;e3e&&ZZ[ D\ L(] 6”262 TAnz3METHOD AND APPARATUS FOR OPTI M ZI NG TRANSM TTER
PONER EFFI Cl ENCY , FIELD OF THE | NVENTI ON [ 0001] The present invention
relates to power efficiency in wireless transmtters and, 5 in particular,
to a method and apparatus for optimzing transmtter power efficiency.
BACKGROUND [ 0002] Battery life or power efficiency is a major performance
criterion for wireless communi cati on devi ces and nany ot her types of
wireless transmtters. Power efficiency has becone nore inportant as

wi rel ess communi cation devices nove into the provision 10 of nultinedia

services, which h I t | t I i ces.

| nproving the ef Wy@# f‘ﬁ%‘“ﬁ@ﬁ\éﬁbﬁt E"?%E@?newﬂm&es

comuni cat i on deFEEEMNSIYays an inportant role in inproving the performance
of such devices. [DO03] In one aspect of the need for inproved power
efficiency, such FiEbD QROTHE BXVERITIOREt hods as Code Division Multiple Access
(CDMA), Orthogonal Frequency Division 15 Miultiplexing (OFDM) and ot her
types of m“t"CTWOHFrT@ﬂ&&ﬁﬁv&ﬁﬁnraﬁ&gmﬁﬁmeﬁ%&%}ﬁw&%@s@%%mﬂ@?é%o?'t hi gh

peak to average power ratios (P APR) in the trans ower

Addi tional |y, 95( hé“li%gﬂafc‘ﬂéﬁ’ﬁ@%d%ii?ﬂimﬁ‘?‘h@“Pﬂlélﬁléﬁ'ﬂﬁ"ﬁﬁ‘ﬂﬁr?“‘éiﬁfﬁﬁﬁ’r% ssion data
format configuration Such high and vari abl e PAPR val ues require the
transmitter (incPa&ERGOUNE power anplifier) to provide |arge dynanic range
and good linearity. 2D [0004] Tn anot her aspect of the need for inproved
power efficiency [0G08] nﬂm;erscﬁfermmme:aﬁfrmﬂ;sih anct fsforsied criesiod thranélas

| XEV-DO (I x Evol yt] Aol W e el 0. PR 8O, )
and Uni versal Mobi el ecommuni catT ons Service e transmtted
power is requir eéﬂ&hﬁccﬁ“e ROFHiEPerianted Wirglesy gemgrminisatipn davicge mpverfgie thegrayision f r om

| ower than -5 dBﬂmﬁlﬁmé’ﬂmg;Eﬁi’cesIﬁﬂfh R SRhch HorGRWRAEH GaBHAEIGRSe seRes,

Furt her nore, the%[%eveﬁ:l JOVET . and PAPR vari aill 0{1 is also ve% fast. For
exanpl e, in cdma OO0 S HSTEER T BF SHEMEFT COTOP PO ?cﬁ?ﬁm%c@@(ﬁi B per
second and the PAPRWWWlmm@QﬁﬂBeﬁnmm@cgfmhlaﬂMﬁgl ng w design a
transmtter to work well in all such conditions w thout sacrificing

ef ficiency in po@o3kohsuappécost the nkediﬁﬂﬂﬁbvdd@oﬁ@ﬁﬁmkﬁwwacﬂmﬁm&ﬂmb@ i nprove
transmtter effi Yool var

transnitters, theg\d‘sﬁ?&énagnqa tg{%%gg%%ﬁl ? mess &%r@ﬂo mal 5Fe w\(‘c nulr‘f’isl%ons to
control certadifn paakspe FQFTRD afl therhigmes Pémlmcwermﬂulﬁw tﬂsd quhi,i@mns nuous

fashi on and/ or lﬂieﬁbigle;ﬂﬁdﬂ Hi@SEbIo B aviif: RALMIES D APR) n terint ARSI Pk e
circuits can beaﬁ @'X}EI&& (ﬂuantliles t.hat _can be used to trade for
(o]

efficiency at a g veR FHATEBONE] " SoREBTNS Ot @ FErmssteh e B ol
paraneters incl udcmﬁgn‘(tbmtsllﬂdtxghl sndrydrialde PADR Rluesiequire vie trasufiet §ncindibg dige,
switch in or sw Leh: QHlins) AYRRaeRL. GREDL. nAL Jgglgmgimemrg‘se. In particular,
the bias to each or sone of "t he anpllfyl ng devices 1 nSide a power anplifier
may be contrqglegJ he og{o tlvee | g:}irol % bi as .o an .anmunt no
more than 10 NecESear ITJt Pt o oefmﬁ T FDHT L namEn & f¥% ¢ at ed by
a predet erni ned FW@WEMW@F@ mhma@mﬁmv&véﬁéfrmcﬁwalﬁwlwchdﬁatﬂe@dm gi ven

transnitted powenxmnpyqix Eﬁﬁlﬁoﬁ/@w%ﬁa WBied aﬁ&gﬁ%éaﬁﬂ«oﬁﬁé”'ﬁ&ccoﬂa&na%r supply
voltages to all qr se&md sta es of ovver anplifier and/or other circuits

in transnmitter o1 T F"QWFF%B%“W’E"’]%%V%HI 3 8'8¢ he
circuits (at | easiga ngpérh)odry thamnscrﬁnm Hyter thal 23AgRm F@OidnaloDn geviteans
(e.g., s 15 t 0. enef i f r.saving
The Obj ecti v?g: s%&%gﬁfﬁf éﬁ:glgw &QPRQ%%P%%EQH e%setslss%ér%?l mt out
of band spuri ous“&H#-P8; %ﬁ@%fﬂwwaw*h“PdPéwPepwwedlméémPﬁMI and

mai nt ai n wavef or mrﬂuv&l-y szmﬁqt 1seﬂﬂnngﬁgvﬂrﬂe§1@1a@§msﬁﬁﬁ&dwm"weﬁﬁlﬂélpﬁueiPAPR

value in the sup ected stages toay be switched in
or out accor di ngpt 0L§ %ugsna%nnq%’tsntg\é%mﬁcﬁé'rpmﬁﬁ? EPRERPR val ues. 20 (0007J

Despite the advances represented by these earlier nethods, the optim zation
of transmtter power efficiency continues tO attract significant attention.
SUMMARY (000%$] In a nethod and apparatus for optimzing transmtter power
efficiency, a fast approximte adjustnment of a transmtter paraneter that
is inplemented in hardware is 25 conbined with a feedback correction

adj ustnent of the transmtter paraneter, where the feedback correction
adjustnment is inplenented in software. The software-based feedback
correction adjustnment is slower than the hardware-basal fast approxi mate
adj ustnent, but is nore accurate. [0009] In accordance with an aspect of
the present invention there is provided an 30 efficiency optim zing
apparatus for optim zing power efficiency in a transmtter. The efficiency
optim zing apparatus includes a transmt power generator operable to

pr oduce




3 an indication of desired average transmtted power, a signal converter
operable to produce a fast adjustnent signal based, at least in part, on
the indication of desired average transmtted power, a processor and a
sumer. The processor is operable to produce a second adj ustnent signal
based, at least in part, on the indication of desired average 5 transmtted
power, determne a difference between the first adjustnent signal and the
second adj ustment signal and produce a correction value based on the

di fference. The summer is operable to produce a paraneter signal, based on
the correction value and the first adjustn%nt signal, to control an aspect
of operation of t (808 alasrng kiown pgdadsfoe mrove ToRHRReH ol AR anstaL pect of

the present i nven{ampaﬂa%%&ym Pﬂﬁl@%ﬁ%‘ﬁ&e@ tﬂ@ué?@&uﬁé}clm%ts%%d@\aﬁé HdndpOVer
ef ficiency |natransmtter he meth i ncl udes generating an 1 ndication

of desired aver agEPMirPlaREHOPR! ﬁFgﬁ%Pmmﬁ?‘%ﬂUﬂ?”h&eWt?’f“& SUE PPREAOYS | gnal
based on the indi fhﬂﬁamdfafmdl@,ﬁmrf&ﬁmame agfndidrainIhg tdn@aittg @istiis cqpr@cci Ng a

second adj ust mgnt @EB% i.ndi i Wy er age
transmtted pg\\%/er rm nlgﬂg(a%h%P%?{eogg%%g;%‘%%\ﬁge&ﬁgg%licr tfa%’:{ldj ust nent

val ue based on th rst, a tnment 15 n and e_sec dj ust ment
val ue, producing E’%@rr@@t%‘f?ﬁ%&éﬂ PaE d’ Wt?rﬁgl"]ﬂﬂs"f‘ﬁ LIRS ggmﬁ‘% "Ja)ulﬂ?sodum ng
a paraneter si gnabowsp supplytwoidze.aavitgls pewtswitth op etgdsi aod cafibitahiens tof dwsgnild t er

based on the cOrT Beidih néthai% ABflordbifo b bk HoRR sk BBl akHAL] Ot DX

aspects and featur es of t present 1 nvention w| becorre pparent to those

of ordinary skil | ™&hbg F@“%iﬁiu%ﬁbﬁmé%@ﬁmf%@qmsl BV Ao S8 R theh o

specific 20 e][nbodhdasaﬁt&)s t® findithéut | o8 it ls;ﬁlﬂcdsncﬁ@ﬁhula@tsia@m B 4 Rrddfi@mined

acconpanyi ng fi gur, RI E SCR PT1 ON WNGS 1 n

figures which ifl uglfl R S ST %‘%ntf’ tfaﬁ@%ﬁ?%ft'f’]ﬁ'eiﬁﬂ}ﬁ? FIG

1illustrates a \/\FM@@%E @@mmﬁw%ﬁhmwr@@plmlmwhﬂ erspleditdstagss of he

pr esen% i n¥ent| 0{‘ Waﬁﬁﬁ?@ﬂi/&)éﬁ@ . Cireuts ﬁ%t%e}ﬁn be%oﬁtlohé&%héh&ﬁa@%lﬁé& is

apparatus for optimzing !rans roefficien

optinizer scali ng®Fr&f % C%Vﬁ?%ﬁjf %ﬁﬁgﬁ"eﬁﬁﬁﬁm ‘ﬁ%erffgq’%fmg‘ﬁeé'g’p(?és%nt

i nvention; 45[ DoashingtoGer sBppty) Fubtaimabeswnedinofppypasaing SThe objectipd i micaitg

transnitter power to a
E B ke EHRLQKYGD, Foillef fgﬁiés?m@h%&ﬁ%rm%%{ ebhyd

second enbodi nent of present 1nvéention; ustrdates a
pl ecewi se cli pperprﬁ‘?ﬂgﬁ%‘?‘fé‘rmf“ﬁﬁ@? 1 Tpraiy wavefomrm pFina I ATCh tEEN SASRE) G 3

according to an epdhadmmmatrAOR xtahenpﬁze&egfpbnddw@latmlareil [ QRcked] stdpkOmap be
illustrates an optl 0£Ia§| Oglmtlt%cgrtdjnon o the gggara %f, FIGS. 2 and 3;

[D018] FIG 6 il Norieafid offdzeaudng °§F BYHS*a snapper
conponent of us_ of FIGS 2 and 3; .and [ 001 F1G 7.illustrates
steps in a me#ﬁodﬁgmde P i Y PeRTRReREd Dokesp & }‘ ds, (B opfimizatiop gt

optim zer scal i ngransmitter@bwde iicierdy copsinvedre atphce Sgadicad aednfigper of FI G 3.

