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Abstract: It uses orthogonal frequency division multiple access (OFDMA) for downlinks and SC-FDMA for 

uplinks as its physical layer transmission method (OFDMA). The reputation of wireless broadband 

communication has increased with the demand for internet and multimedia services. The main challenges that 

wireless communication encounters are the lack of resources, bandwidth, and transmission power. The wi-fi 

channel is additionally troubled by issues with fading. Frequency Division Multiplexing (FDM)-related 

subcarrier channel impairments must be remedied at the receiver using equalization techniques. Different 

equalization algorithms, including as the zero forcing (ZF), minimal mean square error (MMSE), and 

sequential interference cancellation over cooperative decode and forward relaying networks, are applied in 

these concepts to improve BER performance. Rayleigh frequency flat channels and a throughput rate analysis 

are used to execute the simulations. As a communication protocol, Advanced is used by cellular networks. It 

uses orthogonal frequency division multiple access (OFDMA) for downlinks and SC-FDMA for uplinks as its 

physical layer transmission method (OFDMA). The system uses amplify and forward relays along with 

OFDMA in both the uplink and downlink. On the receiver side, equalization was performed to reduce the 

impact of noise. To increase the system's throughput, a power allocation method has been added. The highest 

practical rate and throughput are attained after performing ZF equalization and power distribution. A cellular 

network communication standard is called advanced. For uplinks and downlinks, it uses physical layer 

transmission technology based on SC-FDMA and OFDMA, respectively.  
Index Terms - Zero-forcing (ZF) with successive interference cancellation , Minimum mean square error 

(MMSE) with suc- cessive interference cancellation SIC, Relaying Strategy, MIMO. 

 
I. INTRODUCTION 

WIRELESS SYSTEMS OF THE THIRD GENERATION (3G) have been widely adopted throughout the world to 

deliver improved downlink (DL) and uplink (UL) communications. Future- generation wireless communication 

systems, on the other hand, are projected to fulfil even more demanding needs of high data rate and dependable 

multimedia communications due to developing technologies and increasing Quality of Service (QoS) 

requirements. As a result, the Third Generation Partnership Project (3GPP) has introduced the 3G long-term 

evolution (LTE) wireless communications standard. When compared to present radio access technologies, the 

goal is to provide high-speed data transfer for mobile phones and data terminals at significantly lower costs. 

LTE Release 8 describes the new physical layer technologies such as the Orthogonal Frequency Division 

Multiplexing (OFDM) as the DL multiple access scheme and the SCFDMA SC-FDMA as the UL scheme in 

order to increase spectrum efficiency. Further improvements to the existing LTE Release 8 standard are also 

being researched. 

These improvements are part of the LTE-Advanced (also known as LTE Release 10) standard, which is 

designed to offer substantially greater peak rates, increased throughput and coverage, and reduced latency, all of 

which will improve the user experience. The growing need for high- speed data services across limited band- 

width and power has resulted in substantial growth in mobile, cellular, and wireless communication technologies. 

LTE-Advanced is a 4th Generation mobile communication standard. This standard aims to enhance speech 

quality and expand broadband data services, allowing users to access high-definition video and audio as well as 

the real-time content that ”anywhere, anytime,” with a goal that supporting a greater peak data rates, throughput, and 

a coverage. A multi carrier technique, i.e. multiple access, was used to provide high radio spectrum efficiency 

and enable effective scheduling in the time and frequency domain. In LTE, OFDMA (Orthogonal frequency 

division multiple access) was chosen for the down- link, while SC-FDMA (single carrier frequency division 

multiple access) was chosen for the uplink. 
 

 

OFDM is a block modulated that the wideband wireless digital communication technology. With the increasing 

popularity of wireless multimedia applications, the requisite bit rates are accomplished by OFDM multicarrier 

broadcasts. Multicarrier modulation is frequently used to reduce channel dis- tortion and enhance spectral 

efficiency. Multicarrier Modulation methods divide the input data into bands that are modulated and multiplexed 

into the channel at various carrier frequencies so that information is sent on each of the sub carriers, resulting in 

practically distortion-free sub channels. IFFT (Inverse Fast Fourier Transform) and FFT [5] (Fast Fourier 

Transform) are used in traditional OFDM systems to multiplex the signals together and decode the signal at the 

receiver, respectively. 

 

II. METHODOLOGY 
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First step Download and Install MATLAB 10 or above software in personal computer. After installation open 

matlab software. Then open the new script window it’s give the fresh project page. Write the code for transmitter 

and receiver for users in new script window Then save file as .m extension. LTE transmission can give up to an 

86 mega bites per sec data rate. A new multi-get right of entry method should be used to achieve the grievous 

physical harm utilization. OFDMA is one such method that may provide a very excessive device of the size, but 

the mutually produces the excessive PAPR (peak to common ratio). We have the tendency to use the batteries in 

mobile terminals because they must be a cost-effective for the transmission. SC-FDMA (single-carrier frequency 

division multiple access) that might be a solution to be the high PAPR problem. SC-FDMA has a reduced 

PAPR, implying that it will not consume a lot of power and will provide the user terminal with a longer battery 

life. The SC-FDMA transmitter and receiver are depicted in this figure. This might be the same as the OFDMA 

diagram, except for the two yellow DFT and IDFT blocks. Where the SC-FDMA transmitter can converts binary 

data into a sequence of the modulated subcarriers that are then delivered across to the radio channel. As a result, 

while attempting to do certain signal technique procedures, a square measure is necessary. Run the simulation it 

will show the printing values for SNR, Zero Frequency, MMSC values in command window. Then it will show 

the graph for ZF,MMSE,ZF-SIC,MMSE-SIC,In this simulation we are designing for 16 QAM and 64 QAM in 

this generation of signals for both the modulations is done and executed. 
 

