Characterization of SNDR Degradation in Nonlinear

Wireless Transmitters

Rui Estanqueiro Santos,' Nuno Borges Carvalho,’ Kevin Gard?

" Instituto de Telecomunicagdes, Universidade de Aveiro, Portugal

2North Carolina State University, Raleigh, NC
Received 12 August 2008; accepted 28 November 2008

ABSTRACT: This article presents a measurement strategy and a characterization bench
for the evaluation of Signal to Noise and Distortion Ratio (SNDR) in nonlinear wireless
systems when in presence of memory effects. This measurement proposal will be com-
bined with a closed analysis of the nonlinear mechanisms appearing in communication
systems presenting memory. The analysis of this memory mechanism, when the system is
excited by complex modulated signals with different statistics, will be a useful tool for
design engineers to evaluate the degradation of SNDR in nonlinear wireless systems.
Finally, the proposed measurement approach will be applied to a CDMA communication
system, by evaluating carefully the SNDR of that system. © 2009 Wiley Periodicals, Inc. Int J

RF and Microwave CAE 19: 470480, 2009.
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l. INTRODUCTION

The main cause of SNDR degradation in wireless
transmitters is the nonlinear behavior of the power
amplifier (PA) output stage. This nonlinear behavior
can be seen at the output signal as adjacent channel
distortion, which was already studied, mainly by
analyzing the spectral regrowth of the output sig-
nals, (e.g., studying adjacent channel power ratio,
ACPR), or can be seen as cochannel distortion, nor-
mally studied by analyzing figures of merit like
noise power ratio (NPR) or error vector magnitude
(EVM).

Nevertheless and due to the fact that cochannel
distortion is precisely coincident with the output
linear signal, it is very difficult to characterize
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and measure. Moreover, most of the measurement
techniques are based exclusively on approaches
applied to memoryless nonlinearities." Unfortu-
nately, and mainly due to the increase in system
bandwidth, this memoryless assumption is no lon-
ger valid, and most of the used techniques are
becoming obsolete.

Some of these no memoryless manifestations are
the so called long-term memory effects, MEs, which
are recognized as an important problem in wideband
wireless communication systems.

The impact of this type of phenomena is respon-
sible for limiting the effectiveness of linearizing
techniques, and the degradation in EVM values
compared with the ones usually obtained with mem-
oryless systems.

"By memoryless devices we consider nonlinear devices in
which the output signal changes instantaneously with the input
signal.



This degradation can be accounted by calculating
the Signal to Noise and Distortion Ratio, SNDR [1],
defined as [2]:

B So(w)
SNDR(w) = o D(w)
G2 Sl(w)

=G, Niw) t M) D@

where the G, is the so called underlying linear gain,
that corresponds to the linear power gain of the sys-
tem, N; and S; are the input noise and input signal
power spectral densities correspondingly, N, is
the power density of the PA addictive noise and D is
the power density of stochastic cochannel nonlinear
distortion.

A carefully study of the cochannel nonlinear dis-
tortion is fundamental in order to determine a correct
value of SNDR, and thus of the degradation of qual-
ity transmission in a wireless communication signal.
Signal waveform quality is often defined by the well
known EVM, which can be related to SNDR by [1]:

1

EVM = \/ c——=
SNDR

(2)

As the SNDR is imposed by the cochannel distortion,
and that is due to the uncorrelated nonlinear contribu-
tion to the overall output signal, it is important to dis-
tinguish distortion components which are correlated
and uncorrelated in respect to the input signal.

The main problem related to this aspect is that
most of the authors that have addressed the problem
of cochannel nonlinear distortion, have address it for
memoryless nonlinear behavior [3-5], mainly due to
the fact that the systems evaluated where low band-
width, and analysis and modeling of memory effects
were not well understood at the time.

Recently that previous mathematical approaches
were expanded to systems presenting memory [6]
with QPSK modulated signals.

In this article, we will address the degradation of
SNDR in nonlinear transmitters when they present
memory effects. The work is mainly devoted to pres-
ent in a clear and definite way how to characterize
and measure cochannel distortion in presence of non-
linear memory effects.

