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Abstract—In order to combat high peak-to-average power ratio
and poor power efficiency, drain modulated polar transmitter architectures have been proposed for orthogonal frequency-division
multiplexing (OFDM) systems. However, this type of power amplifier architecture suffers from poor linearity in the low amplitude
region, which often causes significant distortion to the system. In
this paper, we propose a novel technique to introduce a vector hole
into the constellation diagram of the OFDM signal, called vector
hole punching, so that the envelope of the signal will avoid the
origin region, thereby preventing the amplitude of the signal approaching zero, which dramatically improves the linearity of the
system. This is achieved through a technique based on a combination of direct clipping, circle-tangent shifting, and the use of unused tones. Test results show a clear vector hole can be created by
employing this technique that only slightly broadens the original
spectrum and maintains a very low error vector magnitude.
Index Terms—Drain modulation, orthogonal frequency-division
multiplexing (OFDM), polar transmitter, power amplifier (PA),
vector hole.

I. INTRODUCTION

O

RTHOGONAL
frequency-division
multiplexing
(OFDM) is a modulation scheme based upon the idea
of frequency-division multiplexing whereby each frequency
channel carries a separate stream of data and the modulated
data streams are orthogonal to each other. OFDM offers several benefits for multicarrier transmission at high data rates
such as high spectral efficiency, strong resistance to multipath
fading, and simple implementation, along with other advantages [1], [2]. However, due to the large number of independent
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sub-carriers with random phases and amplitudes that are added
together in the modulator, OFDM signals often exhibit a high
peak-to-average power ratio (PAPR). This results in very poor
power efficiency in conventional Cartesian transmitters with
in-phase/quadrature (I/Q) modulation [3].
In order to improve the power efficiency of OFDM systems,
drain modulated power amplifier (PA) architectures have been
proposed [4]–[6]. For instance, in a polar transmitter, the
transmit signal is split into two branches, one for phase and
the other for amplitude. The phase component is modulated by
a phase modulator and sent to the input of the PA while the
amplitude component is amplified by an envelope amplifier
and then superimposed at the drain voltage of the main PA [7].
Since there is no amplitude variation in the RF input signal,
highly efficient nonlinear PAs, e.g., switch mode PAs, can be
employed in this system, significantly improving the overall
power-conversion efficiency. However, one of major drawbacks
of the polar transmitter is a tendency toward poor linearity in
the low amplitude region. This is caused by carrier feed-through
when the envelope approaches zero, which tends to drive the
drain voltage of the PA close to zero [7]–[9].
To avoid this problem, one straightforward solution is to
punch a “vector hole” into the constellation diagram of the
vector I/Q waveform so that the magnitude of the envelope
does not drop close to a zero value, thereby avoiding a situation
where the drain voltage becomes very low. Several “vector
hole” punching approaches have been proposed. In [10],
Rudolph employed a Gaussian-shaped signal to clip the signal
below a defined threshold value. This approach, termed “soft
clipping,” avoids spectral splatter, but introduces severe in-band
distortion. In [11], Huang et al. punched a hole by directly
clipping the envelope signal and then splitting the excess phase
signal into its neighboring samples, but this only achieved a
limited improvement. In [12], a complex weighted version of
a pulse-shaping filter is added to modify the pulse amplitude
modulated signals so that the ratio of average power to minimum power can be reduced. The approach used in [13] and
[14] involves adding a pulse having a prescribed magnitude and
phase to the signal at half-symbol timing before pulse shaping,
while in [15] a window signal conditioner is used to modify the
modulated signal to avoid its envelope values falling below a
particular threshold. Although these investigations have been
reported, a real vector hole is still hard to create because most
approaches rely mainly on magnitude clipping. The signal
may still pass close to the origin area when it is up-sampled or
converted to the analog domain if only the magnitude is clipped
in the digital domain.
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In [16], Hunton proposed to eliminate near-zero values by
adding offsetting vectors to the signal constellation, which
could “truly” prevent trajectories of the signal passing the
origin region. However, extra power must then be transmitted
since magnitudes of these samples are increased. During the
hole punching process, phase and magnitude of the signal are
changed, which leads to significant distortion. Although correction filters can be used to suppress the out-of-band distortion
induced, significant in-band distortion still remains. This is not
acceptable for OFDM-based wireless systems, e.g., long-term
evolution (LTE) or worldwide interoperability for microwave
access (WiMAX), where strict in-band distortion specifications,
e.g., error vector magnitude (EVM) or relative constellation
error (RCE), are imposed.
In this paper, we present a novel vector hole punching technique, which removes low value envelope levels by adjusting
both the phase and magnitude of the signal using a circle-tangent shift approach. To remove out-of-band distortion and minimize in-band distortion, caused by punching the vector hole,
we employ an unused tone technique to restore the carrier data
to the directly clipped values after the hole punching and leave
optimized small residue values on the unused tones. Test results show that this approach can punch a clear vector hole into
the constellation diagram of OFDM signals with only a slight
broadening of the original spectrum. Since the original data carriers are not significantly affected by the processes of the hole
punching, this approach produces a very low EVM or bit error
rate (BER) with simultaneously low out-of band distortion. It
also shows that after vector hole punching, the bandwidths of
both the phase and magnitude signal components become narrower. This tends to ease the bandwidth requirement for the
envelope amplifier and phase modulator in the system, which
is often considered as critical issues in designing transmitters
using a polar architecture.
This paper is organized as follows. In Section II, we briefly
introduce the problems associated with envelope values
approaching zero for OFDM signals in drain modulated transmitters. Section III presents the new vector hole punching
technique, including detailed implementation procedures.
The test results are given in Section IV with a conclusion in
Section V.
II. ZERO APPROACHING PROBLEM
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Fig. 1. Vector diagram of OFDM signals.

