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| Linearization device for a power anplifier 5The :
present invention relates to a |inearization-devitce— —-

for a power anplifier. It applies notab ield
of power anplifiers used in jransm ssi OW ﬁ%’mmwm’
radi o conmuni cation systens.'In the fie
conmuni cations, signal transm ssion requireds¥ifie 10
use of power anplifiers, essential in transm ssion
chai ns. The binearizatiphideévice forsapawen amiplifier
conmuni cations are generally non-linear; non-1inearity
phenonena are all the nore present in that current
power anplifiers operate in areas close to their
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There are various techniques for produci ng' adapti ve

di gital baseband predistortion. Each of them consists

in transposing the radio frequency 15 transnmni ssion
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One object of the present invention is to at |east.
overcone the aforenenti oned drawbacks, by providing a
power anplifier linearization device based on the
techni que of adaptive digitaé baseband predi stortion,
30 inplenmenting cal cul ati ons®offering short
convergence tines, and not presenting any instability
probl ens, even when conpl ex mat hemati cal nodel s are

used. ZhﬁrEﬁgNéﬁt?H% ehtdgapy Fiéeﬁ@r'ﬂbularly suited to

|nvent|on|stha It es not require the use of "l arge
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ntion I neari zation devic or ap
tanmpiemeat may ‘be characterized in that, the ninimm

anpl i Thlémplementation of parametric models considerably increases the
complexity of the system and may cause problems of instability when the
orders of polynomials employed are high, or even problems of non-
convergence of algorithms. |

One object of the present invention is to at least overcome the
aforementioned drawbacks, by providing a power amplifier linearization
device based on the technique of adaptive digital baseband predistortion,
implementing calculations offering short convergence times, and not
presenting any instability problems, even when complex mathematical
models are used.

Another advantage of the present invention is that it does not require
the use of large capacity memories.
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Ami n being zero, the anplitude domain.is split into a
nunber NTcp of segnents of the sane |ength Lseg equal

to the ratio. of the maxi num anplitude Amax of the

anpl i tude domain to the nunber of segnments 25

Amex/ NTCP, the segnents of the anpl i tude donai n then
being intervals [(j-1)Lseg, A-sea the correspondence

tabl e .associating for each of the intervals a set of -
conpl J esp. t
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In one embodiment of the invention, the linearization device for a
power amplifier may be characterized in that each of said predefined sets of
parameters for a given segment k defines the complex coefficients of a
polynomial of order P.

In one mode of embodiment of the invention, the linearization device
for a power amplifier may be characterized in that, the minimum amplitude
Amin being zero, the amplitude domain is split into a number Nicp of
segments of the same length Ls¢q equal to the ratio of the maximum
amplitude Anax of the amplitude domain to the number of segments
Amax/N1ce, the segments of the amplitude domain then being intervals

[(-1)Lseg, jLsegl, the correspondence table associating for each of the intervals
a set of complex parameters a, P corresponding to the coefficients of

order ji, ... jP; of the polynomial of order P;.

In one embodiment of the invention, the linearization device for a
power amplifier may be characterized in that the identification of the pre-
inverse block is based on an indirect architecture formed by an identification
block arranged in parallel with the power amplifier, the identification block

identifying the sets of parameters for each segment of the amplitude domain
of the complex input signal modulus |§e (n)| by minimizing the error between
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bl ock restoring a signal( n ) at the output, an

estimation bl ock determ ning the identification
paraneters of the pre-inverse block fromthe

di fference 10 between the mgut signal p (n) of the
power anplifier and the outpat signal -z(n) of the

post-inverse block by mnimzing the quadratic error

usi ng the | east squares techni que. Q her
thbanpet sighalt ¥ ow) andl eévautbausignal y{heof eepéwenamiplifier in at
appear on 15 readlng the disclosure, given as an
leasinprieeitenatide. wi t h ref erence to the acconpanyi ng

dr awi g8 ¥R BodiRm tof the |nvent|onF'tﬂé”Iﬁ1e]anz£th Cijewce for a
schemat 1 ¢_diagram o transm ssion chain inc
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é}OdttgnUaﬂor lateabating [the dugiubrsigrea ii(ez\ylcu:fethel-'pcgmrearﬁphﬂéreby a
% ation_hl ock of
%'a Qﬁ bGud) B IR orse T dF RGeS B0 A @ he pougr ampitfir, the
ated! camptexa signak gty @tenrtshaaelwct at the: npit 0f) & post-inverse

tﬂﬁdle rﬁtoﬁr@@%lgﬁﬂt Z Q) tdt@hBIRABIT ahrdatiatioh blaﬁfldﬁtérﬁﬁmng
3a and 3b, curves r'epresenting the AM AM and AM P

 tbRaideotificationi parametepecifi thel pre-ofverdee mnmlefrommhefdlﬁerence

bé‘tWtheth@ﬁﬁﬁLmlSﬁbﬁél INGh) t blethevieswer amiphifi@imand the output signal

£odhdh ég. %qaﬂ\gﬁfﬁeéﬁoa‘nga BTG i B Auafatirergor using the

: |&Q§‘%}, L}@own adaptive di'gital baseband
re tor

VI ce. A transm ssion chain known in

_ itself from prlor art, for transmtting a phase and

anpl '@t—!ﬂ# draRadtatiests 3Rk QdvaAHERRCHT fh'egifr‘n@bnlf &K will appear on

nay. 35 include a power anplifier
rgﬁgﬁﬁpﬁﬁ d '%ﬁ“@%ap“’ﬂ‘t §s _ EXampie, ;i pade witk h r{ﬁfﬂrence tg the
acogpnepanying drawingbahidradepict: or exarrpl e after shaping
by a | ow pass filter achieved by a transm ssion filter
not shown in the figure, then broken down into
i n- phase anbigyteadt,athe scbematinediagram( nfey teambmission chain

