aacullenseden af LS
codes WD .02/ 49231 PCT/ US01/ 47760 . .12 .nei ghbor.i n ells /or sectors
creat eB i nPeF &8l er‘?’r’ﬁﬁwirﬁ"bsgd‘@thé’bp"reé’f?ghg%g%??lgr?f cgi a&j‘ansm' tted

signal s by one MotoMhht heWl A1 AEIBhDE deHE LS ckl 702irgPBE birgere! diFbeRCIuBESs. The
exenpl ary enbodi nent utilizes _the IFWcharacteristics of a LAS-CDVA system

he |
by forn n§neatsEwaensschedaieds Bhiseriedn HCy8E: pdarerye tveo peighhyrpelithaye al s
Codes FI G c&Ambh LS tchat 88t assdmdument TR iluusedschtiRie st Hel-ahBosddry

cells within a
subsets to the cells within system 700. The subset A is assigned to cell 702. The subset

20 - B is assigned to cells 704 and 708, as these two cells are not neighbors. Subset C is
assigned to cells 706 and 710. Note that subset A is then assigned to cell 712, as this
cell is not a neighbor of cell 702. As in the schedule illustrated in FIG. 8A, no
neighboring cells are assigned a common code set.

In accordance with one embodiinent, a process of assigning LS code subsets is

25  detailed in FIG. 9. At step 802 the size of the IFW is determined. This is the acceptable
level of interference allowed in the system. For example, an IFW = [0,0] indicates that
no offsets maintain the desired cross-correlation property. In other words, there is no
window of offsets that is interference free. Similarly, an IFW = [-1,+1] indicates that a
group of LS codes can be found that maintains these properties for offsets of +1 to (-1).

30 At step 804 the size of the LS subset is calculated as a function of the IFW selected.
Specific code subsets are formed at step 806, wherein the number of codes available for
a subset is determined from the selected IFW and the length of the LS code. The LS
codes may be assigned to subsets sequentially or in some other fashion, wherein in one
embodiment, at least three subsets are formed providing complete isolation of cells with

35 a honeycomb layout, as illustrated in FIGs. 8A and 8B. Alternate embodiments may



system 700 having cells 702, 704, 706, 708, 710, 712. As illustrated, a
uni que LS code 10 subset is assigned to each neighboring cell. For
exanpl e, wvosuleet A is assigned to cell 702. The nei ghbor BCT/@S@ed7760702 ar e
each assigned a different and uni que subset of LS codes, wherein subset B
is assigned to cell 704, subset Cis as$3gned to cell 706 subset Dis

assigned to cell 708, subset E is asmgned to cell 710, and subset F IS
assi gned t aNcoERATpte 7altemats, nuRbsrs\QY subsstsnil RRoVs@fferent daglptiongo Sl pthe

assigned a ﬁ%ﬁm‘rb?l?sdmhy” rﬁogﬂa?at@ ShANDR sBheE8b krov]_tﬁhe&ﬂlt'iﬁlam%ofaﬁ% Bf Yifshi n

t he nei ghboring cell 702. Note that not all neighbor cells of cell
702 may be Easkisysied rday ﬂ)erlerpﬂemm@cbtcs accommocamtlgnmtl%oﬁélmmtrenansssmn

illustrate 0 o] S
code set agrslll"lg(ﬁdr:rrlllrsefln%t!t 8%1 é{mﬁ ust cr’rget e,}; 3 Seh 2{3'9 & 218{5%glgégsnlg‘o{aﬁér"ged%fégc%ggﬁsg_
subset s5t o cohentefidrsofxpettad systilensé@@r dibeo a upaﬁﬁc fypesofasisaignetild otheel |
702. The subset 20 B is, as%édi%ré]ed to cel Ig 70@ 708, a %se t cells
are not neiSYHEBF DAYSTRILEE onal, dsqlatpmbeygnd JiGEhboRES LS nffhat
subset A i gohdd@fta@iSbORREs. t OAS h lexddBle, 8snsidel the &RE |1111hs‘irafk@ltm6FIGe'69hﬁ(H of
cell 702. As in the schedule illustrated in FIG 8A, nei hborlng cells

