; e3eNshnot q: Fg~r 6r TNsox?21 February 2003 CDVA FREQUENCY ALLOCATI ON FI ELD
OF THE | NVENTI ON The present invention relates to the us 1o|§ g;ode BD¥| si on
Mul tiple Access 5 (CDMA) comruni cations techni ques used i %HF%W& adi o

t el ephone communi cation systens, and nore particularly) to the al i

of frequencies to cells with different transm ssion power |evel qm“m@mﬁ{m‘”“l
comuni cati on system BACKGROUND OF THE | NVENTI ON The cellul ar t

i ndustry has made phenonenal strides inl-10 15 comerci al operati ons *ié¢he
United States as well as the rest of the world. Gowth in mjor

metropol i tan areas has farCBkAeFfREQURNEY ALLOCAHONI s outstri mmmmmmm '
capacity. If this trend continues, the effects of rapid growth mm
reach even the snallest nmarkets. Innovative solutions are required dgefeet
these i ncregap® OFRAE INVERFSORS Wel | as to maintain high quality service
and avoid ri'sing prices. roughout the world, one inportant step in

cel l ul ar syst ens The preseohiavemsiorgels to thewaeaf €gde Didsign Multipleaheassssi ons.
Equal ly inp is the. choice.of an effectjvye di.gital transm ssion schene
for inpl erreg{:m@k‘? ﬁ%mﬂlé'%catéoéjﬁ(ei?célﬂ%ﬁs W&%F‘%‘h‘ﬁér’ﬂ@éﬂ?@%ﬁy. Furt her nor e,

it is wsdel yohehinidatign systémd, ad nhdré padiedenpt oae SlockEss 0N fleqeaBidyd cat i on
net wor ks (P (empl.oyi ng | ow cost, pocket-sized, cordless tel ephones that
can be car ricels Wihditfersny ansmissioa dgweplevelr in a SPMAomyBuRigation | n t he hone)
of fice, str%ggtgmpar, etc.), would be provided by the cellular carriers

usi ng the next generation digital cellular systeminfrastructure and the

cel lul ar frequencies. The key feature denmanded in these new systens is

increased traffic canac r hannel ,access is achieved using
i requency di&éﬁg’:ﬂ{. MMM) and time division mltiple access
(TDVA) met hods. e cbiWfar élébﬁ&ﬁ@ﬁfl@s?&'ﬂ%ﬁ‘nﬁﬁ%?ﬂ@doxﬂeﬁzggséﬁaé&%e radi o

frequency band into which a signals 21 February 2 -2 transm ssion
power il comommercitleaperdtions iif the dinited Witatds asdyadicasrthe edstinfilieswordd.| i mi t ed by

t he use of ndpass,_filter iLch _on ass. sjgnal er ithin the
specified frerag@n nymglgrr*n@etéﬁweﬁe&ha\éa@hc’%ﬁ%{iﬁ%@pﬁfé ‘ﬁ’ﬁgégimfsgned a
di fferent foagtippig sySieat edpacignalfi thig tiead lcbmtinues] thy efféves af ipidaloth

frequencies as well as by 5 linitations i nposed by channel radios. In TDVA
systens, a ikl spen reaghy syey the gmallest prgkedy. olnnpyatixe ﬁ%‘ﬂ“@&f 3¢ APQGSA 9 e
intervals o s [ Ay .Si.gcalled a
frame. A gi @ﬁt Esh:ggena S léé%gnféeeggggpﬁggg#@ﬂlgﬁéa%fh@h@lsagbﬁéﬁzwgl ots.

Adj acen$ chandetoid misergfmricence is limted by the use of a tine gate or other

synchroni zati on ;sk,g: el rreg{l that onl%@passes Sl gg@l ener .recebved at the
proper time. ThudMrqughoysshe WoHdopng imporantsiapdnsqtluar SYSHENLH i £ COREEr o] at i ve
si gnal strem@hhaﬂﬁwgeiosaigﬁanrt%ﬁgﬁpm@mlgmnbmtT@M@eﬁzzsfek%mahs i ncreased

by conpressing the transm ssion signal into a shorter time slot. As a
resul t, theeffeqtivedagitarapsisission sehema don implementing theanaxp geeaspinideingl y f ast er

bit rate whi ' t t. ' r tionally.
Wi Fove o IHAmEREERET, ) MEGRRAS, il RELPUBRSE BEE e SR CLaRALER T Y
fens ur e20 hat of pﬁrs@mﬂ eomimnlcatiomhawbeks i(ng@ i(@ﬁ;ﬂbysllnlgl tow Obstpp@?kpysikdfde s alma
requency at the s time. In contrast) CDVA al)]ows signals to overlap in
20 bot h 11 nEordes felenhonsicat cpie camet comipriabivng wsed o FEAkE Bd S8 r equency
spect rum | BRihGE nbME, SAREIGREY A ddIf duIPEBRIdLd tythe BhithP! © access

signals appear to be on top o
carriers using the next generation digital cellular system infrastructure and the

cellular frequencies. The key feature demanded in these new systems is
25 increased traffic capacity.
Currently, channel access is achieved using frequency division multiple
access (FDMA) and time division multiple access (TDMA) methods. In FDMA,

a communication channel is a single radio frequency band into which a signals



I n principle) the information data streamto be transmtted is first coded
or spread and then conbined with a | ong PN-sequence or a

scranbl i ng25 sequence. In the latter case, the scranbli né-%?%({q)h%?%%%osare

pl anned fromcell to cell so that neighboring cells use different

scranbl i ng- sequences or scranblingmasks. The information data stream and

t he PN-sequence or the scranbling sequence can have the sanme or different
bit rates. The informational data stream and the PN-sequence or the
scranbl i ng-sequence are conbined by nmuljiplying 30 the two bit streans
together. Each information data streamor channel is 21 February 2003 -3
al | ocat ed a ¢k MisGion Pof@r is'dnEQidGted” IRterfeftntd %itﬁfad%g&&%hhﬁtfe?sr jgation signals
are transmtted on radi o frequency carrier waves and jointly received as a
conposi t e silimitdd byt the use o€ bamgdpassHiltens which loalycpade sigsalpmatgy witkinlthps al | of
t he ot her coded.si gnal s S as .noi se rel ated signal .0 both
frequency ar‘fBe‘f‘ﬁ?fL.e ngy @%‘H\:\?ﬂt‘{sr S e & alst?et"g %%g'éﬂﬁg\fé‘&ﬂe?fne of the

uni que codegreqaeficy SRR RapaRRY i fiRREPbY e svhllibid ﬁh%lpénéiék a§ Qél1aRdhydecoded.

There are a nunber of advantages associated with conmmuni cat i on
t echni gdes. limitatioap irapased by ehanebradio®VA based cel | ul ar systens are
projected to be 0..k4-pES X Sl g as a
result of the 10Lfgr’lf)[%é(r%tslytéfgﬂﬁ(;fa%ﬁ%ﬁa@{ggﬁ%&%ﬂg@@ﬁeﬁlaggr(:(iy‘{a?éﬂ%#proved
codi ng gai n/timdintavalooveteths isdge frequeney.a®ach pdricdgofgithe slgts iseallara zat i on and
reuse of the same spectrumijn every cell. CDVA {ransm ssjon qf voice by a
i gh bi t 1 &E R C AL BTSNy oy poninei 4 PPl (et be el AGACRDNA 3l 2o
provi des f olchyiel fiitiferbiteds litfiRd bl thOwdest A BMY gikelor Wik sy HiRSfSacR VOI Ce
quality to be offered. 15 The scranbl ed signal “format of "CDVA conpletely
el i mi nd0es clement that lonkyrphsseslsignali energyrigcaivedf 4t ¢d propemitimostThust theeavesdr op
or track calls, e I, reater prlvacy callers a reater imuaity
From air-t: mertongloine ltea fom HiteiPR rehfivd Send SetBR B0, cowmy
probl ens canredfedr when the CDVA system contains different size cells which
have di fferent power 20 |levels one problemis howto allocate frequencies
bet ween the di ff &apagityt ipeTDMA systers is ipprepsed thiyj compressing ihe answaissions | y
handed in ”f’ggl.!af. I .Fgﬁ‘-ng OMR : g 0§ Se i fiBSEN 1 OUS in
CDIVA systerrg' eciélgd;gsg(}: 0 étﬂg'freaﬁgstﬁ@?@s? %&gmgéée}g&t%%%%ﬁ out the system
Thi s prl6bl emt aconespondinglycfastapbie ratevinhichrincreasee thesansouat of ectupickihi n unbrel | a
cells and at the border, 25 between urban and rural areas where different
size cells éP%"tﬁ'gbBr.o_p?ﬁ’é’“@l@heral problemis that the uplink (fromnobile
station to base sygh FOMARTHMAysietas( bF 2 ByBas EDMAITINA §ystapbithe station)
p

handoff points are not |ocated at 't he same place. The downl’i nk handof f
poi nt i s | ogaaled tekenstiee thab twan potaitially datetferingasigndie doipbt edcupy tikosamepoi nt .

