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Abstract 

 

Spatial modulation (SM) is the first proposed space modulation technique. By further utilizing the 

quadrature spatial dimension, quadrature spatial modulation (QSM) has been developed as an amendment 

to SM system to enhance the overall spectral efficiency. Both techniques are capable of entirely eliminating 

interchannel interference (ICI) at the receiver. In this paper, we propose a simple adaptive hybrid switching 

transmission scheme to obtain better system performance than SM and QSM systems under a fixed 

transmission date rate. The presented modulator selection criterion for switching between spatial modulator 

and quadrature spatial modulator is based on the larger received minimum distance of spatial modulator 

and quadrature spatial modulator to exploit the spatial channel freedom. It is shown through Monte Carlo 

simulations that the proposed hybrid SM and QSM switching system yields lower error performance than the 

conventional SM and QSM systems under the same fixed data rate and thus can provide signal to noise ratio 

(SNR) gain.  

 

Keywords: Spatial modulation (SM), Quadrature spatial modulation (QSM), Link adaptation, Maximum likelihood 

(ML) receiver, Multiple input multiple output (MIMO), Switching 

 

1. INTRODUCTION 

Spatial modulation (SM) has been considered as a promising multiple input multiple output (MIMO) 

transmission technique with low-complexity [1-3]. In an SM scheme, the spatial position of each transmit 

antenna is exploited as a source of information. As the transmit antenna index is utilized to transmit 

additional information bits in addition to the conventional signal modulation, the overall spectral efficiency 

of the SM systems is given as  2log TM N  where M  is the symbol constellation size and TN  is the 

number of transmit antennas. Moreover, the interchannel interference (ICI) existing in conventional MIMO 

systems can be removed in SM because a single transmit antenna is activated at one time instant. Recently, a 

quadrature spatial modulation (QSM) scheme has been introduced in [4]. In QSM, the in-phase signal 
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constellation symbol and quadrature signal constellation symbol are transmitted by two spatial dimensions. 

The first and second dimensions, respectively, convey the real and imaginary parts of a signal constellation 

symbol. Since the real and imaginary parts of the signal constellation symbol are carried over orthogonal 

carriers, QSM does not avoid ICI like in SM. Compared to the SM, QSM can increase the spectral efficiency 

by  2log TN  and thus a total of  2

2log TM N  input bits can be mapped to each QSM symbol. 

It is pointed out that the differences between channels associated with the different transmit antennas in 

the SM scheme can have decisive effects on the error performance of SM systems [5]-[7]. Even if the SM 

systems can improve their performance through receive diversity, they cannot exploit transmit diversity [8]. 

To improve the error performance of the SM systems, link adaptation techniques such as antenna selection, 

power allocation, and adaptive modulation have been employed in the SM systems [9]-[12]. However, to the 

best of our knowledge, there is no consideration to make use of link adaptation for QSM systems to obtain 

better performance than the maximum-likelihood (ML) performance bound. 

In this paper, a new simple hybrid scheme of SM and QSM is proposed to enhance the error performances 

of both SM and QSM systems. To exploit the spatial channel freedom offered by the MIMO channels, this 

hybrid SM/QSM switching scheme is based on dynamic selection operation between spatial modulator and 

quadrature spatial modulator. It switches among two different modulation methods such as spatial modulator 

and quadrature spatial modulator. For switching between SM and QSM, we consider an adaptive selection 

criterion based on the larger received minimum distance of spatial modulator and quadrature spatial 

modulator. It is shown through simulations that the proposed hybrid SM/QSM switching scheme can achieve 

the best bit error rate (BER) performance compared to the conventional SM and QSM systems under a fixed 

transmission data rate. 

 

2. SYSTEM MODEL 
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Figure 1. MIMO system where the transmitter switches between spatial modulator and 
quadrature spatial modulator 

 

As shown in Fig. 1, we propose a MIMO communication system with TN  transmit antennas and RN  
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receive antennas, which consists of a transmitter with a switch between spatial modulator and quadrature 

spatial modulator and an ML detection unit with the corresponding pair of receivers, and a low-bandwidth 

feedback channel. When the channel is slowly varying, the adaptive unit at the receiver computes the 

optimum modulator type based on the instantaneous channel state together with the used signal constellation 

symbol and sends this information (a single bit) of the selected modulator to the transmitter through a 

feedback link. The transmitter then picks the corresponding modulator for the next channel use. In this work, 

the channel side information of MIMO channel H  is perfectly known at the receiver side and zero 

feedback delay is assumed. The R TN N  matrix H  represents the propagation channel from the 

transmitter to the receiver, whose m-th column indicates the complex scalar channel coefficients from the 

m-th transmit antenna to each receive antenna and whose elements are assumed to be independent and 

identically distributed complex Gaussian random variables with zero mean and unit variable. Note that the 

number of transmit antennas can be one or two depending on the selected modulator and incoming bits. 

