1 METHOD AND APPARATUS FOR OPTI M ZI NG TRANSM TTER PONER EFFI Cl ENCY

FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to power
efficiency in wireless transmtters and, 5 in particular, to a nmethod and
apparatus for optimzing transmtter power efficiency. BACKGROUND [ 0002]
Battery life or power efficiency is a major performance criterion for

W reless conmunication devices and nany other types of wrel ess
transmtters. Power efficiency has becone nore inportant as wrel ess
comuni cati on devices nove into the provisiton 10 of nultinmedia services,
whi ch consune nuchamIe PO Abatusadiorl argivyeiee TRENNCETR POMRIROVI Ng
the efficiency of _ﬁgﬁaﬁﬂpsnitter conponent of w rel ess comruni cation
devices plays anThpottant: role in inproving the perfornmance of such

devices. [0003] In one aspect of the need for inproved power efficiency,
such neM/nDduIatiBﬁlDﬁgfﬁ%H@“@%ﬂﬁﬂﬁe Di vi sion Miltiple Access (CDWVA),

Ot hogonal Frequency Division 15 Multiplexing (OFDM and ot her types of
mul ti-carrier nod[{A0&81}i offils preserd iventin reketes orwehelieoty inexivich tandnigds peak to

aver age power 5at QSikRARR) mkiod dS ahh A0S drhB DR | dhona) |y, the
PAPR changes mﬁthrﬁ?ﬁ%, Jepend?ng g% a trﬁ%%niggi%% 3%?? 6%%éﬁﬁ§

configuration- Suﬁﬂcﬁﬁﬂauﬁﬂd vari abl e PAPR values require the transmtter
(including the power anplifier) to provide |arge dynam c range and good

linearity. 20 [00&@5 I n_anot her aspe t of the need for inproved power
efficiency, in maly?%lcofiHiFHi'tat: RH "SI 88 A S R EZ00 6 TRIE. DO (1x
Evol uti on Data Onéopmunicdrioir\evidds {rkdxmaby ahaittypenofDatchsamndsadre @pwandicldiiyver sal
Mobi I'e Tel ecommuny¢ %Ec'oxl%'gm e‘?‘ﬁé&ﬁa&%g (vh’@(&@?lom&&%aéo%ad@%ms %@9@@%@ roviston
required to be controll el iq ary in a arge range, €.g.., fromtower than
-50 dBm to hi dRheroftppiitinedia serpipnsrgich conyepO0Gh aevd rowsr, thasrafitionehevforperacest he
speed of power, aRGPAPR: oMBihd b fdnSmitdr SOpPHRENY of iless doRfu BRI ESicesi N
edma2000, the spe%gs%%agg_ TuvaniatLon i%ﬁy to 200 gB_ er second and the
PAPR may vary every PriySt ol i mgroyifie by 6&%@“?’“5% Ty a transmtter to
work well in all 3&?? condi tions w thout sacrificing efficiency in power

2 (0003}  In one aspect of the need for improved power efficiency, such new modulation

consunpti on.
methods as Code Division Multiple Access (CDMA), Orthogonal Frequency Division
15 Multiplexing (OFDM) and other types of multi-carrier modulations, and combinations
thereof, exhibit high peak to average power ratios (PAPR) in the transmitted power.
Additicnally, the PAPR chanpges with time, depending on a transrnission data format
configuration. Such high and variable PAPR values require the transmitter (including the

power amplifier) to provide large dynamic range and good linearity.

20  [0004] In another aspect of the need for improved power efficiency, in many
commumnication standards, such as edma2000, 1xEV-DO (1x Evolytion Data Only),
IXEV-DV (1x Evolution Data and Voice) and Universal Mobile Telecommunications
Service (UMTS), the transmitted power is required to be controlled to vary in a large
range, €.g., from lower than ~50 dBm to higher than 23 dBm for cdma?000 devices.

25  Purthermore, the speed of power, and PAPR, vartiation is also very fast. For example, in
cdma2000, the speed of power variation is up to 800 dB per second and the PAPR may
vary every 20 ms. It is challenging to design & transmitter to work well in all such

conditions without sacrificing efficiency in power consumption.



[0005] In sone known nethods to inprove transmtter efficiency in varying
transmt power and/or varying PAPR transmtters, the transmtter circuits
provi de one or nore control ports to control certain paraneters within the
transmtter circuits in continuous fashion and/or in digital fashion. The
paranmeters in the transmtter circuits can be any 5 physical quantities
that can be used to trade for efficiency at a given condition. [0006] The
control ports can control paraneters including (but not limted to) bias,
power supply voltage, switch in or switch opt stages and conbi nati ons of

these. In particu 0_@55_} tﬁ{‘%mﬂi ﬁ%wﬁ%e&%h? ﬁ]ﬁepé&gﬁtés tE:I‘ Qﬂcl@rﬂplirfl ia%{tr%gmt%ﬁjw ces

inside a power anplifi'er nay be control obj ective | control
the bias to an anoRffr e/ rBHEng RARR fenspBeBstha fynspgte] pirguits godegdne lgaare
spurious em Ssi ONScodol Pt ©dold] erpinh @AShQETWARH hd ALESMRAL, 3NeoHRbRL ai N
waveform qual ity f Olhic8 A% gii ven t ﬁnsn&tted Qwerthand/ of. PAPR values in a
supported range. The poner rs'&}%?ﬁ Bt G BTG TR Tp PR PSSR He Y of
power anplifi er® aneyoal rdiges it paube tsd forvafly mnghdifreest agayn ddedivant rol | ed such
that voltage is supplied to the circuits (at least in part) by

non-resi stive vol tiagws] r etulcadrdongeriRaNSonfr 6 . pramstert Snchiding Chir A IPGBE Eo) S14RP! V)
to obtain the benell. Qb POURL. SAHING: o WEAPBIEELLY G Su 8 BONLY Blee 1NE

vol tage no nore than necessary to i m ¥ Out” of BARd Spuri ous efri SSIons as
stated by a preddiF@FHitnie bpepuicttetrepme efitle ranliftizg devigesviesidsraogreradniptifiesf or

each given transmgddyed coR@ied. m@%ﬁéﬁvglﬁﬂ?) Mk di8hd Biad {&eanfsé!m&rﬁoelqmé gde. As
wel |, sel ect edmsta e hed in or out according to the

S may be. sw .
transmtted power “&ndror DPE\BI!? W&Iotg’?d ST OBHTIOPR Spi Sttt e 2 RIS
represent ed by thegpiremnt idrmamiihodssforinhmaliip tforngazia given refmivtd aevemaidicer
power efficiency Gapkiau&S:1H 3 AGde PG L ! LM}Q@@Y
[0008] In a nethod and a]%?;@igésr&f o.réeoﬁc%%%i_sg%ﬂ{‘?o%%ﬁaﬂ gf“lﬁgwer (_)f
efficiency, a fastP*V4ppF BOGH FHHE fensgrtel ropy bereprollebc B HEETF t hat
i s inplenented inshplidwathe cirsit2Gt eanhipnredy whit-hsigivé eQelbaciultios neat @D s
adj ust nrent of {zhe ) f . r L on
2 Ustront 1 ol SRanE Bhbe: Soph b B e pb B ol By OB ORI ER L Bk
correction adj ust HSYPIaLE neMeyHEEn PYeespRTY fdinticpubiefdbend dedeasicthissioms sppFed XY fat e

adj ustment, but  pfdi@nRedEquliAbR and QRABRI WiV RGE QLARNER cthidheARRgRREt Of
t he present invention é@grﬁﬁ @r ovi ded an .30 effici enc% odotl m zi n%
apparatus for opt PR Zi*RG  power Vel Pcie AEpoier maretr 4h &Rl ehried sippes may be

switched in or out according to the transmitted power and/or PAPR values.

