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Abstract— Spatial Modulation (SM), which is an efficient 

transmission scheme, is implemented for active transmit 

antenna indices and modulated signals to convey the 

information. To retrieve this transmitted information bits, the 

Maximum Likelihood Detector is often used. This technique 

improves throughput and betters the efficiency of power 

amplifiers. Also, existing Single Input Single Output (SISO) 

system performance improved with Spatial Modulation 

(SM). In this paper we have presented simulation result of 

BER versus SNR for SISO Spatial Modulated signal with 

Binary Phase Shift Keying (BPSK). 
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I. INTRODUCTION 

Key elements for the future of wireless communication 

systems are the achievement of high data rate and spectral 

efficiency. Adaptive coding and modulation, iterative 

(turbo) decoding algorithms, space–time coding (STC), 

multiple antennas and multiple input–multiple output 

(MIMO) systems[11], multicarrier modulation, and ultra 

wideband radio are examples of enabling technologies for 

next generation wireless communication.  

Although multiple-input multiple-output (MIMO) 

technique is widely recognized as an important approach to 

increase data transfer rate, MIMO systems could be 

incapable of action in the aspects of energy efficiency and 

detection complexity in the high data rate condition [1]. To 

solve this problem of MIMO, spatial modulation (Spatial 

Modulation) which is known as a single radio-frequency 

MIMO technique, has been proposed in [2]-[4]. Compared 

with conventional MIMO systems, Spatial Modulation 

makes use of the difference of MIMO channels to convey 

information based on a new spatial dimension, thus the 

conventional two-dimensional (2D) constellation of various 

Mary phase shift keying is extended to three-dimensional 

(3D) constellation as shown in Fig. 1. Due to the high 

energy efficiency and low detection complexity, Spatial 

Modulation is regarded as a candidate technique for future 

wireless communication systems, especially for large-scale 

MIMO [5]. 

 
Fig. 1: 3D constellation of conventional BPSK system 

Spatial Modulation is also an effective technique to 

overcome the inter-channel interference (ICI) and time 

synchronization among antennas which are necessary for 

MIMO systems [2]-[4]. Also the complexity of detector for 

Spatial Modulation has an exponential relationship with 

modulation order and increases linearly with the number of 

transmit and receive antennas, thus Spatial Modulation can 

reduce detection complexity significantly compared to 

conventional MIMO [2]-[4]. But since some transmit 

antennas will remain inactive in every channel, Spatial 

Modulation offers a lower throughput than spatial 

multiplexing [6]. This implies that Spatial Modulation 

requires more transmit antennas and/or higher modulation 

order for achieving the same spectral efficiency. As a result 

of which, the complexity of Spatial Modulation with high 

data rate is still large. 

At the receiver, the detection algorithm needs to 

find out the modulated symbol and index of selected antenna 

by a joint exhaustive search for recovering the information 

data [8]. The most obvious and efficient way to reduce 

complexity is to restrict maximum-likelihood (ML) search 

space. For example, the sphere decoder (SD) algorithm, 

applied to both MIMO and Spatial Modulation, avoids the 

exhaustive search by examining only those points that lie 

inside a sphere with an appropriate radius. 

Another popular detector for MIMO systems, M-

algorithm to maximum-likelihood (M-ML) detector [6], has 

barely been studied for Spatial Modulation to date. It 

reduces the complexity of ML detection by it combining 

with QR decomposition and tree search structure [7]-[8]. 

The main advantage of M-algorithm is that it limits the 

candidate constellation points to a fixed number to reduce 

the exhaustive search space.  

Considering the characteristics of Spatial 

Modulation, lower data rate and complexity of detection, it 

is more suitable to be used as an enhancement of uplink 

transmission [5]. Therefore, in order to obtain higher data 

rate of uplink, the terminal side needs to allocate a large 

number of transmit antennas. However, due to the constraint 

of terminal size, it is difficult to make the correlation 

coefficients of the antennas to be low enough. In this high 

correlated condition, the optimization of signal detection 

algorithm has barely been studied.  

The rest of this paper is structured as follows. 

Section II presents a general description of Spatial 

Modulation system model. The ML algorithm is discussed 

in Section III. Section IV shows a simulation result. Finally, 

the paper is concluded in Section V. 

II. SYSTEM MODEL 

SM is also a spatial multiplexing MIMO technology. It has 

Nttransmit antennas and Nrreceive antennas, and the 

modulation order is M . Input data is converted into log2 
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(MNT) layers, then the transmit signal vector in one time 

slot, which is denoted by x =[x1,x2,…,xNT]T , can be obtained 

through SM mapping, and E{xHx} = 1. In the receiver, SM 

detection includes 2 steps, the first is estimation of the index 

of transmit antenna, the second is symbol demodulation for 

this antenna[10]. 

