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{ TECHNI QUE FOR | NCREASI NG THE CAPACI TY OF A CDVA SYSTEM BACKGROUND OF THE
INVENTION 5 |I. Field of the Invention The present invention relates to
comuni cati owGYeimos i n general and, in particular, to inprowidradobessse
transm ssion of information signals in a 10 comunications system 11.
Description of the Related Art CDVA conmuni tation systens are very

sensitive to peak transmt power and are generally limted by interference

related to transm t mﬁ ﬁ@g g@ﬁ? tation is
the so called "Near- pg 1@#«3@’%‘1’81@%@ EitN %féﬂ@
i ncreases during a transn FHBECAPAGITN Ob e CIMA SYSTEEMnN ot her
channels. To deal with this additional interference the other channels nust
increase their own transmt power. The increase in transmt power by the
other channels in turn genB&@@R@UN@@FJHrE:ENMENfE @N the channels.
Thi s aval anche effect occurs until the systemis stabilized and all the
channel s are satisfied. Therefore, in order to naxim ze the capacity of
such a systemit is desirable that each user transmt only the mninum
power necessary to achieve a required quality of service. Another problem
t hat can degilade tHieldpef flog Iverstioh ot her links in a transm ssion system is

a waveform 25 t haty,cont di $S nuo ower pat.tern. This probl
conpounds t he Nea?rl-EaPre% gl‘%‘r’ﬁnu :(I)' ir"i' Foﬁ u%lﬁﬁflf“f‘lséfr“ r’ﬁ?b’\‘/ﬁf@eéﬁoﬁ%r
area wher e i mnepagiatan Kanmpmvungh&le:atpammgﬁsmfn Cuivin fommatiorc asigoals in a
systems 1dhec %g#%@aq%u%yagﬁpr of transmt power anplifiers is

er

detier m ned by a nu esign 30 parameters including power dissipation
and unwant ed em ssions. Unwanted em ssions are those that are outside the

bandw dt h of II.he |]]’¢y¢hl;ﬂ1(g{1af théd\Related Aree unwanted em SSI ons occur due to
i nternodul ati on w ower | nt er npdul at S C
hi gh transmt powe (fﬁ %mﬁh‘é‘%“-‘aﬁgge Wﬁ%‘%ﬁr?ﬂeﬁ PW‘I‘% n I}?er?g(asrangnlt

regi on. """"'‘power. atid. are generallyldgiéd by ibt@rfdEBceOfGdated 6OItiA80Rt power
PCT/ USQQ&%BB@@VQS U Ex@t@ré’i‘bﬁ%’ Pegﬁte%r ﬁrrﬁfattr%'ﬁ Is metQPCQYedr %HAP‘FQJ E’rgﬂﬁirﬁs
such as the FCC str standards may also set |imts on unwant

em ssions in Br'@é? Pc1'6 5\%@? Frﬁf‘é?'flbrm%r Mrepseh WG B trasglipEPns jis faiRges
To mai ntai n yhsgNiredrfefdri®l @Nstivirt Ehahride cte)suéaﬂdwithmm§,adalneozmlt1wérf@fem@

f the t { 5 lif . L ected that.th
exceedi ng-t hehe AHBST Shanffiey i ipeRoSE sEFE Swil o ihis, BPWRR nobe ket in
nonl i near en\tmrtsmiti}sowapbyfthect)theh@hmelmm twinp genératatetrarai inderfenenchefor
portion ef E‘H MRVl NFhidaTa raﬂ@k&@!eﬂ‘@@ts{)ccﬁ‘?%rntflet‘ﬁ% dsys?é?ﬁ“x& sefalilen ahfi

the r equest ed out put power excee maxIi nmu ut power,
transmitter @inthe ﬁliletmwié a3atsatisligdwneheargfore %ﬂq@r‘ﬁrﬁ‘xt%iih%’ﬁmlﬁﬁf tthSdcap@%Y afn

order to keeputha mwﬁtleds @%ﬁf&bl@rﬁ\a‘v\ﬂeh&h rmséheraw‘sﬁﬁs bhbﬁ(ﬂhé inflirtifnum  power
Referring now to Fi

tat
transm ssion r\ﬁﬁ?/%?@? 12 afEIerBa r?ﬂ&h‘?% %E)tgfp%‘;a?/eé?’ bﬁr’e%p cﬁ ‘? érrﬁglfn&ft?‘at can
wavef or m por tdegmadd 4he pﬁrﬂma{mamged)ffdther tigkp dmver trimsrgissionT bigstemais saviva viedorm