20 [0007] Despite the advances represented by these earlier methods, the optimization of

ransmitter power efficiency continues 1o attract significant attention,
SUMMARY

[00G08] In a method and apparatus for optimizing transmitter power efficiency, a fast
approximate adjustment of a transmirter parameter that is implemented in bardware is

25  combined with a feedback correction adjustment of the transmitter parameter, where the
feedback correction adjustment is implemented in software, The software-based feedback
correction adjustiment is slower than the hardware-based fast approximate adjustment, but
is more accurate.

[0009] In accovdsmce with an aspect of the present invention there is provided an
30  efficiency optimizing apparatus for optimizing power efficiency in a ansmtter. The

efficiency optimizing apparatus includes a transmit power generator operable to produce



efficiency optimzing apparatus includes a transmt power generator
operable to produce 3 an indication of desired average transmtted power,
a signal converter operable to produce a first adjustnent signal based, at
| east in part, on the indication of desired average transmtted power, a
processor and a sunmer. The processor is operable to produce a second

adj ust nent signal based, at least in part, on the indication of desired
average 5 transmitted power, determne a difference between the first

adj ust ment signal and the second adjustnent signal and produce a

correction val ue %Sﬂcﬁca%h Jfl?it%tr&i afv&ﬁ‘g'e%‘&%ﬁnttc-drﬂﬁvcr,%W&‘E&n{r&teﬁ@%ﬂp o%rcId@:c

produce a paraneter si ased on the correction val ue first
adj ust ment  si gnal ,* & g‘B‘l‘ﬁ“P‘“’Bﬁ gl B @t lott oprE af s rindftigmed Qeﬁ’%?ﬁsafﬁt‘f&eer
[0010] In accordannmamm&mmﬂﬁmbhﬁk&ﬁﬁp@@hsﬁﬁn&hﬂmﬁhﬁ&ﬁﬁhsm@%ﬁm&bpﬁmkbare is
provided a 10 net ef fi Cy. a tter, The
nmet hod 1 ncl udes ge%%gg%&jﬁ&%n‘: g:?a'l ggecg%},\gn of s ;ﬂqedmg(%?na%fg nrhcgnag"ar{‘la et ed
power, produci gy drapympisged mmgttmme astiffmerice biswesa dbeolisit adiistingretistgaal izt thef
desired average trRaibdibgttnPOWR! andfrQEbCe BAbre@ion SR Bhseddi s hirfErRlce, ikl U
based on the indication of gﬂgeSI re@favera e tranz é%t power, determ ning
a difference bet weSR™g if PREEAPIC Syph 1F tignah S8EHY "‘EW‘F@"“PP?@‘F’ 24 f56st ment
15 signal and t he fsgedvrtinatyizgrsh wemtrolal2tmest opsreditei ofighe aaeheect i on val ue
based on the difference and producing a paranmeter signal to control an

aspect of operati Qnﬂmi trh eccoldiran Sk %&Erd@ﬁs&ﬂdr&%&s&ﬁw@%ﬁ&ﬁ&k%@c@@ and
ects of th

the first adj her,

pr esent |nvenmn Wi ? %%D% mlngowglreenfm?yma ?@"‘b?ﬂo?“?ifna?i/“ §Sk$ef“fminﬁ t he
art upon review ofaﬂﬁ@éﬁatﬁqaqudew@mé@s&:trmp‘wmw speGingicirs2Cjusnbodigmént s of
the invention in oeajWwACh %cmomft&%rea%&@g%a%rﬁgedf b, efoduBli EFsecond
DESCRI PTI ON OF THE DRAWNGiS 00@%I %ﬁ ﬁ\Fle figures which illustrate exanple
embodi ments of t hPS“TAENEE Passlot 8)c rieptiop ?fl flegiendy FBee Fapirish gower,

conmruni cat i on devilgenidrg adiffaincaspeahs it atjiemenprasaniedion ietirstQjusmmsnt be
enpl oyed; 25 [1%01%1&'&1 i éeéo'n&'%hmﬁq&ﬁ v@iﬂe %‘?&éﬁ&% Q%oée%ﬂo Patxde’%ased”o% the

transnitter power éfficiency tni t accor di ng
to a first enbodi H’gﬁ’t‘m“ﬁfaﬂ? Iif@dbcﬂ%s%ﬁ’tmmq‘%\ﬁéﬁ%ll%ﬁ@nﬁﬂl o aSPECt of Spersion o th

transmitter based on the correction value and the first adjusiment signal.

[0011]  Other aspects and features of the present invention will become apparent to
those of ordinary skill in the art upon review of the following description of specific
20  embodiments of the invention in conjunction with the accompanying figures. '

BRIEF DESCRIPTION OF THE DRAWINGS
[0012]  Inthe figures which illustrate example embodiments of this invention:

[0013] FIG. 1 illustrates a wireless communication device for which aspects of the
present invention may be employed;

25 [0014] FIG. 2 illustrates an apparatus for optimizing transmitter power cfficiency
employing an optimizer scaling unit according to a first embodiment of the present

invention;



[0015] FIG 3 illustrates an apparatus for optimzing transmtter power
efficiency enploying a piecew se clipper according to a second embodi ment

of the present invention; [0016] FIG 4 illustrates a piecew se clipper
transfer function for use in the apparatus 5 of FIG 3 according to an
enbodi mrent of the present invention; [0017] FIG 5 illustrates an optional

alteration to the apparatus of FIGS. 2 and 3; [0018] FIG 6 illustrates
steps in a nmethod of determ ning a mapper conponent of the apparatus of
FIGS. 2 and 3; and [0019] FIG 7 illustratea steps in a nmethod of

det ermi ni ng par aneygysPr R ANEL Sk Jdgi i m :

FIG 2, or the pie [gjrvm ]ge igfl?’pper fﬂg{apé ?c%ﬂﬁﬂ%fg%‘%%@&% g&%%#%éb
bl ock di agram of aCHFPEIges PieeriruMiveet Icendittetd @ esecpnd cmbodimang of rtag eugsentn FI G
| to include a trapssbd:er 102, a receiver 110 and one or nore antennas
106, 107 Additionally, a transm’ tter power efficiency optimzer 104
provides input to ;daee 11551, @BﬁEMeE g%_méc%efc%fpw%ﬁfépﬁﬂ fJL%e BMChoaratys,

efficiency of the transmtter e recelv is
received for usd b$§f &%WF@&‘?WW@’@@W%%%WM@ that may i ncl ude,
for exanple, voice or data applications but, since such functions are not
closely rel ated tol00hd pH@s%ﬂvswatpe;ﬂnmg@ml@heraﬁrourqfhreappmazf FIGRakandépn

omtted. A secondary output of the receiver 110 is received for use by the
transmtter power pbidici Hﬂc&ﬂm&a«amtépmmaﬁeﬂm&mmugah@pﬁe&&rpbm&fme
hereinafter. A chaﬂ)g 4 and godul ator 108 may receive a signal from
t he communi cati ons devi ce ?n ohs. 112, may provide the transmtter 102

with a signal to tl{gﬁ%im % rovi de to the transmtter power
efficiency optiniZ&° 40 10 ilpsras [P Bt Bithod of dtisrmiagie RERIEET of BEPESGHef]

- provided to thé&o tﬂltawpsmsztseahnaﬁﬂ.ofm 2 hotht piede@iseiclippsr st IGA. by a person
skilled in the an that many nmaj or 25 conponents of the wrel ess

conmmuni cat i on devimETAIOED DRsERIGON have been onmitted for clarity of
illustration. [0021] The specific design and inplenmentation of the wireless

communi cat i on deviggezo) 100p1b& &%ﬁﬁ@?%ﬂ@d@%ﬂ&%&&%ﬂh ald:RDef efk in

which the wirel ess communi cati on device 100 i1s. 1 nten to operate. For
exanpl e, the wirel'eQ@sEHiHATREBELEolY2 g yiesiEer 1109 ad one or more antanas 106, 107.