Qe EIE)n CyTe._lrJEFﬁ'd Blsokdr's E;.m & ot éﬁgg@t.nasrﬂpmh%aptwe_

applied at @'B@albﬂﬁﬁbaﬂﬁ Rieﬁ'ls %é‘ﬁg'&ﬁor 11, restoring

af E elr-t pr OCGIS@UFEQZthet étfhetrﬁﬁtld diagtarﬁlo@ﬂeé §mdhﬂ§btﬁir9blbé‘l’< of a
out put si gna

conponent o EARsmissionechaln TRsidding,sh PoBer aniitjer gpmbined with
signal pr oceshseagzatmﬂudew&ﬁl%cﬂ:ardw%g tovemotlieast drnmbodindeht of
i ncl udes a ogue converter DAC 10 and an
anal ogue-to ?‘g.le?é ttco%ﬁ\}ﬁdr fer ADC. The di gi tal out put

signal s of lflbgrqﬂ &80 rgnen Sl ogurves arepresentiogt g i AMAM and
anal ogue si gRAPKY EMaH&?er%@sOfreéﬂlé%tlﬁ??lg‘é%rfsthenp&hé’tcEmpllfler

13. An I/Q rmdul at1 on/ denodul afi on ncl udes
an 1/ Q moduihgiRSecem@ensator enddhe gvellsiysteie out put
signals of the preconpensator 11, after conversion

into '_aag}eogluesﬁcl)vgg atlhe sglrmemn?g u(':ll%tgsadm be a transmission chain
including a power ampllﬂer_ combined with a known adaptive digital baseband
predistortion device.

A transmission chain known in itself from prior art, for transmitting a
phase and amplitude modulated radio frequency signal for example, may

include a power amplifier 10 restoring an amplified signal y(t). The digitized
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15 the 1/Q nodul ator of the 1/0
nodul at i on/ denodul ati on bl ock 15; the resulting signal

~drives the input of the power anplifier 10. The power

anplifier 10 output signal y(t) is taken and applied

to the DSP input 12, after nodul ation by the I/Q
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canpmalé.lgwblrrw(tblmt qeken cand eapplistenioe theemem&t on2, after -

ng?@ay h%a/mflﬁ %%R%&ge r ec?fI tcht o'i ac?d?atﬁ??%ier%odulatlon-
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Pratatighi Bintredradaarata hépf{%ﬁ%@]wee?rms“@echmque s

tbemostumesl, \andf motablgadffers the adphretage of beind\redativaiyl simple to
t

é%iowe ?%ngé émélg%f‘stgtsgrtw% é \R/PP a'ﬁgolff@ OA %pgﬁ H%%ory

effestorare rnegllllbrtesgas Sar examplerdn mnphﬁatlmg/ suglmsa%ngrrpwband

\ﬁi‘?élbéé‘g éﬂ?nﬁt“ﬁl(%'ﬁ@hd' %Td?éﬂn@nahh%?ér SfRONGSRS S t ?ﬁ’étﬁéds of
the anplitude and phase 2

t capn use
'Btp ’H@”?"Pﬂ)ﬁ?r%?@‘?f&fe@éﬁﬁ ely. It is, in fact,
possi bl e to use one-di nensi onal tables si nce the
di stortion in the power anplifier i's essentially
caused by the variation in the input signal anplitude.
The correspondence tables can thus be indexed by the
i nput signal anplitude. For exanple, a first table nmay
be i ndexed by the anplitude of the input signal which
contains just the real 25 values of the anplitude
adjustnent The output of this table may then be

N o a1
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'8 third method only requires the use of a single

one-di nensi onal table indexed by the input signal

~anplitude, and consists in forcing the preconpensator

and the power anplifier to maintain a constant gain

for all power levels. This i5 made possible by storing.
conplex gain coefficients in Cartesian form(1/Q, 5
bei ng used to sinultaneously adjust the I and Q

Co”poﬁ%‘?étskr‘ﬁwrﬁ I?ﬁ%tgaﬁl&f | g‘i’é}ﬁéntamﬁ i§ ‘?ﬁ'é( %69@3!?@8 %bfﬁ%% of a

d the size corre
cosresPRagenee prnonRensator, r:@tm@dy texm;%dw a@w@opmgypredlstorter

|hnEﬁ%jl|§r9 Abbsrdirnso CRR Pfetfey ehisp afpitn s@n@ﬁrxe(tp qg(f:)bol f.(t)
r dj strlbu on of c rrespondenc ft npu }

SPIPARBIAI, BPSek OGPt b e BOWH PRBIg. 1S quanified over
severalchits fart thesreadl pare and\fme Fmimjlményepamnmwbheorrespondence

b B e ot BF it el i s, 3% Gptesion

mmrmrstsmf thei Ingutraujmahaleﬁrt)aanm@ién)sactw“ dhdex vales for
t@ﬂ %l')llé@ Thetdnies Eaﬁﬁtﬁ?agjugfrﬁghts&é?uéé fﬁigpféhﬁﬁgl A9 which
ase e

