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Abstract—To meet the linearity requirements of novel wireless
communication standards using varying-envelope modulations,
the class A power amplifier (PA) in the traditional transmitters
must be highly backed off to work in the linear region where
power efficiency drops rapidly. As for the PA linearization
technique, linear amplifier with nonlinear components (LINC),
achieves linear amplification without power backoff. However,
the combiner power efficiency of the LINC system degrades sig-
nificantly for signals with a high peak-to-average power ratio. In
this paper, we propose a multilevel out-phasing (MOP) scheme to
achieve high combiner efficiency by reducing the signal dynamics.
Furthermore, based on the MOP, we design two architectures:
envelope-adjusting MLINC (EA-MLINC) and gain-adjusting
MLINC (GA-MLINC). Under the WCDMA system linearity
requirements, the simulations show that 3-level EA-MLINC
and 3-level GA-MLINC enhance the LINC system power-added
efficiency from 16.5% to 33.4% and 23.6%, respectively.

Index Terms—Linear amplifier with nonlinear components
(LINC), out-phasing technique, power amplifier linearization.

I. INTRODUCTION

P OWER consumption is a major concern in portable wire-
less communication systems. In general, the power am-

plifier (PA) is one of the most power-hungry devices in a trans-
ceiver. Accordingly, the higher the PA efficiency, the longer the
mobile handset devices can operate. Recent wireless systems
adopt sophisticated modulation techniques such as -shifted
8 PSK for EDGE, HPSK for WCDMA, and OFDM for WiMAX
to achieve the increasing demand for spectrum efficiency. Using
these complex modulations and multiple carriers causes enve-
lope variations that force the PA to work at a large backoff to ful-
fill the linearity requirements of wireless communication stan-
dards. However, the operation under backoff leads to low PA
efficiency. To achieve both high spectrum and high power ef-
ficiency, several PA linearization techniques such as feedfor-
ward, feedback, envelope elimination and restoration (EER),
and linear amplifier with nonlinear components (LINC) have
been proposed [1]. Power efficiency and linearity are two key
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parameters to determine the performance of wireless transmit-
ters [2]. In LINC [3], a promising PA linearization technique, of-
fers both high PA efficiency and high linearity of wireless trans-
mitters. Nowadays, LINC can be mostly implemented in digital
circuits as digital signal processing (DSP) is widely available at
a relatively low power and cost in CMOS technology [4]. Thus,
LINC is an attractive and advantageous approach for PA lin-
earization.

Fig. 1(a) shows the concept of the conventional LINC
systems. The signal component separator (SCS) decomposes
a varying-envelope signal into two constant-envelope
phase-modulated signals. Then these two baseband signals are
up-converted to radio frequency (RF). As these two RF sig-
nals are constant-envelope, LINC utilizes two high-efficiency
nonlinear PAs to amplify these signals. Finally, two amplified
signals are combined with a power combiner. Thus, we can lin-
early amplify a varying-envelope signal with the conventional
LINC. As two branch signals are constant in magnitude, both
PAs are operated in the saturation region with high efficiency.
However, the signal dynamics [2] in magnitude is transferred
into phase. Since the average combiner efficiency depends
on the signal dynamics in phase, these two constant-envelope
signals with high peak-to-average phase ratio lead to low
combiner efficiency [2]. In sum, the conventional LINC offers
high PA efficiency, but results in low combiner efficiency and,
therefore, low system efficiency [1].

The purpose of this paper is to enhance the system effi-
ciency of LINC wireless transmitters by reducing the signal
dynamics. We propose two multilevel LINC (MLINC) systems:
envelope-adjusting MLINC (EA-MLINC) [5] in Fig. 1(b)
and gain-adjusting MLINC (GA-MLINC) [6] in Fig. 1(c).
Instead of the conventional LINC using a single-level SCS,
both MLINC systems utilize a multilevel SCS (MSCS) which
accomplishes the proposed multilevel out-phasing (MOP)
scheme to reduce out-phasing angle . In addition, inspired
by the predistortion technique [7] and EER, we, respectively,
propose an envelope-adjusting (EA) technique for EA-MLINC
and gain-adjusting (GA) technique for GA-MLINC to achieve
high PA efficiency. Under the WCDMA system linearity
requirements, 3-level EA-MLINC and 3-level GA-MLINC
enhance the conventional LINC system power-added efficiency
(PAE) from 16.5% to 33.4% and 23.6%, respectively.

