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ABSTRACT 

Expanding the coverage of network with different techniques is necessity and 

demand oftoday's !ife. As the population increases, the demand for more solutions to 

give more capacity and to reach everyone on the whole world with network also 

increases. Recent studies have confirmed that interferences, such as co-channel 

interferences (CCis) and self-interferences (Sis), have an enormous impact on wireless 

communication systems and can cause significant performance degradation. Relaying 

techniques, in which an origin node communicates to the destination node with the help 

of intermediate node, have been introduced as a cost-effective solution to address the 

ever growing need for high data rates and available services over the air. As such, it is 

crucial to design relay systems that can not on! y provide high spectral efficiency but 

also full y take advantage of the relay channel diversity. 

With this objective in mind, this thesis investigates the SI's and CCI's 

cancellation techniques for Full-Duplex (FD) Amplify-and-Forward (AF) relay 

equipped Multiple-Input-Multiple-Output (MIMO) antenna system. 

This thesis is concerned to develop an efficient SI cancellation algorithm for 

MIMO relays in the indoor wireless communication system. Transmit and receive 

simultaneously the same radio signal create an SI around the relay transceivers due to 

the loop-back signais. The main challenge of implementing FD-MIMO relay is to 

mitigate the performance deterioration induce or involve by the SI. This work presents 

an efficient algorithm for mitigating this SI by using Two Stage Projection Algorithm 

(TSPA) which consists oftwo steps called Null Space Projection (NSP) and Subspace 

Projection (SP) to reduce or cancel the SI. Simulation results show that the SI of the 

proposed method is efficient! y minimize. 
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RÉSUMÉ 

Élargir la couverture des services du réseau aux endroits difficiles et aux régions 

éloignées est un besoin de plus en plus nécessaire de nos vies quotidiennes actuelles et 

futures. L'augmentation de la population et la demande accrue de services et de 

solutions de communication requièrent l'augmentation de la capacité des moyens de 

communication tout en permettant une couverture plus efficiente et plus étendue des 

territoires et régions faiblement peuplées dans le Canada et dans monde. Des études 

récentes ont confirmé que des interférences comme les interférences dans le même 

canal (ICC) et les interférences mutuelles (SI) ont un impact énorme sur les systèmes 

de communication sans fil et peuvent entraîner une dégradation significative des 

performances. Les techniques de relayage, dans lesquelles une source émettrice 

communique avec un récepteur destinataire l'aide d'un nœud intermédiaire, ont été 

introduites comme des solutions pour répondre au besoin croissant de débits plus élevés 

et de couverture étendu pour les communications sans fil. En tant que tel, il est essentiel 

de concevoir des systèmes de relais capables non seulement d'offrir une grande 

efficacité spectrale du signal radio, mais aussi de bénéficier pleinement des facilités de 

la diversité antennaire. Pour répondre à cet objectif, ce mémoire présente une étude sur 

une technique originale de réduction et d'annulation des interférences induite par un 

relayage quasi instantané sur un même signal radio en utilisant les antennes multiples 

du relais. Transmettre et recevoir simultanément le même signal radio au niveau du 

relais, créent une auto-interférence en raison des signaux de bouclage. Le défi principal 

de la mise en œuvre du relais est d'atténuer et d'annuler la destruction ou la perte de 

l'information relayée. L'originalité de du travail réside dans la proposition d'un 

algorithme efficace utilisant une double projection 1 'une à 1' entrée du relais et une autre 

à la sortie du relais. Les résultats obtenus démontrent une réduction significative des 

interférences comparativement à d'autres travaux. 
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CHAPTERl 

INTRODUCTION 

Wireless communication is one of the very few inventions which has been able to 

shrink the world in an exceptional manner. The standards that define how wireless 

communication contrivances interact are expeditiously converging and will sanction 

the building of a global wireless network that will distribute a broad range of services. 

Recent communication system operates over a wide variety of communication 

channels including a convoluted pair ofwires, coaxial cable, optical fibers, and wireless 

channels. Ali practical channels introduce sorne distortion, noise, and interference. 