S| yIng assu

arenthsn vaddﬁdat VNt SI9nh @mpﬁ@emtél akhigninst pnethod  of
||5r@ile;ﬁﬁ§ﬁta1tlbﬂ aziﬂhﬁevegtveﬁego@@ Y ﬁﬂy@\;]é?%stﬁfgcr?émoppéﬂécts of
|
BEPh i B EE or gl o NaV e b fsgcbrests n T6ms of
dtorage! and/dr digitah preddssitigrforSnitiakiting amd ad@stingt thectables, are
\};% he%"?_&o*i'ﬂ% '?Qrg?e n&rﬂggf ?l‘ h%‘ﬁi'té‘%aﬁ%é{‘% &'F?%}o?q)cﬁﬂverg)ence in
tausaset whesal @obtanumaadadmtatlolm isheemysagsst,i .. t when the
6r@€or‘i‘i§€ﬁ§é{to?§35%?ﬁeféfrs bheag n'uB%,:@I& for eac new sample

, LTS output sidgna can rruae

{ unct $RoBR KhEWNPBINOS) QPlerSPRiglan o fynswcalleqaartnod of
tBéTmaugeedﬂmmmfﬂtdoﬁﬂhomgd@kmea@ 'P6lat Idistsiter"SinNERglish.

- TRCRRR | Tk Vet o6 Iind o | FoGr Sspemansipnal

corcespondencd tables, that ean érevummmaadpllst dmelnipllltmte aidphase -

af%g%ggpé.ghm eé;g%gtegg TR, dgﬁggtﬁ}p%gsm gbe'a%' EPeqweﬁlonal

nin
tablgs| sinee the distastion dn me pawer aamilﬁehes Sssetigty caumﬂ by the

\Fa‘?i&tleﬁ |H'tﬁé'|ﬁbhtt3| Ral émklmmaet The corre }Wﬁd@ﬁ‘éé 'té’dlé@rcan thus

onlprlor art

orns O unc L are nomm
Bindesad I T RO Sl PEIRIGIe. RRLAXamAIE, fifBFL ARl msy be

ihdiexad ;myethenammaﬂie bhehé/th@tr é@naﬁ‘wrﬁéh @bnmhsy m;sm ke real

A AR AGISRET T oot of A THBE bebon oo

rUuIttlplledJIb[yythlel amplituddesfethei impoy signal pnd-usedetes desvasecond

t'é[)fel &#rﬁé}nw@rﬂw ggée a@@%?“ebﬂgalugsoﬁhé@%ﬁl CaI’}e tables used

'am‘f@mng rterthisr sworwf metlpd @re thde mubstasdially smsjler ‘than in the

dd%éetff&h@ri‘lr@tfmétri%?% Idih%@/ dﬁQQSBe@fHé\n@vé’P\bﬁé drawback of this
i rect i cation, c¢onsisting in

thﬁgtll‘f’esdasth fogh éﬁafofa tREapEIa-PRIAS| icpDEgrsion s

: rfem:lesslattyetmi; gongersion takinigi @ Tagon surt bbtharptal precessing time.

A third known method of implementation is the so-called method of the
constant gain precompensator, commonly termed a "constant-gain
predistorter” in English. This method is widely used, and enables a
considerable reduction in the size of the tables and processihg time. This
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. 5 the pre-inverse. Figure 2 shows the schemati ¢

di agram of the anplification block of a.transm ssion
chain including a power anplifier conbined with a

| i neari zati on device according to an enbodi nent of. the
present invention. 10An anpl$f|cat|on bl ock of a
transm ssion chain includes the power anplifier 10, a
pre i nverse block 21 receiving a digitized signal at

g hEPYH i réck EHsﬁtgFQ)’sé 6f)sa %F{%Eﬁe-ﬁﬁ\ﬁébgﬁﬁal tab'léaﬁg%xed |

restoring a Si

'bmmﬁm@ﬂt $ll@almktuaﬁpand p@msmt@ in tfcpr@mgahemrefa@@p@nsa\tgr and

thBepid binpiflerSicdRlintaPs @RI daiin wérSaWGWeexevels. This is
In the exanpl e i L.lustrated

envel o
'BRgGr S@'B"F PQ/V\%?PEHQ:;FOHF%&Q&@MQ? iciente i ﬁ%@?@%f?rm (1/Q),
beiag nispdetd aptdltameoasly adiuseeie drapdd Qeebmpenkeftsustehe input

G004 ThE' s SRarl ek v ghe 4 PR e Skt i
ieolardesam twsr dyep aomsitesablybredunsdh| Advantageouasly, dndexing
RREASRS 'dah %@d%bv%gahe.@ﬂo%deﬂo% h?ﬁ‘é)&lé' §Spétkdr d?ﬁmb@t%n of

recel vi ng conmpl ex 1 np ut SI?
gafyespondrace niakle impdtspawilhethe @imo @ taflﬁimme op gecount the

S hEtefistics If9fR pgover ampiifibr 3ndd thén§fdt|§ﬂc§foft e signals

%tﬂul of the conplex input signal 1.K (n)1 and
o egiratl on paraneters al, restored by the nodule TC

211. K ;wcoud KmoWsY mmhhldljepof(adam]{vetdhgltajrbaée’mmdsmedlstortlon
‘%}"%E%? ﬂrk LTSIIEJJ;eF‘E;W'I%Q Eﬁa}rko%lg C{:Q’%rgg‘p rf)ao%F}ﬁe digital
brsehandrpredisteréion ramucatncmz basa qrutmt simplifting mspumgkion of
fﬁﬁt\/é 'i‘ﬁéri’lgf tvﬂfﬁ? hPdufato Wsm@%fkt%ﬁngﬁl n the

dipcreli?ed Spmrics P '85% b st atpish AT #5&?% 3 with

reispect to( the caumplles anvelapeoof @enlapuhglghabm(mhean be formulated
G PRLR P o el RO URge, STPR, Fiaz 126oprENG M8 following
r;edmtonishnperse bl ock restores a signal z (n) at its

o o Bl oL OO0 BEOFKZE (Ut e, ETRRCES )
223 determnes the identification paraneters of the

PT€" Thus, it should be noted that on the assumption that the memory
effect of the power amplifier is negligible, its output signal can be formulated
as a function of the input signal using a polynomial model.

