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Abstract: In this article, we proposed a multiple input multiple outputs (MIMO) technique such as spectrally efficient adaptive 
quadrature spatial modulation (SEAQSM) which is based on space modulation techniques (SMTs). SMTs are logarithmically 
proportional to transmitting antenna & this technique fulfills the requirement of high data rate in the MIMO system. The 
Spatial position of the transmitting antenna improves the performance of the MIMO system. In space modulation technique 
spectral efficiency is logarithmically proportional to transmit antenna, if we increase the antenna at the transmitter end then the 
bandwidth efficiency significantly improved. We have to improve the performance MIMO system, minimize the latency and low 
power consumption. The proposed technique performance is explored over Rayleigh fading channel for a particular MIMO. 
These techniques underestimate the transmit antennas with less RF chain. In this paper, we analyzed the performance of our 
proposed scheme with conventional SM and QSM by using MONTE CARLO Simulation in term of BER with distinct order of 
QAM symbol. SE acquired for varying SNR at a BER of 10−3are obtained for uncorrelated Rayleigh channel. 
Keywords: Spatial Modulation(SM), MIMO, Spectral efficiency, Energy efficiency, Quadrature Spatial Modulation (QAM), 
Maximum Likelihood (ML) detector. 

I. INTRODUCTION 
In today’s Now a days the requirement of a high data bit rate is increasing because all things depend on net service and every year 
cellular base stations are doubled. In modernistic time, the requirement of wireless network and the cellular user have been 
increased, which inspired the scientist to evolve new communication methods and system structure to increase the throughput and 
spectral efficiency [7].There are different techniques that are introduced for improving the bandwidth efficiency of wireless system 
like preceding, spatial multiplexing and space-time shift keying which increase the time diversity[1][3]. MIMO system exploits a 
significant enhance the spectral efficiency as comparison to single antenna system & other technique [16].MIMO plays a keys role 
in wireless system, this techniques are a very good technology for wireless emerging communication in terms of transmitting a large 
number of antennas. In [15], MIMO system, some the challenge occurs like of computational complexity by using a large number 
of RF chain (RF consider the amplifier, oscillator and other electronic devices that’s why its complexity rises) [16]. 
We have need of dominant Transmission scheme which can improve the bandwidth efficiency at the instant of time and without any 
interference & low computational complexity is known as SM which is used for multi-uses scenarios according to the user 
requirement of good quality of communication services for social networking Wi-Fi as Spatial Modulation. In [4] spatial 
modulation working on a single RF chain that’s why complexity is reduced because RF chain occurs amplifier, oscillator and also 
consumed a large amount of power. Main concept of SM has to map a block of message bits into a constellation point in the signal 
domain (constellation symbol) and a constellation point in the spatial domain (spatial symbol) [15]. In [2] [5] different authors 
proposed a different technique for good quality of communication service like STBC-SM scheme is proposed for sending the 
information symbols have expanded space and time domains as well as the spatial (antenna) a domain which equivalent 
to   transmitter antennas present at the space domain, So core STBC and antenna indices are used to carry information bits. The 
recline of the paper is arranged in following parts. Part II represented the previous work done by researchers related to system  
models, Part III shows the proposed spectrally efficient quadrature spatial modulation (SEQSM) system and then implements the 
result and section IV presents section V presented the conclusion. 
 

II. EXISTING RELATED WORK ON SM-MIMO 
Already A conventional MIMO system is a good solution to increase the spectral efficiency of wireless communication but the 
technique consumes a lot of energy by using a large number of radio frequency chains. In [2][4], SM introduced a MIMO system 
that is activated when only one antenna is in active mode but the others in passive mode but by spatial indexing of active antenna 
sends the additional information. So that, bit rate increases by log base logarithmic that is 
                                             SESM =log2(M)+log2(Nt)                                                                                                                 (1) 
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ή = р+ẓ; р represented the data bit and particular time instant data is transmitted & ẓ represented the active antenna index. In [7], 
the author proposed quadrature spatial modulation (QSM) [4].This is an advance version of SM which communicate some extra 
necessary information by expending its spatial constellation into the in-phase and quadrature-phase dimensions, so it increases the 
system efficiency. The system model of QSM Nr×Nt with MIMO configuration, Nr is the receiving antenna and Nt is the 
transmitting antenna. A block of information bits are mapped of (p bits = log2(MNt2)) that is data bits are divided into the three-set 
first set is data is modulated by any modulation scheme which is M-ary QAM and the second and third sets is modulated by 
transmit antenna index[7]. 