Wireless communication systems face incrementing challenges due to the ever

growing demand for high data rates and Feasible services over the air. 

Modern wireless Communication is the fastest rising and most vibrant high-tech 

areas in the communication arena. Current wireless communication systems face 

increasing challenges for high data rates, reliable communications, coverage 

enhancements, and Jess power requirements. Multiple-input multiple outputs (MIMO) 

is an antenna system for communications in which antennas are used at both transmitter 

and receiver. Relays that receive and transmit the signal between the sources and 

destinations to increase the throughput extend coverage of communication links. 

MIMO relaying can be recognized as an effective candidate increase the data rate, 

provide reliable communication and enhance the wireless communication coverage. 

Cooperative FD-MIMO relaying scheme provides a promising technique to enhance 

coverage area, system reliability, the throughput ofwireless communication system. 

Cooperative relaying is a novel technique for wireless communications promising 

gains in throughput and energy efficiency. In cooperative relaying techniques, the re lay 

nodes provide support in transmission from one node to another node. In [1-4], a cost-



4 

effective method has been proposed to fulfill sorne of the demands in the future wireless 

network system where there is no communication link between one nodes to another 

node orthe link is weak. In particular, in the context of cellular networks, the adaptation 

of re lay technology [ 5], the interface environment becomes increasingly complex. 

The deployment of re lay node has been shown to extend coverage, fill coverage 

hole, enhance reliability, and improve spectral efficiency per unit area. This can be 

achieved without installing high costly extra base stations, e.g., site acquisition and 

backhaul cost. As, relaying is one of the key features currently being considered in 

severa! wireless standards such as 3GPP, LTE, etc., it is essential for future wireless 

standards to have re lay schemes that not on! y increase the reliability of the wireless 

network but also present a high spectral efficiency [ 6-7]. 

In the cooperative relaying communication system, due to the broadcast nature of 

wireless transmission, few nodes in the network link may li sten to the transmitted signal 

from the source end. When a direct communication between the source and destination 

fails, the channel variations ofthose nodes keep a copy of the transmitted signal. This 

could help to re-transmit the source signal to the destination. The relay mainly can 

function in two different approaches: The Amplify-and-Forward (AF) relay and the 

Decode-and- Forward (DF) re lay. The AF re lay amplifies the received signal and then 

forwards it to the destination. The D F relay first decode and re-encode the received 

signal and then send it to the destination. 

1.1. Research Problematic 

In wireless communication system, interferences have a significant impact on a 

wireless system's performance, and it causes the performance degradation of the 

system. Interferences occur when unwanted signais interrupt wireless communication, 

including multipath propagation, shadowing, channel fading, Doppler shift, noise, path 

Joss, and loopback self-inference etc. The multipath propagation Joss and the loopback 
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interference are the mam reasons of performance degradation. The multipath 

propagation phenomenon that marks in wireless signais reaching the receiving antenna 

by non-line-of sight (NLOS). The effects of multipath comprise of constructive and 

damaging interference and phase shifting of the signal. In digital telecommunications, 

multipath can cause errors and affect the quality of communications. A relaying 

technique plays a vital role to overcome this problem. But it also suffers from loopback 

Sis, CCis when the simultaneous data transmission and reception occurs in the same 

frequency channel. 

1.2 SI Cancellation Techniques: A Review 

This an ineluctable interrogation for SI cancellation techniques in full-duplex is 

what is the propagation characteristics of SI channel. Previously many sc herne has be en 

applied prior to low noise amplifier or analog-to-digital converter techniques. Proper 