Fig. 1. Block diagram of SC-FDMA transmitter and receiver 

 
III. PROPOSED METHOD 

Single carrier frequency division multiple access (SC- FDMA) with cooperative communication system with 

the below estimators. 

 Zero-forcing (ZF) with successive interference cancellation. 

 Minimum mean square error (MMSE) with successive interference cancellation SIC. 

i. IMPLEMENTATION OF OFDM 

By the usage of the separate Fourier transform (DFT) and its counterpart, the analog implementation of the 

OFDM is prolonged to the virtual domain, that the IDFT. Where this mathematical processes are widely 

employed for the transferring knowledge between the time domain and the frequency domain. From the 

standpoint of OFDM, these transformations are intriguing since They’ll be regarded as marking information 

into the orthogonal subcarriers. OFDM is a multi-service gadget wherein information bits are encoded and 

added simultaneously to severa sub-carriers. As a consequence, bandwidth is utilised optimally. An OFDM 

image is shaped through a collection of orthogonal subcarriers. 

ii. RELAYING STRATEGY 

In new and emerging telecommunications technologies, that the use of extremely triple-crown cooperative 

networks such as full duplex radio, large MIMO , spatial modulation network secret writing is explained by relay 

technologies in next generation wireless communication. Actinic radiation communications (VLC), wireless 

power transmission, and 5G are among the emerging application areas. Cooperative relaying is a wireless 

communication technology that promises increased throughput and energy economy. The basic concept is 

straightforward: a device sends a data signal to a destination. A third device overhears this message and sends it 

to the intended destination. 
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Fig. 2. Relaying Strategy 
 

iii. ZERO FORCING 

The inverse of the channel’s frequency response is utilised in the Zero Forcing Equalizer, a type of linear 

equalisation technique used in communication systems. A continuous finite-impulse response (FIR) filter and 

noise are also used to mimic an Inter-Services Intelligence channel. To compensate for the channel response, a 

zero forcing equaliser employs an inverse filter. In other words, at the equalizer’s output, it’s connected with the 

overall responses that perform appropriate one for the picture that’s being identified and an overall zero response 

for the various symbols. To recover the signal after the channel, the Zero-Forcing Equalizer adds the inverse of 

the channel frequency response to the received signal. The term Zero Forcing refers to the process of reducing 

inter symbol interference (ISI) to zero in the absence of noise. When ISI is considerable in comparison to noise, 

this will be beneficial. Zero forcing(ZF) might be the linear effort approach that can ignores the effects of the 

noise. In reality, the noise amplified as a result of the approach of removing the interference. 

iv. MINIMUM MEAN SQUARE ERROR 

The equaliser coefficients can be improved using the minimal mean squared error (MMSE) criteria to reduce 

inter-symbol interference and additive noise effects. When the SNR is high, the MMSE equalisation functions 

like Zero Forcing, but when the SNR is low, the MMSE adjuster does not magnify the noise as Zero Forcing 

does. If the overall performance necessities are that can suggest rectangular blunders among the transmitted 

symbols and for this reason that the outputs of the detected symbols, or equivalently, the acquired SNR the 

MMSE detector is the ultimate detection that the strives to stability among the interference cancellation and 

noise sweetenings reduction. 

IV. SOFTWARE DESCRIPTION 
MATLAB is a technological matrix manipulation based computation programme. Matrix manipulation leads to 

massive data analysis. Entering matrices, using the: (colon) operator, and calling functions are all things to learn 

in MATLAB. Because of its multi-language heritage, MATLAB’s heart is a new high-level language that fully 

harnesses its capability. The fundamentals of MATLAB will be matrix manipulation and function operation. 

Users will be rewarded with increased productivity, creativity, and computing power, which will revolutionise 

the way we operate. MATLAB Language for writing scripts and functions dependent on external computations, 

as well as manipulating data structures such as cell arrays and multidimensional arrays. 

V. RESULTS AND DISCUSSION 
To achieve the desired result, we’re implementing a methodology that can combines the Zero Forcing effort 

with the sequential interference cancellations (ZF-SIC) minimum mean square error with the sequential 

interference cancellations (MMSE-SIC). 
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Fig. 3. Output of QAM-16 bit Modulation 

Here the graph depicts a comparison of all of the techniques that we tend to implement. We may deduce from 

this graph that this is a 2*2 MIMO system with a zero frequency system and a minimum mean square error. 

Fig. 4. Output of QAM-64 bit Modulation 

 
 

 

Fig. 5. Output of BPSK Modulation 
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Fig. 6. Output of QPSK Modulation 
 

 

VI. CONCLUSION 
This study describes how to enhance transmission efficiency in an LTE Advanced cellular system using relays. 

To attain larger data speeds, relays are expected to have better coding capabilities. To improve total throughput, 

an optimum subcarrier and power distribution strategy is provided. Cooperative communication in the OFDMA 

systems has found to boost the wireless system performances significantly. Special subcarrier resources 

allocation strategy was studied throughout this study. As a result, by delivering the knowledge exploitation 

relay plan techniques and the exploitation of Zero Forcing and the Minimum Mean sq Error equalisations. 

QPSK Modulation with the Minimum Mean Sq Error Sequential Interference Cancellation is that the most 

effective approach for lowering that the Bit Error Rates and the increasing of the speed information 

transmissions. 
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