The use of mathematical models can be tricky, since a given
mathematical model can only be determined based on a limited number of
power amplifier operating modes, notably in given environmental conditions
whose variations in practice may make the mathematical model ineffective.
Furthermore, determining the mathematical model is in itself difficult, and the
algorithms can be difficult to-implement.

Two particular forms of the function Fy. are known from prior art, for
modelling the behaviour of power amplifiers and/or their pre-inverses: the
Volterra series or polynomial filters and neural networks.

Whatever the model adopted for the power amplifier, the whole

difficulty lies in determining its pre-inverse, even trickier than direct modelling
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i nverse block 21, e.g. based on the difference between
the signals (n) and (n) , and the attenuated signa
(n), as disclosed below 10 I'n the exanpl e
illustrated by the figure, where an identification
techni que of the pre-inversegblock 21 based on an
indirect architecture is used, the output of the power
anplifier 10 nornalized by the desired gain gd of the

| k-
of fﬁ%aﬁé\ﬁ&rdaﬁfﬂﬂtlerf ﬁ{ere %rer%v | W\%@%%des f R &“'Bé@ﬁ’q‘?khg‘% from

rpmytart rd;@c& &wtl@@atlcmzby ﬂmgersrpnrof@amdeémedénmmfltbe power
é’M ﬁflé’o eﬁ'ﬂi ||ﬁ6’|recﬂuﬁﬁs'ntlfr€émfrﬁ/ | 8sssiglyy ﬁﬁ”ﬂ@ﬂermlﬂfﬁ@v‘me' Bost-

r| or The quasi ol ynom al
PiRee o RuaCBin 10 SSImnIDs TRRlay RIS moply to
thiectﬂ'e-lmee_3_3| ng the radi o frequency output signal of
a non-linear systemas a function of the radio

frequency input signal. 10 The quasi - nenoryl ess

pol yridigited 2rafdars thepseiesratia Himgcampifdke amplifimationfbiodieof a
t?éﬁsﬂHl'i;s%EQ&me %l@dlﬁ#@b?wer angllﬂ?F cQEﬁeﬂegivwﬂﬂlg linearization

Sl gna consi der | 8 en an
dR\ies a@@rrﬁmg torRn emRp merémféhepéeaﬁﬂtmvenppe- i nver se.

bl OCkAﬂlarﬁbﬁfR'!é‘tloﬁl ik . ofpént)ranérﬁ%sde bﬁé\ﬂnn&cludes the power
Spfisr T e dveree bl 2L recsvingia Hidiizad Slanbl &t the input

represented by its complex envelope X,(n) and restormg a signal x,(n) at

the output driving the input of the power amplifier 10, the Iatter restoring the
amplified signal represented by its complex envelope J(n). In the example
illustrated by Figure 2, in which a precompensator identification technique
based on an indirect architecture is used, an identification block 22 is
arranged in parallel with the power amplifier 10. | o
The pre-inverse block 21 includes a correspondence table module

| TC 211 and a parametric model module 212, both modules 211, 212

at the input. The

parametric model module 212 restores a signal Fj(jfe (n)|) as a function of the

and configuration parameters a

J1?

s, A restored by the module TC 211. The output signal x,(n) of the pre-

~inverse block 21 is the multiplication of the complex input signal X, (#) by the

output signal F, QE (n)]) of the parametric model module 212.

The identification block 22 includes an attenuator 221 whose gain 1/gq

is the inverse of the desired gain gq of the power amplifier 10, a post-inverse
block 222 receiving the normalized signal Z(n) at the input originating from

the attenuation of the output signal 3(n) of the power amplifier 10 by the
attenuator 221. The post-inverse block restores a signal z,(n) at its output.

The identification block 22 further includes a parameter estimation block 223.

The estimation block 223 determines the identification parameters of the pre-
inverse block 21, e.g. based on the difference between the signals z,(») and

X,(n) , and the attenuated signal Z(n), as disclosed below.



10

15

20

25

30

Is the gain function of the k=1 preconpensator, al,
bei ng the paraneters of the nodel and Kits order. It
shoul d be noted that the paraneters al,aK can take
conpl ex val ues, enabling. anplltude and phase

di stortions to be corrected anultaneously 20 The
identification technique based on an indirect
architecture consists in first identifying the

oSt -jinyied S@xé?ﬁ?ltehﬁlu@.ﬁ lthé ﬁ?ur%o \&ﬁél‘engar{ h8eri@Bition

nodel as that o re-1nverse
tsahwﬁﬁeecrfstheoﬁ@elnaeta@r Maskd21 hased o @i inglirgct mechitecture is

UHRY, it BUfSRt IIf Be 8weré¢mm6rr19 Adtnidhiged ByathbAtsliieB gain gq
c(f%e"ﬁh% zed B H P Ut P j?)z)@ g%pﬂﬁ% “dt' grr&ﬁjt@f z(post-

can be witten accor e foI oW ng
medzﬁst:,w blegki p22k- THe (pojst- ENerée Hlogk 222 m)la% =forl éxélhh@le be

- eI B (e el AR e T B kphBu Tl srom

grior .arl.n Tie; sqlms-merb@lwleasmoqiy@m@d) mogdsl sis Ahearhhiseband
&gﬁ&alénwef%?e AINRaK Pncief & %gf@@ﬁﬁg \fﬁéyraalaefrgzsgéﬁcy output

e-1 nverse a post -1 nverse ower

| %@nalﬂﬁ@snort lreay gystam e fusiction of Haﬁs,fad'w@ﬂgenw wEKt signal.

