WO 01/ 17107 PCT/ US00123327 ADAPTI VE RF AVPLI FI ER PRELI M TER BACKGROUND OF
THE INVENTION Field of the Invention This invention generally relates to
spread s toghl.m].;ode division multiple 5 access (CDVA) pep;py&ingﬁgi on

syst ens. re particularly, the present invention relates 1o a system and-
met hod for adaptively limting forward and reverse link transm ssion power
wi thin CDMA communi cation systens. Description of the Prior Art 10 Wrel ess
comuni cation systens using spread spectrum nodul ati on techni ques )
represent the state of the art in digital comunications and are increasing

in popularity. Inc T ' g«i&sﬁ fpw systens, data is
transmtted using gﬁ\?\AA e bang\?‘m“gwi(@g?elg spe[é@ru by nodul ating the
data with a pseudo rand hi de_seque ...Ih dvant age gai ned is that
CDVA systens are nor e%(q'%bﬁgﬁﬁ QE%J&%?%N@Mi on and interfering
frequencies in the transm ssion channel than conmunication systens using

other nultiple access techniques such as tine division nultiple access
(TDVA) or frequency division nultiple access (FDMA). One indicator used to

measur e BN VRRREnCf @ communi cation system is the signal-to-noise
ratio (S*\'E}a At e?;e receiver, the magnitude of the desired 20 received

signal is conpared tq the magnitude of thg recei ved ngi se. Th .dfita Wit hin
WO 01/ 17107 pmpgg:ggge I Z relates to spread spectrum code division mu tlp e

5 access (CDMA) communication systems. More particularly, the present invention
relates to a system and method for adaptively limiting forward 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



a transmtted signal received with a high SNRis readily recovered at the
receiver. A low SNR | eads to | oss of data. A prior art CDVA conmuni cati on
systemis_shown in Figure 1. The conmunication system has asﬁl)uﬁ_rg; ity of
base statSh812¥1 202 ... 20N connected 5 together thrdSdi"AYB¢al Public
Swi t ched Tel ephone Network (PSTN) exchange. Each base station 20" 202...
20N comuni cates using spread specttum COVA with nobile and fixed
subscriber units 22" 222 ... 22N within its cellular area. Shown in Figure

2 is a gitknitarsigh) eééi@é@@iﬂxtﬂigﬁ’%mﬂ% e84y Y&oved af\thedRbéiver. gnal
having a given bandw dth is m xed wth a spreadi ng code generated by 10 a

pseudo rando | D.code se nce generator producing a digital spread
spectru g“ﬁﬁgﬁbkﬁﬂsﬁﬂ8ﬁ§ﬁﬁ@§?on. Upon reception, the data is reproduced
after correlation with the sane pseudo random chi p code sequence used to
transmit theAdgriar agy CIMAgcomimuhigation systsodis skaowmin FigpreddeThequences,
many data signals or subchannels can share the sane channel bandwi dth. In

parti culmmehibafih §istén Bls 2 blufity 60 BRI AR I, 20,1 1) 20, 0¢cBcel
subscri ber r?Jnilts 22%222. .. 22N ug ng the sane ’ggndvﬁ dt h. Forwgrd i nk

co ni gations.are.from base.st at i 0] th riber unit 22" 222
oo NG B P POuE SFiehel nBftoRone Nepttk R T ieBing! it 22

222 ... 22N to the base station 20,. For timng synchronization with a

r ecei verEazh basgstaiioro 2.0 204 commainipates using spread speptrunn EDRVIAGYitR | gnal

al l ows respective receivers 26 to synchronize with a given transmtter 24,

al | ow ngmékiteaRpikéDsibscriber ol 'mz,,aizgnaizNahitﬁiBQtsr&naiavafea_.Z6- I'n a typical
CDMA system each base station 20" 202 ... 20N sends a uni que gl obal pil ot

si gnal Shown in Figure 2 is a simplified CDMA transmitter 24 and receiver 26. A

data signal having a given bandwidth is mixed with a spreading code generated by
10 a pseudo random chip code sequence generator producing a digital spread spectrum
signal for transmission. Upon reception, 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, ... 22 to

the base station 20,.
For timing synchronization with a receiver 26, an unmodulated pilot 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. Inatypical

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



WO 01/17107 PCT/ US00/ 23327 -3 received by all subscriber units 22" 222 ...
22N wi thin conmuni cating range to synchronize forward |ink transm ssions.