25 that contains a discontinuous power pattern. This problem compounds the
Near-Far Problem. '

Transmit power amplifiers provide another area where interference can
limit the capacity of CDMA communication systems. The maximum output
power of transmit power amplifiers is determined by a number of design

30 parameters including power dissipation and unwanted emissions. Unwanted
emissions are those that are outside the bandwidth of the input signal. Most of
the unwanted emissions occur due to intermodulation within the power
amplifier. Intermodulation is caused by high transmit power levels that drive
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the amplifier into a nonlinear region.




15 l.evel lintation of the anplifier is reached by portion 14 rather thﬂaﬁEB 2003
‘by portion 16 because portion 14 has the highest instantaneous power.

contrast, traReosede®n Waveform 18 has a constant envel ope. Tr /@5“'8553 at
the maxi num power pernits higher energy transmission, as illus c? by 't he
areas under transm ssion waveforms 12, 18. 3n order to nmaximze the total

20 transmt energy over a period of tlme it is therefore desirable that the
signal applied to the transmtter have a peak to avera power ratio as

close to one as pddRvented emrissiensmze often Limited dy ltegu%rt@%ebpdlﬁﬁx sheh psathe

Lhat can | esq T LT o A e o e e ey PPy,
For exanpl e, ¥%04d IQ{%Fﬂfﬁgc%%‘lnﬁ g?lW%PrtWéﬁﬁg§¥P@H‘ wﬁéfnﬁﬁi%a%& antesl
nunber n 0}‘ telmmh smnsswﬁlihl 1Mﬁ?\éfd3ési\ied23ﬁnfs Cthe betpiftr powar aff. tl‘h_eofraﬁlsm”ﬁ)hﬁ)
can conmmo val ye of, t re ipore in COVA comuni cat i on

syst ens. rélma rﬁ?@@? S‘ﬁﬁfi V‘@\aﬁ%ﬂg HWP%’%‘&%P?EF‘F%% uagrt&eoeguséséol s fs
portions 24, wycsmqibrWhnns eavehormidtavipgra nonsin28r driviebdpeads agrisfiad, de
gf transm SS'rﬁQx Qﬂlalo% Qﬁléqd@*e‘f%ﬁe&a%ﬁth% ﬁbﬁi‘o&%‘é"’the'%\é%{or%’ that has the
efinition, in er to serve as a ortion por

al ways be hi dﬁg ﬁﬁt@pw@r lavehs @édar@ablyuaf It errequestedlqutlmttghp@wca@geequ the

B ol Ty o B B R Tt i B8 ahe IRpup PRBver
wevef or m80 rHBErESEHILM permitied o far el i o3d0s P e o e RiceD eSS w3 hin
total power dhetpraswibesislimitswavef orms 20a-n summed together. Because pil ot
portions 22 and data portions 22 are at high levels within transm ssion
wavef ornms 20a-n, i or, n 6 a efqr
30 are high. Because vm%e porr%t ?%592 f‘%’%r B %%Iwgr gPJLPs 1%1 Le}ﬁ%g\gﬂ%\g?% 19 (5?4
of total pdmsmm@mmwoem Var 98fra“rran$rowlcm W@fQRIHaﬁ2|IISt écvmmﬁ aok

| evel 34. SUWO% BEidNVENT] ONa 'd'ﬂ’f@xnﬁ% Wér RvBR! hgdhef Prrangh'm hﬂd%ler
y

t he peak ransm .t roi temlncl I
steps tra qtﬂY?HgR&ahpmr} t@srﬁmaiiéef iSoﬁeagﬂe«i Haw 14 narrh%rtthﬂ %y portion

