Li neari zati on device for a power anplifier 5The present invention rel ates
to a linearization device for a power anplifier. It applies notably to the
field of power anplifiers used in transm ssion chains of radio

conmuni cation systens. In the field of radi o comuni cations, signal

transm ssion requires the 10 use of powgr anplifiers, essential in
transm ssion chains. The power anplifiers used in radi o communi cations are
generally non-linear; non- linearity phenonena are all the nore present in

t_hflth cur_renttpowe{_ anpl k&"%{ﬁ%ﬁ‘f’%ﬁéﬁgﬁﬁgﬁre 8}"’%';5%?'? their saturation,
Wi a viewto optimzi mcs are
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non-| i near behavi our of power anplifiers notably generates phase and
anplitude distortions on the transmtted signals, which notably generate
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radic communication devices, in terms of spectral efficiency, are increasingly
20 severe, with the increasing varnety of wireless communication devices.
Standards define precise requirements in this regard. Secondiy, spectral
feedback has a negative influence on the correct operation of devices
situated close fo the system including a power amplifier. This is because a
vehicle, for example, may be equipped with a large number of systems
25 operating in relatively similar frequency ranges. Distortions may, for example,
be characterized by the ratio between the power of the signal in the useful
channel and the power of the signal generated by the disfortions in the
adjacent channels, this ratio being commonly referred to by the English
abbreviation ACPR {"Adjacent Channel Power Ratio"); other characteristic
30 values may aisb be used, such as the magnitude of the error vector,
commonly referred to by the English abbreviation EVM ("Error Vector
Magnitude").
Linearization of power amplifiers is a favoured solution for reducing
non-linear distortion phenomena in the transmission chains of fransmitters
35 and increasing their performance. There are various fechnigues of linearizing
power amplifiers known from the prior art. Among the various known



2 techniques of l|inearization, adaptive digital baseband predistortionis
one of the nost efficient in terns of cost-effectiveness, thanks to digital
i npl enentation, offering accuracy and flexibility. This technique can be
used to obtain very good linearity performances, which can be achieved with
better 5 power yields, as well as reduced conplexity and cost conpared wth
exi sting anal ogue techni ques. Generally, predistortion techniques consi st
in transformng the signals upstreamfromthe power anplifier, in order for
the conbination with the power anplifier to make the overal| system|inear.
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30 More particularly, among the known techniques of adaptive digital
baseband predistortion, two categories may be mentioned, based on two
approaches to implementing the precompensator:

- implementation using correspondence tables or "TC", stored
in memories commonly referred to as "LUT" ("Look-Up



20 tables may be required, necessitating storage nenories that may be
difficult to inplenent. The inplenentation of paranetric nodels
considerably increases the conplexity of the system and nmay cause probl ens
of instability when the orders of polynom als enployed are high, or
even probl ens of non-25 convergence of gl gorithns. One object of the
present invention is:'to at | east overcone the aforenenti oned drawbacks, by
provi ding a power anplifier linearization device based on the techni que of
adaptive digital baseband predistortion, 30 inplenmenting calculations
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The correspondence fabie technigue offers the advantage of being
simple fo implement; however, this technique has the drawback of the
relatively long convergence time. Furthermore, the use of large dimension

20 tables may be required, necessitating storage memories that may be difficult
to implement.

The implementation of parametric models considerably increases the
complexity of the syétem and may cause problems of instability when the
orders of polynomials employed are high, or even problems of non-

25 convergence of algorithms.

One object of the present invention is to at least overcome the
aforementioned drawbacks, by providing a power ampiifier linearization
device based on the technique of adapiive digital baseband predistortion,

30 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.

35



20l n one node of enbodi nent of the invention, the linearization device for
a power anplifier may be characterized in that, the m ni num anplitude Amn
bei ng zero, the anplitude domain is split into a nunber *Fa:, of segnents
of the same |length Lkeg equal to the ratio of the maxi num anplitude Amax of
the anplitude donmain to the nunber of sggnments 25 Amax/NrcP, the segnents
of the anplitude donmain then being intervals [(j-1)Lse9, ji-seqg], the
correspondence tabl e associating for each of the intervals a set of conplex

paranmeters ancorresponding to the coefficients of order ji, ..jP3 of the
pol ynomi al of or décomjingly ntheénebjerbetitheeinvestiontie a lineatizatinn dewvice for a
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j)(n) of ”}ﬂu%?i‘t’frof%gﬂrhéht%f tRe\:’ fitst module including a correspondence table
10 associating with each value of the complex input signal modulus contained in
a given segment, a predefined set of a plurality of parameters defining a
parametric model implemented in the second module via a function Fj, the
second module restoring a value F, QE (n)j) , the complex predistoried signal

resulting from multiplying the complex input signal X (») by the value

15 F (%))

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 Py.