DETAI LED DESCRI PTI ON [ DO20] A bl ock di agram of a wirel ess comruni cation
device 1D0 is illssimarkgd in FIG 1 to include a transmtter 102) a
receiver 110 and one or nore antennas 106, 107. Additionally, a transmtter

power efficiency R,gég]m qmém%mm@‘f’lﬂ‘%%ﬁ@%m ter%%&v%e rral I02 for

optim zing the power “efficienc nsm ou put of
the receiver 110 ?Pﬁfwé’é’él%ﬂm@bﬁf%@@swﬂd@mﬁ ettis Gvplansyied & Yapdweriions | 12

that may incl ade, cnfdbihecﬁ%ﬂfmfe&ibackﬁbrﬁ:emﬁradjdﬂ:hﬁltaﬁﬁétﬁ%ﬁ&@&raﬁbﬁ&; wﬁat.-me such

functions are not ..c reI 0.1 he furt

detail h2s been omc{b% Joreglieg g 5‘3“%13'&’&%@‘? %’éﬁp?hee aief(fead%a ecel ved
for use by the treFsdPL %déﬁmp@vﬁﬂw#ﬂwndhmwma@@@stmpmwmﬂ@ﬁwa@cw Hat be
descri bed her ei na{t-,weamﬁta@hannel encoder and nodul ator 108 nmay receive a
signal fromthe comunications device functions 112, may provide the

transmtter 102 V\fubéhf]a Rl %?danck%ﬁraﬁ t of% r&%ﬁa\%%ﬂ %%r&gbgt - or mat

transnitter pg i ciengy optim zer tion o
of the signal %Eo O PRUEANS Pt ?@F‘Q@Z"’Wﬁte@%@mﬂ‘ p&ayEdEr dbvod by a

person skilled i neffidencaspintzng tppaRiey iR b transmit power generator operable to produce




25 conponents of the wirel ess communi cation device 100 in FIG 1 have been
omtted for clarity of illustration. [0D21] The specific design and

i npl enentation of the wirel ess conmuni cati on device 10D i s dependent upon

t he conmuni cation network in which the wirel ess conmuni cati on device 1DO is
intended to operate. For exanple, the wireless conmunication device 100

may be designed ro operate with the MbitexrM DataTACTM ox General Packet
Ttadi o Service (GPRS) nobile data comuni cati on networks and al so desigtltd
to operate with any of a variety of voice comunication networks, such as
AMPS, TDVA, CDMA, PCS, GSM CIMIS, etc_ oher types of data and voice

net wor ks, both sefrefbiaBone dositiaEdese frendmitsd noeyr, wdigel coevetldr PParapledd MR t he
wirel ess communi cat'ﬁseﬁajﬂ&\ehpﬁg.ﬁ%cdl 00&2] inFfe: onZehé tddté&toﬁ%t@éu&dtﬁa@ d i ci ency

optimzer 104 in detail ortion _of the transmtter . In

ot cul ar . the '« PNGHTARER §aPers SHbG s (THE PRSIt R Fdr 208
whose out put I S recmi\nddsthynt aigimdbeed, anledst fol jert, &lde Wiasizn @ dittd averge | UN, | S
recei ved by thg iﬁg&nﬁﬁ% o, ﬁfnérﬂmja)%% : Pitee e HAE 2Bledhit ﬁgﬁt’aﬂ‘an % m zer

104, a transmt ower ener a ecel ves power ‘contro als from
the receiver 110. Sﬂqqﬂpé‘hbw signghtrd grodge grigirectipny qcrbéﬁeér&e%ldef%ﬁ‘&cﬂt &8p power
control instructi @Hﬁtefi&@ﬁ&a&lcb@ﬁ@d@é ﬁﬁ&ﬂh@ﬂ@aﬁb&ﬂ%'ﬂ%&hﬁmﬁa sdarmengt h

i ndi cator (12SSl na and may further

i nclude a |(or | ot ?s reg’ t"ﬁr" Slg °é’?‘t“8f%‘ft?§3m§tptf8“°§.é‘§% Fensigs: fgr open | oop
power control. Based. at Ieast in part, on the power control signals, the
transmit power ge (0814 ol qugrdsngs with anether BRFFIAS e ATesra YeBEPARET 18 FOVIEFs i t t ed
power val ue "'10x jetkcd of bptintliiy ftver Hificieey(h @ﬁmﬂﬁ&naﬂw rhdﬁtoa(amaeslg&edﬁﬁg t hat

L F anapeSted 2t ¢ b AALEONG B804 olehldZ BharlliEs NGB NS 48 BRBMGESHLY | D!

transmt power generator alrn co §%0f the
gain control | er 2aed; e @éﬁ%‘bﬁﬁ’@@dﬂﬂ eaiFpd cHVErPae alfansmgttednpriwiety pbadu@l&galw A
convener 206 and ztdkt@mteﬂr&wade@eat@ntﬂttem@ﬁoafml defile@" 2 %Oqtmm@d Bwer;

transmtter 102. %he .out F@-ﬁf \t? DIA converter is al so provided

to a signal conve R PEVE a@’?ﬁj‘ﬂﬁtvaﬁ‘}e&\ﬂeﬂléﬂﬂ?@?ﬁﬁm

anplifier 2081%0 maladqduhrt 2= =Tor ﬁjug:matt wlhatprodsciggna appeedns ik itesed @h & si gnal

t hat nmay be used &ﬁex&@@%ﬂd%ro& ?E e 1) Gor QMG s%gpj)f Jﬂeﬁ 2k4e | N the
z

enbodi nent of FIG 2, the converter iS an op er rscali ing unit
210. The scaling 'f"’&ﬁ’%‘?’bas%d"“ e?ﬁ@“@ﬂ?ﬁ“ﬁiﬂf#ﬁ%ﬂﬁsﬁmﬁwﬁﬂ 210 is deternined
in a 25 design phase descri bed hereinafter in conjunction with FIG 7.
[0D24] The par amelf@H]ofOthasaspeesiend feanptsi of itherprand investion oill dontpyappdvent to

efficiency optimE&E of Orflinig il Gn 1 Wht vhs: r&atw btﬂbtrolmmgtéys@@ﬂ%&of SB8§% gain,

bi as or qui esg ur.rent ,...conductjon a ower su vol tage, a

chargi ng duty @ “T“g’ é"?eqtsodéammtg?m&’h’mm H BT Bt put  of t he
optim zer scalln unit 210 is sumed with a correction 30 signal, " (ta
be described her %WPEWRJPHPNQ?%WWS signal sumer 212, whose out put
signal, a power anplifier paraneter signal referred to herein as "y", is

recei ved by s tIRe13)ovie the Saqésiwhich illu@hd canpleembaiitren opakimvedinot shown) of
the transmtter 102. Such other parts of the transm uer 102 may i ncl ude,
for exanple, a sviooth mrer ﬂmﬂaﬁéyﬁﬂmtcmmﬂ@wn@ﬁmfotwch &shéots of the

Addi tionally, theaggl Iﬁﬁp 1)regr1 a&aneter signal y is converted from an
anal og signal to 't P by an Al D converter 216. fi

[ 0026] A nonl Lne p stores a map t abl e contai ning_desired

val ues of yd aég aﬁ’?ﬁt FiG %%'W“W“ a%rﬁt&eégra@ wpizing frepsggtier ipgwH eTidPYen a

val ue for ' 5c~wenfploginy tzh @pfiricen Staliiy RENREURNRY AGRE edbddimebN6r 1O Pleicpear
mapper 218 deternjpnes . and outputs, y; , a desired value for yd. A

di fference between y;, and the value of yd supplied by the A D converter 216
is determned by a subtracter 220. 9 0 [0027] The difference may be limted
by a clipper 222 such that, at the output of the clipper 222, alimted
value of the difference does not exceed a limt value t7""~. The limted
val ue of the difference is provided to an accunul ator 224 whose digital
output is converted to an anal og correction signal s by an ACC D A
converter 228. [0028] At the time the transmitter 102 is just tanned on,
the first output value of the 15 accunmulator is an "initial value" that is
predeterm ned as a constant that can be stored in an initial val ue nenory
226. [0029] FIG 3 illustrates an alternative efficiency optimzer 304,
wherein the signal converter is a piecew se clipper 310. As such, the

out put of the gain DA converter 206 in the alternative efficiency

optim zer 304 is provided to the piecew se clipper 310 and the 20 out put of
the piecewi se clipper 310 is sutmed with the correction signal x at the

adj ust nent signal sumrer 212 to create the _power anplrfrer paraneter srgna

o L T T




25 the fornmer case, the paraneters are optim zed and determned in the

desi gn stage of the wireless comuni cation device 100. In the |atter case,
the paraneters can be progranmed real -tinme in response to such worKking
varying conditions as operating tenperature of the transmtter 102, battery
paranmeters of the battery (not shown) that powers that transmtter 102,
transmtting frequency of the transmtter 102, and/or the indication of a
data format 3D of the si gnal provi ded by channel encoder and nodul ator 108
(as shown in kTG 1). 7 [0030] FIG 4 shovvs an exenplary input to output
transfer function of the piecew se cllpper 3 10. As shown, if the piecew se
clipper 310 is pr &8lhmEK. 8, iltesretespmorppartwaiot ept}mammmmﬂrmyveai efGtiende t he