are assi gnéefakof c%c%bﬁew%@@n 3 desed B W ankd ?W@ﬁ@n‘éﬁr@ﬁ piedes per

process of %legstg ﬁ)estu@ dinFIG 9. At step 802
t he size ofgé&% W| S g?@‘%s m ned Eihégss}gééctl (k:éctgpt able |evel of
interfdbence al IImwead ansbadirperty eesysteRod 0 exelents| e W IRvgd- oh0themiltidiatat es
that —no offgset Etlorﬂade'l‘éf Deifel féjfxﬁ)'glelegseirha ot fiak Elfe' 1911541 AaHSP %B}nyth iRyt her

wor ds, t hePE RIS oW of erence ree 8'm'l arl Y,
an .| FW = [ niayft] redumédcattlemcbl’eahffﬂultm mmp)vefortcéieaaH@MmMnd)BIfoommd Off hokeet

mai nt ai ns t hese prop rties for fsets of +1 t Al step,804 the
Size of theM & gt 25 B, VSRR e puirBehobE-S cged i alusth doe
Speci fic- coaw aéb@e“a@éss Hb@el@! fRtndibes bEP.SE e sbRECinbreafts. MbIRREmple, gHdes
avai | abI e for a subset is determined fromthe selected | FWand the’ | engt h

of thells digasseqdhercingborsqeth amj-Speodgdensiheli 128 bstﬁ»bagle@’\’s&éﬁéhﬁsakts for in
some ot her sﬁl%%{‘él%'of § €biles! M OMREre a??? fB‘-‘frltzs c@&es' BAS LS % gbs are

formed providing conplete isolation o I's wmth 35 a oneyco ayout as
i |l ustrat e@4ild ¢ades . F@AandRWV-HE+A, ﬂ@rrnatlfenfelpﬁ)mﬂerﬁ@hs@ sivays Y202 thte3e,

PCTF USD1! 4 el Bk IEOLRTALF AP B8 FoRibessy Glogubset s and al | ow

different iI's i'NCOr por at e addi ti onal
subsets to proviGbatisgdg twitnBIG.i $,al BS icode &ibseteﬂslthen adsigmed 3y wheeliay dxep

Lol et edobo RSgOmTRAt e vagar, ce of LISt EaNSHoS! S e CATIP
decision diamond 810. This is to ensure that neighboring cells are using distinct
subsets. If no neighboring cell is using the same subset, processing continues to
decision diamond 812 to determine if all cells have been assigned. If a neighboring cell
uses the same LS code subset, processing continues to step 814 to select a different LS

25 code subset and return to step 808. The different LS code subset may be the next
sequential subset of codes or may be a disjoint set of codes. The processing continues
until all cells in the system have been assigned code subsets; if all cells have not been
assigned code subsets at decision diamond 812, processing continues to step 814.

The process described by FIG. 9 will typically be performed by a base station

30  controller (not shown) that provides control for multiple base stations within a wireless
telecommunication system. The processing may alternately be performed by each base
station, wherein each base station within a system, such as stations 22, 32, 42, 52, 62,
72, communicates with each other base station in the selection of LS code subsets. In
such an embodiment, once a base station has selected a LS code subset, this selection is

35 communicated to other base stations within the system. Negotiation between base