Additionally, a twansmitter power efficicncy optimizer 104 provides input to the

15 transmitter 102 for optimizing the power efficiency of the transmitter 102. The main
output of the receiver 110 is received for use by communication device finetions 112 that
may include, for example, voice or data applications but, since such functions are not
closely related to the present application, further detail has been omitied. A secondary
output of the receiver 110 is received for use by the transmitter power efficiency

20  optimizer 104 as will be deseribed hereinafter. A channel encoder and modulator 108 may
receive a signal from the communications device functions 112, may provide the
transmitter 102 with a signal to tramsmit and may provide, to the transmitter power
efficiency optirizer 104, an indication of a data format of the signal provided to the
wansmitter 102, It should be understood by a person skilled in the art that many major

25  components of the wireless communication device 100 in FIG. 1 have been omitted for
clarity of illustration.

{0021]  The specific design and implementation of the wireless communication device
100 is dependent upon the communication network in which the wireless communication
device 100 is intended to operate. For example, the wireless communication device 100



may be designed to operate with the MbitexTM DataTACTM or Ceneral Packet
Radi o Service (GPRS) nobil e data conmuni cati on networks and al so desi gned
to operate with any of a variety of voice conmuni cati on networks, such as
AMPS, TDVA, CDMA, PCS, GSM UMIS, etc. O her types of data and voice

net wor ks, both separate and integrated, 5 may also be utilized with the

W rel ess communi cation device 100. [0022] FIG 2 illustrates the efficiency
optim zer 104 in detail along with a portion of the transmtter 102, In
particular, the transmtter 102 is shovvn tosi ncl ude an AGC anplifier 208

whose out put isre m2 ﬁﬂ%‘e tam is
recei ved by the an?%n%&ﬁpﬁﬁié&i’%g b‘%glfe e effi (?F%#@Ckg 1 zer
104, a transmt 105%6 ¢ data ROPNUpieAsieR moﬂpﬁomépistmfdlto giegreati® from
t he receiver 110. E}Qf@mpofmgﬁéﬂhun%ﬁﬂiﬁb@d@hchQ&LWM%M@@S power
control instructi OG @9{1&% &,‘e station an a received signal strength

i ndi cator (RSSI) s %ﬁa § WW%#%W%@HPW{SW baih §eeiF and isesd:

i nclude a pil ot5stmaw@)smheutdmdrmarﬁmn@@mmn@um@ﬁw 10al so for open | oop
power control. Based, at least in part, on the power control signals, the
transmt power genoztjorriboe &Q@ra&bﬁﬂaﬁ&%&@iﬁ%ﬁr AR B AHE AR E pbAig e tt ed
power val ue "Tx p% %nsmmr unléz%f t%]g rtlwﬁv’é 58% O\EI‘\’le‘rﬁF%‘?r;’ %‘Eﬂ t hat

i s expected at the antennd i y the
transmt power gerﬁ@m&ﬁ@r’zomsqmmtlgancnved(bﬁmbmthmhﬁ@(%iwlﬁmeampmﬁmﬁnmifs t he
gain controll er 204ceivea 500Y Sk ok TAM O Qi quaglof 0 ﬁg‘@*’g%g‘“m?“q%‘%%%ﬂ%

converter 206 d then row%ed to the |er
transmtter THRE, cﬁ'ﬁ?r F IEHES PAVF prR! é‘@?ﬂfeff%ﬁhe 256Ver <L 1G4 g PR vi ded

to a signal convemte:itsxgmhmhmclodmmsédsodpbew&m@&aﬂmq&n@mmﬁxatliasdsthﬁon%@@
amplifier 208 to an.adi N t.: \pRr oxi mat | of. a_signal
that nay be used toecgjr:{'?é%ﬂ F%ar a%e&?dér(&% Sfgrgule Ic’ge\/veropa]?rp“zﬂr?ol’:ucé)‘%1 afiﬁnayl n the
enbodi nent of FI Giuper jnpladesd Q%Imwﬁvfér@@&fqﬂ@ mtie gl pise &r opecibe pgveni t

210. The scaling feagfod IBascS,at Eist ih E)QT QR tre BhweR Eong B1al h 19 ﬂié'&'aﬁsn@t]pgwér%eﬁﬁgo? rm ned

in a 25 desi p Lb \erei na i,n con ion with

[0024] The pa?gsrre'? ggﬁeq‘&?‘ﬁ& O%r? Fiyg tf“flsé’}meﬁfﬁw%gﬂ Y B?d]?ﬁér“mm
efficiency opti W?m%ﬁonwrbéﬁﬂﬁ@@tlsmmﬂaﬂmmtmmpé dynam c range, gain,
bi as or quiescent current, conduction angle, power supply voltage, a
charging duty cycl®g3n Toats_per va ié prpadang ée ua{aﬁ@ﬂp'iy]wef@baerﬁkuﬁmﬁo Pkait he

be. descrbed her aLar ety ﬂaf%ﬁp‘é“%%%* T T
by a gain D/A converter 20 and then prowded to the AGC amplifier 208 of the
20 wansmitter 102. The owput of the gain D/A converter 206 is also provided to a signal
converter, which converts the signal provided 1o the AGC amplifier 208 to an adjustment
signal that is an approximation of a signal that may be used to control a parameter of the
power amplifier 214, In the embodiment of FIG. 2, the signal converter is an optimizer
scaling unit 210. The scaling factor, S, of the optimizer sealing unit 210 is detertnined in a

25  design phase described hereinafter in conjunction with FIG. 7.

[0024] The parameter of the power amplifier 214 confrolled by the efficiency
optimizer 104 may be, but is not limit to, dynamic range, gain, bias or quiescent current,
conduction angle, power supply voltage, a charging dury cycle, a load, or an impedance.

[0025] The owput of the optimizer scaling unit 210 is summed with a comrection
30 signal, “x” (to be described hereinafier), at an adjustment signal summer 212, whose

owtput signal, & power amplifier parameter signal referred to herein as ", is received by



out put signal, a power anplifier paranmeter signal referred to herein as
"y", is received by 6 the power anplifier 214 and/or other parts (not
shown) of the transmtter 102. Such other parts of the transmtter 102 may
i nclude, for exanple, a switch power supply for the power anplifier 214.
Additionally, the power anplifier paraneter signal y is converted from an
anal og signal to a digital signal "yd", by an A/D converter 216. 5 [0026] A
nonl i near mapper 218 stores a mapping table containing desired val ues of yd
as a function of Tx_pw, marked as y, in thg figure G ven a val ue for
TXjrw fromthe ansm t we tor 202, the onI i near r. 218

det er ni nes, and ouﬁ'ﬁﬁfweravﬁ%e 14%‘\’9‘qu %ﬁ%(ﬂ‘ﬁsﬁo ) Qfgpe ,&“W‘Fefé&gg‘%gc’%‘gtween
y; and the val ue oparyd? shappharddr B§2 theindndd, foc oxawplk! e swithGowsr deghe fonitieed by

a subtracter 220. 1.0 L&Iﬁ%zrlzﬂhgda@c{ouugrtﬁ@g&fma(ﬂlﬁ% Lffkedohy, 8 ShiRaer 222

such that, at the gQutput of th y
di fference does nof™®¥raas siepiipg di F’%T@l ty¢", by an ABrgenverter 316 ed val ue of the

difference is provided to an accunul ator 224 whose digital output is
converted to anSanlléd cémendintai wrppsi 23R sthrexa byppap tallECBiingdsnived velags o228,