The main novelties of this article can thus be
described as an explanation on how to measure
cochannel distortion in nonlinear devices presenting
memory, and on the impact of the memory effects
in the cochannel distortion of real wireless
transmitters.
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The article will first start with a simple explana-
tion of the model used to obtain the mathematical
results, then, we will present a measurement bench to
extract the cochannel distortion, and complement this
analysis by presenting some simulated and measured
data of a dynamic nonlinear wireless transmitter
when excited by an IS-95 reverse link signal.

Il. COCHANNEL DISTORTION
EVALUATION

Cochannel distortion has been for many years a prob-
lem of concern due to the fact that it is very difficult
to evaluate. The main reason for this is that the
cochannel distortion falls exactly over the linear out-
put signal, which is several dB’s above the seek dis-
tortion, thus the separation of these two types of sig-
nal is quite difficult.

The traditional figure of merit for evaluating
cochannel distortion is called noise power ratio, NPR
[7], where a slice of the input signal is extracted and
the noise is further measured in that notch, both at
the input and output, the relationship between them,
gives the increased degradation of the cochannel dis-
tortion. Nevertheless this figure of merit is not 100%
exact, as was previously presented in [8, 9], where a
new figure of merit was proposed, the cochannel
power ratio, CCPR, and the cochannel interference
ratio, CIR. In both of those cases the cochannel dis-
tortion was evaluated canceling the output linear
components, case of CCPR [8], and the output corre-
lated component case of CIR [9].

In the CCPR case the figure of merit accounts for
every distortion at the output signal, both the corre-
lated and uncorrelated cochannel distortion, which is
very important for amplitude modulated signals,
while in the CIR case the figure of merit accounts
mainly for the uncorrelated distortion at the output.

By correlated distortion we mean the output com-
ponents of the nonlinear distortion that are correlated
with the input i.e., the part that obeys:

oo

Ryy(2) = E{y()x(t +7)°} = / Y(Ou(t+ 0 (3)

—00

This is called the cross-correlation between the out-
put signal y(¢) and the input signal x(f), where E(..) is
the average over measured timed windows.

Using the theory proposed from Bendat [10], to
extract the correlated and the uncorrelated distortions,
we will start by calculating different values of cross-
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correlation functions for the input, output and cross-
values.
The output autocorrelation will be obtained as:

o0

Ryy(1) = E{y(n)y(t+ 1)} = / y(@)y(r+7)dr (4)
where Ry,(7) is the output autocorrelation. It should
be noticed that:

Ryy(7) = E[y(1)y™ (t+1)]
= E{[y1(t) +yaia ()1 (£ +7) + yaise (1 +7)] "}
=E{i O] (e+ 0]} +E{1 ()] aise(r +0)]}
+ E{[aise ()] 1 (e 4+ 0)] "} 4+ E{ Vaise ()] aise (£ +7)] 7}
(5)

In expression (5) we are considering that the output
signal can be decomposed as a linear component,
y1(®), and a distorted components yq;s(#), which is in
fact the usual way well behaved nonlinearities work.

From (5) we can also see that the first term is the
linear response, the second and third terms are the
correlated part of the output signal (referring the
input),2 and the forth term is the nonlinear distortion
correlation, usually called in [3, 4] spectral regrowth,
which unfortunately also has some correlated compo-
nents with the linear part of the output.

This is in fact one of the major problems of non-
linear systems, that is, how to identify the different
signal component at the output. One of the solutions
often used is to consider as signal the output compo-
nent which is correlated with the input, as is usual in
conventional wireless rake receivers.

Bussgang’s Theorem [2, 4] provides the theoreti-
cal support for this, since by correlating the output
and input signals, we can estimate the effective signal
component of the output, and thus by subtraction we
can also obtain the uncorrelated part, which is in fact
the output nonlinear distortion noise.

So, we can also divide the output into components
which are correlated and uncorrelated in respect to
the input signal, and rewrite (5) as:

Ryy (1) = E[y(t)y" (1 +1)]
=E{e(t) +yu()]ye(t+ 1) +yu(t+1)]"}
=E{ye()]e(t+ 0]} + E{[ye(0)][pu(t+ )"}
+E{[pu(0)]pe(t+0)]"} +E{Du(®)]u(r+ )]}
(1) )] 2 }

=E{e(0]De(t+ 0]} + E{Du@]u(t+ 1)} (6)

yu and y. are the correlated and uncorrelated compo-
nents respectively.

These terms are related to gain compression and expansion.