5 concentration of expected nobile users or due to a specific type of
terrain, while other systens may require additional isolation beyond

nei ghbor wgozel2Bs due to a dense concentration of users.PEUaH/EX@NDI €,
consider the case illustrated in FIG 6, for a total of 128 LS codes,
wherein a desired |FW= [-1, +1] correspifhds to 64 LS codes per subset The
avai |l abl e codes may .t hen_be assigned to subsets. 10 In one enbodi nent the
system 10 S@iiges B2y he usehie) gl eaﬁh A sighan ogaelate GaypuwRISALiOnn Yl jhe
profile of .gdBbhdifg @@?Tmni\ﬁélghﬁd}ﬁ{g delis, AN th@'ﬁglgh@)rh%& rWl’ﬁlé Q%V\hﬁé’veacfmy be
reduced. It is nore difficult to rénove or reject the and | SI - out si de
of the wi neighborte petorwithe semetwigh ]r¢3W¢tntSr@faslé®rhqqde ﬁhmbwgrmﬂentsf d&des
that mai nt I, f et s
ner cases. Sk et £ SRIEERTEss BUTHRY be mIRUTREbRed UEREERIHRRE D
of 128 Hi tsucmthrl%%withimagweasgktbm I Whes ditasextanple, ehe)ﬂesﬁédUB\XColMges As

there are a tqtal of 128 is.allows two_suhsets 64,.LS c des
For an | FWH® ,e4l’§f‘?ss‘t‘rp{é°f3 %iﬁ COde BFEETITR e (1 liéasnespeé‘?r codr§ MR are,

t heref or e, a{HlableSteloah Subded HPMOARrfifNARE, fheQBhédnerafia® of dbilE @Sers may
Continuing with FIG 9, a LS code subset is then assigned to one cell

step 20 se@angmr@ﬁ@@aga§m%bl@relﬂ?%a§<é@aiqngtm@e§a¢ﬁé adblgubset is used |n a
nei ghboring cel Iy gdqifdes lﬂid?rﬁ@ﬁlda%%lesylﬁ?s MR &Bﬁd Hicdtiilsys ﬁefn

nei ghboring cells are US|ng sti1nct sets no nel ghbor i ng 35 is
usi ng the saplensubsmltlplprl&@sislsngse@mmmesamis @mblsgbssnmﬁsangnmtmaem 0
determ ne | I il £ i i s the
same LS ot/ B isebF Wil HECORREN o RE HOARTE syiskus i s RUIRE) Wehelfortng FE7 | 0,
LS 25 codeThelzabdetsame ﬁoahed motaohlstz@}a @3Red THW, djll‘fefr@n gh¢ IFW dewsmiscbsiet nay

be the next equent i al . sub a d|s oi nt ,set of odes.
The. br oces SPRESONEPIEE SIS | APRToR P HEh SyLrehavisBoae g8l gnod
code subsetdiucds thalidtelfabhce tbavenightRERg cél$§llﬂf'tﬁ1€ eﬁ%@nﬁé&hsm&@lzafof@l@cl si on
dlannnd 812, processing continues to stﬁg 814. The rocess descri bed by

&

FIG 9ldil Puhsﬁ@. safstymiaed byt Grentemghy of haswdst apdohe BV c@mpmg é9 ot
shown) t nalBrQUESRIRE! $h fi@lafliht il forbR8 @ Slrbnb NSy WhibhbdRing JHd ff eSS

t el ecommmuni cation system The processing nmay alternat y per orned by
each base asm&ﬂqsenomm’detceilw sistem Isasduosdat i on within a system such as
stations 22, 32 , C 0] e _station
in the sel ectl ogho an%%elzgq J%setd rﬁ%&'&‘%&f‘%ﬁ%&%s 1ngr?tgt&n1 rE’Ql%enlili:)sg%amt%jlas
station hammmlsetrhmrknmdxﬁnwdfrelsmsbsmmumdfmmnsgétmwmbeansdeSEnhednmhnsa:@ﬂ ed to
Igth-/eb / 4§ gat ! grsartww%u dnur}cig?stasnsc/lstth%mhel\ﬁaqgtilnsi?t%dc%gnsl? ectomnlae}nee{]n S, In onvrgtlgr%/ 49231

signals, bits, symbols, and chips that may be referenced throughout the above

description are advantageously represented by voltages, currents, electromagnetic
waves, magnetic fields or particles, optical fields or particles, or any combination
thereof.

