3 09 REB 2004 ADAPTI VE RF AMPLI FI ER PRELI M TER BACKGROUND OF THE | NVENTI ON
Fi*eld of the Invention This invention generally relates to spread spectrum
code division-multiple 5 access (CDVA) comunication systens. Mre
particularly, the present invention relates to a systemand nethod for
adaptively limting forward and reverse link transm ssi ond]o wer within

CDVA conmuni cati on systens. Description of the Prior Art 1 EB.2086 s
comuni cation systens using spread spectrum nodul ati on techni ques
represent the state of the art in digital conmunications and are increasing

in popularity. In code division rrultl Ie access ])5 systens, data is
transmitted using a‘XWI%EdﬁFd%MR L&]MH By nodul ating the

data with a pseudo random chip code sequence The advant age gained is that
CDVA systens are nor eﬁ&cmmggﬁi @stﬁﬁ Non and interfering
frequencies in the transm ssion channel an corrrrunl catlon systens using
other nultiple access techniques such as tine division nultiple access
(TDVA) or frequency division nultiple access (FDMA). One indicator used to
measure the performance of a communication system is the signal-to-noise
rati o (HNR-ofAhell ‘%eﬁﬁ‘é I ver, the magnitude of the desired 20 received
tot

signal 1s conpare e magni t ude of the received noise. The data within
7

This invention generaliy relates to spread spectrum code division multiple
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 meodulation
techniques represent the state of the art in digital communications and are increasing
in populanty. 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



-2 09 FEB2004 atransnmtted signal received with a high SNRis
raeadil’'y recovered at the receiver. A low SNR |eads to |oss of data. A .
prior art CDMA comunication systemis shown in Figure 1. The

comuni cati on systemhas a plurality of base stations 20" 202 ... 20N
connected 5 together through a local Public Sw tched Tel ephone Networ k
(PSTN) exchange. Each base station 20Q,, 202... 20N comuni 88tf8 2¥i ng
spread spectrum CDVA with nobile an 'fixed subscri ber units 22,, 222 ...
22N within its cellular area.. Shown in gure 2 is a sinplified CDVA

¢ r ansn? fRegsmstied agnab seseied wigh mgbaSI&Rslﬁgﬁ@dﬂshaﬁmﬁsreal Yithemeeeiveni dth is

m xed with a spreading code generated by 10 a pseudo random chip code

sequenae]ose BRIR ks R6 dstd@fatR di gi tal spread spectrum signal for
transm ssion. Upon reception, the data is reproduced after correlation with

t he sane pseudo randeﬁachl p code sequence used to transnit the data. By
usi ng dif f é¥ @Rtor MA ffaRmuRiGaliend sy steguisnshasvn dabiguseal si dhel s or
subchannel s can share t he sane channel bandwi dth. In particular, a base

st at i 0BoRPaurfidaticiP SY3BinCidsCa ila%uem@ off b35e epdt%s%mszo | benourébhae&%d 222

22N usi ng the sane bandw'dth. “Forward | n dmmuhicatfons are fromthe
base station 20, to the subscri ber unit 22" 22N, and reverse |ink

Somuntegatherhrangh adeealiBublic pwatchee T whonzzNemk (PSTI¥Nexehangse base

station 20,. For timng synchronization with a receiver 26, an unnodul at ed
pi | ot Eaﬁﬁ%se 8tiba 203 Q@-z...Tf'lPN éﬁrhﬂiun%zﬁé‘.@ﬁsiﬂé %ﬁx‘@d%ﬁé&ﬁ%'@ﬁl\‘[ﬁc\%itﬁers 26

to synchroni ze with a' gi ven
mobile and fixed subscriber units 22,, 22, ... 22 within its cellular area.
Shown in Figure 2 1s 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 is used. 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



transmitter 24, allow ng despreading of a traffic signal at the receiver

26. In a typical CDVA system each base station 20" 202 ... 20N sends a
uni que global pilot signal -3 09 FEB 2004 received by all subscriber units
22" 222 ... 22N within communicating range to synchronize forward |ink
transm ssions. Conversely, in sonme CDVA systens for exanple.in the
B-COMA[err] air interface each subscrjy.ber unit 22" 222 ... %2 W ansnits a

uni que assigned pilot signal to synchronize reverse link transm ssions. 5

Fi gure |: e | trgpsmtier 24. Data.signals, 28" 282
. Zéﬁlc%l‘?\%@%’i %gr%&bg?ﬁ%@u'glﬁ g? "Zin%ll 'r’r’a?%&‘ ervﬁl;lhgec%mwlgﬁmgﬁ%ce% usi ng
respective mxers 30" 302 ... 30N with unique chip code sequences 32, 322

