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ABSTRACT Wireless communication systems are being considered for medical applications to facilitate
the doctors’ operation and the quality of the medical procedures. A demonstrative example of this is the
catheterization laboratory (CathLab), where it is desirable to replace the existent wired connections by
wireless alternatives. However, there are some challenging requirements that need to be fulfilled by the
wireless link, especially for intra-vascular ultra-sound (IVUS) systems, since the images acquired by the
catheter should be transmitted with very high data rate and low latency, together with the highest possible
amplification efficiency, to increase the battery life. The communication requirements can be achieved with
latest the Wi-Fi standard IEEE 802.11ax (Wi-Fi 6). However, since Wi-Fi is based on orthogonal frequency
division multiplexing (OFDM) waveforms, the transmitted signals present high envelope fluctuations,
leading to amplification difficulties due to the nonlinear distortion effects and low energy efficiency. In this
paper, we present an innovative amplification scheme named quantized digital amplification (QDA). It is
shown that the QDA allows a quasi-linear amplification of IEEE 802.11ax signals while maintaining a very
high energy efficiency. To demonstrate this, a QDA prototype and a set of performance results, regarding
both the linearity of the transmitted signals and the energy efficiency, are presented.

INDEX TERMS CathLab, Wi-Fi, orthogonal frequency division multiplexing, peak-to-average power ratio,
power amplification.

I. INTRODUCTION
Medical procedures and tools are constantly evolving with
new technologies. An example of this are the IVUS sys-
tems for image acquisition in CathLab, where powerful
millimeter-sized ultrasounds and cameras are able to pro-
vide high-resolution images with low latency, which are

The associate editor coordinating the review of this manuscript and

approving it for publication was Donatella Darsena .

suitable for IVUS operations [1]. In a conventional CathLab,
the images acquired by the different catheters are transmitted
through a wired connection, which introduces a significant
amount of cables in the vicinity of the stretcher, increasing the
complexity of the procedure and complicating the steriliza-
tion processes [2], [3]. In that context, the adoption of wire-
less communications would be a solution for this problem,
since most of the cables could be removed [4]. However, this
alternative should fulfill the communication requirements of
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the catheterization laboratory (Cathlab). Devices that require
low rate communications like fractional flow reserve (FFR)
are not difficult to turn wireless. However, turning wireless
devices like the IVUS that involve reliable very high data
rates (from 300 Mbps to 1 Gbps) and low latency (less than
100 ms), together with demanding quality of service (QoS)
parameter, can present a significant challenge [5].

The latest standard of wireless local area networks
(WLANs) IEEE 802.11ax (also known as Wi-Fi 6) can
achieve these transmission rates and latency values,
namely by adopting multiple antenna techniques (i.e.,
advancedmulti-usermultiple-input, multiple-output (MIMO)
schemes), large bandwidths and large constellations [6].
Wi-Fi 6 is supported by highly spectral-efficient OFDM
waveforms [7]. However, it is widely known that OFDM
signals present a very large peak-to-average power ratio
(PAPR), since they are formed by the sum of several indepen-
dently modulated subcarriers [8]. This yields a challenging
trade-off between energy efficiency and nonlinear distortion,
since the most energy-efficient power amplifiers (PAs) are
known to exhibit a strong nonlinear characteristic [9]. Since
wireless devices used in the CathLab context cannot have
large dimensions, the design of their batteries is highly
constrained. Under these conditions, it is highly important
to have improved energy efficiency, so as to improve the
battery life.

Several techniques have been proposed to improve the
efficiency of PAs, such as: envelope elimination and restora-
tion (EER) [10]–[13]; predistortion [14], [15]; Doherty PA
[16]–[18]; linear amplification with nonlinear control (LINC)
[19], [20]; and envelope tracking (ET) [21]–[23]. The EER
technique uses a combination of a switching-mode PA and
an envelope demodulation circuit. The efficiency of this
technique, which is the product between the efficiencies of
the envelope amplifier (EA) and the radio frequency (RF)
PA, greatly depends on the performance of the EA, since a
degradation in the EA’s efficiency can negate any improve-
ments achieved in the RF PA’s efficiency. In the Doherty PA
architecture the carrier amplifier, which is terminated with
an impedance load at twice the optimum value, is a Class
B or AB amplifier, supplying the load with current for any
input power level, while the peaking amplifier should only
switch ON when the main amplifier reaches saturation. The
output current will then modulate the load seen by the carrier
amplifier from twice the optimum value to the optimum
value. Using this approach it is possible to achieve higher
efficiency levels. However, there are limitations in terms of
usable bandwidth, the amplifiers need to be linear to prevent
distortion, and the design can be quite complex to achieve
optimumperformance. In the LINC technique the input signal
is decomposed into two constant envelope signals, which are
then amplified separately by two highly efficient non-linear
amplifiers (e.g., of class D or E) to achieve the desired output
power and combined together in a power combining network.
The output amplitude can be controlled via the relative phase
of the two constituent signals. However, LINC transmitter