Conver sel in_some CDVA systens for exanple in the B- L[..interface
each SUbS%’h%’é?lozjnlt 22" 222 ... 22N transmits a uni quec%@ggﬂﬂ &’ pi | ot
signal to synchronize reverse link transmssions. 5 Figure 3 is an exanple

of a prior art transmtter 24. Data.gsignals 28" 282 ... 28N including
traffic, pilot and naintenance signals are spread using respect i ve mxers,
30" 302recelv%9'\i3})’"hil|‘bdl§§éﬁlﬂ§ Ui 225 08E, SeIplenRiim SsmmdAiktating r

respectively. “Each m xers' out put i’ coupl ed to a conbi ner V\:hl ch adds
the indivi

ual. m.xed nal s_as. h ned si gnal
aa”1 s movRTERae freed Pt iRt CABY Sy e COMA 53%8’%5’3%9 he
conbi ned signal 44 with an RF carrier, shown |n Figure as COS wt. The
modul at edamplgnin thes BaGDMATS @i interfysecenshesubseriher umfaﬁam%u erthover | evel
(TLP) by an anplifier 38 and radiated by an antenna 40. Myst CDVA systems

use SOMBrahGhits an?qiﬁ%klﬁﬁecs\ﬁﬂ‘&rmgﬁmd $Ynchriofizé reddyle lisly Ghesmissivny, Si gnal s
share the sane bandw dt en

subscri ber unit 22" 222 ... 15 22N or
base station receivi Ci t he ot her
Snal S Wit hi Fg‘[rﬁép@zﬂ}gx %ffﬂm’%i gﬂg’%‘znﬁﬁae Ijldrt]§§1§191?| o tb t he
speC| fic signal. Increasing the power |evel of one signal degrades all

ot her s |2@nansludmgﬂrafﬁch pilobaed mairignanch signaliergcspreadedting FFPTEIVE 00 f ar
results in undesirable SNRs at the receivers 26. To maintain a desired SNR
at the hixerg8o, 302 0530,5witR inigQ¥Etip cbdedequéritzp B2\ 82 Q0B resplctivelyy ol i s

used.
Each mixers' output is coupled to a combiner 34 which adds the individual mixed
signals as a combined signal 44. The combined signal 44 is modulated up to radio
10 frequency (RF) by a mixer 36 mixing the 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 signais share the same bandwidth. When a subscriber unit 22,, 22, ...
15 22, or base station 20,, 20, ... 20y, 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




Typically, a transmtter 24 will send a signal to a particular receiver 26.

Upon reception, the SNR is determ ned. The determned SNR i s conpared to a
desired 07 PCT/ USOQ 23327 -4 SNR. Based on the

signal is ggﬁé%z% the reverse link to the transmtter EE%&E@&;@&P
i ncreasing or decreasing transmt power. This is known as forward channel
power control. Conversely, power confrol fromthe subscriber unit 22, to
the base station 20, is known as reverse channel ~power control. 5