[0028] At the ti masta@ncﬁﬁmjv&%arﬂ&%sh% ihyﬁguré ‘@iﬁﬁg vQﬂe fok BE tﬂi‘ﬁ&{l gRut put
val ue of the 15 accunulator i1s initial value" is redet erm ned as

a constant that calff"Be' RGT BT F0<37tnthf’ APYinegs W%gﬁétﬁ’ﬁﬁﬁ %0“‘{’%2'91 FI G
3 illustrates an adesiexdvallié ﬁoeygﬂxfd:ﬁ‘erameyem@hlymnz{eﬁe a4 of wWhepgticd by e gDgnal

converter is a pi e&, é%g Hggﬁfnegépefsuﬁ%cm% the output of the gain DA

converter 206 in t alternati Icrency optimzer 304 is provided to

t he pi ecew se 3 the 2 t of the piecewi se clipper 310 is
sunmed w th thgécgﬁﬁeat s Wit v iy S E R G I SRR 21 1 o
create the power afiper £3%p Updtedavritear e dififtadneo/ddehadt ck@ed ¢ Eo@iwied Dhy. Thhe
power anplifier 2Lf,;ef vatllké%f Eﬂeﬁ{fﬁf&&tlﬁma‘t% 0 a-.rﬂrﬁ%cuﬂhﬁﬁﬁm%ogé &Qﬂﬁgutp%%ﬁg has

parameters that can either S!};re det erm ned and fixed, or_progranma

m croprocessor or CHFHAST FeAale %Fe%‘%ﬂxﬂ’f]ﬁ%a?ﬁgcﬁ*?‘éﬁn@%@f mmuni cat i on
device 100. In 25 the forner case, the paraneters are optim zed and
determined in the (B8] grit ghodizes thet tranpraitter o} s)jess Bunsd ik ratt duiat ot &e 100.

In the latter msaccuﬁlh@mp@@ﬁf‘iﬁhﬁwu@ﬁﬁht ta%rera&&ﬂ[n@@mm{tﬁé‘!hattda&fﬁe dded§SPONSE
to such working var Ln on |t|?q§ as opérating tenperature of the
transmtter 102, ba“f@’%ﬁ&‘?’ﬁ% #¥s of the battery (not shown) that powers

that transmtter )
[0029] FIG. 3 illustrates an alternative efficiency optimizer 304, wherein the signal

converter i3 a piccewise clipper 310. As such, the output of the gain D/A converter 206 in
the alternative efficiency optimizer 304 is provided to the piecewise clipper 310 and the
20 output of the piecewise clipper 310 is summed with the cofrection signal x at the
adjustment signal summer 212 to create the power amplifier parameter signal y that is
teceived by the power amplifier 214 of the transmitter 102. The piecewise clipper 310 has
parameters that can either be predetermined and fixed, or propramumsble by a
microprocessor or controller (not showmn) in the wireless communication device 100. In
25  the former case, the paramsters are optimized and determined in the design stage of the
wireless communication device 100. In the latter case, the parameters can be programrned
real-time in response to such working varying conditions as operating tetuperature of the
iransmitter 102, battery parameters of the battery (not shown) that powers that transmitter
102, wansmitting frequency of the transmitter 102, and/or the indication of a data format
30  of'the signal provided by channel encoder and modulator 108 (a3 shown in FIG. 1).



102, transmtting frequency of the transmtter 102, and/or the indication

of a data format 30 of the signal provided by channel encoder and nodul at or

108 (as shown in FIG 1). 7 [0030] FIG 4 shows an exenplary input to

out put transfer function of the piecewise clipper 310. As shown, if the

pi ecewi se clipper 310 is progranmabl e, the progranmabl e paranmeters may

include the lower clipping level A the upper clipping |evel B, the |ower

knee point C, the upper knee point D, and/or the slope of ranping k (not

all these 5 paraneters are independent). O her piecew se arrangenent may
ed inplenentation is well known to

I b d The det

o0, P 5, TRREP! HEL T e SR BT BB o R 2
yet anot her alt er nefrpuelemscthwmeiithe pithivdda climyr 110 igpadrir@thblepthe plofremmaliche
embodi ment of FI G pufilerd B 1RAROG: 1RRL ﬁfxm@e@é%meh;%e{él!gﬁiﬁ%}fe@etlﬁdmeIA‘ fur ther

10 alternative eff]cl enc% timzer
generator 202 and Yifé PR8I e apreripasaring Py afdimithe %?Pchfémﬁ%kéﬁof B ithesec y
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[0032] In overﬁ W t he EO%?H efficienc he trans er
optim zed t hroligh °T 9% C¥BRTH At TPyt eSperagondand a‘bfﬂp‘éfpﬁﬁnﬁtrf"“(ﬁﬂe%?o“ﬂ Re
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i ndi cati on of desired aver a% tran ower ased
a that relates the PAPR value of the transnutted signal of the channel encoder and

modulator 108 1o the data indicator r. The PAPR mapper output valug is preferably in dB

20 or proportional to dB by the same factor as that used in the output of the transmit power
generator 202. Alternatively outputs of the transmit power generator 202 and the PAPR,
mapper 502 can be also in linear scale. If linear scale is used, the summer 506 needs to be
replaced by a multiplier.

[0032] In overview, the power efficiency of the wansmitter 102 is optimized through
25  control of a selected aspect of operation of the transmirter 102, for instance, 4 parameter
of the power amplifier 214. The control of the parameter is based, at least in part, on a
generated indication of desired average transmitted power. Based on this indication, a
hardware path produces an analog first adjustment signal and a corresponding digital frst
adjustnent value and a software path produces a digital second adjustment value, where
30  the second adjustment value has been previously determined to c¢omrespond to the
particular indication of desired average transmitted power through calibration. A
difference berween the first adjustment value and the second adjustment value is used to



har dwar e path produces an analog first adjustnent signal and a
corresponding digital first adjustnent value and a software path produces
a digital second adjustnent value, where 30 the second adjustnment val ue has
been previously determ ned to correspond to the particular indication of
desired average transmtted power through calibration. A difference
between the first adjustnent val ue and the second adjustnent value is used
to a produce a correction value, which is converted to a correction signal
that is subsequently wused to alter the firsy adjustnent signal and produce
a signal to control the sel ect ed, as of operation of the tran
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trangmnitted power generated using open loop power control can be further adjusted, on an

20  effectively continuous basis, by closed loop power comtrol signals that the wireless
communication device 100 receives from the base station. These power contro! signals
and methods are well known in the art and are not discussed further.

_ [0035] Since the power control of the wireless communication device 100 varies with

time, the desired average transmit power, Tx_pwr, varies with time. Notably, the Tx _pwr

25  value may vary quickly. For instance, according to the known cdma2000 standard, zn

update ocours (such that the transmit power generator 202 generates a new Tx_pwr val ue)
every 1.25 ms.

{0036] The gain controller 204 may perform, but is not limited to performing, such
functions as data format changing, nonlinear mapping, update ratc changing, etc., and is
30 not further detailted herein, as gain controllers are well known to the art. The output of the

gain conwoller 204 is converted from a series of digital sample values to an analog



25 value may vary quickly. For instance, according to the known cdnma2000
standard, an update occurs (such that the transmt power generator 202
generates a new Tx pw value) every 1.25 ns. [0036] The gain controller
204 may perform but is not Iimted to performng, such functions as data
format changi ng, nonlinear mapping, update rate changing, etc., and is 30
not further detailed herein, as gain controllers are well known to the an.
The output of the gain controller 204 is converted froma series of digital
sanpl e values to an analog 9 transmitter agytomatic gain control,
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processor 230 and @é‘rﬁfert%ﬁthe nonl i near napper 218 periodically, e.g.,
every 20 ins, and the Tx_pw value is used by the nonlinear rmapper 218 to
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subtracter 220. timed on, the Tx_pwr value is sampled by the processor 230 and sent to the rionlinear
mapper 218 periodically, e.g., every 20 ms, and the Tx_pwr value is used by the nonlinear

mapper 218 to determine an interpolated value y,,

20 [0039] A diffevence (3 - yg) between the interpolated value, y, and the sampled
instantaneous value of the digital signal, y,, representative of the analog power amplifier
parameter signal supplied to the power amplifier 214, is determined by the subtzacter 220.
The difference may then be limited by the clipper 222 such that the clipped value at the
output of the clipper 222 does not exceed a limit value £D,,. Depending the choice of