21 February - i gur.e j | e yRi cal . nar i .t he use of
m crocells v?ng%% ?nncyﬁartwgl#egﬁ%f“é: rlné{:.l gﬁjgﬁ%tﬁt?%{%aﬂi@a ) Sl%%ctg)n?vgflgé base
station0l2 doth Gmplaud #elphoncef Thus! I EDIMA bignalsahdre the sase frequiehicgont ai ns a

base station 16. In_this exapple) a npbi|le station 18 is | ocated near the

unbrel | a basBecsqugt-i Ghetther the frequencycon g time dpmaing e saudfiple pacesypignyase
station for a@?ba&”ﬂ@iﬁbh%ﬁﬁﬂeacﬁq)t&‘?”er ally operates at a power |evel which
i's much high t han the ‘power level used for base stations of a mcrocell.
Si nce t he nobi |l eIspentiple, the infrmatioh data stteanmicbotrahsmited snfirst soded

icati ith t b tati. 6 hi gh d si .S f th
Cnbr ol | & badk stiead pishioes gyt oufite bk Y Feaind A Tiores SrBRGIBEL veon t he
10 mobhbe Stajdente, Lfh @8 dartdi@ads, SORPIrhbI138qiask 28 phlneSTiogPcdn® Unbr el | a

base station is operating at a high power level, the interfering signals
can easily Isell sotimt geighbering egbowse difisrens serambling-segrense naiscrpablipgn t he

n easily | ehbaing el | _ the
of the covnrBgefoies HpBAlARk sRhGod ik PReoRHER of e SRAURETSLS Fhe

capacity of stéquensycincmveithd sane: drdifferehelis efes. FUld normaationali datd Kteearrobi | e
station 18 were to connect to the unbrella cell base station 12) the nobile
station 18 #Bdths PNweqyescs At tessrmbliag seapence die CAmREGH by HEWPHEE with the
m crocqphl b L { e |1 Ll eet ] I i.llustrates the
pr obl e%g thgﬁ%ﬁ]ﬁg(%@%ﬁ%gpgﬁﬂwt%%mﬁg@grg%'@e@v%ggeaggg\gw%%b%n) and | arge
(rural) cells. Arural cell 20 contains a base 20 station 22 and an urban
cell 24 contains a base station 26. In this exanple, a nobile station is

| ocat ed near the border between the urban cell 24 and the rural cell 20.
When the nobile station is noving in the direction of the arrow A) the
guestion becones to which cell does the nobile station belong. If the
nobile station is connected to the base station 26 in the urban cell 24)
the nobile station




25 may' encounter an interference fromthe signals fromthe rural base
station 22 due to the different power |evels between the I ? ban
base stations. If the nobile station is connected to the %iegmé%g Pg% 22 in
the rural cell 20, the nobile station will have to increase the power of
its own transm ssion in order to adequately communicate with the base
station 22. As a result, the nobile 21 February 2003 -5 station's
transmssion will interfere with the reception of the base station 26 since
the nmobile station is closer to that b&se station. SUMVARY OF THE | 1VEENTI ON
The present invention overcones the above-nentioned problens by 5

al | ocati ng dllédaeademtinifjuespreatingeodar A gluwrality of cedpdeinfiremtion sigedls aren t h

different transnission power |evels, For exan Lﬁ%{ unbrella cells.are
assi gned onGABSIET OR TO dFRIPEACY (CATIRS SHAYES AR DI TEEPIVAGAS b ERROSES o
assi gned a dighhledt@Mecdifdr, OEachrmﬂ@Bﬁeﬁ%igtnﬂls%ﬂ_@ﬂlzﬁing%’f- thd Behep 86dedof

frequenci es should be sufficiently separated in order to decrease
i nt er f er enceigpalswisetiellips neise Frlated pignals, lig both fiequencyt andatimew Byhe

mvant | o 1 AEeAOA e BpltpSht it S e REBRDL et o ke bl [ DT o

i nvention, afbribatioa stdnal isoieslated ahdh decydadruni cati on systemtransmt a known
pi | ot - sequence. Each base station transmts_a pil ot sDiguence on each of the
frequenci es assi JR&E A% amymbsnpf advantagespssaciatedawith FDMA gommumjcations o e or
all 'of the bﬂiﬁ fr Lesrusede| i j ich are
not assi gnet ) ﬁ?’nsét ?%ya%?%lﬁfg#&ggggbggﬁaon. g?%ggéttﬁgs %t}élsﬂgﬁas:tgguence

si gnal s wi | ko beup ¢x 20 tiatks ahated eiisting anatogs tealinotogyads agsult ofithet her si gnal s

contai ning speech informati noi se, each, nobile station will have to
ise o Wiot'r BEBRUIES S AGHGRLA oA, SOIEE LBy AV L of 20 ¢ he
received si g{\lﬂhﬁodu@at%t&ﬁ&itﬁ%idé%ﬁﬁﬁmg%ﬁtiﬁg‘%%b&_@ﬁza‘ﬁbﬂ'&ﬁh%eusle‘%lf e the

subtractive denodul ati on process, a nobile Station can detect and decode
t he i nf or masdmnspecanrl in eveiyneslls ciPMA trahsmissierr of vaiteaby adhigh it gatet i on as

wel | as detegct .and decode the pi.l.ot-sequence sj | s broadcast from various
base ot att ofottl S SberioPoeBlah AN ACRVE afip Br0BIE B ot 1o st at i on
can recei vevarighlOdda 2itesSaliswing eihnk Idifferem drided o€ R6ice quslits itobeloteeaus! y
nmeasure_the_signal strength of the neighboring base stations by neasuring

the sidhal Ihe &crgmbledrsigngh formgt pHEDM Camplstalin plimingtes cEsflk 9adadcast ed on
the sane fr thar L0 S ] [on) the

pr esent invgﬁ%éigsggwf glk&elgﬁ%gvzgﬁtcgg gf&dé?ég%o n{)rl Erﬁ%%u%ﬁtg’r%ﬁgrrlr# ésqgll%g{r?k( DTX) and
di scont i nuopevacyaepallers and 2teake imovmity FoaBaif-Hiié)raudo neasure the si gnal
strength of neighbor.j base stations. It i no t hat the capacity
of o Bs cow s DSt BBl AR et B M PEOUIEIRGH S5REn oocur s
only when t {e theSCDM A sydérh @Bnta s AEFdrem R dell € hich ha0é AffervRpdwet he
transm tter is turned of f durlga a pause in speech. If the transmtter 5
bef or e2bei nigvelsone prafiiem iy how o ebocatrreangpeies pratween e (differprt typsedfver t hat
the transm sgisonwpib knibfrdbici O b WAy hadd fiSHabidicRaPPDkAdoCEDMATE, the
receiver can use the rest of the tine’period to neasure signal strengths of
ot her si gnakystems, tidhproblene iyupiite isedousAs CDMAssyistejns bevause bl ofttld | on can
measure the_signal strength of other base stations. 10 BRI EF DESCRI PTI ON CF
THE DRAW NCEeqyraciss awdtied ithroughaup the jyptemn obis, Brobles PFREY i n nore det ai |

wi th referepg@xb@nieShRh Slisfoe ‘ﬁm ' ' iving only
by way of exarrf)(l epahd i?ﬁ}strggeﬁg?ﬁéat e aglgg;rrr%lgahngﬁnhgﬁﬁragvu\?nrb&r@%rn whi ch:

Fi gur e23 i | betweerauxban and yydat ateanwhenaghifferant side aghib arel wsed c Shegenerahi cr ocel | s;

15 Figure 2 illustrates a ni cation systemw th rural ,and. urban cells;
Figure 3 ilPRQ [efrhfsetgatatﬁf)é@g&gﬁ?’f‘d%Othsﬁ‘%‘én 9 H‘%ﬁ?-%‘&ﬂbﬂ‘t"ef‘%‘?’@ in one
enbodi ment  @forh b@sePdtRfRND hEbiRNAtRA) hiMdde Ridts SRONS 16cab@' 4t /Be 9Im@r aphs
illustrating how CDVA sL%QaI s are generated;, 20 Figures 5 and 6 show a
series of gPlaghs Thedowplink hangdoffrppintdslacagd chasemial the arierogelb B@adhe Fi gure 7
shows a ser) illustrating CDVA subtractive denodul ation
accordi ng t{ﬁglkgﬂag%@ﬁaﬁr‘é’nt of the present invention;




Fiigure 8 illustrates a bl ock diagramof a CDMA comruni cations system 25 of

a type in which the present invention can be advant ageous) .
Figure 9 illustrates typical speech activity in the pres?ﬁ%eﬁﬁéerﬁ%&gan; and
Figure 10 illustrates a speech franme for one enbodi nent of the present

i nvention. 21 February 2003 DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS While the followi ng description is in the context of cellular
comuni cation systens involving portable or nobile radio tel ephones and/ or
per sonal conmmuni cation networks, it w |-4- be understood by those of ordinary
5 skill is the art that the present invention may be applied to other
conmuni cati on ap@Fig@etl dstratésta typiaDscRE&1TY of the @8¢ bPmicrdtdilsaviciih sets of
frequenci es are assi Pned to cells with different transm ssion power |evels.
St