Anpl i fi GNR. B¥ased 6fZhe comﬁihsoﬂr @mgﬁﬂ% §att irrgRRéVerS IRINVPBhERMsMiittet N Fi gure
3. The amplifiers 64" 642 " are coupled to the inputs of the

conbi ne Lndivid aII cont each SmAQYe | gure 4a,
2o, ac. Kbt inshnd of Btera Rt TS koo 38 M ifenn L 7
signals 42" 422, 423 and a resultant conbi ned si aI 44. Al t hough each 10
si gnal pqwemmtralzglqnyeeplyeaww eantzol diromt ghecsubs goit22ntotbedabp code
sequence, each signal 42" 422, 423 is synchronous at the chipping rate.
Wien t hetatigsl2e) ﬁu&ﬂowrpdyresefse&madﬁetb&vmmﬁes are sunmed, the conbined
S|gnal may have extreme transients 46, 48 where the chip energi es conbine

| ow t ransi,ent r u 15 H| h tr ks are
ur?de5| rabl e. AI'—;?}?IS% 9%34 %‘gaﬁ{e ?ffré’éggapqw E:% i 8@2@'&#&??’1‘ I cation
power in Watts is required. Not only does the transient burden the
anpl i f i dhe amplifiere Gdoned, obt.caragounledaepthicfinputs mfsthe sombinerc3hiei t y
greater than the maxi numtransient that may be expected. This is
par ti culimdividuey e6htreldath signal’s power level.

,ﬁ
-U

Figure 4a, 4b, 4c and 4d show a simplified illustration of three spread
spectrum signals 42,, 42,, 42; and a resultant combined signal 44. Although each

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



hand- hel d battery operated devices. Additionally, to design for higher
power levels 20 resulting fromhigh transients, nore conplex anplifier
circuit ry“josm;l(;ﬁl,ui red or conprom ses between anplifier gatfsoo@aikery life
and comrunication time result. High valued transients force the anplifier-
38 into the nonlinear region of its dynam c WO 01/17107 PCT/USOQ 23327 -5
range resulting in increased out-of-3and eni ssions and reduced anplifier
efficiency. Accordingly, there exists a need for an adaptive RF
transm trigge restdtinginihatased dutef-band erhissipnsiridneducedamplifies affivieneyt he pri or
art. 5 SUMVARY OF THE | NVENTI ON The invention reduces transient peaks in
signal s Asgaftﬁﬂglpt G‘g’fd é%imedqamﬂuahﬁménpnwﬁhﬁu@?s&mm addresseof spread
ata

spectrum gnal's are conbined Tnto a conbined signal having

fluctuatjn wer | eve] .carresponding to the conbination of the data

si gnal s.ti‘el'g@%i%'ﬂ%?ﬁ?@ﬂagpdﬂg}&\eé’% tated to produce an 10 RF signal for
transm ssion. The average power of the conbined signal is neasured over a
selected time period. The conbined signal power level is adaptively limted
to a cal cul ated power |evel based at |least in part on the nmeasured power.

BREEF DESCRI PTI ON OF THSURBMIMREOF THEINMVENTION an illustration of a
prior art CDMA system Figure 2 is an illustration of a prior art CDVA

transmtter d recej.ver [ QUL ' sl a prior

art transm t?@l’e. "?—’lcﬁtlﬁ?% r;%;c:e:és%éﬁqglleﬁﬁ hgﬁlﬁgaﬁ?}gﬁ% qgﬁ%#lrl%@ggg?o random chi p

code sequence. ) ional bined
communication systems. A plurality of spread spectrum data signals are combine

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.




Figure 4b is an illustration of a second pseudo random chi p code sequence.
20 Figure 4c is an illustration of a third pseudo random chi p code
sequence. wo @iA7g74d is an illustration of the conbined chj Qﬂﬁ Sgduences
of Figures 4a - 4c. WD 01/17107 PCT/ US00/ 23327 -6 Figure IS a system

bl ock di agram of an enbodi rent of the invention with the power neasurenent
device coupled to the anplifier. Fi géfe 6 is a system bl ock di agram of an
alternate enbodi nent of the invention with the power neasurenent device
coupl ed to tHagureld isa systers blicldizgrami of aarembddimentadfitheinviehtion prithbabi | ity
di stribution function ofthe power |evels of a conbined signal. Figure 8 is

a Pl ot ahe piet asirBmelPdOASEtMELIAThmpAriBR! Se Tati o versus the

clipping level. Figure 9 is a plot of 0SS in the received signal to

1si ng adapti VOEREE.S: p gl bRBk Heerrbor en At srmoketh abtin o on

al ternate enbodi nent of the invention with the processor cont roI ling the
anpl i f i enveption withiteopewan rapasoreme derics EREEE EMBEIhOENESr.15 The preferred
enbodi ments will be described with reference to the drawing figures where

|1Be numer al SFigaps PRAASIitkioRbPIRBrSbab tguga%ﬂno hitidhdridnd dep! ot

transmtter systens of the invention. group o
levels of a combined signal.