Whichever modulator is chosen, the corresponding ML detector is used for data detection. 

 

3. SWITCHING BETWEEN SPATIAL MODULATOR AND QUADRATURE 

SPATIAL MODULATOR 

First of all, we briefly introduce the related works such as SM and QSM. To improve the error 

performance of the SM and QSM systems, a simple switching approach between spatial modulator and 

quadrature spatial modulator is considered. The minimum Euclidean distance at the receiver is employed to 

derive the switching criterion. It is based on the instantaneous channel conditions and the minimum 

Euclidean distance of the transmitted signal constellations. 

 

3.1 Spatial Modulator 

 

In SM, input bits are divided into two parts as  2log TN  and  2log M  bits [1]. The first bits of 

 2log TN  are used to switch on one transmit antenna for data transmission while the second bits of 

 2log M  modulate a signal constellation symbol. Thus a signal symbol kx X  with X  being a signal 

constellation set with cardinality of 2QX   is transmitted from the m-th transmit antenna switched on. 

Here  2log ( )Q M  is the number of bits transmitted by each signal symbol. Then, the 1RN   received 

signal vector is given by [1] 

 

SM SM r Hs n                                     (1) 

 

where the transmitted SM symbol vector SMs  is given as  

 

SM k mxs e                                      (2) 

 

Here me  is the m-th column vector of the T TN N  identity matrix and determined by  2log TN  input 

bits. The elements of RN –dimensional noise vector n  are complex Gaussian random variables with zero 
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mean and variance 0N .  

 

3.2 Quadrature Spatial Modulator 

 

In QSM, input bits are divided into three blocks as  2log TN ,  2log TN , and  2log M  bits [4]. The 

first and second bits of two  2log TN  blocks, respectively, modulate two active antenna indices used to 

transmit the real part and the imaginary part of a signal constellation symbol kx X , which is modulated 

by the last  2log M  bits. That is, the in-phase signal constellation symbol is transmitted on the first spatial 

dimension while the quadrature signal constellation one is transmitted on the second one. Then, the 1RN   

received signal vector is also represented as [4] 

 

QSM QSM r Hs n                                   (3) 

 

where the transmitted QSM symbol vector QSMs  is given as 

 

R I

R IR I

m m

QSM m m R m I mj x j x   s s s e e                          (4) 

 

Here 
R

ms  and 
I

ms , respectively, denote the in-phase and quadrature signal vectors of QSMs . Rm  and Im  

are the indices of transmit antennas for activation with  , 1,2, ,R I Tm m N . Rm

Rx  and Im

Ix  are the real 

and imaginary parts of the signal constellation symbol kx  to be transmitted using the corresponding 

antenna index Rm  and Im . 
Rme  and 

Ime  are the column vectors of the T TN N  identity matrix 

corresponding to the transmit antenna index Rm  and Im , respectively, and defined by two  2log TN  

input bits. 
 

3.3 Switching Between Spatial Modulator and Quadrature Spatial Modulator 

 

Given the received signal vector r  where SMr r  for SM and QSMr r  for QSM, the joint ML search 

is expressed as  

 

 2
ˆ arg min

F


 
s

s r Hs                               (5) 

 

where ŝ  is the transmit symbol vector estimated by the ML detector and   is the set of all legitimate SM 

or QSM transmit symbol vectors. It jointly estimates the indices of the activated transmit antennas and the 

signal constellation symbol from them. 

