IOSR Journal of Engineering (IOSRJEN) www.iosrjen.org
ISSN (e): 2250-3021, ISSN (p): 2278-8719
PP 26-31

A Novel Quadrature Spatial Modulation Based On Interleave
MIMO Cognitive Radio Systems

Kanimozhi.R1, Anandan .R 2

1 P.G Student, Dept Of Communication Systems, Dhanalakshmi Srinivasan College Of Engineering And
Technology , Mamallapuram .
2Assistant Professor, Dept Of Communication Systems, , Dhanalakshmi Srinivasan College Of Engineering
And Technology , Mamallapuram .

Abstract : Quadrature Spatial Modulation (QSM) Is A High Spectral Efficiency Multiple-Input Multiple Output
(MIMO) Technique Used To Improve The Spectral Efficiency Of Wireless Communication Systems. The Main
Concept Of QSM Is To Extend The Spatial Constellation Of Conventional Spatial Modulation (SM) In Both
Inphase And Quadrature Components Of The Data Symbol. In This Paper QSM-Based On Interleave Division
Multiplexing (IDM) Has Not Been Introduced In The Literature As A Multiple Antenna System, So We
Introduced A Novel Scheme Which Is Called QSM-IDM. The Antenna Sets Are Also Applied To A Spreader
Before Using Them To Assign An Antenna Number For Information Transmission. Analysis And Simulations
For Flat Fading Channel Show That The Proposed QSM-IDM Significantly Outperforms The Original QSM
System With The Same Data Rate While Maintaining The Relatively Acceptable Complexity. Simulation Results
Obtained Show That The Analysis Conducted Has Significant Improvements For The Proposed Scheme
Accuracy With Satisfactory Complexity.

Keywords : Interleaver Division Multiplexing (IDM) - Multiple Input Multiple Output (MIMO) — Spatial
Modulation (SM) - Quadrature Spatial Modulation (QSM)

I.  Introduction

Nowadays During The Last Decade, High Spectral Efficiency Has Been The First Priority For Any
Wireless Communication System In Order To Increase Its Performance. Single Antenna Systems Failed To
Provide High Spectral Efficiency While Multiple Antenna Such As The MIMO Systems Provided It [1]. Spatial
Modulation (SM) [2], Space Shift Keying (SSK) [3], And Space-Time Shift Keying (STSK) [4] Are (MIMO)
Techniques That Utilize The Various Transmit Antennas In An Inventive Manner. Increasing Complexity,
Energy Consumption And Cost Are The Major Problems Of Traditional MIMO Techniques. These Drawbacks
Primarily Result From The Inter Channel Interference (ICI) Caused By The Increasing Number Of Transmitting
Antennas, Inter-Antenna Synchronization (I1AS), And Multiple Radio Frequency (RF) Chains Which In Turn
Increase The Complexity And Cost Of A MIMO System [1]. Spatial Modulation Is An Integration Between
Digital Modulation Systems And Multiple Antenna System To Accomplish Spatial Multiplexing Gain By Using
Multiple Antennas At Transmitter In A Unique Method [2]. SM Used To Overcome The Problem Of ICI And
Requires No Synchronization Between Transmit Antennas With Low Complexity And Cost Without Reducing
The System Performance. Besides, It Is Shown That SM Is More Robust To Channel Variations, Such As
Spatial Channel Correlation And Channel Estimation Errors, As Compared To Other MIMO Techniques. In
SM, A Block Of Any Number Of Information Bits Is Mapped Into A Constellation Point In The Sighal Domain
And A Constellation Point In The Spatial Domain. Distinction Between Channels Of Transmit Antenna Is A
Major Parameter Influence On Bit Error Rate Of SM Instead Of Channel Realization. Only One Transmit
Antenna Of The Set Will Be Active At Any Time. The Key Of Spatial Modulation Is That It Takes The
Advantage Of The Spatial Position Of Each Transmit Antenna As An Extra Source Of Information To Enhance
The Spectral Efficiency.

SM Multiplexing Picks Up Expansions Logarithmically With The Number Of Transmit Antennas And
Not Directly As In Bell Labs Layered Space-Time (BLAST) Strategies [5]. Regardless Of The Critique Of SM,
The Information Rate Is Increased In Correspondence To Base-Two Logarithm Of The Number Of Transmit
Antenna. In Paper [6], The Authors Have Proposed A New Modulation Called Trellis Coded Spatial Modulation
(TCSM). The Aims Of This Scheme Is To Reduce The Effect Of Channel Correlation On The Performance Of
SM. It Exploits Convolutional Encoding And Maximum-Likelihood Sequence Estimation (MLSE) Decoding
To Increase The Free Distance Between Sequences Of Spatial-Constellation Points. Generalized SM (GSM)
Systems Are Reported In [5] Using A Group Of Transmit Antennas Which Are Considered As A Spatial
Constellation Point And Are Activated Simultaneously To Enhance The Overall Spectral Efficiency. A Main
Drawback Of GSM Is That The Increasing Number Of Antenna Combinations Adds Detection Complexity To
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The Receiver And A Slight Performance Degradation To This System As Compared To Its SM/SSK
Counterpart Reported In [7]. An Alternative SSK Scheme Called Bispace Shift Keying (Bi-SSK) Is Reported In
[8], Where Orthogonal Symbols Are Transmitted Simultaneously From One Or Two Transmit Antennas To
Enhance The Spectral Efficiency Of The SSK System. Minor Performance Degradation Is Reported, As
Compared To The SSK System, But With Twice The Data Rate.

