' ;yze3e=V=S@6, T; E 1 ADAPTIVE RF AMPLI FI ER PRELI M TER BACKGROUND OF THE
| NVENTI ON Fi el d of the Invention This invention generally rel mﬂlﬂﬂmlmmmm‘HMlad
. spectrum code division nultiple 5 access (CDMA) comuni cati on VB e

particularly, the present invention relates to a system and net hodssser
adaptively limting forward and reverse link transm ssion power w thin CDVA
comuni cation systems. Description of the Prior Art 10 Wrel eiﬂmwmmmw“ummm
comuni cati on systens using spread spéctrum nodul ati on techni nt
the state of the art in digital communications and are increasi ngGaomz+

popul arity. In code divis] | gl e ( , data is
transmtted using a wde %Q%%ﬁ@ﬁ?ﬁ@%ﬁﬁmm ating the data
wi th a pseudo random chi p code sequence. The advantage gained is that CDVA
systens are nore 15 resi st BACKGROIND QF Sk INVE nterfering
frequencies in the transm ssion channel than comrunication systens using
other nultiple access techniques such as tine division nultiple access
(TDVA) or frequency division nultiple access (FDMA). One indicator used to
nmeasure the pe&sfgr a_comruni cati on systemis the signal-to-noise
rati o (SNR). %‘%H’ﬁ%@%‘%&?{‘ t he magni tude of the desired 20 received
signal is conpared_to .the magnitude of the recgived noise.,. The data within
-2 a transmitted sigidnventiosasaerally f‘ﬁatﬁsm @H‘\'CWCF%'“‘F‘&Q%F djvisien JlERls at
the receiver. . Alow SNR |l eads to loss of data. A prior art CDVA

communi cat i on asgests EGDMA sdommunicationgystems.. Mire particularly ahe prasestyisventiohas a
plurality of base stations 20" 22 ... 20N connected 5 together through a
local Public Quhieshed siakmpitangediat For kddpBSdiN) limindaFopard and reverse link

transmission power within CDMA communication systems.

Description of the Prior Art
10 Wireless communication systems using spread spectrum modulation
techniques represent the state of the art in digital communications and are increasing
in popularity. In code division multiple access (CDMA) systems, data is transmitted
using a wide bandwidth (spread spectrum) by modulating the data with a pseudo
random chip code sequence. The advantage gained is that CDMA systems are more
15 resistant to signal distortion and interfering frequencies in the transmission channel
than communication systems using other multiple access techniques such as time
division multiple access (TDMA) or frequency division multiple access (FDMA).
One indicator used to measure the performance of a communication system
is the signal-to-noise ratio (SNR). At the receiver, the magnitude of the desired

20 received signal is compared to the magnitude of the received noise. The data within



Each base station 20" 20Z ... 20H comruni cates using spread spectrum CDVA
with nobile and fixed subscriber units 22" 22Z ... 22N within its cellular
. area. Shown in Figure 2 is a sinplified COVA transmtter 24 and receiver
26. A data signal having a given bandwidth is m xed with a spreadi ng code
generated by 10 a pseudo random chi p code sequence generator producing a
digital spread spectrumsignal for transm.ssion. Upon reception, the data
is reproduced after correlation with the same pseudo random chi p code

sequence used attfnbhattdHignal Feteiled athivmgﬁ ISNR fireddilyaetovesaliaane fdeeiver.chi p
code sequences many data signals or subchannels can share the same channel

bandw dt h I ation 20, can communicate 15 with a
group of subséﬂ%b $ﬁg {ds@&@ggﬁ& 22N usi ng the sane bandw dth. Forward
i nk communi cations are fromthe base station 20, to the subscriber unit
22" 227 ... 22N, afdprienat SDMARomBRisation SYSeR iarsBowndm Figure dps Theber
unit 22" 22Z ... 22N to the base station 20,. For tim ng synchronization

W th a recei vesomifunication sydetultat achlpaliot ofsli:a;aatatiaﬁs 28,, 282d. 20 eonmetret
signal allows respective receivers 26 to synchronize with a given

transmtger Zﬁﬁeﬁlctﬂg‘oﬂ%xs de5 PaslidSwhthed TEIgdtdng NerwB (P%*[‘NQ“&cﬁ '. ver