Figure 8 is a plot of the loss in the received signal to noise ratio versus the
clipping level.
Figure 9 is a plot of the loss in the received signal to noise ratio versus the
10 clipping level in a CDMA communication system 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, ... 32 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 + p and -B

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



signals 281, 282... 28N that include traffic, pilot and mai ntenance signals
are mxed wth different chip code sequences 32" 322... 32N and are sunmed

together in a 20 conbiner 34 as a conbi ned signal 44. Th i 34 is
coupl ed t WOM128f ustable signal limter 50 (clipper) mg?@%g%?g’ power

| evels are hard limted to + (3 and -1 dB. Power levels in between +(3 and
-(3 are not affected. The limted sipgnal 45 is WO 01/17107 PCT/ USQQ 23327
-7 nodul ated up to RF by a mixer 36. The nodul ated signal is anplified by .

an  anplgshfistedig & RFPbYdohbicri 3620 TREWRGdUISKA! i@ i¢ agiptified Byyamnt enna 40.
Figure 7 1llustrates a typical probability distribution function of the

conbi ned ign ower,.level .. A conbi ned .chk. shown in Figure
4d wil | %ﬁéﬂ‘sﬁbt aﬁgq)eé?rgpg%d B%W%Y%\?@Fraqlﬁ%é%y%g%ﬁF? y of a given

conbi ned chip having a particular power |evel is shown in Figure 7. The two
extreme poweFigured lustraesadypical prabability distritmtiomfupctien of the camlingd obabi 1 ity
of a given conbined chip having a power |level of +K or -Kis extrenely

low. Wh fﬁﬁ%ﬁg Po&vbﬁeﬂél@ bebbhbinkd Shipales 47588 Ehewh h Figavé 4@ wall havedn | evel in

the md the two extrenes iS high. Since a spread 10 spectrum signal

I s_spread across a wd nuRi i bandw _dt. | S w

pr 8babi |4S§?F1?tﬁ§i’°‘é{eﬂ8 rﬁﬁﬁp@ﬁﬁﬁ% ﬁc’)‘ina %\‘é%égé‘%d@%@ér]‘qﬁ’ fé“t\}gﬂqg %*’a?lﬁ%lk‘gnds of the
distribution, the conbined signal 44 can be clipped bel ow these_ extrenes
with i neoveerileveldsshows in Figwee (7; Jrhertwor extremepawar deyelsars wikangd rKopi ng

| evels, (3, to elimnate the signal 15 transients with only a small

decr easepk BhéWR ih 'MEEE 1,1tBE pFobability bfapdveiecombined ChibMaving a power

level of +K or -K is extremely low. Whereas, the probability of a combined chip

having a power level in the middle of the two extremes is high. Since a spread

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 clipping 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. Asshownin Figure

8, for a P 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.




Figure 8 is a graph illustrating the relationship between SNR and cli ppi ng
| evels for a systemnot using adaptive power control. The solid |Iine, dash
line and dotted line depict comrunication channels with _different
oper ati ngWSEM%s shown in Figure 8, for a | set at a CEFSPUY*%evel of
two standard deviations the loss in SNRis 20 negligible and at a clipping
| evel of one standard deviation the.goss is only approximately 0.2 dB. WO
01/17107 PCTIUSOQ 23327 -8.For a system using adaptive power control,
Figure 9 is ®ofh %rﬁhsiﬁ%‘&déﬁ{\&%wew&tfdu Piguf9 is%‘é@h;?h JfBNRSRHukS are