T?r?e?qbésmﬁémoeﬂégé pbkynbhﬁallrﬁedlél eS@r@ss(ers)thefcoﬁmemmélope of
té ugﬁ PAES t ft é R {lg cgg }d ihg, for
Rd ‘H‘p?JQ 3531 §JHB%°§ gt that %%}p irali By cepsidering.
éxamulesthd even amd ddd tdnder tdrats cimes h:omp(l@) eabelope of the pre-
inverse block 21 output signal, X, (n), the following relationship can be .

formulated:

%,(m=F(%,
where F(j?c‘e (n)|) =

(2),

is the gain function of the

‘precompensator, as, ... ak being the parameters of the model and K its order.

It should be noted that the parameters a, ... ak can take complex values,
enabling amplitude and phase distortions to be corrected simultaneously.
The identification technique based on an indirect architecture consists in first
identifying the post-inverse of the power amplifier 10 having the same modei
as that of the 'pre-inverse block 21. The parameters, once determined, are
copied into the pre-inverse block 21. According to the relationship (2) above,
the output Z,(n) of the post-inverse block 222 can be written according to

the following relationship:

Z,(n)= Z:ak|3(n)|k_1 Z(n) - (3).

If the output of the linearized amplifier is equal to g,%,(n) , the input of
the post-inverse block 222 becomes z(n) =X, (n) . In this case, both the pre-

inverse 21 and post-inverse 222 blocks are respectively the exact pre-inverse
and post-inverse of the power amplifier 10. Thus, the output Z,(n) of the

post-inverse block 222 becomes. equal to the input ¥,(n)of the power
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SRS 100 YR s 20 a0

2 = 7a(4), where zp =(1), it,, (2),..., z, (NIT =(1),

X (2),..., Yr (NY, and 5Z = with z = |
[2(1),-/(2), ,-1(Nr = 541), 37(2) ,, 51(N) T gd
gdgd The par anet ers of the post-inverse bl ock

222, which are identical tollhe paraneters of the
pre- i nverse bl ock 21, can then .be esti mated by
m nimzing the quadratic error e(n) 2, where e(n) = p

érﬂbhﬁerﬁ'@ Basjéﬁl{ﬁ\ atsié?om\p\(ﬁc iofzt))Ez e &ﬁg?ﬂ?&gg?’ %amples

can be estI| mat 'the | ea
deﬁé liobw amplﬁ‘léHZO)Zt i$ pdSuiblebavrite @ rslatidyeshi® (B uabdve:

transposigi on operator. Once these paraneters are (4)
det ermi ne ey can be injected into the pre-inverse ’
bl ockwhléreZz’L Eﬂe{l)sg/pgﬁ)ami,heﬁ) beﬂr;gl)ﬁ;l(ié),t oc ¢pef aedi n

an open | ki § advantageously possible for the

i dent £ [éiﬁ% edure to be reiterated several

times, thelnput signal . (r:szirsE ing used in
pl ac awie A[FhE @Ry esE )T&i ) th.éﬂggr oach to
i npl ement ati on, hereafter 208y efg,yred £p

TC/ Paranetric \ ased o e a . .
P s i the inpsLeres Dlark 222 cufbh Sysridentisal to
thabparameters of Gh2l pre-imeérgarkoek 121G caletheni bpl estimaied by

e S FEbaT PP DO Br g2 fSE ], 9 s, e
vaTRor btitee grraingters 5b‘§gl',fip“t aﬁj geah beltestitdeds the least

N-rcp of segrrents each of these segnents, a
ssureseetachpidwsdel can be identified for locally :
m)delgl_r( Hzgézwrxe i nverse characteristics of the power (s
anplifier The segnentation can be uniform

t he selgerent(3™t lrerthbeicogjughtd hiearsspusitioinz eopendtor. Once  these

S 58 e A ob 1 R R o
Z:halﬂ'g% systefmt éberabbelngo able viat merafe tihnean open loop. It is
Pégt,gfds Inoesible SYRIth HERRR |%PAng@?4§ﬁF@ t6MbEMeiterated

gus

ceftnie)-

deri vati ves of the characteristics. In the case of a

f
uni cin the present invention, the approach to implementation, hereafter
referred to as TC/Parametric or TCP, is based on the use of a

.correspondence table implemented by the correspondence table module

TC 211, and parametric models implemented by the parametric model
module 212. According to one mode of embodiment, it is possible to split the
amplitude domain of the input sig-nal into a number Nrcp of segments. In
each of these seg'ments, a parametric model can be identified for locally

“modelling the pre-inverse characteristics of the power amplifier 10.

The segmentation can be uniform, the segments then being of the
same size and distributed uniformly over the input amplitude domain.
Advantageously, the segmentation may be based on a change in detectable
curvature of the characteristics: visually from the AM/AM and AM/PM
characteristics of the power amplifier 10 or mathematically with the aid of the
first or second derivatives of the characteristics. In the case of a uniform
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12 segnentation, assum ng that the input signa
anplitude varies between a m ni nrum anplitude Am n and
a maxi mum anpl i tude Amax, the length Lseg of mn - A
each segnent is equal to Amax On the assunption that
the input N TCP signal anplilude varies between 0 and
a maxi mum anpl i tude Amax, the length Lseg of each
segnent is equal to Amax/NTcp. Thus, for the j-th

s':e%grg@ggél n'?j ggﬂgﬁ@g L%\t/ 'fﬂgelh bf’ lgﬁ%f‘tdnﬁ gdé cVarles Jbetween a
rpmumynsa@plltu_d;ee@]mmandeavaaxmtrmsam@tthﬁe q%.ex,rt@gt l§ngt’n Lseg Of