scheme is limited by the input signal’s envelope character-
istics. Since the amplitude information of the band-limited
signal is embedded in the phase of the LINC components,
a highly fluctuating envelope produces a constant envelope
LINC component with high phase content, which causes the
LINC components’ spectrum to spread. Another problem
is how the power combining is done, particularly because
several high efficiency power amplifiers are highly sensitive
to load impedance, and their performance and efficiency can
be significantly degraded due to interactions between the
power amplifiers. The ET technique uses a linear PA and a
supply modulation circuit, where the supply voltage tracks
the input envelope. By replacing the fixed supply with the
dynamic supply voltage, the DC power consumption of an
ET PA can be reduced, when compared with a conventional
PA, increasing its efficiency.More specifically, the power that
is supplied to the amplifier is changed to be just enough to
reproduce the power level required by the amplifier at a given
instant of time. For low output power, the supply voltage is
reduced, and for high output powers it is increased. However,
while ET amplifiers are easier to design, they provide smaller
efficiency benefits than their EER counterparts, since linear
RF PAs need to be used. Recently, a promising amplification
technique named QDA was proposed to solve the trade-off
between power efficiency and nonlinear distortion [24], [25].
This technique involves the decomposition of high-PAPR
signals into almost constant-envelope components, that can
be independently amplified by highly-efficient, switched PAs
and that can be digitally combined afterwards. It was shown
that when employed with OFDM, the QDA can increase the
energy efficiency of the amplification process up to 40% [25].
In this work, we consider the use of QDA in the context of
a Wi-Fi link associated to a wireless CathLab. We present a
QDA prototype and a set of performance results regarding
the energy efficiency, the power spectral density (PSD), the
error vector magnitude (EVM) and the bit error rate (BER)
of the transmitted signals. It is shown that the QDA can be an
excellent solution for the amplification of CathLab wireless
signals in general, and IVUS signals in particular, providing
an energy-efficient operation with negligible distortion on the
transmitted signals.

II. SYSTEM CHARACTERIZATION
A. CathLab ENVIRONMENT
Let us start by describing the wireless communication sce-
nario considered in this work. Essentially, we consider a
Cathlab scenario similar to the one represented in Fig. 1,
which shows the Philips CathLab R©.

The catheter is connected to the patient interface module
(PIM), which transmits the captured images to the receiver
installed in the stretcher. We will focus on the IVUS com-
munications, although our work can be employed with any
CathLab device that requires wireless communications, such
as for instance the FFR. For the wireless link that support
the IVUS, we consider a Wi-Fi connection supported by the
IEEE WLAN 802.11ax standard. In the considered scenario,
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FIGURE 1. Philips CathLab R©.

the PIM (i.e., the transmitter) acts as a Wi-Fi station (STA),
while the receiver located in the stretcher is the Wi-Fi
access point (AP). Therefore, we are concerned with uplink
communications.

B. WI-FI COMMUNICATION ASPECTS & PROBLEM
STATEMENT
One of the innovative aspects of IEEE 802.11ax is the use
of orthogonal frequency division multiple access (OFDMA)
for both downlink and uplink channels [6], which allows an
efficient resource allocation and users’ scheduling. In Wi-Fi
6, the achievable data rates per spatial stream (SS) are mainly
dependent on: (i) the channel bandwidth, B; (ii) the size of
the quadrature amplitude modulation (QAM),M ; and (iii) the
adopted code rate. For instance, by combining a bandwidth
of B = 80 MHz with 64-QAM constellations and a code
rate 5/6, it is possible to achieve R = 360 Mbps [6]. Since
the capacity gains provided by the use of MIMO in the
Wi-Fi-based CathLab applications might not be as high as
expected by the theory due to correlations between MIMO
antennas [5], an alternative to increase the data rates per
SS might resort to the adoption of larger constellations (i.e.,
higher values of M ). However, this will increase even more
the (already high) envelope fluctuations of the transmitted
OFDM signals, as well as the sensitivity to hardware imper-
fections and nonlinear distortions, causing severe amplifica-
tion issues. Under these conditions, a linear amplification
can only be obtained by employing PAs with large back-
offs, which drastically reduces the energy efficiency of the
amplification process [9].