25 Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. The various illustrative components, blocks,
modules, circuits, and steps have been described generally in terms of their

30 functionality. Whether the functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall
system. Skilled artisans recognize the interchangeability of hardware and software
under these circumstances, and how best to implement the described functionality for

each particular application.



stations may be used to allow each base station to isolate comrunications
within the corresponding cell from neighboring cells, i.e., the

nei ghbor oo dz/492Bi | e al | owi ng each nei ghbor to perform t heCras®/4méoh
respect its nei ghborhood. The assignnent_ of LS code subsets is a dynamc
process and may be nodified or changed Hue to changi ng 5 circunstances
within a given system Wen for exanple, the desired | FWchanges, it my
be necessary toAShexgwleshdhe yapppe ihusiialrsdegical placksyimodulese circhijer andodes
may be  avalshftnPsikhs ARSI EhTectbR ARPHRSMUoBHGARC Sisc bR HEARR Gl | on
of nobile uSers may- change, requiring a smaller I FWand maki ng nore codes
avai | abl e. implemenied gr perfamedevithoa digitat sigeal wrocesses DSMSaCHpMicatiomepect i on

I

subset s5 ar progsangasid loginelegicbordisegete efdis. or Thagsisiubgesis; alierétor hadware
achi eve a desired IF wherein.t he IF&x}[IgStern‘i nes the _nunber P}_ codes in

each subsefORYISPISSYER 8% ©f- LELHers @pd i & PHOEHIOhSFHYE & L of FiIBBYEEs t he

i nt er f er engREB&IME MY @InIBRRIaNBros flnkifiablé RoRREeGARAMK FRIL prdddgosi &y the
15 subsets is determined by the length of the codes and the | FWaccordi ng

to an ar beerekieaienthererfidesigned to perfonms thedynctions deseribed betehc eThoquesdsearced by
nei ghbor i Ngh,G&ldl gk ouﬁggﬂefaeié&?%&%%w biEh A8 AURLATE, e Ef‘o‘ée&‘é{jmagmé& a
t and apparatus 1dentifyi a

novel and I rovec} ng nobi users’i
wi rel el t amneomivesiianl processol, cehtedler coivnesongalidroor sate eachinas Tihe enftware

descri bed. _T of .sKi.l I ki the art ul d under d_t hat ta,
i nstructi oS Eag%gn%%l}lddégs@enf%r% I %?m%riyg%a\?l%,m%lfl?@’,’ @ﬂgé’i’%{“’%{h%@@s t hat
may be ref arancgEEROMohaudryt hepisadoMenrd dBRcd tepidvable alisk, a IRRION oty

represented, by_vol tages, currents, electro netic waves, | netic fields
o particl 80et G5 oo AduEE ki IToPEETt o OceSHHAT LA 10 RASIGT 25

Those of skidt lshovom)l. ATHeUASEMaR RENI@SIPE RldpRBhe [H¥R SNAWA)OUS the hikshatdlel R
| ogi cal . bl ocks, nodules, circuits, and al gorithm steps described in

connectd onPHCENsOR teay Sxislsdimmenialerbiose) odhel Tesessar way bre impismenisdt ad 2as
el ectroni ColaduRiFor £DIPULE" nﬂ%g}r%is@or, Bf asCRYFBDan@B;]&rB@éss&J‘s i?g xgummﬁ
ocks, " nodul es,

vari ous ilfgstratlve conmponent s, circulrts, and steps have
been descrwithd g¥hheoraldty. in terns of their 30 functionality. Wether the

unctonal 11y |ty LR GERGS 5 DR YR0E o TRIAS 1 SFPRRET BB 457

system Skpérs@tskilléd inahsart @cmgkd Greust hige prosedt tivamgeaiitei vayiood mbaifduese and