20 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 spiit into a number Nycp of
segments of the same length Ls; equal to the ratic of the maximum
amplitude Amax of the amplitude domain to the number of segments

25  AmadNtcp, the segments of the amplitude domain then being intervals

[(-1)Lseg, jLeeg], the correspondence table associating for each of the intervals
a set of complex parameters Ay e 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
30 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 ampiitude domain
of the complex input signal modulus f5§ (n)f by minimizing the error between



gain 1/gd equal to the inverse of the desired gain of the power anmplifier,
the attenuated conplex signal Y(n) being applied at the input of a
post-inverse block restoring a signal "lIp(n) at the output, an estimtion
bl ock determ ning the identification paranmeters of the pre-inverse

bl ock fromthe difference 10 between thg i nput signal 5c2(n) of the power
anplifier and the output signal (n) of the post-inverse bl ock by

m nimzing the quadratic error using the | east squares techni que.
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- Figure 1, the schematic diagram of a transmission chain
including a power amplifier combined with a known adaptive
20 . digital baseband predistortion device.
- Figure 2, the schematic diagram of the amplification block of a
transmission chain including a power ampiifier combined with
a linearization device according to a mode of embodiment of
the present invention.
25 - Figures 3a and 3b, curves representing the AM/AM and
AM/PM characteristics, respectively, of the power amplifier,
the precompensator and the overall system.

Figure 1, shows the schematic diagram of a transmission chain
30 including a power amplifier combined with a known adaptive digital baseband
predistortion device.

A transmission chain known in itself from prior art, for fransmitting a
phase and amplitude modulated radio frequency signal for example, may
35 include a power amplifier 10 restoring an amplified signal y(t). The digitized



A conversion block 13 includes a digital-to-anal ogue converter DAC 10 and
an anal ogue-to-digital converter ADC. The digital output signals of the
preconpensator 11 are converted into anal ogue signals by the DAC of the
conversion block 13. An I/ Q nodul ati on/ denodul ati on bl ock 15 i ncl udes an
|/ Q nodul ator and an 1/ Q denodul ator. Tige output signals of the
preconpensator 11, after conversion into anal ogue signals, are nodul ated by
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wireless communication systems. There are various methods of

35 implementing correspondence tables.




25 val ues of . the anplitude adjustnent. The output of this table may then be
multiplied by the anplitude of the input signal and used to index a second
tabl e containing the phase adjustnment val ues. The sizes of the tables used
according to this second nethod are thus substantially smaller than in the
case of the first method previously dis® osed. However, one drawback of
this 30 second nethod lies in the fact that a rectangul ar-pol ar conversion
i's necessary, this conversion taking a major part of the total processing
tinme. A third known net hod of | epentation is the so-called nethod
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than direch, sl byNBe amplitude of the input signal and used to index a second
table containing the phase adjustment values. The sizes of the tables used
according to this second method are thus substantially smaller than in the
case of the first method previously disciosed. However, one drawback of this
30 second method lies in the fact that a rectangular-polar conversion is
necessary, this conversion faking a major part of the total processing 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

35 considerabie reduction in the size of the tables and processing time. This



9 of the power anplifier. There are two nethods of identification known
fromprior art: direct identification by inversion of a predefined nodel of
the power anplifier, and indirect identification, consisting in determning
t he post-inverse of the power anplifier, for determ ning the configuration
to apply to 5 the pre-inverse. Figgure 2 shows the schematic diagram
of the anplification block of a transm ssion chain including a power
anplifier conbined with a linearization device according to an enbodi nent
of the present |nvent|on 10An anpllflcatlon bl ock, of a transm ssion chain
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respect to the complex envelope of the input signal ¥ (») can be formulated

of the

via a multidimensional non-linear function Fpy, accordmg to the following
relationship:

20 y(n) FNL(E(H—Q),:f*(H—Q),...,i:(i’l'—}),f*(HWI)EE(H),E*(ﬂ)) (1)

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

25 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 mode| is in itself difficult, and the

30 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 ampiifier, the whole

35 difficulty lies in determining its pre-inverse, even trickier than direct modelling



The estimation block 223 deternmines the identification paraneters of the
pre-inverse block 21, e.g. based on the difference between the signals
ij,(n) and and the attenuated signal "i(n), as disclosed below. 10