3219ynelropezet forviagd linkdcansmizsioss. Gonpotselys incopiee@DM Aasyxvems for 34
whi ch adds the individual m xed signals as a conbined signal 44. The

conbi n | hS bt . o.radi,o 10 frequen ( by m xer 36
m xi ng t @pggﬁhitgéd‘.s:?gna. 448\?\&1%?; ¢ célalsplg%ctn,be sl.m}m%*sﬁé? gure™3 as CCS
wt. The nodul ated signal is anplified to a predetermned transm ssion
pover |teAnsmi(sTL Pyiquy aasigaepipilot sign8Btcesyhchactiiat ecvdrye Hnkaringmissidhs. Most
CDMVA systens use sone form of adaptive power control. In a CDVA system

ny signal sg: : ' en .a subscyriber unit, 221, 222 ...
T3 32N or - basBuek 38R SHRErE phith s o H8Re? R DA Slent 48 Bl i
the other signals within the sanme bandwi dth are noise like in relation to
t he spelfinf inclediggatrafficn pilsdgndgmaitienprecsighaly are aprene usingnaspeaiyeades al |
other signals within the sane bandw dth. However, reducing TLP too far

resul t Snbrd'86S8) 204, whtFinfucdfp L6EEL RS2, 152, .. 32,.respectively.

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 signals 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 controt 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



maintain a desired SNR at the mninmum transm ssion power |evel, adaptive
power 20 control is used. Typically, a transmtter 24 will send a signal
to a particular receiver 26. Upon reception. the SNR is determ ned. The
determined SNR is conpared to a desired -4 0 9 FEB 2004 SNR Based on the
conparison, a signal is sent in the reverse link to the trgnsmitter 24,
either increasing or decreasing transdit power. This is k9 B804 or war d
channel power control. Conversely, power control fromthe subscriber unit

22, tOSNR Based ofilthé tompaHson,% BRI 38nt'iR IR &R efRAMHKY tROWahsE@Ré O - S
Amplifiers 64,, 642 ... 64" are uSed for adaptive power control 1n Figure

3. Th§ anplifiers 64" 642 ... 64" are coupled to the inputs of the
conbi néft SISIINCREASing Y GaFIePSBransmitpeess T jisds kaowps forvardchammglur e 4a,
4b, 4c and 4d show a sinplified illustration of three spread spectrum

si gnal podir coftrdl. ¢hvandly Jj'cﬁﬁéﬂ dctitfol GRS ItRE SubscaiBet uftit 22°4d fRusseeach 10

signal 42, 42" 423 is spread with a different pseudo random chip code

sequence, . e signal 42,, 422, 423 is synchrqnous at the chipping rate.
When tﬁ@tﬁﬁ&i‘éﬁépw%?ﬁ wyercghapnehpoweteRHEds are sunmed, the conbi ned

signal may have extreme transients 46, 48 where the chip energies conbine

@ | ow transhfifiifietd 6494 L 8y arS udd ﬁﬁtada%ﬁyé"bﬁﬁreﬂcéﬂf%b?ﬂiF fres3 ar e
undesi rable. For every 3 dB peak increase, twice the base anplification

ower i,.n Watts.is required. Not onl oes the. transient burden
P ﬂle amp 1f11ers 64?, 64, ... 64 are C0¥1p ed to the inputs of the combiner 34 to

individually control each signal’s power level.
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, tht: 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 ofits dynamic



the anplifier, but the power sourcing the anplifier nust have a capacity
greater than the maxi numtransient that may be expected. This is
particularly undesirable in hand-held battery operated devices.