form (IFFT) of the -point
sequence, while, at the receiver, the fast Fourier transform (FFT) is employed to restore
the signal, namely,
and

(2)

where
is the time-domain sequence.
Since the continuous-time peak power can be significantly
higher than that in the discrete-time domain, it is necessary to
oversample the discrete samples by a factor of at least four in the
processing of digital OFDM signals [2]. The oversampling can
be implemented by inserting zeros into the frequency-domain
samples. For instance, for an oversampling factor of , the input
signal to the IFFT is extended by including
zeros in
the center of the signal.
Since independent phases of sub-carriers may align with each
other, OFDM signals often exhibit a high PAPR, and the envelope I/Q signals also can be very close to the origin in the
vector diagram, as shown in Fig. 1. The former significantly reduces power efficiency of RF PAs in the conventional Cartesian
transmitters, while the latter, called “zero approaching” or “zero
crossing,” causes several problems in drain modulated transmitters of the kind used in polar transmitters, as discussed below.
B. Zero Approaching Problem in Drain Modulated
Transmitters

A. OFDM Signals
OFDM utilizes a large number of closely spaced orthogonal
sub-carriers to carry data. In an OFDM system with
subcarriers, the baseband signal can be written as

(1)
where
is the symbol carried by the th sub-carrier,
is the frequency difference between sub-carriers, and is the
OFDM symbol duration. In the transmitter, the digital transmitted signal may be generated by the inverse fast Fourier trans-

To improve power efficiency, the polar transmitter has been
proposed, which is derived from the envelope elimination and
restoration (EER) concept. In this transmitter, the complex
envelope of the transmit signal is converted to the magnitude
and the phase signals
, respectively. As shown
signal
is used as input to a synthesizer,
in Fig. 2, the phase signal
yielding a phase modulated RF signal at the desired carrier
frequency, and then sent to the input of the main PA. The
is amplified by an envelope amplifier
magnitude signal
and is then applied directly at the power supply of the RF PA.
Since there is no amplitude variation in the RF input signal, the
PA can always be kept in saturation and thereby can be operated
in switch mode. The amplitude of the signal can be restored by
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Fig. 2. Structure of a polar transmitter.