Recently, QSM Has Been A New MIMO Scheme Which Is Based On The Expansion Of The Spatial
Constellation Domain To A New Dimension By Utilizing Both In-Phase And Quadrature Components From
One Or Two Antennas At The Same Time [9]. QSM Gives The Same Error Performance And Spectral
Efficiency Of SM With 3 Db Less Signal Power While Holding All Its Implicit In Advantages [10]. The First
Dimension Transmits The Real Part Of A Signal Constellation Symbol And The Other One Transmits The
Imaginary Part Of The Constellation Symbol. ICI Is Also Maintained Since The Two-Transmitted Information
Are Orthogonal And Adjusted On The Real Part And The Imaginary Part Of The Carrier Signal. However, An
Additional Base-Two Logarithm Of The Number Of Transmit Antennas Bits Can Be Transmitted In QSM,
Compared To A Conventional SM System [10].

Il. System Model
In This Section, A Proposed System Model For (QSM-IDM) Is Introduced. The Proposed MIMO
System Consists Of Transmit Antenna And Receiver Antenna. The Transmitter Of The Proposed QSM-IDM
Scheme Is Shown In Fig.1. Letbe The Group Of Data Bits To Be Transmitted At One Particular Time Instant
With  Denoting The Modulation Order Of Arbitrary M-Quadrature AmplitudeModulation(M-QAM)
Over L Layer Subsequence.

-
PU
receiver
transmitter
SuU SuU
transmitter receiver

SuU, SU, SUy
Figure 1: QSM-MIMO CR System With Single PU

The Source Information Is Divided Into Three Sets, Two Sets For Spatial Constellation And One For
Information As In The Conventional QSM [10]. Two Spatial Constellations Are Modulated Each By Log Bits.
The Antenna Activated For Transmission Is Assigned By Bits Of Antenna Sets As Used In QSM After
Spreading It By Spread Sequence Which Is Same For Both Real And Imaginary Antenna Sets. In Addition, The
Signal Constellation Symbol Is Modulated By Log Bits. To Produce The QSM-IDM Symbol, The Data Bits Are
Further Segmented Into L Subsequences, Each Of Which Structures One Layer Of The QSM-IDM Signal. The
Bits In The Information Set Is Spread By Same Sequence To Form The Spread Sequence . Then, The Bits
Sequence Are Permutated By Various Chip Random Interleaver Producing Independently Permuted Spreaded
Bit Sequences Furthermore, The Sequences On Each Layer Are Changed Into Binary Balanced Sequence
Signals As 1—-1, With Every Two Successive Bits Mapped Onto The Real And Imaginary Parts Of One QPSK
Symbol, Respectively. Moreover, The Corresponding QPSK Symbols " From Every Layer Are Directly
Superimposed Together To Yield The Output Signal As: A. Channel Model We Consider A MIMO Spectrum
Sharing System Operating Over A Rayleigh flat Fading Channel With ST Of Nt Transmit Antennas And SR Of
Nr Receive Antennas In The Presence Of A Single Antenna PR. The MIMO Channel For The Secondary
System Is Denoted As H With NrxNt Dimension, And The ST-PR Channel Is Denoted As F With Nr x 1
Dimension. The System Model Is Depicted In Fig. 1. We Assume That Incoming Bit Sequence Of A Length Of
B = Log2(MN2 T ) Enters The ST At Each Transmission Interval. This Sequence Is Processed And Divided
Into Three Parts. The first Two Parts Of Log2(Nt) Bits Of B Decides The Index Of The Active Transmit
Antennas, And The Remaining Third Part Of Log2(M) Bits Is Mapped Onto One Of The Desired M-Ary
Coherent/Non-Coherent Modulation Schemes. The QSM Constellation Symbol, X, Is Further Expanded To Its
Real, XR, And Imaginary, X3, Components, Which Are Orthogonal And Performing As The In-Phase And
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The Quadrature Components Of The Carrier Signal. XR Is Conveyed From A Single Transmit Antenna Among
The Available Nt Antennas, Where The Index Of The Activated Antenna Is Determined By The first Log2(Nt)
Bits. Similarly, X3 Is Conveyed By Another Or The Same Antenna Depending On The Second Log2(Nt) Bits.
The Vector, S = SR + Js3, Is Sent Over An Nr xNt Rayleigh Complex Channel H. Its Entry Hr, T Denotes The
Complex Channel Coefficient Between The Tth Transmit Antenna And Rth Receive Antenna And H{R Is The
fth ® Column Of H, LE., IR = [HLLR,--- HnrfR]T. The Channel Elements Are Assumed To Be
Independent Identical Distribution (I.1.D.) Complex Gaussian R.V. With Zero Mean And Variance ¥2 H. The
Channel Vector N = [N1,N2,--- ,Nnr]T Is A Complex Additive White Gaussian (AWGN) Noise Vector With
Zero Mean And Variance NO. The Received Signal Vector At The Input Of The Receiver Side Is Given As