25 value Dy, which is optimized in the design stage as will be further described hereinafter,
the use of the clipper may be optional in implementing this invention. The clipper output
value, which may be positive or negative, is added to the previous value already stored in
the accumulator 224 to improve the value of a digital cormmection signal. The accumulator
224 subsequently outputs the value of the digital correction signal, which is converted to

30 the analog correction signal x by the ACC D/A converter 228,



The difference may then be limted by the clipper 222 such that the clipped
value at the output of the clipper 222 does not exceed a limt value D.
Dependi ng the choice of 25 value D., which is optimzed in the design stage
as wll be further described hereinafter, the use of the clipper may be
optional in inplenmenting this invention. The clipper output value, which
may be positive or negative, is added to the previous val ue already stored
in the accumul ator 224 to inprove the value of a digital correction
signal. The accunul ator 224 subsequently optputs the value of the digital
correction signal ch IS conve ted to t he anal corr ion signal x
by the ACC D/ A conwgg H3gompeyde @b‘ﬁ@’fawgcéﬂmaﬁﬁgg%H‘étaf’f?iuegﬁmf’% tial
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m croprocessor. As such, these conponents are
{0042} Notably, the determination of the necessity and degree of comection by the

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

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

25 approximation to the desired power amplifier parameter valuc at the 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 parameter signal y
corresponding to the new transmit power. As the value y; produced by the nonlinear
mapper 218 is generally more accurate than the approximation produced by the signal

30 converter, the hardware and software aspects of the efficiency optimizer 104 may be seen
to each have a strength. The hardware aspect having a strength {n response speed and the
software aspect having a strength in accuracy.



illustrated in FIGS. 2 and 3 as enconpassed by a processor 230. [0043]
After a quick change in desired transmt power, the signal converter (e.g.
the optimzer scaling unit 210), which is inplenmented in hardware, my

qui ckly produce an 25 approximtion to the desired power anplifier
parameter value at the signal y corresponding to the new transmt power.
The nonlinear mapper 218 may then, after a delay, produce a desired val ue,
y,, for the power anplifier paraneter signal y corresponding to the new
transmt power. As the value y; produced by,the nonlinear mapper 218 is

generally nore acc%e if?fa t he approxi nmation produced by the si gnal 30
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value yd, i.e. 18t Wer€d¢rg@dt(ﬁ¢pﬁlé)l ue of the anal og power anplifier paraneter

signal vy, may 15 be recorded (step 610), [0045] The digital value, yd, of
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i ncrement , maximuin power level that dcﬁnc 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 analog power amplifier parameter 3, has been
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 comrmenced 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 ermissions are at or near a
predetermined design target.

[0047] When the entire power level range has been considered for a first sample
30 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



may be defined before commenci ng such characterization. 20 [0046] Once the
digital value of the anal og power anplifier paraneter y, has been recorded
(step 610) in association with the initial power level, it is determ ned
whet her the entire range of power |evels has been considered (step 612).
If it is determned that the entire range of power |evels has not been
consi dered, the next power level in the range is selected (step 614),
typically, by adding the power level increnment to the previous power 25

| evel . Transmi ssion (step 604) at this next power |level is then conmenced
with the further steps (steps 606-612) taken to determ ne and record the
digital value of tM& “&ﬁél"'&}bﬁﬁé%?s a élﬁiﬂ‘"il £f & poyer dbe rwprieg Ghkars ool Bhi ch

t he out of band spusiliedismeperess.ons are at or near a predeterm ned design
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on the other SI de_of the curve are |esSs pr edet erm ne
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214 is also recorded and it is then determined (step 710) whether the entire output power
range of the device has been considered.

20 [008Q] If the entire oulpui power range of the device has not been considered, the
Tx_pwr value is incremented (step 712) and the values of y; and Tx_pwr are again
recorded (step 708). If the entire output power range of the device has been considered, a
teble 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 ook up table for the linear mapper 213,

[0051] It is then determined (step 714) whether the difference between these tables has
been minimized by the selection of the scaling 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 a table associating the power amplifier parameter to the
30 Tx_pwr value (steps 706, 708, 710, 712) is repeated. If the difference has been



anal og power anplifier paranmeter y, is then recorded (step 708) in
association with the selected Tx _pw value. The value of the transmt
power output fromthe power anplifier 214 is also recorded and it is then
determ ned (step 710) whether the entire output power range of the device
has been considered. 20 [0050] If the entire output power range of the
devi ce has not been considered, the Tx pw value is increnented (step 712)
and the values of yd and Tx_pw are again recorded (step 708). If the
entire output power range of the device has sbeen considered, a table of

digital values determned for the power rrp |f|er par a na
associ ated with TRMRedEs ‘E}%dé"dl‘%c"@%%ﬁ‘&tt‘é opgPlethEnddhe s q’ﬁ? ﬁlh‘gnﬁl@%‘fsed

when optim zing thelcem:riame&co:%ﬁleﬂemzomhexebpmlalsamgazbﬂoefomepﬁhmdrdmar mapper
218, [0051] It is then determned (step 714) whether the difference between

these tabl es has P?ﬁgi] ”Wﬂérmhé%ﬂzrplﬁmw?@ev%ﬂaﬁ‘gétﬂw'Beeﬂfcoﬁsfb%rea(fféx'Hi&t fagtor. |f
the di fference has_not been mnim dV}(Psca %Elgggactor IS Iect ed

(step 716), based SfcopR¥ ‘Eﬁﬂﬁoﬁé?%ﬁc'émﬁ’e"fe\ﬂﬁléﬁe THEveE a0RIG 0PV TRE T i on
of a tabl e asso8i aidgreiv halifpofitgr faniile résuntip q;mamamfaau@gfaétmlsh&nsﬂec’déﬂfqnme val ue

(steps 706, 708, T ofder ionfSRE At A onilo bRELE L bRESIGEINES RN,

mnimzed, the net S consi dered to be et e t he "scal’i ng factor
that minimzes thesEHfFerERce is considered to be the optimal scaling
factor for this particular device, [0052] Wen the entire power |evel
range has been con¥P8#r ethefchppirg Vﬁliw,@bmsﬁmpbl'@perdéz/in@éve chiven pretdvothewpdal®l G 7

may be repeated fog, eeﬁ%@ "ﬂ:@'coﬁ%ﬁ SenStR & ﬁ{é%‘éh&%&phﬂgﬁ%a&ﬁ&&t TR ?ﬁﬁﬁ?%‘a‘iﬁ&e

scal ing factor Bromt e resulting E‘PI scal | ng factors is en _sel ected
for use in théloptpHf E%Fh"éﬁ?aff’lc?f@”& ’tl“yﬂéh‘i fredbel deorpile B RS FRISE S o duct
enpl oyi ng aspect s w@ikkiid eedpnﬁbmﬂledm\ﬁemmsmmabk@ﬁé&]daﬁk\ﬂzﬁéthqﬁpo oagimialiee, D~

of the clipper 222;@&%0@@% hREShaN, G RIS, o onsedang kaeyRont ol

sensitivity to the Ier pa

be chosen to ensur 3§1dep¢¢1wymg)ﬁvﬁfﬁ?@n¢dé@@ba§4@1 %G@Wﬁéﬂﬁ?%wf’é}ﬁﬂl@mm
satisfactory trackingigsfaeadbuphhose skilled in the art should be able to
devise a nmethod to optimze the clipping value. If the determ ned opti nal

value of Dm- inpsa @hygn Hes moauaeﬁqcs@c@ﬁaLM%ore @M &@Jraw@!oym@% calel AR NY is

perforrredtothe signal, th I's not used and the in S
Ier 204 and the aptmnzcr scaling unit 210 provide a *'fast hardwarc a Justment”

straight to’its ouf
which approximates the desired relationship between the desired transmit power, Tx_pwr,
and the power amplifier parameter signal, y, as a lincar function of the fransruitter
aptomatic gain control signal, Tx AGC. [t may be shown that the ideal function is,

20  instead, nonlinear.