Sy TEOURRL T RET o Souers ad i Pere BRI, (At e input

monot onous pol ynoni al forrﬁ‘iln each segnent, 10
sigrmal @ plitudé vaoes betwmen A@andsa omexahly arhplitadedniap the Iength

BLAGH 658 FRESACR! Squiaoh, ABN/NE! L 96 vROLNABhAont, 2

2 Nt ur'e,
naiamirlc h’y‘p@@'b@l ldﬁmlﬂﬂdtﬁo@r@ocewng sampleST evmg amplitudes

b‘é!érﬁgﬁﬁ@oftﬂetﬂée[(ﬂ CSE' 0 Fﬁ ihtdrlalt Mehis- ttébrﬁﬁ%@%sfsarbn the

be ?T}pplrﬁ\i@mtg ?QMJ,an VA]\H rﬁ;lyrgtglpegrsggl Elbadpﬁterpp cgtthe

p(dWér &mpmlerX¢0fHévePé7ﬁ10noBﬁ6rl]Js poly?]omlal\hén’rﬁ ifledach t8@ment,
in the j-th.s

1bgEle 8 ol Frcbf '8 Uially tod S8t i Pea TR The EiisR Bsgl can
e lmdoreier (motyrprraalt modeBiorinmpd&ls of arsnewanpatwe o gspolynhomial
rQﬁo@ erlt)<9|03fuﬂ&t|$r%5%)(c The an‘pl i tude domai n of the

normal’i zed output si'gnal i(n) = of the power anplifier

is f.?m eyTesPandencaL funstiongRdnt 40 thee jghr seemant - can be
é)dp‘?esé‘ééf ﬂ@ﬂ&ﬂbﬂﬁwdr‘élétfb‘hshrdh segmant are then

esti )[omthe ﬁ n@ges of 3}. signal (n) which 6

bel o% () = 4nd Lh fresfe 64 val ues of the gain(®)
function of the post-ismnverse of the power anplifier

10. Oraga1nTﬂF§(|f&tz)1)etr§u§l:geﬂ|érm ned for each pair of (7);

i nput/ out put sanpl es e post-inverse block 222.

The function Fi(.) nodelling the gai n functl on of the
post-inverse of the power anplifier:- inthe j-th
segneﬁiaerec%rﬂsabe\mﬁelt ghthg go ooal@ulmtharj-tmpgment and ay, its

C&éfe?ﬁtr é’rhtﬁgptbélrﬁ 8 parhhietérnearyRgbeétarenl ®ant K;Min practice P; s,
fo?e ample chose tg be equal to 3 or less).

The amplitude domain of the normalized output signal z(n) = i'(h)/ g4

of the power amplifier is first split into Ntcp segments. The parameters aj,
corresponding to the j-th segment, are then estimated from the samples of
the signal Z(n) which belong to it, and the corresponding values of the gain
function of the post-inverse of the power amplifier 10.

The latter are determined for each pair of input/output samples of the
post-inverse block 222. The function Fj(.) modelling the gain function of the

post-inverse of the power amplifier 10, in the j-th segment, can be written, in

a similar way, according to the foIIowing relationship:

Fy () = Za,,,l )’ = (n"))

| (8);
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= (8) ; p=0(n) 13 where (i(n),Y p(n)) is a pair of
sanpl es corresponding to the j-th segnent. Since the
function Fi(.) has conplex values, the sane applies to
the ail, paranmeters identified. This enables
si mul t aneous anplitude and ﬂﬁ”ase correction. 5For a
nunber Ni of sanples in the j-th segnent, it is
possi bl e to denote the vector of sanples at the input
of theheestZ(myENsp M eclpalyof shyndlds @drespondiNg) tgdhe j-th
Ir and that of the corresponding values of the
gagnento Sineg the Hyndtion(fF(.\has complex values,ithet $ame applies to
tAesS &, Pb&ranfetbRy MYéRtifRd MPhike@shbleg Usinfittahgbls | A phitideN and
0 M nimzes the mean square error 1 n each segment
_ GAFRFUCB- the fol l owing rel ationship: = (21111Ai )1
AT, ldevLHEthﬁr{?er N; bsdmples iﬁithéj-[t% sdg@rhént, lift is%@@ﬁitbﬁe Redenote
gt e a "z(n) i.s replace -l p(n).in
tF'Se Vtelchrcacffi ost’?”ﬁﬁ(’IS% @ir éhgaﬂlpl{qh(?)( efidf e%?‘)".”x?ﬁf ?QJPCk by
zpeTfGl}/ﬁd,-i.t)Hﬂ\éyt)rgn , and that ofithar exyrezpandingtyadasyof the
the AM_AM and AM PM cFara terisyics, respectively, of
fuRetio g barg) #1542 (Dhhef JEE¥oMbensat or and t he
overall 20 system kA The curves shown in Figures 3a and .
3b arlk e s@ﬁ?g*’ e %‘H&f@im yeast ggigres solution which
mirdinieisaheonsam sypate ampt int edtsh esgraehtiacddrdingad thedollowing

i nst ant aneous i nput anplitude, and of the phase
@Mt@{lsb&v\een the input and output signals as a

functapn (Af’Ay)ﬁleAﬂkm PM i nst ant aneous i nput 25
anplitude, for a power anplifier nodelled by a Sal eh
quasi - menoryl ess '

where a; = lajo,...,aj,,jj' and 4, = [1, g J It should be noted that
z,(n) is replaced by X,(n) in the identification procedure, and therefore by

X,(n) for the first iteration.