SI cancelation techniques requires a clear understanding of SI channel propagation 

characteristics and mode ling. The SI channel has diverse characteristics of propagation 

pfforward channel A few preliminary studies concerning propagation characterization 

of SI channel have been described. In [8], A FD relay SI channel are measured at 

2.6GHz for outdoor-to-indoor communications. The measurement was done for two 

different cases: a solid relay and separate relay. Especially, for a separate relay 

scenario, relation of antenna suppression and separation distance is investigated. In [9], 

indoor mobile single-input-single output (SISO) SI channel propagation characteristics 

of a shared single omni-dipole antenna with circulator are studied, signifying that the 

corresponding SI channel power delay profile has three components: leakage path and 

reflection due to antenna port mismatch, space multipath due to surrounding 

environment. In [10], the SI channel and antenna suppression of SISO bandwidth in 

varions circumstances are analyzed for ultra-wideband 3GHz to lOG Hz. In [Il], the 

authors are studied the performance of self-interference cancellation, where sorne parts 

are related to the SI channel characteristics. They are tried to find the environmental 
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reflections limit cancellation performance that passive SI suppression can achieve. 

Authors in [12], assume that the SI channel is Ricean distributed and characterize K

factor for the SI channel prior to RF cancellation, after RF cancellation, and after digital 

base band cancellation. However, little attention has been paid to MIMO FD SI channel. 

The FD SI cancelation technique can be implemented via digital and analog approach. 

For the digital approach, the transmit signal in digital baseband and properly 

reconstruct SI by adjusting the attenuation and phase accordingly. The reconstructed 

SI signal is converted/up-converted to RF analog domain, and combined with SI signal 

prior to low noise amplifier via a coupler [13-17]. For analog cancellation approach, 

one of the most widely used approaches is multi-tap structure, which is similar to 

analog FIR filter. In [19-20], authors propose a 12-tap Analog SI cancellation with 

variable attenuator and fixed delay line for shared single antenna circulator 

configuration, working with the wide bandwidth, 80MHz, and data rates used by the 

latest 802.11ac in the 2.4GHz spectrum. In addition, RF/ Analog SI cancellation will 

introduce nonlinear distortion due to higher transmitted power, which effectively 

increases the receiver noise. Authors in [21, 22] try to solve this problem by proposing 

RF 1 Analog SI cancellation nonlinear suppression technology, in which the nonlinear 

distortion is modeled by memory polynomial. In the subsequent cancellation stages, 

the mode! estimations are subtracted instantaneously from the received signal 

containing nonlinear distortions. Also, the authors are conducted on AF re lay system 

has ignored the CCis in [22-26]. However, in practice, the system's achievable 

performance is inevitably degraded by CCis generated by external interfering sources. 

Moreover, in [27-35], the analyses are limited to interference mode! and proposed 

interference cancellation algorithms to reduce or cancel the interferences. Despite ali 

of the approaches as mentioned above, complete cancellation of the interference signal 

has not been achieved to date. 
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1.2. Contribution of Thesis 

In future wireless networks require relaying protocols that can fully exploit the 

channel as weil as pro vide high spectral efficiency. Motivated by this fact, the objective 

of this thesis is to investigate the loopback interference around the relay and a 

mathematical method to analyze the performance of the re lay system in the presence 

of inferences. We proposed a two-stage projection algorithm (TSP A) to cancel the 

loopback interference around the re lay. 

1.3. Structure of Thesis 

The rest of the thesis is structured as follows: 

Chapter 2 provides sorne background material and introduces important concepts 

which will be used throughout the thesis. 

In the next chapter we introduce cooperative communications and outlines the used 

protocols as weil as the different techniques. 

Chapter 4 presents a mathematical analysis of dual-hop amplify-and-forward FD

MIMO relaying system in the presence of interferences. Moreover, in this chapter we 

discuss the proposed approach in detail to cancel the SI. 

In chapter 5 the simulations are carried out and based on the proposed approach. 

The BER, SNR and performance metrics are also included in this chapter. 