For exanpl e, umbreiaedls; sAw ambrlacalli 19 roataipsachase station 42 apd iaURRHIYCHf | s
different fr t p i L | t@ a ell.
Furt her nore,rﬂ{gh%&g? ? ?’er%%l% Hs“glftagagﬁ ?@é%%e%??ggg&gﬂguﬁad eﬂig@;{)xg#dg?e égl by a
frequency banobilehstation K8 isdogedenear gie umbrelirbase sationtl2 bue isclocated in & he

system As a result) the jnterference caused he rful signals
goner at & i ACHEEli Te.5486 SPiGh it araENeaLl0 2Bl pRsHEDH e
operating i q%m? 1@&%&‘&3& $nubh thi :.@¥ D8 TB6War! 18vet @ikdd R IbasddRatitis

frequencies that 15 are fferent fromthe frequencies used by the unbrella
cel | . However icxecsllgnSinge thefmhehilerstativatis logated i theamicrasell t1d apdris é ent t ypes

of cells has_a drawback .i.n. that bi | Si.st e dof f. ( IS not

possi bl e. m%ﬂ‘%““l%?’gt‘%‘ t'glgr]?a%crsfl}/ﬁ}og ﬁoﬁ%@‘?@#’g}"g‘a i SM‘% are

conti nuous| YunfilieRA baseGtaSiofi 113! ayointdriesd withWhe EdmRBURIOATonS betwiel the € unable to
si mul t aneously neasure the 20 signal strength of other signals on other

frequenld es.mobilecsiatioantforndrtbe mierocelhbasp statiemd6; rijegetthe ymbsglla bgse t he base
ot . DR ) . y T basy
o1 ot - sequeriELondS BRRAEL L LR YORE eyt B nlerRriSE BB i ARHPIEE. The

traffic chargedecitelzvaboe¢ thet dommmudicitios sigusirtsewenythe awibile station iand diemat i on or
a limted anount ?f 25 inforyatign. The pil ot_—se&ge (S on%%/. tslransm'tted
in the downlTigrocgll bage sten. ghyan if theprogessing gain of 4 ySteBt Isd¥ghence on
each of the bR ednk AeR iteEideCsidDfl RACDAGH 6t thO3gRertbitflirn as wel | as
on sone or all of the frequencies that are not assigned to that particular
base stldt i ordectepsedhcFurtherjnensc if the snabile statien il §weetie tocannectiadke ymhrdllen, t he

correspondi il ol-seq j Sl 1 1 l. ] re power
t han the ot %}l%@hea%tﬁti%sfﬁﬁﬁ?ﬁl@%ﬁ%g@ﬂéﬂ% %@ﬁ!%r%gt'%cg%ég%%sgwgi on is 21
February 20G#hiclg woluldcinteiietd with tite miidrodelltRaeuistmich Diimthe ruplinle dirgctidnat has not

been assigned to the base station, the base station just transmts the

pi | ot - sequence atFigurpAnillustratesche proplems thatcagrqcenr yppRd thechordsices. As
illustratedy ' ' nal Peditditl 4 uence 33 5
are conbi ne e&;é:éﬁ%ﬁﬁﬂp(lﬁlrbgg?l&%ﬂnfa&ﬁ ﬂw%l)?rgl?gug‘ B@s%gﬁhenceué%a? e traffic
chancel20 andtatioe 22i dndtansebarecelle2 4 centaiosrh basedstdsiopnédi kni this ¢xamplider 35 and

the resulting.sjgnal 36.is dulated in modul at or 37 d lifiied in an
ampl i 11 er  3dnelileatiop g Losgtsd s, B boplen bRivdan theyrbem i1 2L and e gl 30
through ant gena039wWheh tembbife RAtidH is VAU MANS diB&loh ¢¥'tBe bAGH AStheat each
mobi | e station along 10 with other signal's_containing speech information

i nt ended f orquestionrhespraes fovwhigh el doest the mobile s@tiow beleng.cdt thermehilee st ation
will have tq . [ i i.0 e all of
the ool ved Pl iEpabeRE) utbaE HRG 26 LB GECRR I RERpESAUSE P22 P

each ma§i | e mdyaéricotnteddn [mterfirditei fidin @ sigdaldmahe iniral base station2enduy and
si mul taneousl y neasure the signal strengths of 15 all of .the nei ghboring

base st at i or@ Undifieen prwen lexein befwpen Merrupad apd ugban hase HauQsy ed e gnal
strengths capihife stfdhGd cbx'ihe@tcﬁ'?&"&{eyba{sé‘ stafin PP e rﬁia@tcléﬂ’ Qﬂ?ﬁfé HeslRt ed
periodically. As a result, each nobile station can send the stored base
station si grstatioatwirigyé to imcmasmthie powep of e ownrteepression én bedee tet at i ons at

regul ar inlerval s or Mhen L RUMESHe Ll OulRo s UL MNP .o St ed




20 exenplary CDMA conmuni cation systemw th subtractive denodulation is
disclosed in U S. Patent Application Serial No. 07/628, I cenber
17, 1990) and U.S. Patent Application Serial No. 07/ 739,23%%}4%@9%@;%,[ 2,
1991, which is a continuation-in-part application thereof) both of which
are incorporated herein by reference. In the present system the ability to
tolerate an 25 increased nunber of interfering signals to thereby achieve
an increase in systemcapacity, is provided through the use of a

subtracti ve denodul ati on process. Cenersally speaking ) a receiver in this
type of system does not operate to decode only a single desired signal in

t he presencgtafibn’s tlaasrhission Wlg int@ffert Wity he rédptic SMAL baseRAtRAI A6 sindumber  of
recei ved si ci;hnal s, both interfering and desired) are 30 successively decoded
in the ordethegmobiffestatiqneis €loseqitosthyfrhase satidthgt h wherein the 21 February
2003 -9 strongest received signal is decoded first. After being decoded)
each interfering signal is recorded and subtracted fromthe received
signal, to SUMMARY QEJHE INVENHONrence that is present when the desired
signal is decoded, Wth this approach) a | arger nunber of signals, each
havi ng a uni que [PRE PESERIdRYEGR OXIPOMmeN the gbovsaentiongd prableansbreans of

di scri ngnat | . t K l t.0: . In the

foll ovvin'}r)lg ehg%éf‘ﬁg@tfgﬂg}ﬁg?&g@ @é%ggrﬁ‘?gg%?gﬁﬁ géi s|‘?‘rﬁ'g&§§eg§“2 can be used.
| n sone contansmisdiompowsrdteis, Fenetanipls ainstirella colls s aszigned oné sd®Nfsequences
or scranbli ﬁ% codes which are iﬁ?l nedl 0 nobil e, st ‘;ionsé V\/Ei|e i n ot her
syst ems eac AFEABITCICE (Q PR P X crpgells ate pryiengd, dsitierept ¢S oF anbl i ng code.
The capaci t Yre@hientiés fo ap&rietoam Tike 6 of fréfubmdestiholildae safficiédtlyoounds, but
rather by the anmobunt of the signal processing resources that are avail able
t o denpdul afePagated ingrgen t@j degregse @teggféﬁngt? between differapé celissodul ati on will now

be desgyi bed i £oRIES L 3 oRlcAliar A SN MbBIE AIerod -6 Whi ch set

forth exanple waverorns 1 n the codi ng eco g processes involved in

tradi ti onal Hayddfe (MAHB), nge presse ib@ntionavkibtey severshothbefeafuiaa I gie. 4-6) the
i nproved performance of the present invention over conventjonal DCMA is
illustrat edemhochmgnt of thepeesgrptripggndan, yhbase statiaasig the ROMAULGAlOnly 4 as

signal gr apg&%te(n?}raﬁﬁﬁt S‘i}lown[pg%geﬁﬁéﬁce.di&%ﬁ Bés%%dtﬁix%g?@t?gipﬁl&-be

conmuni cat ed over two separa conmmuni catl on chann gnal 1 is
nodul at ed uséqugnea du gpoh lof ther fre@iendegassighedctodbe pantiguler basesstagioalas wells shown

in sigpal graph {b).. F upposes of. the .present invention, the term"bit"

ot or ST obsane R alb ot g SIHRY BB RuPrich SEa0h I CompoiE o e e 1 of er s
to the ti Wa&ﬂ{&@ﬁhié}ﬁﬂ%@ﬂfhtbhﬁieﬁlaﬁb&se%mﬂioh.he finish of the bit signal. The

term"chip" refers to one digit of the high rate coding signal. 25

Accor di ngly) t heSiage fhequilot-sefiuengessignalsowillnee tergiedodiraagh mobils@tor he st art

and the finj s chi RSl . : L. peri 1 S.much
greater tha!rillﬁp %gjltghl perpéel}éq%!)sd‘l?&%h%emg %tﬁﬁ ﬁié##aﬁlﬁg%n%hé'ﬁgt{agﬁgﬂ\ﬂﬁfch IS
essenlti al | ystht?m] will hmctbltné atshbtrdoctive ﬂérgaﬁilatimgﬁf)wsm sdr‘?thsdslrgwub 1j of t he

si gna rap c). In Boolean notation) the nodul ation of two binary

wav ef o_?(gs igleég Yﬁdi%gf}agﬂa e&")?&ﬂfé?’?? -‘tﬁecﬁ’ﬁgf‘?ﬁltq‘@ﬁl&AUé'@géP‘?ﬁ | ar series of
operations kghuGafvd &i?n&ftﬂatit)ﬂrpr(ﬁ:'e&'?%l mobiRStRDA N tbtedt MAUecsicAplS 21
February 2003 -10 (d) - (f). In practice) of course, nmany nore than two
coded i nf or indetimatios istgnals deamgesespioghat patticulas mdbile fstatign @ syellsgsatetacum

avai |l abl e ford el | uhfr t %\I eqohone.co ni%atti ns. Eacl‘l) co etd Si. Eél is used
to modul at e FEods i< RiforsequgaCe, QAGAS STHR JAH AL BRC P8¢ i‘a ® such as
Quadr at ur e Edamenichtidnt sykein. NAs @ GBI eadbanibbildationt R reécvive iy owft transmtted

over an air interface. At a radio receiver, such as a cellular base
stati of) al sigedl ontits ey frefuency, apd siguiltaggously megsurg|the signal §trength 9 Hey

i 1 S48 L W A O 2 2000

signal 10 wsegeémesnwhich are being broadcasted on the same frequency.