transmi tCI Eowaje be@t@etpaﬂldﬂ ans Makt thg Mg h@aon@btgﬁfﬁmeuegtpdﬁfml gnal cdrgyadtg
a secon | owe Lrst _an
communi cati on ST RBFion SUAFHSEY Bnapos snolaltt ehBlortor IFGEBLURE Al ofhe

transmt pom@%&gu@n@dm@mmnutsr nhmghelrS epérgyl tramsouissipn, Tsméllestrdtelngyotiley
a portion of aﬁ‘@@s QBdEpecrafr\srnéfssﬁﬁ‘p Wil QOI‘Z“JM C?ﬁ'di‘aér S‘tbgﬂa'xﬁr\!iz? &h8Ototal

taught first and secon comruni catl on si g an SO I .Nnc

respect i &5 f itraqsmi enezgy myer o%vHeFlgﬁsﬁ% tﬂ%wterls ﬁb@we@me 3malflen%1a5fth§ etignah
be sel ect edhtappaieldgﬂm theetrghsrhftterfhavet a padk 36 CReagd Pbwier 3aEG 4s flo¥eto one as
regl ons wt L. ONS.

f d
oo L0 Rl ey A R0 AL IUTON, PR Berk oy, BpllP
sel ect ed accqmmbhgns,@ corstant power develi tedywee seliigterferenceri thatricar ramgieafff n
| evel of the Q@éﬂanaéé”b?'?hé l(pgqm Iﬁftﬂ@aﬂo g}eglelm%ng the total transm

power signal for a uralit ering tinme ets and sel ecting one of

thetime ffsets cordin t he total transmt power signal id _also
t aught . 211 xed t i o, i85 or Showa RdpiwrgliyePh Cransipsion: WasiefRERst #an.

communi cat i orTlsé gnahbe£an € tPirdvhideidn wévé:foFmE aoa&o&aﬂ\ob@%ér;r&l}a?rge For
PCT/ ' US99I 188 4 BRI EF DESCRI PTLyO;}!}g: 1 A EIGS The,f I tures e gj ﬁ‘ﬁlﬁ
and advant ageS BPENG FHLSERIMPRUGMA%n WA i B8 IreSh SR 3
detail ed desoqqrpmtmmcaimn $yatemsbel ransniisaion stgi@ér?.aam ¢ fpmmed iafrpilett portiens
drawi ngs in I
t hr oughouyt a\rll%E &Egrrgll(ﬁohﬁéﬂ ?@ﬁEﬂng‘fgﬁ i cg{]ah{%?%g{gnn??%?g% 1?%&%%@?
transm ss$Pon HalFarypisgion 51gnals 20a-n always have a high power level. efinition, in
order to serve as a pilot signal, portion portions 22 must always be high. Data
portions 28 are usually relatively high because it is a very highly utilized time
slot. Voice portions 26, on the other hand, are typically low because voice

signals have many unused periods. Total power waveform 30 represents the



Fig..2 shows a plurality of transm ssion signals in a conmunication 10y ( FEB 2003
system Fig. 3 shows a graphical representation of a transm ssion waveform
"Fig. 4 shows a graphical representation of transm ssion waveforns; Fig. 5
shows a graphiweloonmos esentation of transm ssion waveforns; Fi gpefyshaessea
flowmchart representation of an algorithmfor predicting the 15 peak
transmt power level in a CDVA system and F3g 7 shows a graphi cal
representation of a transm ssion waveforminterl eaved according to the
met hod of the pr sent’ i n%/entl on. ,DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20,
Referring now IERQVersof {apsmission ypaveiarms Aflare summede tegather oReguse pilot
g (r) ansmt vvaveI;mrmibﬁ@ 2A drad qhttattgmror@}‘ 202 % ed Qa[thmg}UChev@!% twahsil tratyefseion
are convention ans ed sinult aneoy nmuni cati o
Systenms. T an<HRTeRES IS 56 DFisSpORHLE BoTieth thaa Oy \in! Bawer syavaarm 30
W thin each slat HghaBecaihseceoice giootisnh2¢ vagy pndetreisvally 16w, Bortion 32. ofl fotal
nunber of tsa t { r h i
band in sutgh ;F &)ver }(%\(Ig FO (E)rmvép%geveal%g fgt %%e?ovééﬁ%oﬁsgnm@te% &%ﬁuﬂ 83\6.&1031%
si mul t aneousl y, the t ot aI power transmtted through the 1 0 FEB 2003 WO
00/ 11802 PCT/ US99118856 5 band reaches a peak at that tine. Likew se, if
transmt waveforns 50 are transy V. occur
si mul t aneousl y, the total pomr%ﬁ&mﬂbﬁﬁ&qm%}@& at that
time. However, in a preferred enbodi nent of the present invention transmt
5 waveforns 50 are tine offset with respect to each other in such a way
hjt the hi gh powerTHevrventfonloisnotmethiod figr linikingathe qidakr trahsmithippwiaryin a