The QDA constitutes a solution to these amplification
issues, since the high-PAPR signal is divided into low-PAPR
components that can be amplified by high energy-efficient,
switched PAs (such as the ones of class D or E) without dis-
torting the transmitted signals. Therefore, the overall energy
efficiency of the transmitter can be greatly increased, even
when signals with very large PAPR are considered.

III. QDA PRINCIPLES AND SIGNALS DESCRIPTION
In this section, the QDA principles and main aspects are
explained. The general scheme of the QDA is shown
in Fig. 2.

FIGURE 2. General scheme of the QDA.

Let us start by considering the complex envelope of a given
OFDM signal, x̄(t), which has bandwidth B/2 and is formed
by N subcarriers. The first step associated to the QDA’s
operation is to mix x̄(t) to an intermediate frequency fi, which
originates the pass-band signal x(t) = x̄(t) sin (2π fit) with
bandwidth B. This signal is then sampled with a sampling
frequency fs, yielding the time-domain samples xn = x(nTs),
where Ts = 1/fs is the sampling time and n is the time instant
index. The next steps of the QDA’s operation involves three
main stages, namely the quantization stage, the amplification
stage and the combining stage. These stages are described in
the following subsections.

A. QUANTIZATION STAGE
In this stage, the time-domain samples xn are quantized by
an uniform quantizer characterized by the nonlinear function
h(·) (the extension to non-uniform quantizers is straightfor-
ward). We consider M quantization bits and Q = 2M lev-
els. The clipping level of the quantization characteristic is
selected to minimize the overall quantization distortion [26].
The normalized clipping level is represented by sM/σ , where

σ = 0.5
√
|x̄(t)|2 is the standard deviation of the x(t).

The digital word associated to the nth time-domain sample
is bn = {bn,1, bn,2, . . . , bn,M } = h(xn). This digital word has
two main functions:
(i) Control the bank of M digital-to-analog converters

(DACs) that follow the quantization procedure and are
responsible to generate the different binary phase shift
keying (BPSK) signal components that will be amplified
and combined;

(ii) To be used to generate the control bits (dn,1, dn,2, . . . ,
dn,3(M−1)), responsible for the control of the switching
process at the combining stage.

Since each BPSK component can be designed to have a
quasi-constant-envelope, it is possible to use nonlinear and
highly-efficient switched PAs, avoiding the signal distortion
associated to the nonlinear effects of the PAs. The signals
generated by the M BPSK modulators are then combined
to form the desired amplitude for each given sample. The
mth BPSK signal component produced by the DAC can be
described as

sm(t) = Am sin (2π fct + φm), (1)

where Am =
√
k(2m−1) × P (with P denoting the ‘‘basis’’

power level in Watts (W)) represents the amplitude, fc rep-
resents the carrier frequency, and φm represents the phase
of each component (which can assume the 0 or π values,
depending on the polarity of the input sample).
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B. AMPLIFICATION STAGE
Depending on the QDA version, this stage can be present
or not. For some wireless applications in the CathLab with
low power requirements (e.g. applications designed for FFR),
it might not be necessary to have an external amplifica-
tion stage, i.e., the DACs from the field programmable gate
array (FPGA) are enough to yield the desired output power.
In those scenarios, the QDA is said to operate in the ‘‘fully-
digital’’ regime. However, there are some applications that
require higher power levels, such as the wireless transmis-
sion of IVUS signals. In such applications, a bank of M
highly-efficient switched PAs (such as the ones of class D,
E or F) can be employed after the quantization stage, resulting
in an ‘‘hybrid’’ version of the QDA. In that scenario, it should
be noted that each one of these M PAs can be enabled or
disabled depending on the digital word associated to a given
sample.

C. COMBINING STAGE
The combining stage is associated to the ‘‘digitally-controlled
smart combiner (DCSC)’’ block of the QDA and its operation
is controlled by the digital word generated by the quantization
process. In Fig. 3 it can be observed the relation between
the power level of a given quantized sample and the digital
word associated to it, which also controls the combination
of the BPSK components. It is important to mention that
Fig. 3 is associated to a 4-bit quantizer, i.e., Q = 2M = 16
quantization levels.