Combining (3) to (6) we found that the correlated
part of the output could be given by:

Ry (1) = |Geor P E{x(t)x(t + 7)"}
= |G + GaieE{x(t)x(t + 7)"} (7)

where G, is called the underlying linear system
gain, G the linear gain and Ggisc the correlated dis-
tortion gain which is defined by cross correlation
between the distorted output signal and the input sig-
nal, which is given by:

E{yais ()] [x( + 7)]"}
E{[x(n)][x(r + )]}
The uncorrelated component distortion is defined by

subtracting the correlated component from the out-
put,? thus:

Gdistc = (8)

Ry, (1) = E{[yaise ()] vaise(t + 1)}
— [Gase PE{x()]x(c + )]} (9)

The underlying linear system gain is given by:

E{y()x(t+ 1)}

Ceor = Elx(nr + 1))

(10)

After these calculations the system SNDR will thus
be:

o GcorSi(w)
B GcorNi(w) +Na(w) + S[R}’uYu (T)] (11)

where 3[Ry, (7)] is the Fourier transform of the
uncorrelated output autocorrelation function and
N () is the added noise of the transmitter.

lll. COCHANNEL DISTORTION
MEASUREMENT BENCH

As was seen in section II, the uncorrelated distortion
could be obtained by using expression (9), which is

31t should be noted that in (9) we have used exclusively the
distorted components for evaluating the uncorrelated distortion.
However, in the real measured results we do not have direct access
to just the distorted signal, because it is combined with the linear
output signal, thus the overall underlying linear system gain should
be used. This approach degrades the overall dynamic range of the
measurements.
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Figure 1. Feed forward cancellation technique.

an extreme complex analysis if made in the time do-
main, so the usual way to do it is by first calculate
the spectrum at the output and input ports, and
then the corresponding underlying linear system gain
in the frequency domain. Thus the output uncorre-
lated spectrum will be:

Syun (@) = Syy (@) — ‘Gcor(w”zsxx(w) (13)

where Sy, (0) and Sy (w) are the power spectrum
densities of the output uncorrelated distortion and the
input signal respectively.

This way the output uncorrelated spectra is
directly obtained.

Nevertheless this formulation depends on a cancel-
lation between the output signal spectra and the out-
put equivalent correlated contribution spectra, thus
suffering from numerical error arising from the can-
cellation procedure.

Actually the calculation of the cross-correlation
terms is very intensive, and suffers from a high
degree of measurement noise, since several slices of
the time domain modulated signal should be acquired
before the calculations are done.

Moreover the number of random windows to use
is extremely high for a correct identification of the
nonlinear cochannel distortion; this is the reason why
most authors that have dealt with this problem have
selected an alternative measurement scheme.

The alternative solution is to implement the can-
cellation of the correlated part in the instrumentation
itself, rather than in a numerical computer.

One proposal for an instrumentation of that kind,
is based on the application of a feed-forward cancel-
lation loop as presented in [8] and [9], Figure 1.

The output of this loop is the subtraction of the
overall output signal (including the distortion), with a
copy of the linear output component.

The first path corresponds to the overall output
signal, while the second path is an approximation of
the underlying linear gain of the DUT.

The traditional approaches tune the loop either at
the small signal excursion, where the output is mainly
a linear replica of the input, case of CCPR, and thus
all the output distortion is measured, or the loop is
tuned at the operational power, case of CIR, where
the output uncorrelated distortion is measured.

However these approaches were obtained for
memoryless nonlinear components, where the feed-
forward path could correctly approximate the under-
lying linear gain of the system,* as was presented in
[3,8,9].

Unfortunately in the case of PA having a large
impact of memory effects, that is not correct, as the
underlying linear system is quite different from a lin-
ear well behaved gain [2], and so by applying this
feed-forward scheme the output will continue to have
a certain amount of correlated distortion that could
not be approximated by the delay plus attenuator
approach.

“In memoryless systems, the underlying system gain is
normally approached by an attenuator followed by a phase
shifter.
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To better understand this fact, consider a
memoryless nonlinearity and a nonlinearity present-
ing memory.

A. Memoryless Nonlinearity

In a simple memoryless nonlinear component the in-
band signal can be roughly approximated by [7]:

y(t) = ay - x(t) +a3 - X>(t) + - - (14)

where we consider that the nonlinearity can be
approximated by a simple third order polynomial,
and a; and a5 are the polynomial coefficients.