Addi tionally, to design for higher power |evels 20 resulting from high
transients, nore conplex anplifier circuitry is required or _conprom ses
between anplifier, gain, battery |lifesand conmunication tGSrEEBEMUI t. Hi gh
val ued transients force the anplifier 38 into the nonlinear region of its

R e e T S T I G e

adapt ive RF transmtter systemthat addresses the problens associated with
the pridecerdingls, thenmextyts @meedifon anasptionRF tsansmister systemehiatoddressansi ent
eaks in signals transmtted in CODMA comruni cation systens. A plurality of

Spread tﬁ@ﬁa‘f&ﬁl‘ém Bcﬁr&f‘%ﬁ) ®E rgﬁ)g‘ptl ned into a conbined signal having

fluctuating power |evel corresp Ing to the conbination of the data
signals. The conbined signal is nodulated to produce an 10 RF signal for
transm ssion. The average power of the conbined signal is neasured over a
selected tinme period. The conbined signal power level is adaptively limted

tp a cal cul ated power Gr SltNVE t he nmeasured power.
BRI EF DESCRIPTICNCFTH‘M% ?lglgure sgﬂlllustratlon of a

prior art CDMA system Fi 8ure s an |IIustrat|on of a _prior art CDVA
transmtter AR6 1pg§g§19@rre uces transient peaks in signals transmitted in CDMA

communication systems. A plurality of spread spectrum data signals are combined
into 2 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 tllustration 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 - 4¢.



Figure. 3 is a systemblock diagramof a prior art transmtter. Figure 4a is

ant illustration of a first pseudo random chi p code sequence- Figure 4b .i's .
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. Figure 4d

Is an illustration of the conbined chi p code sequences of[)ngi:%]mgs 4a - A4c.
-6 09 FEB 2004 Figure 5 is a system®ock di agram of an enbodi nent of thé

i nvention with the power neasurenent device coupled to the anplifier.
Figure 6 is Kigupebdsabysick bloslrdiagram efaratmbodianentarfithdiimeeriucaf wiime

i nvention with the power neasurenent device coupled to the nodulator. 5

Fi gure ' | dak Ueh el i & Ll I stribution function of the
power tllqeepér@[]g#éag co |tneglés%i%&r@%cp{9ﬁglg%§h@w%rqa plot of the loss in the
recei ved signal to noise ratio versus the clipping level. Figure 9 is a

pl ot of the Figyseif 13 Hesyssemi blogksdiggram tof amwiadternase iembedtiment t dfethel 0
clipping level in a CDOMA comruni cation system usi ng adapti ve power control.

Fi gure_i&‘Qedtﬁ%,ﬂwgﬁghg OWc‘P‘iﬁea‘ih?&ﬁ@r{Pﬁv}%’}irﬁJgﬁ%{m . MfaedigEent of the

i nvention w cessor control ier gain. DESCRIPTI ON OF
THE PREFERRED EMBODI MENTS 15 The preferred enbodi nents will be described
W th ref er enigure 7ihan Hlugtgatign of the probabitity distribution function of the power

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 altemate 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 coupied to an adjustable
signal limiter 50 (clipper) where signal power levels are hard limited to + and -

dB. Power levels in between +0 and -p are not affected. The limited signal 45 is



figures where |ike nunerals represent |ike elenents throughout. Figures 5
and 6,depict transmtter systens of the invention. A group of data signals
28, 282 ... 28r, that include traffic, pilot and mai ntenance signals are
m xed wth different chip code sequences 32,, 322 ... 32, and are summed
together in a 20 conbiner 34 as a conbined signal 44. The conbiner 34 is
coupled to an adjustable signal limgter 50 (clipper) mhengpggq@ﬂl power

i n bet

| evels are hard limted to + P and -[érr] dB. Power |evels i ween +P
and -P are not affected. The |imted signal 45 is -7 0 9 FEB 2004 nodul at ed
up to Rmogplatediupeto B byhe mixgnl3 ed hei mesiulated spignalf iseatnplified byaapl i fi er
38 to a predeterm ned power |evel and radi ated by antenna 40. Figure 7

illustr ' {dq | ' | f ' he conbi ned

i gnal | AnBRmey 38R Syebepicd botwel BAE! i HRalcl i dtinl a0 PO
have an 5 associated power |level. The probability of a given conbined chip
havi ng a par Figuneaf illsisiatesiadypical probalply distibupiorefunctivhef thewomxbinede power
| evel s are +K and -K. As shown in Figure 7, the probability of a given

combi ne i ' : | 47Of~+ - K., . . er eas,
Che. probBhr] Py eteval. 2a eahitined PHBlacha7, 48 A sickuh i FLRTRL Wit Bite 005
the two extremes is high._ _Since a spread 10 spectrumsignal is spread
alross asspctised pavwanleval. i e nrahabilite of agiven semdined chipbavingapeaticulary t hat
a conbined chip will have a power |evel at the ends of the distribution,

the comBhige iNdN8hdnSATIRErE ! PRRURPLRAHEFREPIEVATER WK nd -K.

