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Mixed BB—IF Predistortion of OFDM Signals in
Non-Linear Channels

Paolo Banelli and Giuseppe Baruffa

Abstract—t is well known that power amplifier induced IF RF
nonlinear distortions produce a signal spectral regrowth at the IF— pradistorter Ampifier [ RF
transmitter output of digital radio communication systems.

This effect is responsible for both adjacent channel interference

and BER degradation. Signal predistortion is a technique that

counteracts such phenomena. Technological advances in the last LO

decade, renewing the interest in this technique, led to the real-

ization of digital baseband (BB) predistorters that overcome the Fig. 1. Generic architecture of an IF predistortion scheme.

performance of the existing analog IF (Intermediate Frequency)

ones. However, the substitution of an analog IF predistorter with a

digital BB one forces to partially redesign the system architecture. iS mostly determined by the final amplification stages at the

An alternative approach is proposed in this paper, based on transmitter side, where devices such as RF power amplifiers

?Agitj‘.' f‘;‘”f’BaB”a"l’gt.teChr.‘tiﬁ‘:ﬁS* Whit‘?h Ic_tomt;ines”:the ﬁ_rteCitSiO” of are operated in proximity of the saturation point of their
e digita solution wi e practicality of an IF architecture. . - : :

This golution is particularly iﬁterestingy to substitute an old mpu,t/OUtpUt .characterlstlcs, in order to get an high ,pOW?r

analog IF predistorter simply plugging-in the new digital one, efficiency. Since the selected standards adopt multicarrier

without further changes in the transmitter architecture. Critical ~ techniques such as OFDM [3], nonlinearity effects introduce

aspects, predistortion algorithms and simulation performance are undesired inter-modulation products in the transmitted signal.

prﬁs‘f‘“.tedbwnz respect gI):SMDigitzl IVit‘.jeo Brga_dcasting Sys_:?m In the frequency domain, the transmission spectrum is broad-

which is based on an modulation and is very sensitive : . : . : :

to nonlinear distortions because of the adopted n¥ulticarrier ened and the inter-modulation _nO'Se g,'ves rise to Adjacent

modulation. Channel Interference (ACI) and in-band interference, the most

evident effect of which is an impairment in terms of bit error

rate deterioration. The generally adopted solution is to operate

the amplifier at a high Input power Back-Off (IBO), i.e., far

away from the input saturating point. This choice causes a high

. INTRODUCTION Output power Back-Off (OBO), with a consequently reduced

HE ADVENT of digital broadcasting techniques fordynamic range and power efficiency. This solution can be
T television and radio transmissions started a new era in tAgPlied only to Class A amplifiers, that are highly inefficient
field of consumer electronics [1], [2]. Extremely interactivdecause their polarization circuit requires a lot of DC power,
audio and video services will be available to each consumere¥gn if they are characterized by a linear behavior for low input
an affordable price. The overall quality of the service, howevefdlues. It is then preferable a Class AB amplifier, in order to
greatly depends upon the complexity of the transmitter and BRprove the power efficiency at the expenses of linearity. When
the irradiated power; at the same time, a plethora of restrictiofRearity is required, a different and more efficient approach is
and bounds, originated by laws or technical and theoretidgl drive the power amplifier with a predistorted signal, which
constraints, limit the capabilities of the system. Requiremerfi@mpensates for the nonlinear characteristic of final and inter-
on the emission spectrum mask possibly constitute the m&gdiate amplification stages. This solution becomes mandatory
severe ones and proper filtering techniques are adoptedagjthe amplifier nonlinearity increases. Several predistortion
fulfill such demands, in order to avoid unwanted interferinfchniques exist, implemented by means of either a digital or
signals from falling into adjacent channels. Filtering is effectiv@@log processing at the base-band stage [4]. In particular, the
only if the transmission channel exhibits an ideal (lineafligitalimplementation is generally based upon digital Look-Up
characteristic, such that the theoretical transmission spectriiiples (LUTs), combined with a Digital-to-Analog Converter
shape can be easily envisaged from parameters like modulaBAC). that are addressed by the value of the BB undistorted
type, symbol rate, roll-off coefficient of the shaping filter anignal [5]. The practical implementation of these systems

so on. Nonetheless, the linearity of a real transmission chanAéPPts DSPs or dedicated ASICs in conjunction with ROMs.
The digital BB predistortion has some advantages with respect
. . to the digital IF one, such as a reduced working sampling
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Fig. 2. Implementation scheme of the digital IF predistorter.
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Fig. 3. AM/AM characteristic of the envelope detector adopted in the simulations. Amplitude values are normalized to one.