controlling the drain voltage. Therefore, both high linearity and
high efficiency are expected from the polar transmitter.
However, this ideally linear and highly efficient polar design
cannot be easily implemented in practice. One of the major
sources of nonlinear distortion is that the switch-mode PA suffers from a significant carrier feed-through. This is because the
output of the PA will not become zero even when drain supply
goes to zero, which leads to a noticeable AM/AM
voltage
and AM/PM nonlinearity [8]. This carrier feed-through is
also responsible for a large amount of nonlinear distortion
when there is a delay mismatch between the input phase information present in the constant-envelope RF signal and its
. Furthermore,
corresponding magnitude modulation signal
a “zero approaching” of the magnitude signal also results in
poor power efficiency. For example, when the input envelope
signal vanishes (or becomes very small), the RF output could
also vanish, while the RF input still keeps its value, resulting in
an undesirable instantaneous negative power-added efficiency
(PAE) [8].
Envelope tracking (ET) is another drain modulated system in
which the RF path is the same as that of the Cartesian transmitter
while drain voltage of the RF PA is dynamically controlled by
an envelope amplifier and is changing in proportion to the envelope of the RF input. In order to prevent a collapse in the gain
of the PA, “detroughing” must be employed to prevent the drain
voltage dropping to zero [17]. In other words, the envelope amplifier can only track to a certain minimum level of the envelope.
As a result, the drain voltage may not replicate the signal envelope with great accuracy, which can introduce significant distortion to the system at low power levels. This distortion is very
difficult to remove by employing normal digital predistorters
[18]. Therefore, low amplitude values must be avoided within
the transmitted signals in drain modulated systems.
III. NEW VECTOR HOLE PUNCHING TECHNIQUE
In this paper, a novel hole punching approach is proposed to
solve the “zero approaching” problem. It is achieved by combining together three techniques, namely, direct clipping, circletangent shift, and by employing unused tones, as explained in
detail in the following.
A. Direct Clipping
A first and obvious way to prevent the envelope of the signal
approaching zero is to clip its magnitude, which is called direct clipping [2]. In this process, the magnitude of the signal is

Fig. 3. Vector diagram after direct clipping.

clipped if its value falls below a predefined threshold. This can
be expressed as
(3)
where
is the original sample of the time-domain complex
is the sample after direct clipping. is
envelope signal,
the predefined magnitude threshold,
is the phase of
,
returns the magnitude of
.
and
Although direct clipping can keep samples away from
near-zero values, this magnitude-only clipping cannot create
a “clear” vector hole in the signal constellation diagram. As
shown in Fig. 3, although some samples have been moved
away from the origin, the magnitude of the clipped signal still
approaches zero, i.e., some trajectories of the samples pass
within the area close to the origin, which drives the envelope
close to zero. This is because the zero approaching effect is
caused by both magnitude and phase changes in the signal;
only modifying the magnitude cannot completely solve the
problem.
We now explain the reasons for this through an example. In
direct clipping, we normally process the envelope signal in the
discrete digital domain, clipping only the magnitude of the digital samples while leaving the phase of the signal unchanged.
However, in OFDM signals, it is very often the case that large
phase jumps occur between adjacent samples, causing the trajectory between samples to pass near the origin. For example,
Figs. 4 and 5 show the magnitude and phase plots of OFDM
signal samples. Let us examine two different situations, which
are: 1) the sampling point itself is very close to the origin, e.g.,
point A, and 2) the magnitude of the sampling point is higher
than the threshold, but the phase change between two adjacent
points is almost 180 , e.g., points B and C. If we plot these samples in the constellation diagram, they appear as in Fig. 6, where
the circle represents the clipping threshold. After clipping, point
A is moved to point A’, while B and C are not affected. However,
the trajectory traveling from B to C still passes within an area
that is close to the origin. This leads to a signal that continues
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Fig. 4. Magnitude of OFDM signals.
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Fig. 6. Signal still can get close to zero after direct clipping.

Fig. 5. Phase of OFDM signals.
Fig. 7. Change phase to avoid zero-approaching.

to approach zero when up-sampled or converted to the analog
domain.
B. Circle-Tangent Shift Hole Punching
To create a “clear” vector hole, we propose a new approach,
called circle-tangent shift, which can be used to deal with the
case where the samples are located outside of the threshold
circle, but their trajectories pass the origin region. As shown
in Fig. 6, clipping only the magnitude cannot avoid a trajectory from B to C passing inside the threshold circle. However,
if we rotate the phase of point C instead of changing its magnitude, for example, move C to C’ and make the C-C’ trajectory
line tangential to the circle, then the trajectory from B to C’
will no longer pass inside the circle, as shown in Fig. 7. This
can ensure that there are no magnitude values falling below the
threshold, which truly prevents the envelope of the signal from
approaching zero.
We now explain the implementation of this approach in more
is first drawn with its
details. As shown in Fig. 8, a circle
radius of at the origin, where is the predefined clipping
threshold. For every two adjacent sampling points, e.g., from B
to C, if their trajectory line crosses the circle, then the location
of the point C must be moved. From point B, we can draw two
tangent lines to the threshold circle, one in each side. Meanwhile, in order to keep the magnitude the same, we can draw
of radius , which equals the magnitude of the
another circle
point C. Four intersection points of the two tangent lines with