[0085] In an alternate embodiment, described hereinafter, a plecewise linear
approximation to the ideal nonlinear function is provided by aitering the output of the
gain controller 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 nonlinear
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 tethod of FIG. 7. In this case, several



15 [0054] In the enbodi nent described hereinbefore with reference to FIG
2, the On controller 204 and the optim zer scaling unit 210 provide a
"fast hardware adjustnent”, which approximates the desired relationship
between the desired transmt power, Tx _pw, and the power anplifier
paranmeter signal, y, as a linear function of the transmtter automatic
gain control signal, Tx AGC. It may be shown that the ideal function is,
20 instead, nonlinear. [0055] In an alternate enbodi ment, described
hereinafter, a piecew se linear approximtjon to the ideal nonlinear

function is provided by alterin q%‘Pthe out put of the ain controllg 204 In
the alternative efP¥&p IEBHF i’é?h"%ae&’bﬂf‘IﬁFﬁﬁfe}aﬁ? TP vy 13 e fggied

maj ority of conponshiticn @iehshadRtbiwt TH ptrie. 1@ hsfstodd @by napidantapee 2154 of FI G
2. However, 25 the signal converter is the piecew se clipper 310. One

exenpl ary i nput to{: yé;pum&ﬁﬁ%ff@édbmt %pislmmaif(s&mozplﬁe%@u&ek rab}s%ewse 310
is illustrated in 56] is alterna

t
of the | ook up tabﬁ’éﬂb}cﬁbwf%“ ?Uﬁ%a&wal“ﬁﬁ‘db%‘?‘c%?%‘%?%é&b?%ge@é}&’V‘H‘Sf’%ée same
way as described alpeweén tHeObET] vahleenq@aranbt e setaff ibihd yaluec ewi skected ppier 310

Can be opti mzed Unl ARl F PRS00 3004 SRSERNIRHIL 4115 BBTE: Bkiiot U e

as the nethod of sever re required
to be chosen to beStPHi valuefrchaneplegad fergPo)TRue valke xeehe. 9’@ digialtvpiae ofdisiapdep

relation (nanely tRQfvef @hikbQharadkter isAkh r%@rdcd/ﬁste@%&ﬂn%@»dmﬁd& mhtehml%wag)ar

mapper 218). [005 Initially, th feedb sabl ed
The feedback | oop W'b‘éaﬁue%a‘%]l“ SF‘B P‘B’f“’ﬁ&“ ‘Itggﬁldﬁb a?ﬁwe{/arij ue 40 zshe ACC
D/ A 228 that edbal dsotrecordadaridrii i theh de\mrlnmed (5tep 300 whether Hie cittiné oWt pYwREr esemenor y

226. A set of initimle dvali@sn-at &ni@lacted for the paraneters of piecew se
clipper 310, such as those shown in FIG 4 (step 704). An initial Tx_pw

valve i then sel cgha (SUER 0N e AL S Mo HEAl R VAT U o

the anal og power i fier para Then recor
association wth tﬁ@@e?ﬂé@tl@dmmvﬁ (Sti-‘al%@ and [ Wuefmaﬂéﬂélmaﬁﬁ%?ﬂat“ power

output fromthe pOf‘é@:Ede@(EEéb'?bS)thhg Ldhird @xpmpoaleﬁ@ngreame dﬁd;eﬂﬁkcbebxl cohs&dcfcb&n
det er m ned (stgg ]6:82 %@tre entcHe out‘? ran% 33 therglew ce
has been consi der 8 Y089 cé’mé’ of &° G\Eartal?eé G D7 5 Sevi ce
has not been consiwérkdpwitabes I xoqmard wethamilg tabhmeem@w’cl@dap(stz@pﬁmr@)iesand
the values of yd apghe sk BMab1EFS 1@ Ui napper 218.

[0060] Itis 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 differsnce between the tables, and the creation of a table associating the

power amplifier parameter to the Tx_pwr value (steps 706, 708, 710, 712) is repeated. X

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

values of the set of parammeters that minimize the difference is considered 1 be the
25 optimal set of parameter values for the piecewise clipper 310 for this particular device.

[0061] When the enfire power level range has been considered for a first sample
device, the method of FIG. 7 may be repeated for several more sawmple devices. An
optimal set of parameter values can then be obtained by choosing the least aggressive
values among the individually optimal values of the characterized devices, for use in

30 implementing a product employing aspeets of the pregent inverttion,



recorded (step 708). If the entire output power range of the device has
been considered, a 15 table of digital values determ ned for the power
anplifier paraneter signal y associated wth 'D7 pw values is conpared to
the simlar table created when optimzing the entries 1in the |look up table
for the |inear mapper 218. [0060] It is then determ ned (step 714) whet her
the difference between these tables has been mnim zed by the sel ection of
the paraneters of the piecewi se clipper 310. If the 20 difference has not
been m nim zed, a new set of parameters nayﬁpe selected (step 716), based

on the difference be en the tables, and the creati.on of a tabl

associ ating the pWé‘%{Faﬁﬁ} P Hugirates ¥4t é?“’bt"g‘mf‘"i’{ew 1RO V&ﬂeﬂgﬂ(’g‘ﬁ“"e‘ﬁ”é’ 706,

708, 710, 712) is uRpeindesddsbrived favd ifefoameand ehehassnbic@wengeniradrz29d is fehe

met hod is consider : I .. an I Of et Qb der and

paranmeters that m %?r#@%’g?ﬁ%(a%fz ?ée%gﬁac%an%@gg%‘yﬁ%ingg%gdgot(ibE‘%e&t,&t}\g zﬁf %npti mal

set of parameter vapduar fQf (Fitha) gsnewiensdia fempsipa pstngjcares the wiagely BACRSY| ar

device. [0061] 5\WgBuphfiRd @Brkbitiiod 07\8dia laRY Sddink AAG erobdiSioh eshot ON i derclees for a

el ¢ devi ces. —ArcHSBICTET FLBE T B e Rt DA BER S ul ShUREKRES. UL

choosing the | east wiggmes siovide aw &idigsion afferiyiatthie andiel dafyanat yoropst Fusalyval ues

of the characteri zgd devi G/, istQEiv&SH thJPAP?{OmASpHPB@iTE‘d”'MtQ& Aplf FHEGAPR

enpl oyi ng aspects of the present invéntion. 1 0062]. FI G g i1l u%gat es

yet anot her enbodi FERE SORM PP Peakip £YFgr PHET rap) FiRde R g BRBsdisEHt s

descri bed above) the aodidrkt f@inaticheesidhang@ite AWRicagE RErabaput 202 thePAPBD t O

t he nonlinear mapper. 218 Vi i 08., : coder
mpf ity Bkl U PGl S o2 P08 20

and nodul ator 10 I enerates a da dat I cat or
that uni quel y i ndi ¥RRegls ydikofshrolaadereiondrasd by &8 dap ndisetan F 42dhes BpeAMg and
nmodul ati on net hod pile ther W BRI 5% T& PWHALE Athk ARnsaRVheRr 1ner 56 &ids @ t O

herein as a data ijdicator "r'. data.indicataor, r whi vi de
an indication of and%Yrava?uﬁta% £ g;gg(ﬂd‘é%ug 'S BPHAF RS NS ‘(’:atljuref%ntp%i%mgﬁt@
transmtted si ghalyeningttededaisiged. s netlepomaPRIwdgseides 0Rthe sonfineat meaRe 208t put

of the PAPR mappef gplentodinfehtenbARRndPRR el 1 8 ARERHBURA R ork Bk iR) pokera dat a
si gnal having the %E’Ei 10 rate and/or_data forjymt car r_eipfggl ng to the data
indi cator, r. The gﬁtpa?%ﬁﬁ TS PAPPIR BRTFR ARSI IRER St B8 SEGE PO¥E or
may be expressed |iTx_awivalpasentdddéreihifgas. oporti onal to the PAPR value in dB
of the data format indicated by the data indicator, r, and has the sane