ngsl(::r i X d ?q'}ﬂg{q L esdilelpgc;{t; %ﬁrﬁé ?egigﬁ? hp}?a?gnt tgc()) \t,i',lolgg glgjlléci) inI tgg Lllgt,nzﬁlr(]itthé ggnen'c
principles defined herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
25



each particul ar application. WO 02/49231 PCT/US01/ 47760 15 As exanpl es,
the various illustrative |ogical blocks, nodules, circuits, and algorithm
st eps deswObbed3i n connection with the enbodi nents di scl oBeUuk&rEireéd may be
i npl enented or perfornmed with a digital signal processor (DSP); an
application specific integrated circui$6(ASIC); a field programmabl e gate
array (FPGA) or other 5 programrable | ogic device; discrete gate or
transi stor logic; discrete hardware conponents such as, e.g., registers
and FIFQ a processor executing a setcd]%n{,l'sr mvare instructions; any
conventional programrabl e software nodule and a processor; or any
conbi nation thereof designed to performthe functions described herein. The
processor vahtageously be a mcroprocessor, but in the alternative,
t he pr oces%@%@‘%@}[‘lo any conventional processor, controller,
g;q (I\:/Ir ocontr @) her In @fwitledt %%ﬁicﬁ@om %angﬁddﬁwr@r LmélAéE%SRﬁOwwukdiﬁieﬂ&E&ﬁ in
menpry. .flas ry, ne : .Menory, M menory,
regi stefs, QH‘QFIBHMEH’?% ‘Ar‘céﬁﬁvg-bﬁ‘m&? TEANSBISENF: é\e BHPMISHHRE rusiigr faSof
storage MegbddRlNPMhdLdpetthiein &ddulatibe, PHOREE 2GhpHEtg: €S| de in an ASIC (not
shown). The ASIC ray reside in ,a tel ephone (not shown). In the
alternative, thectesnigingcesizoe! ardyterfesnerirenwindos @5Wone. The processor may
be i npl enent ed : { i 1 t wo
i cr opr ocessor s ez ARy OF ofbeef XS AR alh SHRBLARAEARNE o fimBE
descriplion of the ppELBrodat agatfaatitionf she W ovi ded t o enabl e any person
skilled in the art to K use the.present invention...The various
modi fications 20°80'% %@E%@%B&W&Xt"é QWSF\%‘qgg ﬁf%&?&ﬂ%" oatﬁlﬂ)easryétﬁfn’?ﬂ t hose
skilledin the agsignidnalsdcbad gethe plugalfty ionsulisks so deédoné gottieneif Ehef‘?}ftehﬂ
applied to other enbodi nents without the use of the 1I1nventive faculty.
Thus, the present invention is not intended to be [imted to the
embodi nent 3, shoyhe ARERIADIRIEMI1S wherelifthd eslRuMRH: liheVtdffisegCOPe consi st ent
with the principles and novel features discloSed herein. 25 WO 02/49231
PCT/ USCA/ 47760 datgrmgnimgpunber pjubseta foprapplication aviftiin Blessgempnmuni cat i on

system adapt ed HOLii3enéFiRR s TR U ARY REARE null cross-correlation with

4 respect to each other; and

determining the second subset of LS codes having null cross-correlation with

6 . respect to each other.
3. The method of claim 1, further comprising:
2 identifying mobile stations within the first portion of the system with LS codes

from the first of the plurality of subsets; and
4 identifying mobile stations within the second portion of the system with LS

codes from the second of the plurality of subsets.