| ower clipping |eyg ,lgloﬁlg a*becmee hpﬁ&'a?&&:ﬁ]ﬁ 1Y Sloot :&%? %\Aafmkr}e@mpm nt C
t he upper knee point ‘D, and/or e slope of ranping all these 5
paraneters are i ndep# Fﬂient) Clher pi ecewl se ar r angenent may al so be used
as appropriate. The detailed inplenentation is well known to those skilled
in the art ‘and t h&Md6lor EIG. ¢ illygrateg & pietevise tlippfr @8BS 1] fubetior fGuseSn thy eppaamet her

al ternative errtsodbfmatsacumlﬁhombaenapmﬂie%sénanﬁm&ef the embodi ment of
FIG 2 or the enbodinent of FIG 3, is |IIustrated A further 1 D

al ternative efficiAgy f n r generator
202 and the nonli Flear ngﬁ&kerﬂ%lggafn%ﬁl%#l%é# eﬁgpa%apjgl 1?"%%038&(’)‘%“ m zers
104, 304 of FIGS. vve er, rather than g direct connection between
the transmt pomepd%é F@'{ § plusis Sﬁ‘??&l“‘tarfeemﬂﬁﬁ‘?mftﬂim%%m@m@%%m Bper 218,
a transmt power snpnmmofﬁm Pecldiands t he output of the transmt power
generator 202 and provi des the nonlinear snapper 218 with the sum 15 of the

output of the tra[unun]t pmemugﬂﬁeﬁaﬁefaﬁ%deﬂa&@f&mgp&ﬁme'ﬁrgﬂa}mﬂeeﬁerved
froma PAI'R ng g’ﬁlr?ﬂo sc% O?gﬁ:'n;’i-l ggr 502 recei v %datalndlcator r,
fromthe data &ncoa P R EEHE T - @R EPEVS PP RFIGEAFR mapper 502

i ncl udes a mappin rel ates the PAPR val ue of the transmtted
signal of the chaﬁﬁtﬁéﬁ?&ggwaw nmodul ator 108 to the data indicator r.
The FAPR trapper output value is preferably in dB 20 or proportional to dB
by the same fact o[ﬂﬂa& t A&toclydiemmn of atwingless womrumicationtdaest 10& fsdkinistratad GwEIE.

generator 202. AIwmﬁmue/elﬂmaﬁﬁpmsa%aw}eubraﬁmﬁyesr M&M%w&%nwﬁai@r 202
and the PAPR mapp can be also in Linear scale. i near scale is

used, the summer gﬁ% el 2 W%‘garr@ﬁ‘le’aégiﬂmw OPLFHTFT |1(|5‘1 P@Fdes[ Bo3 P e

over vi ew, the Tpowemsweiitfri 102 dorooptimizing ite dowvandBdidntiest 4O RarsSinapioznimeashit hr ough
25 control of a sg} ‘gfeﬁgrgcggg;. the.tr e for

i nstance, a par arrettﬁe%? of the g?)(\)/\g%cﬁ%gm% %9 @%ﬂmﬁ%dgﬁnﬁ%‘% G ﬁt%h
paraneter is basela Zeiude @Ef’x“inﬁlep’ﬁ’t“’? or gy gpliratias at“eﬂnqﬂﬁéﬂhcfmc’il@ﬁ agfotesi r ed
average transm tt dekelyaslaed to%;ﬁderﬁtﬁp;ﬂ;bﬂu&n,lﬁmﬁbrc@faﬂ% heén bﬁfctehl\@rﬁcoﬁﬁjh

produces nit anal i S| correspondi n ital
first adjustnent @’gpf Eeg g}r?dr@a soi{aewar ewwgip v ﬁeog‘ﬁglgsu—"gma“%lq O ‘3"5‘ d
adj ust ment valfle, onfipezeR! 04 ps Wlﬂée@wb?ﬂdle@dﬁﬁfsﬁr%welmmaﬂﬁamdM%mW| ously

det ernined to corfe@mRONighad fioﬂxeﬂxp%xhﬁlﬁﬁﬂaﬁdnsld@ﬂ& Cahi®hs of, 4851 hKtheaYET age
transmtted power throu i bratj A di fference between the f6| rst

adj ust nent val ue ?ﬁ'ﬁmﬁ{e%@é’% rfot 'ﬁs“faﬁsécﬁttmga’l‘ﬂél’é’r‘?‘%d”u"é’e"ﬁe fersmivg ptiuce a
correction val ue, eflifiingh optisnigo Mide mt @dicdtion of € Gatd Perhit @ the i sighd lprdvidad 1ol the

subsequent|ly use t i I roduce. a si gnal
to coﬁtrol %/h cejtlrggg?lgéé lgétte%tgu%w%hg?@tdﬁgtﬁ 'P&lt%lﬁ{]ﬁlaﬂrﬁ%??@er Kired [00%3]

In operation, “f t FPYFEF ew%eﬁﬂe;mwmevaeémed’l%@%@@w praifteshior t ed
power, 5 Tx~w, védrdgeofillsitiayi ded by the transmt power generator 202 to
the gain controller 204. The transmt power generator 202 nmay generate the

desired average tmmmjﬁegﬂcﬁga@{@ ngeﬂg}mgﬁ‘ &E}{m&]}\xﬁ "uru Nbhihash &*cg he

receiver attd conpy ation froma base statio he w rel ess
communi cat i on deV| ce dgniusop W“Picﬁﬁnn?“f’“i‘?whlﬂlw PRGN 1 el ess
communi cat i on devdegiee Hiyis tvadet Ineopkrateviter ekainplakhe wireleosmmuhiodton deieiised
signal 10 properties fromthe base station to adjust for characteristics of
the reverse Link (or up link) wireless channel, and that base stations may
further conmuni cate power control signals to related w nless devices to

adj ust for characteristics of the wireless channel fromthe w rel ess device
to the base station in the reverse link (or up link). Such power control
met hods may be related to an open | oop power control nmethod, a closed |oop
power 15 control nethod and/or other known power control nethods. [DO034]
Wth open | oop power control, the wrel ess device may, for instance, use a
received total signal strength, a pilot signal strength to interference
ratio and internal algorithns to estimate and adjust the desired average
transmtted pover . The average transnuted power generated u5|ng open Ioop

T 1 o ~ I T




[ OD35] Since the power control of the wireless communication device 100
varies wth tine, the desired average transmt power, Tx~w, varies wth
time. Notably, the T~t~wr 25 value may vary quickly. For instance,
according to the known cdna2000 standard, an update occurs (such that the
transmt power generator 202 generates a new Tx_pw value) every 1.25 ns.
[OD36] The gain controller 204 tray perform but is not limted to
perform ng, such functions as data format clanging, nonlinear napping,
update rate changing, etc., and is 30 not further detailed herein, as gain
controllers are well known to tie art. ThePoutput of the gain controller
204 is converted fmaphs desigendite gpepife wWilight MobimsFfpDaaT L™ o GenerabPecken 8hddy 9
uansm tter automakiG.oid : ' iiﬁlﬁg ' A
convener 206. Thegérr%c%ﬂé%ﬁgﬁ%éf@%mscot,|§§&n§%€\tﬁng§ tootéﬁée{gn%qéogﬁ%ﬂ Ier 208
to control the gafﬂﬁ’%FVW@°?Y%§W‘F’@?“°IG§WW*H»§EW%@%@Mﬁa@%f’&%o

?r oXiGocled_ to Ithe omsivmﬂms,mmt}kﬂmeuaﬂdagaawvuic{ea%i&im,Botﬁee@h;aﬁlaﬂzd%tsg}m of the
X si gnal at i . imzer. scali.n uni t , 1.e., an
appr oxi mat i on t%o E‘ﬁ al%g;fgﬁ@%ﬁ%&ﬁl}}%@&fﬁ%m%%?ﬁg%ﬁIg@i er paraneter signal
optim zed for the %ltci }gul gr, desired _average transmt power (as descri bed
hereinafter in colﬂ%g t FiGn 2 fiugirsten thegPhiciency oprigaizey, | ddnydefiilialong Wik £or86f i on
signal x at the adiushawemrt 161 JgnabriclkEnis nddkRitko 10200 dte bhscupewaraapl i fier

par anmet er si gnal : ifL r ter..si my.he .
considered to be ﬁpﬁﬁgﬁrogge Eg@?hﬁ{cé$%fb 9? H@wrggﬂnphg%é?‘p‘gﬂr%%%%%n pa et er
optimized for thetss&E¥d by e arterae 06 EG- v At ey the atfisipioy opipvisr 104Agiekinehibnal |y,
the power anpliof i @dwepaénemmnt 202 rede@idowde dofitrdt GBMES AR0hE FRMV 8. aRabREr Si gnal
at the output of tof%%oia%%a'fsﬁ men s#%ndal!ﬂ sunmer 212 to_gsg_’% dagbg%t al. signal ya
by the A/D conver fer SIS ThE AR T A& HEEPEP P8 P S B2 mppi ng
t abl e cont ai ni ng @eséiveddiguad breogh oificgorSRYE]) ageldof apacboppevwer colixelvand oet put by
the transmt powekgSengSAL Qo | S LRe e j5.ed
values wi Il be provided her|eﬁﬂﬁg%¥meg§ ga]%l?l?égm%ﬁreagﬁlgﬁﬁsm t%%?ﬁ%olﬁgplegdv{cgrred on,
the Tk~wr val ue | SPEX At fpet et An RePeve conrgr g 1 SRRt GOVTH §508HT | near
moppet 218 peribodR@@ahdnyyovidesh desirell eveyage CantiBittedpodertvilee T Wi YRERIR of witdised by
t he nonl i near nop ' i.ne. i Dt at val ue yo 20 [0039] A
PPShyhl et R s B P Bl