26. In a typica tem each base statlon 20" 20Z ON se

uni que gIobaI cei ved b subscri ber 22? 222
N w i FoEb s IoEaR Py 2am i S By EH e S SRCH ampei GDMA eih
transm ssions. Conversely, in sone CDVA systens for exanple in the B- COVATM
air interfacemnbilh andbxed Slﬂ§¢rlhmlunlt$222u222 22, within ity cellylar@eeaa uni que
assigned pilot signal to synchronize reverse |link transm ssions. 5 Figure 3

is an exanpl e of aSkEWPIn lagt.rézm%ﬁmpm@éd CBMADahmsnsittei 24 &ndi8ceivéi26. -A 28N
i ncl udi ng traglc pil ot and mai nt enance signals are spread using respectlve

mxers 30" 308unsondhutla Bl BBl AL FRFLSHEERNT Bode AArateq 21

respectivel y m xer ut pu cou to a adds
the indjyvidual m S as a conbi ned Si 44, The c |ned Si gnal
215" nlflul ot BESCHIOFECTHSE SoeFatRAG EPeCakp PIBOcinE A58 A RPST
conbi ned signal 44 with an RF carrier,

signal for transmission. Upon receptxon, the data is reproduced after correlation with

the same pseudo random chip code sequence used to transmit the data. By using
different pseudo random chip code sequences, many data signals or subchannels can
share the same channel bandwidth. In particular, a base station 20, can communicate
15 with a group of subscriber units 22,, 22, ... 22, using the same bandwidth. Forward
link communications are from the base station 20, to the subscriber unit 22,, 22, ...
22,, and reverse link communications are from the subscriber unit 22,, 22, ... 22y to

the base station 20,.
For timing synchronization with a receiver 26, an unmodulated p;ilot signal
20 isused. The pilot signal allows respective receivers 26 to synchronize with a given
transmitter 24, allowing despreading of a traffic signal at the receiver 26. In a typical

CDMA system, each base station 20,, 20, ... 20, sends a unique global pilot signal



shown in Figure 3 as COS cat. The nodul ated signal is anplified to a
predeterm ned transm ssion power |evel (TLP) by an anplifier 38 and
- radi ated by an antenna 40. Mst CDVA systens use sone form of adaptive
power control. In a CDVA system nmany signals share the sanme bandw dt h.
When a subscriber unit 22" 227 ... 15 22N or base station 20" 20Z ... 20N
is receiving a specific signal, all the B8ther signals within the sane
bandwi dth are noise like in relation to the specific signal. Increasing the
power |evel ofeceined by Gillasubderibiendmits 22], 23, he22g ivgthin Somtiniunidating rangeT®
bandw dt h. However, reducing TLP too far results in undesirable SNRs at the
receivers 26. . lop 8] | ; I : I M SBHR EDMIA Gy S& ower
| evel , adaptivé powiez!ra 0 Cg#ﬁ?gﬂﬁsﬁﬁd?@%@%ﬁg!ﬂ’ FHy, a tbr ans:ﬁyft?ig??gﬁ Wil
send a signal to particu el ver 26. Upon receptian,.the SNR s
det er ni ned. T??@“H’Z?éﬁ‘ﬁ]i‘engdééhﬁ&ﬁgago% eagh subscaberopnit 22g\g2, -8 on
the conparison, a signal is sent in the reverse link to the transmtter 24,
ei t her i ncreasansmisr wigreeasigney piloh signalito spnehroniZdrieyerss likk transmaissibns. war d
channel power control. Conversely, power control fromthe subscriber unit
22, to she base st@piRB K@n ekSmpI@AFA pAdr 48 Hanshtel 1Y) Toita BIRNELK 28008 O . 5

Amplifiers 64" 642 ... 64n are used for adaptive power control 1In f:i"gure 3.
The anplifier.g 64", 647 649 a t i nputs, of. the canhi ner 34
(0" ndbvi dual T eliiits watfiey PpCHE GaMRisERc fgbdlf ol isten Bind PpSORR 70 5
show a sinplified illustration of three spread spectrum signals 42" 42z,

423 and a resHHREETR0Rrbi Hingvith Wtigue chip code seaignees ddo A24-0 33ngpspectvely.42z7
423 is spread with a different pseudo random chip code sequence, each
signal 42" 42EacK@ixers oatpuciarconpled tah cotabineh3pphich adds the itlieldubhhdixed

i ndi vi dual chips wthin the sequences are sunmed, the conbined signal may

have extrene ¢ j r i rqQi; i [y T\
transients 4%%&%@{‘%@6&&%?%&@??. %E EI&SER%‘, ?gl siﬁe‘ﬂtlggleoggrssmar @nrgglgi rabl e.