In the exanple illustrated by the figure, where an identification technique
of the pre-inverse block 21 based on an@i ndirect architecture is used, the
out put of the power anplifier 10 normalized by the desired gain gd of the

| inearized anplifier, it(n)=.)7(n)/gd , is applied at the input of .the
I nver se, bl oc for exanple, be

Podel | ad by eobedel s PIERC T8 Ry M S bRy S Hide NRHB 0NN HEB 1 om
p][i 1(:)Lear E)I e ma@recml mﬁmbg’ﬁ@T bglnwmﬁ”bml om?ﬁéd%fgwddﬂmgﬁgsg?ﬁ??p@g?u \(;?I gnt
oo 1 noar 89 Bl A indie SR | BahSsiiEenEleTinGE iRt 50 The

quasi - menor ipvess golhgnpoival ampdiéer, e‘&pdewfe'snmgdheomqﬂf@urmrcoappkyftot he
By consi deri ng,

out put sggnr% s.ifvdidpction of that of the input signal.
for exanple, the even and odd order terns, the conplex envel ope of the pre-

i nverse bl ock 21 output signal, 25(n), the fol I owi ng rel ati onship can be

formul ated: 15( Pigy @(é%ﬁow@)tw@fﬁé}ﬁa’%k dibgrdar & the dmdifcdienided BI K- 1S

the gain f nctlon
g L{rr:msmlsszon cthazn including a power amplifier combined with a linearization

device according to an embodiment of the present invention.
-An amplification block of a transmission chain includes the power

10
amplifier 10, a pre-inverse block 21 receiving a digitized signal at the input |
represented by its complex envelope X, (n) and restoring a signal ¥, (n) at
the output driving the input of the power ampiifier 10, the latter restoring the
amplified signal represented by its complex envelope ¥(n). In the example

15 illustrated by Figure 2, in which a precompensator identification technigue

based on an indirect architecture is used, an identification block 22 is

arranged in parallel with the power amplifier 10.
The pre-inverse block 21 includes a correspondence table module

TC 211 and a parametric model module 212, both modules 211, 212
20 receiving the modulus of the complex input signal fi’g(n){ at the input. The

parametric model module 212 restores a signal F, (j"' (n)j) as a function of the

modulus of the complex input signal fx (n)1 and configuration parameters a,,

oy Ay restored by the module TC 211. The output signal X, (n) of the pre-

inversé'bfock 21 is the multiplication of the complex input signal ¥, (n) by the
25 output signal F, Q’x“a (n)j) of the parametric mode! module 212.

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

is the inverse of the desired gain gy 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 ampilifier 10 by the
30 attenuator 221. The post-inverse block restores a signal Z,(n) atits output.

The identification block 22 furthef 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(»), as disclosed below.



| c=1 preconpensator, al, ... at< being the paraneters of the nodel and K
its order. It should be noted that the paraneters al, ... afc can take
conpl ex val ues, enabling anplitude and, phase distortions to be corrected

si mul taneously. 20 The identification techni que based on an indirect
architecture consists in first identifyidhg the post-inverse of the power
anplifier 10 having the sane nodel as that of the pre-inverse block 21. The

paranmeters, once determ ned, are copied into the pre-inverse block 21.
of the

According to the rel atlonshl p.(2) above, t he out put n |
post -i nverse bl d8k P& 22XaRAPKe i %trla{%oﬁ Byc dbf afigyra: owf@f? h@'ﬁ)f @)FFBW%@“
Irel ati Onsglt@chz}aﬁgé—(ﬁkﬁel br&in:vekséb)o(cam baseﬁl ohfar hm.mwbhzwctmr’@ezs
i neari zed anpl ifier ual to the in t ost |nverse
bl ek 252 HeE é&;ﬁﬂi%ﬁfvvﬁﬁ%ﬁvﬁq@%agem%*ﬁ%ﬁ i e dsa e 58
and post-i rﬂféh%é’”??r b & (POSPéRY iSsel § qqf?ifegx'%tctf"‘eﬁ'ﬁfé'ﬁm\f@‘? $eskind
post-inver t o a f T t e
Post i nvar S0 firscRosBo?ER ST HekkintBrad Mbek 22 Haf o SbeRBP” 1
anpl i fier T00d€igsicly grcacalad (gua]shﬁwnorqu@@gquqqm;al OF)Uﬂt IF)U’QSGF ifrosi )t |
sgrml gs of driae Bﬁt""eﬂ'hé”'!?_{u'afsl ﬁferﬁ&%le's% Ip%fﬁ@ﬁﬂalpl ﬁnddéfww tpet RisehAg | onshi p
(3) above: eQU|v(aha2nt c‘;l}hﬁ'le po!yngrr?iaf modei ex rfgssmg the radio’ ’f\xDequency output
signal of a non-linear system as a function of the radio frequency input signal.
10 The guasi-memoryiess polynomial model expresses the complex envelope of
‘the output signal as a function of that of the input signal. By considering, for

example, the even and odd order terms, the complex enveiope of the pre-
inverse block 21 output signal, ¥, (»), the following refationship can be

formulated:

15 %, = F(Z, 00}, () | (@),
where Qxe(n)f)wZakac(n)fkwl is the gain function of the

precompensator, a4, ... ax being the parameters of the model and K its order.
it should be noted that the parameters a,, ... ax can take complex values,
enabling amplitude and phase distortions to be corrected simultaneously.
20 The identification technique based on an indirect architecture consists in first
identifying the post-inverse of the power amplifier 10 having the same model
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

25 the following relationship:

7= alzm)| 2@ | (3).

if the output of the linearized amplifier is equalto g, X (n) , the input of
the post-inverse block 222 becomes Z(n)=X,(n) . In this case, both the pre-

30 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 X (m)of the power



5Z =izr 14, - Twith Z=(1) (2)(AF =y (1) v (2)y(N gd gdgd _ The
paraneters of the post-inverse block 222, which are identical to the
parameters of the pre-inverse block 21, can then be estimted by m nim zing
the quadratic error I e(n)}2 , where e(n) =Xx,,(n)-Zp (n) . Thus, the io
vector of the paraneters a =k,a2,...,a ™ can be estimted by the |east
squares technique: = (zfriz) zkix"(5), where CHis the conjugate
transposition operator. Once these paraneters are determ ned, they can be

injected into the =1 NV | 21, ..t-he en . heing able to
operate in ANP #Seé'nfq'g%%s%dleéﬁgsgé%gm;jgx@@sw ’p%%ébﬁfgé&f&(z hesgmppes
identificati ; eyl e . | gk ot J t signal
51 () 1i9ae PR A AP 107 EhOSIA 0 AR Ih releliBRenin (P 2O
approach to inplenéritati on, hereafter 20 referred to as TC/Pararre{ fc or
TCP, is based onyhde ysgipﬁ > GOV I €8 ’ergi:ﬁ hablcey i npl nted by the
correspondence table nod nggja qZ)Vil, ”gﬁgypa ér(ngt IPI(C)-TTDdDe(?gﬁi mpl ement ed by
the parafretric nbaak, imdule 212. According to one node of enbodinent, it is
possible to split the anplitude domain_of the input signal into a nunber
NI --p of segmentgy, | @y{éﬁ%?ﬁr of ¥ fyes YéBgreht s, Y&Vpar ametri ¢ nodel can be
i dentified for I'ocafl del1'i'ng t'he pre;iinwersé gharacteristics of the
power anplifier 10. The segnentation can be uniform the segnents

t hen bei ng of tHdespawmnelees ahihalpestindatsedbigek it whioh aretidentiaa ie

anpl i tude @Bl ARMANLAGRBUBIALINVERR TRSEIEDHALEAN HBY HE LaFesleqNpi Change
fromthe AM AM

in detectabl.e 30 curvatur f the characteristics:_ visuall
Lnd AN PV GHBIAEISr NG §HASTaNC EHET JoNidr - TP §(@ 270 (61 aitherMiiRedNTy wi t
the ai d,qof i e, PhratR@Rd Aefh vati vesy ofad e ehamafeblStHeCRast N the
case o?oa l\JI%I or'm ZBsggrrent até?oa,”aﬁéshrﬁs]ng t hat thg'hl npcﬁtblysﬁgenalas{
anpl i tude sauares tbeftiviges: a
a=(z7z)]"7"x, 5),
where ()7 is the conjugate transposition operator. Once these
parameters are determined, they can be injected into the pre-inverse block
15 21, the system then being able to operate in an open loop. it is

advantageously possible for the identification procedure to be reiterated
several times, the input signal x, (n) first being used in place of X, (»).

in the present invention, the approach to implementation, hereafter

20 referred fo 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

moduie 212. According to one mode of embodiment, it is possibie fo split the

amplitude domain of the input signal into a number Nrcp of segments. in

25 each of these segments, a parametric model can be identified for locally
modelling the pre-inverse characteristics of the power amplfifier 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 deteciable