Finally, Chapter 6 concludes the thesis by reaffirming our contributions and further 

studies. 
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CHAPTER2 

WIRELESS COMMUNICATION 

2.1. Introduction 

Wireless communication systems are the fastest developing technologies in 

communications commerce over the past few decades due to the massive demand for 

mobile access. The first inauguration of wireless communications was back in 1895 

when Guglielmo Marconi transmitted a three-dot Morse code for the letter 'S' over a 

distance of 3 kilometers using electromagnetic waves [36]. Then, wireless 

communication has gone through an outstanding development regarding combined 

circuitry and scientific advances to the complex networks which we have now. From 

satellite transmission, radio and television broadcast to the continuing development of 

4G for mobile communications ali stimulated by the never-ending quest for higher 

throughput, reliability, faster data transfer and cost efficiency. Exploiting the technical 

development in radio hardware and integrated circuits, which allow for the 

implementation of more complicated communication schemes, would require an 

evaluation of the fundamental performance restrictions ofwireless networks [37]. 

The wireless network system can usually be observed as a set of links trying to 

communicate with each other. However, the broadcast nature ofwireless channels, one 

may think of those links as a set of antennas distributed in the wireless system. 

Transmission between these antennas suffers from much degradation which inspires 

considerable research on how to effectively combat these adverse effects that impair 

signal transmission. Cooperative relaying is one of the techniques that could combat 

these problems. It is a unique technique for wireless communications systems, which 

helps to have promising gains in throughput and spectral efficiency. The simple idea 

of cooperative relaying is: A deviee transmits a signal to a destination. The third deviee 
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listens to this transmission and relays the message to the target. Then the destination 

combines these received signal to improve decoding. Sorne ofthese channel problems 

will be outlined for a clearer understanding of the Cooperative Communication 

methodology [36,37]. 

2.2. Channel Impainnents 

The conditions or factors that degrade or disturb the communication between the 

source to destination is called channel impairments. We are going to discuss the 

channel impairments factors as given below: 

2.2.1. Path Loss 

In a wireless communication system, where a transmitter communicates with a 

receiver by sending an electromagnetic signal via a wireless medium, the strength of 

the signal attenuates as it traverses the medium and, thus, becomes weaker as the 

propagation distance increases. Beyond a certain distance, the attenuation becomes 

unacceptably great, and repeaters or arnplifiers would be required to boost the signal at 

regular intervals. These problems are more complicated when there are more than one 

receivers, where the distance from the transmitter to receiver is variable [37]. The 

amount of degradation in the signal strength concerning the distance can be 

characterized by the ratio between the transmitted power, Pt and the received power,Pr 

which is denoted by [3 8]: 

P _Pt 
L-

Pr 
(2.3) 

This ratio is used to quantify the effect of path Joss, and the value may depend on 

the geographie environment as weil as certain radio properties, such as the spaciousness 

of the environment, the transmission distance, the radio wavelength, heights of the 

transmitter and receiver, etc. The path Joss is usually represented in decibels by: 

(2.4) 
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Several path loss models exist, such as, the free space model, two-ray model, log

normal model, etc. [64]. 

2.2.2. Free Space Path Loss Model 

In wireless communication networks, electromagnetic waves propagating through 

free space practice an attenuation or reduction in power density. This phenomenon is 

known as path loss and is caused by many factors which in elude absorption, diffraction, 

reflection, refraction, the distance between transmitter and receiver, height and location 

of the antenna, atmospheric conditions moisture in air and knife edge scenanos, 

including vegetation and trees. 

For an ideal isotropie antenna, free space path loss could be calculated using the 

formula [3 7]: 

P, ( 4rrd) 2 
( 4rrf d) 2 

Pr A_2 cz 

Where: 

Pt~ signal power at the transmitting antenna 

Pr~ signal power at the receiving antenna 

Je~ carrier wavelength 

f ~ carrier frequency 

d ~ propagation distance between antennas 

c ~ speed oflight (3 x 108 mjs) 

(2.5) 

Considering non-isotropie antennas where their gain is taken into consideration, 

the following equation is used: 

Pt (4rr) 2 (d) 2 (M) 2 (Cd) 2 

- = ---- = -- = --

Where: 

Gt~ gain of the transmitting antenna 

Gr~ gain of the receiving antenna 

(2.6) 



At ~effective area of the transmitting antenna 

Ar ~ effective are a of the receiving antenna 
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From the above relation, the received signal power is contrariwise related to the 

distance between the source and the destination. It implies that the cl oser the receiver 

or re lay to the source, the greater is the detected power of the signal [37]. Howsoever, 

real-life conditions are not "free space." Since the earth acts as a reflecting surface, 

other severe models may apply [38]. 