In this case the in-band distorted output can be
approximated by a nonlinear transfer function that is
given by:

H3 (a)x, Wy, fwz) =K3 (15)

where Hj(...) is the nonlinear operator in the sense
of Volterra Series [7] and K3 is constant over the
bandwidth of interest for memoryless devices.

This states that the feed-forward second path in
Figure 1, can be approximated by a simple attenuator
and a phase shifter, as has been the traditional way to
do it.

The output of the loop will thus be:

2
Syytaap(®) = Syy () — [Geor () *Ss (@) (16)
where Syy100p(®) is the output of the loop power spec-
tral density.
But since the correlated gain was perfectly mod-
eled, and do not change with frequency, then:

S)’}’loop(w) = SYuncyunc (C{)) <17)

Thus the measured valued is a good approximation of
the uncorrelated component power spectral density.

B. Nonlinearity Presenting Memory

In the case where the nonlinearity presents memory,
the signal behavior can be approximated by a feed-
back mechanism that imposes nonlinear distortion
inside the band of interest, by somehow up-convert-
ing the low frequency behavior of the transmitter to
the in-band RF frequency. A deep study of this type
of scheme can be found in [11, 12].

Some authors have represented these effects using
some special forms of behavioral models [13], which
somehow represent the mechanism that were already

x(¥) [
JPRF o () — ]

( ‘ y
— 4 te ) f—] RF filter ) >

Figure 2. Proposed Behavioral model with long-term
memory effects.

described. The proposed model from [13] is pre-
sented in Figure 2.
The output of this model is given by’:

y(6) = ar - x(1) + az - x(1)

- U_mxz(z— o) - how(7) dt| + a3 - () (18)

o]

where a, is the second order polynomial coefficient
and /(1) is the impulse response of the base band
filter.

When we compare this model with a memoryless
nonlinearity the new approach includes a filtered sec-
ond-order interaction term that is responsible for the
up-conversion of the low frequency behavior of the
transmitter.

Based on the work presented in [12] it is known
that the fundamental zone nonlinear distortion can be
described by®:

H3 ((Ux, 0)y, _wz) = K3 - FZ(wxy _wz)
— Fy(wy, —w;) (19)

where F,(.) is a nonlinear operator representing the
second-order interaction component which is fre-
quency dependent.

An implication that can be seen here is that most
of the spectrum shape that appears at the cochannel
and adjacent channel are tailored by the response of
the baseband filter.

Thus it is expected that the memory behavior will
affect both the correlated and uncorrelated spectrum
at the output. In [12] it was also proved that the cor-

SIn this case, we consider that the impact of the RF filter can
be ignored.

Similar assumptions as used in [12], where also considered
here, that is: the second harmonic filter and the in-band filter are
considered flat all over the interesting bandwidth.

International Journal of RF and Microwave Computer-Aided Engineering DOI 10.1002/mmce



related part, in respect to the input signal, is only
affected by terms equal to:

H; (wx,cuy, —a)),) =K;—F,(0)—F, (wx,—wy) (20)

where F,(0) is the equivalent second order function
evaluated at 0 Hz, or DC, thus memoryless, since it
does not change with frequency, and only the term F,
(wy, — w,) is responsible for the memory behavior.

When describing the uncorrelated part we have
the summation of two different F»() terms as in (18)
that will contribute to the shape of the in-band spec-
trum.

Thus if we have a transmitter presenting memory
excited by a complex modulated signal its output
spectrum characteristics will be deeply impacted by
the memory, and can even change significantly com-
pared to its memoryless behavior.

Because of the feed-forward loop consists only on
a simple attenuator and a phase shifter, the output of
the loop in this case will be:

2
Syyloop ((,{)) :Syy(w) - ’Gmemory]esscorr(w) ‘ Sxx(w) (21)

where Gemorylesscorr(@) 18 the underlying linear sys-
tem gain that includes the pure linear gain and the
correlated gain arising from the memoryless nonlin-
ear distortion part, that can be efficiently represented
by an attenuator followed by a phase shifter.

Looking at expression (7) the correlated gain will
then be divided into a pure linear part, a correlated
linear gain coming out from the memoryless distor-
tion and a component of the correlated memory dis-
tortion, as in expression (22).

2_ 2_ 2
‘Gcor| - ‘Gl + Gdistc| - |Gmem0rylesscorr + Gmemorycorr|
(22)

where Gpemorylesscorr A1d Gmemorycorr ar€ the underly-
ing linear gain of the memoryless and the memory
components respectively.