30 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



m ni rum anpl i tude Amin and a maxi num anplitude Amax, the length Lseg of - A
each segnent is equal to ma"""". On the assunption that the input Nyrp
signal anplitude varies between 0 and a maxi mum anplitude Amax, the length
5 Leg of each segnent is equal to Amax/NTep. Thus, for the j-th segnent, a
paranmetric nodel is identified for procegsing sanples having anplitudes
belonging to the [(j-1)Lseg, ilLseg] interval. This technique rests on the
assunption that the AM AM and AM PM pre-inverse characteristics of the
power anplifier 10 have a npnotonous polynomal formin each segnent, 10
typi cal |y ofCBRN&G®sy asgyming ﬂ%@fa’mey”t% Higaal pmphige; vedes hedwaedd s used
can be | ow afifipgfurd dnipiRot&|A fPded & Alaxirds Sn'm‘httﬁieslﬂm){]%e NSh§the. . £o8-

pol ynom al ratios, hyperbolic fungtions, etc e correspondence
function Fi €xci rsetgnmr]t ishegie) niont—Ean—F8-. e@pr tgesedsbyptine thalt | tbwi ingut
relationship: 15F1(13c- e(n)1l) = at¥rer all “1,00 + ...+ a 11,,151, )1(6),

where PI i ssibhg & dfa8 vaheebe%é(éwmaﬂdé%émmm ngp?iﬁgfé‘;&t apd

coefficients;, p a paraneter varyi ng between i n pratlce Pi
is, 20 f&r kseadl @Chcﬁ%'éﬁmtt§ peualgifaPmedNecror Thuss §pr thad-targsidniente adonai n
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is first s into N nts IS . am corres onding to the
j-th segnerqt? elonging; ffen @sf@mw #Lﬁwﬁ% WE%W@QE Bs t% FNHFUE e € (n)
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t he post-inyerse att re

det elrom ned Ogler;&e%@' “ﬁ%ﬁ@ l’]ﬁ!})h&ftcﬁﬁyégpon%l%rgral f-or&ﬁé ?%%F% bl ock
222. Th@efdmma&homw qrd!sﬁc@l lsmsg:aﬂhéhegaam fruptactioa. Bife trmtqh@ssedi gaer se of
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simlar way, accor ow ng rel ations
ratios, hyperboiic functions, etc.

The correspondence function F(.) in the j-th segment can be
expressed by the foliowing relationship:

15 F(% () =a, +a,l%, () +..+a, 7, 0m)]" (6),
~ Oragain: F,(%,m) = ia R 7

where P is the order of the polynomial in the j-th segment and a;; its
coefficients, p being a parameter varying between-0 and P; (in practice P is,
20 for example, chosen to be equal to 3 or less).

The amplitude domain of the normalized output signal Z(m) =v(n)/ g,

of the power ampilifier is first split into Nycp segments. The parameters a;,
corresponding fo the j-th segment, are then estimated from the samples of

25 the signal Z(n) which belong to it, and the cotresponding values of the gain
function of the post-inverse of the power ampilifier 10.

The latter are determined for each pair of input/output samples of the
post-inverse block 222. The function Fi(.}) modelling the gain function of the
post~invérse of the power amplifier 10, in the j-th segment, can be written, in

30 a similar way, according to the foliowing relationship:

F o= Yo o = Z

(8);



F(n)1)=a I1(n)1P= P; 7,021:1(n) 13 wherecaln),"1"(n)) is a pair of

sanpl es corresponding to the j-th segnent. Since the function Fi C) has
conpl ex val ues, the sanme applies to the alp paraneters identified. This
enabl es si nul taneous anplitude and phase correction. 5For a nunmber N of
sanples in the j-th segnent, it is poss{ple to denote the vector of sanples
at the input of the post-inverse block by z =vy)(1)/gd, ,5)-CAT1)/g,}7 ,
and that of the corresponding values of the function FiC) byF (NL r.

X ¥e then possi phed 0ol o LA G ISR e iR S@%%%’awﬁ 1o % b ow ng

m nimzes the nea
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. t shoul
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i teration. phase corredtiogures 3a and 3b show the AM AM and AM PM
lifie reconpensat or

charactegistics, éfei@@ﬁ“@:%w e samp en@ﬁ‘éﬁi@agﬁwtu LfSFﬁgq‘hﬁ%ﬁlﬁ% igge qap‘@: 3b are

and the overall
r epr esent at hensvecéwpedft isashpiesf at héhe nstant arfiedis @ulspwivemml blode by

function of, thﬁ*@\/lgAM et ang ¢ ﬁe%ﬁ-j |tmubfaf%1:% Yehc %qﬂ*%&%ée Shl ft

bet ween the in ut put~%i gnal s as
| nst ant anequchdtPRy.) by 7, = 7, (F)).... 7, (v, ) .
It is then possible to formulate the least squares solution which
10 minimizes the mean square error in each segment according to the following

refatlonshlp

= (AJH A4, )“d A7 7

where &, =laj{,, Sl J? and 4, -.[ RER ,,z‘ J It should be noted that
15 Z,(n) is replaced by ¥, (n) in the identification procedure, and therefore by

x,(n) for the first iteration.