FIGURE 3. Relation between the digital words associated to the Q
quantization levels and the corresponding power of the combined signal
when M = 4.

For the hybrid version of the QDA, the output signal of the
DCSC at nth time instant can be written as

yn(t) =
M∑
m=1

bn,mGmsm(t). (2)

whereGm represents the gain of themth PA.When taking into
account the signal’s evolution over a certain interval of time

(i.e., several time-domain samples of the underlying bandpass
signal x(t)), the combined signal at the combiner’s output can
be represented as

y(t) =
+∞∑

n=−∞

yn(t − nTs), (3)

where n represents the time index and Ts the symbol time
interval. Note that the combining stage is also important in
what concerns to the overall QDA energy efficiency, since
the signals’ combination is made according to the control
bits (dn,1, dn,2, . . . , dn,3(M−1)) associated to the digital word
bn = {bn,1, bn,2, . . . , bn,M }.

IV. QUANTIZED DIGITAL AMPLIFICATION PROTOTYPE
In this section, we present a prototype of the hybrid version
of the QDA. The general scheme of this prototype is shown
in Fig. 4. The QDA receives an OFDM signal generated with
a GNURadio Companion flowgraph (OFDM TX example
from gr-digital package of GNURadio 3.9 PPA), which is
sent by an universal software radio peripheral (USRP), model
Ettus N210 from National Instruments. After the QDA oper-
ation, the signal is then transmitted to another Ettus N210
(which acts as the receiver), where the GNURadio Compan-
ion demodulates the received signal by taking into account
another flowgraph of the gr-digital package, designated as
OFDM RX example.

FIGURE 4. General scheme of the QDA operating in an OFDM transceiver.

The hardware and software tools used to implement and
evaluate the QDA will be further detailed in this section.
In what concerns to the QDA prototype, both the ‘‘fully-
digital’’ and the ‘‘hybrid’’ versions will be presented and ana-
lyzed. In both cases, it was considered M = 4 quantization
bits (i.e., M = 4 amplification branches). The fully-digital
version of the QDA can be observed in Fig. 5, where it
can be noted that the DACs are directly connected to the
DCSC. On the other hand, the ‘‘hybrid’’ version of the QDA
prototype can be observed in Fig. 6. In this version, the DACs’
outputs are connected to the amplifiers before being sent
to DCSC.

A. HARDWARE & IMPLEMENTATION ASPECTS
As shown in Fig. 4, the QDA is composed of a Xilinx
ZCU111 + RF-SOC evaluation kit and three printed circuit
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FIGURE 5. Prototype of the fully-digital version of the QDA [25].

FIGURE 6. Prototype of the hybrid version of the QDA.

boards (PCBs), namely the FMC+ interface card PCB (used
to send the control bits from the Xilinx board to the Koala
Tech’s DCSC), the DCSC PCB, and the PCB of the amplifi-
cation stage, which is formed by an array of several class-E
PAs. The DCSC and FMC+ interface card PCBs are shown
in Fig. 7.

The PCB of the amplification stage (which can be present
or not, depending on the power requirements of the system)
is shown in Fig. 8.

The Class-E PAs represented in the figure were designed
by Koala Tech and present high energy efficiencies, up to
approximately 70%.

In what concerns to the signal parameters adopted for
this implementation, the QDA prototype was tested with an
OFDM modulation with bandwidth B = 250 kHz1 and N =
64 subcarriers with 16-QAM constellations. The considered
sampling frequency was fs = O × B = 2 MHz, so as to
guarantee oversampling factor O = 8.2 The adopted carrier
frequency was fc = 880 MHz.

1The on-chip implementations of the QDA will allow bandwidths up to
B = 200 MHz.

2The latest optimized implementations of QDA do not have an oversam-
pling factor.

FIGURE 7. Koala Tech’s FMC+ Interface Card and DCSC.

FIGURE 8. Koala Tech’s amplification stage PCB composed by Class-E PAs.

B. PCB IMPLEMENTATION & DESIGN
1) POWER AMPLIFIER ARRAY
As discussed in the previous section, the PA array is com-
posed by 4 individual Class-E PAs [29] (PA1, PA2, PA3,
and PA4) optimized for an output power of 16, 19, 22, and
25 dBm, respectively, at fc = 880 MHz. These were imple-
mented using the Qorvo TGF2977 transistor and off-the-shelf
capacitors and inductors to implement the circuit shown
in Fig. 9. The PAs were designed with load-pull and elec-
tromagnetic simulations using the AWRDesign Environment
and the component’s models from Modelithics. The supply
voltages (VDD), capacitor’s, and inductor’s values are differ-
ent between the PAs, whilst the schematic remains the same
for all, as well as the VGG voltage, which is equal to -2.7 V.