Zj

geeey

Z;

Figures 3a and 3b show the AM/AM and AM/PM characteristics,

-respectively, of the power amplifier, the precompensator and the overall

system. _
The curves shown in Figures 3a and 3b are representations
respectively of the instantaneous output amplitude as a function of the
AM/AM instantaneous input amplitude, and of the phase shift between the
input and output signals as a function of the AM/PM instantaneous input
amplitude, for a power amplifier modelled by a Saleh quasi-memoryless
model - whose characteristic coefficients are chosen in the following way:

~a,=10,8, =la,=5,8,=9 - of the corresponding precompensator and the

linearized amplifier, for a number of segments Ntcp =10 and order 2
polynomials, that is: P, =2 andj=1, 2, ..., 10. The Saleh model is commonly
used for modelling amplifiers with a weak memory effect. It is recalled here

that if a Saleh quasi-memoryless model is chosen as the baseband
equivalent of the power ampilifier 10, then the output signal y(»n) of the power
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nodel - whose characteristic coefficients are chosen
inthe followng way: aa = 10, fla = 1,a0 = 5, =9 - of
t he correspondi ng preconpensator and the |inearized
anplifier, for a nunber of segnents N-rcp = 10 and
order 2 polynonmals, that id4 P, =2 andj =1, 2,

10. The Sal eh nodel is comonly 30 used for
nodel ling anplifiers with a weak nenory effect. It is
araplifidreadnhies exprssiset fasta Sahetlonqofathe- inpavsighak §, (Wp dicording
I's chosen as the baseband equival ent of the power
taihe followving celatiopshiphe out put signal An) of the power

. 14 anﬁ{ﬂ)f:i@(]ie(:;a)ﬁfek(a) expressed as a function of the (9);

i nput signal Ye (n) according to the follow ng _
relationship: (n) = G (n)A (n)(9) ; of the power
anplifier 10, and the paranetgrs gazf3# ap,flo can be

adj usﬁlm*esGQfeabjD)# for—dpproxk A & the complex gain
characteristics ofltife/Xpaver anpl Bj|&rn]0) The

r ' f at i [ ' a,p. i pclud :
18 Pl ATRNER YU, 2 el Sorgn 8 AL o Be adusted
sfuﬁabﬁﬁférr‘tdpfﬁoxiﬁfatiﬂgfthé%bpBh@ﬁacfé?%tib@%‘fQlﬁ‘é HodW amplifier 10.
.ﬁigjllt de 10 of tFﬁi.lnﬁ#. &ggal.lmg) .ttg_e varlgtlon
PPN e PRESRBETONIRT IBY S ol CIUFES R first B Phoyn as a
thioveot-daghl lide egpréSentiigyuts sifgmation of. the iRdtibtando0s Bmplitude
STARE MRl TROM) . 3fic FafBhSLHh e MRPARIRR' AMBIHLBE of the

varirationin i nt aneous anpl I tude

narelhesrized qubvesrearaplifier theutput pignabfi.e rt‘@ I;;(re)})l*;(n)#r asecond
bl ock 21, '

curve shown as a dotted line representing the variation in instantaneous

amplitude of the predistorted signal at the output of the pre-inverse block 21,
i.e. IFQie(n) )§g(n)| and a third curve shown as a solid line, representing the

variation in instantaneoué amplitude of the linearized power amplifier 10, i.e.
|G(J)7p(n)|)Yp(n)‘. In this example, since the amplitude domain of the input

signal is from 0 to 0.5V, the ten segments have a length of 0.05V. For
amplitudes beyond 0.5 V, the power amplifier operates in a saturation zone
that cannot be exploited. '

The graphical representation in Figure 3b, includes a first curve shown
as a thin dot-dash line representing, as a function of the instantaneous
amplitude of the input signal |x,(n), the variation in the instantaneous phase
shift of the non-linearized power amplifier 10 output signal, i.e.
|G(|£‘e(n)|)ie(n)|, a second curve shown as a dotted line representing the

variation in insta_ntaheous phase Shift of the predistorted signal at the output
of the pre-inverse block 21, i.e. |F (|ie(n)|)i~e(n)|and a third curve shown as a

solid line, representing the variation in instantaneous phase shift of the
linearized power amplifier 10, i.e. |G<|X‘p(n)|)i'p(n)’.



i.e. FOe(n)[),(n)1 and a third curve shown as a solid
line, representing the 15 variation in instantaneous
anplitude of the linearized power anplifier 10, i.e.
(ntrip (n). In this exanple, since the anplitude
domai n of the input signal i1® from0 to 0.5 V, the ten
segnents have a length of 0.05 V. For anplitudes
beyond 0.5 V, the power anplifier operates in a
sat urlf"&h@ﬂd%”ﬁotbﬁ% tclﬂgrt%elb&‘ t?\’ég&og%ﬁ(ﬁﬂralfrc%g%ary from one
I cal representation In
sqg@@ntdgramt@%mdatbl%mamadvaa?ag@@yﬁlw be:gsed in practice so as
toIptiFLS thddssetablg. f unction of the instantaneous
anpl i tude of the input signal(n) , the variation in
t he i nstantaneous phase shift of the non-Ilinearized
power anplifier 10 output signal, i.e. 1GGe(n)l)
e(n)1, a second curve shown as a dotted |ine
representing the 25 variation in instantaneous phase
shift of the predistorted signal at the output of the
pre-inverse block 21, i.e. IF(lie(n)l).ie(n)land a
third curve shown as a solid Iine, representing the
variation in instantaneous phase shift of the
i nearized power anplifier 10, i.e. 1 11-p(n)p-p(n)l.
15 It should be noted that the order of the
pol ynom als may vary froM one segnent to another, and
this may advantageously be used in practice so as to
optimze the assenbly. 16 CLAI M5 1-Linearization
device for a power anplifier (10) using adaptive
di gital baseband predistortion including a pre-inverse
bl ock (21) 5receiving a conplex discretized input
signal .X (n) and restoring a conplex predistorted
signal x(n) at the power anplifier (10) i nput,
characterized in that the pre-inverse block includes a
first nodule (211)
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and a second nodul e (212) receiving the nodulus of the
conpl ex input signal 15c-e(n)1 at the input whose