In another embodiment of the present invention, the present invention

takes advantage of discontinuous transmission (DTX) and discontinuous reception



Af.t er denodul ati on of the received signal to the appropriate baseband
frequency, the decoding of the conposite signal takes pl RS el may
be decoded or de-spread by nultiplying the received conp?gﬁFgﬁgﬁﬁgbqgfn t he
signal graph (c) with the unique code used originally to nodul ate signal 1,
as shown in 15 the signal graph (d). The resulting signal is analyzed to
decide the polarity (high or low, +1 or -1, "1" or "0") of each information
bit period of the signal. These decisions nmay be nade by taking an average
or mpjority vote of the chip polaritiesgduring one bit period. Such "hard
deci sion" maki ng processes are acceptable as long as there is no signal

ambi gui ty. KPRX98Théaredhé siBhhal istinptl of h&ighbdring bASY §t@sbnisD 1t Rewel gnal graph
(f) , the average chip value'is +0.67 which readily indicates a bit

pol arity + Xno®nrthatah¢ gapacity ohe DSHCPM A systerr ¢anche approximatekygloubled+if. &O

whi ch indicates a.hit | ar i f 1.. However . whenever.the .average is
rero as 111 drsistion By ool whcn et i SGRATop 8 BF HAgShie T I 0T

aver agi ng t agdrdd del tfarkmitfer @/ tudedadt fafieiaptagiduse MQipasdht VIf\hd tignsnlifteraTbi guous
situatiaons, a_ "soft ~25 decision” nmaking process nust he used to determ ne
the bit Jpol defarg beingtumed offi transmyits a magssnge veiehatgls fregsenivardhatithe o t he

recei ved si Al =T &ﬂgt'ix{ﬁ y. k \ er of chip
peri ods corres ,Dna%fsl ﬁg}w g’%gﬁm ng %@f%%ﬁ%ﬁ%ﬁﬁ%eﬁéf‘%ﬁﬁﬁ%l arity of

t he net i nt ege die rest ofctheltimei pecibd ad araduna sighdl atrbagthsvel other ssgmlstdn or - 1. 21
February 2003 -11 The,decpding of sigpal 2) simlar to that of signal 1, is
11 ustr ot o OeT dregueikiftal Atn AoHE. ¢ BoBlastugen fpmegurcae stk Sragte) « her e
are no anbi gyQuserDade aEIi ty situations. Theoretically, this decoding
schenme can be used to decode every signal 5 that nakes up the conposite
signal. ldeally, the contribution of unwanted) interfering signals is
mnimzgd if bl i ort hogonal to the unwanted

si gnal ?6 T Bkﬁ fqeﬁﬁ ﬁﬂ?ﬁ (?Sone hal f of their bits are

di fferent. Unfor (Thegiréseyt in0¢Htion avill tlowebadestritied! in Ghore idetaiigoitatefereies exi st
for a finite word |[ength. Another tBrobl emis that orthogonality can be

mai nt ai ned 19 thenprgfeprcd embediments-of; the nventon, givingamly bycVaeehexamilal s i s

stxictly mai I I j . as in cellular systens,
time ali gnrreaﬁ @@ﬁg}efifll ﬁ%’dc?@p%@ﬁ%@g&%gu@%é orthogonal ity cannot be
guar ant eed, noi s&igaeddllastcuslastypieyl drrangerhent of wintbiellaheelladn madrobells; sequence

pr oduc by different .code operators, e.g., 15 the bil.e tel ephone. In
conpar ieigo_n with (ti{ﬂ@‘r‘a?i @F‘ﬁ&ﬂ%f ‘E)SHB‘H“%“QRQ}'“@H&‘BH 'é’gﬁ %8\)&5{’/%} he energy
of the noise sig xﬁe'35illuﬁth?és|a?/ba§ér§thli9n§5|ftﬁat;ﬁfo'fﬂséq%ﬁ’&%édal‘ﬂl gad n" is often

used to conpare relative signal energies. Processing gain is defined as the
rati o of thembodiszent afjthsrpressal inyentionp rate to the underlying i nformation

For exanpl e, a o oors apiEairchrpts TRAFAINE b COABERRCHR] L)' 2 one

megabi t per gessated; codi ng signal has a processing gain of 1000:1. Large
processi ng gai ns _reduce the chance of decodi ng noi se sjgnals dul at ed

usi ng @lcorrel at &igweyeand pshow assHesof E?B@e@éﬂlﬁﬁ“@%‘i‘gﬁh?%m innlitary
contexts tosfﬁ@ﬁ%ﬁ@d@&ﬂ uppression of hostile jamm ng signals. In other 25
environnent s,> such as cel'l ul ar systens) processing gain refers to

suppr essi ng ot helFigure i7Teshdivy aseresalfgrapimtiliastmatipg EQMA sshtradtive communi cat i on
channel with an.uncorrel ated code. Ia.th% ? nt ext §)f tl}e present invention,
noi se inclu ’é‘oﬂ‘g‘f‘“"‘hﬁ%cf’f iRg o opcremhodiment of Mcpresent (PVeBligny 1oi'se i s defi ned
as any other sig e @t iGdtratdRAvlbdIEdias@réf LTDMA &ofEtunidatiéas syisteén Si gnal to
be decoded. Expanding the exanple 30 described above, if a

si gnal 260- i of @rtyps inwhich akq pregamt inyentianscanchgadvantagegndly epwloyeds February

2003 -12 processid 0 ks vent.| . e11] ve the
capacity to all ovﬁ%ﬁg? olﬂg%}%te;sﬁg‘%%ﬁ]lgp egﬂs‘?gﬁlgp{ﬂhee ame tc"ﬁ%e?fhg'lq".sa@ri ng
decodi ng, 100 of Fifife 10%illsstigtealaspedch frdmipfor Dae dmbodiidehOO0the peésenhei r
original interfering power. The total interference energy is thus |00/1000
or 1/10 as dR¥¥pHPRd to the desired 5 information signal energy of one (1).
Wth the information signal energy ten tines greater than the interference
energy) the information signal nmay be correlated accurately. Together with
the required signal-to-interference ratio, the processing gain determ nes
t he nunber of allowed overl apping signals in the sane channel. That 10 this
is still the conventional view of the capacity limts of CDVA systens may
be gl eaned by reading, for exanple) "On the Capacity of a cellular CDVA
Systent by G I housen, Jacobs, Viterbi) Waver and Weatly, |EEE
Transactions on Vehicul ar Tec6nol oav, May 1991. In contrast to the
conventional view, an inportant aspect of the present 15 invention is the

o  oear~R AR . L,



limted by the processing gain of the spread spectrum denodul ator as is the
case wWith the suppression of mlitary type jamm ng signals.. A |ar
percentage of the other signals included in a received, é% ‘%§$¥¥g§?%nal
are not unknown jamm ng signal s-or environmental noise that can not be
correlated. Instead, nost of the 20 noise, as defined above, is known and
is used to facilitate decoding the signal of interest. The fact that nost
of these noise signals are known, as are their correspondi ng codes, is used
in the present invention to i nprove sysjem capacity and the accuracy of the
si gnal decodi ng process. Rather than sinply decode each information signal
fromthe conpePAYEEADESCRETION OF THEE PREFERIED BMBOTIMERTRES each
information srgnal fromihe conposite signal aiter It has been decoded.
Those signal s t ha¥Whilethei followiag desmiption iminyth¢ consenttaficeHar dual of the

conposite signal . .Consequent | he existence.of signal, transpissions in
he” commun; <APPRImCIRAR SRR imYdnkcpoib e o FEchif sl WeRnnr S A lbr o,

i nterfere wigefsohiilecoanmitatign @btwairkss it wilobesderstsyd I%OthQWUPbﬂi.na'll;ﬁ Fig. 7, if
signal 2 has_ already been decoded as shown in the signal 21 February 2003
-13 graph (&kill inthe agfhat the present inyegtion may bg qpplicd-te Ather FOMEIMEtIORoWN i n

t he signal g@gﬁ%&i )) and (c) and subtracted fromthe conposite signal in

t he signal gfap ? to | eave coded signal 1 in the signal graph (e).