difference (y; en the'inte va%e, y;, and the sanpled

i nst ant aneous val f t,he digital, si , yd, representative of the anal og
power anplifier p@?ﬁ%ettqﬂerﬁ-ﬂ%é’?m%ﬁﬁfﬂ%g&]dbﬁ%“ ?WBM’F EHTIPY W&éiﬁﬂ, is
det ermi ned by t hecustidler 208t Eie of2@ of T geinl tdnfrellee2Bds soaverttdi®om Bigitdl tondntley] by t he
clipper 222 such #hgteats 1§74 ClehRREDg :\]E#"ﬂ u iﬁgﬁg 222
does not exceﬁﬁ a}lhi r%at val Se tD' ﬁ%%?‘ﬁg |ngd %h%pé?g‘?%“eﬁl%%gdg value D', ~,
which is opti i’ zeWFRIETHEJRE PHpPt of tg §ain D/ Apanperige206 iy dlsparovided & ¢ Hel

herei nafter, the useref whitiecosvelippesigiytoviRd Rhd B@Emilfied 209 tQABMkhRE: t i S

i nvention. The clj e o whi may .be sitiye or ne ive, is
added to the pr ev%lgus %%%Eﬁ%i rea%l"ydfsﬂtszg"'rml ggmﬁnﬁ%thﬁgseggccﬁwgt%%gﬁf‘%

i mprove the val uePBrEr 2RREfg| 4l 4| te embasineotpf $1G) Zathe sifisb caapsstonis bm OimiR0 4
subseq?egt It y out Fualﬁlgtdaezw.aﬂw&amgtﬁc&e, sgéfqieh?&mi&ese&?%tuﬁﬁiégﬁ% c/QfA}aahinca\MH tCh i's
converted to | orrection signal x e ?/ A converter
228. -0 [Dogg] %%F%E%%%r@ééﬁﬁwg’?E?FJ%%“H"’?ﬂ‘iﬂ%bH}iﬁﬂ*val ue supplied by the
initial value merrﬁ@ 226 to the accunulator 224 is the mddle value o the
out put range of t &4 hey mraEtey, &F ey poyp amplifih 314 cvirelleg oy thal afficiantiat | s

obtai ned as the nepssizscits mRAbE, WalistBr Bhit bl BnbGE B8 F00bi% & QRkscets bRRSy 1S

subsequent |y aver .over_a nunber of deyices.may al so be 5 stored by the
initial value neﬁ%g§gﬁ?§§ %Pmﬁggmé W@ﬁgﬁf ?P%WmVéﬁ&éi“ﬁﬁﬁﬂTTmﬁEW?ng
transm ssi on, coq&hgﬁous changes in the Tx~AGC signal, generated tomthe
Tx~wr signal that gBR SR Bctmirirngaling vehai) soepmahdite ersded | oop
power control 30| esigtalf & dtvritie drergbis! lahnafe e nSadjuenmin igR0 Wehmir ARSWAckd ed at
the antenna 106. Meanabl Lponet BRIRS phbnddGignel KrhGo BLANA -1 SAL 4.0 ghanges
in the power anplifier 10 paraneter signal’y tﬁat s n egdedr?o oﬁilnlze

t he power efficiency. At any given Tx_pw value, a feedback path reports
the appfied power anplifier paraneter signal y through the AID 21G The
reported value, vy,;, is conpared with a pre-stored interpol ated val ue, vy;,
determ ned by the nonlinear mapper 218 at the given Tx~w value. |If the

di fference between the reported value and the interpol ated value is
determned to be zero, the power 15 anplifier paraneter signal y applied is
considered to be optimal and ii is determned that no correction is
required. however, if the difference is not zero, the difference is used to
produce the correction signal x to correct the power anplifier paraneter
signal y and the iteration continues to try to nake the difference reduced

11" o -




(0042] Notably, the detem nation of the necessity and degree of correction
by the 20 nonlinear mapper 218, the subtractor 220, the clipper 222 and the
accurul ator 224 may be inplenented in software turning on a m croprocessor.
As such, these conponents are illustrated in FIGS. 2 and 3 as enconpassed
by a processor 230. [0043] A$er a quick change in desired transnmt power,
the signal converter (e.g., the optimzer scaling unit 210), which is

i npl enented in hardware, may quickly produce an 25 approximation to the
desired power anplifier paraneter value at the signal y corresponding to
the new transmt power. The nonli near mapp@r 218 may then, after a del ay,
produce a desi r ed theghwe amplifier 716 pndich ethgr@uer(nc sholvi)faf ée tpamawEetdrSug cgmal y
corresponding to RVE y the
nonl i near mapper %gl}g c’lri]g%{&ener %P]l&z nmor eélgdgé%]; g}{ag'plté%la%ﬂ‘tc gg@érf}ﬁng' matl on
produced by the sPg¥a et dftvaddnopally, theporar spiiie P&‘i‘t@“-@cﬁﬂnﬂa’r%c%%@@ts of
the efficiency optioifizz ffalod Bdnaleay digieal SRRNOEAGND bavetse2 18t rengt h. The

har dwar e aspect having a strength In response speed. and the software aspect

having a strengt h[ouze]acg%ﬁﬁyamapptrlztka@éélam;mﬁ%mtu&&m &tﬁ%atmkoff,bp table

in the nonlinear g er 21€ ar e imzed bé aracterizin severa sanpl e
devi ces during a @& ﬁ'ﬂﬁm’éi’ ’§"‘“ 35447 e Bepes- Fiver esvales Toy TRppoffamthe 5 power
Level is selected tré:smapoﬁ@%@emiﬁf 2025 thib seriliGear msttﬂml da&rﬁirﬁf rm:ﬁouqﬁts ;t,he

w1l eos commun call s 4 Bveal oLD, SRS SRR ALREL 425D 000

The sel ected 5 power ue of Tx
AGC at the gain DFWV?BBZWﬁqﬂféfWﬂPXWPWG@% of band spurious eni ssions at
t he out put of the power anplifier 314. Wile continuing to nonitor the out
of band spuri dils EMREs| Dhwsditrenteweaydu tipittd ofat digpepeiseunchahsp at fik etipi? dfthe t he
power anplifier p;ﬁ@%@ra %Q@@Lluryoi*t?e &ﬁ&éﬁ%&ﬂ&%@t@ 1 Ghthe DL, 'ﬁe

W

determ ned (step he out spurious em ssions are at or

near a 10 predet erff*ek “Ei%%t}“bq‘lﬁqt‘%"‘eg’éi’m‘%qdt%%%@é?%@“ﬂ%"ammé‘rﬁ anpl er
par amet er signal yonretd ven walog edre¢tivh @praGOy)an Ay cadh uekimerzihe val ue of the
correction signal x at the ACC DA 228 whil e maintaining a constant out put

power, -which may [uas] I &t therimeliv Shrisiie 198 ishitst Aldfea VA LRt QNG Ll 0Pt  Of
band spurious emnissions have, rei’;\c egd. the target val ue, the'value ys, i.e.

the digital value S HYE Siaig 'llutésriﬁ dripmied Fg comtinbihateppbeorsd M npy 45
be recorded (stepaubtihiijlvalpbedmry 2Phe di gi tal val ue, ya, of the anal og power
anplifier paraneter signal y, may be noted for a range of power |evels.

Char act eri zat i on e i s,mt@mb 2@ SltcPnatie U AR B S 0ALHI RANNBE mg@ayel t hat

define the range evel 5. an 0 | evel ncr
defined before co?ror’r%%%y\gaplm ¢ ﬁﬁ Errglct%{)ﬁ“\%gthﬂ’)‘ﬁpm n%“?ﬁ‘fﬁ‘?#qffén di gi t al
val ue of the anal @gﬂ]ﬁm%w efffeishéyfaptmizey 30bivptogidedyto tﬂaa:&cdy%mhmnnndmh( step

610) in associzat i G@piot hletﬁt&mgy StipRle 0OV SurdaRY Sith the od ctﬁ:ﬁt %ﬁ‘ﬁﬁd@/‘het her
the entire range o uﬁEl?‘ﬂ:“ls?%meve szg s been consi dered

determ ned that t#f ke g eayET Srpiife W"’fﬁ’é%ﬁia Bdiitler ed
t he next power | emedwedhymhpomfmgﬁﬁersuaﬁtte&mm%ﬂmn‘h@ﬂ;éaems& M@p&aidtﬁs by

addi ng the power th evi.ou 25 | ev

Tr ansni ssi on (ste% %‘%iffsj i %%Eghﬁlte% ‘%\Ner ey ﬁ &Bﬁr Rm%’ﬁf?gﬂ%é’ﬁ hith the
further steps (st@ﬁ?l’@%i%ﬂwﬂ'tﬁkfe(ﬁmts mbméhwr@esamwud@m 160-dni t al

val ue of the 28al agimanRksAlPiardicRls aRpaiRiIRhd Si@mRkd ¥ teQlesipi e olttﬁf.e out of

band spurious em ns..are. redet ef m ned desi n tar

[0047] When the e‘%?%?%e ﬂ%lmefmf’%veétw @ﬁ@g’gﬁﬁ?"ﬁ@éﬁ REHEER & *‘tl r st

sanpl e 30 devi ce) etliEmeipepponse ¢of suf @rkicy vaa'mgep@aioeschsﬁ:mrabsgmmpaﬁmmthe sanpl e

devi ces. When them&%ttér&ﬁzp%‘t@fy ple@M s 6@&&%&%&3&@&' ?] %Q? %Esﬂﬁmﬁ set of
udi

sanpl e devi ces, i s, conpiled’nc vera aver agi ng
over the set of sé@?‘?‘%‘ﬂg’ﬁg@%ﬁ%%@%@% » gyl/or iEldtcPfé’“ﬁ t & Hasties of
yd as a functi®8n @ffﬂﬂe'ﬁtgnaimdedbfhmwhqmpodngmdmbdummwmh@dammaIme nonl i near
mapper 218. [0048] The rel ationship, scored in the nonlinear mapper 218,
between Tx~wr and y;, nay be considered to represent a curve. For a given
Tx~wr val ue, values for the power 5 anplifier paraneter on one side of the
curve lead to out of band spurious em ssions that are greater than the
predet erm ned design target for such em ssions, and val ues on the




other side of the curve are |l ess than the predeterm ned design target.