i ap

simlar to those ‘obtaine n a systemnot using a I ve power control. As

shown in, Fi gur.e | a_clippi Aevel, oftwo.standard. deviatiaons, the
oss i n tasefipite deyel! s gt Shulel SG o bRl BT bliter B0 Bk Ty 5
applicable to systens utilizing adaptive power control and systens not

usi ng adaptivarovseentreb fsshownie Figure 9gwithelclippingileyel ef tyvo standasd er ri ne 0,
the invention uses a power neasurenent device 52 and a processor 54. The
pover neRSiHtRAE, the ey i SNRZisiagaianﬁgﬁgmie.tAcﬁirﬂﬁh%gr, teclippietiralitrpe RF

anplifier 38 as shown in Figure 5 or the m xer 36 as shown in Figure 6.

Prefera . n | ' ge of the

cctar e of PRI Sy BRE R otk Kone? STl M b BOEUERRYT he

time period., The output of the preferred power neasurenent device 52

appr oxi rgdaptive pewereontisde of the mi xed signal 49 or the signal 51 being

transmtted. Alternatively, the power neasurenent device 52 determ nes an
Referring back to Figure 5, to determine J, the invention uses a power

measurement device 52 and a processor 54. The power measurement device 52 is

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 Ifthe 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



15 approxi mati on of the standard deviation by taking the average of the
absolute value ofthe signal 49, 51 or the power neasurenent device 52
nmeasur es itude of the signal 49, 51 with the pr et er m ni ng
ei t her thgn€§$?gﬁce or standard deviation. The out put o%gﬁﬁéa%ﬁ Hr

measur enent device 52 is coupled to a processor 54. 20 Ifthe powe

nmeasur enment device 52 is coupled to-phe output ofthe anplifier 38, the
processor 54 scal es down the output of the power neasurenment device 52 by
the gai rp. Dépdidirgon theidesiredBSNRhRdbafewidils) thEvaldefoR Brinile be h Rfuliplerer
clipping level for WO 01/17107 PGT/US00/ 23327 -9 E . Depending on the

desired | , f Al nul ti.pl f the

st andar ev?{e;{l P%?n&%\%ﬂioﬁe %(@?m%ﬁ&bngg ﬁ%@ﬁ%ﬂ%ﬂtég‘\ﬁgﬁ@p&%&?%s fes the
vari ance, the processor 54 wil|l take the square root of the device's output
as the erianemrthe peecessarcyd. wilhtakedhe squase reet ofithe devien’s ouputiasithee t wo
tinmes the standard 5 deviation. In certain situations, the processor 54
over ri desaridagd dediation. iacthy ptaferréd erhBodintett, BWilld8ewo tintestthestanddranm tter 25
was used in a base station 20" 202... 20N, a large increase in the nunber
ofsusersd -ogjgsult in (3 being tenporarily set too low. This wll result
I n"an undeSirabl e received SNR. As supplied to the processor 54 through 10
the line 60, the nunher .of users currently in comrunication with the base
station 20" Ingrtain sitigtions, the progesser 24 oy@ridenthe sletermingd vadugyeh i | y

di sable the clipper 50 to allow all signals to pass unaltered when

appr opr i Bérdinstance, if the transmitter 25 was used in a base station 20, 20, ... 20, a large

increase in the number of users may result in  being temporarily set too low. This

will result in an undesirable received SNR. As supplied to the processor 54 through

10 the line 60, the number of users currently in communication with the base station 20,,
20, ... 20,, is used to either change P 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, ... 20y, 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