Si gnhal 1 is recagdhuhepresans inventon, chiffdrent! sgis rod fteqeencied ade assipnad td cefist h code 1

to reconstruct, signal 1. It .is 5 signifigant that had the cqnventional CDVA
decodi ng. metALIRET: FAAISORPoRE PR i ereole. cHEropEHSFRReF of the
i nformation gRdifndd $d0f FRGENTiED Whidheik iafigerc ol AR sei-owa@ﬂ@enaea or a-1in

the signal graph (f) of Fig. 5& t he decodi ng nethod of the present
i nvent il@n mlw@ftb@tumbl?a eadls oFurthermare, ghebdifferent/sets abfrequencieenovi ng

signal 2 frqm.t C oskte signal. .10 To.further faciklitate an

under st andi ﬁg&ga%t; ﬁgpmﬁ%h iaoﬂﬁ%ugncg pt@gfi t Cheﬁﬂ?ﬁgf gn?%ghcfgsa%ﬁegseed where a

VAl sh- HadandsitdrferehBin the systa. Q@ RGult, obd Miterfdenc® ATTRABGyede powerfayi de
channel codi ng and spreadi ng i However, the principles of

1 n CDVA nodul ati on. .
the present Sighdlsiienerated g theoumbrella cellwilh be desreased sinfepthedpahiless whi ch enpl oy

t hi s encodi al . bt d I Li her
or t hogonal brb? S%Eﬁg%g*sée‘glr&cngﬁsg% iggg%g%%gﬁu%%ﬁﬁéﬁgégﬁg%ﬁ%r %ﬁ% @lhltew of a
CDVA bdSed aed diffesent fodn thet fedqupduiesansed by ¢ umbrellbeclt.ype in whi ch the
present invention can be i.g(BIIlerfgt ed, is_illustyrat eg. LN bl ock gi a]?ram form
in Figure 8. | n tHIZEVES Jsvigning different sets Of frequencies to, different tynes ©b celtsy

depi cted inpal @GfaviicRin THAE MJbfB H¥sisice HARUSIR (MM OY BSRRpo@ibleé base station
of the 20 radio tel ephone communications system and the receiver could be
| ocated i n Mohilsi Assistad Handof; is @etipgssible sinceanekiles aed gontinpeusty easeivingt er coul d

Retorring SRR aniP ohymiidhedelfeo BEPk Suab S RSN Ao Mty RRRITE T o

in a tebephgipaacarengthseftotdt sighalBroaveti@drémeniest Nnput signal to a speech 25
encoder 54. The speech encoder can be a .conventional encoder which converts

the speech si gnaliop¢ mBodiment off the persent inyeation; 3ok the base watiangdngha | known
types of sp EQbibd <4 fhgkatit & 5w 1 f Haf i whi ch
are enpl oyegsﬁﬁl‘%%%t}%ﬁ%l speg%h en%ﬁ%hﬁénlgﬁu&gu@g?ﬁ@%%pgsVari abl e
Sl ope Del t a tiabsinittad ijest likCagDptheAtipp tof wharDel, ti . ,Putraffic@hdendlb ddvetvieon
(ADPCM, 30 _,Residual Excited Linear. Predictive Codj.n RELP d Vector
Code Book ~ SAPAD  ya FytsstsGma, 55 mp datormii ot el FoaRtdi ng  (vorL).
The papsi culigforhitif. OTh&pitadequehdidis ony &MsHfilitRbini the do@hN@NdiRedeiohcat i on wil |
depend upon various design factors, such as the desired conprom se between
bit rate rediach base satipndranomis a piet-sequence omsaekof the feequencigs assignesheech

signal has been.digifiz in.th neoder 54 its b i i ed to
produce a C&/&mé gﬁﬂlacwaf ﬁ&i 1og%g§v(§:§ra%§§_ S%fnﬁ ({rl?«!:l %&ﬁh@%‘cﬁgﬁég%@%t ation,
the CDVA bamdvhsdighe®xphas particilar bt sdatiedl DythedaiGerely bad Ben/3ssightdagonal

bl ock encoding. In addition to bl ock, encoding the digitized speech signal
with the bl 8kbassdiabion; the corpspRpIing giletaieavence s taaugsewg@r whbsighthhe 10
encodedos: 9are fohbr fall thelifieClrNRs GORE bhlAarlch, SRBEARRMAD ollifn 1o
comruni cati on. The encryption can } or exanple) consist o ERe bitwise
nodul 0-2 addition of a unique scranbling code to the block code before
transm ssion. The selection and use of scranbling codes are described in
co-pending U.S. Patent Application Serial No. 866865) filed on April 10,
1992) for "Miultiple Access Coding for




15 Mobi'l e Radi o Commruni cations”, which is expressly incorporated here by
reference. Since all comunications preferably enploy th codes
to expand their bandw dth) the scranbling of the encodede%fgﬁgFg%%@ﬁa

uni que ci pher codes enabl es the various conmuni cations to be distinguished
fromone another) as described in greater detail in the previously
nment i oned copendi ng 20 patent appli-cati ons which are incorporated by
reference. Once the digitized speech signal has been encoded with the bl ock
code and scranbled with the cipher codsg. it is passed to a parallel to
serial converter 58. In this circuit, the scranbled speech signal is
converted i fafsraitthf) 4 pllotStegichke biy ;&tfrdqgedé?'%dt%g nbPbéen BREPhé @/ (he0- A
carrier signal at a suitabl'e carrier 25 frequency F~ is nodulated with the
scranbl ed s pasecitationg the base stion justransmits thmpilatfsequenePat mpower lgmelmi tted to

t he receiver, her ticipant in the conversation. At the
receiver 52fm§%¥g%o§§§p§§> %%@éﬁ in a nobile unit for exanple, the

transmtted signals illestracsdein\Figure 3¢ enshur£tic dhirmel Emﬂcﬁa?met@ealnéﬁdemf requency
in a 30_denodul atqr 64, and reconverted into parallel formin a serial to
paral | ef 8z qomphined by myliplication it @ unigue HN-segyencectde; Thetaffignal i s t hen
unscr anbl ed .4 dnlei j i (P PEYO o] gT0 VA ?ﬁ.d3 1 he sane

ci pher codect Eatéls\j(d"/glgq‘lijs dtts(g)‘glseg!r:% I&e)mt%ﬁlgas' garc]lg 1o§n1§‘eﬁh e signal has been
unscr anbl edresulting signab%6 dhemiodwlated ias modalatin 37ramd sénaplifiediin @auiamplifiet hat

det erm nes i ch.of .the ssible bi rt hogonal code wordg_ was

Cr anm { ¢ ed55 A dpubseausRiy Ermmiuefrom e, 675 08 o, Broviepisnes 39

si nul taneously cgiRERSpildifeqRhécdigialOate dbcelva af 85l MEGiICRSonIbEg W t h each
possi bl e code word, and determ nes the code word having the highest

cor r el 8 i onwithitkergignalsronteinieg spescl information intenided foxs thgrraspediiecr i mi nat i on

descr i bed i ORE it aBd neby e B0 Haffor P IE (5 S8E B ubteiibh 1755, g0s)
filed on JullsmedulatichSrocds®to sdratirouddl atlhof thé Ptk ivedsigngle @6 detec) ardnd U. S.

Pat ent Application Serial No. 07/761,380) filed on Septenber 19) 1991) for
" Maxi mum Sed¢cofe dhe dasired sigpdls.n Asra 1gpule eagh mobile statian ¢an Keeiveds B0 here by

ref ereace. [ O L i.m u(it%& e oleSeat i a speech
decoder ci r%;gﬁ%lsdyg&aé%ﬁgﬁa{é%ngkgrﬂégﬁqt [ ntué@fgealfsﬁg t@?ﬁéﬁ%gﬁweg%gse%ﬁ si gnal .
The si tmal sHit ofdet fieighibotihg baecstitioas os itlgnsaimectacqubrcys t Butltbrimoreg thenory 76. In
addition to the desired signhal pertaini,ng to the conversation of interest,
the recei vemeasired dgnal siepaficasbe, sared f memarh dn fie mpbilk St A at | ons.

