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Abstract— The challenge of a full-duplex single-channel 

system is the method to transmit and receive signals 

simultaneously at the same time and on the same frequency. 

Consequently, a critical issue involved in such an operation 

is the resulting self-interference. Moreover, for MIMO 

system, the full-duplex single-channel system is subjected to 

the very strong self-interference signals due to multiple 

transmitting and receiving antennas. This paper proposes 

various method to cancel the self-interference. 
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I. INTRODUCTION 

Nowadays, multiple-input multiple-output (MIMO) system is 

the promising technology for the next generation of wireless 

communication systems as MIMO system can provide a wide 

coverage area, a high spectral efficiency, and an increased 

system capacity. The MIMO system employs the multiple 

antennas to transmit signals on the same frequency which 

cause the strong interference signals at the receiving antennas 

on the same side. These interferences are more pronounced 

when operating the full-duplex single-channel MIMO system 

the full-duplex single-channel system is one of the most 

interesting technologies for future wireless communications 

because it can offer double throughput from any conventional 

system without paying any expenses of spectrum. This is 

because the system is able to receive and transmit 

simultaneously within a single channel. In the literature, the 

problem of full-duplex interference has been addressed on the 

specific configuration of MIMO relay nodes. The self-

interference Cancellation is introduced to be used at only 

relaying node.[1–3]. So far there have not been any 

techniques proposed for source or destination. In this light, 

the authors propose the new technique to suppress the self-

interference for full duplex single-channel MIMO systems. 

From the literature on RF interference cancellation, the work 

in [4–9] presents a full duplex wireless system that can 

transmit and receive signals at the same time and on the same 

frequency band since it requires at least two antennas having 

one for transmitter (Tx) and one for receiver (Rx).The key 

challenge in realizing such a system lies in addressing the 

self-interference generated by the Tx antenna at the Rx 

antenna. For example, one can implement the above self-

interference cancellation idea completely in analog domain 

using noise cancellation circuits reported by Radunovic et al. 

[5]. But the practical noise cancellation circuits can only 

handle a dynamic range of at most 30 dB. Another technique 

in [6] employs the antenna cancellation by using three 

antennas to create a beam forming null. This method cancels 

the self-interference at the receiver antenna by using antenna 

placement as an additional cancellation technique or antenna 

cancellation. The antenna cancellation requires two 

asymmetrically placed transmitting antennas and one 

receiving antenna. This three-antenna system can remove 60 

dB reduction of self-interference power for a802.15.4 system. 

Although it looks promising, the antenna cancellation-based 

designs have two major limitations. 

The first is that they require three antennas having 

two transmitting antennas and one receiving antenna, which 

are very sensitive to the relative location of antennas and any 

material around them. It is a fact that the full-duplex system 

can have double throughput, but with three antennas a MIMO 

system can have triple throughput. Hence, the use of multiple 

antennas for only full-duplex purpose is not worth. The 

second limitation is a bandwidth constraint, a theoretical limit 

which prevents supporting wideband signal such as WiFi.  

The MIMO techniques for wireless communications 

have been studied extensively over the past decade as a means 

of achieving significant capacity gains needed for supporting 

high-rate wireless broadband applications [10]. A critical 

factor in the design and analysis of MIMO systems is the 

theoretical models which are used for representing the MIMO 

transceiver as well as the wireless fading channel. 

II. PROBLEM FORMULATION 

This paper focuses on the full-duplex wireless 

communications operating on the same frequency and at the 

same the simultaneous transmitting and receiving signals can 

be achieved via the cancellation of the self-interference 

signal. However, the problem is that the self-interference is 

billions of times stronger (60–90 dB) than a received signal; 

for example, for WiFi the self-interference would be nearly 

up to 80 dB stronger. Hence, the main key success is to 

eliminate the self-interference as much as possible. In this 

section, the overview of full-duplex system is presented in 

order to be the basic knowledge before getting to the main 

problem of this work. Next, the survey of RF interference 

cancellation techniques is detailed. 

A. Full-Duplex Wireless Communication 

Currently, full duplex wireless systems achieve the isolation 

required between the two directions of communication using 

independence in either time or frequency. Accordingly, these 

duplexings are called time division duplexing (TDD) and 

frequency division duplexing (FDD). The TDD system is the 

system that divides the access of each node in time. TDD is 

also commonly known as half-duplexing. Other fullduplex 

wireless systems separate the Tx and Rx functions in the 

frequency domain, the so-called FDD, and may operate using 

two different carrier frequencies for carrying transmissions. 

In this case, nodes 1 and 2 can send data to each other at the 

same time, although using two different frequencies. The use 

of different frequencies prevents the two signals from 

interfering with each other, even though the two 

transmissions occur at the same time. Time division 

duplexing exacerbates the inconsistency in the channel views 
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across nodes. Since only one node among a pair of 

communicating nodes can transmit at a given time, the 

wireless channel around the transmitting node may look 

occupied, such inconsistencies are the root cause of many of 

the problems with time division duplexing wireless networks, 

such as packet losses due to hidden terminal effects. On the 

other hand, frequency division duplexing requires a wireless 

node to use twice the frequency bandwidth for sending and 

receiving signals of a given bandwidth. In some cases, this is 

expensive and infeasible. The key challenge in implementing 

a full-duplex wireless system, where a device can 

simultaneously transmit and receive signals over-the-air at 

the same time and in the same frequency band, is the large 

power differential between the self-interference from a 

node’s own transmission and the signal of interest coming 

from a distant source. 