I nsignifticant | oss.

As shown in Figure 7, the probability of a given combined chip having 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

distnibution, the combined signal 44 can be clipped below these extremes with
insignificant loss.

The transmitter system adjusts the clipping levels, 3, 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. Asshown 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.



The transmtter systemadjusts the clipping levels, 3, to elimnate the
si'gnal 15 transients with only a small decrease in the transmttal
signal-to-noise ratio (SNR). Figure 8 is a graph illustrating the

rel ati onship between SNR and clipping levels for a systemnot using
adaptive power control. The solid |line, dash |ine and dotted |line depict
comuni cation channels with differentg.operating SNRs. As B8ébB 006 Fi gure
8, for a 0 set at a clipping |level of two standard deviations the loss in

Toss 15 onl 3 O Banreh Blfle AR bRRL bR ielies 915 BRSNS R6slle 07 "

adaptive power control, Figure 9 is a graph of SNR versus the clipping
| evel . tithelippmg levehr €he iresultsr aresimbles €0 8ivisgiohtained im assystemmnodusing ng
adaptive power control. As shown in Figure 9, with a clipping |evel of two

st a”da%ﬂa%ﬁi@é’ h@@EP&é'ltréihﬂsl %iﬁ“eﬁ§§r£§ @ﬁﬁiar&l{f;flf)ﬁél%wi@f CGohdirgo! vy, the

clipping Tircurtry I'S app systens u ng adaptive power
control and systems not using adaptive power control. Referring back to
Fi gur e dsviatigngetherlashin JSR istagaimpegligible. vdecordinglyethe chipping eirewitrydevi ce
52 and a processor 54. The power neasurenent device 52 is coupled to

i t her ; tinO0 i A4 R h m xer
T0 36 a8 BRAUARE oRlystoM SRuIRRL bhaRiveBoRTr TOR! uld sySteis RoBusiret o
determ nes . the average of the square of the nagnitude of the transmtted
si gnal 3@@pHve popieE§enEphi ned tine period. The output of the preferred power
measur enment devi ce

Referring back to Figure 5, to determine [, 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 mag_nitude 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

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



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 of the standard deviation by taking the average of the
absol ute value of the signal 49, 51 or the power neasurenent device 52

measures the magnitude of the signal 49, 51 with the procuf\!f1 w&gterm ni ng
ei ther the variance or standard devigtion. The output of Eﬁ{) r

measur enent device 52 is coupled to a processor 54. 20 If the power
measur t deyice 1,S €O to. the output of the [fier 38, the
br oces Sorbepereting o s R RO SN st btn S Rih Bhh e flugl WL ke aGhvilple 52 ° by
the gain of the anplifier 38. The processor 54 determ nes the proper

cli ppi »d thevrindaod defiadidh. FIfEh8 podid Readueganal devion SLgpaesimates R and
bandw dth, the value for O will be a multiple of the standard devi ati on.

pr ocesSArABEC TG PrOsRear Y SIPke Faorae dhet et ded Bt At e
standard deviation. In the preferred enbodinent, a will be two tines the

st andarstandardl e@evidtionn. Inl thegeefenied emhbodiiienns p wiEbptwes eassrthb4tamderd | des
the determ ned value of For instance, if the transmtter 25 was used in a

Sase station 20" 202 ... 20,y, a large increase in the nunber of users may
esul t 4518199k ng tenporarily set too low. This wll result in an

undesi rabl e received SNR. As supplied to the processor 54 through 10 the
line 60, thelncertein situatiens,sthe pro@stonys54 ovenideythe detecrnindd alubefbfise

station 20"
For instance, if the transmitter 25 was used in a base station 20,, 20, ... 20, a large
increase in the number of users may result in B 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 B 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 twransient peaks within the signal. Clipping these transmissions may