The remainder of this paper is organized as follows. In
Section II, we briefly review the problems of the traditional
LINC system. Next, in Section III, we propose a MOP scheme
to enhance the combiner efficiency. Moreover, we present two
multilevel linearization (ML) schemes, EA and GA, to achieve
high PA efficiency in Section IV. Section V then provides

1932-4553/$25.00 © 2009 IEEE



524 IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 3, NO. 3, JUNE 2009

Fig. 1. Block diagrams of the (a) conventional LINC system (b) proposed
EA-MLINC system, and (c) proposed GA-MLINC system.

two MLINC architectures: EA-MLINC and GA-MLINC. In
Section VI, we demonstrate system-level design examples of
the EA-MLINC and GA-MLINC. Additionally, we compare
their linearity and efficiency with the conventional LINC under
the WCDMA system linearity specifications. Finally, the con-
clusions are given in Section VII.

II. REVIEW OF LINC SYSTEMS

A. Out-Phasing Scheme

The input signal is an amplitude and phase-modulated signal

(1)

where denotes the signal envelope and is the signal
phase. As the phasor diagram shown in Fig. 2(a), we split the

Fig. 2. Out-phasing concept. (a) Before amplification. (b) After amplification.

varying-envelope signal into a set of constant-envelope sig-
nals, and

(2)

and the out-phasing angle is expressed as

(3)

Both and are on a circle whose radius is . In con-
ventional LINC transmitters, is a constant scaling factor pre-
defined by the system designers. Because the input range of in-
verse cosine function is [ 1, 1], the selection of should sat-
isfy

(4)

where is the peak amplitude of the signal envelope.
Fig. 2(b) illustrates the signals after amplification. The am-

plified signals are expressed as and , where
is the PA voltage gain. Then we combine these two amplified

signals with a Wilkinson combiner to obtain a signal
which is a linear amplification of the input signal [8]. Be-
cause of using this out-phasing technique, LINC can achieve
linear amplification with two high-efficiency nonlinear PAs.

As for the Wilkinson combiner efficiency which is given by
the following equation:

(5)

We note that is high when is small. Then we substitute
(3) into (5)

(6)

From (4) and (6), we conclude that for high Wilkinson combiner
efficiency, the designer should set equal to .
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B. Problems of Conventional LINC Systems

Although LINC systems show high linearity and high effi-
ciency of PAs, the LINC system efficiency involves not only
the PA efficiency but also the combiner efficiency. The LINC
system efficiency is defined as

(7)

where is the PA efficiency and is the combiner ef-
ficiency. In other words, for a high-efficiency LINC system, the
PAs and the combiner all should be high efficiency. However,
there is a tradeoff between linearity and power combiner effi-
ciency in LINC systems. We state this essential issue as follows.

There are two classes of combiners which can be used at the
output stage. One is lossy combiners, and the other one is loss-
less combiners. The isolated combiner is a matched and lossy
combining structure which achieves high isolation between the
two PAs [2]. This class includes the Wilkinson combiner and the
hybrid coupler. These isolated combiners provide undistorted
signal combining and present high linearity at the output. How-
ever, their power efficiency degrades significantly, particularly
for signals with a high peak-to-average power ratio. The class
of lossless combiner groups the unmatched lossless out-phasing
combiners [2]. Although the lossless combiner offers high com-
biner efficiency, the lossless combiner degrades linearity signif-
icantly. Recently, [9] proposed phase only predistortion to im-
prove the linearity for lossless combiner, and [9] showed that
Chireix combiner with phase predistortion leads back to the
classical LINC power efficiency with lossy combiner or less. In
summary, lossless combiner provides better or equal power effi-
ciency, but at the cost of linearity degradation. Although we can
use a lossless combiner such as Chireix-outphasing combiner
for high efficiency, the lossless combiner degrades linearity sig-
nificantly. Therefore, we utilize the Wilkinson combiner to ful-
fill the strict linearity requirements of the WCDMA specifica-
tions.

III. PROPOSED MULTILEVEL OUT-PHASING SCHEME

In this section, we propose a MOP scheme to increase the
combiner efficiency and derive the scaling factor set to maxi-
mize the system efficiency.