Since the exact BER expression of (5) does not have a simple closed form solution, the nearest neighbor 

approximation is employed to derive a performance metric for switching between SM and QSM. Given a 

MIMO channel H , the nearest neighbor approximation of the pairwise error probability (PEP) can be given 



Switching between Spatial Modulation and Quadrature Spatial Modulation                                          65 

 

by [12]  

 

  2

min

0

1
Pr ( )

2
i j Q d

N


 
     

 
s s H H                          (6) 

 

where   means the average number of the nearest neighbor vectors and  Q   indicates the Gaussian 

Q-function. Here the received minimum distance min ( )d H  is defined as [12],[13]  

 

 min ( ) min
i j

i j
F

d
 

 
s s

H H s s                             (7) 

 

where ,i j SMs s s  for SM and ,i j QSMs s s  for QSM. 

The received minimum distance min ( )d H  is the common performance parameter of all SM and QSM 

systems with ML detectors. One effective approach for offering the improved BER performance over SM 

and QSM systems is to select one modulator with the larger received minimum distance among two 

modulators such as spatial modulator and quadrature spatial modulator. Thus the selection criterion for 

switching between SM and QSM can be employed as 

 

 2 2

min, min, arg max ,SM QSMSelected Modulator d d                     (8) 

where min,SMd  and min,QSMd  are the received minimum distances of SM and QSM systems, respectively. 

 

4. SIMULATION RESULTS 

We evaluate the BER performance of the proposed hybrid SM/QSM switching scheme over the 

conventional SM and QSM systems. The simulation setup is based on the fixed spectral efficiencies of 4 and 

6 bits per channel use over MIMO channels with frequency-flat block Rayleigh fading. In all simulation 

results, the BER performance curves are plotted as a function of the signal to noise ratio (SNR) in decibels, 

which is defined by the total transmit signal power from all active transmit antennas in all systems divided 

by the noise variance. 

The BER performance of the proposed hybrid SM/QSM switching system with 2TN   and 2RN   is 

presented in Fig. 2. For a fair comparison, we consider SM with 8-PSK modulation and QSM with QPSK. 

That is, the spectral efficiency is a data rate of 4 bits per channel use. It is observed that the proposed 

SM/QSM switching scheme provides a considerable BER performance improvement over the conventional 

SM and QSM at the high SNR values. Specifically, the proposed switching scheme outperforms the 

conventional SM by about 3 dB and the conventional QSM by around 2.1 dB at BER=
410
. 
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Figure 2. BER comparison for the proposed hybrid SM/QSM, the conventional SM and QSM 

for 2TN   and 2RN   

 
Figure 3. BER comparison for the proposed hybrid SM/QSM, the conventional SM and QSM 

for 4TN   and 2RN   
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Fig. 3 shows the comparison for BER results of the proposed SM/QSM switching scheme, the SM system 

and the QSM system with 4TN   and 2RN  . Here 16-PSK and QPSK are assigned to the SM and QSM, 

respectively. Thus the spectral efficiency is given by a rate of 6 bits per channel use. Compared to the SM, 

the SNR gain obtained by the proposed SM/QSM switching scheme at BER=
410
 is approximately given 

by a 5.2 dB. In addition, the proposed switching scheme outperforms the conventional QSM. Here about a 

2.8 dB SNR gain is obtained at BER=
410
. Its performance improvement is found to get larger, compared to 

the gain shown in Fig. 2. Thus for the increased transmission data rate, more performance gain may be 

expected by the proposed SM/QSM switching scheme. 

 

5. CONCLUSIONS 

In this paper, a simple hybrid SM and QSM switching scheme has been proposed to achieve better system 

performance compared to conventional SM and QSM systems under a fixed transmission data rate. First, we 

compute the received minimum distances of SM and QSM systems. Then the adaptive switching criterion 

between spatial modulator and quadrature spatial modulator is based on the larger received minimum 

distance. Our simulation results show that the proposed switching scheme can achieve enhanced BER 

performance compared to the SM and QSM systems at high SNR regions. Given 2TN  , 2RN  , and a 

data rate of 4 bits per channel use, the proposed approach can achieve better performance than the 

conventional SM by about 3 dB and the conventional QSM by around 2.1 dB at BER=
410
. Moreover, for 

4TN  , 2RN  , and a data rate of 6 bits per channel use, our scheme at BER=
410
outperforms the SM by 

approximately 5.2 dB and the QSM by around 2.8 dB. To further improve the proposed switching system 

performance, our interesting future work will be focused on the integration of some link adaptation 

techniques such as adaptive symbol modulation and transmit power allocation into the proposed switching 

scheme. 
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