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

respectively, of the power amplifier, the precompensator and the overall
20 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

25 amplitude, for a power amplifier modelled by a Saleh guasi-memoryless
model - whose characteristic coefficients are chosen in the following way:
a,=10,4,=La, =56, =9 - of the corresponding precompensator and the

linearized amplifier, for a number of segments Nycp =10 and order 2
polynomials, thatis: P, =2 andj=1, 2, ..., 10. The Saleh model is commonly
30 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 amplifier 10, then the output signal ¥(n) of the power



25 anplitude, for a power anplifier nodelled by a Sal eh quasi-nenoryl ess
nodel - whose characteristic coefficients are chosen in the follow ng way:
a, =1 0,fla=1,a0=5,flo =9 - of the correspondi ng preconpensator and the
| inearized anplifier, for a nunber of segnments NIcp = 10 and order 2
polynom als, that is: P =2 and j =1, 24..., 10. The Sal eh nodel is
comonly 30 used for nodelling anplifiers wwith a weak nenory effect. It is
recall ed here that if a Sal eh quasi-nmenoryl ess nodel is chosen as the

7(n)

baseband equi valent of the power a ifier t hen the autput signal

of "t he povesmETETaT pp ietpresierad ARPEhE ot dhe InHLR RgAd b eRE TG

si gnal 57, (@)thagsvihgJefeBohdigpf ol | owi ng rel ationship: 51(n).

G .5-e,(n)l Yce(n ) el £ tge power anplifier 10, and the paranpeters

a0, , 60, a0, ) 60 ca%g’%é’" g&ff&’%ﬂ@t{” uitably for approximating the real G

characteristics of the power anplifier 10. The graphical representation in

Figure 3a, includes a first curve shown a 'gnjs(nago -dash line

representing, a upeti-om of the instantanéptis’?anpli.t ude 10 of the input

si gnal 1% nl , t%%@e'j\?a% ’éfft(f?@‘jpftfl;@eﬁjni[)rhg{i rﬁiaﬁﬁqgsgnﬂ |’% h?dgo ?eixh%am

non-linearized power anplifier 10 out'put 'signa TeNlel 15, (n), (11)1, a

second cur ¥ teapawersiraplifier t18d andribe mepaestensi ag A he, .Vr tat beradjusted

i nst ant aneous itude of the predistorted signal at the output of the

br o § nvor S UBRBUROD BPPTOXMaKS KRR GA HA SaIRIHCr B AP eamips ADklr 9o sol i d

line, repr&¥engiapdidahecprosymiaiioniioFigure Bstiaolaesauirsaznhid sewefasthe

![Ihge:%f?? 6@@%{;&% ?If(gf;e' Iéém 1'ageas% ?u7r‘icﬁi8}\fgjf’tﬁg)instggtatng'oas%)%&Rtlic?é sthee
_ 10 of the input signal |x,(») , the variation in the instantaneous amplitude of the

non-linearized powef ampilifier 10 output signal, i.e.

G(x ik, (n), a second

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,
Le. [F(, (|}, ()| and a third curve shown as a solid line, representing the

15 variation in instantaneous amplitude of the linearized power amplifier 10, i.e.
!Gﬁ'fc“p(n)r}fp(n);. In this example, since the amplitude domain of the input

signal is from 0 fo 0.5V, the ten segments have a length of 0.05 V. For
amplitudes beyond 0.5 V, the power amplifier operates in a saturation zone

that cannot be exploited.
20 The graphical representation in Figure 3b, includes a first curve shown

as a thin dot-dash line representing, as a function of the instantaneous
ampiitude of the input signal Iffg(n)j, the variation in the instantaneous phase

shift of the non-iinearized power ampiifier 10 output signal, i.e.
'G([fe(n)l)fg(n)i, a second curve shown as a dotted line representing the

25 variation in instantaneous phase shift of the predistorted signal at the output
of the pre-inverse block 21, i.e. lF(jie(n)f)fe(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(j;zp )%, (n)J.