For VeoY 3 dtl?e&%gcl:(y hi}g)rbeyaas reﬂixér\@6crgixﬁnhgethe combined signal 44 with an RF carrier,
shown in Figure 3 as COS wt. The modulated signal is amplified to a predetermined
transmission power level (TLP) by an amplifier 38 and radiated by an antenna 40.

Most CDMA systems use some form of adaptive power control. Ina CDMA
system, many signals share the same bandwidth. When a subscriber unit 22,, 22, ...
15 22, or base station 20,, 20, ... 20 is receiving a specific signal, all the other signals
within the same bandwidth are noise like in relation to the specific signal. Increasing
the power level of one signal degrades all other signals within the same bandwidth.
However, reducing TLP too far results in undesirable SNRs at the receivers 26. To
maintain a desired SNR at the minimum transmission power level, adaptive power

20 control is used.
Typically, a transmitter 24 will send a signal to a particular receiver 26. Upon

reception, the SNR is determined. The determined SNR is compared to a desired



base anplification power in Watts is required. Not only does the transient
burden the anplifier, but the power sourcing the anplifier nust have a
. capacity greater than the maxi rumtransi ent that nay be expected. This is
particul arly undesirable in hand-held battery operated devices.
Additionally, to design for higher power |evels 20 resulting from high
transients, nore conplex anplifier circudtry is required or conprom ses
between anplifier gain, battery life and comrunication time result. Hi gh
val ued transi S8NRs Baseden theeompadisohi 25igld is senvinttheremense linkerthe aghsmittef it s
dynam c -5 range resulting in increased out-of band em ssions and reduced
anplifier effygi r@,&;‘? I4B&HeYsin SO iSRS £ Lve RF
transmtter sg‘g’teg?n&%{ cat a dc?ggses t%@ﬁ%ﬁéﬁé&éﬁ%%ﬁg&;ﬂﬁ ate fS\At ratg%gﬁ%tr/i or
art. 5 SUWARY OF THE ENTI The invention redyces transj.ent peaks in
o ghal's Lt ansPRYERPIAL CERTYCES HnAAVEBGIn EgR e SUbsaroar uis 2 0 B 0855 ead
spectrum data signals are conbined into a conbined signal having
fluctuating pstagon 2@\usknawn asspensel chapnelpawes contrdli nat i on of the data
signals. The conbined signal is nodulated to produce an 10 RF signal for

transni ssion. The AMBLAGR GAQWAL ..064, lCused Thi ARPtiGE PoREr dohtrdE ASFiglfe 3VEr a
sel ected tine period. The conbined signal power level is adaptively limted

BRY EF DESCR P HORTER O by e e B 4 eRinguon B PHENG S BOTY )

art CDVA system _F‘i&gure 2 is an illustration of a prior art CDVA
transnitter ahldivideaiy\controlgagh signal’s poverdedel.em bl ock di agram of a prior art

transmitter. Figure 4a is an illustration of a first pseudo random chip
code sequence. Fi ghigaréldaj dbadc ahd ddt shatv o sinpglifeedsilostratiop sefuttieeer sprekain chi p
code sequence. 20 Figure 4c is an illustration of a third pseudo random

chip code seqwﬁﬁm S £2, 2401 §2 3 dial resitahPddning sifht 440 MNiHAREh ehdp? code
sequences of Figures 4a - 4c.

10 signal 42,, 42,, 42, is spread with a different pseudo random chip code sequence,
each signal 42,, 42,, 42, is synchronous at the chipping rate. When the individual
chips within the sequences are summed, the combined signal may have extreme
transients 46, 48 where the chip energies combine or low transients 47 where they
subtract.

15 High transient peaks are undesirable. For every 3 dB peak increase, twice the
base amplification power in Watts is required. Not only does the transient burden
the amplifier, but the power sourcing the amplifier must have a capacity greater than
the maximum transient that may be expected. This is particularly undesirable in
hand-held battery operated devices. Additionally, to design for higher power levels

20 resulting from high transients, more complex amplifier circuitry is required or

compromises between amplifier gain, battery life and communication time result.