For exanpl eypddfe pe2ieicdRy. 1AY PreSHIRi dabh Hidbile 5@fi6h ¥ASscht Ghaktok¥domdeast from
t he base 20 station to all of the other nobile units within the cell. In

essence, th¥adomsigeal sfrergth jrfarmatign e sheitorespactive basastations af weklae to the
desired si gﬂﬁ’érvﬁsrok Rinidh Whulelled Wd&?@&&fi&ga@fgﬂﬂe %fs§i 8 HaRlber, [An @ Preferred
0 he "presen ese’ o

i mpl ement at 1 on I'nvent I on, er 'signal s are al so
i ndi vi 2bal | gxetigday aCibMd camnuniestivaiesy stemnwitln euttradive démddubdtionriecei ved si gnal

strength. Once each of these "noise" signals.is deterpmined, 25 it_can then
be rescr anb@'éﬂ"?ﬂd“ﬁ& ﬁ’é@?‘eﬁpw‘:ﬁﬂ?‘% ﬁ%“g MY Qi 074928, gégi 51@3 Lqcgmber 51’0 t her eby
reduce inte [ [ it cofh kel ggnal . In
anot her enbg)%%yr’reaﬁg US? ) t§ ﬁtgﬁtgggélgﬁﬂtxédl rﬁgﬁtﬁg'nw'élﬁ%g%t@%éu %trzgigls?%]h’ssi on

(DTX) and dwbisbris arcontinuatien-égppard applioRion tiereofdmth pHwhidhae a nobil e stati on

to measure the sign strength of signals on frequenci t her than the
frequency BBt herE IS R ere Yo iCnitedh) stsa P apian ¥ Ridralets

i1l ust2st esindreayad Mhbe? PE fftbrferinglsifrly toahoteByP chiev andiatfe@deNin sfstdm
communi cation system As illustrated) a tggl cal speech pattern of a

t el ephone ceapaeifss ds pravidedrbioyeh thefusgef iasybtrastive demedulatien procgss40
i nt er m ngl e&elwr&lﬁ' E’p%EiGBQF a (Péceﬁr'ell it ¥hfs égc of sﬂ%ms ng%cx{bt %Sér'aye' tb¥decode

only a single desired signal in the presence of a large number of interfering

signals. Rather, a number of received signals, both interfering and desired, are

30 successively decoded in the order of their received signal strength wherein the



An exanpl e of a speech franme in a conmunication systemis illustrated in 5
Figure 10. At the beginning of each speech frane 45, code,,st gé@

call ed "DTX FLAGS" can be inserted before the speech informatlon
to indicated whether the rest of the speech franme contains speech
information. In this exanple, code signals Aindicate to a receiver that
speech information will follow, while code signals B indicate to the
receiver that the transmitter is going 10 to discontinue transm ssion for
the remai nder of the speech frame. As g.result, a receiver can discontinue
processing that signal for the remainder of the speech franme and regularly
measure t Ne sbfasl reskivandlbthl ¥ (RBAGNRGY | P BEiRg SbélidedEach Thikriefifs oMt

i nvention provides a conmuni cation systemwhich utilizes "di scontT nuous

t r ansmi ssi onsigndli¥xgcardedsandesubeactedrfromdheatrceived sigoaly ¢o thefebyymdineahe zati on to
be mai nt ai ne i le increasi system capacity, and i.s therefore

particul arl ﬁﬁ?’f’“@ﬁﬁl‘]{‘%‘a W@Fﬁ}f}g@ithe M@@Hﬁ%ﬁi‘@ﬁﬂeﬂns systems. To this
end, according t Qg thideRedchOh 1drh@ munRe Bt siphils dacRh hhving SNBRGH: Pame
structure is deliberately_ inposed on the speech encodi ng nethod, even for

t hose efcodsemjenss prowrsamiplingirode to prokide armeaps of dirstinyingting dhenyfeom paech

signal is 2 i,ned. for e i ch. I'f no
active speegﬁ&ﬁg{nﬁ%% e uﬁvgg&tshie}?@lﬁﬁéltl%%g%ﬁﬁ) gﬁﬁ%n&lt'regﬁ?rfﬁ%eﬁ)c t he
transmi ssi osequéndeher scramiblingfcodésgiahibeaded p&esdne ootamunicdiior systents, bi t ed. As

anot her feature of the inventiqgn, a receiver only attenpts_to denodul ate
the recei veﬂa@i‘@ﬁﬁﬁmflﬁ?h%‘FF‘?H"?@&"?F&H%FS%"@% gages ¥rds. If 25
the signal bigheh (oRRsBiI Sehbd, i in Buidt ysfRAR Lah Grbifttehedtfondl i1 811 ON Wi th
a valid code sequence, no turther attenpt’s at denodul ating that signal are
carri ed0out ovarPNisequercenomsteamtding tchde. p Thel eapacity 0€ dudhi arsystam isesqondi ng t o

t he speech f{.rame. Further in accordanc ,th this ect of the.invention,
the spoech Timia bygésrriel by ok TRl oblte driagnd o B Tamal proseism, oi gnal s
transni t t edrdsb@es i areVaftdly 13lemod@RR 2 MiblARRy BRSREnakAl i on are given a
fixed relative tine alignment. This alignment of the signals allows nobile
recei vers that aSubtmstiveldemodmlationil norebedesarbed in conjunctionthe signal ci pat e
when ot her gj I . 0 ' ' r

i scont i nuoBeoby kel UEfar 8 R L FRF e Bl BERE R e B, o

recei vé§ sydedodoly protdssss iavalvdd iaraditionglyyeteinsi Nidngreies® santawatsfoaht ai ned
fromsignals other than thz{e TST@eQi fic infgrmation_signal destined for the
recei ver. PFEARRleLitgm kige 4-Pnbe dmppvee performages of e piesenbinygRton 1 i xed

pattern of Qﬁér%hvgﬁﬁgﬁgﬁcmiﬁilﬁ&&'{&rﬁ}l Isi'%_gﬂal s. This arrangenent causes

the times at which th Ifferent signals can resune transnission to be
evenly di stri but @woolifferenndata strqamsi shibvar inaFigpé e IsignabgraphsTa)and (de, ti nes at

whi ch the receiver .atiempt d te t varjious signals is al so
di stri but ed?(‘tp(gesgetoﬁi‘élqﬁﬁéc}g[gﬁq%goﬁz‘ggg%‘ﬁmﬁg‘é’ﬁg@@f" éljac |§/ei’%1§?e According to a
furt hepo f eatoth@uicatificchannent Smil 1 emodiflMed abing ra bitrrateg digital

transm ssions froama nmobile transmtter is derived fromthe speech frane
tining of sFefsarniqye torsignal @8 showihin signab geaphdbl: Fen purpeses ofithe 15 rel ati ve

timng that ' . ' rotr b S [ hg- base

stati gns tof {eggntﬁgieﬁfléﬁ’ra%%g%tmf?gréé{ @e%[{eecggifgﬂtﬁ%eﬂ@r{aall?%{g rame timng
bet ween nobThe térmattinpeariidd nefetsatotthetiing peried betwenn thenstare lapd theofinish of) t he
base station receiver with the benefits of sta red frame alignnent. An
exenpl ary ‘Eﬁﬁﬂﬁniﬂ%tf:%m%l}}%f@??fﬁ o BP%gﬁgHs‘gg_ﬁ? E‘gﬁ 1gle %@g plication
seri al 280. ) ALLHRERA The I:ﬁik) zyt@ri&i’ ditrs 10ineliffe Pel%ﬁ bétheeh te se4rPBRd BHeous CDVA,

F
Reception” and is 1'ncorpo ed herein by refterence.
finish of the chip signal. Naturally, the bit period is much greater than the chip

2003, 4o

period. The result of this modulation, which is essentially the, product of the
two signal waveforms, is shown in the signal graph (c). In Boolean notation, the
modulation of two binary waveforms is essentially an exclusive-OR operation. A

30 similar series of operations is carried out for signal 2 as shown in signal graphs



Wren a’'receiver receives a signal froma transmtter which indicates that
the transmtter is going to discontinue transm ssion for 5{@@&3&@@@9§r_0f

t he speech frame) the receiver can change frequencies to neasure’tne si gnal
strength 25 of neighboring base stations. The nmeasured signal strengths can
be stored in a nenory in the nobile station and updated periodically. As a
result) each nobile station can send the stored base station signal
strength information to their respective base stations when requested to do
so during Mbile Assisted |I~landoff. Wl e the invention has been descri bed
inits preferred enbodinents) it is 30 to be understood that the words that
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After demodulation of the received signal to the appropriate baseband
frequency, the decoding of the composite signal takes place. Signal 1 may be
decoded or de-spread by multiplying the received composite signal in the signal
graph (c) with the unique code used originally to modulate signal 1, as shown in
15 the signal graph (d). The resulting signal is analyzed to decide the polarity (high
or low, +1 or -1, "1" or "0") of each information bit period of the signal.
These decisions may be made by taking an average or majority vote of
the chip polarities during one bit period. Such "hard decision" making processes
are acceptable as long as there is no signal ambiguity. For example, during the
20 first bit period in the signal graph (f) , the average chip value is +0.67 which
readily indicates a bit polarity -+1. Similarly, in the third bit period, the average
is +0.&0 which indicates a bit polarity of +1. However, whenever the average
is zero as illustrated in the second bit period, the majority vote or averaging test
fails to provide an acceptable polarity value. In ambiguous situations, a "soft
25 decision" making process must be used to determine the bit polarity. For
example, an analog voltage proportional to the received signal after despreading
may be integrated over the number of chip periods corresponding to a single
information bit. The sign or polarity of the net integration result indicates that

the bit value is a +1 or -1.
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a finite word length. Another problem is that orthogonality can be maintained
only when the relative time alignment between signals is strictly maintained. In
moving constantly, such as in cellular systems, time alignment is difficult to
achieve. .

When code orthogonality cannot be guaranteed, noise-based signals may
interfere with the actual bit sequence produced by different code operators, e.g.,
the mobile telephone. In comparison with the originally coded signal energies,
however, the energy of the noise signals is usually small. The term "processing
gain" is often used to compare relative signal energies. Processing gain is
defined as the ratio of the spreading or coding chip rate to the underlying
information bit rate. Thus, the processing gain is essentially the spreading ratio.
For example, a one kilobit per second information rate modulated by a one
megabit per second coding signal has a processing gain of 1000:1.