t
% 1,9 0GB, NI sl A0 S SR T

power in the comomindeatiom isignel havingeva ofisdty Iﬂsbcrtrmmta pover gikn and

transmt pomrtréiﬁ)srﬁﬁﬂﬂgeﬁ SeBYRD LRt ARINIEA RIS . gﬁal' Rb @i %eglé‘c%ndRﬁi rt'rQﬂsmlt
nowto Fig. 4, there i ntati on

r.apnl ca e tr
vavef or s 74a-RPEWEH HEa 1 %ﬁ/e? Htéﬁgrﬁf@a\#@aﬁa %PHH’é“ﬁ?tFCB’t %\af% b“h&lmi% offset
power up/down tpoptevens t82, fimorindobequaid higis tBEﬁ'tsrﬂlﬂld oalea 119 fdrisOfrodf) Vtduttring

each tine sl ot 1?%'[851 RP " L1008 6%&1%%”53? r? idn o?./oépae of -mg tfﬁg? g&%l ggcond

transmt pV\BI’ O arryln
the power of ecoshmuaiestooms Bignaks isTalge, taughbr die tfxssirmndrﬁezendt@rpeakmcatlon

ranam ¢ vaver P ens sh A LRAIASIpILE G NS oI Trandrhif TP Legions

enbodi nent of T}H’e mmﬁﬁ%qt&ﬁn ttert%?eﬁ%‘?g Hﬁndtnetq’fe&‘ﬁ‘g‘ﬁ tﬁeﬁ%‘ﬁrﬁ}lg é\?%?%mAt

of transmt wep@ber iesiéAs- Wlthfsoﬂ@gﬁnﬂhb' ﬁfm:darm/ sédfcﬁtd %mtﬁﬁsﬂlgwlwglons
| X€e new wav a

waveform 7 e sa f
smvet o g ol U A Lyl BusF i BRI oM s sap e
wavef or ms 74a-selented aderdingto ttoe ¢eteh tmﬂsmlt epmeqnmgnat ta mipiavize t4 peak level

of fset frome t ,
05 Bor oxamm) oot e ﬁ?:a; Bnf 99 AL | DERENAhydBnd IHB o OLos s dignal

transnitted by &B Hl")éétf epiRgdtime Qfé?ﬁtsoénfir%qjé?ﬁ‘tg éﬁ‘e\mo% I‘FhEePH‘e offsets
of fset. If tranedidin M&h@rt@t&létbamstntthpowexmgmag ndlals® tdmagtttr aAsfidd dehe offset

within th omuni cat ban [ ecgi .t
ranoni ¢ Bver o i Aoy’ SRfctelh pRRel ERE iy 4 R, BirBRhplete, iR fn '
transmitted itp@W¥ided. be tinme offset by to with respect to transmt

wavef orm 74b. This is equivalent to a tinme offset of 2to from waveform 74a.
Each subsequent transmt waveform 74a-n to be transmtted by way of the

communi cati on band can then



1 0 FEB 2003 WO 00/11802 PCT/US99118856 6 receive an additional offsey UtFCEBZU[]Ii
in the same manner. It will be understood however that it is not always
possible to shift every waveformby any tine offset that may be required by
this nmethod. Rebewrisey now to Fig. 5, there is shown graphi cal pct/useissse
representation 100 5 including transmt waveform 74 and total transmt

power waveform 96. When practicing the nmetho#i of the present invention,
further averaging of transmt waveforns 74a-n, and therefore further

i nprovenent in the peak transmt power, can be obtained by snoothing data
pul se 92 within data portion 90 of wavefornms 74a-n prior to applying time
offsets., In order to obtain this 10 further rovenent, conventional

t echni ques for distribut |BI§IEE@EGGRI&TIQN)E§)EJHE)DRAMNGS)UQhout
data portion 90 can be u. a. Additionally, the position of data pulse 92

