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ABSTRACT
Wedevelop novel RF canceler tuning algorithms for the phase
and amplitude (P&A) based full-duplex (FD) radios in the
open-access NSF PAWR COSMOS testbed. The RF canceler is
a critical component in an FD radio, supporting FD operation
by performing self-interference cancellation (SIC). To enable
algorithm development, we use amobile P&A-based FD radio
to collect a dataset of canceler performance across different
environments within the COSMOS testbed. This dataset is
used to train neural networks (NNs) to predict the optimal
configuration of the RF canceler using input features derived
from an estimate of the self-interference channel. The best
model achieves within 1 dB of the optimal cancellation with
a one-shot prediction, while also achieving a 99% speedup
compared to a baseline gradient descent algorithm. To the
best of our knowledge, this is the first practical implemen-
tation of a NN-based tuning algorithm for a custom RF SI
canceler suitable for small form factor devices, utilizing a
software-defined radio for evaluation.
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Figure 1: (a) System diagram of the mobile P&A-based
FD Radio. Black connections indicate the flow of com-
munication signals. Dotted green lines indicate the
flow of control information. Blue highlighted portions
correspond the entire P&A-based canceler PCB. The
orange highlighted components are all on board the
SDR. (b) The mobile P&A-based FD Radio

Kong, China. ACM, New York, NY, USA, 8 pages. https://doi.org/10.
1145/3737895.3768304

1 INTRODUCTION
Full-duplex (FD) wireless holds the potential to double the
data rate at the Physical (PHY) layer and can enable novel
higher layer applications (e.g. joint communication and sens-
ing) [1, 2]. Thus, FD wireless has been of significant interest
to the research community as an enabler of next-generation
wireless networks [3–5]. Additionally, FD has the ability
to improve the reliability of high-volume, low-throughput,
low-power IoT systems, such as LoRaWAN, which rely on
gateways that must serve numerous end devices and are
encumbered by packet collisions [6–8].
The biggest challenge in FD wireless is overcoming the

significant self-interference (SI) that drowns out the signal
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of interest. Depending on the transmit power, upwards of 90
dB of SI cancellation (SIC) can be required. SIC is typically
performed in three stages: (i) isolation between Tx and Rx
antennas, (ii) on the received RF signal, (iii) and on the digi-
tized received baseband data [1]. We refer to the total of (i)
and (ii) as RF SIC, and (iii) as digital SIC.
Isolation is the inherent loss of the transmit signal as it

travels over the air to the receive antenna or as it leaks
through the circulator into the Rx chain. An RF canceler
emulates the SI channel in circuitry and subtracts a copy of
the transmit signal that is sent through this circuit from the
received signal. There are numerous hardware approaches to
RF cancellation, including time domain equalization (TDE)
cancelers [9], frequency domain equalization (FDE) cancelers
[10], and phase and amplitude (P&A) based cancelers [11].
The challenge at the RF stage lies in configuring the canceler
circuitry to emulate the SI channel in real time. This can be
especially difficult in dynamic environments. In general, the
goal of RF cancellation is to provide enough cancellation such
that the Rx chain is not saturated and the downconverted and
digitized signal is not distorted. Then, digital SIC algorithms
can suppress the residual SI to the noise floor.
Two types of FD radios have been deployed in the COS-

MOS testbed, an FDE-based RF canceler and the P&A-based
RF canceler [12–15]. An automated algorithm based on a
circuit model of the FDE-based RF canceler was presented in
[10], however the current P&A-based FD radio deployments
rely on manual configuration. This motivates us to develop
automated algorithms for configuring the cancelers.
We apply neural networks (NNs) to the P&A-based FD

radios to develop and validate automated configuration algo-
rithms. We choose NN-based algorithms for two reasons: (i)
they enable one-shot predictions which are orders of magni-
tude faster than iterative approaches and (ii) system models
become very difficult for complex cancelers and antenna in-
terfaces, making direct solution of an optimization problem
expensive and possibly infeasible. Though the P&A-based
canceler is not at this level of complexity, its deployment
in COSMOS allows us to use it as a proof of concept for
NN-based algorithms. In order to train the NNs, we collect
a dataset of canceler performance across different environ-
ments using a mobile version of the P&A-based FD radio. To
the best of our knowledge, this is the first real-world applica-
tion of NNs for RF cancellation in practical, small form-factor
FD radios. These tuning algorithms are verified by experi-
ments performed in the COSMOS testbed, which show that
NN-based algorithms can achieve upwards of 24 dB of can-
cellation in 4 ms.

Figure 2: The self-interference before and after 35 dB
of RF SIC.
2 RELATEDWORK
Though it has been explored for digital SIC [16], the existing
work on machine learning for real time RF canceler tuning
is limited. Earlier works utilize different descent methods
[17–19], as well as model-based approaches [10]. For more
complex cancelers, offline measurements are used to aid the
model-based approach [3]. More recent works have utilized
deep learning to accelerate this process for a two-tap vector
modulator canceler [20]. This work however, utilizes a bench-
top setup, not suitable for practical deployment. The most
advanced, practical system demonstrated real-time adaptive
cancellation utilizing a 16-tap time-domain canceler with
configurable gains and delays using a sparse reconstruction-
based algorithm and offline tap characterizations [21]. This
work utilizes an FPGA to accelerate the configuration pro-
cess. The reported convergence times for each algorithm are
10ms [10], 1ms [3, 17], 0.5ms [19], 28 ‘ s [18], and 6 ‘ s [20].
It should be noted that [18–20] use test equipment for evalu-
ation and are not implemented in a practical radio system.

3 COSMOS FD DEPLOYMENTS
We utilize the P&A-based FD radio deployed in the open ac-
cess COSMOS testbed indoor sandbox-2 (sb2) environment,
a mobile version of the P&A-based FD radio in the sandbox-1
(sb1) environment. These radios are available alongside other
next-generation wireless technologies, such as millimeter-
wave phased arrays. For details on the FD radio deployments
in COSMOS and their integration in the sandbox environ-
ments, we refer the readers to [14].

For completeness of the paper, we provide the reader with
an overview of the P&A-based FD radio used in this work.
The P&A-based FD radio contains 4 main components: (i)
circulator, (ii) programmable antenna tuner, (iii) P&A-based
canceler, and (iv) a SUB-20 controller. The programmable an-
tenna tuner sits between the circulator and antenna interface
shown in Figure 1(a). This allows for different impedance
matching to reduce reflections from the antenna interface.
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