value is included in an anplitude 10domai n varyi ng
between two m ni mum and maxi mum val ues Am n and Amax,

the anplitude domain being @it into a plurality of
segnents, the first nodule (211) including a
correspondence table associating with each val ue of

t he conpl ex input signal ChM$ 1K(n)l contained in a

gi ven segnent, a predefined set of a plurality of .
paraneters defining a 15paranmetric nodel inplenented

in thhe seddmepriaation edeviae forvapeweruanpiitier £10) wsieg adaptive
igc i tdroﬁgéigbérﬁft&r d@o?@alimﬁpg 4 e;?%gnvélr%t%. lock (21)
CheTeeafie. e RETPE s e dpptnaedal Lre?"@”t‘aﬂgfc‘%%tﬂ'ﬁg a
, t lmemplextaredistartash sighal he, (py eati thee poweb| asoglifier (10) input,

21)  bei .based.on.an indirect, architecture forned b
o Bk Feineb i Bt vee BIbrk dusades aTusompgle (211)
\k/)v: t fanidhe spoowed neodule {2 12) retliving the mddumbfdfdhéifwmplex input
0 2k d.dent idMi t KRB
seg%e@@o&zedtn?je%gr% i?ggg%o%%i ﬁa% t (Ie conp Z?( %paﬁ'ﬁﬁlﬂude
si grimain dudrying (betlveby twionimimiziung dndemaixiraumbeilues i, and

t he “ihare P RbE AR hong sBILAKS 2T PLsPdmenis, the
2- [Ifirstepnodulet (M1 )diciuging ar carrpependenoel idbileragsboiating with

ac C @adhNgalle oflthe olpleh MpatHghaAGfoldius Nt (n5a6bntained in a
sai d predefined sets of paraneters for a given segnent

k defiveresegment anplesiefinedfset of enplarality af pargmeteraldeihing a
or dﬁaira{g)rlﬁetr?bcl) iﬁg’delLlny:géHeﬁéd gﬁaﬂ%V'zs‘é%gﬁar nfodt&212) via a
i

A R i fagte i e

anplyL 4ide 2 BGRal fe Hr?‘ foft} tndtiByiethe eGP input signal
TS Ry Ve e e
nuMhsyy BEingLHERA! Sh 2hNAS CHRehitdi@ureRRlSoy an identification
block (22) arranged in parallel with the power amplifier (10), the
identification block (22) identifying the sets of parameters for each

segment of the amplitude domain of the complex. input signal modulus
fe(n)i by minimizing the error between the input signal x,(n) and the

output signal y(n) of the power amplifier (10) in at least one iteration.

2- Linearization device for a power amplifier (10) according to
Claim 1, characterized in that each of said predefined sets of
parameters for a given segment k defines the complex coefficients of a
polynomial of order P. '

3- Linearization device for a power arhplifier (10) according to
Claim 2, characterized in that, the minimum amplitude Anin being zero,
the amplitude domain is split into a number Ntcp of segments of the
same length Lsg equal to the ratio of the maximum amplitude of the
amplitude domain to the number of segments Amax/Ntcp, the segments
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15

17 of the anplitude domain then being intervals
[(j-1)Lseg, jLseg], the correspondence table
associating for each of the intervals a set of conplex
paraneters aji,...,ajp corresponding to the
coefficients of order ji,jpi7of t he pol ynom al of
order P. 5 4-Linearization device for a power
anplifier (10) according to any of. the preceding

<(3' a')dfsthec@ﬁﬁ\%&é'&&ﬂaim thBAt 3‘%#}? ifgRL | [ﬁaf%L%eﬂ DLOGK the

ncl udes an atten ttenuattn
out FefrespgRggnce fablg) a%soqat@gpmveeaQWﬁ theeintenv@ys 3 sgt of
gai romipjex pgrathetess whe...im ye:psrespOndlhg toOble soeffidiegds of order
of the povver anpllfl er g t he attenuated conpl ex
si gikal---'Jm Of therpeipomNA Iaf eadefPit he i nput of a
post -i nverse bl ock (222) restoring a si gnal z(n) at

e o TR B LG T S o any
( 21)of fthenprelcedithigh Elaims,c ehdrmicterizedt imethamue isegtifidatisn block
(n) (23) IndudRRWEH aﬂ@ﬁhhfdr??ZﬁﬂQﬂeﬂ@é}ﬁ@ fHéeo%hP@Jgnal y(n) of

S|gnal p(n) of the post-inverse block (222)
m nithe Zaver aeplifieti(#@) by ea rgain u‘dgmgaquaé to ethet invgteer of the

t eChfeisfteg-gain of the power amplifier (10), the attenuated complex signal
Z(n) being applied at the input of a post-inverse block (222) restoring a

signal z,(n) at the output, an estimation block (223) determining the

identification parameters of the pre-inverse block (21) from the
difference between the input signal x,(n) of the power amplifier (10)

and the output signal Z (n) of the post-inverse block (222) by

minimizing the quadratic error using the least squares technique.