High valued transients force the amplifier 38 into the nonlinear region of its dynamic



-6 Figure 5 is a system bl ock diagram of an enbodi nent of the invention
with the power measurenent device coupled to the anplifier. Figure 6 is a
- system bl ock di agram of an alternate enbodi ment of the invention with the
power neasurenent device coupled to the nodulator. 5 Figure 7 is an
illustration of the probability distribution function of the power |evels
of a conbined signal. Figure 8 is a plot-&f the loss in the received signa
to noise ratio versus the clipping level. Figure 9 is a plot of the loss in

the received singeadsultingifintteab@l did-ofdasdiémiskionsldhdeedyepd Aaplifaaiffiéiengy. COVA
comuni cati on system usi ng adaptive power control. Figure 10 is a system

bl ock di agram | : QPR Ydabh j o)l i

pr ocessor conf\%g?ﬁhr%"ztﬁégggiﬁpﬁfﬁg?er gal rﬁiai}%@ﬁvﬁﬁﬁ%ﬂ(ﬁ IH@%Q&@E%D
EMBODI MENTS 15 The, preferred enpodi nents will be described with reference
to the drawi n&anghks@mwéeqwmﬂwmaﬂs represent |ike elenents

t hroughout. Figures 5 and 6 depict transmtter systens of the invention. A
group of data signals 28" 282 ... 28N that include traffic, pilot and

mai nt enance signals are mxed with different chip code sequences 32" 32~

.. 32N qand are summed toget REMMARY49F THIDINVENEIONS a conbi ned si gnal
44, The conbiner 34 is coupled to an adjustable signal Iimter 50 (clipper)

where signal power . r LoLt.e + (1 and - e P | evel s

in between +~i andﬂ-lqeié&lé:’?“el&ﬁlg?&]%lp gé%ab%%ﬁt lE?‘aﬁﬁecglnl1 rﬁgéngdﬂ' g%s%xﬁpgcfgni@m

nmodul ated up to RF by a m xer 36. The mpdul ajed signal is anplified by an
Bwe:\ftygg da

anplifier 38 COMAUGAHER BYSHMRRAAP SRIFaC,IPGCHruUm a6 c@nbined 0.
Figure 7 illustrates atypical probability distribution function of the
conbi ned into a combined signal having fluctuating power level corresponding to the

combination of the data signals. The combined signal is modulated to produce an
10 RF signal for transmission. The average power of the combined signal is measured
over a selected time period. The combined signal power level is adaptively limited

to a calculated power level based at least in part on the measured power.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Figure 1 is an illustration of a prior art CDMA system.
Figure 2 is an illustration of a prior art CDMA transmitter and receiver.
Figure 3 is a system block diagram of a prior art transmitter.
Figure 4a is an illustration of a first pseudo random chip code sequence.
Figure 4b is an illustration of a second pseudo random chip code sequence.
20 Figure 4c is an illustration of a third pseudo random chip code sequence.
Figure 4d is an illustration of the combined chip code sequences of Figures

4a - 4c,



signal power level. A conbined chip 46, 47, 48 as shown in Figure 4d wl|
have an 5 associ ated power |evel. The probability of a given conbined chip
. having a particular power level is shown in Figure 7. The two extrenme power
| evel s are +K and -K. As shown in Figure 7, the probability of a given
conbi ned chip having a power level of +tK or -Kis extrenely |ow. Wereas,
the probability of a conbined chip havi ngs-a power |evel in the mddle of
the two extrenes is high. Since a spread 10 spectrumsignal is spread

across a w de comMPppiugasiion systemlbiodk diagran bhar énbsdimehtof the RiveRidn witht hat a
conbined chip will have a power |evel at the ends of the distribution, the

conbi ned sign 4 I %nﬁ:?f' remes wth insignificant
| oss. The traﬁlgen?ﬁég?ﬁ%aggﬁe@&hg ] uggg’b@gg%gﬁl?ppl ntge ‘evels, ~3, to elimnate

the signal 1 S trapsients with onl smal | decrease in the transmttal
si gnal -t 0- noi se raf'lg8Te K 2 Sﬁtﬁ‘ﬁr%b%‘ r‘gag&%roiﬁﬁ ‘?[?qf%?é? egbodyne of the

rel ati onship between SNR and clipping levels for a system not using
adapt i ve powelnweotion giith tithpowermeashiement devide doupled smthednodwdatot.i ne depi ct
comuni cation channels with different operating SNRs. As shown in Figure 8,

for a ~35set at a plguPe7 RGnifisthatiod oﬁm@;l,rab@diﬁk%@ktﬁtﬁxioatﬂlmnbhﬁm'peev%ri n SNR