signal is fromO to 0.5V, the ten segnents have a |l ength of 0.05 V. For
anpl i tudes beyond 0.5 V, the power anplifier operates in a saturation zone
t hat cannot be exploited. 20The graphical representation in Figure 3b,
includes a first curve shown as a thin dot-dash line representing, as a
function of the instantaneous anplitudejgf the input signal I1K(n)l, the
variation in the instantaneous phase shift of the non-linearized power
anplifier 10 output signal, i.e. a second curve shown as a dotted line
representing the 25 variation in instantaneous phase shift of the

predi storted si glighosatd b @otad that thef ondes o the palyepsdalsvek vary, fremeone

I F(ke(n))i %é@rhéﬂfjtoaaﬁﬂhéﬁ i s ﬁf&}"‘éﬁ\?&ﬁaté%é%éi?' Hel (ad IrEpraR868 bk ¢ he
variation in |nstantgneousq@?ase shi'ft of the linearized power anplifier
10, i.e. ! KQPRIKNIERSEE @§se It should be noted that the order of the
pol ynom als may vary from one segnment to another, and this may

advant ageously be used in practice so as to optim ze the assenbly. 16
CLAIMS 1. A linearization device for a power anplifier using adaptive

di gital baseband predistortion, the linearization device conprising: 5a
pre-inverse block receiving a conplex discretized input signal K(n) and
restoring a conplex predistorted signal 5;(n) at an input of the power
anplifier, wherein the pre-inverse block includes a first nodule and a
second nodul e receiving a nodulus of the conplex discretized input signal
lic,(n)), at the input whose value is included in an anplitude domain
varyi ng between 10 two m ni mum and naxi mum val ues Amm and Anax, the
anpl i tude donain



being split into a plurality of segnents, the first nodule including a
correspondence table associating with each value of the nodulus of the
conpl ex discretized input signal 115c;(n)l1 contained in a given segnent, a
predefined set of a plurality of parameters defining a parametric node

15i npl enented in the second nodule via a function Fj, the second nodutie,
restoring a value F, the conpl ex predii§torted signal resulting from

mul tiplying the conplex discretized input signal(n) by the value an
identification of the pre-inverse bCagMSei ng based on an indirect
architecture formed by an identification block arranged in parallel wth
the 20power anplifier, the identification block identifying the predefined

set of they pl urgliineyrightiRar AR 1 faobo%F!hrﬁEﬁ*i@{%sﬂF; kAsp@Pldidisge domain
of the nodulus of the conplex discretized input signal() by mnim zing an
error bet vassebene peediplostioprieeiliseaizationsiqying comppging: and an out put si gnal

Lifi i ; i iqn, . 2.
t hear Pzat i on’ degiecVPEE bﬁék}sf%eé‘%nﬁ?%m?ﬁe% @%;ée?%:eagme@%gfé%ﬂ% wher ei n
h of i of | it ] i 17
iy R LR R T e R
CoTPLEX, SORbAE gt o BLIEHe a8k R8s Siypidrodie s eELaR T o
module receiving a modulus of the complex discretized input signal i”fe (n')! at

the input whose value is included in an amplitude domain varying between
10 two minimum and maximum values An, and Ana, the amplitude domain
being sphit into a plurality of segments, the first module including a
cotrespondence table associating with each value of the modulus of the

complex discretized input signal if{,_(n)i contained in a given segment, a

predefined set of a plurality of parameters defining a parametric model

15 implemented in the second module via a function Fj, the second module

restoring a value E'fe(n)g, the complex predistorted signal resulting from

multiplying the complex discretized input signal x, (n) by the value F (ch” (n)j),

an identification of the pre-inverse bilock being based on an indirect
architecture formed by an identification block arranged in parallel with the
20 power amplifier, the identification block identifying the predefined set of the

plurality of parameters for each segment of the amplitude domain of the

modulus of the complex discretized input signal |, (n) by minimizing an error
between the complex predistorted signal ¥, (n) and an output signal y(n) of

the power amplifier in at least one iteration.
25
2. The linearization device for the power amplifier according to claim 1,

wherein each of said predefined sets of the plurality of parameters for a given



5 wherein the m nimum anplitude Am n being zero, the anplitude domain is
split into a number Nip of segments of same |ength Lseg equal to a ratio of
t he maxi mum anplitude of the anplitude domain to the nunber of segpentsy
Amex/ N-rop, the segnents of the anplitude domain then being int erval’s’

designated [(j-1)Lseg, Thseq], {1, 2 NTCP} the correspondence table
10associ ating for each of the intervaﬁg a set of conplex paraneters denoted
ji, . . ,Jpi being integers corresponding to the coefficients of order

