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ince the invention of the radio, transmission
and reception have been separated to pro-
tect the receiver (Rx) from being jammed by
self-interference (SI), i.e., the interference that
comes from the colocated radio transmitter
(Tx). This separation is called duplexing. Today’s wire-
less systems still rely on duplexing to avoid SI—many
short-range or local area radios, such as Bluetooth
and WiFi transceivers, transmit and receive in non-
overlapping time slots, called time-division duplexing
(I'DD), while other modern wireless systems, such as
the majority of today’s cellular systems, use frequency-
division duplexing (FDD) to separate the transmission

and reception in the frequency domain. Both TDD and
FDD are half duplex, where the separation of the trans-
mitted and received signals of a single user in either
frequency or time causes inefficient utilization of lim-
ited wireless resources.

Full-duplex (FD) wireless, an emerging wireless
communications paradigm, allows simultaneous trans-
mission and reception at the same frequency, promis-
ing a significant enhancement in spectral efficiency at
the physical layer. This results in many other benefits
at the wireless network level, such as achieving better
spectral efficiency, reducing network and feedback sig-
naling delays, and resolving hidden-node problems to
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50 dB were obtained by the circulator and the FDE-based
RF SI canceller across a 5-MHz BW, and 45 dB were
obtained by the digital SIC. Compared with the imple-
mentation in [50], we achieved 1) higher SIC in the RF
domain by using a compact FDE-based RF SI canceller
and 2) 5-dB higher overall SIC supporting a 5-dB higher
average Tx power level. Our ongoing work in this area is
reported in [53], and future work will focus on integrat-
ing our actual IC designs into the testbed and on leverag-
ing its flexibility for evaluation of MAC protocols.

Conclusions

Integrated FD is suitable for many applications rang-
ing from backhaul, relays, and Wi-Fi to small-cell LTE
(where cancellation requirements are relaxed com-
pared to macro cells). The Columbia FlexICoN project
has been focusing on IC-based FD transceivers span-
ning RF to mm-wave, reconfigurable antenna cancel-
lation, nonmagnetic CMOS circulators, and MAC-layer
algorithms based on realistic hardware models. While
exciting progress has been made in the last few years
by the research community, several problems remain
to be solved before FD wireless can become a widely
deployed reality.

Continued improvements in IC-based FD trans-
ceivers toward increased total cancellation over wide
BWs and support for higher Tx power levels through
improved Rx and circulator linearity are necessary.
Incorporation of FD in large-scale phased-array trans-
ceivers is another open research problem, with initial
progress along these lines reported in [54]. The exten-
sion of IC-based SIC concepts to MIMO transceivers
is an important and formidable challenge. In a MIMO
transceiver, SI will exist between every Tx-Rx pair,
and a brute-force implementation will cause canceler
complexity to scale quadratically with the number of
MIMO elements. Our most recent work focuses on
addressing this issue by exploiting area- and power-
efficient passive RF and baseband active wideband
MIMO cancellation with shared delay elements [55].
At the higher layers, while extensive recent research
has been devoted to this area, the implications of dif-
ferent possible physical-layer implementations are
still not fully understood. Moreover, there are still sev-
eral important open problems related to MAC-layer
design for both cellular and random-access networks.
Specifically, it is necessary to design algorithms that
support asymmetric uplink and downlink traffic
requirements. In addition, it is important to consider
interference management in OFDM networks jointly
at the physical and MAC layers.
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