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A generalised spatial modulation scheme with multiple active transmit 

antennas known as multiple active spatial modulation is introduced in 
this paper. MA-SM has advantages of the low complexity and high 

multiplexing gain. The transmitted symbols are mapped into a higher 

dimensional constellation space which includes the spatial dimension. 

The general principle for the design of MA-SM for arbitrary number 

of transmit antennas and modulation scheme is described. The 

detection scheme is near optimal and less complex. A comparison 

with the existing multiple-input multiple output (MIMO)  techniques 

such as space time block code (STBC) and V-BLAST is also 

presented which shows the efficiency of MA-SM 
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Introduction:- 
Multiple input multiple-output (MIMO) is an effective way to improve capacity and reliability compared to single 

antenna wireless systems. Out of the several MIMO techniques space time block code (STBC) and spatial 

multiplexing are the techniques achieving diversity and multiplexing gain, respectively. STBC provide excellent 

spatial diversity gain and also there is simplicity in implementation and also it has low decoding complexity. The 

orthogonal STBC (OSTBC) which is a classification of STBC uses maximum likelihood (ML) decoder with linear 

complexity. However, it is not possible to construct a full-rate full-diversity code with linear complexity.  

 

V-BLAST is the family of spatial multiplexing, which can provide high multiplexing gain. V-BLAST can achieve 

maximum multiplexing gain by simultaneous transmission on all the antennas. But Inter Channel Interference (ICI) 

and Inter Antenna Interference (IAI) make it difficult to decode streams.The capacity gain can be improved by the 
introduction of spatial dimension and it is coordinated by the antenna indices. 

 

Jeganathan[2] introduced space shift keying (SSK) modulation scheme in which amplitude/phase modulation is 

removed and only antenna indices are used to convey information. Since only one antenna is active during a time 

slot, the ICI and IAI can be avoided fully. So system design is simplified and the decoding complexity reduced. 

Higher capacity could be achieved by combining the amplitude/phase modulation (APM) with antenna index 

modulation, known as Spatial Modulation (SM) It extend the constellation into a three dimension (both the complex 

dimension and the spatial dimension)Symbols are ejected from a selected antenna after mapped through a traditional 

modulator. Therefore, the information is transmitted by amplitude/phase modulation and also by the antenna indices. 

The Inter Channel Interference and Inter antenna interference can be avoided since only one antenna is active over 

the transmission. The decoder complexity also gets reduced. 
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In SM and SSK modulation systems only one antenna is active which limits the exploitation of spatial dimension 

and design flexibility. An extension of SM, named as generalised spatial modulation (GSM) allows several antennas 

to be active simultaneously. It exploits high spectral efficiency. But it increases the complexity of the system 

exponentially. Moreover, efficient decoders for GSM are highly complex while corresponding linear decoder has 

poor performance. 

 
In Space Time Block Coding-Spatial Modulation (STBC-SM) scheme, SM is combined with Space Time Block 

Code (STBC). At the transmitter, mapped symbols are emitted from chosen antennas after coded with STBC 

encoder. At the receiver, a demodulator combining ML algorithm with the linear STBC decoder is used which is 

optimal. STBC-SM has the problem of low multiplexing gain or high computational complexity if the block code 

size is greater than two. An exhaustive search of antenna sets is employed in ML decoder for STBC-SM, and thus 

the complexity increases exponentially as the antenna subset expands. In order to explore the multiplexing gain of 

system with low computational complexity, a novel multiple active spatial modulation (MASM) scheme and a near-

optimal decoder with linear complexity is introduced. 

 

A novel scheme of multi-antenna transmission for SM is proposed in which several transmit antennas carrying 

different information symbols are active during each time slot which is called Multiple Active Spatial Modulation. 

As in traditional spatial modulation, information bits are mapped into both spatial dimension and traditional 
complex dimension. Antenna sets with arbitrary number of active antennas is used instead of using a single antenna 

index to improve the multiplexing gains. A near-optimal decoder withlow complexity is proposed .Thedecoder 

separates the antenna set detection from the traditional demodulator which reduces the computational complexity. 

