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Abstract : Multiple-Input Multiple-Output (Mimo) Based Index Modulation Has The Advantage Of High Data
Rate And Low Complexity Transmission Which Drawn Great Attention Recently. And On The Other Side Due
To Invention Of Digital Video Broadcasting 16-Qam And 64-Qam Schemes Are Most Widely Used In Recent
Wireless Systems. In This Paper We Introduce A Novel Low-Complexity Signal Detector Enabled Multiple-Input
Multiple-Output (Mimo) Detector Tailored With Im Systems, Suitable For Efficient Low Complexity System
With Tolerable Error Rate. The Actual Im Methods Has No Diversity Gain Which Causes A Significant
Reduction In The System Performance. In This Paper To Eliminate The Bad Effects Of The Channel Assignment
Of The Im, Novel Ml Based Mimo Systems With Index Modulation Technique (MI-Mimo-Im) Is Proposed. Here
The Efficient Hybrid MI Sub Detector System Is Used To Achieve Superior Performance Compared To The
Conventional Mimo Detectors. The Performance Of The Proposed Design Is Close To The Existing Mimo
Scheme, While Resulting In A Significantly Lower Complexity. The Efficiency Of Mimo Over High Order
Constellations Are Verified Through Matlab Ber Simulation And Complexity Reduction Is Also Proved To Be An
Efficient One.
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I. INTRODUCTION

Telecommunications, 4G Is The Fourth Generation Of Cellular Wireless Standards. It Is A Successor
To 3G In And 2G Families Of Standards. Speed Requirements For 4G Service Set The Peak Download Speed
At 100 Mbit/S For High Mobility Communication (Such As From Trains And Cars) And 1 Gbit/S For Low
Mobility Communication (Such As Pedestrians And Stationary Users).[1]. A 4G System Is Expected To
Provide A Comprehensive And Secure All-IP Based Mobile Broadband Solution To Laptop Computer Wireless
Modems, Smart Phones, And Other Mobile Devices. Facilities Such As Ultra-Broadband Internet Access, IP
Telephony, Gaming Services, And Streamed Multimedia May Be Provided To Users. Pre-4G Technologies
Such As Mobile Wimax And First-Release 3G Long Term Evolution (LTE) Have Been On The Market Since
2006[2] And 2009[3][4][5] Respectively, And Are Often Branded As 4G. The Current Versions Of These
Technologies Did Not Fulfill The Original ITU-R Requirements Of Data Rates Approximately Up To 1 Gbit/S
For 4G Systems. Marketing Materials Use 4G As A Description For Mobile-Wimax And LTE In Their Current
Forms. IMT-Advanced Compliant Versions Of The Above Two Standards Are Under Development And Called
“LTE Advanced” And “Wireless MAN” Respectively. ITU Has Decided That “LTE Advanced” And
“Wirelessman-Advanced” Should Be Accorded The Official Designation Of IMT-Advanced. On December 6,
2010, ITU Announced That Current Versions Of LTE, Wimax And Other Evolved 3G Technologies That Do
Not Fulfill "IMT-Advanced" Requirements Could Be Considered "4G", Provided They Represent Forerunners
To IMT-Advanced And "A Substantial Level Of Improvement In Performance And Capabilities With Respect
To The Initial Third Generation Systems Now Deployed." [6]
In All Suggestions For 4G, The CDMA Spread Spectrum Radio Technology Used In 3G Systems And 1S-95 Is
Abandoned And Replaced By OFDM And Other Frequency-Domain Equalization Schemes. This Is Combined
With MIMO (Multiple In Multiple Out), E.G., Multiple Antennas, Dynamic Channel Allocation And Channel-
Dependent Scheduling.