{0063] In yet another alternative embodiment, the “initial value” supplicd by the initial
20 value memory 226, mther than being pre-set as the middle value of the output range of the
ACC D/A 228, may be an improved imitial value x; determined through self-calibration,
referred to hereinafter as a self-calibrated initial value. The self-calibration method may

be carried out as follows,

[0064] At time of manufacturing, an initial value for the self-calibrated initial value x;
25  is stored in the inital value memory 226, where the initial value may be, as discussed
hereinbefore, a predetermined value such as the middle value of the range of the ACC
D/A 228, or a characterized value obtained by measuring the mean value of the correction
signal x and averaging the mean over a number of devices. The wireless communication
device 100 may initiate a call. The first tme the wireless commimnication device 100
30  transmits, the pre-stored value of the self-calibrated initial value x; is used. The value x is

periodically sampled dudng transroission. At the time the call finished, the sampled



scale factor as that of the Tk _pw value. The transmt power sumrer 506
adds the Tx_pw value and the PAPR(r) value to generate a peak power val ue
for the currently 15 transmtted data signal. This peak power value is
provi ded to the nonlinear mapper 218. |In this enbodi nent, the nonlinear
mapper 218 is preconfigured to store the ideal power anplifier paraneter
val ue as a function of peak power instead of the average power Tx pw, as
present ed herei nbefore. [0063] In yet another alternative enbodi nent, the
“initial value" supplied by the initial 20,value nmenory 226, rather than
being pre-set as the mddl e value_ of the_ output range og t he AC&PD/IA 228,
may be an i nprovedvaliss greaAvereasd g the mawt WG freisd mru By 8% FFCElshi B &Fon,
referred to herei nafitged AgiaBvaRek tngakd Rrpiad aé ni tial value. The
self-calibration nmethod ma be ,carried.,out as follows. 10064] At tine of
manuf act uri ng, an Mﬁ'qw)aﬂxrﬁéﬁﬂ)nef(r@m(?{@)sel f-calibrated initial value x;

25 is stored in the initial y%lsiggc NERRr Yy 226, where the initial value may
be, as discussed Wécfce?ﬁtgé%rpe, aqpre eterm ned val ue such as the mddl e
val ue of the range of the ACC D/ A 228, or a characterized val ue obtai ned
by measuring th® niO8PPly aftrengiod iprevndging dhe selsisahbeed {ifel yalup 5125 U PEGTRY t he
mean over a nunberevedy tideuicflb@mplEle It doatiksd daofeimproat idin valdew wdbprdd® may
initiate a call. T [ ' ' [ ' ; ' 30
transmts, the pr ei-jgot%#me%{%}%%&g%xg‘%%c éilgjéﬁ‘?-é‘aﬁf gr%%fgecgsb%a%at% bﬁ‘geloﬁg&x; IS
used. The val ue x used fopedevsdidiagtoste pyenepsl o dhatl afer A geriod 2R & QTR 8 2l¥Re ti me
Ej he caljl fini shed,dewa@haij@mlbﬁgh t(lj,@,n s%@dﬁ&@ﬁ:;:@i&ﬁal?&ﬂ%é a,-g&gis&m‘ﬂahﬁomrtemal ue,
enoted as xm y he cal cul at e The sel f- cali ted initi ) X; may
then be updar eif axRiEilae bronis Sy spflgpl 888, hlkib el tiliRe
positive-quantity ®nfi@68%] a¥hwepradtthod f or updating the sel f-calibrated
initial value may be perfornmed every tine a call conpletes. It is

consi dered that theoésrprox&dnddiiicitond willdk ugpards teitobe failed/indie: areangabacfomi ti al
guess forx for eactpa %Qelnlioniéb‘ge%inédih(?{ﬁ?lﬂla%s the self-calibrated initial value
can be used for devi ce di agnosti ¢ purpose in that, after a period of
self calibration, if a given device has converged to an self-calibrated
initial value x; that is far amay fromthe self 10 calibrated initial value
of other simlarly manufactured devices, the given device nmay be



considered to have a problem [0066] O her nodifications wll be apparent
to those skilled in the art and, therefore, the invention is defined in
the clains. 17 Cdainms: 1. An efficiency optimzing apparatus for

optim zing power efficiency in a transmtter, said efficiency optim zing
apparatus conprising: 5 a transmt power generator (202) operable to
produce an indication of desired average!fransmitted power; a signal
converter (210, 310) operable to produce a first adjustment signal based,
at least inClahng:, on said indication of desired average transmtted power;
characterised by: 10 a processor (230) operable to: produce a second

adj ust nent val ue based, at least in part, on said indication of desired

average transm ttgd.pnsk, 00 Dfpafid fof GHEALS efideddyligh

adj ust nment value_baged onyggﬁﬁﬁéﬁ%ﬂﬁm aﬂ%ust nt gﬁg%a aﬁgeggfﬁ second
adj ust ment vahemittearsdidiSTipicoduedinazingrappatiwromatisegbased on sai d

di fference; and a summer (212) oper e to produce a paraneter sjignal,
bhsed onbeai d cofr BRETBIPoRsE FntaRh CaF ob e tle S afud Aot Eh Ghef e
control an aspagé tradsndREd ~@g@ of said transmtter. 2. The efficiency

optim zing apparatus as clained in claim1, characterized in that 20 said
aspect of oper at iadigigt cewicder @anshil) pperabls tanralwpes firs bdivplercat bignaldfased, at

Boparat e ol byt) oL iR diohisP ORict FhrecdaPlfe @ OB DR T

further conpharaesrigeddain control l er (204) operable to produce a gain
control (25 signal based on said indication of desired average transmtted
power ahd where S41Presiqnsd0) opgisvisrtter (210, 310) is operable to produce

said first adjustment signal s@&%QQd@ﬁtrﬁéthvm %sgcfﬁ%?&eraﬁgﬂigﬁ,n&l said- The

efficiency optim zing apparatus as ainmed in racterized in
that 30 saimlisitignalf deordertege (r@dd)itted pawsgal i ng unit operable to scale
said gain control si g'&%tlen;n%e a difference between a first adjustment value based on said first
adjustment signal and said second adjustment value; and
15 produce a correction value based on said difference; and
a summer (212) operable to produce a parameter signal, based on said correction

value and said first adjustment signal, to control an aspect of operation of said transmitter.

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

(214) of said transmitter,

3. The efficiency optimizing apparatus as claimed in claim 1 or claim 2, characterized
in that it further comprises a gain controller (204) operable to produce a gain control

25  signal based on said indication of desired average transmitted power and where said signal
converter (210, 310) is operable to produce said first adjustment signal based on said gain

control signal.