[ 0049] The optim zer seating unit 210 is characterized by a scaling factor
5, which may be optim zed by characterizing several devices as illustrated
in FIG 7. Initially, the 10 feedback | oop, which provides the correction
signal x) is disabled (step 702) sa that the value of the power atnplifier
paraneter signaly is conpletely determ ned by the optim zer sealing unit
210. The Feedback | oop may be di sabl ed by providing a constant value to the
ACC D/A 228 that equals to the initial value used In the initial value
menory 226. An initially guessed value of $eating factor Sis then selected
(step 7p4) Fol | o338 Fle 4 iBwseh ectplory it wouipwtitasdd fifixtienf hepaewist ep
706) . The val ue Yy , timm Qi | f gﬁﬂﬁiﬂa Ylﬁﬁmﬁﬂﬁ ifier
parameter y, is tﬁhepr?&rsg%oArS led ?E?ig%ﬁ%‘g?c?bﬁagslg%??’ t Qﬂ@gﬁﬂ?ﬁ)t e se% ected
Tk~nvr val ve. The P¥FaReEs Ba%iprede iha lowsy dlivpiagiare! Sbpurperichieninetiovel B dwdower
amplifier 214 is &hesQoineCpthel@fpenRabeigoint B, RPN 1deiDs BF Ragdng 1 @ 04Ake Whet her
the entire output power range %e&thq?%?vi.ce .has been consi erbed. %D [ 005p]
If the entire out BUt poner Famga-or Qe RETTEe “TaeamBt TBeah® Bnkrhid ed, the
Tx~wr val ue is i nerrapeifie-die feprilod implementatiod it Well koaivo esthok skiBedandheTrewdé ar e
agai n recorded (suRRfi/A8atddsdintdle entire out put power range of the device
has been considered, a table of digital val ues determ ned fox the power

anplifier paranet i g | i |/t ~wr. val ues i s conmpared to
"the simlar tabl eﬁ@??at %?I%Ségég%ﬁiefnﬁgﬁ%ﬁ%%ﬁemgwfV}élgh T PRREPS5K up
table for the |in&&rembpfipet of T8 2 009 Gubpdimint of FERH et dhstiaeddA(ftthsp 714)
whet her the ditbf esigpeevhetcieg opiRRaES0k aR1LES thasn wil RhikiGor e dbe

= how scal i ng f actOTPoRR Lt B o b HEmen Geaten 4 AY UF RO Btide |
bet ween t he t abl eHoweyerdrathiethay 2ediedt oppnedficmbavaien the agBOU ipatdr Qepetatoe2qane r

anpl i fier paranet g i@ tb B8 nSPnbkiperhdt, Grabsit A0, is
repeated. If the g%{lﬁpertenclel ha% %ﬁgg?\r 1%ﬁﬁﬁﬁﬁéggﬁrﬁg§rﬁ%¥ho c‘?‘éﬁ

considered to be PRI BONE 2PRE % 4 grovides s monlinear maRnsy He 7 the pmn

di f f exense i s 16onsf tiepwmst bhihb earshie popt geadatos DR dn @n P tsphal f@Eivid o a

parti cul ar device e t i ower |evel. range has_been

considered for a ?ﬁgg%n#é%eﬂﬁ&, ':Hg})%sef%%eaao mﬁdﬁ%ogr’rﬁ%ﬁi %%ﬁﬂﬁaepeat ed

for several nore EPRST @ddRARIaE108 HE. (et PASRaorppes $62 ineludss alniapmingf taldt or  f r om

the resul ti ngI opt ihwelaﬁcaﬁgi PUpR ﬂ%ﬁeoéfsth:b Sradsh@fRa %%hﬁCJfQEE f:iﬁﬁna!‘%f‘co&ef‘ shdre

optim zer scaling_u n.agrder mi nt a product enpl oyi ng. aspects

of the presenti av%ﬁ{lu?ﬂéoﬁgaﬂ[tbh’gg%*ﬁigat%ir‘ifég%‘ﬁg@‘ﬁipﬁé’gmﬁ“’?@?lsggpef”ﬁ]éi% pper

222 may be ché8enoirapegonshiotiRdy tydatchepesdatand it the capnbf e trsemispdwier i ty t o

the power anplifi gheddar RIEAIRInativER Suphe Bithd ‘Ghndid Fﬁzﬁh nto

ensure stability of tﬁs fe%dgqus‘l g%gﬂmhi_l e pr%)%/ﬁ?fgf%négtgﬁog actfgirgy racki ng

speed Those ski | |'BPPF7Y¢ F78 P&7'50 12 JiRse stele & bagr wale i WL A9P BRser 1h be

optim ze the cli peplagded wdtiplidd t he determ ned optinmal value of Dm~ in a

given design is so large that effectively no slipping is performed to the

signal, the sli ppRO3A22miocSerAel, tSRHeraBitichdyor i Ridlsmitir ﬁz][i@b]ﬁmz_e& E}m‘u%lf
reference

output. 75 1n.rite. enpodi ment descrjbed herel nbefore wt
to FIG 2 EE%?SL‘?"H“‘% Sh# %?PF‘E‘? SR RGO 8 o A 10 &R msiaBpe Ariaamsten)

provi de a "fast hefriehwames andfifies 314 Obe' conwdiiof the pypinen s tated Sat ldae HORE] suosl
rel ationship bet weghaddhBaces 5@&3&.3%%@@5 Ov;l'%i#gd, a.&d irfdirtlza%io ower
| 1 near Tun P Fe

anplifier paraneter, signal, .y, as a 2 ction of 't ransmtter

aut ormatic gain cdHt§"ie PaT gidices apguajogdirst pdjusiment sigeal seiasrresonding Higitd o)
frrction is, 20 iadssead valnondianerare fAQbdheet £ digial MobraBRinReR HARINRRM
nont 1 near funct ot peof BEERRN Re 1o 30k BRRLSY (el b piopd 1 e

control | er 20A. |§FSCHE ?W%ﬁi%@%f“@ﬁ%n%ﬂ Rewee rtgeeh, caliphfionstr at ed i n

FIG 3, the maj ordiffeyenod beowpampme &t dijustinen S £ Histcind RS CHENE Yse@RE | M ZeET
101 of FIG 2. However,




25 the signal converter is the piecew se clipper 310. O ne exenplary input
to output transfer function o f the piecev~ise clipper 310 is illustrated
in FIG 4. [0056] In this alternate enbodi ment, the values of the | ook up
table in the nonlinear nmapper 218 are produced in the sane way as descri bed
above. [0057] The paraneters of the piecew se clipper 310 can be optim zed
using the nethod 30 having essentially the sane stneture as the nethod of
FIG 7. In this case, several 14 paraneters are required to be chosen to
best fit the relation of Tx~w vs, ya to the desired relation (nanely the
relation-of TSt~wr vs. y, as stored in t he®nonl i near mapper 218). (0058]
Initially, the feadisasle chmrgfion vauel iwhish Iseorvinsiddpa ORYion Sirel tha Sabtaeiettiyop tray
be di sabl ed by prgyigds ﬂﬂrﬁeﬁ%ﬁﬁﬁﬂéﬁé{@ﬁ%d {,rea&cb@m@% Qnéal%%%a&&aafa ggual's to
the initial value 5 used in the jnit value menory 226. A set O?plnltla|
val ues are sel ect @aonﬂequq# Hﬂ’ﬁ’ﬁ’ﬁ‘ﬁ‘t s of piecewi se cli pper 310, such as
those shown in FIG 4 (step 704). An initial Tx_pw value is then sel ected
(step 70G) . The vdP@i8]yan oneraon, withwicdingi tb HIG. ¢abedesioh avduege sraminivgd power

anpl i $er par ameg erTxXpm'ﬁluE ReR ISR RGN pERer £Q 8ol T2 35RO %H:%ﬁt%ﬂerw h the

sel ected Tx_pw va,.ll The val ue of the transmt ’Power ou fromthe
power anplifier PF@”ET5 PAYE §°1EREOD F ey B tat ¢ ?QSFMEIEESP@?%W’W@@W% ep
710) whet her the duateil preinfurtabivd prpdee by ﬂuarag&veoindtchﬁmdeomm&‘rdﬂeasbamﬂonm

consi dered. [0059]gud 4G EM:% as not
been consi dered, tvhe fx~w%§af°%@gﬁg%g$%§g§dn?e éfhftl]g@? %%e val ues
of ya and Tx~wr ar@ekiffrpmpupcatnfsyics wayaye thoyward K ('PF D%M)éﬁf@t’ﬁdﬁlﬂlﬂ power
range of the deyvi gephds ﬂammmmauﬂ%@gmfarcﬂ;&mmmceome rébegé mlgomghﬂss

det erm ned -for the ar anet er _si gnal associ at ed
"1St~wr values is T%ﬁﬁgwq%ﬁé%‘fﬁgasgB?ﬁ“?sd?ay?‘ﬁﬁlfrég’ﬁ“é”é‘%%@‘fﬁéw&% Ying the
entiies in the | oolatedwirddst devicen totadigst| rmeamcterionp ©f ﬂﬁ]yﬁrelegsm&@l}:l frdm ihg t hen

determ ned (step Mﬂessvaaﬁmerﬂmtﬂaﬁ s%&i‘ﬁﬁféf}%rsbw\(% hfie Gl AL &cﬁas been
~ed by the s%l ectjo araneters he i ecew se cirl