is 20 negligible and at a clipping |level of one standard deviati on the |oss
is only approxinately 2 dB. _g_ For a system using adaptive power
control, Fi guﬁeV (?Eijsacéj r"éeglrfl%}al‘SNR versus the clipping level. The results
are simlar to those obtained in a system not using adaptive power control.
As shown in Fi gur eFiureBtina plag of fisilags ip diceceived signal tey Aeise mtiscNarsisitheis, t he
loss in SNRis again negligible. Accordingly, the clipping circuitry 5is
appl i cabl e t ochHymihgheseliti|izi ng adapti ve power control and systens not

usi ng adaptive power control. Referring back to Figure 5 to determne Vii,

the invention USGSF%uP@W%aW%Pf&W@ﬁtin@%’ﬂe%véﬁsi?@ tEnBisO FRDS AR the The
power rmeasurenent device 52°is coupled to either tThe output of the RF

anpl i i Fd 38 %ﬁppslﬁg el i3 anBK&E cgmpnrumtcgtefonn}y)é%rm using adaptive power control.

Figure 10 is a system block diagram of an alternate embodiment of the

invention with the processor controlling the amplifier gain.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 The preferred embodiments will be described with reference to the drawing
figures where like numerals represent like elements throughout.
Figures 5 and 6 depict transmitter systems of the invention. A group of data
signals 28,, 28, ... 28, that include traffic, pilot and maintenance signals are mixed
with different chip code sequences 32,, 32, ... 32y and are summed together in a
20 combiner 34 as a combined signal 44. The combiner 34 is coupled to an adjustable
signal limiter 50 (clipper) where signal power levels are hard limited to + 3 and -8

dB. Power levels in between +f and -f are not affected. The limited signal 45 is



10 36 as shown in Figure 6. Preferably, the power neasurenent device 52
determ nes the average of the square of the magnitude of the transnmitted
-signal over a predetermned tinme period. The output of the preferred power
measur enent devi ce 52 approxi mates the variance of the m xed signal 49 or
the signal 51 being transmtted. Alternatively, the power neasurenent
device 52 determ nes an 15 approxi mati on.af the standard devi ation by

taki ng the average of the absolute value of the signal 49, 51 or the power
measur ement dgyi 2 at gni i I ; Lih the
processor det glmg%ite?gumﬁfrgfhem\%gggancgh%?dglg#ﬁ?gh g\%i%‘ﬁiﬁ!oﬁncg]b he out put
of the power neaspr nt deyice .52 is cqupled tq.a processor,54. 20 If the
power neasur eﬁ@ﬁﬁﬁﬁfgﬁe@é’ @?X?tWBmwrﬁ%‘Pekﬁ%d@a{ YoAteHe U i fier 38,
the processor 54 scales down the output of the power neasurenent device 52
by the gain of theFignpt7 iliueirates typicel prohabily distribatide functibmefthe trmipineper
clipping level for -9 (3. Depending on the desired SNR and bandw dth, the

val ue for ~ wiibhalp@wer IBWEL iAtdnkthed Eifip 86,217038 &5 sHOWh 3R Fitre 4& willBaRoner
measur enent devi ce 52 approxi mates the variance, the processor 54 will take

or ot orr o enbgtpaeh POyEAKY ATt BRe bivEn SAABRRL S B BL A Bibigur | 1°

certain situations, the processor 54 gverrides the determ ned _val ue of (3.
For i nst ance, PwerIgeelils sy in gures7.Jhe fue extrsmepoyserdevalpare ik and -Koz .

20N, a large increase in the nunber of users may result in (i being
tenporarily sAs shoenlimWigurei7s the probatekityl df a givemcambiaed chipl lavingcepower SNR.
As supplied to the processor 54 through 10 the line 60, the nunber of users

currently in EQRIBMIKRaELRNs Mt}éh%l?%\b.a%ééﬁ {he prhbil) 6f a-cont d Vshgi used

t
to either change (i or tenporarily disable the ¢lipper 50 to a I

ot obabi |1 1y ArOEH BEETSR AN FBA A0 Mabe 1P Ereme e s SIFE iR
nunber of users may result in an undesired received SNR.

10 spectrum signal is spread across a wide communication bandwidth and there is a low
probability that a combined chip will have a power level at the ends of the
distribution, the combined signal 44 can be clipped below these extremes with
insignificant loss.