Wi thin data portio 0 d d:{em i p c NS,
power. Using theseTnht%t fg%@lrggt Erﬂge!g% drﬂ:l t%/ée[sméﬁ Eg?éeﬁ‘:f:rr%&ﬁ-\t ﬁ%erﬁ}tﬁ@ﬁ" il
total transni PERRIMEr M@eeRBPATENG. fOIB’\ It eaﬁ@tah]éﬁ depaiptipmisebforthe slﬂé@eWthen
i nvention, st h@ak@f iRUSORRArIctiORS WithNiHe WrARiSgPta whit ﬁm@%f@rbna@vma%@férs
74a-n can bes tedfrom ach other and tr nsm%‘g}é&lﬁn any of

possi bl e sequé ng, elgMmemts thyoughqiga 8bor t | on 90 can be
separ at ed fromthe remsu nder of transmt waveform 74a and transmtted
first. Pilot portion 78 can be separated and 20 transnmitted next after data
portion 90. The re n r t Q S

transmtted in any q%gﬁcglg JAEP{EI“%I {Hﬁﬂe&t h éf tZ%ns%?ﬁ(sa%\%\\/a@gP%P mof
graphi cal representation 50, portions A B, and C can_be transmtted as
ABC, ACB, or in anyi®tRetha¥yer Plumality dfriansmingionegigaals i 2 pBEYRICEEN
from one qungyrgt@nMavef orm 74a-n to the next 25 Inproved results can be
obtai ned in the nethod of separatl ng and reordering the port| ons of
transmt wavef orns /4a; r ando ing the ence. of

Lranem ssione. of |t EASvAIBPUSIA BARTLHCIPHetp GRS HARTBisPlast WAVEFling
and snoot hing of the contributions to the total transmt power made by the
various wavef or ms. Fifewt shawsm gsaphicslerppressagatan dfdratmssionmaveioyms;
produced by a random nunber generator. In this case both the transmtter

and the receiver % HIUBWEW %Balfe Bé‘erﬁﬁﬁéﬁ%fe&&lé?ﬁlsh'&% WaheFh L mber
generator in order to permt décoding by the receiver. 1 0 FEB 2003 WD

00/1 1802 PCT/ US99/.18856, 7 I n dition to u5|n of fset .to
cach now wavef or m Fg ? Sngysd Bt harCisrletenuniod o cilgpt Binaer Frerictngne
new wavef @bm @eabrtnhnaynttcpmxaleg'at it AlCDMA system) andt he new tine of f set

can be sel ected by determ ning which of the possible offsets i s being used

by the | owest nuan;r esg-?ﬁv%'zf' rﬁﬁﬁ St reép !nttét? Ly a Eﬁg\shﬁgélghd%veform

of fsets can be deter power ™ al gorit m dapted to prov

i ni num i ncr eé%f@fﬁeﬁ"?ﬁea%@éf{mgr the meshor of a@@oﬁ”&ﬂsﬁ@t inyeniiénshape or

expect ed shape of the new transm ssion signals. The algorithmcan be a
heuristic one. In order to performthis function the peak power
mnimzation algorithmmust be able to predict the transnt power 10

wavef orm over a peri odDETAIEDf DESCREFEIONOF THRINVENEON
Referring nowto Fig. 6, there is shown transmt power prediction algorithm
120. Tran2flit power prediction algorithm 120 can be used to predict the new

total pover resul tiigef iR A& ﬁﬂﬁi'i’?ntf@re fs%h@%%”ﬁ' grafﬁ@dr xfeP #ﬂt§§bx‘?r‘of