4. The method of claim 1, wherein a cross-correlation of the LS codes within the
2 first and second of the plurality of subsets is null within the IFW.
5. The method of claim 1, wherein the size of the IFW corresponds to an LS code

o

length, and wherein calculating the plurality of subsets further comprises:
generating seed pairs given as:

4 (C1; S1); and

(C2; 82);



2 Division Miultiple Access (LAS-CDVA) transm ssions, the transm ssions
using LS codes for spread-spectrum nodul ation, a nethod conprising: 4
determ niwgoza4esre of an interference free wi ndow (I FW,; Ppalwediatrreng a
plurality of subsets of LS codes, each subset conprising a nunber 6 of LS
codes as a function of the IFW assignilyg a first of the plurality of

oi'ural i1y of subdsrieg Bledi TSP oe . Co SRR PSR ESRLRR G of
claim1, wherein thefaautagiadi g further conprises: 2 determining a nunber
of subsets for application vvith%g. tgg syrséyalm determning the first subset
of LS codes having null ckoks- cotr ePhtio ith 4 respect to each other;
and determ ning the secongcpubses; o§1LS cggles having null cross-correlation
with 6 respect to each other. 3. The nethod of claim1, further

conpri ¥ ng: 2 identifying{Gdbil€listd2ionsSWithin the first portion of the
systemwith LS codes fro he &jrsg,o0f t plurality of subsets; and 4

i dentifying nobile statio@éwit ln %%e secohd portion of the systemw th LS
codes iZ om t he whemeinh ndgatieindicatea kibinarpormplesentsof ah.oripirel aletdenid of cl ai m
1, wherein a cross-correlation of the LS codes within the 2 first and
second of the plurality of subsets is null within the |FW 5. The nethod of
claim 1, whereifhe tladnab #eclim §HarthdrWieadin eepantiser bosiiets & 4 0t theeel €ngt h,
and wherein calculating the plurality of subsets further conprises:
generating seed pairs given as: 4 (d; Si); and (C2; S2); WO 02/49231
PCT/ US01/ 47760 AlGif1Q8 NESRhlifigatfonPlsydtéh! iﬁéo&foréﬁéc Qde soEpIg técgle

l ength by application of a fornula given as:” 8 (CI| C2; S| S2 (C1l -C2;
S1 -S2)2 1epmmEEig:; S2 Si) (C2 -d; S2 -Si),

a first cell, the first cell being assigned a first subset of LS codes; and
4 a second cell, the second cell being assigned a second subset of LS codes,

wherein the first and second subsets have a null cross-correlation within

6 a predetermined interference free window.

8. The system as in claim 7, wherein the first and second cells are neighboring
2 cells.

9. The system of claim 8§, further comprising;:
2 a first neighborhood of cells each neighboring the first cell, wherein the second

cell is in the first neighborhood.

10. The system of claim 9, further comprising:
2 a third cell within the first neighborhood, the third cell being assigned a third
subset of LS codes, wherein the LS codes within the first and third
4 subsets have a null cross-correlation within the predetermined

interference free window.

11.  In a Large Area Synchronized-Code Division Multiple Access wireless

2  communication system, a method comprising:
transmitting a first communication within a first cell, the first communication
4 identifying at least one mobile station within the first cell by a first LS

code within a first subset of LS codes; and



12 wherein a negative indicates a binary conplenent of an original elenent.
6. The claimas in claim5, further wherein the nunber of subsets is at

| east t hive@02/49231A wi rel ess comruni cati on system i ncor por apCTgSa/472®- CDVA
protocol, 2 conprising: a first cell, the first cell being assigned a
first subset of LS codes; and 4 a seconﬁgcell the second cell being

assi gned a second subset of LS codes, mhereln the first aqd second subsets

have a ®ul | cr oS3IEYHMgG & iserPngdi CHPRUNaton  WHBiNe Aniseroadi felbr fher SACds r ee

wi ndow. 8. The syst e%ﬁ&uhi&aﬁ&@id&hﬁfylﬂg‘ﬁf@sﬂoﬁ@ﬁloiailé statigh YiBRCORBAERId S are
nei ghboring 2 cells. 9. The systemof claim8, further conprising: 2 a