compensation. Moreover, most existing transmitting systeraesmputation of the predistortion, while the predistortion itself
are equipped by IF analog predistorters [6]. These ones @earried out by analog components directly on the IF signal.
typically well suited to compensate minor nonlinearities, like
those distinctive of Class A amplifiers with small AM/PM
distortions. Nevertheless, they are inappropriate for harder
nonlinearities, like those distinctive of class AB amplifiers, The basic predistortion architecture adopted in this paper is
because of the poor precision granted by the analog componesfitswn in Fig. 1. The IF modulated analog signal is predistorted,
utilized in the implementation of the predistorter. Instead, tithen up-converted to RF and eventually fed to the power am-
adoption of digital techniques at the IF section could allow thdifier. The predistorter is implemented by means of analog and
amelioration of existing analog techniques, chiefly affording @igital components (Fig. 2); the analog IF input is first demod-
sharper implementation of the ideal predistortion curves [A}lated by an analog or digital envelope detector in order to eval-
The implementation of a fully digital predistorter, directlyuate the rms amplitude of the incoming signal. If the analog
operating on the IF modulated signal, is technologicallyomponent is employed, the detector may be represented by
unfeasible, without a BB down-conversion, for wide banids nonlinear AM/AM characteristic, either computed by means
signals like DVB-T, thus redirecting the problem to that of BBf Chebyshev transform in zone zero [8] or evaluated by direct
predistortion. In this paper we propose a system with a mixeteasurement. The result of one measurement for a real device
BB-IF architecture, where the BB processing is limited to the plotted in Fig. 3. The detected envelope is then digitized at a

Il. IF PREDISTORTERARCHITECTURE
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Fig. 4. Generic scheme of an actuator; parametgrs andr. . p represent time delays of the device.

suitable rate by an Analog to Digital Converter (ADC), or, al- o, Phase Actuator 26 Nase Actutor
ternatively, the ADC directly captures the IF signal and a digite i Lo | s Lo
envelope detector drives the LUTs containing the predistortic 4 g2 28| e
. . : g L s
gain and phase curves. The outputs of the LUTs are then di & \ 1 & , .
itally delayed to synchronize the control signals to the inpLg 1 : »f - I
signal and converted into analog control streams by two Di¢ i \ g 32| e
ital to Analog converters (DACs). Each single control signal it 0.98 | > a4 ,/. f
then adjusted in amplitude, in order to supply the correct contr: N T A 1
voltage to the next actuator. The analog actuators are essenti 0%, %6 & 10 12 14 16 %5 5 8 10 12 14 16
an AM and a PM modulator; they are driven by the proper cor Contral Voltage V, (V) Control Voltage v, (V)
trol signals to impress the necessary gain and phase correctiol Gain Actuator Gain Actuator
the IF signal, such that a linearized characteristic may resultt 37— 71 ] %[ — =
cascading the RF amplifier to the IF predistorter. It is possibl 25} A B
to describe the gain and phase actuators with the followingge 2 G Eom
eral expressions, respectively “é 15/ - < ] w008 / |
N ;// H 4 § L / 4
palt) =zalt = ) Kalea (t = w000 ey 1 %ol
0.5 |y 0.02
yp(t) =ap(t —7p)Kp [cp (t — 7)) /P LP 77l (1) A IV IS I [ L
%2085 09085 1 1.05 1.1 bs 09 1 11
where Control Voliage V, (V) Control Voltage V, (V)
Ta, p(t) are the inputs; Fig. 5. Control characteristics for real gain and phase actuators (solid line),
YA, P(t) are the outputs; compared to the ideal ones (dashed line).
ca, p(t) are the control signals (Fig. 4).
The nonideality of the actuator is represented by the function§ere
Ka p(-) andés p(-) that effect gain and phase variations, and # is the input envelope;
the parameters, » andr..4 p stand for time delays in the de-  G(p) is the AM/AM;
vice input and control lines, respectively. Fig. 5 shows a compar-®(p) is the AM/PM;
ison between the expected (i.e., ideal) and real behavior of the?or determines the decay in the AM/AM curve for
actuators characteristic obtained by measurement of real AM low values of the input envelope;
and PM modulators realized by ITELCO. It is easy to under- @1, a2, b1, b2 are analog to the coefficients of the Saleh’s
stand that for an ideal gain actuatory = 74, Ka(cs) = model.