The transmitter system adjusts the clippihg levels, B, to eliminate the signal

15 transients with only a small decrease in the transmittal signal-to-noise ratio (SNR).
Figure 8 is a graph illustrating the relationship between SNR and clipping levels for
a system not using adaptive power control. The solid line, dash line and dotted line
depict communication channels with different operating SNRs. As shown in Figure
8, for a B set at a clipping level of two standard deviations the loss in SNR is

20 negligible and at a clipping level of one standard deviation the loss is only

approximately 0.2 dB.



| S Accordingly, if only a few users were in communication with the base
station 20" 20Z ... 20N, the clipper 50 may be disabled. In addition, when
. there are only a small nunber of users active, the anplifier's dynamc
range is not reached. Accordingly, there is no need to clip the conbi ned
signal. Under other situations, it may be necessary to override the clipper
50. For instance, in sone CDMA systens sBort 20 codes are used during
initial power ranp up. Since these codes are not |ong enough to approximte

a random signal , ll%rsg%muﬁgﬂga&?deedswer&sﬁwltmgﬂr@isarg%hwsmve?éushi gh

transi ent peaks within the signa i ppi ng these transni ssi ons may -10

oramtca1 Ty SESERREINT, TRE R R RS SERRR Y TR BT 7L

processor 54 through the line 62 to override the clipper 50. In an

al t er nat e entnsi@ptivanovets sopiral nAsshaymdn Figureewith a sirping lexel afswastgndasgded 5 to
control the gain of the anplifier 38 through the |line 58. Stored in the
processor is defviation®)lthd loss ingSNR iscdpairaedptipibdd. | Accofdirgigthe iclipjihg gituitrys
adjusted to keep the anplifier fromgoing into the nonlinear operating

regi on. cAccor;di,ngtk: & B SEI ' f i,CeS i n
o i g T r o5 EERSbNY sfn MRl SSIRVR SRR MRT B B SEm bt i
descri bed ina@grt f%qnaki ng . detailed 10 reference to certain specific
enbodi nent s, #9gRYY TICONEOL 1t ended to be instructive rather that
restrictive. It will be appreciated by those skilled in the art that nmany
vari ations may be Refeteing baekeo FigureSuite daisemined $, dhe inyention uses\a powen
departing fromthe scope of the invention as disclosed in the teachings
her ei n. - 1Imedsuf®nient Aewi6e52 axitlia proeedsof $41 EThd sowér midasiifiefrieh@evidedSads S

enpl oying a CDVA techni que, conpnsirlg:

coupled to either the output of the RF amplifier 38 as shown in Figure 5 or the mixer
10 36 as shown in Figure 6. Preferably, the power measurement device 52 determines
the average of the square of the magnitude of the transmitted signal over a
predetermined time period. The output of the preferred power measurement device
52 approximates the variance of the mixed signal 49 or the signal 51 being
transmitted. Alternatively, the power measurement device 52 determines an
15 approximation of the standard deviation by taking the average of the absolute value
of the signal 49, 51 or the power measurement device 52 measures the magnitude of
the signal 49, 51 with the processor determining either the variance or standard

deviation.
The output of the power measurement device 52 is coupled to a processor 54.
20 If the power measurement device 52 is coupled to the output of the amplifier 38, the

processor 54 scales down the output of the power measurement device 52 by the gain

ofthe amplifier 38. The processor 54 determines the proper clipping level for



means for conbining a plurality of spread spectrumdata signals; neans for
measuring a characteristic of the output of said conbining neans for a
.given time period; and mews for adaptively limting an output of the
conbi ni ng neans responsive at |east partially to an output of said
measuring nmeans. 2. TheUE of claim11 further eousprising nmeans
fornmodnl ati ng the out put of said conbinisg nesas to produce an RF signal
wherr!| T said neasuring means neasures an out put of the nodul ati ng neans

over the givep, DEFé_hdﬂﬁgérmle desirBd SNICam bazkd®idth 2hé ValhOfSr B MIPBE & rivdtisle
anplifier for anplifying the RF signal, and wherein said neasuring neans

of ol arm 1w B8 N YraBR; 11 oM s S BhER UMT 2B Bimafes i

out put of said conbi ning neans, and wherein said adaptive Timting nesas
limts the ouvdsiance,dhe peogaser Sl taks, e square dootpfifhe devige's putpis s therat i on
of the vatiaacc. ~5. The UE of claim 1l wherein said neasuring neans

det G mi a, es astardaed dgpdatidn. dn slgpumefenetl esdiodingant, p fiwill badwoltmiesithe standhrd
adaptive limting means limts the output to a given power |evel based in
part onsthe aysiagg. of the square of said output, 6. The UE of claiml
wherei n said neasuring neans del :acm nes an average of an absol ute val ue of