SEQSM   =  log2(M)+log2(Nt2)                                                                        (2) 
In QSM network the in-phase components are modulated into cosine  and quadrature components modulated in sine carriers which 
totally avoiding the inter-channel interference & inter antenna synchronization (IAS) [7]. After some time in a LAB proposed a 
technology that is based on transmitting antenna and spectral efficiency is given below [11] 

SEF-QAM   = log2(M)+2(Nt-1)                                                                           (3) 
 

III. PROPOSED WORK 
 In this section, with refer to an existing literature proposed a spectrally efficient adaptive quadrature spatial modulation (SEAQSM 
which is based on space modulation techniques, that is straightforwardly relative to the log base to logarithm and number of send 
recieving wire. Proposed conspire is examined over Rayleigh blurring channels for a very long time existing QSM have done in 
lethargic blurring and quick blurring channel with less number of radio wire. When we risen the transmitting antenna in our work 
then increases the bandwidth efficiency, this gives a significant performance. SMTs employ additional information with low 
complexity and better error performance. System model of AQSM is Nr×Nt MIMO system, Nr and Nt be receiving and transmitting 
antenna Therefore received signal [8]   Y = Hx+w where H shows the channel network. It is autonomous indistinguishably 
dispersed (i.i.d) of Nr×Nt recieving wire is thought to be an uncorrelated Rayleigh blurring channel with wonderful channel state 
data (CSIR) utilized at the beneficiary end, x addressed the communicated vector and w is the added substance white Gaussian 
commotion. The noise present  at each receiving end of the antenna is considered as AWGN with mean zero and variance one. For 
detection of information, we have   let maximum likelihood detection (ML) decoder for received signal [13 .Monte Carlo 
reproductions are run for no less than 106 direct acknowledge in MATLAB script. We utilize Gray planning when fitting for QAM 
balance. In [11], spectrally efficient adaptive quadrature spatial modulation is represented by (2Nt-1).In this, information bit are 
divided into three different set, first set of information is modulated by quadrature amplitude modulation (QAM) and further divided 
into in-phase & Q-phase (real part in cosine & imaginary part in sin term) and after that second and third set are modulated by 
spatial domain. The BER Vs SNR of SM and AQSM under uncorrelated Rayleigh fading channel with AWGN channel mean 

 
Figure1.Nt=4, Nr=4, M=4, BER comparison of SM, QSM and AQSM 

 
In Fig.1, shown the performance of AQSM with number of transmitting antenna Nt = 4, number of receiving antennas Nr = 4 and 
modulation order M=4 as the same BER of 10-3achieves 2dB gain as compare to QSM & 4dB as SM. Comparative analysis of 
SM,QSM and AQSM under the same transmitting antenna, receiving antenna and M-QAM modulation order with 4-QAM. As 
compare to [10, Fig.4] AQSM gives a better performance with 4bps/Hz as compare to QSM and 6bps/Hz as compare to SM. 
Therefore, the performance of MIMO system has improved and SEAQSM in Rayleigh fading channel achieves a better error 
performance which is significant.  
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Figure 2.BER Vs SNR of SM, QSM & AQSM with 4-QAM 
 
In figure2, we can see the BER Vs SNR performance graph of AQSM scheme with 4×8 antenna,Nt = 8 and Nr =4 as same 
modulation order (M=4).The analysis of proposed adaptive quadrature spatial modulation is calculated by using Monte Carlo 
simulation and then compare the performances with Standard SM&QAM  .In proposed method spectral efficiency  increases as 
QAM 8 b/s/Hz & as SM 13b/s/Hz. Therefore, if we increase the number of transmitting antenna bandwidth efficiency is improved 
up to double which gives a significant result. 

 
Figure 3BER versus SNR of the proposed technique (AQSM) in comparison with QSM & SM. 

 
In above Figure -3 we can see the performance characteristics of AQSM with respect to SM and QSM when we enhance the 
transmitting antennas Nr×Nt, Nt=8 modulation order are used 16-QAM.  Just upgrading the communicating recieving wire further 
develop the otherworldly proficiency since space regulation strategy is straightforwardly extent to the quantity of sending 
antenna[10]. AQSM enhance the SE as compare to QSM [10] and SM [10].Performance of SEAQSM having signal constellation 
of16-QAM and various transmitting antenna, it could be seen that from the curves wherein the constellation size having 16-QAM by 
maintaining remaining parameters same, the system performance reduced to around 2.5dB at BER = 10-3. 
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IV. CONCLUSION 
In this paper, we have proposed a spectrally efficient adaptive quadrature spatial modulation (SEAQSM) for MIMO system by 
using M-QAM in different order over Rayleigh fading channel and also analysis of AQSM with comparison SM. Analyze the 
performance of AQSM with respect to QSM & conventional SM in Rayleigh fading channel. AQSM gives a better performance by 
utilizing the large number of antenna used because this proposed model totally depends on space modulation technique (SMTs). If 
we increase the transmit antenna at same modulation order spectral efficiency improved as compare to QSM 8bps/Hz. AQSM is 
slightly better than QSM at lower modulation order. This means that the AQSM is a good for MIMO and Massive MIMO due to 
advantage of improved spectral efficiency & SNR with lower BER (10-3). 

 
Figure 4 BER Vs SNR of the proposed technique (AQSM) in comparison for a different order of M-QAM modulation. 

Figure 4 shows the BER Vs SNR performance of SEAQSM, we have been seen from the curves where   in the size of constellation 
diagram is raised from 4-QAM to 16-QAM by maintain remaining parameters same. the system performance reduced to around 
2.5dB at BER = 10-3.The performance of the system decrease due to some reason. The season behind this degradation is, when the 
size of constellation diagram enhances from 4-QAM to 16 QAM, the distance between the signaling points on constellation diagram 
decreases which enhance the error probability. Therefore, in AQSM the system spectral efficiency increases with the expense of 
reduction in system performance with lowest modulation order. 
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