ca-ga+Kaoandé4(cy) = 40, while for an ideal phase actu- The expression foi;(p), which resembles the one in the
atorr.p = 7p, Kp(cp) = Kpo andép(ep) = cp - pa + Epo. original Saleh’s model, has been chosen such way that its first
A model derived from the Saleh'’s one [9] has been chosendgrivative tends to zero for low input voltage, in order to model
represent the nonlinear characteristics of a Class AB amplie Class AB operation, that is characterized by a concavity

fier. The nonlinear characteristics can be approximated by tkthe AM/AM curve for low input voltage. In Fig. 6 the
expressions characteristics of the amplifier are plotted for several values of

the offset envelop@.g.

G( ) _ al(p + poff)2 —a 2 (23)

hr= by p® LPoft [ll. COMPUTATION OF THE PREDISTORTIONTABLES

D) — asp? b The complex envelope of the input IF signal may be denoted
(h) = 1t bap?’ (2b) by sip(t) = A(t)e’®™), where A(t) is the instantaneous
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= 12 AM/AM characteristic The previous nonlinear expression has to be solved in order to
E ' ; : find the values loaded in the predistortion LUTS; it can be ac-
E complished by settinggrr = k - $1re’??, i.e., the output signal
E must be a scaled and time-shifted replica of the input one, at
R 0.6 [ g s s least within the amplifier effective operational range. The fol-
g 1 lowing conditions are required on the modulus and the phase of
§ R 114 agr in (B):
g %% Pog=02 |
3 obuw e ] AR Vel T@) Ko (Vala C@)l}} = kA (62)
0 0.2 04 06 0B 1 1.2 1.4
Input envelope (rormaiizeq) 0 +&p (Vi lga, T(@)]} + €4 {Va [92,C(@)]}

S0 et + ${AK P {Vp [ga, D (@]} Ka {Va lga, C(@)]}} = 6 + 6o,
- T T T T (6b)
€
e After some manipulations, it is easy to find the following
_g_ expressions
2 L [GNEEMa
5 O e e S (7a)

o e ——— AKp[p(a)]
% o0z 04 06 08 1 12 14 t(a) =&H00 — £alC(a)] — S[GTHERET ()]} = h[¢(a)],
Input envelope {(normalized) (7b)

Fig.6. AM/AM and AM/PM characteristics of a class AB amplifier with =
1.96,b, = 0.99, ¢ = 2.53 andb, = 2.82, plotted for several values ptr.  wherea = F(A) is the LUT input,{(a) = V4[g4aC(a)] and

¥(a) = Vp[gapl'(a)] are the corresponding control signals at
envelope and(t) is the instantaneous phase. The predistortiahe actuator input. (7a) and (7b) are mutually related; they can

control signals are then expressed by also be separated to obtain independent expressions as in
¢(a) = ca(@) = Valga, C(a)] GO { G (kB! (a) }
A =lrg _ _ —1(}F—1
() =cp(a) = Vrlga, D(a)] (3b) AKPiER 10— Salt(@)]l - oG (kE <“>>](}8}a)
where -1 -1
G~YkE
a = E(A) is the envelope of the input signak(a)=¢&5" {90—§A {KAl {E‘l(c(L)K [z/(f(i)t))] }}
as detected by the envelope detector P
AM/AM; 1y el
E(-),C(-),andl’(-)  are the addressable LUT contents; — G (RE (a))]} ) (8b)
gas andgap are the DAC gains;