5300 11 the. 20" i FERBRESHASOREL DAReREoR PP Concal TR tot TRPIEL ct s
tnay be sel ect’8d (cettmpmefiiog hnd/dp abednom pbhe cainbfmretce bet ween t he tabl es,
and tire creation of a table associating the power anplifier paraneter to

the Tx-w value (§00mp M. opdiDop fblr cobkd) b SRRy, kbsichf @k gnce has
been m nim zed, therr%il&fls con dere ci ?“é&fo | efe and. . th erTes of
the set of paranet&FeS Rt SR THED . 3Pl St FurghdR MetEpRarierd B be t he
25 optinmal set of pErEhmet wrestiradicuad afijost thehiesipil eweast Srensaitiad pewer,31HD aodrage hi s
D5 o o TR SR SR AR

considered for_a fLrst sam devi ce
or several nor® s&RPTESHEY) ”@8%9 bagl GypEshih 100R @p e oonl éiﬁﬁseiha‘vt&? F&€estan t hen
be obtained by choosimiratdaeleieadd ragesdani tehayadiution The®Pewdrhentbondinds dual | y

opti mal val ues of ,fheschar Hd ' ) 30 inplenenting a
product enpl oyi ng aspects @‘?é‘ﬁ‘ﬁ% pr é"g%“%ﬁ‘%&l‘é SFUS%CSMTS [0062] FIG 5

illustrates yet a gf dlment ﬁ#ﬂ(‘f vgﬁ)rks with either of the two
enbodi nents descnla aé’ﬁ'vee °W5”8ﬁtf“\8h oY rReoprRiete disndil gerHatiht or 202
is fed to the nonlhmne*@rdeﬂa@p@ag@ﬂaasmumwa- 'Er_amtraﬂﬂeiwiﬂambraabmﬂeﬁ T hc
dat a encoder agid q:ggéjllngx% %@ﬁl{ﬂl_@m&gﬁ &%}‘%@3 dat@’,’% on?sfn tatorte

i ndi cator that uniquely a support I'na rate,
codi ng and nodul atPBH °Ff@f5|€ﬁ“eiuh%fhﬂeﬁewwer eegeaterc%%ﬂnwrmww T@aﬁr@@ueioo
referred to herei eveasl.Zmtat a i ndicator' Y'. The data indicator, r, which may
provide an indication of a data rate and/or data format for t he currently

transmtted signajoossp qﬁp@;nv.ﬁ,gﬂg& gok;]ena ARRBBRPE horifited % %&W% put put
atio

of the PAPR mapper. 502 is E&ng t o average power a data
si gnal havi ng theﬁﬂécfﬁsfdh? ‘ln@atéf nRlipsr FERPHgt UPAST Riechuae - 28l ¥ he dat a
i ndi cator, r. 3fhengdenderiledinings RARRuwipper waiblnore wakpreSisatpiof 48 or nMay
be expressed in a eat@olidd@bs tsScoleRRO8: of the
data format indi cgi'\thgd by the datael ndlin!étggéles Eﬂ”’d@&? ngfﬁwﬁe g"rﬁﬁ‘é@%
factor as that of the Tx _pw value. Tlie transmt power sumer 506 adds the
Tx~wr val ue and the PAPA{r) value to generate a peak power value for the
currently 15 transmtted data signal. This peak power value is provided to
t he nonlinear mapper 218. In this enbodi nent, the nonlinear trapper 218 is
precottfigured to store the ideal power

O




anplifier parameter value as a finttion of peak power instead of tha
average power Tx~wr, as presented herei nbefore. [0083] In yet another

al ~mat i ve enbodi nent, the “Snitial value" supplied by the initial 20 val ue
menory 226, rather than being pre-set as the m ddl e val ue of the output
range of the ACC D/A 228, may be an itriproved initial value x, detenijued
t hmugh self calrbration, referred fo hereinafter as a self cakbrated
initial value. The self cahbrafion nmethod nay be carried out as fell ows.
j0064] At time of manufacturing, an initial value for the selfcalibrated
initial value x; 25 is stored in the initi#l value nenory 226, where the
initial value nayuhmua&utdmmmsmbie‘ﬂuj,m’fmnelbyaie}gﬂeﬂéﬁt@nm'twréﬂﬁ Ukt ue such
as the mddle valyg @i Gh8 étﬁﬁg‘ﬁm%edtéa AEc Dl fdr 0 CorftoChafACESRd Z€d

val ue obt ai ned by neasurln mean va ue o e correctign signal z and
averagi ng t he neaffaEviEr 192 dhybeACEriselbplerovided @ th pipize g’éﬁﬂ‘ﬁ‘ﬁ 1%ation
device 100 may initiate a cal |. The first tinme the wirel ess conmuni cati on
devi ce 10D 30 tr aif®d7k sA stdied vpien oft thy B AGE|sigeal of the ¢nepusofl the aptitizergeatio | ni ti al

value x; is used.  iheoval,us » gprb:&m%ﬁ(toaﬂé §REdI VR IPhE Hoveldl hinfifhiel fARRROI SSi ON.
At thetlrrethe call_ finishe he sappl ed t6 val ues are averagﬁd and the

mean val ue, denot &@rahgpimized %F%B“E%FELS‘P%F%GW‘&FMHE%‘W PO | By AEER™ ni ti al
val ue x; may thenhéienat&adatc&dmﬂﬁonm(lﬂmw)ﬁ %sﬁﬁdﬂ)vﬁx&%@(mmﬁﬂb@)ﬁ-x%ﬁe ais

a srmal |l positive q&x %315;”%@%6251 Sdu”e&Qgc?wc‘}%m hlﬁgrdl%m' g}gﬁ%‘f es.

callbratedlnltlaf1 a ca
is considered t haPOVtﬁh@}ﬂlrhﬁmRW@eFBﬁ ﬁﬁﬁnl&lﬂ’amay i?atoa@de}@d qumllpmfevﬂd@%tﬁ P%‘b%l

initial guess 4gor asaée%mgﬂshpas@le{er opfielghed fo@ﬂﬂ'pkrﬁaulai- h@ar&ﬁdvémgﬁahﬂaﬁte\so@& initial

val ue can he used,f gvice nost i c.P ose t after a period
of Sel  cal' brat g B o SRR T sotet i 8 el B by e
initial value x, uhht oitpt bathe adesymeht gl soemered 12 tc&ﬁ)edaltalblgaﬁledbx te 814l val ue
of other simlarl YodvBRM1@ct ured devices, the given device nay be considered
to have a problem [0066] O her nodifications will be appar ent to those
skilled in the ar refore e . invention efin t he.cl ai ns.
77 CLAIMS: 1. An iqoggﬁl enc %Fl%efiﬁ PPaAra a?pmét?ll W?)t“' g "T’r??smdﬁalueﬁ'g\f/ver
efficiency in '@ tyawsnivudior of Baber mmm«@nm@pmwzmgma@@amwydb@l ng

characterized in thahink heGcQRRRA SA8S wil telrARRA fadRRNE WHRNR ALMinRPerigbl e to

roduce en indication of sired, ave
P tined on, the Tx_pwr value }/s sa.m]ged by the processor 230 and sent to the nonlinear

mapper 218 periodically, e.g., every 20 ms, and the Tx_pwr value is used by the nonlinear

mapper 218 1o determine an interpolated valye y;.

20 [0039] A difference (y; - y) between the interpolated value, y;, and the sampled
instantaneous value of the digital signal, yg, representative of the anzlog power amplifier
parameter signal supplied to the power arplifier 214, is determined by the subtracter 220.
The difference may then be limited by the clipper 222 such that the clipped value at the
'Dutput of the clipper 222 does not exceed a limit value +D,, ., Depending the choice of

25 value Dy, which is optimized in the desipgn stage as will be firther described hereinafter,
the use of the clipper may be optional in implementing this invention. The clipper output
value, which may be positive ot negative, is added to the previons value already stored in
the accurnulator 224 1o improve the value of a digital corection signal. The accumulator
224 subsequently outpuis the value of the digitsl comrection signal, which is converted to

30  the analog cercction signal x by the ACC /A converter 228, '




Iranstltu<tted power; a signal converter operable to produce a fast
adj ust nent signal based, at least in part, on said indication of desired
average transmtted power; a processor operable to: 10 produce a second
adj ust rent signal based, at least in part, on said indication of desized
average transmtted power; determne a difference between said first
adj ust nent signal and said second adjustnent signal; and produce a
correction value based on said difference; and 15 a sunmez operable to
produce a paraneter signal, based on said cotrection value and said first
adj ust ment signal, to control an aspect of'@operation of said transmitter.
2. The efficiency [id0] mAzesgumeipbvait (8 aasital valusmeplied hchamitelvaluehanayt eri zed
in that said aspe f rahl ' SIA.4 1 | S p
operation of a po%&éérgaﬂlé) |1§€n?ﬁ°g?%£%i%a¢n?§%gﬂ1&t$eré @8{ %P&Tﬁg:%e |CD?Iency
opti mi zi ng appar aFRERE 238 Ajchasagterined galyy that i obteined agithe nasueed earc i P28 i n
t hat i][ furthfar Cemﬁ'cﬁe@laxgﬁhgsﬁbedaﬁﬁﬂ} hx?fagﬁﬁ@ér&mu@;b&(afaﬁ’vﬁshjﬁ@ agngaig
control signal ba n.sald i.ndicati of desired average transmtte
power and wher esbsgflgrgdgxﬂd%’%‘n ER BT ﬁ?%‘rgsﬁ r%%'lmé'g’tvgl“‘for oduce said first
adj ustnment signal based _on said gain control signal. 25 4. The efficiency
opti mi zi ng appar altféThs Defng Faymisin.cqogiqyeny changes s e TR ASY sigraly gerpragd g
signal convener | %o tOBd pvigsigutli that Gpegaakhel ictor@ifplop&aloth @iiof cled iob® |
signal to produce 1d fi dj usuncnt. si | 18 5. T ficiency
opti ni zi ng appar alp%gergcsmg% ze:;adrrg]déol_ e alwrf'%%rgﬂ?l S%ﬁahﬂ’g‘f’eértfﬂzsé'gpﬁﬁﬁ?{hﬁﬁ?%% id
signal converter il8. Yepivdiewhages o1 hpbeAGEpiznalidad to dangpy o tegewaainglifFai n
c?_nt rol signal *soflc %ﬂ’f]ﬂétéi’gig%a@y matwﬁgﬁ%ﬁa {:Eﬂ:&{?&d_ tmc%ewat.e,fﬁae&g. %ﬁnﬁ'v&x GQ3kwr gne
clipping paraneter to pr ce. sai ast., usdnent signal ; re sal
t ransf er functionv?lﬁecf‘%&g’gc ﬂ‘lmé"’a‘?t‘hec?ﬁ@m%ﬁ‘#ﬁ’é ’ﬁ?}'IPF"ﬁ%‘?‘?fdl P’ﬁ’é@‘gjb €said
gain control signa/D R Twhicpdried salet, fi, issomprkjdusitieprt-sisied) irdrpolagzd volng tyant |
where said transf ool by 8 sbhilelad exaﬁlslcf‘??ﬁt‘givgﬁl%éfp@pgﬁue?fﬁtﬁ&@iﬂr?ﬁeval ues
| f I r'st adjusn |

of said gain control signal for which sai _ nent signal 1s a
scal ed version of PEHFT HEATAATESAlRT B the digpolated value is determined 1o be zero, the power
15  amplifier parameter signal y applied is considered to be optimal and it is determined that

no.correction is required. However, if the difference is not zero, the difference is nsed o
produce the correction signal x to correct the power amplifier paramcter signal y and the
iteration continues to try to make the difference reduced vntil the difference is zero.

