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ABSTRACT 
In this paper we build a novel Energy Efficient Digital Self Interference (SI) Cancellation Technique for 5G applications. SI has 
numerous components with diverse characteristics depending on the full duplex implementation. This can be expressed as the 
quantity of antenna used in the system, the requirement of the Radio Frequency circuit components can be classified by means of 
linearity. The major goal of digital Self interference abandonment is in the direction of rescind out the remaining self interference 
after analog self interference abandonment, from the non line of sight reflections. Digital cancellation procedure is one of the 
lowest complexity self interference techniques in full duplex system. The alleviation capability is limited owing to noise, 
quantization noise and nonlinear distortion. Herein we suggest the novel energy efficient digital cancellation technique to smooth 
the progress of diminishing the self interference signal as well the transmitter and receiver impairments. Here we used the self 
interference replica of the digital domain supporting receiver chain to attain a digital domain copy of the transmitted radio 
frequency(RF) self interference signal. Here the common oscillator is linking the auxiliary and regular receiver chains. In the 
proposed technique, self interference signal could be mitigated to ~3dB superior than the receiver noise level, which results 
capable of 82% rate enhancement contrast to the half duplex communication systems. The energy effectiveness will be enhanced 
by 15% at 25dBm transmit power values. 

 

KEYWORDS: Digital self-interference cancellation, Energy efficiency, Full duplex systems, Peak service rate,   phase 

noise, Power, Transceiver nonlinearities. 
 

INTRODUCTION 

 

At the present time, wireless cellular groups having immense communicational standard globally because of 

4G LTE technologies. Majority of the devices communicate one another by the way of broadband wireless 

networks as the advantages of wireless connectivity. This will assist in the development of mobile network 

operators for the growth of 5G.In recent times full duplex transmission of bidirectional communication is passed 

out over the identical temporal and spectral resources. Signal processing besides the most imperative function in 

the wireless technology. Full duplex technology can be used to twice the spectrum efficiency in terms of 

bit/second/Hz. This aids to accomplish the 5G standard with full potential [1]. The main inadequacy impacts the 

full duplex transmission for focusing the powerful self interference signal via transmit and receive antenna within 

the same transceiver architecture. 

The 5G standardization process is also expected to play a crucial role in the success of the company in the 

upcoming year [2].This will be carried in 5G to reprocess the radio resources simultaneously for access and 
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backhaul. The implementation of the full duplex is a self interference (SI) which is explained by the part of 

transmitted signal which is revealed in the receiver chain. 

In support of a full duplex system, achieving the highest efficiency and the SI signal must be at the noise 

level of the receiver. The transmit power test value is 20dBm and the receiver noise level is 90dBm, requiring a 

total cancellation of the 110dBm interference for proper operation of a full duplex system. The self 

interferenceresidein the transmitter side and does not affect the receiver noise level, the remaining power of the 

self interference will deduct the Signal to Noise Ratio (SNR) value and will also have a negative impact on the 

debit. 

 
Fig.1: In-band full duplex Transceiver 

 

There are many reviews [3]-[18] and have been examined the difficulty of cancelling self interference in full 

duplex systems to decrease the self interference signal. Passive suppression and active cancellation are the types 

of self interference cancellation technique. 

In the passive suppression, the self interference signal is concealed in the transmission domain earlier than of 

receiver circuit process [13-18]. 

In the active cancellation, the self interference signal is attenuated by deducting a processed copy of the 

transmitted signal from the received signal [7-12]. Active cancellation will be further separated into two groups 

analog and digital cancellation techniques based on the signal domain. The signal domain can be in digital 

domain or in analog domain depending on the self-interference signal is subtracted. 

In this manuscript, we propose a novel interference cancellation technique which eliminates all the 

transmitter impairments, and drastically attenuates the effects of phase noise and nonlinearity of the receiver. 

With the proposed technique and architecture of transceiver, the cancellation of the digital self-interference is not 

prolonged by the phase noise and other nonlinearities. Recently several impairment suppression techniques have 

been proposed to reduce the effects of phase noise and non-linearity of the transceiver on the interference 

cancellation program. 

Many techniques for suppressing the degradation of digital domain for various full duplex transceiver 

architectures are created to cancel out the impairment with the self interference signal [3],[9]. In this architectural 

view, it is the process of creating a copy of the transmitted RF self interference signal as well as all the alterations 

and of subtracting it from the received signal in the RF domain. The source and the reception chain of the 

following transceiver architecture also have an internal problem. It should also be a center of attention for later 

reference. 