2.2.3. Shadow fading Model 

In communication system, fading may either be due to multipath propagation, 

referred to as multipath induced fading, weather received signal strength fluctuation 

around the mean value due to radio signal blocking by buildings ( outdoor), walls 

(indoor), and shadow from obstacles affecting the wave propagation, sometimes 

referred to as shadow fading. When the received signal shadowed by observations such 

as buildings, hills or walls, it results in variation of local mean received power. 

Pr (dB)= ?,.(dB)+ G5 

Where ?,.(dB) is received signal power due to the path Joss. 

2.2.4. Multipath Propagation 

In a mobile wireless communication system, a signal cau be transmitted from 

source to destination through multiple reflective paths which are known as multipath 

propagation and is demonstrated in Figure 2.1. Multipath propagation causes 

instabilities in signal 's amplitude, phase and angle of arrivai creating multipath fading. 

The three (surface reflection, direct path, and bottom reflection) propagation 

mechanisms plays a role in the multipath fading: 
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that 1s largerelâti veto the signal' s wavel ength. An.mdication ofthi sis shown in Fig~.~ re 

~n 

2.2.4.2.Dlflhctiou 

It occurs a~ the e<:lge or a dense lïo<:ly wlucll ts 1 arg~t compar.ed t.o Ille $Jgnal' $ 

wavel ength as indit ated in Figure 2. 1. It is tènned shadowing fc)r as mu ch as· the signal 

CaJ11·each tbe rece!Ver eve11 if 1\. e11COU11ters a: cOin pact body 
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2.2.4.3.Scattering 

It occurs when the propagating radio wave encounters a surface with dimensions 

on the order of the signal's wavelength or Jess and causes the incoming signal to spread 

out (scatter) into severa! weaker outgoings in ali directions. 

2.2.5. Doppler Effect 

In wireless system, the Doppler Effect is the relative motion between the 

transmitter and the receiver causes Doppler shifts. Local scattering typically cornes 

from many angles around the mobile. This scenario causes a range of Doppler shifts, 

known as the Doppler spectrum. The maximum Doppler shift corresponds to the local 

scattering components whose direction exactly opposes the mobile trajectory. Due to 

Doppler spread, fading effects can also be classified as fast fading and slow fading. 

2.2.5.1. Fast Fading 

It is a scenario where the channel impulse response changes rapidly within the 

symbol duration. It could also be described as a situation where coherence time of the 

canal, TD, is smaller than the symbol time of the transmitted signal. Here the channel 

imposes an amplitude and phase change which varies considerably over the term of 

use. 

2.2.5.2. Slow Fading 

Slow fading is the result of shadowing by buildings, mountains, hills and other 

objects. In this situation, the coherence time of the channel is large relative to the delay 

constraint of the canal. The channel imposes an amplitude and phase change that is 

roughly constant over the period of use. 
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2.2.6. Multipath Fading 

Multipath fading is an attribute that needs to be taken into account when designing 

or developing a wireless system. In wireless Communication system, the signal will 

reach the receiver not only via the straight path but also as an outcome of reflections 

from objects such as buildings, bills, ground, water, etc. that are adjacent to the main 

path. 

Multipath fading cau affect wireless communications channels in two fundamental 

ways. This cau give the way in which the effects of the multipath fading are mitigated. 

2.2.6.1.Flat Fading 

Flat fading or non-selective fading occurs when the bandwidth of the transmitted 

signal B is smaller thau the coherence bandwidth of the canal resulting in a situation 

where ali frequency components of the received signal differ in the same ratios 

simultaneously. 