A. Multilevel Out-Phasing Scheme

Instead of the traditional out-phasing scheme using single-
level scaling factor , the proposed MOP scheme utilizes multi-
level scaling factor set as a solution to shrink to achieve
high , where

(8)

We take a 2-level MOP design as an example illus-
trated in Fig. 3(b). MOP is an input envelope-aware mechanism.
When is smaller than , 2-level MOP adapts the scaling
factor from to to shrink the out-phasing angle. The out-
phasing angle of 2-level MOP in Fig. 3(b) is much smaller
than the conventional out-phasing angle in Fig. 3(a), so
MOP can enhance the Wilkinson combiner efficiency.

Fig. 3. (a) Single-level out-phasing scheme. (b) 2-level MOP scheme.

Fig. 4. MOP scheme: � -level expression.

MOP is generalized to levels in Fig. 4. And the definition
of in MOP is modified as

(9)

where . For any time we can find a corre-
sponding such that

is the scaling factor at th level, is the number of
scaling levels.

B. Scaling Factor Set Determination

As we use MOP scheme to achieve high combiner efficiency,
we have to determine the scaling factor set to maximize
the system efficiency. We take the probability function of the
WCDMA input signal envelopes in Fig. 5 as an example. To
calculate the average system efficiency , first we divide the en-
velope distribution into regions, which is illustrated in Fig. 5.
Then, we sum up the expectation value of each region as

(10)
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Fig. 5. Envelpoe distribution of WCDMA.

Fig. 6. Varying-envelope signal is transferred to multilevel-envelope signal.

where is the probability function of and
can be expressed as a function of . For the maximum system
efficiency, we set the partial derivatives of (10) equal to zero

(11)

to obtain the scaling factor set . With the scaling factor set
, MOP dynamically adopts appropriate close to and no

smaller than the envelope to achieve high Wilkinson com-
biner efficiency.

IV. MULTILEVEL LINEARIZATION SCHEME

As we utilize the MOP scheme to achieve high combiner effi-
ciency, the original signal is split into a set of multilevel-en-
velope signals and

(12)

the varying-envelope signal is transferred to multilevel-
envelope signal, which is illustrated in Fig. 6. Since the PA
input signal is multilevel-envelope signal, PA suffers from the
AM-AM and AM-PM distortions shown in Fig. 7. Thus, mul-
tilevel envelope forces the PAs to work in the linear mode
which results in low PA efficiency. For high LINC system ef-
ficiency, as we stated in Section II, the PAs and combiner all
should be high-efficiency. In this section, therefore, we propose
two ML schemes to enable the PAs to operate in the nonlinear
mode and maintain acceptable linearity.

Fig. 7. AM–AM and AM–PM characteristics of PA.

A. Linearity Condition

The ML scheme is illustrated in Fig. 8. For high PA efficiency,
MLINC predistorts the signal magnitude from to the corre-
sponding to operate the PA in the nonlinear mode. After that,
these two predistorted signals and are up-converted
to RF, expressed as follows:

(13)

Fig. 8(b) illustrates the signals after amplification. The amplified
signals are expressed as and , where

is the PA gain which corresponds to different . Finally, a
Wilkinson combiner is used to combine these two signals and
the MLINC system output represented as

(14)

Substitute (9) into (14), then

(15)

To achieve a linear amplification, the output signal
should be a constant multiple of . It in-
fers that as long as the MLINC systems satisfies the linearity
condition

is a constant (16)

the MLINC systems maintain high linearity. Based on the lin-
earity condition given by (16), we propose two distinct ML tech-
niques to achieve high PA efficiency with high linearity.

B. Envelope-Adjusting Technique

The first ML technique is referred to as EA technique because
of adjusting the envelope to fulfill the linearity condition. Since

is a function of , we design in terms of the AM–AM
characteristic of PA to satisfy (16). Then we operate the PA in
the nonlinear mode for high PA efficiency, and the PA output
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Fig. 8. Multilevel linearization scheme. (a) Before amplification. (b) After am-
plification.

Fig. 9. Multilevel-envelope signal is transferred to constant-envelope signal.

envelope is a linear amplification of input envelope
as

(17)

where is a constant.