4. The efficiency optimizing apparatus as claimed in claim 3, characterized in that
30  said signal converter (210) is a scaling unit operable to scale said gain control signal to

produce said first adjustment signal.



produce said first adjustnent signal. 18 5. The efficiency optim zing
apparatus as clained in claim3, characterized in that said signal
converter is a piecew se clipper (310) operable to: process said gain
control signal according to a transfer function defined by at |east one
clipping paraneter to produce said first adjustnent signal; 5 where said
transfer function conprises at |east one féinge of clipping val ues of said
gain control signal for which said first adjustnent signal is constant;
wher e sai d t& ansfBre dfficietdyaptiaonpg iapgaa@t ab elaghedoineldiaiyehabctsdaddiinghatal ues
of said gain control signal for v\/nicf_h said first adjustnent signal is a
scal ed ver si®8 125 QMY CHS 18 @ PESRTISICIPRFA319) SEPS 19° sai d transfer function

is a continuous f i OF Il | 0 7 I i med
| h Ay r gl ng TP @R gfin oI RBRIRER | M AKIUARRARINE BPaluRk

enpl oys: a mappkppi(2p&pmeter pr puddues sad trss edjosicheatjigstinent val ue by

determning an ideal 15 adj.u: nt val ue carrespondin i.n_a mappi ng .
table. 18 aid i MUt QRRrEI U e oA rEYE o BOIEY e o Cgps ofseid
subtract or (gidQontre! 812 rev wisicl &did felitfliRERGR shakeeseaitd first adj ustment
val ue and sai d ideal gﬂiust ment val ue; and an accunul ator (224) to add said
difference to a pPriww wikirgnséstifsnitiog cpaingises @ lepbop vigce! walieg ¥Hpescdtspign

value. 7. The. effici clai LOoChakm:8, ..
charact er i g FLFERY AR SO BRERLRIT SR 6585 Ve B gainy
di fference sugtholiftat said difference does not exceed a limt value. 25 8.
The efficiency optim zing apparatus as clainmed in claim6 or claim?7,

char act 8 | z@dierin sqifh enster upetiopgs acoppryeduncigni nitial val ue nemory (226)
adapted to supply an initial value to said accunulator (224); and 30 a
digital to analog converter (228), having an output range, for converting
sai d 6. The efficiency optimizing apparatus as claimed in any preceding claim,

characterized in that said processor (230) employs:
a mapper (218) to produce said second adjustment value by determining an ideal
15  adjustment value corresponding, in a mapping table, to said indication of desired average
transmitted power;
a subtractor (220) to determine said difference between said first adjustment
value and said ideal adjustment value; and
an accumulator (224) to add said difference to a previously existing value to

20  produce said correction value.

7. The efficiency optimizing apparatus as claimed in claim 6, characterized in that it
further employs a clipper (222} to limit said difference such that said difference does not

exceed a imit value,

25
8. The efficiency optimizing apparatus as claimed in claim 6 or claim 7, characterized
in that it further comprises:
an initial value memory (226) adapted to supply an initial value to said
accumulator (224); and
30 a digital to analog converter (228), having an output range, for converting said

correction value to a correction signal.



correction value to a correction signal. 19 9. The efficiency optim zing
apparatus as clained in claim@8, characterized in that said initial value
is a mddle value in said output range of said digital to anal og converter
(228). 5 10. The efficiency optim zing apparatus as clainmed in claim8§,
characterized in that said initial value is a nmean value of said
connection signal. 11. The efficiency optilfti zing apparatus as clained in
claim 10, characterized in that said nean value is determ ned through
measuri ng arfd avertegiffigessi aptionringappantus iagolaimedlil obaier8, @hmaobsredah tlsdtmi | ar

efficiency opti.mzing apparatus or through neasuring sai.d correction signa
over a pr eviBUdnSE TN bra RgHEYANInGRId G9but e PG Y [BHIAE SAPHEer
apparatus agagdyai med in any one of clainms 1 to 5 ~characterized in that it

further conprises: 15 a mapper (502) operable to receive a data indicator
and, based on said data indicator, produce a value representative of a

peak power tq avera ower ratio, and a_summer,.506 perabl e ta produce
Bty of Ssaild val e CRACHS opt it aPPtpig o iR bamabed Beu R raralinfidG
power; wher ghid isitialvAEORRSHES Vabuehdd@recbGoPsiggiice sai d second adj ust ment
signal based 20 on said sum 13. The efficiency optimzing apparatus as

clainmed in any preceding claim characterized in that said signal
converter (310) 'T%e%fﬁ‘é’%§[ﬁ V&pii%‘i‘ziﬂg\é#ﬁa‘?mugﬁs Attime iH%h'i‘l%dLoofahé?-Q{téJﬂeé'iQ%aPov"er
efficiency in a transm &r conprrsi‘ng: generating an indicatron o
desired avesadendanamBriit ieernpaed throlasaelsafing ahdlavangiic@bdidvowéctdasigned
average_ transmtted power,. pr?duci ng a first adjustnpent signal; ,

char act &f i sQYeIARUMRET 94§18y 16 ST Y WM AnE appastiugesiirghdveasdiag said

transm tted pouefn s A% i dd 0@%}{%@3% val ue; determning a

di fference between & first adjustment value based on said first adjustnent
signal and said second adjustnent val ue;

12.  The efficiency optimizing apparatus as claimed in any one of claims I to 5,
characterized in that it further comprises:
15 a mapper (502) operable to receive a data indicator and, based on said data
indicator, produce a value representative of a peak power to average power ratio; and
a summer (506) 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

20  on said sum,

13.  The efficiency optimizing apparatus as claimed in any preceding claim,

characterized in that said signal converter (210) is a hard wired device.

25 14, A method of optimizing power efficiency in a transmitter comprising:
generating an indication of desired average transmitted power;
based on said indication of desired average transmitted power, producing a first
adjustment signal;
characterised by:
30 based on said indication of desired average transmitted power, producing a second
adjustment value;
determining a difference between a first adjustment value based on said first

adjustment signal and said second adjustment value;



20 based on said difference, producing a correction signal; and based on
said correction signal and said first adjustnent signal, producing a
paranmeter signal to control an aspect of operation of said transmitter. 5
15. The method as clained in claim 14, characterized in that said aspect of
operation of said transmtter is an aspect of operation of a power
anplifier (214) of said transmitter. 16.2%he method as clained in claim14
or claim 15, characterized in that said transmtter conprises a gain
control |l ed anpl i fhassd drn2Q8) didfecknea) odedipdcdrioctibesigasinpnd ses: 10 based on

said indication of desired average transmtted power, producing a gain
control signal fg’@s‘giaqnoea&gﬁ?@%? E’@P?lé@déﬁ‘ﬁlfﬁﬁq BéIﬂUS(IE%)S}g“é (HI'%%%I& %n said
gai n cont r oly,Singiasi oAl f?)cgé!)ﬁ’trﬂga&%gg%tyfrfg&ragﬁﬂé b RhnthiAgal . 17. The method

as claimed in any one of ai s racterized in that it 15
further conprises producing said second adjustnment value by determ ning an

i deal j | di ng, .i i | t id .
i cat | 8 OF dodiF SeF LRI 1S BT et BIEIEe] T3 HEd FIEHG] CREHPR e
in any one @f s&ll dlaiEniltér fst]e@%)e& BabpGhtes dRthdwbr aidlifispid 4) é0saRd Qshieding.

sai d second adjustment val ue Tfurther conprises: producing an indication of
desired peak transmtted power by summ ng said indication of desired
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produci ng saiafsisigleofsinpres aghlisdonadlled ahplefierk08)Hnd sarthatodfurtentdrrptises:

any one_of clains 14 to 18, characterized in that it _further conprises:

convert1%g said EaFASBEHndispien pldesiredayeaess trmsai oy odirpha 84Non

said correctiomsi i | I 1St t.signal, producing said

par amet er sig%gi§é%5§%ﬁ%$g@agg?ﬁhggéégﬁg% ég@?&?ﬁ%n of said transmtter.
based on said gain control signal, producing said first adjustment signal.

17.  The method as claimed in any one of claims 14 to 16, characterized in that it
15  further comprises producing said second adjustment value by determining an ideal
adjustment value corresponding, in a mapping table, to said indication of desired average

transmitted power.

18.  The method as claimed in any one of claims 14 to 16, characterized in that said
20  producing said second adjustment value further comprises:
producing an indication of desired peak transmitted power by summing said
indication of desired average transmitted power with an indication of peak to average
power ratio; and
based on said indication of desired peak transmitted power, producing said second

25  adjustment value.

19.  The method as claimed in any one of claims 14 to 18, characterized in that it
further comprises:
converting said correction value to a correction signal; and
30 based on said correction signal and said first adjustment signal, producing said

parameter signal to control said aspect of operation of said transmitter.