waveform 74a-n to a comruni cati_gn system Addjtion s/

can be used t &rg1S8YitcWavelent JpEse BIMERHI A ‘& Y‘l”fﬁﬁ@ﬁh EF}bna%vaV%‘f‘WFﬁ
74a-c at eachwdvefoRtThS0 e PRESiebltidnallye &fahsmlﬁedTimsmlaaheoﬁslposm bCONIA

l ect th t t ff t th
Cransm t poni ORI FEHER DRLETFo ISB Ao BRF <Bk e dhrBEaror 4 pIBFly of
transmt RavefstotanSa4aWithda dachidoiitierk thoee hegmsrharmngtpooverslygelermz@, iand C.
this manner fygtRer d%@?vﬁﬂﬂ}aﬁ&ﬁysﬁ%ﬁ%ﬁ&rwcﬁd Sty Hérﬂitf&ﬁ 'tﬂr&i’gh a

heuri stic manner. For exa otal transmt
systens can béowmmleafe@nabamqu sich~a way( 1hatapoe@r2@mrfé of 1ths) yprious

waveforms 50 occur simultaneously, the total power transmitted through the



is the forgetting factor, Pn is the vector with the frame power estlnja{yﬂ:gitzum
time n with elenents Pn' corresponding to the estinmated power during the

ith synbol inY;Og@/fﬁ(ﬁene, and en is the vector containing the neasured E

for a frame a u n. 10 F E B 2003 WO 00/11802 8 PCTNS8STAS% iﬂhen
a new channel set up is required in order tq. add a new transni ssion

wavef orm the base station can conpute the ttansnit power =~ waveform W
resulting fromthe addition of the new channel. The base station can then

tconrput fefthte rB&t%tﬂledebO eal@@ft Qhat qcrhteesrlﬁla@klvfs@ ip teamief V\iah;@f&nwsw ake
I e orrsets S 0
operator that P gévsséxcéy@at cPoé'ﬁ‘?rf l[evglls ggc‘i}’&cst‘%\“%ﬁf?uﬁ eltggr%@ popﬁg of

new channel cthe Mm:hréarheeta lopv tevteh at hkat time. of f set t hat corresponds to the
( P" ")(k) having the peak power to average power ratio closest 10 to one.

s separated i nt o, v nlaCBrdeBULREURHEN, BF the BaaHt 3h0 BN b il
sequence of tWwavekrmophe aratime cgéqeéwéh reppectdpriachothen in such aywapdhat the

exanple, the p bivad 109aK Al Hamlindoﬁpﬁhtﬁ%cﬁ%tﬁ@xt eIr{fHﬁﬁJvd‘l)thelﬁl Féi/els
possi bl e trans s i O s% nce d the transm ssion sequen esul ti'ng
n@t’f’f q]b‘g VBEIOLS| SANSHIt REREeS P(ia %@v@rﬁoa‘ﬁfagecb out.

the | owest pe

there is shovxmhgr aebuks| mmreﬁ@mmnt 1ﬁoaoiowéxarp?emkt tmmtltw@mie@rmlaie
It is understood b%cﬁ E ﬁi n‘t/%e B;t I Cg ?e)‘g nkA Bat

of represent at B B A agqu HPEGV NG ?3%9 PR 5%}5«5’& %WS?
each regith craduzesaswanted amissémis add mierfierenbe. egi ons havi ng a single
synbol being pernmtted. The subregions forned in, 's manner can then be

interleaved with I RERGFingt Ho&'ﬁ@@ Fi h@ftﬂé’reofsdﬁ{ovw %@Em&! i E’éstenpé%i’éﬁ{ 70 of
waveform 132. Addi ti onal t he tra

ol ohEar avian SenTinduds edp
left intact WHRREMihewaY rmsn Fébl 0 Ea%%m‘tbé”?‘fﬂ eingayayn £RnTHAUde pEEt
forth as tran mtioﬂmm,r oewetipy dokddp oiﬁh@n@lsdﬁforaiolt bsrtidr@nsma&ﬁ:i datagporttith