i pi of t héegolephdesginatgd oy dasy index Xk, Ribeind aeardreawl oviegevinee detines he power
anplifier %fp%f%@&ﬂ i nf:sl @(Jegé&lg E]j \{\%]%rfglr&rtﬁe identification block includes
0 0 pu

an attenudt enuat’i ng-t signal' "An) of the power anplifier by a
gain denoted 1/gd equal to an inverse of the desired gain gd of the power

anplifier, tenuated conpl ex signal " 1(n) being applied at the input of
a post -i nver se%?d@?af'@tﬂcﬂ? dgyics fer &%IPOWPE)G%E’“’CW@C@G%U@ to friesei mat i on

bl ock get g ahnGe! ARy Rake o0, 2BRRPIEIe ROk fiRddl Sotaelse bl ook

fromthe difference tvveent e | nput S|g power arT'pS|IerI’
and t he oeplfudtcsagnahber Ntdroofosegrhenfparftsame heregibd ok egkallly aationdzi ng t he

uadratic, error.using the |le squares techni gu 255. The, |l i nearj zation
dovi co. 1 ofd masHibrehanlifiee i the 2Rtiid, S50 B Fies Uitikr &1 redinents
identificati bl osl sBghedes Antal teAAtEs @érhantahéRdpdiRg AEMHL si gnal
57(n) of the power anplifier by a gain 11gd equal to the inverse of the

desi red g@lewgaateﬁh{cy ﬂ)l:hmr jlaegl) m{ﬂar the T@@hdﬁﬁe@pr&ﬁﬁﬂf@ﬁﬂéegiﬁbb IF, (n)
bei ng?@ppéé&%n?t ngtfb‘:n" éé]ﬂPBf (Pif\e E?ntQRisatis nggtrgfecgllng%x E)Sls LY enofe%nal 'p(n)

at th

oy i1, . . . ,jm being integers corresponding to the coefficients of order

j1, ..., jry of the polynomial of order P;.

4. The linearization device for the power amplifier according to claim 1,
15 wherein the identification block includes an attenuator attenuating the output

signal y(n) of the power ampilifier by a gain denoted 1/gq4 equal to an inverse

of the desired gain gd of the power amplifier, an attenuated complex signal

Z(n) being applied at the input of a post-inverse biock restoring a signai
Z,(n) at the output, an estimation block determining the identification
20 parameters of the pre-inverse block from the difference between the input
signal ¥,(»n) of the power amplifier and the output signal 7, (») of the post-

inverse block by minimizing the quadratic error using the least squares

technigue.

25 5. The linearization device for the power amplifier according to claim 4,
wherein the identification block includes an attenuator attenuating the output

signal y(n) of the power amplifier by a gain 1/gy4 equal to the inverse of the
desired gain of the power amplifier, the attenuated complex signal Z(»n) being

applied at the input of a post-inverse block restoring a signal z (n) at the



output, an estimation block determ ning the identification paraneters of
the pre-inverse block froma difference between the conplex predistorted

signal 5c; (n) of the power anplifier and the output signal :1]91%'-““{?‘]%.,3)?” of the

post-inverse block by minimzing a quadratic error using the |east squares

technique. 5 6. The linearization devi ﬁg for the power anplifier according
to claim3, wherein the identification®block includes an attenuator
attenuating the output signal 51 (n) of the power anplifier by a gain 1/gd
equal to @ntpilyansestigtatianeblock dedesninkg Y& iWeotificatiorppammetepd of the , an

at t enuat ed, . conpl | - ' ppl.i t in f a

post -i nve%sr% I 6c{ bfdgg{%}'fpnaédg{%?'g%apgw%%% %ggpsteﬁﬁggisﬁ?éd g't?nggti mat i on
bl ock det ey minbhethd pewkdaniplifiet ahl aie RatANRIGIA Bf(1) he the @dshuRes bl ock
fromthe di'fference between the input signal ;for) of the power anplifier

and the owblgukt bgirgimrh(zing @f qubérapieserrbnveimgetiy osstbyquares Nezhmiguéhe
quadragic error using the | east squares techni que.

6. The linearization device for the power amplifier according to claim 3,
wherein the identification block includes an aftenuator attenuating the output

signal ¥(n) of the power ampiifier by a gain 1/g4 equal to an inverse of the
desired gain of the power amplifier, an attenuated complex signal z(»n) being
10 applied at the input of a post-inverse block restoring a signal z,(n)y at the

output, an estimation block determining the identification parameters of the

pre-inverse block from the difference between the input signal ¥, (n) of the
power amplifier and the output signal z,(n) of the post-inverse block by

minimizing the quadratic error using the least squares technigue.