FIGURE 9. Simplified schematic of the class-E PA with the highest power
value.

Fig. 10 shows the measurement results of each PA’s power
added efficiency (PAE) as a function of the output power
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FIGURE 10. Measured Pout and PAE of the four Class-E PA array.

TABLE 1. PA array performance at the desired output power level.

(Pout ), where PAE = (Pout−Pin)/PDC . The graph shows that
each PA reaches the maximum PAE at the designed output
power. The PAE values are approximately between 63% and
70%, with a weighted average value of 67%. Table 1 shows
values of the supply voltage, input and output power, and
PAE, at the desired output power, for each PA of the PA array.

2) DIGITALLY CONTROLLED SMART COMBINER
The smart combiner is implemented using M − 1 power
combining sections connected in a ladder structure, where
the combiner is based on the Wilkinson power combiner
topology [30], using RF single pole double throw (SPDT)
switches at the inputs and at the output to allow reconfigura-
bility, depending on the presence or absence of signals at the
inputs of the combiner. The digitally controlled Wilkinson
power combiner is shown in Fig. 11. When both inputs of
the combiner have signals present (Pin1,2 6= 0), the SPDT
switches at the input connect to the isolation resistance Risol
and the SPDT switch at the output connects to the outputPout ,
i.e., when both signals are present, the circuit behaves as a
typical Wilkinson power combiner. When only one signal is
present, the SPDT switch with the signal will connect to the
output Pout , while the other input SPDT switch connects to
the isolation resistance and the output SPDT switch connects
to the Z0 resistance, i.e., in this configuration the combiner
acts as a bypass circuit, avoiding the loss of half the power
that would occur in the Wilkinson power combiner when
combining a signal with zero. Finally, when no signal is
present at both inputs, the input SPDT switches connect to
the isolation resistance and the output SPDT switch connects
to the Z0 resistance, i.e., the combiner will be in an idle state.

FIGURE 11. Simplified schematic of the digitally controlled Wilkinson
power combiner.

Note that in Fig. 11, Risol = 2Z0, Z1 =
√
2Z0, and

θ1 = λ/4, where Z0 represents the circuits characteristic
impedance and λ is the wavelength. It is also important to
mention that the switches were implemented using Analog
Devices’ HMC190BMS8 SPDT switch. The digital signals
d1, d2, and d3 control the SPDT switches and are set by the
FPGA. The FMC+ interface board is responsible for shifting
these signals voltages (1.8 V) to the appropriate switch volt-
age (5 V), using level shifters. The correspondence between
the configuration bits and the combiner state is summarized
in Table 2.

TABLE 2. Smart combiner control bits.

Starting the combination from the lowest power to the
highest power, and using the previously described com-
biner configurations, it is possible to combine signals with
minimum power loss. The resulting average combination
efficiency for four signals with the output powers shown
in Table 1 was 46.5%.3

V. PERFORMANCE RESULTS
The QDAs’s performance evaluation should consider dif-
ferent aspects, such as the power efficiency, which can be
measured by the PAE, as well as other important performance
aspects related to the communication performance, which
includes the PSD, EVM and the BER.

GNURadio tools were used to measure the EVM and
the signal’s constellation. Moreover, an oscilloscope was
employed to analyze the PSD of the combined signal at the
QDA output. The presented results are similar on both QDA
versions (i.e., for the ‘‘fully-digital’’ and ‘‘hybrid’’ versions),
differing only on the power efficiency. In fact, the power
efficiency for the hybrid version is 20% lower than the one
associated to the fully-digital version, which can be explained
by the PAE of the PAs (≈ 70%).

3Actually, even higher combination efficiencies have been observed in
optimized versions of the DCSC that are currently in their last stages of
development.

VOLUME 9, 2021 87525



P. Viegas et al.: Novel Highly-Efficient Amplification Scheme for Wireless Communications

FIGURE 12. PSD of the combined signal with M = 4 components and the
Wi-Fi spectral mask.

FIGURE 13. PSD of the combined signal measured with the GNU radio
software.

A. QDA ENERGY EFFICIENCY
The overall energy efficiency average of this QDA prototype
is approximately 31.3%.4 This energy efficiencies were cal-
culated by the average products between the weighted aver-
age PAE of the Class-E PA array and the average efficiency
of the DCSC, for each of the Q codes.