Fig. 8. Hole punching using circle-tangent shift.

this circle can be obtained, i.e., K, L, M, N, in Fig. 8, which
are the new possible locations that point C can be moved to. To
keep the phase change as small as possible, the closest point N
is normally chosen to be the new location of the point C. After
this process, as illustrated in Fig. 8, the trace between B and the
new point C’ will not cross the circle any more.
Since the sampling points are randomly distributed on the
constellation plane, the situation shown in Fig. 8 is only one
of several possible cases, which also need to be considered. For

Authorized licensed use limited to: University College Dublin. Downloaded on November 10, 2009 at 09:33 from IEEE Xplore. Restrictions apply.

2686

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 57, NO. 11, NOVEMBER 2009

Fig. 9. Point B is located on the circle.

Fig. 11. Hole punching by defining phase and magnitude thresholds.

the origin with radius

Fig. 10. Point C is located on the circle.

example, if point B is located on the original circle, only one
tangent line can be drawn, as shown in Fig. 9. And if the point
and the circle
C is located on this circle, the threshold circle
become one and then only two intersection points can be
obtained, as shown in Fig. 10.
Furthermore, in some cases, the phase changes required may
become very large in order to produce the tangent lines; large
changes in phase can introduce severe distortion to the signal.
In these cases, it is better to limit the phase changes by predefining a phase limit and then combine phase rotation and magnitude changes together to prevent near zero values. As shown
in Fig. 11, we can define a threshold for the phase change and
a threshold for the magnitude change , respectively. We first
move C to C’ without changing the magnitude, and then move
to C’’ with only changing the magnitude. In this case, the trace
between B and C’’ still crosses the circle, but it has been kept
much farther away from origin than the original trace.
The detailed procedures for the circle-tangent shift hole
punching are outlined in the following steps.
Step 1) Define a clipping threshold , a phase threshold ,
.
and a magnitude threshold
Step 2) Assume
is the new signal after the hole
, and set
punching. We start from
.
, or
,
Step 3) If
then
and go to Step 8);
otherwise, continue to Step 4).
to
: if
Step 4) Draw the trajectory line from
centered at
it intersects with the threshold circle

, go to Step 5); otherwise,
and go to Step 8).
in order
Step 5) Find the minimum value of phase shift
to create the vector hole. There are three cases as
follows.
and
, where
Case 1:
and
are located outside of
both
the circle .
and , from
a) Draw two tangent lines,
to the circle .
the point
b) Obtain four intersection points between
,
, and the circle
two tangent lines,
, which is also centered at the origin,
as its
but with the magnitude of
radius.
c) Find the minimum value of phase shift
to the four intersection
from
,
points:
where
is the phase of
,
is the phase of the four intersecand
.
tion points,
and
,
Case 2:
where
is on the circle , while
is located outside of the circle .
a) There is only one tangent line from the
to the circle .
point
b) Obtain two intersection points between
and the circle .
c) Find the minimum value of phase shift
.
Case 3:
and
, where
is located outside of the circle , while
is on the circle .
and .
a) Draw the two tangent lines,
b) Obtain two tangent points between , ,
and the circle .
c) Find the minimum value of phase shift
.
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Fig. 13. Block diagram of the unused tones technique.

Fig. 12. Vector diagram after circle-tangent shift hole punching.

Step 6) If

, go to Step 7); otherwise,
, and go to Step 8).

Step 7)

, where
is positive or negative.
“ ” depends on whether
.
Step 8) Increase by 1 and repeat Steps 3)–7), until
In contrast with direct clipping, by employing the circle-tangent shift, a clear “real” vector hole can be created in the constellation diagram of the OFDM signal, as shown in Fig. 12.
C. Unused Tones Technique
During the vector hole punching process, the phase and
magnitude of the signal are changed, which sometimes leads to
significant out-of-band distortion. This out-of-band distortion
sometimes is not acceptable.
In practical OFDM-based application, not all subcarriers are
used to transmit information data. Some subcarriers are set to
zero and are not used for data transmission. In the literature, solutions have been proposed to use some of these unused tones
to reduce the PAPR of OFDM signals [19]–[21]. The idea is to
absorb the distortion caused by PAPR reduction by setting small
values on some of the unused tones instead of spreading the distortion on all data carriers or out-of-band frequencies. Although
this results in a slight broadening of the original spectrum, it
is possible for the spectrum to remain well inside the spectrum
mask defined by the standards. Since these unused tones do not
affect the original data carriers, they can be used to reduce the
PAPR without increasing the BER or introducing out-of-band
distortion.
In this paper, we similarly use the unused tones to absorb
the distortion induced by the vector hole punching and thereby
reduce the out-of-band distortion of the signal, as outlined in the
following.
1) Convert the vector-hole punched signal back to the frequency domain by the FFT.
2) The data carriers and the inserted up-sampling zeros in the
original signal are restored to their original values while
a small pre-selected number of unused tones retain their
altered values.
3) The signal is then converted back to the time domain again.