B. Single-Channel Full-Duplex Wireless Communications  

A basic perception of wireless communication is that a radio 

cannot transmit and receive on the same frequency and at the 

same time. As wireless signals attenuate quickly over 

distance, the signal from a local transmitting antenna is 

hundreds of thousands of times stronger than transmissions 

from other nodes.  

 
Fig. 1: Self-Interference in The Single-Channel Full-Duplex 

Wireless Communications using One Transmitting Antenna 

& One Receiving Antenna 

Figure 1 shows an example where nodes 1 and 2 are 

trying to send data to each other simultaneously using the 

same frequency. Node 1 own transmission is much stronger 

at its receiving antenna, compared to the signal it receives 

from node 2.With such strong self-interference, the receiver 

of node 1 is unable to decode any signals that node 2 is trying 

to send to node 1. This example shows that the biggest 

challenge in designing single-channel full-duplex wireless 

communications is to eliminate the self-interference signal 

from the receiver of the wireless node. In theory, this problem 

should be easy to solve. For a system with antennas each for 

transmitting and receiving, since the system knows the signal 

of transmitting antenna, it can subtract this from the signal of 

receiving antenna and decode the remainder. 

III. SURVEY ON SI CANCELLATION METHODS 

A. Cancelling Self-Interference in Full-Duplex without 

Angle-of-Arrival Information 

 

A new blind adaptive scheme for spatio-temporal suppression 

of self-interference in full-duplex relays has been presented. 

The method is effective and is capable of partially mitigating 

multipath propagation in the source-to-relay channel. 

 
Fig. 2: Channel Capacity versus SNR for 80% Interference 

Reduction 

The only information required is knowledge of the 

power spectrum of the source signal, since the basis of the 

algorithm is the restoration of said power spectrum at the 

relay output. In particular, the new scheme does not require 

knowledge of the AoA of the source signal, in contrast with 

previous approaches. This is achieved at the cost of having M 

adaptive filters in parallel, whereas just one of these suffices 

when AoA information is available. Future work will focus 

on developing AoA-blind schemes with reduced complexity. 

B. Self-Interference Cancellation using Pre Nulling Method 

In this pre nulling method using multiple antennas at the 

transmit side of the full duplex relays was proposed for SI 

suppression 

 
Fig. 3: BER Performance at the Destination as a Function of 

gR According to the Conventional SISO Method and the 

Proposed Pre Nulling Method 
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C. Self-Interference Suppression Schemes based on 

Dempster-Shafer theory 

In this method the novel SI suppression schemes based on the 

DS theory were proposed at the relay and source nodes for 

the two-way FD MIMO relay system. In the MA phase, DS-

NC adopted the DS evidence theory to estimate the signals of 

each source node with SI considered in the BPA computation. 

Furthermore, the proposed DSPNC scheme considered SI 

suppression from the vector space perspective and combined 

the PNC mapping rule with the DS theory to obtain the 

network-coded signal directly. For comparison, DS-PNC-

MMSE that combined the DS-PNC and MMSE filter 

schemes was presented. In the BC phase, antenna selection 

was adopted at the relay and the DS scheme exploited at the 

source nodes was similar to DS-PNC but without considering 

the PNC mapping rule in the BPA computation. Meanwhile, 

the effects of imperfect SI channel estimation and the 

intended channel estimation on the proposed schemes was 

also studied. Finally, the proposed DS-PNC scheme was 

studied under the SI signal model with nonlinear distortion 

and RF analog cancellation. Simulation results revealed that 

the proposed DS-PNC scheme was a little more sensitive to 

the channel estimation errors than the traditional spatial-

domain schemes. However, the proposed schemes 

outperformed spatial-domain schemes with the perfect 

channel state information. Furthermore, considering the SI 

signal model with nonlinear distortion and RF cancellation, 

the DS-PNC scheme was also superior to the traditional 

schemes andmore robust to the SI. Meanwhile, the DS-PNC 

scheme achieved the same diversity gain as the ideal 

cancellation. 

 
Fig. 4:  BER Performance Comparision of Different 

Schemes in MA Phase 

D. Nonlinear Self-Interference Cancellation in MIMO Full-

Duplex Transceivers under Crosstalk 

In this method, a novel digital self-interference canceller for 

a nonlinear MIMO in band full-duplex transceiver was 

presented. The canceller is based on a comprehensive signal 

model for the SI observed in the digital domain, which 

includes the effect of crosstalk occurring between the 

transmit chains, while also incorporating the most significant 

RF imperfections. Furthermore, it was also shown that the 

signal model is valid for various different RF cancellers. To 

control the complexity of the cancellation procedure, a novel 

principal component analysis based scheme was then 

proposed, which can be used to control the number of 

parameters in the signal model. With the help of waveform 

simulations, the proposed digital canceller was shown to 

cancel the SI nearly perfectly, even when its computational 

complexity was significantly reduced using principal 

component analysis. Simulations, the proposed digital 

canceller was shown to cancel the SI nearly perfectly, even 

when its computational complexity was significantly reduced 

using principal component analysis. 

 
Fig. 5: The Increase in the Noise Floor Due to Rediual SI 

With Respect to the Parameter Estimation Sample Size (N) 
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