are the gain and phase controlt must be outlined tha;‘z;(a)_and ¢(a) are the fgnctions used
voltage adapter characteristics; to control the actugtors, while the actual functions to be stored
are, respectively, the gain and phas@" the LUTs are different, because they are fe_d to the_voltage
adapters. They may be assumed as linear devices within an op-

V4() ande(-)

The signalg(a) and

P(a) actuator control signals, andcp. t '
According to (1a) and (1b) and looking at Fig. 2, the comple&rational voltage range, i.e.,
envelope of the predistorted IF sighal may be expressed as ¢(a) =maga, Ola) + Vi, (9a)
I:)IF = ‘PIF el arg Pie 1/)(&) :mPgdPF(a) + Vpo, (9b)
=AKp {Vp[9a,T(a)]} Ka{Valga, C(a)]} wherem_y, mp, Vi, Vp, are the linearity coefficients of the
. 0+Ep(Velgap T(@)]}+i€a{Valga , C(a)]} ) adapter characteristics. The entries of the LUTs are then com-
’ puted as follows
After the distortion by the nonlinear amplifier, the RF signal
complex envelope becomes Cla) =(((a) — Vi, )/maga, (10a)
. L I'(a) =((a) — Vp,)/mpga,- (10b)
&RF =G { ‘PIF‘ } el 218 Prr+4j@{| P}
Equations (7) or (8) cannot be solved exactly, but an optimal so-
=G{AKP VP [9a, T(a)]} Ka {Va [92.C(a)]}} lution is found considering that the predistorting functions are
~exp (J0 + j&p {Vp (94, (a)]} sampled and written in the LUTs. A simple iterative method is
+jéa{Va g4, Cla)]} shown in Fig. 7; the detected envelope is sampled and it is used

. to computejj andy?, that represent the value of the target func-

7O {AKp {V] r g g

+ AR VP [gap (@]} tions corresponding to an input valueagffor the jth step of the
K4 {Valga, Ca)]}}) . (5) iteration. The first LUT value is found by setting) = 0; this is
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Fig. 7. Ilterative method for the solution of (7). For tith entry of the LUT,
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Fig. 8. Predistorter LUTs plotted as control gain and phase versus input
detected envelope.

Gain actuation
acorrectassumption, since itimplies that the AM/PM of the am - r -
plifier is zero for a null envelope. At each iteration, new values
of ¢/ andv] are computed by means of the functiof(s) and
h(-), by recursively substituting (7a) in (7b) and vice versa. Fo
a single LUT entry, the iteration is stopped either when the at
solute difference between consecutive estimated values is beli
a pre-determined threshold or when a maximum number of ¢
cles has been run. In general, if the amplifier and actuator curw
are monotone functions of the control voltage, this algorithn@
quickly converges to the approximated and sampled solution 1%’
(7) and (8) (see the Appendix). If the actuators and the envelo} ®
detector were ideal, that means perfectly linear, distortionles
and with each actuator controlled by a voltage exactly corre
sponding to the gain (or the phase) it should apply, (7) becom

{(a) =GV /A (11a)
P(a) =—¢[GH(A)], (11b)
which are the classic expressions for a gain based B 1
predistorter. Input envelope
Fig. 9. Gain of the gain actuator versus input envelopep Asincreases the
IV. RESULTS gain dynamic decreases.