Additionally, since the probability distribution function assunes a |arge
sanple size, a small nunber of users may result in an undesired received
SNR. 15 cordingly, if only a few users were in communicatijon wih the
base st at i%g%(ﬁé‘gio? 202 ... 20N, the clipper 50 may be di sa%cf'}é{fs.oo’lz#zzddi tion,
when there are only a small nunber of users active, the anplifier's
dynam c range is not reached. Accordiqagly, there is no need to clip the
conbi ned signal. Under other situations, it may be necessary to override

t he cli pitgmafiCally-@écrédss thé fkeived SNRRnEiMAesesSirRyeRyctht inifiaFpewer ar e used
during initial power ranp up. Since these codes are not |ong enough to

appr oxi mat e randQom si | hance .one ¢ result | ar ge
ninber . gDy RRIEAeT df sse, BtoaFiORNasiBRE T e bt b B8 pragefiel o4

transm ssi ons rra¥ WO 01/17107 PCT/US00/ 23327 -10 dramatically decrease the
recei vedhenghihe ling 82 de oxverridetheielipnerSfe initial power ranp up procedure.
In these situations, a signal will be sent to the processor 54 through the

line 62 to oViafahiateriafeeribodinrht Shdwnlifi rel10ethe prGcesst GdiigERd usddown in
Figure 10, the processor 54 is also use 5 to control the gain of the

amplifier 38 . through | i ng.58. red dn.theep esso is the anplifier
gg‘lg n cha acc%’gpr g{el %m #ﬁ@emﬁpﬁré&?%&u ﬂidée lér&? g%t §§§?‘i' %‘Sé"%ﬁsmanm ifier
fromgoing into the nonlinear operating region. Accordingly, out-of-band
eni ssi onis hacrmplifierf gaie characteristie.y i Thesamplifiey saini is pdjysteditnkgemtheds i s
reduced. Although the invention has been described in part by naking

det ai | edamplfiercfremeoags it the hbalincas pperafihGregit Admrdifiglysowrofieindi | 1S

intended to be instructive
emissions and interference to services in adjoining frequency bands is reduced.
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.



rather that restrictive. It will be appreciated by those skilled in the art
that many variations may be nade in the structure and node of operation

wi t hout departin fromthe scope of the invention as disclosed in the

t eachi ngs N&PEIRY o 01/ 17107 PCT/ US00/ 23327 -11 CLAI M5 PCIUSBORZhsnitter
for use in a CDVA communi cation systemstation, the transmtter
conprising: means for conbining a plyrality of spread spectrum data signals
into a combined signal having a fluctuating power |evel corresponding to
the 5 conbination of the data siggapggsneans for nodul ating the conbined
signal to produce an RF signal for transm ssion; neans for measuring

aver age power, of 2¥ conbj ned signal.quer a selected tine period;, and 10
neans for adaptiv gfaP’?"H egﬁgqsg e&{ﬁh@&ggm&w&pﬂ%ﬁemét O R cul at ed
power |evel based at |east in part on said neasured power. 2. The

t r ansni t ransmyftex¢ompnisingther ei n sai d neasuri ng neans nmeasures an aver age
power of the RF signal over the selected tine period. 3. The transmtter of

claim further corhédnsifofcebiaiip 4 plufility 6f sprédiPspeimOddid sightals ghtenal pri or
to transm ssion; wherein said neasuring nmeans rmneasures an average power of

the anpl Lféo%ibiggd Séi&ﬂﬁ' h&yiﬁé ihﬁu&ﬂtﬁl%t %gwtel" rfgvaefzti)ggs'ponding to the

5 combination of the data signals;

-

means for modulating the combined signal to produce an RF signal for
transmission;
means for measuring average power of the combined signal over a
selected time period; and
10 means for adaptively limiting the combined signal power to a

calculated power level based at least in part on said measured power.

2. The transmitter of claim 1 wherein said measuring means measures an

average power of the RF signal over the selected time period.
3. The transmitter of claim1 further comprising an amplifier for
amplifying the RF signal prior to transmission; wherein said measuring means

measures an average power of the amplified RF signal over the selected time period.