Spatial Modulation system block scheme is 

presented in Fig. 2. Assume a Nr × Nt Spatial Modulation 

system with L-ary constellation and complete channel state 

information at receiver, the steps of Spatial Modulation can 

be described as follows[9]:  

 Step 1: Segment the input bit stream into blocks with 

the length of log2 (Nt×L). 

 Step 2: Each block is mapped into both constellation 

points and space dimension, where log2L bits select a 

symbol s from the constellation set S and log2Nt bits 

select one antenna out of Nt transmit antennas. 

 Step 3: Every symbol is transmitted by the 

correspondingly selected antenna, and the other 

antennas stay idle during the same time slot. 

 Step 4: The receiver does signal detection in order to 

estimate both the transmit symbol and the index of 

selected antenna. 

 
Fig. 2: System Model 

For example, assume a system with 4 transmit 

antennas and BPSK constellation in Fig. 3. The information 

bits are firstly segmented into blocks with 3 bits length, then 

mapped to a BPSK symbol and transmitted on one of the 

four available antennas. 

 
Fig. 3: 4 transmit antenna and BPSK in Spatial Modulation 

Transmitted 

Bits 

Antenna 

Index 

Modulated 

Signal 

000 1 -1 

001 1 +1 

010 2 -1 

011 2 +1 

100 3 -1 

101 3 +1 

110 4 -1 

111 4 +1 

Table 1: SM mapping table 

The system model can be formulated as  

y = his + n 

where hi denotes the complex channel gain between 

the active transmit antenna and the receive antenna, n 

denotes the Nr-dim Additive White Gaussian Noise 

(AWGN) with zero-mean and variance σ2, s is the selected 

symbol from the constellation set S.  1 ≤ i ≤ Nt,  s Є S 

III. DECODING 

At the receiver end, the antenna index bit is found out by 

 

The value of i in the above equation determines the 

antenna number on which data with maximum strength is 

received. For BPSK in Spatial Modulation system, the 

antenna indexing on the receiver side, corresponding to the 

antenna indexing on the transmitter side as shown in fig 3 

will be as shown in table 2, where x1 is the antenna bit 

index. 

The transmitted symbol will be estimated as 

follows: 

 
Where s gives the detected symbol and S is the 

constellation matrix, based on which x2, the final symbol 

received at the receiver is detected 

I x1 

1 [0,0] 

2 [0,1] 

3 [1,0] 

4 [1,1] 

Table 2: Antenna bit index detection 

The antenna index and symbol are concatenated to 

form the entire data that is received. The error can be found 

out by generating an error matrix by subtracting the 

transmitted signal matrix from the received signal matrix. If 

one or more than one elements of the error matrix are not 

equal to 0, then an error is said to have been received at the 

receiver. 

IV. SIMULATION RESULTS 

In this section, we present BER versus SNR performance 

using simulations for the considered 1×1 system out of 4 

transmit antenna and one receive antenna in figure 4. We 

consider the SISO systems equipped with spatial modulation 

binary phase shift keying (BPSK) with a quasi static 

rayleigh fading channel. The SNR is denoted by /
s o

E N , 

where 
s

E is the average power of a symbol. 

From figure 4 and table 3, it is shown that to 

achieve 10-2  bit error rate (BER)  required  signal to noise 

ratio is 14 db for SISO system. Whereas, in spatial 

modulation for the same bit error rate (BER) required signal 

to noise ratio is 11.75 db. It means that same transmit- 

receive antenna with spatial modulation gives better 

performance than simple SISO system. There is a 2.25 db 
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error rate gap between two result which will reduce power 

requirement. 

BER 

Signal to Noise 

Ratio (SNR) require 

in Simple SISO 

(dB) 

Signal to Noise Ratio 

(SNR) require in SISO 

with spatial 

modulation (dB) 

10-2 14 11.75 

10-3 24 21.85 

Table 3: SNR comparison of simple SISO system and SISO 

with SM system 

 
Fig. 4: Comparison of SM and SISO 

From figure 4 and table 3, it is shown that to 

achieve 10-3 bit error rate (BER)  required  signal to noise 

ratio is 24 db for SISO system. Whereas, in spatial 

modulation for the same bit error rate (BER) required signal 

to noise ratio is 21.85 db. It means that same transmit- 

receive antenna with spatial modulation gives better 

performance than simple SISO system. There is a 2.15 db 

error rate gap between two result which will reduce power 

requirement. 

V. CONCLUSION 

From above study, we conclude that Single Input Single 

Output (SISO) with spatial modulation perform better with 

respect to simple Single Input Single Output (SISO). There 

is less power requiring for audio as well as video 

communication in Single Input Single Output (SISO) with 

spatial modulation. So, again requirement of RF (radio 

frequency) chain is less as compare to multiple transmit 

antenna employed.  
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