interl eaved s i.0NsS_gan be d rmned o dom or der r.0r

o her ortor u%‘? SRR ol Bt st Baf Phftions 5 Eongdn (e HRISE 88" " p8lN
i nterl eavling transmahpawesnoba e tamrping traniingt msamé«orms Madess thecslineof the
aver agi ng of %6\%% rGf%%'c QNXY?e‘fSifxﬂr% RNAr3Q, %nbfae%'tﬂ%ﬁ{mﬂﬁé‘kt}\te eg%‘agmrﬁnsmlt

power. When regions vvlt fransnit. power waveformare Inte
this manner {REWeBCANGEI FATEDYARINITZe, REEARICET CRISIONS bt SEmT IR transmit

previ ous descwapefciiin®f44-hecaprisd avergednbedisiidtied.s 1 0 F E B 2003 WO
001 11802 PCT/ US99/ 18856 9 provided ,to enable a person skilled in the art

to make or use theIrP P§§ rteferQec? %hg?é;d&p{]n% Vfathe %%Eﬂﬁgh,gthfeaééﬁ%ﬂél Oof H\%Sﬁ%g]h

enbodi ments w || d&/ Thiose™s
generic p2d nctl‘pnemltj&v&ié t@értéawmaywe&@ma? ettatry iprpeompliplbed r’ﬁé’n}?@w ing

w thout the UgfHDisuchessh! QPAVeBriaMlalyY. wthl HHE . sdrh@ RARP VHset N@RA! ANty
not intended to ? n} 8 odi nent s

waveform 4a-n 1s adde to the commun1cat10n band. Thus, for illustrative
purposes, transmit waveforms 74a-n are identical to each other except that they

are time offset from each other by differing multiples of the fixed time offset t,.

25 For example, if transmit waveform 74a is the first signal to be
transmitted by a communication band, it can be transmitted with zero offset. If
transmit waveform 74b is the next signal to be transmitted within the
communication band it can receive time offset t, with respect to transmit
waveform 74a. If transmit waveform 74c is the next signal to be transmitted it

30 can be time offset by t, with respect to transmit waveform 74b. This is
equivalent to a time offset of 2t, from waveform 74a. Each subsequent transmit
waveform 74a-n to be transmitted by way of the communication band can then



shown herein but is to be accorded the w dest scope consistent with tﬂfF 2003
‘principles and novel features disclosed. It wll be understood that al %&

t he met hods dj herein can be used at the tine of call s t
any tinme dur ickhg(hla(’ﬂt%@gnsm ssion after set up. 10 Additionally, \?(ET’&AB?Q?"’E%
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waveform of graphical representation 50, portions A, B, and C can be
transmitted as ABC, ACB, or in any other order. Furthermore, the sequei. 28
can be varied from one transmit waveform 74a-n to the next

25 Improved results can be obtained in the method of separating and
reordering the portions of transmit waveforms 74a-n by randomly changing the
sequence of the transmissions of the waveform portions. This results in
further averaging and smoothing of the contributions to the total transmit
power made by the various waveforms. New transmission sequences can be

30 continuously produced by a random number generator. In this case both the
transmitter and the receiver must have knowledge of the parameters of the
random number generator in order to permit decoding by the receiver.
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each new transmit waveform 74a-n as it is added to the communication system
20  in this manner further improvement in system performance is obtained in an

heuristic manner.

For example, the total transmit power of some known systems can be
calculated as:

P.=a P, +(1-a) e,
25 where:
(1-a)<1

is the forgetting factor, P, is the vector with the frame power estimate at time n

with elements P,' corresponding to the estimated power during the ith symbol

in the frame, and e, is the vector containing the measured power for a frame at
30 time n.
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15  each possible transmission sequence and the transmission sequence resulting

in the lowest peak transmit power can be selected.

Referring now to Fig. 7, there is shown graphical representation 130 of
transmit power waveform 132. It is understood by those skilled in the art that
each region A, B and C of representation 50 can be separated into subregions.

20 The subregions of each region can be as small as desired, with subregions
having a single symbol being permitted. The subregions formed in ( s
manner can then be interleaved with respect to each other in order to form
transmit power waveform 132. Additionally, one region of the transmission
waveform can be left intact while the remaining regions can be interleaved.