4, The transmitter of claim 1 wherein said measuring means determines

L



4. The transmtter of claim1l wherein said neasuring neans determ nes
pidbiijitiig rrerr rrrer 1 1rls W 01/17107 PCT/ US00/ 23327 -12 a vari ance
of the co}%’i nSd signal power wherein said adaptively limting means limts
t he conbi ool'mﬁal power to the cal cul ated power |evel BEd °?’?F'sf)7art on
the approximation of the variance. 5. The transmtter of claiml wherein
sai d neasuring neans determ nes an.ijaverage of a square of the conbined
signal power; wherein said adaptively limting neans limts the conbi ned
si gnal ROYR{ante of ik é&hﬁﬁﬂeétsﬂéhal)?&%r WhéRlin Qﬁﬁ%&apﬁfbl?‘lﬁﬁitiﬁ@ thédhsaver age of
the square. 6. The transmtter of claiml| wherein said neasuring nmeans

determ nes.,. an average .of .an absol ute val ue of t.he.conbi.ned signal power;
wher i n 15y 8 (HRHRGEsiEnal By RoHcalc e puen v BB MEwSrElE) Pover o
the cal cul ated power |evel based in part on the average of the absolute
val ue. Appnoxémetien ofifhevariagee.cl ai m | wherei n sai d measuring neans

determ nes a magnitude of the conbi ned signal power and said neasuring
means having processing nmeans for determ ning a variance ofthe conbi ned

si gnal power based on the determ ned nagnitude; wherein said adaptively
limting neans |i g £ e | : -at ed power

| evel based |r5rs1 pamﬁe%&l[g%éé%?t?g? %Bﬁlg‘gﬁélggﬁaé%@e@sgufh%l rh?ﬁs(ﬂ%{eﬂﬂlﬁ’és
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an average of a square of the combined signal power; wherein said adaptively

limiting means limits the combined signal power to the calculated power level based

in part on the average of the square.

6. The transmitter of claim 1 wherein said measuring means determines
an average of an absolute value of the combined signal power; wherein said
adaptively limiting means limits the combined signal power to the calculated power

level based in part on the average of the absolute value.

7. The transmitter of claim 1 wherein said measuring means determines

a magnitude of the combined signal power and said measuring means having
processing means for determining a variance of the combined signal power based on

the determined magnitude; wherein said adaptively limiting means limits the

5 combined signal power to the calculated power level based in part on the determined

variance.



C L WO 01/17107 PCT/US00/ 23327 -13 8. The transmtter of claim1l wherein
sai d neasuring neans having processing neans for determni ng a standard
devi ation of the conbined signal power and said adaptivel ing nmeans
limts thWOMAMO%ed signal power to the calcul ated poweF C¥@§@(’3?§sed in
part on the determ ned standard deviation. 9. The transmitter of claim8
wherein the cal cul ated power |evel jjs.two of the determ ned standard

devi ations. 10. The transnmitter of claim8 wherein the cal cul ated power

level is theg det ?thﬁﬁﬁnﬁfeﬁﬂf‘gl&ﬂn‘i%&&m%ﬁld riaéasuilihg xﬁéaﬁgﬁa%ger ofclaimg

wher ein sald processi ng neans di sables said adapt ively limting rreans in

response to g nunber of active user 2 The t.rans t

wher ei n P§%ﬁeﬂ51B3 H@é@%ﬁ%&f’tﬁ%’ %msa& Vigtipn of “Sffﬁlﬂﬁflﬁg\% rreans
during transm ssion of short codes 13. The transmtter of claim8 further
conpri siand said adepiivelprlititing mepns flimity ther sombingdgsignal pewer & the ansni ssi on
and processing neans for determning the cal cul ated power |evel; wherein a
gain of c%ﬁ!u‘l’at@d@bﬂv&ﬂl%{'ellb‘hsédii ¢ defirfindd StARRasd deviadoms i n response to
t he cal cul ated power |evel and stored gain characteristics of said
amplifier. s WO 01/17107 PCT/ USQO/ 23327

0. The transmitter of claim 8 wherein the calculated power level is two

of the determined standard deviations.