first n&ighborhood ofeltey ksccond hSreilewitbin ms;cpméswhsq:tsxfl@eqorles wherein the

second —cell is.pn., xg‘i ok J{{%Sctoajéﬁhgxﬁ‘%{“{%%%nﬁ% ﬂ@%oﬁé’s%ﬁﬁ%%%o %‘1 il

further conprising: he fTrst nerg e third
cell be&dng assigned sithin ad intstitissde frée bEndovdemd thkhamressreotielatibd beodken

wthin the first and third_ _4 subs shave elatlon wthin
the predetermned i ARRPYEHESRESHHEEN Hegon Sf%setllﬁn@f}f'gﬁ Nrggference
Synchr pmni zed- Code D wesivaidowWul ti pl e Access wireless 2 communi cation

system a nethod conprising: transmtting a first communication within a
first cell, the first communication 4 identifying at |east one nobile

station w ihin he e otC&Luln} iy \@l}éréﬁxstﬁe IRt a@xack%candt UbBetd of 1 Sodsyhget of
LS codes; and WO 02/49231 PCIT/ US01/47760 18 transmtting a second

conmuni Zat pahofi sdtiohLE ogé@ﬂotiﬁﬂmcfébythetlht@rfs@@gm&ee wondewnhi cati on i dentifying
at |l east one nobile station within the second 8 cell by a second LS code
wi thin a second subset of LS codes; wherein a cross-correl ati on between any
two LS coddS. wi The methuel d¢fi claim 1% whekdin f&&hﬂshﬁbﬁi&mod&sto@n{pﬁsmm ¢adee,

w ndow, , and the cross-correlation S th|n he
Socond’ 2ubderneRiRE i Tt Beh o o e iobs rE S atle sts Ko
met hod of iy shbsetwherein the first and second subsets of LS codes are

14.  The method of claim 12, wherein a correspondence between the interference free
2 window and a number of available codes for forming subsets is based on an

arborescence structure.

15. A controller in a Large Area Synchronized-Code Division Multiple Access
2 wireless communication system, comprising:
a first set of instructions for determining an interference free window size for
4 communications between neighboring cells; and
a second set of instructions for determining at least two sets of LS codes based
6 on the interference free window size, a first set for identifying mobile
stations in a first cell and a second set for identifying mobile stations in a
8 neighboring cell;
wherein the LS codes within the two sets of LS codes have a null cross-

10 correlation within an interference free window.

16.  The controller of claim 15, further comprising:
2 a third set of instructions for assigning the first set of LS codes to
communications in the first cell; and
4 a fourth set of instructions for assigning the second set of LS codes to

communications in the second cell.



2 part of a set of LS codes defined by the interference free w ndow. 13.
The nmethod of claim 12, wherein for the set of LS codes conprises 128
codes, 2avohwm4928t erference free wi ndow equal to [-1, +1] CPECTESQMIO® to 64
avail abl e codes for formng subsets. 14. The nmethod of claim 12, wherein a
correspondence between the interferencel¥ree 2 w ndow and a nunber of

avai l abl e codes_for form ng subsets is based on an _ arborescence structure.

15. A cont £ol 1 e i Ia?rﬁ%rééeaArSé%ClE?Wé?ﬂ’gﬂ‘iiez e]ai-"é%_%fé Muiipdg o‘ﬁcﬂ%ﬁ t‘i"ﬁffl%ngAccess
2 Wirel eSS GoHRhER! kARt YR §Pierh MRS Bkt cB11fanfl St fiR€LelP heibMSIrhatit 1a0Ns
for determning an interferencé free wndow size for 4 cominications

bet ween netempoel datp sighal embedigd anaweuied vewe, the signaltoomprisiogs f or det er mi ni ng