 

Transceiver Design of Full Duplex: 

The signal emitted from the transmitter of the device to its own receiver is called “Leakage of the 

Transmitter”. This becomes a serious problem in decoding the preferred signal, which might be noisy with a 

significantly Signal-to-noise-ratio (SNR). In order to obtain the best performance of a full duplex system, the 

signal SI must be mitigated to reach the receiver’s noise level.  

The inevitable SI in the full duplex transceiver retains the throughput, when the transmitted signal returns to 

the receiver. Even idea of transmitted signal is recognized in the digital baseband, it cannot be completely 

eradicated in the receiver because of Radio Frequency (RF) impairments [3] and the large power difference 

among the transmitted and received signals. Co-channel Interference is also a major issue than Signal 

Interference. So it is the most demanding job to recognize the higher levels of SI cancellation as the required 

isolation bandwidth is greater and it is also the basis for multipath scattering. There is some possibility for the SI 

cancellation in full band radio transceivers with multi antenna by the use of non linear adaptive SI cancellation 

algorithms.  

The performance of the proposed architecture is analytically and numerically examined using a 

comprehensive full duplex signal representation. This comprises of all the principal transmitter and receiver 

impairments. More distinctively, transmitter and receiver nonlinearities, phase noise, receiver quantization 

noise, receiver Gaussian noise and channel estimation problems are also accounted. The analytical and 

numerical analysis for the transceiver impairments on the cancellation competence of the proposed technique is 

presented. After that the performance and design trade off disturbed with the proposed technique are also 

scrutinized. This result shows that the proposed technique significantly moderates the transceiver phase noise 

and nonlinearity effects. Due to this phenomenon there is no extension for the foremost performance defensive 

factors. At last, the overall full-duplex system performance using a mixture of the proposed digital cancellation 
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technique [16][17] is numerically investigated. The results show that the proposed technique significantly 

mitigates the self-interference signal to ~3dB higher than the receiver noise floor, which results in up to 82% 

rate improvement compared to conventional half duplex systems at 20dBm transmit power values. 

 

A. Signal Model: 

The signal baseband model of communication linkage with full duplex transceivers is depicted in the Fig.1. 

This shows that the system consists of bidirectional communication i.e., the source and destination are having 

the similar node. Here the full duplex transceiver operates as a convey link and it is concurrently serve up an 

uplink user and a downlink user within the similar frequency band. 

Where, Ast transmit antennas at the source and Adr receive antennas at the destination. Atxa transmit antennas 

and Arxa receive antennas. The two antenna arrays are spatially divided and the replica is applied to the single 

array design [4][5].  

Equation(1) for the MIMO channels from the source to the transceiver. 

 𝐻𝑆𝑇[𝑛] ∈ 𝐶𝐴𝑟𝑥𝑎 𝑋  𝐴𝑠𝑡          (1) 

Equation(2) for the MIMO channels from the transceiver to the destination. 

 𝐻𝑇𝐷[𝑛] ∈ 𝐶𝐴𝑑𝑟 𝑋  𝐴𝑡𝑥𝑎          (2) 

At the time n, the source transmits signal vectors in Equation (3) 

 𝑋𝑆[𝑛] ∈ 𝐶𝐴𝑠𝑡                        (3) 

At the time n, the transceiver transmits signal vectors in Equation (4) 

 𝑋𝑇[𝑛] ∈ 𝐶𝐴𝑡𝑥𝑎                        (4) 

While it simultaneously receives signal vector in Equation (5) 

𝑌𝑇[𝑛] ∈ 𝐶𝐴𝑟𝑥𝑎                         (5) 

The output 𝑌𝑇[𝑛]creates an inevitable SI feedback loop from the transceiver output to the transceiver input 

throughout the channel as shown in Equation (6) 

 𝐻𝑇𝑇[𝑛] ∈ 𝐶𝐴𝑟𝑥𝑟 𝑋  𝐴𝑡𝑥𝑟          (6) 

The pre coding matrix 𝐺𝑡𝑥[𝑛] and beam forming matrix𝐺𝑟𝑥[𝑛]provide spatial interference suppression and 

𝐴[𝑛] is used to subtract the role of the transmitted signal form the received signal for the purpose of 

cancellation. The consequent received signals in the transceiver and in the destination node can be expressed in 

Equations (7) and (8). 