~Large processing gains reduce the chance of decoding noise signals
modulated using uncorrelated codes. For example, processing gain is used in
military contexts to measure the suppression of hostile jamming signals. In other
environments, such as cellular systems, processing gain refers to suppressing
other, friendly signals that are present on the communication channel with an
uncorrelated code. In the context of the present invention, noise includes both
hostile and friendly signals. In fact, noise is defined as any other signals other
than the signal of interest, i.e., the signal to be decoded. Expanding the example

described above, if a signal-to-interference ratio of 10:1 is required, and the



20 system according to claim2 , further conprising the step of: regularly
transmtting the stored signal strengths to a respective hoh. 4 .
A met hod of communication in a code division nmultiple acczgg-ie%sr@ésr?gprgél
according to claim?2 , further conprising the step of: transmtting the
stored signal strengths to a requesting base station. 25 5 . A nethod of
communi cation according to claim2 wherein the transmtter is |located in a
cellular base station and the receiver is located in a nohit~ station. 21
February 2003 -21 6 . In a nmultiple acqess) spread specxrum conmmuni cati on
system for comuni cating information signals) which include speech, control
and pi | ot iﬁ%négl%‘ﬁ &ﬂ@l@m:ﬂ%@ﬂ%ﬂﬁl%ym,!s&%ﬁﬁ h%&e,%’aﬁ&di Roand a
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scranbl ed chEcilgg?‘_gﬁéfr §uﬂpf‘?§ﬁ’?(.€'§cﬁi@g?é°€@8 iOBﬁw'ﬁgfvmgpoévcéb site
signal of oygal iakPfehce ehérgsid thius d08/1000b51/10 Qs denpiredips tieddezakdl conposite
signal using one of said unique scrambling bit sequences to distinguish

coded i &f or meformaation; signal energy of ane 6) e With thesinformation signalrepargyttedr si gnal s
I~ said co |t 'qﬂm' re ' ri{e ' | . Ite signal
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correl ated signal; successively remvin aid correlated signal from said
conmposite si gﬁ al %rogetﬁer wnsth the re%ulredﬁrs?lgnal- o-s tergerence rat%o, tﬁc procgssmg gain

determines the number of allowed overlapping signals in the same channel. That

10 this is still the conventional view of the capacity limits of CDMA systems may
be gleaned by reading, for example, "On the Capacity of a cellular CDMA
System" by Gilhousen, Jacobs, Viterbi, Weaver and Wheatly, IEEE Transactions
on Vehicular Technology, May 1991.

In contrast to the conventional view, an important aspect of the present

15 invention is the recognition that the suppression of friendly CDMA signals is not
limited by the processing gain of the spread spectrum demodulator as is the case
with the suppression of military type jamming signals. A large percentage of the
other signals included in a received, composite signal are not unknown jamming
signals-or environmental noise that can not be correlated. Instead, most of the

20 noise, as defined above, is known and is used to facilitate decoding the signal of
interest. The fact that most of these noise signals are known, as are their
corresponding codes, is used in the present invention to improve system capacity
and the accuracy of the signal decoding process.

Rather than simply decode each information signal from the composite

25 signal, the present invention also removes each information signal from the
composite signal after it has been decoded. Those signals that remain are
decoded only f rom the residual of the composite signal. Consequently, the
existence of signal transmissions in the communications channel from the already
decoded signals do not interfere with the decoding of other signals. For

30 example, in Fig. 7, if signal 2 has already been decoded as shown in the signal



rescraibling a residual portion of said correl ated) conposite signal using
sai d correspondi ng bl ock codes to generate a series of r 8GQH, ?Hgari? Is
detecting received pilot-sequence signals; neasuring the S|gna rength of
each received pilot sequence signal; and storing the nmeasured signal
strengths of the received pilot sequences. 7 . A nethod of comrunication in
a code division nmultiple access systemaccording to claim6 , further
conprising the step of: 25 regularly transmtting the stored signal
strengths to a respective base statioms.8 . A nethod of communication in a
code division nultiple access systemaccording to claim6 , further

conpri sing e [ BHacKi to a
requesting %%@éas)f %eogg)ﬁe& ?&giméel%draﬂugr‘%ﬂ%%h&fﬁgwa a.g%ﬁg‘vﬁétlﬁnul ti %tﬁé access,
spread specgraphs @M@)Ml%WWMWCW@SMl ingh¢ sigoalrgraplon si gnal s)

whi ch inclu eec ontr d S enge Si naI S) . betwe

plurality o&?ﬁ‘éi ghdng\h pﬁowgﬁfapsqéf ﬁ’\gfﬁﬁl t‘gﬁé asilr}
transmtterpy ﬁmﬁﬂﬁﬁn@@feeco%@fsigaﬂ 1 With ¢ddegto Eecaﬁsﬁuagsxgﬁﬂ s fo codi ng

bl ocks of bit sequences of as information signal) means for scrambli ng each

i nf or et i gnSlgmﬁmt that ihad) the W@fﬁ@ﬂ%léﬁlé&iﬁed msrmthwbbmnt unsblpience
t d
“Cscr anbl eciesin® Bty 88 pRiRR7 5 B toRRion Vil i BEREcondinid hdtRYE | P 2

r eclei \d/i ng aslgmmqsn%sltﬁﬂl gnatl b théelgmuegrh[apm ofy Figl. rSanmrdédodﬂlganghed S,

I ncl udi ng: cranbling means f descranbling said co S|gnal usi ng
one of oo Ol @EFée%thg‘?%‘PP ritpu ¢ fecayclydesolver toqngqlglﬂgn? It Bued

i nfor mat i oneeRio95iR Serdal 8 Rréin SR &b lté)ﬁgﬁ‘a jstation from ot her si gnal s in said
conposi te signal, %rre |'ati on ne recursively correlating said
conposlt e si gnal Tovfdrther facilitate an understandmg of the invention, a specific example

is described where a Walsh-Hadamard (128, 7) lock coding technique is
employed to provide channel coding and spreading in CDMA modulation.
However, the principles of the present invention are not limited to
communication systems which employ this encoding technique. In addition, the
15 block codes can be either orthogonal block codes or bi-orthogonal block codes.
An overall view of a CDMA based cellular radio telephone system, of the
type in which the present invention can be implemented, is illustrated in block
diagram form in Figure 8. In this Figure, a transmitter 51 and a receiver 52 are
depicted in block form. The transmitter might be present at a base station of the
20 radio telephone communications system, and the receiver could be located in a
mobile unit, for example. Alternatively, the transmitter could be that of a
mobile unit with the receiver located in a base station.
Referring to Figure 8, speech which is generated by one of the
participants in a telephone conversation is provided as an input signal to a speech
25 encoder 54. The speech encoder can be a conventional encoder which converts
the speech signal into a digital signal according to any of the well known types of
speech digitizing algorithms. Examples of such algorithms which are employed
in conventional speech encoders include Continuously Variable Slope Delta
Modulation (CVSD), Adaptive Delta Pulse Code Modulation (ADPCM),
30 Residual Excited Linear Predictive Coding (RELP) and Vector Code Book
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reference. Since all communications preferably employ the same block codes to

expand their bandwidth, the scrambling of the encoded signals with the unique
cipher codes enables the various communications to be distinguished from one
another, as described in greater detail in the previously mentioned copending
20 patent applications which are incorporated by reference.
Once the digitized speech signal has been encoded with the block code
and scrambled with the cipher code, it is passed to a parallel to serial converter
58. In this circuit, the scrambled speech signal is converted into a serial signal
that is provided to a modulator 60. A carrier signal at a suitable carrier
25 frequency F, is modulated with the scrambled speech signal, amplified in an
amplifier 62, and transmitted to the receiver 52 of the other participant in the
conversation.
At the receiver 52, which can be located in a mobile unit for example, the
transmitted signal is received, demodulated to remove the carrier frequency in a

30 demodulator 64, and reconverted into parallel form in a serial to parallel
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converter 66. The received signal is then unscrambled in a descrambling circuit
68 that is provided with the same cipher code that was used to scramble the
signal once the signal has been unscrambled, it is provided to a Fast Walsh
transform circuit 70 that determines which of the possible 128 bit orthogonal
5 code words was transmitted. In operation, the Fast Walsh transform circuit 70

simultaneously computes the correlation of the received code word with each
possible code word, and determines the code word having the highest correlation.
This determination is carried out in a signal discrimination circuit 72. A Fast
Walsh Transform and a Maximum Search Circuit are described in co-pending

10 U.S. Patent Application Serial No. 07/735,805, filed on July 25, 1991, for "Fast
Walsh Transform Processor”, and U.S. Patent Application Serial No.
07/761,380, filed on September 19, 1991, for "Maximum Search Circuit", both
of which are expressly incorporated here by reference. The signal discriminated
code word is then provided to a speech decoder circuit 74, which converts it into

15 the original speech signal. The signal strength of the received signal can be
stored in a memory 76.