C. Gain-Adjusting Technique

The other proposed ML technique is addressed as GA tech-
nique because of adjusting the PA gain to maintain linearity.
GA technique lets be a constant, then (16) is rewritten as

(18)

where is a constant. Hence, the multilevel-envelope signal
is transferred to constant-envelope signal as shown in Fig. 9.
Since the signal is constant-envelope, we utilize high-efficiency
nonlinear PA to obtain high system efficiency.

V. MULTILEVEL LINC ARCHITECTURE DESIGNS

In this section, we first introduce the multilevel signal compo-
nent separator (MSCS) which accomplishes the proposed MOP
scheme to achieve high Wilkinson combiner efficiency. Then,
we present EA-MLINC and GA-MLINC architectures to not
only achieve high PA efficiency but also maintain acceptable
linearity.

A. Multilevel Signal Component Separator

Fig. 10 illustrates the architecture of MSCS which accom-
plishes the proposed MOP scheme to enhance the Wilkinson
combiner efficiency. First, a polar converter converts the input
signal into polar form. Next, the envelope signal is
scaled by a multilevel scaler implemented with a ROM table
to store , a comparator and a multiplexer to select the ap-
propriate value from . Then, the out-phasing angle is
obtained by an inverse cosine module. After that, phase signals

and are obtained by a phase calculator.

Fig. 10. Multilevel signal component separator (MSCS) architecture.

Fig. 11. Concept of envelope-adjusting technique.

In the following, we, respectively, utilize the EA and GA tech-
niques to achieve high PA efficiency.

B. Envelope-Adjusting MLINC

1) Envelope-Adjusting Technique: Since the MOP scheme
generates the multilevel envelope, this introduces AM–AM and
AM–PM distortions. Inspired by the predistortion technique, we
present an EA technique as Fig. 11 to compensate AM–AM
and AM–PM distortions. As shown in Fig. 12(a), we predistort
the signal magnitude from to to obtain linear output as
Fig. 12(c). We also predistort the signal phase to compensate the
AM–PM distortion shown in Fig. 13.

2) EA-MLINC Architecture: The EA-MLINC architecture is
illustrated in Fig. 14. Baseband input signal is separated to
two phase signals and by MSCS. After
that, two phase modulators are utilized to modulate the phase
signal. Next, these two path signals are multiplied by the predis-
torted magnitude signal . The predistorter also compensate
the AM–PM distortion. Two modulators up-convert signals to
RF. Finally, the RF signals are amplified by two PAs and com-
bined with a power combiner.

C. Gain-Adjusting MLINC

1) Gain-Adjusting Technique: Fig. 15 illustrates the con-
cept of the GA technique which is inspired by the EER. The
multilevel-envelope signal is split into two signals. The bottom
signal is the phase signal with constant envelope, hence the
GA-MLINC can utilize high-efficiency nonlinear PAs. The top
signal is the multilevel envelope which is used to adjust the
PA gain to maintain linearity. Finally, GA-MLINC achieves
a linear amplified signal of the multilevel-envelope signal at the
PA output.

2) GA-MLNC Architecture: The GA-MLINC architecture is
illustrated in Fig. 16. Baseband input signal is separated
into two phase signals and by MSCS.
After that, two phase modulators are utilized to generate two
constant-envelope signals. The signals are now in RF rather than
baseband. Next, the RF signals are amplified by two PAs and
combined with a power combiner. GA-MLINC requires a con-
trol path to adjust the PA gain. The PA gain should follow (18)
to maintain linearity.
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Fig. 12. AM–AM characteristic of the (a) predistorter, (b) PA model, and (c) output with amplitude predistortion.

Fig. 13. AM–PM characteristic of the (a) predistorter, (b) PA model, and (c) output with phase predistortion.

Fig. 14. Block diagram of EA-MLINC architecture.

Fig. 15. Gain-adjusting concept.

This control path contains two blocks. One is the envelope
modulator used to modulate the envelope signal as a control
signal to adjust the PA voltage supply. The other one is the pre-
distorter used to compensate the VDD-AM and VDD-PM dis-
tortions [10]. In the following sections, we introduce the design
of the envelope modulator and the predistorter in Fig. 16.

a) Envelope Modulator: Because of using the MOP, we
adjust the gain of two PAs to maintain linearity. We add an enve-
lope modulator as a control path in Fig. 17. The envelope mod-
ulator input is the digital control signal from the predistorter. A

Fig. 16. Block diagram of GA-MLINC architecture.