[0042] Notably, the determination of the necessity and degree of correction by the

20  mnonlinear mapper 218, the subtractor 220, the clipper 222 and the accurmulator 224 may
be implemented in software running on a microprocessor. As such, these components are
illustrated in FIGS. 2 and 3 as encompassed by a processor 230.

[0043] Afier a quick change in desired transmit power, the gignal converter (e.g., the
optimizer scaling unit 210), which is implemented in hardware, may quickly produce an

25  approximation to the desired power amplifier parameter valuc at fhe signal y
corresponding to the new transmit power, The nonlinear mapper 218 may then, after a
delay, produce a desired value, y, for the power amplifier paremeter signal y
corresponding to the mew transmit power. As the value y; produced by the nonlinear
mapper 218 is generally more accurate than the approximation produced by the signa)

30 converter, the hardware and sofiware aspects of the efficiency optirmizer 104 may bs seen
to each have a strength. The hardware aspeet having a strength in response speed and the
software aspect baving # strength in aceuracy.




1 D wherein said transfer function is a continuous funerion. 6. The
efficiency optimzing apparatus as clainmed in any preceding claim
characterized in that said processor enploys: a mapping procedure to
produce said second adjustnent signal by determ ning an ideal adjustnent
signal corresponding, in a mapping table, to said indication of desired t
~a average transmtted power; a subtracting procedure to determ ne said
di fference between said fast adjustnent signal and said ideal adjtusnnent
signal; and an accunul ating procedure to add said difference to a
previously existing value to produce said dorrection value. 20 7. The

ef ficiency ogti>nfidd] apasshbtus tedookatbidn he nalisnmépperehBsra aptimided & | n
that it further e . I PRI rocedure t.o.lim i A e such
that said differ e%gt oe S%léaka?gx ee%wgeslc?%n a&%’f%ﬁ%ﬁ%%%fif%gl{%%y
optim zi ng appar aftiilns rowgs el is ssloettdaisiap 602 Tredsmisvienyis teoh arrdemed pt78e i n
that it further cm&assaﬁnm%éioarawadauwlatﬂ@e;&,&ecrwwwa@@%m Thsefeiad! y an
initial value to said aclcugwcator' and _dldgl%]? %&W%&conéﬁrtﬁg,
having an out pdt PRFHETALIICHHTR PY ryrdinedicBie 8 iR
correction signal while i®itSing dinel ehd spovies epissinps at the putpng oftbp@rat wplids 28 ai med
in claim8, chara i i ] W W TR L 1 ue in
sai d out put range o Eg@ﬁgmgﬁbgﬁi@% t??uguggﬁg u@%ﬁé@#@?hﬁ?ﬁwﬂfﬂg{hﬁ?%l ency
optim zi ng appar afRiigs214 RF pever;srrificn prrcter Sigad! Fc Eptied duer 06} v itdyyi d
initial value is dewrmaRd \(@dpUEDSP fthaS diedoit QI rR6T ERAmS| @dlons breld. or Tieltea

T LT A o o B A A

that said nean va ) tTttoug asuring-andravera sai d
correction signal meybavaged zien9e) by divating theavalue ofthegsoyctioptignalxzt heyAGE PAY at us or

t hrough measuri ng 2s@isiCkiitRRhd @ BofdBNGHhpuP Yéiher, AHMLEHyOMSuiR G- bR te
transm ssion. 12. %ﬁj@ﬁl Cl enﬁ% opu%'hn‘i Zi ng %ﬁ)ara us as, clained in any of
clains 1 to 5 10 B PR °W of R POy LR bavsmeheddie TrEst il e r
operabl e to recei e valughatia. indigtd vgve ditte andigyoderampizr pargaten sigmbi, aay or |

produce a val ug r gpLe3RAkLRbLMS Of a peak power to average power ratio; and
a summer operable to produce a sum of said value and said indication of

desired average T | 148 HRQUEr ; 1ﬁ5 whtreiri sai.d pntessor iis operable to
produce sai d secoE@r‘@g} ustcﬁ%ntv\gg‘f’@ﬁg g, Wglggpower Amplitier parametsr signal , ey be
‘ noted for a range of power levels. Characterization parameters, such as a minipum and
maximur power level that define the range of power levels and a power level increment,

may be defined before commencing such characterization,

20 [0046] Once the digital value of the znalog power amplifier paratoeter y, has besn
recorded (step 610} in association with the initial power level, it is determined whether
the entire range of power levels hag been considered (step 612). If it is determined that the
entire range of power levels has not been considered, the next power level in the range is
selected (step 614), typically, by adding the power level increment 1o the previous power

29 level. Transmission (step 604) at this next power level is then commenced with the further
steps (steps 606-612) taken to determine and record the digital value of the analog power
amplifier parameter signal y for which the our of band spurious emissions are at or near 2
predetermmned design target.

[0047] When the entire power level range has been considered for a first sample
3@ device, the method of FIG. 6 is repeated for several more sample devices. When the entire
power level range has been considered for a sct of sample devices, a mapping table is

compiled including averages (averaging over the set of sample devices characterized) of




on said sure. 13. The effeiency optic. ~n=ng apparatus as clained in any
preceding claim characterized in that said signal converter is a hard
wired device. 14. A nethod of optimzing power efficiency in a transmtter,
sai d nethod being 20 ehatxeterized in that it conprises: generating an

i ndication of desired average transmtted powtr, based on said indication
of desired average transmtted power, producing a first adjustnent sibmal;
based on said indication of desired average transm ttedpower, producing a
second 2~a adjustnment value; determning a difference between a first

adj ust ment val ue based on said first adjustdrent signal and said second

adj ust ment val ue; the ibtd bals@chf gnassaludlcrih bf T fRGL The kaghingi tille B skl etk on

val ue; and based QNS E sal d corﬂgcti on value and said first adjustnent signal,
produci ng a pararret er SI gial“to conrrol an aspect of operation of said
transmtter. lb@? rL]l_le:lth d as clainmed in claim 14i characterized in that
sai d aspect of op ) orfhetegiongp, qrored 1y g moplinepr mappes 218, befweep TadWhHWYat | on of
a power anplifi er nef bsmneldﬁdamsameﬂehmmw&.@or Jﬁi&nﬁ&_ﬂmdﬂ%vﬂﬁe&fmﬂﬂmﬂrcl aim
14 or claim 15 ? ge[n!ngeﬁ:gnﬂ &etsﬁé‘% u.ﬂret.leré%som t;ftb%{d sb fofk tﬂa@' n

controlled arrpl [ f| e sal d r conprises: based on said
i ndi cation of des@F“eﬂﬂ% 6‘@1’{‘-"#%?@#4 e@ﬂﬂfﬁﬁﬁefr’”“ﬁh erEieriann gk vEues AR B8nt r ol

signal for said gamurwé&Ma@mém&ltwmdandﬁa ﬁ{%eton sai d gain control
si gnal, produci ng said first adj usttnent si gnal . he met hod as cl ai ned

in any of claims 43 élﬁ 0L uﬂf? 1d@cﬁaﬂ%néeﬁbﬂ % iﬁnég Iy S

produci ng said secon ment va dctenrinl ng an i ust nent
val ue correspondi i§Y FW%B’bfhﬁ’@“%"&lﬁ'ﬁéﬂverﬁ]&@‘é‘ﬁ@ﬂ%ﬁ‘&‘h’?f% 70?’1“€]b’sﬂ’Ped
average transmd t dedipeRbp, whivh dRvidehie: dRéchackifs »Cls@isend (kteh ADYsoQhat hkai s 14

furher Ccompr | ses. A dhelbl sBloke BRaSk e, P AT Bicsmid o i Tod 2 1
power by summ ng §%ﬁﬁg‘inﬁéi1?:§iﬁf@‘ﬁb@klwkslﬁir‘@cﬂw@l’&@ﬁug@mmanswmmeémgmber Wi th

an indication of pERKDAAC2I8VIEF &ERs RANEHikl FhluDise@iRdhe initial value memory 226, An
initially guessed value of scaling factor § is then selected (step 704) followed by the
15  selection of an initial Tx_pwr value (step 706). The value yy, i.e., the digital value of the
analog power amplifier parameter p, is then recorded (step 708) in association with the
selected Tx_pwr value. The value of the transmit power output from the power amplifier
214 is also recorded and it is then determined (step 710) whether the catire output power
range of the device has been considered.

20 [0G5Q] If the enfire oulput power range of the device has not been considersd, the
Tx_pwr value is incremented (step 712) and the values of ys and Tx_pwr are again
tecorded (step 708). If the entite output power range of the device has been considered, =
table of digital values determined for the power amplifier parameter signal y associated
with Tx_pwr values is compared to the similar table created when optimizing the entries

25  inthe look up table for the linear mapper 218.

[0051] Itis then determined (step 714) whether the difference between these tables has
been minimized by the selection of the sealing factor. If the difference has not been
minimized, a new scaling factor is selected (step 716), based on the difference between
the tables, and the creation of 2 table associating the power amplifier parameter to the
30 Tx pwr value (steps 706, 708, 710, 712) is repeated. If the difference .has been




20 based on said indication of desired peak transmtted power, producing
sai d second adjustnent value. 19. The nethod as clained in any of clains 14
to Il g, characterized in that it finther conprises: converting said
correction value to a correction signal; and 26 based on said coneciion
signal and said first adjustnent signal, producing said paraneter signal to
contm said aspect of operation of said nansmitter. .Ap .AV;2 .A9. AVUR A9u

. AV9. A9u. AsX . AX . AsuO . AsO . AX. AX . AX9. AXr. Aui $. Au. Au2 . Au2 . Ao6CZaHKR
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[0D56] In an altemate embodiment, described hersinafter, a piccewise linear
approximation to the ideal nonlinear fimetion is provided by altering the output of the
gain conftroller 204. In the alternative efficiency optimizer 304, illustrated in FIG. 3, the
majority of components are shared with the efficiency optimizer 104 of FIG. 2. However,

25  the signal converter is the piecewise clipper 310. One exemplary input to output transfer
function of the piecewise clipper 310 is illustrated in FIG. 4.

[0056] In this alternate embodiment, the values of the look up table in the nonkinear
mapper 218 are produced in the same way as described above.