202 ... 20N, is used to either change 3 or tenporarily disable the clipper
50 to'allow all signals to pass unaltered when appropriate. Additionally,
since the probability distribution function assunes a |large sanple size, a
smal | nunber of users may result in an undesired received SNR 15
Accordingly, if only a few users were in conmunication with the base

station 20" 202 ... 20N, the clipper_50 may be di sabl edl 9iFEBAMi ti on, when
there are only a small nunber of users active, the anplifier's dynamc

range i § not.reached- Accordi ngl here is no need to clip the conbi ned
bl tRRCelD ke ease BR rGraTed SNRnb sinnRessaB i delay o dnitial povras
clipper 50. For instance, in sonme CDVA systens short 20 codes are used

during fampiupl proeelire. aliPthéBe sBuBE6nd, ReGSn£10NET bR'RnhEd tﬂl@Bﬂ)&@&?&g&l to
approxi mate a random si gnal, by chance one code may result®in a large

nunber qf i gh t.rangient peaks within_the signal. dipping these
transmi ﬂ'gpﬂgé%?ﬁabn@ %g B ogeg'p_% é‘@gﬂlﬂi’ﬁéﬂti cal |y decrease the received SNR N
and unnecessarily delay the initial power ranp up procedure. In these

situations, g 8h@Neiate éhbbEint@Rshb@nidFi &cmﬂ?épééeséo%w&s&ggeai ne 62

to override the clipper 50. In an alternate enbodinent shown 1n gure 10,
tEe processor 54 is. al used. 5 to control the %ai n of the anplifier 38

t Rr ough'q FRAYQl{BE gain & plifier,38 Hiroush dhg ling $8; fgoradbini the grogessar
characteristic. The anplifier gain is adjusted to keep the anplifier from

goi ng i i the AMmphdivri RAAICHARRAGIIRY TRG! RAplifieF 2afi 1OhYjushid Pke gﬂe.
em ssions and interference to services in adjoining frequency b s is

reduced, . . . . . .
amplifier from going into the nonlinear operating region. Accordingly, out-of-band

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 detatl 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.



Al t hough the invention has been described in part by meking detailed 10
reference to certain specific enmbodi nents, such detail is intended to be
instructive rather that restrictive. It will be appreci ated by those
skilled in the art that many variations may be nmade in the structure and
node of operation without departing fromthe scope of the invention as
disclosed in the teachings herein. -11 Caims 0 9 F E B 2004 1. A
transmtter for use in a CDMA comunication system statiorpgfpg

transmtter conprising: nmeans for cofblihing a plurality of spreag spectrum
data signals into a conbined signal having a fluctuating power |evel
corresponding to the conbination of the data signals; means for nodul ating
t he ceonhiimed: signal to produce an RF signal for transm ssion; neans for
measuring average power of the conbined signal over a selected tine
period; and neans for adaptively limting the conbined signal power to a
calcuhatgdtp@wwmlduawekobamiﬁjuatalea&& dommuparetioon syisdemeasitied psher. 2.

The transm tter, of 1 wherei n said measuring nmeans neasures an
aver age 66ﬁﬂ?mﬁ?“?h§°ﬁﬁr§? jital over the selected tinme period. 3. The
transmtter of claim1l further conprising an anplifier for

means for combining a plurality of spread spectrum data signals
into a combined signal having a fluctuating power level

corresponding to the 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 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 claim 1 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 the calculated power level is

two of the determined standard deviations.

5. The transmitter of claim 1 wherein the calculated power level is

the determined standard deviation.



anplifying the RF signal prior to transm ssion; wherein said neasuring
means neasures an average power of the anplified RF signal over the
selected tinme period. 4. The transmitter of claim1l wherein the cal cul ated
power level is two of the determ ned standard deviations. S. The
transmtter of claiml wherein the cal cul ated power level is the

determ ned standard deviation. -12 0 9 FEB 2004 6. The transmtter of claim
1 wherein said processing conprising neans disabl es sahﬂf%ﬂ%mklvely

limting neans in response to a nunbetzof active users transmtter
of claim 1l wherein said processing nmeans disables said adaptively limting
means during transm ssion of short codes. 8 The transmtter of claiml
furthér theprisisng taar anpldlieiar 1 forerempspiyi PRPAie 1RE SPRRTAIS 150 BRaRD

transni s5i o, And. % ACESA 10, TGANE; 01y ABRAE TN G pkASe oAl alllkddponer
| evel ; erein a galn of sai 1 fi'er is adjusted by said processing

nmeans inaFESpbngerso t he calculated power |evel and stored gain
characteristics of said anplifier. 9. A nethod for transm ssion in a CDVA

communi cation system the nethod conpr|3|ng
7. The transmitter of claim 1 wherein said processing means disables

said adaptively limiting means during transmission of short codes.