Fig. 17. Architecture of envelope modulator.

digital-to-analog converter (DAC) is required to convert the con-
trol signal to the analog signal. Then the analog control signal
passes through the low pass filter (LPF). Finally, we use a high
power efficiency low drop out (LDO) regulator [11] to ensure
the PA power supply more robust. Because of the RC delay, the
delay of the control signal path and phase signal path is different.
We add an additional delay in the phase signal path to partially
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Fig. 18. VDD-AM characteristic of the (a) predistorter, (b) PA model, and (c) output signal amplitude with predistortion.

Fig. 19. VDD-PM characteristic of the (a) predistorter, (b) PA model, and (c) output signal phase with predistortion.

overcome the distortion due to the RC delay. The LDO regu-
lator design is out of our scope, so our simulations assume this
envelope modulator is ideal.

b) Digital Predistorter: Adjusting the supply voltage of
two RF PAs introduces another distortion called VDD-AM and
VDD-PM distortions. Fig. 18(b) illustrates the VDD-AM dis-
tortion which degrades linearity. To correct VDD-AM distor-
tion, we use a digital predistorter [12] whose characteristic is
illustrated in Fig. 18(a). Then the output signal amplitude re-
mains linear with different PA supply voltages, which is shown
in Fig. 18(c). Fig. 19(b) illustrates the VDD-PM distortion. To
correct VDD-PM distortion, we use a digital predistorter whose
characteristic is illustrated in Fig. 19(a). Then the output signal
phase remains constant with different PA supply voltages, which
is shown in Fig. 19(c).

VI. SYSTEM SIMULATION

The system simulations are based on Agilent Advanced
Design System (ADS) and MathWorks MATLAB. We utilize
3GPP uplink integrated signal source model defined in 3GPP
TS 34.101 [13].

A. Combiner Efficiency

As mentioned in Subsection II-A, Wilkinson combiner effi-
ciency is as the blue line in Fig. 20. We note
that is high only when the out-phasing angle is small.
In addition, the out-phasing angle of the wireless communica-
tion system is a probability function. In Fig. 20, the out-phasing
angle of conventional LINC is large and results in low com-
biner efficiency. In the following, we show that MOP scheme

Fig. 20. (a) Blue line: the Wilkinson combiner efficiency. (b) Black line: the
out-phasing angle distribution of conventional LINC.

can shrink the out-phasing angle to enhance the combiner effi-
ciency.

The total level of MLINC, , is set from one to eight to verify
the MOP scheme. As shown in Fig. 21, using more scaling
levels , we can shrinks further. That is, MOP can re-
duce the signal dynamics. In addition, while more than three
scaling levels are used, most ranges smaller than 38 de-
grees. Fig. 22 summarizes the Wilkinson combiner efficiency
simulation of MLINC using different scaling levels. The MOP
technique enhances Wilkinson combiner efficiency from 44.5%
to 88.9% with from one to eight. In summary, using more



530 IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL PROCESSING, VOL. 3, NO. 3, JUNE 2009

Fig. 21. Out-phasing angle distribution of MLINC using different scaling
levels.

Fig. 22. Wilkinson combiner efficiency of MLINC using different scaling
levels.

, the MOP scheme can shrink smaller and enhance the
Wilkinson combiner efficiency higher.

B. System Linearity and Efficiency

We demonstrate prototyping designs using 2-level and
3-level of the proposed EA-MLINC and GA-MLINC. We also
compare the linearity and efficiency of three different LINC
transmitter architectures: the conventional LINC, EA-MLINC,
and GA-MLINC. The different transmitter architectures are
simulated with a class A PA model. This PA was built with
a Motorola model MRFC1818 GaAs metal-semiconductor
field-effect transistor. The class A PA characteristics are shown
in Fig. 23. We overdrive the class A amplifier in the nonlinear
region, so this PA has high PAE and low linearity.

1) Efficiency Comparison: In Fig. 24, the system input power
is defined as the RF power before PA and system PAE is given
by

(19)

Fig. 23. Simulated PAE and Pout versus Pin of the class A amplifier.

Fig. 24. Block diagram of system PAE.

Fig. 25. Simulated system PAE versus the system input power.