Fig. 8 shows a set of predistorter LUT curves computed for L . .
the values of the amplifier parametes: shown in Fig. 6, as- ones) do not limit at all the predistortion scheme; the presence
suming that an ideal detection of the input envelope has be@‘,fur_ther amplification stages be_tween the predistorter and t_he
performed. The values are plotted in terms of the effective g Plifier can expand the dynamic range of the actuator, while

and phase to be applied, as stated in (11). It is evident that IHS gain max-to—_min ratio .re.mains unchanged. From Fig. 5 the
gain dynamic tends to be higher as the paramegedecreases 9ain actuator gain dynamic is

to zero, because of the compression on the output signal for low K, 92 537

input envelope values, wheny is little. This is critical for a Dk, = ﬁ" ~ Gaeae ~ 209~ 10 dB;  (12)
proper correction of the IF signal, since the gain dynamic of o '

the actuator has to be higher than that of the control signal,this value has to be compared with the actuation gain dynamic
order to withstand the AM/AM characteristic. In effect, the albreported in Fig. 9, computed as the ratio between the generic

solute values of the gain (both the minimum and the maximugain actuation curve and the respective minimum gain. As the
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Fig. 10. Spectrum at the amplifier output for the IF precorrector. OBO values range from 3.0 dB to 10.0 dB. The spectra are compared with the one obtained
without precorrection at 8 dB OBO. The amplifier has, = 0.0, the precorrector sampling frequency is 36.54 MHz and 10 bit LUTs are used.

parametep.z decreases, the required actuation gain dynanttee DVB-T signal). The amplifier selected for the simulations
increases and it can be seen that only the curve with= 0.0 has an AM/AM curve withp,¢ = 0.0 and the spectra are com-

is not fully correctable. However, this side effect has a mingrared to the one obtained without precorrection, at 8 dB OBO.
importance over the global behavior of the system, since thethis case, for example, the required attenuation of 36 dB is
correction capability fails only for little envelope values, wherebtained for OBOs larger than 7 dB. This one and the following
the AM/AM curve derivative tends to zero and the predistoresults are simulated for the same input sequence of 20 DVB-T
tion gain tends to be large. For example, whep = 0.0 and OFDM blocks, such way that a better comparison among the
for a 1024 entries LUT, only the first six predistortion levelspectra can be effected. For comparison purposes, simulation
are not defined. A major constraint exists for the phase acnesults are reported for a BB gain-phase predistorter operating
ator, because the phase dynamic of the PM modulator can berbg configuration similar to that of the IF one, that is with the
no way enlarged after the predistortion stage. The performargame number of 10 quantization bits and at the same sampling
of the IF predistortion system has been simulated for the cdsequency of 36.54 MHz. Fig. 11 shows output precorrected
of a DVB-T signal. It is an OFDM signal, characterized by apectra for different values of the OBO, together with a not pre-
large dynamic range and a flat spectrum over the signal bamdirected output spectrum. It is evident that the BB predistorter
width of 7.6 MHz. The selected transmission mode is the 8k ohas a larger shoulder attenuation, especially at higher OBOs,
(8192 carriers) with a circular prefix duration of 1/32nd of théecause there are neither analog actuators nor analog envelope
useful OFDM block time and a 16-QAM mapping of the data odetectors and it operates on the interpolated digital BB signal.
the sub-carriers [1]. Due to the coexistence of many digital atd Fig. 12 the amplifier output spectra are plotted for an OBO
analog broadcast signals in the whole service bandwidth (for8 dB and the effects of wrong synchronization between the
example, bands IV and V, i.e., 470-860 MHz), spectrum emid- predistorter and the analog input signal are shown. It can be
sion templates have been determined in order to avoid that ggen that when the synchronization error exceeds 1/32nd of the
terfering signals occupy adjacent channels. If a proper filterii@vB-T sample time{, = 109 ns), the spectral regrowth almost
chain is adopted, nonlinear effects are the primary cause of spegnishes the effects of the predistorter and raises the shoulder
tral regrowth outside the channel bandwidth; for example, onelef/el over the threshold level. Again, these results are compared
the requirements is that the spectrum level at a frequency offagth the spectrum of the not-precorrected signal, at 8 dB OBO.
of 4.2 MHz from the center frequency (i.e., spectrum shoulded) set of simulations has been run in order to show the effect
is at least 36 dB lower than the center spectrum level. The alf-the parametep.z on the precorrected signal (Fig. 13). As
tained performance in terms of shoulder attenuation is depictexpectedp.# = 0.0 causes the smallest shoulder attenuation
in Fig. 10, where the spectrum at the amplifier output is plottetlie to the compression of the AM/AM curve for little enve-
for different values of the OBO. The precorrector adopts a 10R#pe values, whereas for a greates the shoulders asymptot-
entries LUT (10 bits of quantization) and operates at a sampliftglly converge to a limit value. On the contrary, the effects of
frequency of 36.54 MHz (four times the sample frequency dfie variation ofo,z on the not predistorted signal (also shown
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Amplifier Output
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Fig. 11. Spectrum at the amplifier output for a base-band gain-phase precorrector. OBO values range from 3.0 dB to 10.0 dB. The spectra are bahmared wit
one obtained without precorrection at 8 dB OBO. The amplifierhas= 0.0, the precorrector sampling frequency is 36.54 MHz and 10 bit LUTs are used.
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Nomscton
i 27.2r1s(§T..l4)..”
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Fig. 12. Spectrum at the amplifier output for 8.0 dB OBO and uncompensated delay between the IF signal and the IF predistortion chain. The detay values a
0.0 ns, 3.4 n37T,/32), 6.8 ns(7,/16), 13.7 ns(T,/8) and 27.2 n§T, /4). The spectra are compared to the one obtained without signal precorrection. The
amplifier hasp,r = 0.0, the precorrector sampling frequency is 36.54 MHz and 10 bit LUTs are used.