25 This is set forth as transmit power waveform 134.

The order of the transmission of the interleaved subregions can be a
predetermined order, a random order, or any other order understood by those
skilled in the art. Separation and interleaving of transmission waveforms in
this manner provides excellent averaging of transmission waveforms and

30 minimizing of peak transmit power. When regions within a transmit power
waveform are interleaved in this manner the receiver must wait for the end of
a slot before The previous description of the preferred embodiments is
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apparent to those skilled in the art, and the generic 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. It will be understood that all of the
methods disclosed herein can be used at the time of call set up or at any time
during a transmission after set up.

Additionally, it will be understood that the various methods can be
combined with each other in any manner. In particular, all of the separable
waveform methods can be used independently or in conjunction with the
previously described time shifting based methods, with or without the random
or heuristic methods. Furthermore, the various methods disclosed herein can
be performe‘d either at the time of call setup or at any time during transmission
of the transmission waveforms.
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1. A method for limiting peak transmit power in a CDMA communication system,
" comprising the steps of:
(a) transmitting a first communication signal having a first high transmit power
region;
(b) transmitting a second communication signal having a second high transmit
power region; and
(c) time offsetting one of the first and second communication signals to prevent the
first and second high transmit power regions from occurring simultaneously; summing the
power of the first and second communication signals to provide a total transmit power
signal, wherein the first and second communication signals include respective first and
second low transmit power regions, wherein the step of time offsetting comprises the step
of selecting the time offset to align one of the first and second high transmit power regions

with one of the first and second low transmit power regions.

2. The method for limiting peak transmit power of claim 1, wherein step (c)
comprises time offsetting only a portion of one of the first and second communications

signals.

3. The method for limiting peak transmit power of claim 2, wherein the shifted

portion comprises one of the first and second high transmit power regions.

4. The method for limiting peak transmit power of claim 1, comprising the step of

selecting the time offset according to the total transmit power signal.

5. The method for limiting peak transmit power of claim 4, comprising the step of

selecting a time offset to minimize a peak level of the total transmit power signal.

6. The method for limiting peak transmit power of claim 4, comprising the step of
determining the total transmit power signal for a plurality of differing time offsets and

selecting one of the time offsets according to the total transmit power signal.
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of high transmit power subregions.

10.  The method for limiting peak transmit power of claim 9, comprising the step of

time offsetting the high transmit power subregions by time offsets of differing durations.

11.  The method for limiting peak transmit power of claim 10, wherein the differing

durations are randomly selected.

12. The method for limiting peak transmit power of claim 10, wherein the first and
second communication signals include respective first and second low transmit power
regions, comprising the step of separating at least one of the first and second low transmit

power regions into a plurality of low transmit power subregions.

13.  The method for limiting peak transmit power of claim 12, comprising the step of
time offsetting the low transmit power subregions of the plurality of low transmit power

subregions by time offsets of differing durations.

14.  The method for limiting peak transmit power of claim 13, wherein the differing

low subregion durations are randomly selected.

15. A system for limiting peak transmit power in a CDMA communication system,
comprising:
(a) a first transmitted communication signal having a first high transmit power

region;
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RomanAr i shrfiming dre pewérhofRihet fidsh ting \décohBDosummamiication signals to provide a total
AR (ot power Signal wheren e TRt and Second GoRmaumSANon Sighals include
respective first and second low transmit power regions, wherein the step of time offsetting
comprises the step of selecting the time offset to align one of the first and second high

transmit power regions with one of the first and second low transmit power regions.

16. A system for limiting peak transmit power in a CDMA communication system,
comprising:

(a) means for transmitting a first communication signal having a first high transmit
power region;

(b) means for transmitting a second communication signal having a second high
transmit power region; and

(c) means for time offsetting one of the first and second communication signals to
prevent the first and second high transmit power regions from occurring simultaneously;
summing the power of the first and second communication signals to provide a total
transmit power signal, wherein the first and second communication signals include
respective first and second low transmit power regions, wherein the step of time offsetting
comprises the step of selecting the time offset to align one of the first and second high

transmit power regions with one of the first and second low transmit power regions.