These gains will be added as they are all corre-
lated to each other.

As we can assume that the second path of the
feed-forward loop will approximate the memoryless
underlying linear gain with good confidence, which
means that part of the correlated distortion will be
subtracted from the output, the uncorrelated distor-
tion at the loop output will then be:

2
Sy (©) = Syy100p(9) = |Grmemoryeorr ()" Sux (@)

(23)
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In this scenario the amount of correlated signal at the
output is now much more reduced, and thus the nu-
merical error will be further diminished, as already
stated for the simulation case, where uncorrelated dis-
tortion is normally calculated directly over the distor-
tion components.

The value of |G nemorycorr (w)* can be directly cal-
culated from:

o — E{ Droop()] [ + )"}
Gmemorycorr( ) - E{[x(t)][x(t+r)]*}

(28)

where yioop(?) is the signal at the output of the loop,
and in the frequency domain as:

o Syloopx (CO)

Gmemorycorr(w) - Sxx (CO) (29)

where Syi00px(@) is the power spectral density corre-
sponding to the cross correlation of the output of the
loop and the input signal.

This formulation defines the measurement proce-
dure to be used in the evaluation of cochannel distor-
tion in the situation of nonlinear transmitters present-
ing memory effects.

As was seen, the main difference resides in the
fact that the signal is acquired at the output of the
loop, after the cancelation of the memoryless corre-
lated distortion.

Then the uncorrelated distortion is calculated in a
computer machine, reducing this way the numerical
eITor.

IV. COCHANNEL DISTORTION
CHARACTERIZATION IN A
REAL CDMA SYSTEM

In this section the previous proposed theory will be
applied to a wireless transmitter when excited by a
modulated signal. An evaluation of SNDR will be
done, either by simulation and measurement results,
of a memoryless transmitter and a transmitter pre-
senting memory.

The transmitter is composed of an O-QPSK modu-
lator followed by a PA, which is modeled accord-
ingly to the model presented on Figure 2.

The modulator system architecture is presented on
Figure 3.

The input signal for this modulator can be
described as:

x(t) = 1(t) cos(wet + 0) + Q(1) sin(wer + 0)  (30)
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Figure 3. 1/Q QPSK modulator.

Where the I and Q components are:

I(r) = Jio ixh(Bt — k) (31)
k=—00
+00 1
= h|Bt—k+= 32
00 =3 an(Bi-k+3) @

with 7, and ¢y the dirac delta functions representing
the split binary information into I and Q branches
respectively, A(...) is the pulse shaping filter, w. is
the angular frequency of the carrier and 0 a random
phase.
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Figure 4. RF wireless spectrum.

The output spectrum of the modulated wireless RF
signal can be seen in Figure 4.

This signal will further excite a nonlinear PA.
When the PA presents no memory, the output spec-
trum is presented on Figure 5, where the cochannel
distortion is clearly seen, this result is perfectly equal
to the results presented by Aparin in [3].

A memory path was then inserted into the PA
model, as presented on Figure 2, representing the am-
plifier memory effects, and different values of the
base-band filter were used.

The total output spectrum mask, including the
correlated and uncorrelated part, is presented on

50 1

aik -.\. - S e i

30 / 1 1

Output Paveer [dB]

-2.5 -2 15 1.0 -0.5 o 0.5 1 1.5 2 2.5
Normalized Frequency (MHz)

Figure 5. Total memoryless correlated and uncorrelated
output spectrum shape.
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Figure 6. Total uncorrelated memory spectrum mask for (a) 2/1 BW; (b) 1/1 BW; (c) %4 BW; (d) memoryless.

Figure 6 for three different filters, and for the memo-
ryless case. There, it is visible that the memory
effects will impress a new spectrum characteristic on
both the cochannel and the spectral regrowth.

The differences in cochannel uncorrelated distor-
tion shapes can be attributed to a dramatic change of
the baseband filter response which not only changes
the spectrum, but also the statistical behavior of the
pure second-order baseband time domain signal.

From Figure 6, it is clearly seen that the uncorre-
lated cochannel distortion is higher for each of the
three situations with memory, compared with the
memoryless case. Moreover it is also seen that the
very narrow band filter and the very wide band filter,
have a similar response, since both of them are
imposing a low value of uncorrelated distortion aris-
ing from the base band path.