at |leasf two sets. qQf > . . i . f i W
e ook 170, S Shipifl pdrityf B0 A ithac iOimidion 01 BRISHERGF 1] { A MARRY
second set for identufeyriimg finmbell;andt ati ons in a 8 neighboring cell;
wherein the LS codes within the .two sets.qf LS codes hav nul |l cross- 10
Corr el a6 on wi t RFC PUUER PRBRRES A8t hibri9BR.CORPOPIBE G BT GFOBE ol ai m
15, further conprisi (g, tRe firdt DiS'ddds BéinLpait B b Fg bt UTLY @de@9fd gni ng t he
first set of LS codes to comunications in the first cell; and 4 a fourth

set of ¥ nswherein wHbinfthe fisd sply neighbarhends doliigt Eatcody is|assigpgleanly tp the first
conmuni cat i ons '%éh_the second cell. WD 02/49231 PCT/US01/ 47760 19 17. In a
Large Area Synchroni zed-Code Division Miultiple Access wireless 2

comuni cation system the systemhaving a first cell and a first cell

nei ghbor hoogd, C ter t i .ed on a carrier wave, the

si gnal comi;g'i S?Frl;g(? 8%)% Ogidraglﬁ 12()%“%(%%%@%?@& ng header information for
transm 3si on t oa éifd patiomodmpisingithe firstd.Sacdder st cel | ; and 6 a second
portion conprising a first LS code corresponding to the first nobile user,
the first LS code being part of a first set of LS codes, and 8 wherein

wi t hi n theid.i r sthesbhalngiciiashadeteint he first LS code is assigned only to

the first cell. ) . i ) )
2 the second portion has an associated first data symbol and the third portion has

an associated second data symbol,

4 the second portion further comprises the first LS code modulated by the first
data symbol; and

6 the third portion further comprises the first LS code modulated by the second
data symbol.

20.  The signal of claim 16, wherein a second set of LS codes is assigned to a second

2 cell within the first cell neighborhood.

21.  In a wireless communication system incorporating a LAS-CDMA protocol, a
2 first cell, comprising:
a first set of computer readable instructions adapted to receive a first LS code
4 set, the first LS code set having a plurality of LS codes of a
predetermined first length, wherein each of the plurality of LS codes in
6 the first LS code set has a null cross-correlation with respect to each
other LS code in the first LS code set; and
8 a second set of computer readable instructions adapted to generate a data signal
on a carrier wave, the data signal comprising:
10 a first portion comprising header information for transmission to a first

mobile within the first cell; and



18. The signal of claim17, further conprising: 2 a third portion
conprising the first LS code. 19. The signal of claim 18, wherein: 2 the
second povobp#2bas an associated first data synbol and thepCTAKe1d7p@r ti on
has an associ ated second data synbol, 4 the second portion further
conprises the first LS code nodul ated B the first data symbol; and 6 the
third rtion further conprises the first LS code nodul ated by the second
dat a s{/)%bm 20. The 8isgeeald portion egmprisgg st dishcedeswuispnpnding tpfthe Brsgodes
s, 25saned 10 a second  Znfglil ull-lhE firdk 19 doiE Bling Bt PHAOTORM 2L, 1
a wirel ess conmmuni cation system i ncorporating pr ot oco

first cell, conprising: a first set of conputer readable i nstructions
adapted to,q4ecejv rst t having a
o a1ty e Bt gbPheSp R R Ehiion Ve ey o FREFRRR each of ¢he
plurality of LS codes in 6 the first LS code set has a nul
cross-correlation with respect to each other LS code in the first LS code
set; and 8 a second set of computer readable instructions adapted to
generate a data signal on a carrier wave, the data signal conprising: 10 a
first portion conprising header information for transmssion to a first
nmobile within the first cell; and WO 02/49231 PCT/US01/ 47760 20 12 a
second portion conprising a first LS code corresponding to the first
nobil e user, the first LS code being part of the first LS code set. 22. A
W rel ess apparatus adapted for operation with the first cell of claim21.