In addition to the desired signal pertaining to the conversation of interest,
the receiver 52 also receives signals pertaining to other conversations. For
example, the receiver in a mobile unit receives signal broadcast from the base

20 station to all of the other mobile units within the cell. In essence, these other
received signals constitute noise relative to the desired signal pertaining to the
conversation of interest. In a preferred implementation of the present invention,
these other signals are also individually descrambled and decoded, in the order of
their received signal strength. Once each of these "noise" signals is determined,

25 it can then be rescrambled and subtracted from the original received signal, to
thereby reduce interfering noise and facilitate decoding of the desired signal.

In another embodiment of the present invention, discontinuous transmission
(DTX) and discontinuous reception (DRX) are used to allow a mobile station to
measure the signal strength of signals on frequencies other than the frequency the

30 mobile station is presently operating on. Figure 9 illustrates a typical speech
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telephone conversation consists of periods of speech activity 40 intermingled with
periods of silence 42 or no speech activity.
An example of a speech frame in a communication system is jllustrated in
5 Figure 10. At the beginning of each speech frame 45, code signals 47 qalled
"DTX FLAGS" can be inserted before the speech information section 49 to
indicated whether the rest of the speech frame contains speech information. In
this example, code signals A indicate to a receiver that speech information will
follow, while code signals B indicate to the receiver that the transmitter is going
10 to discontinue transmission for the remainder of the speech frame. As a result, a
receiver can discontinue processing that signal for the remainder of the speech
frame and regularly measure the signal strength of neighboring base stations.
The present invention provides a communication system which utilizes
"discontinuous transmission" (DTX) in a manner that enables receiver
15 synchronization to be maintained while increasing system capacity, and is
therefore particularly well suited for use in CDMA communications systems. To
this end, according to one aspect of the present invention, a speech frame
structure is deliberately imposed on the speech encoding method, even for those
encoding methods which are inherently structureless. The speech signal is
20 examined for the presence or absence of active speech. If no active speech is
detected during the duration of an entire frame, the transmission of the frame of
digitize—d speech code words is inhibited.
As another feature of the invention, a receiver only attempts to
demodulate the received signal for a limited number of sequential code words. If
25 the signal is not observed to reach a minimum threshold of correlation with a
valid code sequence, no further attempts at demodulating that signal are carried
out for the remainder of the predetermined time corresponding to the speech
frame.
Further in accordance with this aspect of the invention, the speech frame

30 structure of a multiplicity of overlapping CDMA signals transmitted from the
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the signals allows mobile receivers that are decoding at least one signal to
accurately anticipate when other signals, that have been temporarily silenced
through discontinuous transmission, are likely to resume transmission. Thus,
5 receiver synchronization and frame alignment information can be obtained from
signals other than the specific information signal destined for the receiver.
Preferably, the time alignment relationship employs a fixed pattern of
offset between the different signals. This arrangement causes the times at which
the different signals can resume transmission to be evenly distributed over the
10 period of a speech frame. Thus, the times at which the receiver attempts to
demodulate the various signals is also distributed to avoid undesired peaks in
receiver activity. According to a further feature of the invention, the . speech
frame timing for transmissions from a mobile transmitter is derived from the
speech frame timing of signals it receives from the base station. Thus, the
15 relative timing that the base station chooses for transmissions from the- base
stations to the mobile receiver is reflected in the relative frame timing between
mobile transmissions to the base station, thereby providing the base station
receiver with the benefits of staggered frame alignment. An exemplary CDMA
communication system is disclosed in U.S. Patent Application serial No.,
20 866555, filed April 10, 1992, eatitled “Discontinuous CDMA, Reception" and is
incorporated herein by reference.
When a receiver receives a signal from a transmitter which indicates that
the transmitter is going to discontinue transmission for the remainder of the
speech frame, the receiver can change frequencies to measure the signal strength
25 of neighboring base stations. The measured signal strengths can be stored in a
memory in the mobile station and updated periodically. As a result, each mobile
station can send the stored base station signal strength information to their
respective base stations when requested to do so during Mobile Assisted Handoff.

While the invention has been described in its preferred embodiments, it is

30 to be understood that the words that have been used are words of description
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In the claims:

1. Aa improved radio communication systcin including at least one
transmitter, having a speech digitizer for speech activity, for transmitting code
division multiple access radio commuaication signals having a spread spectrum

5 code; and at least one receiver having a speech decoder, for receiving the code
division multiple access radio communication signals, compdsing:
means for framing the speech activity of the speech digitizer into fixed
frames corresponding to a fixed whole number of bits;
means for generating an activity indication for each fixed frame having
10 speech activity;
means for discontinuing the transmission of the transmitter when there is
no activity indication and for resuming tra.nsmissidn only at fixed frames
identified by the activity indication;
means for deciding whether the transmitter has or has not discontinued
15 transmission only at predetermined fixed times which corresponds to frames of
speech bits at the input of the speech decoder; ‘
means for regularly changing frequencies when discontinuous transmission
is detected;
means for measuring the signal strength of signals from neighboring base
20 stations after discontinued transmission has been detected; and

<4
means for storing the measured signal strengths of the base stations.
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activity;
discontinuing the transmission of the transmitter when there is no activity
indication and resuming the transmission of a transmitter only at fixed frames
10 identified by the activity indication;
deciding whether the transmitter has or has not discontinued transmission
only at predetermined fixed frames which correspond to frames of speech bits at
the input of a speech decoder in a receiver;
regularly changing frequencies when discontinuous transmission is
15 detected;
measuring signal strength of signals received from neighboring base
stations after discontinued transmission has been detected; and

storing the measured signal strength of the neighboring base stations.

3. A method of communication in a code division multiple access
20 system according to claim 2, further comprising the step of:

regularly transmitting the stored signal strengths to a respective base station.

4. A method of communication in a code division muitiple access
system according to claim 2, further comprising the step of:

transmitting the stored signal strengths to a requesting base station.

25 5. A method of communication according to claim 2 wherein the
transmitter is located in a cellular base station and the receiver is located in a

mabile station.



10B 10B 10BF F109B& ()-s10%B& ()- 109B& ()- ] ?dEbCO! 10%@&' () -
910%@& ()-10%a& ()-10%a& ()-1 10%@& ()- 10%a& () - ?ddEbCO!
109%@&' ()-  10%@&' ()- S, 109%@&' ()- 10%@& () - y10%@& () - 10%@& () - ndRIdwbryarp 288 ()
-1 % 10%@&' () - #S10%@& () - F"10%@& ()- 10%&& ()- m 10%& ()-<uV70! 10%
U& ()-#10% U& ()- 10 10 10! & MLOY&' () - & MLO%@&' () - (10%@& () -j NdEuV70! 10%
&' ()-310:%) ug! ((,)-F. 10?/0 U&Io()-. ' 15)% Ug?/i) ' 15)% UO& ()I-fg_lf)% EJ& (0)-
gaBuV70! ml0% U& ()-, 10% U& ()-s 10% U& ()-Y10% U& ()-!10%
6 . In a multiple access, spread spectrum communication system for
communicating information signals, which include speech, control and pilot-
sequence signals, between a plurality of base station and a plurality of mobile
stations, a method comprising:
5 coding blocks of bit sequences of an information signal;
scrambling each said coded information signal using a unique selected
scrambling bit sequence;
transmitting said scrambled coded signals from each base station;
receiving a composite signal of overlapping, transmitted signals;

10 descrambling said composite signal using one of said unique scrambling
bit sequences to distinguish coded information signals from a selected base
station from other signals in said composite signal;

recursively correlating said composite signal with block codes
corresponding to said information signals;

15 determining which block code generates a greatest correlation and
producing a correlated signal;

successively removing said correlated signal from said composite signal;
rescrambling a residual portion of said correlated, composite signal using
said corresponding block codes to generate a series of recorded signals;

20 detecting received pilot-sequence signals;

measuring the signal strength of each received pilot sequence signal; and

storing the measured signal strengths of the received pilot sequences.

7. A method of communication in a code division multiple access
system according to claim 6, further comprising the step of:

25 regularly transmitting the stored signal strengths to a respective base station.
8. A method of communication in a code division multiple access

system according to claim 6, further comprising the step of:

transmitting the stored signal strengths to a requesting base station.
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sequence signals, between a plurality of base stations and a plurality of mobile
stations, a transmitter in each base station including:
5 coding means for coding blocks of bit sequences of an information signal,
means for scrambling each information signal using a unique selected
scrambling bit sequence corresponding to one of said base stations, and
means for transmitting said - scrambled coded signals,and
receiving means in each mobile station for receiving a composite signal of
10 overlapping, transmitted signals, including:
descrambling means for descrambling said composite signal using one of
said unique scrambling bit sequences to distinguish coded information signals
from a selected base station from other signals in said composite signal;
correlation means for recursively correlating said composite signal with

15 block codes corresponding to said information signals;

comparison means for determining a block code that generates a greatest
correlation and for producing a correlated signal;

signal removal means for successively removing said correlated signal
from said compaosite signal;

20 rescrambling means for recording a residual portion of said correlated,
composite signal using said corresponding block codes to generate a series of
recordeh signals;

detection means for detecting received pilot-sequences;
measuring the relative signal strength of each received pilot sequence; and

25 storing the measured signal strengths of the received pilot sequences.

10 . The system according to claim 9, wherein said block codes are

formed using Walsh-Hadamard matrices.
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12.  The system according to claim 9, wherein said block codes are

bi-orthogonal block codes.