1. MimMO
In Point-To-Point Multiple-Input Multiple-Output (MIMO) Systems, A Transmitter Equipped With
Multiple Antennas Communicates With A Receiver That Has Multiple Antennas. Most Classic Pre Coding
Results Assume Narrowband, Slowly Fading Channels, Meaning That The Channel For A Certain Period Of
Time Can Be Described By A Single Channel Matrix Which Does Not Change Faster. In Practice, Such
Channels Can Be Achieved, For Example, Through OFDM.
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2.1 System Description

The Block Diagram Of A MIMO-LTE System Is Shown In Figl. Basically, The MIMO Transmitter
Has NT Parallel Transmission Paths Which Are Very Similar To The Single Antenna System, Each Branch
Performing Serial-To-Parallel Conversion, Pilot Insertion, N-Point IFFT And Cyclic Extension Before The
Final TX Signals Are Up-Converted To RF And Transmitted. It Is Worth Noting That The Channel Encoder
And The Digital Modulation, In Some Spatial Multiplexing Systems Can Also Be Done Per Branch, Not
Necessarily Implemented Jointly Over All The NT Branches. The Receiver First Must Estimate And Correct
The Possible Symbol Timing Error And Frequency Offsets, E.G., By Using Some Training Symbols In The
Preamble As Standardized In [7]. Subsequently, The CP Is Removed And N-Point FFT Is Performed Per
Receiver Branch. In This Thesis, The Channel Estimation Algorithm We Proposed Is Based On Single Carrier
Processing That Implies MIMO Detection Has To Be Done Per Subcarrier. Therefore, The Received Signals Of
Subcarrier K Are Routed To The Kth MIMO Detector To Recover All The NT Data Signals Transmitted On
That Subcarrier. Next, The Transmitted Symbol Per TX Antenna Is Combined And Outputted For The
Subsequent Operations Like Digital Demodulation And Decoding. Finally All The Input Binary Data Are
Recovered With Certain BER.

I1l. SM CODING FOR MIMO
A Spatial Modulation (SM) Is A Method Employed To Improve The Reliability Of Data Transmission

In Wireless Communication Systems Using Multiple Transmit Antennas. Stcs Rely On Transmitting Multiple,
Redundant Copies Of A Data Stream To The Receiver In The Hope That At Least Some Of Them May Survive
The Physical Path Between Transmission And Reception In A Good Enough State To Allow Reliable Decoding.
Space Time Codes May Be Split Into Two Main Types:
e Space Time Trellis Codes (Sttcs) Distribute A Trellis Code Over Multiple Antennas And Multiple Time-

Slots And Provide Both Coding Gain And Diversity Gain.
e Space Time Block Code (STBC) Act On A Block Of Data At Once (Similarly To Block Codes) And

Provide Only Diversity Gain, But Are Much Less Complex In Implementation Terms Than Sttcs.

V. INDEX MODULATION MIMO

This Is The Variant Antenna Technology That Enhances The Communication Capabilities Of The
Individual Radio Terminal Used By Radios In The Network By Introducing Multiple Independent Radio
Terminals. This Allows Transmission And Reception To And From Multiple Users Using The Same Band. In
This Section, It Will Be Attempted To Illustrate How SM Works. It Will Facilitate The Illustration Of The
MIMO In Throughput Rate. We Have All The Possible Cases Of 4 Bits Transmission. When One Antenna Is
Employed Then A 16-Quadrature Amplitude Modulation (16-QAM) Constellation Signal Will Be Used So As
To Map Bits Into Symbols. In The Case Now That 2 Antennas Are Deployed Each Antenna Will Be Designated
To Transmit A Lower Constellation Signal Namely An 8-QAM.

Fig. 1: MIMOI M Block Diagram

When The Number Of Antennas Increases, The Constellation Order Decreases. Thus, There Is A
Trade-Off Between The Number Of Antennas And The Constellation Signal Used. Apparently, Any Number Of
Antennas Can Be Used With Any Constellation Signal. By Taking Advantage Of The Properties Of SM Each
User Enciphers K Source Bits Using A Concatenation Co Operation Is Accomplished By Initially Sending The
First Frame Of N1 Bits And The Proposed Users Detect And Decode What Has Been Sent.