10.  The transmitter of claim 8 wherein the calculated power level is the

determined standard deviation.

11. Thetransmitter of claim 8 wherein said processing means disables said

adaptively limiting means in response to a number of active users.

12.  Thetransmitter of claim 8 wherein said processing means disables said

adaptively limiting means during transmission of short codes.

13.  The transmitter of claim 8 further comprising an amplifier for
amplifying the RF signal prior to transmission and processing means for determining
the calculated power level; wherein a gain of said amplifier is adjusted by said
processing means in response to the calculated power level and stored gain

characteristics of said amplifier.
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-14 14. A nethod for transm ssion in a CDMA communi cation system the

nmet hod conprising: conbining a plurality of spread spectrum data signals
into ac J signal having a fluctuating power | evel nding to
the corrbioir?gto?gﬂw(’)f the data 5 signals; nodulating the cgﬁﬁﬁgﬁﬁ%}gnal to
produce an RF signal; measuring average power of the conbined signal over a
selected tinme period; adaptively l-l4dated the conbined signal power to a
cal cul ated power 10 |evel based at |east in part on said neasured power,
and transni t 14ng Ahnethbd fogmaismissién inhE€DMEAREAEmichdybteniiBe €i N t he
measuring is of an average power of the RF signal over a selected tine
peri od. rri'e@l‘nodﬁ:’kﬁnﬁﬁéiﬂ;?:d of claim14 further conprising anplifying the RF
signal prior to transmssion; wherein the neasuring is of an average power
of the anplified RF signal, oyer the selected tinme period. 17. The nethod
of claim 14 wher e??f“PWé‘g%%Plb‘Eﬁ\i’Q( Qtspﬁﬁﬂﬂépe?%“fﬁﬁ@élwlsdqufﬁméd of the
conbi ned signal. WO 01/17107 PCT/1JS00/ 23327 -15 18. The nethod of claim
14 wher eigna?hwimga Buctnating poverievel cirasspdnding tethe cdmbihatieniofithealat:df t he
conbi ned signal .

5 signals;

modulating the combined signal to produce an RF signal;

measuring average power of the combined signal over a selected time
perioq;

adaptively limited the combined signal power to a calculated power

10 level based at least in part on said measured power; and transmitting the RF signal.

15.  The method of claim 14 wherein the measuring is of an average power

of the RF signal over a selected time period.

16.  The method of claim 14 further comprising amplifying the RF signal
prior to transmission; wherein the measuring is of an average power of the amplified

RF signal over the selected time period.

17.  The method of claim 14 wherein the calculated power is based on a

variance of the combined signal.



19. The nmethod of claim 18 wherein the cal cul ated power is one of the
standard devi ations. 20. The nmethod of claim 18 wherein the cal cul ated
power is two of the standard deviations. 21. The nethod of claim14
wherein t P WY of adaptively linmting is not perfornedTPSP¥EEIhse to a.
nunber of active users. 22. The nethod of claim 14 wherein the step of
adaptively limting is not perforngdg.in response a transm ssion of short
codes. 23. The nmethod of claim 14 further conprising: anplifying by an

anplifier thqgRF SiLgRadth&Y oficldmh 'T4fvﬂfé§-éiﬁtlﬂgéa¢!éulkt€dp bwePisBaséd &R and
adjusting the gain factor in response to the cal culated power |evel and

stor e QgL B AR S! bs GonBind P! 111 €
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19. The method of claim 18 wherein the calculated power is one of the

standard deviations.

20. The method of claim 18 wherein the calculated power is two of the

standard deviations.

21.  The method of claim 14 wherein the step of adaptively limiting is not

performed in response to a number of active users.

22.  The method of claim 14 wherein the step of adaptively limiting is not

performed in response a transmission of short codes.

23.  The method of claim 14 further comprising:
amplifying by an amplifier the RF signal by a gain factor prior to
transmission; and
| adjusting the gain factor in response to the calculated power level and

stored gain characteristics of the amplifier.