 

   𝑌𝑇[𝑛] = 𝐺𝑟𝑥𝑎[𝑛] ∗ (𝐻𝑆𝑇[𝑛] ∗  𝑋𝑆[𝑛] +  𝐻𝑇𝑇[𝑛] ∗ 𝐺𝑡𝑥𝑎[𝑛] ∗  𝑋𝑇[𝑛]) + 𝑛 𝑇[𝑛]    (7) 

 

           𝑌𝐷[𝑛] =  𝐻𝑇𝐷[𝑛] ∗ 𝐺𝑡𝑥𝑎[𝑛] ∗  𝑋𝑇[𝑛] + 𝑛 𝐷[𝑛]       (8) 

 

Equations (9) and (10) are additive noise vectors in the transceiver and in the destination  

 ∗ 𝑟𝑒𝑓𝑒𝑟𝑠 𝑡𝑜 𝑐𝑜𝑛𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛. 

 

𝑛𝑇[𝑛] ∈ 𝐶𝐴𝑟𝑥𝑎        (9) 

 

𝑛𝐷[𝑛] ∈ 𝐶𝐴𝑑𝑟         (10) 

Here the signal is capable of modeling multipath MIMO channels in the time domain with arbitrary 

modulation. Full duplex transceiver is mathematically analyzed using the above equations. 

 

System Model: 

The full duplex system model of the transceiver architecture is depicted in the Fig 2.  
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Fig. 2: Full duplex system model of the transceiver architecture 

The system model of the planned full duplex transceiver architecture is illustrated in Figure 2.Itis a 

specified block diagram for the proposed digital self-interference cancellation technique depends on a novel full 

duplex transceiver architecture. This architecture will help to identify the nonlinearities present in the system. 

The entire transceiver comprises of usual transmit and receive chains in addition to one auxiliary receiver chain 

for the effectiveness of self-interference cancellation. 

In the first stage of transmitter side, the original information signal is modulated by OFDM (Orthogonal 

Frequency Division Multiplexing), after that the modulated signal is getup converted into the RF frequency. The 

output of the up-converted signal is filtered, amplified, and transmitted by means of the transmit antenna. Here 

the fraction of amplified signal is returned back as input to the auxiliary receiver chain. The power of the signal 

at the auxiliary receiver input is easily controlled through the power splitter. Hence, the LNA(Low Noise 

Amplifier) is neglected from the auxiliary receiver chain. The feedback and common received signals are then 

down-converted into the baseband through the auxiliary and ordinary receiver chains correspondingly. These 

receiver chains are similar and share the same PLL (PhaseLocked Loop). The transfer function of the 

channel𝐻𝑎𝑢𝑥 is in the frequency domain representation of the wired channel from the PA (Power amplifier) 

output into the auxiliary receiver.  

The channel transfer function 𝐻𝑜𝑟𝑑  is the frequency-domain representation of the self-interference wireless 

channel. The output of the auxiliary and the ordinary receiver chains are fed to a channel estimation block to 

obtain an estimate for the ratio between the ordinary and auxiliary channels (𝐻𝑜𝑟𝑑/𝐻𝑎𝑢𝑥). The channel 

estimation process is performed using time-orthogonal sequences transmitted at the beginning of each data 

frame.  

The estimated channel response is multiplied by the auxiliary receiver output, and the multiplication output 

is subtracted from the received signal. This results in a signal without interference. 

In our document, the main transmitter and receiver impairments are taken into an account. More 

particularly, the phase noise of the transmitter and receiver, the transmitter and receiver nonlinearities, theADC 

(Analog to Digital Converter) quantization noise, and receiver Gaussian noise. Since the feed-back signal is 

obtained from the PA output which contains a copy of the transmitter impairments, the proposed architecture 

can significantly mitigate all transmitter impairments [18]. In addition, the receiver phase noise effect is 

mitigated by means of sharing the same PLL between the auxiliary and ordinary receiver chains. In order to 

investigate the performance of the proposed technique, we first present a signal model with a detailed modeling 

for each of the transceiver impairments.  