B. PSD
The PSD is one of the important performance parameters
to be analyzed, since all transmission systems must be fully
compliant with the spectral mask of the underlying wireless
communication standard. This parameter allows to observe
the out-of-band (OOB) distortion of the transmitted signal.
In Fig. 12, it can be observed that the QDA is compliant with
the spectral masks of Wi-Fi.

Some additional measurements were also made using the
GNU Radio software, namely to analyze the PSD of the
combined signal, which is shown in Fig. 13.

In Fig. 14 can be observed the obtained PSD on the oscil-
loscope, which confirm the results presented above.

4This energy efficiency is also higher with the optimized version of the
DCSC (≈ 50%).

FIGURE 14. PSD of the combined signal measured in the oscilloscope.

C. EVM
The EVM parameter is related to the signal’s integrity in the
in-band region, which is also related to the signal’s constella-
tion. The constellation diagram after the QDA operation can
be seen in Fig. 15.

In Fig. 15, it can be noted that the differences between
the original constellation and the one produced by the QDA
prototype are small. This can be verified by computing the
EVM, which is given by [28]

EVMRMS =

√√√√ 1
N

∑N
m=1 em

1
N

∑N
m=1(I2m + Q2

m)
× 100, (4)

where em = (I − Ĩm)2 + (Q − Q̃m)2, with I and Q denoting
the original constellation values, and Ĩm and Q̃m represent
the received symbols at the mth OFDM subcarrier. The EVM
calculated with (4) was approximately 5% for both versions
of the prototype (i.e., for the fully-digital and the hybrid
versions).

TABLE 3. EVM compliance of the QDA for the constellation sensitivity
standards [27], [31].

Let us consider Table 3, which shows the simulated the
EVM values of the QDA considering a different number
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TABLE 4. Measurement summary and comparison with other architectures found in the literature.

FIGURE 15. Original 16-QAM constellation and received constellation
after the QDA’s operation.

quantization bits and different constellations. From the anal-
ysis of those values, it can be noted that the prototype met
the EVMvalue for 64-QAMconstellations required forWi-Fi
applications.5 Moreover, it can be observed that whenM = 6
quantization bits are considered, the QDA can support even
larger constellations. This demonstrates that the in-band dis-
tortion caused by the QDA prototype is very low and that
besides it exhibits a very high energy efficiency, it does not
compromise the linearity of the transmitted signals.

D. BIT ERROR RATE
The BER is another important performance result to be eval-
uated. In what concerns to the BER evaluation of the QDA,
it can be concluded that the main distortion introduced by the
QDA is the quantization error, which can be interpreted as an
additional noise component. The quantization noise decrease
as the number of quantization bits increases, reducing the
number of errors occurred and consequently improving the
BER curve. This effect can be seen in Fig. 16, which shows

5The EVMproduced by theQDAprototype is also compliant with require-
ments of 4G/5G standards

FIGURE 16. Simulated BER performance of a nonlinear OFDM system.

the simulated BER of a nonlinear OFDM system with a
quantization process, withM quantization bits.
As can be seen in Fig. 16, the BER is denoted as Pb

and it is plotted as a function of Eb/N0, where Eb is the
average bit energy and N0 is the one-sided additive white
Gaussian noise (AWGN) PSD. From the same figure, it can
be observed that with M = 2 quantization bits there is a
considerable performance degradation. On the other hand,
with M ≥ 3, the impact of the quantization noise in the
system performance is minimal.

In Table 4, the performance measurements of other tech-
niques were compared with the ones of the QDA prototype
presented on this work.

VI. CONCLUSION
In this work, a wireless CathLab based on the IEEE 802.11ax
standard was considered. To tackle the well-known amplifi-
cation issues associated to conventional Wi-Fi transmitters,
a novel amplification scheme based on the decomposition of
the Wi-Fi OFDM signal into several low-PAPR components,
which are individually amplified and digitally combined,
is presented. It is shown that the QDA is adequate for different
use cases in the wireless CathLab, ranging from low power
applications such as FFR and high-power applications such
as wireless IVUS. In the latter case, an external amplification
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stage based on highly-efficient PAs can be easily integrated
into the QDA. Moreover, we presented a QDA prototype and
a set of performance results, being demonstrated that a large
energy efficiency can be obtained without compromising the
linearity of the transmitted signals. Therefore, the QDA can
be an excellent solution for the amplification of wireless
CathLab signals.
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