sai d output; and -12 said adaptive limting neans ljmts said o ut to a
o ven pover | ovel 1BEtain SR b bracetedt 58 AarPa i delipbinegiatusitt & o
said output. The TJ> of claim1l wherein said nmeasuring neans determ nes

t he magai t t t dBorgnstangedifdhe wansmiderdSieasised ip hvéaﬁ@tlhaﬂgﬂ 30p+.asslarge neans
for deterarining a variance of said output based on the determ ned

nmagni t ude of FRiedsomithehumBerbobes fiaf résaltdn fdfig témpbiadilyt $ef odMKASTHié M t S
said output to a cal cul ated power |evol based in part on the determ ned
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20, ... 20, is used to either change  or temporarily disable the clipper 50 to allow
all signals to pass unaltered when appropriate.
Additionally, since the probability distribution function assumes a large
sample size, a small number of users may result in an undesired received SNR.
15 Accordingly, if only a few users were in communication with the base station 20,,
20, ... 20,, the clipper 50 may be disabled. In addition, when there are only a small
number of users active, the amplifier's dynamic range is not reached. Accordingly,
there is no need to clip the combined signal. Under other situations, it may be
necessary to override the clipper 50. For instance, in some CDMA systems short
20 codes are used during initial power ramp up. Since these codes are not long enough

to approximate a random signal, by chance one code may result in a large number of

high transient peaks within the signal. Clipping these transmissions may



9. The UE of claim8 wherein the cal cul ated power level is twi ce a5 groat
as a standard deviation. 10. The 1JIr of claim8 wherein the cal cul ated
. power level is at |east one standard deviation. 11. The UE of claim8
wherein said processing nesa disables said adaptive [imti~o neans whan a
nunber of active users reaches a giv~,n value. 12. The UE of claim$8
wherei n said processing noans disabl es sgjgd adaptive limting nmeans during
transm ssion of short codes. 13. The ITE of claim1 finmher conprising a
nmodul at or for J o] ' ' . Ak
anplifier for H%%&p%c?ly ﬁgrﬁg%ﬁgﬁgﬁ%wﬁ"gwgﬁ%ﬁ r(ri?!gg F@énlﬁm@g’ cgai d
measuring nmeans determ ni ng a power | evel of saigd output: wherein ai n of
S Al 1 or gy et b B sppaty Seadinet 6 1B i mEdpersrsd
cal cul ated power |evel and stored gain d~aracteristics of said anplifier.
14. A base st tirough thelint 62its avertidathesligperlS9. enpl oyi ng a CDVA t echni que,
conprising: noans for conbining a plurality of spread spectrum data
signets; neans forRakkmait@nibodiRém shown Figuref10! fepiesior S isaRbdsed |
conmbi ning nmeans for a given tinme period; and neans for adaptively limting

of oai 8 measuld SRy el o e Bpl AECH WrokEh e BN MRfeiiR i prbfestl 01 P

conprising neans for nodul ati ng the output of said_conbini ng nmeans to
produce an RFissthgamplifigngain chasagteristigasihe agplser gainis adjuaied 40 ksep phr o~
t he nodul ati ng neans over the given tinme period. 16. The base station of

cl ai m 15 furt haplifienforh gbing imto tleempintif¢az opératingrepionf Wicoordingty, Bit-ef-bamml , and
wherein said neasuring nmeans nmeasures an, output of the anpiifier o~rer the

given time peghddiond 4nd TG IRERE 18 b&Vicedintdjdthial Meddenth YaRddls $edudedzeasur i ag
means detera~incs a
Although the invention has been described in part by making detailed
10 reference to certain specific embodiments, such detail is intended to be instructive
rather that restrictive. It will be appreciated by those skilled in the art that many

variations may be made in the structure and mode of operation without departing

from the scope of the invention as disclosed in the teachings herein.