In the study of the phase noise at the transmitter𝜙𝑡𝑥𝑛and the nonlinear distortion signal of PA is  𝑑𝑡𝑥, 𝑦𝑡𝑥is 

the PA output transmitted signal. This can be written as in equation (11) 

 

𝑦𝑡𝑥(𝑡) = 𝑥(𝑡)𝑒𝑗(2𝜋𝑓𝑐𝑡+𝜙𝑡𝑥𝑛(𝑡)) + 𝑑𝑡𝑥(𝑡)        (11) 

 

Where x is the transmitter base-band signal, 𝑑𝑡𝑥(𝑡) is the transmitter nonlinear distortion due to the PA, and 

𝑓𝑐is the carrier frequency. At the auxiliary receiver output, the digital baseband signal 𝑦𝑎𝑢𝑥can be written as in 

equation (12) 

 

𝑦𝑛
𝑎𝑢𝑥 = (𝑦𝑛

𝑡𝑥 ∗ ℎ𝑛
𝑎𝑢𝑥)𝑒𝑗𝜙𝑛

𝑡𝑥
+ 𝑞𝑛

𝑎𝑢𝑥 + 𝑍𝑛
𝑎𝑢𝑥        (12) 

 

where ∗is the convolution process, n denotes sample index, 𝑦𝑛
𝑡𝑥denotes digital baseband function of 𝑦𝑡𝑥, 

ℎ𝑎𝑢𝑥 is the wired channel at PA output to the auxiliary receiver input, 𝜙𝑟𝑥denotes the receiver phase noise 

process, 𝑞𝑎𝑢𝑥is auxiliary receiver ADC quantization noise, and 𝑧𝑎𝑢𝑥for auxiliary receiver Gaussian noise. 

Correspondingly, the digital baseband signal 𝑦𝑜𝑟𝑑at the ordinary receiver output can be written as in equation 

(13) 

 

𝑦𝑛
𝑜𝑟𝑑 = (𝑦𝑛

𝑡𝑥 ∗ ℎ𝑛
𝑜𝑟𝑑)𝑒𝑗𝜙𝑛

𝑡𝑥
+ 𝑑𝑛

𝑡𝑥 + 𝑞𝑛
𝑜𝑟𝑑 + 𝑧𝑛

𝑜𝑟𝑑 + 𝑠𝑛
𝑠𝑜𝑖       (13) 

 

where 𝑔𝑛and 𝑦𝑛are the digital baseband representation of the input and output of the nonlinear block. For 

the nonlinearity of PA, the baseband digital representation of the input signal is 𝑔𝑛= 𝑥𝑛𝑒𝑗𝜙𝑛
𝑡𝑥𝑎

, and for the LNA 

nonlinearity, the LNA input is signal transmitted after passing through the wireless channel, that is, 𝑔𝑛= 

(𝑦𝑛
𝑡𝑥𝑎 ∗ ℎ𝑛

𝑜𝑟𝑑). 

Typically, a limited number of orders contribute to major distortion and higher orders could be neglected. 

In practical systems, nonlinearity is typically characterized by the third-order interception point (IP3), 

which is defined as the point at which the power of the third harmonic is equal to the power of the first 

harmonic. While the signal model is valid for any nonlinearity order, the numerical analysis in this paper is 

limited to the third-order nonlinearity. 
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Transceiver phase noise: 

Generally, modeling the phase noise process depends on the oscillator type. There are two main oscillator 

types: free running oscillators and PLL based oscillators. In free-running oscillators the phase noise could be 

modeled as a Wiener process where the phase error at the nth sample is related to the previous one as 𝜙𝑛 =
𝜙𝑛−1 + 𝛽, where 𝛽is a Gaussian random variable with zero mean and variance𝜎2 = 4𝜋𝑓3𝑑𝐵𝑇𝑠In this notation Ts 

describes the sample interval and 𝑓3𝑑𝐵is the 3dB bandwidth of the phase noise Lorentzian spectrum. 

In PLL based oscillators, as shown in figure 3, the voltage controlled oscillator (VCO) output is controlled 

through a feed-back loop that involves a phase detector and low-pass filter (LPF). The purpose of the feed-back 

loop is to lock the phase of the VCO output with the phase of a high quality reference oscillator .The PLL output 

phase noise can be modeled as Ornstein-Uhlenbeck process with auto-correlation function calculated as 

𝐸[𝑒𝑗∆𝜙𝑚𝑛][19]. 