The narrow band filter has little impact on the dis-
tortion, and the large bandwidth filter is similar to a
memoryless case, where all the baseband response is
considered, similar as if we have x (t)2 x(t) = x(t)3 .

The mid-band filter is in fact the one that
imposes a strong impact on the nonlinear output

distortion, since as can be seen, not only the
cochannel uncorrelated distortion has change its
shape, but also the spectral regrowth as raised sig-
nificantly compared with the other cases. These
results are in accordance to what was expected from
the baseband analysis.

V. EXPERIMENTAL RESULTS

When simulating this transmitter, the nonlinear dis-
tortion components are readily available, as we can
separate each branch on the model. Thus, the study
of uncorrelated distortion is straightforward as it is
not corrupted by the linear components, as was stated
on section II.

Nevertheless in real measurement data it is not
possible to separate it, so we have to apply the mea-
surement procedure previously presented.

To evaluate cochannel distortion in real wireless
transmitters we have generated an IS-95 CDMA
reverse channel as the excitation signal and apply it

International Journal of RF and Microwave Computer-Aided Engineering DOI 10.1002/mmce
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Figure 7. IS-95 excitation passed through a PA nonli-
nearity presenting memory. [Color figure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]

to a PA presenting memory. Figure 7 presents the
results for an input power sweep both for the cochan-
nel and adjacent channel distortions.

An interesting observation that can be gathered
from this graph is that the SNDR also presents a large
signal sweet spot, despite it follows the worst behav-
ior of the ACPR values as expected.

Therefore, the uncorrelated cochannel distortion is
impacted very similarly as the ACPR, but since the
cochannel distortion is integrated over the signal
bandwidth, the overall degradation is dominated by
the increase in distortion caused by the memory
effect, as seen in section III.

We have furthered try to model this PA with a
memoryless behavioral model based on AM-AM and
AM-PM responses, and compared it to the real meas-
ured values as shown in Figure 8. The memoryless
model indicates a consistent increase in cochannel

45
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=
5 25
E —i— ACPR- Model 3
Tog| | 0 Horme Mose "Ny
—— ACPR-_meas
10 = ACPR+_meas
—=— SNR_Model
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N \ . ) ) ) ) . ) ) )

8 9 10 1" 12 13 14 15 16 17 18
CutputPower|dBm)

Figure 8. Comparison of ACPR and SNDR measured
and predicted by a memoryless model of the amplifier.
[Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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Figure 9. Output spectrum of the 1S-95 excitation passed
through a PA nonlinearity presenting memory. [Color fig-
ure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]

and adjacent channel distortion compared to the
measurements, and at large signal no sweet spot is
seen. We have also plotted the output spectrum in
Figure 9, where a clear impact is visible at the large
signal sweet spot both at the cochannel and adjacent
channel distortion.

This states that in this case the usual used AM/
AM and AM/PM model could not be used to predict
cochannel distortion anymore, and thus an improved
behavioral model should be used for describing the
transmitter electrical behavior.

We have then selected two different power inputs,
one presenting a high value of ACPR asymmetry,
and thus of memory effects, and another one present-
ing a similar up and lower distortion patterns. Figures
10 and 11, presents the seek results, for the case of
the PA presenting memory and for a memoryless PA.
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Figure 10. IS-95 excitation passed through a PA nonli-
nearity presenting memory. [Color figure can be viewed in
the online issue, which is available at www.interscience.
wiley.com.]
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PA nonlinearity. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

As was expected the memory effect case presents
a clear rise in the cochannel distortion, degrading in
that respect the SNDR, and a rise in spectral regrowth
with a plateau shape as was predicted by simulations.

VI. CONCLUSIONS

In this article, a carefully study of the cochannel dis-
tortion in PA was made, and a new measurement
bench for measuring the cochannel distortion on PA
presenting memory was also presented.

We observe that the memory effects have a strong
impact on the cochannel distortion in wireless sys-
tems, which can compromise the system perform-
ance, and thus the SNDR improvement/degradation.

In fact the results now presented impose a different
view on cochannel distortion in O-QPSK/CDMA based
signals when compared to ideal memoryless devices.

The experimental results state that the large signal
SNDR sweet spot is also visible on IS-95 systems,
even in PA’s presenting memory effects, which is an
important aspect for RF design engineers.
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