Y =VPs(HERXR + I IXI) + N,

{RE3 =12, Nt 1)

Where Ps Denotes The Secondary Transmitted Power. B. QSM Detection The Following Common
Estimatoris Considered Assuming The Orthogonality Between The Channel Estimate And The Estimation
Error, Which Is Expressed As
Ehr,T = Hr,T -E Hr,T, )

Where E Hr,T Is The Estimate Of The Hr, T, And They Are Jointly Ergodic And Stationary Gaussian
Processes. Ehr, T Is The Channel-Estimation Error, And Modeled As Ehr,T ~ CN(0,22 E). Note That 2 E Is
An Indicator For The Quality Of The Channel Estimation And Changes Depending On The Channel Variations
And Estimation Schemes. In This Model, Orthogonal Pilot Channel Estimation Sequences Are Used, Which
Reduce The Estimation Errors Linearly With Increasing The Number Of Pilots. Considering This, The
Optimum ML Detector For MIMO-QSM System At The SR Is Given By [* LR, " {J, " XR, "~ XJ]=Arg Min
ERLTI XR XT3

Y-VPs(" HLRXR+I" HEI X)) (3)
Arg Min LR L3 XR XS 112112 -2R{Yhz} (4)

Where Z = VPs(" HERXR + J” HLIXJ). The Detected An-Tenna Indices "¢ R And " {3 Along With The
Detected Data Symbols " XR And " XTI Are Used To Retrieve The Original Information Bits.

I11. Complexity Analysis

In This Section, A Complete Study For The Complexity Of The Proposed QSM-IDM System Is
Introduced. The Complexity Increase In The QSM-IDM Transmitter Is Negligible Compared To That In The
Original QSM Transmitter. Therefore, Our Emphasis Is On The Complexity Of The Receiver End. Motivated
By [21] , We Compute The Complexity Of The Proposed Detector In Terms Of Real Multiplications. There Are
Two Stages In The Proposed Detector. In The Initial Stage, The Complexity Of The I-MRC Detector Is E=2 [2].
The Following Stage Work In An lterative Manner. The Overall Complexity Of The Proposed Receiver Is
Given By: E=2+165 (27) From The Above Analysis We Conclude That The Complexity For The Proposed
Detector Increased Linearly With The Increasing Number Of Sublayers And Number Of Iterations.
Consequently, Decreasing The Number Of lIterations As Possible Results In Better Performance For The
Proposed System Compared To The Conventional QSM.

IV. Simulation And Discussions
The Main Objective In This Section Is To Evaluate The Performance Of The Proposed QSM-IDM
System. The Proposed System Performance Is Evaluated Through Monte Carlo Simulations. It Is Compared To
The Conventional QSM And Conventional SM Combined With Iterative Detector Under The Constraint Of
Similar Spectral Efficiency. Throughout The Simulation, We Assumed That The Gaussian MIMO Channel With
A Unit Variance And That It Is Uncorrelated Flat Rayleigh Fading Channel In What Follows. During Data
Transmission, The Full Knowledge For Channel And Perfect Frequency Synchronization Were Assumed.
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Figure 2 : Holes In 1%and 2" Band
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Figure 4 : BER Analyzes With Shorter Distance

The Performance Of The QSM-MIMOCR Systems With Imperfect Channel Estimation At The
Receiver Is Computed Via Analytical Results And Validated Through Simulations For 4-Quadrature Amplitude
Modulation (QAM) Scheme. Unless Otherwise Stated, We Assume Nt = 2,Pm =10 Db, And 22 H = 1,NO = 1.
The Case Of Perfect CSI (22 E = 0) Is Included For Comparison Purposes.
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Figure 5 : BER Analyzes Over Longer Distance
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Figure 6 : Noise Variation
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Figure 7 : Length Variation With Detection
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V. Conclusion

In This Paper, A QSM-IDM Combined To The Conventional QSM Is To Be Applied To Spread
Information Bits Which Is Used To Modulate The Information Into The Constellation Points. The Antenna Set
Is Also Applied To Spreader Before Using It To Assign The Antenna Number For Information Transmission.
An lterative Detector With Low Complexity Has Been Designed For The Proposed QSM-IDM System. The
Simulation Results For The Proposed System In Different Antenna Combinations With The Proposed System
QSM-IDM Performs Much Better Than The Conventional QSM System. In Addition, The Performance Of The
Proposed System Can Be Improved By Increasing Number Of Iterations Of Iterative Detector And Increasing
The Length Of The Spreader Used For Information Set Of Antennas Sets. So, IDM Combined With QSM To
Have Collaborative Performance Improvement Form User Prospective As Network Prospective. Finally, The
Main Drawback Of Our Proposed System Is Increasing System Complexity And Processing Time Which Is
Negligible Compared To That In The Original QSM System. Eventually, It Is Recommended To Use QSM-
IDM System For Delay Insensitive Applications As Data Networks.
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