 

 
 

Fig.3: Block diagram for a PLL based oscillator 

 

Self Interference Cancellation Analysis: 

The main thought of the proposed cancellation technique is to attain a copy of the transmitted self 

interference signal including all transmitter impairments, and to use this copy for digital-domain cancellation of 

self-interference at the receiver side. Hypothetically speaking, if both auxiliary and ordinary receiver chains are 

impairmentfree, the proposed architecture should be able to totally eliminate both the self-interference signal 

and the transmitter impairments. However, owing to the receiver impairments and the channel estimation errors, 

perfect self-interference cancellation is not feasible. In reality, receiver impairments and channel estimation 

errors introduce certain limitations on the self-interference cancellation capability. In order to understand these 

limitations, then we analytically and numerically investigate the impact of the receiver impairments and channel 

estimation errors on the self-interference cancellation capability of the proposed technique. 

For a clear understanding of the impairments effect and the other tradeoffs, each impairment is analyzed 

individually. It means that the system is analyzed in the occurrence of one receiver impairment at a same time 

[20]. At the end, the overall performance in the presence of all impairments are investigated. In each analysis, 

all transmitter impairments are considered; only the receiver impairments are considered individually. During 

the analysis of the individual impairments, the auxiliary and ordinary channel transfer functions are assumed to 

be perfectly known. The effect of this channel estimation error is identified in a separate subsection. The 

numerical analysis is based on a 20MHz OFDM based system with 64 subcarriers per OFDM symbols as in the 

IEEE802.11 systems. The carrier frequency is assigned to 2.4GHz. 

 

RESULTS AND DISCUSSION 

 

 
Fig. 4:Receiver input signal power Vs noise power 
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Fig.4 explains the receiver input signal power with the noise power. This includes quantization noise and 

the Gaussian noise.Fig.5, Fig.6 and Fig.7 shows the different values of transmitted power according to the table 

with the Signal to the noise ratio within different scenarios.achievable rate for the different scenarios at different 

value of SNR. In which the result shows that the cancellation technique in various scenarios. The result of 

conventional and proposed technique will be same in 5dBm transmit power. Because the value of passive 

suppression of 60dB will  be achieved at 5dBM transmit power in third scenario with the value of only 35dB of 

digital cancellation is required. This 35dB will be attained easily by the conventional digital cancellation 

techniques. Here the transmit power increases, we can able to achieve more self interference cancellation 

 

 
Fig.5:Transmit power in first scenario 

 
Fig.6:Transmit power in second scenario 

 

 
Fig.7:Transmit power in third scenario 
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Table I: Average Full-Duplex Rate Improvement Compared To Half-Duplex System In Different Operating Scenarios 

 1st scenario 
(25dB Passive suppression) 

2nd scenario 
(40dB Passive suppression) 

3rd scenario 
(65dB Passive suppression) 

Transmit 

power 

Proposed 

Technique 

Conventional DC Proposed 

Technique 

Conventional DC Proposed 

Technique 

Conventional DC 

5dBm 14% -58% 61% 11% 76% 72% 

10dBm 5% -67% 54% 3% 73% 63% 

15dBm -33% -82% 49% -15% 69% 49% 

20dBm -58% -93% 23% -63% 67% 14% 

25dBm -98% -99% -17% -87% 55% 2% 

 

In the first scenario, the amount of passive suppression is very low and it is used only for the low power 

applications. In the analysis of second and third scenarios signal rate will be increased as well related to the half 

duplex system. We get an average gain of 0 to 40dB for all the three scenarios. Here the negative value indicates 

the rate gain will degrade the overall performance. 

 

Conclusion: 

We have presented a novel technique for the energy efficient automatic cancellation of digital interference 

for full duplex systems for 5G applications. The auxiliary receiver chain is to obtain a digital domain copy of the 

transmitted RF self interference signal including all the transmitter impairments. This signal copy helps to 

obtain the best cancellation of the energy efficiency cancellation and the transmitter impairments. In order to 

reduce the phase noise at the receiver, we used the common oscillator which is shared between the auxiliary and 

the ordinary receiver chains. The technique of nonlinearity estimation and suppression is analyzed and is 

presented in Table I. From this analysis the phase noise of the transceiver and nonlinearity effects will be 

suppressed. Our result shows that the signal attenuates at ~3dB higher than the background noise of the receiver 

level with the 82% rate improvement at the power values of 25dBm.From the suppression of the overall 

interference response of this result will reach the frequency range up to 9Gbps as compared with previous 

systems. This is also applicable to the extension of 5G and upcoming wireless applications. 
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