V. PERFORMANCE RESULTS
From Fig 2 With MIMO BER Is Reduced Considerably. When Number Of Antennas Increased BER
Will Be Reduced Considerably. Diversity Gain Can Be Increased By Increasing Antennas. When Number Of
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Antennas Increased BER Will Be Reduced Considerably. If We Use High End Mapping We Need To Use
Maximum Antenns Then Only BER Will Be Reduced Considerably.
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Fig. 2: MIMO Vs. IM Modulation

Among All The Three Detectors ML Plays A Better Role In Improving Qos, Because ML Is
Consistent.
To Actualize The Desirable Qos, With Low Complexity We Are Into SWD. As Shown In Fig 3 ML Is Always
Better When Interference Increases But In MMSE-LLR And SWD The Complexity Will Be High

Nt=Nr=4 IMowr difforert detection algonthm
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Fig. 3: Performance Metrics Of Signal Detectors

VI. MAXIMUM LIKELIHOOD (ML) DETECTOR

The Resultant Def-SM Is Capable Of Striking A Flexible Tradeoff In Terms Of The Achievable BER,
Complexity And Unequal Error Protection .Moreover, By Exploiting The Benefits Of Our Low-Complexity
Relaying Protocols And Inter-Element Interference (IEI) Model, The Destination Node (DN) Is Capable Of
Jointly Detecting The Signal Received From The SD And RD Links Using The Proposed Low-Complexity
Maximum-Likelihood (ML) Detector. In This Def-SM, The DN Should Jointly Detected Both The SD Signals
Of (2) And The RD Signals Of (9) For Achieving A Beneficial Cooperative Diversity Gain. In Many Cases An
Optimal Single-Stream ML Detector Was Proposed For Conventional SM Systems. Here, We Extend It To The
Cooperative Defsm Receiver By Exploiting Our Low-Complexity Relaying Protocol And The IEI System
Model At The SN. With The Added Benefit Of Relaying, Typically A Good BER Performance Is Expected.
The ML Detector Is The Optimum Detector Once The Probability Of Error Is Minimized. The Noise Terms At
The Receiving Antennas Are Statistically Independent, Identically Distributed, Zero Mean Gaussian And
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Therefore, Joint Conditional Probability Density Function P Y S (/) Is Gaussian. Hence, The Detector Opts For
The Symbol Vector That Minimizes The Euclidean Distance Metric.
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Fig. 4: Performance Of ML Over Conventional Detectors

Here Compared To Conventional Signal Detector ML Based Approach Will Give Better BER Rate.
Error Rate Is Linearly Reduced When Signal Energy Increased. But ML Will Give Better Results In Moderate
SNR Rate.
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Fig. 4: Performance Comparison Of Sub Detector ML MIMO

VII. EXPERIMENTAL RESULTS
Here We Compare The Performance Of The Proposed ML Sub Detector Over Using Single Compound
ML As A Benchmark Schemes Which Explored In Table 1 With Improved Hardware Efficiency. We Extended
This Analyzes Using FPGA Implementation Schemes And Implemented Using Verilog HDL. The Hardware
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FPGA Synthesis Was Carried Without Using Any Degree Of EDA Driven Optimization Since The Objective Of
This Work Is To Prove The Performance Of The Aforementioned Designs, Using Architectural Level
Modifications To Analyze The Highest Achievable Complexity Reduction And Frequency.

Table 1. Performance Measures Of ML Detector.

Signal detector AREA Fmax report
ML-Compound detector 6086 5286 MHz
ML sub detector 3197 86.76 MHz

VIIlI. CONCLUSION
The Proposed Method Is Based On IM Modulation (IM) At The Transmission Side For Improved

System Data Rate And The Information Bit Stream Is Divided Into Different Antenna Index Sets: The Antenna
Index-Bits (Al-Bits) As Well As The Amplitude (QAM-Modulation) And Phase Modulation (PSK-
Modulation)-Bits. First, We Derive Analytical Expressions Of The Elementary Raleigh Channel With Different
Assumptions. Then, We Apply The Obtained Expressions To Calculate The Achievable BER Rates And
Compare Them With The Values Of A Simulated Transmission. The ML Approximations Is Used The End-To-
End SM Coded Bit Error Rate (BER) Of A General MIMO IM Scheme With Multiple Antenna Index.
Simulation Results Demonstrate The Accuracy Of Our Derivations For Different Detector Configurations And
Achievable Hardware Efficiency Around 50% With Improved System Performance Is Also Proved Through
FPGA Hardware Synthesis.
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