2.2.6.2.Frequency Selective Fading 

It is experienced if the bandwidth of the signal is larger thau the coherence 

bandwidth of the channel. De-correlated fading is thus experienced by the different 

frequency components of the signal. 

2.3. Inter-Symbol Interference (ISI) 

In wireless communication, ISI is a form of distortion of a signal in which one 

symbol interferences with subsequent symbols. It is an undesirable phenomenon as the 

earlier symbols have the similar effect as noise, thus making the communication Jess 

reliable. In exercise, communication channels have a limited bandwidth, and bence 

transmitted pulses are spread during transmission. This pulse spreading cau result in an 

overlap of pulses over adjacent time slots, as shown in Figure 2.2. The signal overlap 











interfere with one symbol, denoted by L, is estimated 
by equation 4. 

[

d+ Tsl 
L = --' Ts 

(4) 

The loop channel matrix Hu E ICNRxx (Nrx.L) can 

be written as 

Where Hij IClXLis the sub channel vector from 

the i th transmit antenna to the j th receive antenna 

ofthe relay. Now, accordingtothe mode! infig.3 and 

due to the inter symbol interference the output signal 

f ( n) is again presented as, 

f(n) = {FRx(HrxRx(n) + w(n) )} + 
{FRxHu T(n)} (5) 

Where T(n) = [t1 (n) t 2 (n) tNr(n)jT is an 
array of relay out coming signais, one per 
transmitting antenna and defined as: 

t(n) = 
[t;(n) t;(n -1) t;(n- L + 1)] (6) 

The t; (j) is the transmit signal by the ith relay 
antenna at sample time j. The output of the post filter 
re lay node is, 

t(n) = Frxt' (n) 
(7) 

Where t' ( n) indicated the input signal of the 
post filter. 

Let, t'(n) = [t'1 (n), t' 2 (n), 

Ill. PROPOSED APPROACH 

In this section, we showed the mathematical 

solution aspects of proposed algorithm. Substitute 

equation (7) in equation (5) we get, 

r'(n) = {FRx(HrxRx(n) + w(n) )} + 
{FRxHuGTén)} (8) 
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Where T'(n) = 

[ t 1 (n) t2 (n) t,vr (and G is the diagonal 
matrix of the adaptive filters. 

P is the permutation matrix used to go to 
diagonalizable space. 

Where,G = p-1 diag(Frx; L), P = 

[

diag(Y1 ; L)l 
diag(Y2 ; L) 

diag(YL; L) 

Diag(Y, L) is the diagonal matrix with L 
diagonal components Y; diag(Y) is the diagonal 
matrix with diagonal components of each element of 
row vector Y. 

In the case where is L~ 1, which mean that dis 
smaller than Ts, the FRx and Frxfilters can be adapted 
using equation 3 as: 

FRxHuP- 1 diag(Frx; L) = 0 (9) 

When L~ 1, th en equation (1 0) is rewritten as, 

FRx[HL,V HL,z, HL,L]diag(Frx; L) = 0 
(10) 

h1N k ) T, 

hNR:Nr.k 

Where hij,kis the k th value of the row vector 
HiJ in equation (5). Hu denoted by row space 
vector and His denoted by column space vector. To 
achieve the sufficient condition of equation 10 is, 

FRxHu = 0 and 
T ]T HL,L Frx = 0 (11) 

Where, FRxis the pre space projection filter, FRx 
project the row space of Hu to the null space of Hu. 
Similar with Frx, Frx is the null space 

of[Hl,v H[ 2, Hl,L( 

A. NSP with short rank loop interference matrix. 

The solution of (12), when the adaptive pre and 
post filters FRx and Frx, cannot be zero matrices, 
th en. 