in Fig. 13) are more evident and shoulder attenuation increasasa 8 dB OBO, the loss in shoulder attenuation is of about
proportionally withp.g¢. Another parameter that has a greatimt dB when the sampling rate is decreased from 73.09 MHz
pact on the predistortion system complexity is the sampling fris 36.54 MHz. The comparison with the spectrum obtained by
quency of the digital portion of the board: it can range from foyredistorting the signal with an infinite predistortion bandwidth
(36.54 MHz) to eight times (73.09 MHz) the sample rate of thdemonstrates that the loss with respect to the maximum achiev-
digital DVB-T stream s = 9.14 MHz). Fig. 14 shows that, able shoulder reduction is slight=@ dB). A higher sampling
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Fig. 13. Spectrum of the IF precorrected and of the not precorrected amplifier output for the payameterging from 0.0 to 0.2. The amplifier OBO is 8 dB,
the precorrector sampling frequency is 36.54 MHz and 10 bit LUTs are used.
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Fig. 14. Spectrum at the amplifier output for 8.0 dB OBO and two different values of the IF precorrector board sampling frequency: 36.54 and 7319 MHz. T
amplifier output spectrum is compared to that obtained by predistorting the signal over an infinite bandwidth. The amplifier£a%.0 and the precorrector
adopts 10 bit LUTSs.

frequency ensures a better operation because the IF precorragtedistortion. This situation is shown in Fig. 15. Such considera-
works on the analog envelope sigriat\/z2. + z?,,), which tions, however, suggest to adopt the lowest sampling frequency
has a larger bandwidth with respect to in-phase and quadratimereducing the system complexity and increasing its imple-
base-band components. Correspondingly, control signals witmantability, at the expense of a little loss in performance. Fig. 16

larger bandwidth feed the actuators, thus allowing an improvegports shoulder attenuation at a 4.2 MHz frequency offset from
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Gain Actuator Input

PSD (dB)

Fig. 15. Spectrum at the gain actuator input for 8.0 dB OBO and two different values of the IF precorrector board sampling frequency: 36.54 and 739 MHz
amplifier output spectrum is compared to that obtained by predistorting the signal over an infinite bandwidth. The amplifigr£a3.0 and the precorrector
adopts 10 bit LUTSs.