vari ance of the output of said conbining neans, and wherein said adaptive
limting neans |imts the output to a given power |evel based in part on an
. approbation of the variance. 18. The base station of claim 14 Werein said
measuri ng means determ nes an average of a square of said output, and
wheaein said adaptive limting neans |imts the output to a given power
| evel based in part on the average of the square of said output. -14 19.
The base station of claim 14 wherein-jgaid measuring neans determ nes an
average of an absolute value of said output; and said adaptive lim~ti~g
means liznits said output to a given power |evel based in pail on the
aver age qglgg@gsgzolute val ue of said output. 20. The base station of claim
14 wher ei asuring neans determ nes the nagnitude of said output,
sai d neasuring neans havi ng roceSS|ng neans for det rntnl var,i ance of
sai d out put 1based ayerega f I&-Aéﬁ‘ﬂ’-‘m ¥rein
sai d ada tIVB Ilnttlng nmeans Ilntts sai d output to a calculated power | evel
based f g5n the detezalined variance. 21. The base station of claim14

wherei n sai erm’ ning a

st andard de%‘%ggﬁféﬁgmggmwgﬁ d]% %I \}gg ot i ng nmeans limts
sai d out put Efas k eristizest t goﬂﬁmﬁ IrRdths Topad3r d
dovi at i on. E& The base st glld(?ﬁy%:‘t cl ai m%ﬁdv%hﬁge({!rrtka%mhe cal cu?ted pol\f\t/er

| evel | chvu]gepaggd;g@d as a standard deviation. 23 . The base station of
claim 21 wherein the calcul ated power level is at |east one standard

devi ati on. D=ans fmmlﬁmwmpumoﬁﬂmcmmmueppmmaﬁgman
di sables said %%;Ptlve ting peans when a nunber of active users reaches
a gi veﬁaméﬁ&& 0 aR-pUTPHt oI said mealuring MEABS- ¢l aj az . 21 ~hcreia 30id proeeseirg
means di sables s:vid adaptive limting nmeans dining transm ssion of short
codes. -15 26. The base station of claim 14 further conprising a

modul ator for nMoYY.AYE RS claim 1 further comprising means for modulating the output of said
combining means to produce an RF signal, wherein s2id measuring means mesasures an

output of the modulaling means over the given time period.

3. The UE of claim 2 further comprising an amplifier for amplifying the RF
signal, and wherein said measuring means measures an output of the amplificr over the given

time period.

4. The UE of claim 1 wherein said measuring means detexmines a variance of the
output of said combining means, and wherein said adaptive limiting means limits the output

to a given power level based in part on an approximation of the variance.

3. The UE of claim 1 wherein said measuring means determines an average of a
square‘ of said ourput, and wherein said adaptive limiting means limits the output to a given
power level based in part on the average of the square of said output,

6. The UE of claim 1 wherein said measuring means determines an average of an
absolute value of said output; and



" said output to praducc an RF signal and an araplif er for anplifying the RF
‘signal prior to transm ssions said neasuring neans deCen' nining a power

. level of said output; wherein a gain of said anplifier is adjusted by a

proces sing neans is response to the cal cul ated power |evel and stored gain

eharacterisli~s of said anplifies. .A2 .A9. Af;
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limiting means when a number of active users reaches a given value.

12. The UE of claim 8 wherein said processing means disables said adaptive

limiting means during transmission of short codes.

13.  The UE of claim 1 further comprising a modulator for modulating said output
to produce an RF signal and an amplifier for amplifying the RF signal prior to transmission,
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16.  The base station of claim 15 further comprising an amplifier for amplifying the

RF signal, and wherein said measuring means measures an output of the amplifier over the

given time period.

17.  The base station of claim 14 wherein said measuring means determines a
variance of the output of said combining means, and wherein said adaptive limiting mesns

limits the output to a given power level based in part on an approximation of the variance.

18.  The base station of claim 14 wherein said measuring means determines an
average of a square of said output, and wherein said adaptive limiting meaus limits the output
10 a given power level based in part on the average of the square of said output.
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average of an absolute value of said output; and

said adaptive limiting means lirnits said output to 2 given power level based in part

on the average of the absolute value of said output,

20.  The base station of claim 14 wherein said measuring means determines the
magnitude of said output, said measuring means having processing means for determining
avariance of said output based on the determined magnitude of said output; and wherein said
adaptive limiting means limits said output to a calculated power level based in part on the

determined variance.

21.  The base station of claim 14 wherein said measnring means has processing
means for determining a standard deviation of said output; and
said adaptive limiting means limits said output to a given power level based in part

on the determined standard deviation.

22.  The base station of claitn 21 wherein the calculated power level is twice as

greal as a standard deviation.

23.  Thebase station of claim 21 wherein the calculated power Icvel is at least one

standard deviation.

24.  The base station of claim 21 wherein said processing mean disables said

adaptve limiting means when a2 number of active users reaches a given value.

25. The Lase station of claim 2] wherein said proceccing means disables said

adaptive limiting means during transmission of short codes.
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