[0057) The parameters of the piecewise clipper 310 can be optimized using the method
30 having essentially the same structure as the method of FIG. 7. In this case, several
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Hs10%&' () - ! Hs10%& a(la}non (%gn%ﬁgﬂxé Qﬂaﬂn of TX_pwr vs. y, as stored in the nonlinear mapper 218).

[0058] Initially, the feedback loop is disabled (step 702). The fecdback loop may be

disabled by providing a constant value to the ACC D/A 228 that equals 1o the initial value

5 used in the initial value memory 226. A set of ininal values are selected for the

parameters of piecewise clipper 310, such as those shown in FIG. 4 (step 704), An initial

Tx_pwr value is then selected (step 706). The value yg, 1.€., the digital value of the analog

power amplifier parameter y, is then recorded (giep 708) in association with the selected

Tx_pwr value. The value of the transmit power output from the power amplifier 214 is

10  also recorded and it 15 then determined (step 710) whether the entirc output power range
of the devics bas been considersd.

[0059] If the entire outpur power range of the device has not been considered, the
Tx_pwr valee is incremented (step 712) and the values of yy and Tx pwr are again
recorded (step 708). If the entire output power range of the device has been considered, 2

15  table of digital values determined for the power amplifier parameter signal y associated
with Tx_pwr values is compared to the similar table created when optimizing the entries
in the look up table for the lingar mapper 218.

[0060] It is then determined (step 714) whether the difference between these tables has

been minimized by the selection of the parameters of the piecewise clipper 310. If the
20  difference has not been minimized, a new set of parameters may be selected (step 716),

based on the difference between the tables, and the creation of a table associaling the

power amplifier parameser io the Tx_pwr value (steps 706, 708, 710, 712) is repeated. If

the difference has been minimized, the method is considered to be complete and the

values of the set of parameters that mimimize the difference is considered to be the
29  optimal set of parameter values for the piecewise clipper 310 for this parficular devige.

[D061] 'When the entire power level tange has becn considered for a first sample

device, the method of FIG. 7 may be repeated for several more sample devices, An

optimal set of parameter values can then bte obfained by choosing the least aggressive

values among the individually optimal values of the characterized devices, for use in
30  implementing a product employing aspects of the present invention.
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"()-1 T 10%p& () - B yenlingqy pegey 218) gia pOansmit power summer 506. The data encoder and
modulator 108 (FIG. 1) genetates a data format/data rate indicater that uniquely indicates
5 a Suppoﬁéd combination of data rate, coding and modulation method of the wireless
communication device 100, referred to hetein as a data indicator “r”. The data indicator, 1,
which may provide =n indicationt of 2 data rate and/or data format for the currently
transrmitted signal, is received by the PAPR mapper 502 so that the output of the PAPR
mapper 502 is the PAPR (peak to average power ratio) of & data signal having the data
10  rate and/or data format corresponding 1o the data indicator, 1. The output from the PAPR
mapper may be expressed in dB or may be expressed in & value that is proportional to the
PAPR value in dB of the data format indicated by the darm indicator, 1, and has the same
scale facior as that of e Tx pwr value. The tramsmit powsr sumimer 506 adds the
Tx_pwr value and the PAPR(T) value to generate a peak power value for the cwrently
16  wansmitted data signal. This peak power value is provided to the nonlinear mapper 218.
In this embodiment, the nonlinear mapper 218 is preconfigured 10 store the ideal power
amplifier parameter value as a fimction of peak power instead of the average power

Tx_pwr, as presented hereinbafore.

[0063] Inyet another altemative embodiment, the “initial value” supplisd by the initial

20  value memory 226, rather than being pre-set as the middle value of the ontput range of the
ACC D/A 228, may be an improved initial value x; determmined through self-calibrarion,
referred fo hereinafier as a self-calibrated iniiial value. The self-calibration method may
be carried out as follows.

[0064] At tdme of manufacturing, an initial value for the self~calibrated initial vaiue x;
25  is stored in the initial value memory 226, where the indtial value may be, as diseussed
hereinbcfore, a predetermined value such as the middle value of the range of the ACC
D/A 228, or a characterized value obtaimed by measuring the mean value of the comection
sigmal x and averaging the mean over a number of devices. The wireless communication
device 100 may intiate a call. The first time the wireless commmication device 160
30 transmits, the pre-stored value of the self-calibrated initial value x; is used. The value x is
peniodically sampled during iransroigsion. At the time the call finished, the sampled
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calibrated initial value x; may then be updated as

x{new) = x,{old)+ af(x,, - x. (o/d))

where ¢ is a small positive quantity.

5 [0065] The method for updating the self-calibrated initial value may be performed

every time a ¢all cotapletes. It is considered that the improved initial value x; will provide

a good initial guess for x for each call. Additionally, the self-calibrated initial value can be

used for a device diagnostic purpose in that, after a period of self calibration, if a piven

device has converged to an self-calibrated initial value x; that is far away from the self-

10  calibrated initial value of other similarly manufactured devices, the given device may be
considered to have a problem.

[0066] Other modifications will be apparent to those skilled in the art and, therefore,
the invention is defined in the ¢laims.
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CLATMS:
1. An efficiency optinizing apparatus for optimizing power efficiency ina
transmitter, said efficiency optimizing apparatus being characterized in that it comprises:

5 a transmit power generator operable 1o produce an indication of desired average

transmitted power;

a signal converter operable to produce a first adjustment signal based, at least in

patt, on said indication of desired average transmitied power;
a processor operable to:

10 produce a second adjustment signal based, at least in part, on said
indication of desired average trapsmitted powear;

determine a difference betwesn said first adjustment sipnal and said
second adjustment signal; and

produce a correction value based on said difference; and

15 a summer operable to produce 2 parameter signal, based on said correction value
and said first adjustment signal, to control an aspect of operation of said transmmitter.

2. The efficiency optimizing apparatus as claimed in claim 1, characterized in that
said aspect of operation of said transmitier is an aspect of operation of 2 power amplifier
of said iransmitter.

20 3 The efficiency optimizing apparatus a5 ¢laimed in claim 1 or claim 2,
characterized in that it fisther commprises a gain controller operable to produce a gain
control signal based on said indication of desired average transmitted power and where
said signal converter is operable to produce said first adjustment signal based on said gain
control signal.

25 4, The efficiency optimizing apparatus as claimed in claim 3, characterized m that
said signal converter ic a scaling unit operable to scale said gain control signal {o produce

said first adjustment signal.
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process said gain control signal aceording to a transfer function defined by at least
one clipping parameter to produce said first adjustment signat;

5 where said transfer function inchudes at least one range of clipping values of said
zain control signal for which gaid first adjustrent signal is constant;

where said transfer fimetion ineludes at least one range of sealing values of said
gain control signal for which said first adjustment signal i3 a scaled version of said gain
control; and

10  wherein said transfer finction is 2 continuons fimetion,

6. The efficiency optimizing apparatus as claimed in any preceding claim,
charscterized in that said processor employs:

a mapping procedure to produce said second adjnstment signal by determining an
ideal adjustment signal corresponding, in a mapping table, to said indication of desired
15 average transmiited power;

a subtracting procedure 0 determine sajd difference between said first adjustment
signal and said ideal adjustment signal; and

an accumulating procedure to add said difference to a previously existing value to
produce said correction value.

20 7. The efficiency optimixing apparatus as claimed in claim 6, characterized in that it
further employs a clipping procedure to imit said difference such that said difference
does not exceed a limit value.

2 The efficiency optimizing apparatus as claimed in claim 6 or claim 7,
characterized in that it further comprises:

25 zm initial valoe memory adapted to supply at initial value to said acewromlator; and

a digital 1o anslog converter, having an output range, for converting said
correction value to a correction signal.
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9. The efficiency optimizing apparatus as claimed in claim 8, characterized in that
said initial value iz a middle value in said output range of said digital to analog convetter.

10.  The officiency optimizing apparatus as claimed in elaim 8, characterized in that

said 1mtial value is 2 mean value of said correction signal.

11.  The efficiency optimizing apparatus a5 claimed in ¢laim 10, characterized in that
said mean value is determined through measuring and averaging said correction signal
over a tiumber of similar efficiency optimizing apparatus or through measuring said
correction signal over a previous petiod of transmission.

12, The efficiency optimizing apparatus 45 claimed in any of elaims 1 to 3,
characterized in that it farther comprises:

a mapper operable 1o reeeive 3 data indicator and, based on said data indicator,

produce a value representative of a peak power to average power ratio; and

a sumrmer operable to produce a sum of said value and said indication of desired
average transmitted power;

wherein said processor is operable to produce said second adjustment signal based
on said sum.

13.  The efficiency optimizing apparatus as claimed in any preceding olaim,
characterized in that said signal converter is & hard wired device.

14. A method of optimizing power efficiency in a tansmitter, said method being
characterized in that it comprises:

generating an indication of desired average transmitted power;

bascd on said indication of desired average ransniited power, producing a first
adjustment signal;
based on said indication of desired average transmitied power, producing a second

adjustment valoe;

determining & difference between a first adjustment value based on gaid first
adjustment signal and said second adjustment value;
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15.  The method as claimed in claim 14, characterized in that said aspect of operation
5 of said transmitter is an aspect of operation of 2 power amplifier of said transtmitter.

16.  The method as claimed in claim 14 ot claim 15, characterized in that sald
transmitter includes a gain controlled amplifier and said method further comprises:

based on said indication of desired average transmitted power, producing a gain

control signa] for said gam controlled amplifier; and
10 based on said gain control signal, producing said first adjustment signal.

17.  The method as claimed in any of claims 14 to 16, characterized in that it finther
comprises producing said second adjustment value by detemmining an ideal adjustment
valne corresponding, in a mapping tablé, to said indication of desired average transmitted

power.

15 18,  The method as claimed in any of claims 14 to 16, characterized in that said
producing said second adjustment value further comprises:

producing ant indication of desired peak rransmitted power by summing gaid
mdication of desived average tranemitied power with an indication of peak to average

power ratio; and

20 based on said indication of desired peak transmitted power, producing said second

adjustment valus.

19, The method as claimed in any of claims 14 to 18, characterized in that it farther

comprises:
converting said correction value to # comrection signal; and

-l based on said comrection signal and said first adjustment signal, producing said
parameter signal to conirol said aspeet of operation of said tansmitier.