Fig. 14. Frequency spectra of OFDM signals with and without using unused
tones technique.

Fig. 15. Block diagram of the new vector hole punching processing.

4) The signal is then checked if the vector hole still exists. If
not, the hole punching procedure is performed again, and
Steps 1)–3) are repeated.
Fig. 13 shows the block diagram of this procedure, and further details can be found from [21]. Since only a small number
of unused tones can be employed, if we restore the original carrier data directly, then the distortion on the unused tones grows
rapidly as the number of iterations increases in order to create
a clear vector hole. This sometimes is not acceptable. To limit
some of this distortion, in this study we choose to restore the
data carriers to their values after direct clipping instead of to
their original values. This may introduce small in-band distortion to the original signal, but it greatly improves the overall performance. By applying this unused tones technique, the out-ofband distortion induced by the hole punching can be considerably reduced, as shown in Fig. 14.
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Fig. 16. Vector diagram of the LTE signal. (left) Before the hole punching. (right) After the hole punching.

D. Summary of the New Hole Punching Approach
In this paper, we combine the three techniques described
above together to conduct the overall hole punching process.
The direct clipping is applied first to move all sampling points,
whose magnitude is below the threshold, to lie upon the
threshold circle, and the circle-tangent shift is then used to
prevent the trajectories from passing the origin region, while
finally the unused tone technique is employed to remove the
out-of-band distortion. The complete block diagram of this
process is shown in Fig. 15, and the overall processing procedure is described in the following steps.
Step 1) The original signal is directly clipped first so that the
sampling points located inside the threshold circle
are moved to lie upon the circle, e.g., A is moved to
A’, as shown in Fig. 6.
Step 2) Secondly, we process the sampling points that are
not within the circle, but for which the trajectory between two adjacent points passes through the circle,
e.g., points B and C in Fig. 7, by employing the
circle-tangent shift approach. The vector hole is then
punched.
is converted into the freStep 3) The hole punched signal
after an FFT transform,
quency-domain signal
while, in the meantime, the direct clipped signal
is also transformed to the frequency domain
to
supply the values for the data carrier restoration.
Step 4) The data carriers and the inserted up-sampling zeros
in the original signal are restored to their direct
clipped values and original zero values, respectively,
while a small preselected number of unused tones
retain their altered values.
Step 5) Following an IFFT transform, the signal is transformed back to the time domain.
Step 6) The signal is then checked if the vector hole still
exists. If not, the hole punching procedure is performed again, and Steps 1)–6) are repeated.
IV. RESULTS
In order to validate the proposed vector hole punching technique, we tested it with a 3GPP LTE signal with 16 quadra-