8. The transmitter of claim 1 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.

9. A method for transmission in a CDMA communication system, the

method comprising:

combining a plurality of spread spectrum data signals into a
combined signal having a fluctuating power level corresponding to

the combination of the data signals;
modulating the combined signal to produce an RF signal;

measuring average power of the combined signal over a selected time

period;

adaptively limited the combined signal power to a calculated power
level based at least in part on said measured power; and

transmitting the RF signal.



conbining a plurality of spread spectrumdata signals into a conbi ned
signal having a fluctuating power |evel corresponding to the conbination
of the data signals; nodulating the conbined signal to produce an RF
signal ; neasuring average power of the conbined signal over a selected tine
period; adaptively limted the conbi ned signal power to a cal cul ated power

| evel based at |east in part on said neasured power; and transmtting the
RF signal. -13 0 9 FED 2004 10. The nethod of claim9 wherein the neasuring
is of an average power of the RF sighal over a selected 0t & ¥ri od. 11.
The nethod of claim9 further conprising anplifying the RF signal prior to
transm ssion; wherein the neasuring is of an average power of the
anplified RF signal over the selected tinme period. 12. The nmethod of claim

9 whengi nThbedalaubat eth ROWekhk se 0N HRf mbheustandar drdevi atdrene. pdder The
met hod of claim9 wherein the cal cul ated power is two of the standard
devi ati ongf @he RFh&igethqvedr achat s edvidPei et ‘st ep of adaptively

limting is not performed in response to a nunber of active users.
11. The method of claim 9 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.

12. The method of claim 9 wherein the calculated power is one of the

standard deviations.

13. The method of claim 9 wherein the calculated power is two of the

standard deviations.

14. The method of claim 9 wherein the step of adaptively limiting is

not performed in response to a number of active users.

15. The method of claim 9 wherein the step of adaptively limiting 1is

not performed in response a transmission of short codes.
16. The method of c¢laim 9 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.

17. A transmitter for use in a CDMA communication system station, the

transmitter comprising:



15. The nmethod of claim9 wherein the step of adaptively Iimting is not
performed in response a transm ssion of short codes. 16. The nethod of
claim9 further conprising: anplifying by an anplifier the RF signal by a
gain factor prior to transm ssion; and adjusting the gain factor in
response to the cal cul ated power |evel and stored gain characteristics of
the anplifier. 17. Atransmtter for use in a CDVA communi cati on system
station, the transmtter conprising:_.-14 0 9 FEB 2004 neans for conbi ning
a plurallty of spread spectrum data s}@nals into a conbi ned signal having
a fluctuating power |evel corresponding to the conbinat i)dFkd20he dat a
signals; neans for nodul ating the conbined signal to produce an RF signal
for transm ssion; means for neasuring average power of the conbi ned signal
over a SeméiﬂiﬁfdriﬂemmEﬂﬂnyia @Ddr&&ﬂ%@soEOEprkﬁﬁépéekyumiddﬁd g ghhigs

conbi ned sij evel based at |east in part

| ted
on said ned éﬁeg ﬁ%$ %ﬂ%ﬁg g%ﬁ%ﬁf?}&ﬁ éﬁaEﬂﬂﬂ PPYPRL T RFE si gnal

prior to ttansyEpg®fdong to the 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

means for adaptively limiting the combined signal power to a
calculated power level based at least in part on said measured

power; and

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.

18. A method for transmission in a CDMA communication system, the

method comprising:

compining a plurality of spread spectrum data signals into a
combined signal having a fluctuating power level corresponding to
the combination of the data signals;

modulating the combined signal to produce an RF signal;

measuring average power of the combined signal over a selected

time pericd;



and processing neans for determning the cal cul ated power |evel; wherein a
gai'n of said anplifier is adjusted by said processing neans in response to
t he cal cul ated power |evel and stored gain characteristics of said
anplifier. 18. A nethod for transm ssion in a CDVA conmuni cation system
the method conprising: conbining a plurality of spread spectrum data
signals into a conbined signal having a fluctuating power |evel
corresponding to the conbination of the data signals; nodulating the

conbi ned signal to produce an RF siijmal ; nmeasuring aveidoeEBiMer of the
conmbi ned signal over a selected tinme period; -15- 09 FEB 2004 adaptively
limted the conbined signal power to a calculated power |evel based at

| east in part on said neasured power; and transmtting the RF signal; and
adj usting EBQRBPMN 4GhQfed "HLERABS R osﬂgla@lcaww aled paven adevel and

st ored galn charact'eristics of the arrp fier.
power level based at least in part on said measured power; and

transmitting the RF signal; and

adjusting the gain factor in response to the calculated power

level and stored gain characteristics of the amplifier.