o . . _ Shoulder atienuation . are the nonlinearities to compensate, the larger is the bandwidth
IF Pracomector (36,54 MH2) 3 required by the BB processing system for a better predistortion
55| —w— BB Precomector (3854 MHZ] - heeeeeeed b fs - SISPRN i Of the ”: S|gna|
—»—  |F Precorrector (73.09 MHz) | : :
sof | —®— BBPrecorrector (7309MHz) _: /s A ... i
j ; ; » : V. CONCLUSIONS
B e """ """""" """""" ----------- e In this paper, the possibility to precorrect an IF signal by
& ’ : : : : means of a hybrid digital-analog predistorter has been shown
e B C : : : e o effective. Moreover, a simple algorithm for the computation
gss_ ........... e SSRTE R gy ] e e, of the predistortion tables has been introduced, keeping into
< : : : ‘ : : account both impairments in envelope detection and the non-
s ideality of actuation devices, too. This technique allows the
upgrade of existing analog IF predistortion circuits with only
B e minor or no changes in the architecture of the systems. The
N SRS ouf NN SUOUNUOUE U RUOON SUORORROL PR UOUUON OO SORPRO 1| selected predistortion method fulfills the requirements of the
; : : : : ; ; DVB-T standard in terms of both in-band performance and
157 L L p = P . - 1| out-of-band spurious rejection. However, for a proper predis-
Output Back Off (dH) tortion of the input signal, an high accuracy in the estimation

. _ of delays between the signal line and the predistorter control
Fig. 16. Shoulder attenuation at a 4.2 MHz offset from center frequency versus

Output Back Off, for the IF and the BB gain-phase predistorters. Performancéfgnal must be reached, by means of precise synchronization. A
given at different sampling rates of the IF digital board: four times (36.54 MHJomparison with a classic BB predistorter has been performed
and eight times (73.09 MHz) the DVB-T sample frequency. The amplifier hagng it shows that the intrinsic loss is little and acceptable.
porr = 0.0 and the predistorter adopts 10 bit LUTSs. . . I .

Future work in this area will include a comparison between
the center carrier, for BB and IF predistorters operating at tvg(%:?g?rloler?SSag:ﬁtl;alag:pg\r/iilSatr?(;t:fl)enxitsiﬁ?ynIques in terms of
different sampling rates. As OBO gets larger, the difference be- ' '
tween the two techniques becomes evident, as well as the dif-
ference with respect to the adoption of a higher sampling rate.
However, for an 8 dB OBO, the loss is restricted to just 1 dB, In order to show the convergence of the iterative method for
making thus convenient the adoption of an IF precorrector ofre computation of the predistortion tables, consider (8). For a
erating at the lower sampling rate. As a final remark, it must lggven value ofz, they are satisfied by generic solutions such that
outlined that the system performance is inherently dependent on

the amplifier and analog component characteristics. The worst Co=9(Co) and o = I(to), (13)
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Fig.17. Graphical representation of the existence of a single fixed pgiior
the equationr = g() when the functiory(z) is monotonically decreasing.

where(, andy are the fixed points of the functiong-) and

I(-), representing the nonlinear relationships in the right side
of the equations. In a simple way, a single fixed point exist if
g(+) andi(-) are monotone decreasing functions; for example, [2]

functionsy = xz andy = g(x) cross in only one fixed point,

if g(x) is monotonically decreasing (see Fig. 17). Denoting by [3]

y=MD(z) and y=MI(z), (14)

a generic Monotone Decreasing and a generic Monotone In-
creasing function, respectively, we may evaluate the global be-

havior of g(-) and!(-). Looking at Fig. 5, it can be seen that

Kp(-) =MD(,)
Ep(+) =MI()
Ka(-) =MI(-)
€a(r) =MI(). (15)

By substituting (15) into (8a), we obtain

9(¢) =ML

—1 Tl
{TQMD{MI*{T?, TMIG - 7)) } (16)
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whereTy, T», T3 and T} are constant values for a determined
value ofa. According to some simple rules on the composi-
tion of continuous monotone functions and considering that the
functions of Fig. 5 do not invert sign in their definition domains,
it is easy to find that

9(¢) = MD(¢) 17)
and, in a similar way, that
1) = MD(3)). (18)

Equations (17) and (18) state a sufficient condition for the exis-
tence of a single fixed point for each one of (8a) and (8b).
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