The system PAE versus the system input power is shown in
Fig. 25. Due to the low combiner efficiency, the conventional
LINC shows lowest system PAE, and the system PAE is less
than 17%. Both EA-MLINC and GA-MLINC show better PAE
than conventional LINC. In addition, 3-level MLINC has higher
PAE than 2-level MLINC.

2) System Output Power Comparison: The system output
power versus the system input power is shown in Fig. 26. Using
the MOP scheme, EA-MLINC achieves higher output power
than the conventional LINC does. However, due to the VDD
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Fig. 26. Simulated output power versus the system input power.

Fig. 27. Simulated EVM versus the system input power.

modulation, GA-MLINC uses less dc power and generates
less output power. Therefore, GA-MLINC shows almost the
same system output power as the conventional LINC does.
We also note that the system output power of 3-level MLINC
is larger than 2-level MLINC. In summary, EA-MLINC and
GA-MLINC improve system PAE. EA-MLINC achieves larger
output power than conventional LINC. In addition, using more
levels of MLINC improves PAE and output power further.

3) Linearity Comparison: The amplitude and phase distor-
tions on the output signal create spectral regrowth in adjacent
channels and deform the signal constellation. We use the error
vector magnitude (EVM) and adjacent channel leakage ratio
(ACLR) as linearity indexes to compare the inband and outband
performance, respectively. Fig. 27 shows the simulated EVM
versus the system average input power. The EVM of three ar-
chitectures are well below the required 17.5% specification.

Figs. 28 and 29 show the ACLR of three architectures. The
WCDMA ACLR requirement at offset frequency 5 MHz and
10 MHz is 33 dBc and 43 dBc, respectively. Both the upper
and lower ACLR values are given to indicate an asymmetry of
the output spectrum. For offset frequency 10 MHz, all three

Fig. 28. Simulated LINC, GA-MLINC, EA-MLINC ACLR at�10 MHz (solid
line) and �10 MHz (dashed line) as function of the system input power.

Fig. 29. Simulated LINC, GA-MLINC, EA-MLINC ACLR at�5 MHz (solid
line) and �5 MHz (dashed line) as function of the system input power.

architectures using linearization technique can pass the ACLR
specification.

As for the ACLR specification at offset frequency 5 MHz
in Fig. 29, in GA-MLINC, the ACLR margin is very small
in that VDD transition distorts linearity significantly. Hence,
GA-MLINC only operates at a lower system input power
less than 18 dBm to satisfy the linearity requirement. On the
contrary, both conventional LINC and EA-MLINC have ac-
ceptable linearity and meet the WCDMA ACLR specification
for a wide power range. Moreover, MLINC with more levels
has smaller ACLR margin. In other words, MLINC with more
levels degrades linearity more. Therefore, the number of levels
becomes a tradeoff between linearity and efficiency.

4) Linearity and Efficiency Comparison: As shown in
Fig. 30, we drive the conventional LINC, EA-MLINC, and
GA-MLINC to their limit and the mask margin is very small.
The simulation results achieving the maximum system PAE
under the WCDMA specifications are summarized in Table I.
For the conventional LINC, the low combiner efficiency de-
grades the system PAE to only 16.5%. In the case of our
GA-MLINC design examples, the system achieves 23.6%
system PAE. For the EA-MLINC architecture, the system PAE
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Fig. 30. Output spectrum of three architectures.

TABLE I
COMPARISONS OF POWER EFFICIENCY AND MASK TEST

achieves 33.4%, and the system output power is equal to 27.6
dBm, which is 2.6 dB higher than the conventional LINC.

VII. CONCLUSION

To achieve high system efficiency, we propose the MOP
scheme to increase the combiner efficiency. We also derive the
value of scaling factor set to maximize the system efficiency. In
addition, we present two ML schemes, EA and GA techniques,
to increase the PA efficiency. Moreover, we combine MOP and
ML to design two corresponding architectures: EA-MLINC
and GA-MLINC. Finally, we demonstrate EA-MLINC and
GA-MLINC design examples and utilize ADS to verify these
LINC transmitter designs. We also compare their performances
with conventional LINC under the WCDMA system spec-
ifications. According to the simulation results, the 3-level
EA-MLINC and 3-level GA-MLINC enhance the conven-
tional LINC system PAE from 16.5% to 33.4% and 23.6%,
respectively, and both satisfy the linearity requirements of the
WCDMA specifications.
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