0 < rf(Hu) < NR and 0 < rf(H) < Nr 
(12) 



Where, the rank function rf gives 
the dimension of the vector space generated by 
matrix columns. The rank of a matrix would be zero 
on! y if the matrix had its elements equal to zero. If a 
matrix had even one non-zero element, its minimum 

rank would be one. H = [Hl,v Hl,z, HI,L(. 
It me ans that on! y wh en the HL or the H is not 
linearly independent matrix or not full rank the non
zero solution of equation (11) exist. With Zero 
Forcing algorithm, a solution of null space projection 
as, 

FRx = 1- HuHÛ 

Frx = 1- HH+ 

(13) 

(14) 

Where (. )+ is the Moore-Penrose pseudo
inverse and I is the identity matrix. 

B. Subspace Projection Partly Cancelling 
Interference (SSPCJ) with Full RankMatrix 

The second algorithm is called Subspace 
Projection Partly cancelling Interference (SPPCI). 
When the HL and H are full rank, as 

r(Hu) = NRx; r(H) = Nrx 
(15) 

W e could just suppress the loop interference at the 
row space of Hu or the column space of H. Choose 
the smaller positive integers Cv Cz, D1 and Dz to 
satisfy both (16) and (17) equation. 

r([HL,m,, HL,m2' HL,mv,]) = NR- cl 

Where m;, n; E [1, 2, 
subspace 

Hl = [HL,m,, 

Hz = [Hl,n,, 

(16) 

Hl,n02 t) = Ny - Cz 

(17) 

L] we have the 

HLm' 
' 2 HL,mDl] 

(18) 

H[n' 
' 2 

T t HL,nDz 

(19) 

Then project the loop interference to the 
complementary space of H1 or Hz and the loop 
interference in space of H 1 or Hz is cancelled by, 

(20) 
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(21) 

The nonlinearity of f(.) provide more degrees of 
choice to design the adaptive filters FR x and Frx· We 
can have two cases for relay transmitted signal. The 
Decode and Forward (DF) MIMO relay case, 
according to equation 22 where DF relay process the 
signal and regenerate source data streams, and the 
AF re lay, according to equation 23, where the signal 
is forwarded after sorne basic processing. 

The FRx and Frx have the equivalent function in 
AF relays, so they can be combined into one filter 
which would only mitigate the interference partly. 
The nonlinearity of f(.) provide more degrees of 
freedom for designing the FRxand Frx jointly, the 
loop interference suppression filter pairs are 
effective in the DF relays for complete! y suppressing 
the loop interference 

t(n) = FRxf (FRx(r(n)) - w(n)) 

(22) 

t(n) = FrxFRx(r(n) + w(n)) 
(23) 

IV. RESUL T AND DISUSSION 

The proposed mode! and TSP A approach are 
simulated with MATLAB software. The full-duplex 
MIM 0 re lay is equipped with 6 antennas, three for 
each side (NR~ NT~ 3 antennas). The four phase 
BPSK modulation is considered. The LI channel is 
independent Rayleigh fading channel because a close 
estimation of attenuation due to the multipath fading 
in wireless channels can be made by relay fading 
where the no line of sight component present and is 
normalized as IIHull = NRNT. 

We evaluated the outage probability performance 
according to different Signal to Noise Ratio (SNR) 
for the direct line and without direct line. 
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Fig. 5. and fig . 4. Show the outage probability and bit error 
rate of one link with and without using of our proposed relay. 
The simulation illustrated that the outage probability with the 
direct link bas achieved the exact distribution of effective SNR 
at the receiver and improve the BER. Also, it bas achieved 
effective SNR at the receiver with relay ( without direct link) and 
effectively minimized the BER. From the above figures, we can 
see that in both cases the loopback self- interference bas 
compensated efficient! y by using SPA algorithm. 

V. CONCLUSION 

We investigated the performance of amplify and forward 
FD-lvfiMO relaying scheme in the presence of loopback self
interference. We proposed a space projection algorithm (SPA) 
to mitigate the SI and reduce the outage probability and BER. 
The simulation results show that even when the SI channel 
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matrix is of full rank, it's possible to thoroughly and 
promptly cancel the interferences using the right space 
projection filter. The SPA suppresses the SI by increasing SNR 
significantly and reduce the BER. 
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