ture amplitude modulation (QAM) and a WiMAX signal with
64-QAM. All signal processing was conducted with MATLAB
in this paper.
A. LTE Signal
In this paper, we employed a downlink LTE signal with a
FFT size of 2048 and modulation of 16-QAM with 20-MHz
bandwidth. In this signal, there are 1201 data carriers and 847
unused tones in which we chose 260 tones for the vector hole
punching. The signal was over-sampled by a factor of 8. The
clipping threshold equaled 10% of the maximum magnitude
of the signal, and the magnitude threshold for circle-tangent
was 1% of the maximum magnitude value and the phase
shift
threshold was 1 . In this test, 20 iterations were conducted.
As shown in Fig. 16, the figure on the left is the vector diagram of the LTE signal before the hole punching, while the
right figure is that obtained after hole punching. We can clearly
see that a real vector hole was created after the hole punching
process.
Furthermore, by applying the unused tones technique, significant distortion caused by the circle-tangent shift hole punching
was absorbed by the unused carriers. The out-of-band distortion
is considerably alleviated. As shown in Fig. 17, the proposed
hole punching technique causes very low out-of-band distortion
and these levels are much lower than would obtained with the
existing techniques mentioned earlier. While the out-of-band
distortion is greatly reduced, at the same time the in-band distortion can be maintained at a relative low level. This is evident
from the constellation diagram in Fig. 18, where only small distortion appears surrounding the sampling points, producing an
EVM of about 1.87% for the 16-QAM signal. This transmitted
signal can be decoded with a very low BER in the receiver.
Fig. 19 shows the tendency for the EVM to grow as the
number of traces crossing the circle increases for both the
proposed new hole punching technique and for soft clipping,
where a Gaussian window with 300 taps was employed. To
improve the performance of the soft clipping, 20 iterations
were also conducted. In comparison, this new hole punching
technique introduces much less EVM and the EVM growth
tendency is much slower when punching a similar vector hole.
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Fig. 20. Phase spectra of LTE signals (blue line (in online version): before the
hole punching, red line (in online version): after the hole punching).
Fig. 17. Frequency spectra of LTE signals (blue solid line (in online version):
before the hole punching; red dashed line (in online version): after the hole
punching).

Fig. 21. Magnitude spectra of LTE signals (blue line (in online version): before
the hole punching, red line (in online version): after the new hole punching).

since it is very difficult to design a wideband and highly efficient
envelope amplifier with existing technologies.
Fig. 18. Constellation diagram of LTE signals after the hole punching.

Fig. 19. EVM grows as number of trajectories crossing the threshold circle
decreases.

The proposed hole punching technique also brings benefits
in terms of the bandwidth requirement for both magnitude and
phase signals in the polar transmitters. As shown in Figs. 20 and
21, the spectra of the signals have been narrowed after the hole
punching. This is very helpful in designing the polar transmitter,
especially in designing the envelope amplifier for the transmitter

B. WiMAX Signal
To compare the hole punching results with those obtained
in Section IV-A using LTE signals, we employed a 5-MHz
WiMAX signal with 64-QAM modulation and a FFT size of
512 in which 417 tones are data carriers and the remaining 95
tones are unused. A clipping threshold of 10% of the maximum
magnitude of the signal, a magnitude threshold of 1% and a
phase threshold of 1 , were also used in this test.
As shown in Fig. 22, we successfully punched a vector hole
into the signal after ten iterations. The spectra of the signal are
shown in Fig. 23, where we can see the out-of-band distortion
was almost completely removed. The constellation of the signal
is shown in Fig. 24, and the EVM of the 64-QAM signal is
1.3%. Clearly, the proposed vector hole punching technique also
works well for WiMAX signals.
The approach proposed in this paper only involves simple
processing of the signal samples, e.g., phase rotation, magnitude
adjustment, IFFT/FFT etc., which can be easily implemented in
real systems. However, to reduce system complexity and optimize the performance, several flexible tradeoffs must be made
when choosing the parameters in real implementation, e.g., clipping threshold, number of iterations, magnitude, phase limits,
etc. For example, the number of traces crossing the circle, and
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Fig. 22. Vector diagram of the WiMAX signal. (left) Before the hole punching. (right): After the hole punching.

Fig. 25. EVM grows as number of trajectories crossing the threshold circle
decreases.
Fig. 23. Frequency spectra of WiMAX signals (blue solid line (in online version): before the hole punching, red dashed line (in online version): after the
hole punching).

same time, the EVM of the signal gets worse because the hole
punching technique creates a vector hole at the price of in-band
distortion, as seen in Fig. 25. To alleviate this in-band distortion,
more unused tones in a permissible range may be employed, or
smaller phase and magnitude thresholds can be used so that the
signal will not be changed too much at each iteration.
V. CONCLUSION

Fig. 24. Constellation diagram of WiMAX signals after the hole punching.

the associated number of signals approaching close to zero, decreases rapidly, as the number of iterations increases. At the

In this paper, a novel approach for punching a vector hole
into the constellation diagram of OFDM signals has been
presented. By employing a combination of direct clipping,
circle-tangent shift, and an unused tones technique, a clear
vector hole can be created in the OFDM signal constellation
with only a slight broadening of the original spectrum while
simultaneously achieving very low in-band and out-of-band
distortion. This technique can be applied to many communication systems where OFDM and drain modulated transmitters
are employed, such as LTE and WiMAX systems employing
polar or ET architectures.
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