Compared to the Maximum likelihood detection the proposed method is less complex computationally. 

 

Proposed MASM System:- 
The system model consists of a MIMO wireless link with 𝑁𝑇 transmit antennas and 𝑁𝑅receive antennas. The source 

information bits are transmitted from 𝑁𝑃of the transmit antennas after mapped through an 𝑀-QAM. Through the 

𝑁𝑇 × 𝑁𝑅wireless channel 𝐻and the 𝑁𝑅 dimension additive white Gaussian noise (AWGN)𝑤 = [𝑤1𝑤2 … . . 𝑤𝑁𝑅
], the 

received signal is given by (1) where 𝜌 is the average signal to noise ratio (SNR) at each receive antenna, 𝐻 and 𝑤 

are independent and identically distributed (i.i.d) entries according to 𝒞𝒩(0,1) (complex Gaussian zero mean 

distribution with variance unity) and 𝒮 is the constellation set of M-QAM. 

 

The transmitted symbol 𝑋 is comprised with 𝑁𝑃 QAM symbols emitted from the antennas 𝑎1 …𝑎𝑁𝑃
 , respectively. 

For denoting convenience, the antenna group (𝑎1 …𝑎𝑃) will be written as 𝜉𝑗 =

 0,1, … . .1 … .  𝑗𝜖  1, …… .   𝑁𝑇
𝑁𝑃

  
2
 where the 𝑁𝑇 components stands for the states of 𝑁𝑇transmit antennas and each 

1 and 0 represents the on and off  of the corresponding antenna, respectively. For example, in a system where 

𝑁𝑇 = 4, 𝑁𝑃 = 2, the possible antenna groups could be denoted 

as𝜉1 =  1,1,0,0 ,𝜉2 1,0,1,0 , 𝜉3 1,0,0,1 , 𝜉4 0,1,1,0 , 𝜉5 =  0,1,0,1 , 𝜉6 =  0,0,1,1  
 

𝑦 =  
𝜌

𝑁𝑃

𝐻𝑋 + 𝑤 

                                                                                              (1) 

𝑋 ≜  0 𝑠1 …𝑠𝑁𝑃
 0 

𝑇
 

↑↑ 

𝑎1𝑎𝑁𝑃
 

where𝑠1 ………𝑠𝑁𝑃
∈ 𝒮, 𝑎1 …………𝑎𝑁𝑃

∈  1 …… . . 𝑁𝑃 . 
 

This equation could be simplified to (2) where ℎ𝑎𝑖
denote 𝑎𝑖

𝑡ℎ  

Column of channel matrix 𝐻 

𝑦 =  
𝜌

𝑁𝑃
 ℎ𝑎1

………ℎ𝑎𝑁𝑃
  𝑠1 ………𝑠𝑁𝑝

 
𝑇

+ 𝑤 (2) 
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If 𝑁𝑃 from 𝑁𝑇 antennas are selected  𝑙𝑜𝑔2  𝑁𝑇
𝑁𝑃

   bits can be conveyed on antenna indices. At high signal to noise 

ratio the capacity of MASM is 𝑁𝑃𝐶𝑛𝑜𝑟𝑚 +  𝑙𝑜𝑔2  𝑁𝑇
𝑁𝑃

  where 𝐶𝑛𝑜𝑟𝑚 = 𝑙𝑜𝑔2  1 +
𝑆𝑁𝑅

𝑁𝑃
  is the capacity of a single 

channel in MIMO system  

   

 
Fig 1:- System Model 

 

The block diagram of the MASM system is given in figure 1 which shows 𝑁𝑃 antennas from 𝑁𝑇 are selected as the 

antenna In the MA-SM system, the information bits are conveyed by both the complex symbols and the indices of 

the active antennas. At the transmitter, 𝑁𝑃 antennas are used to carry different symbols, which increases the 

multiplexing gain.𝑁𝑃is taken as a tradeoff between capacity and reliance. Active antenna set has to be selected 
carefully so that interference can be minimized. Transmission scheme can be optimized by minimizing the 

maximum distance involved. 

 

The optimal ML decoder detects the antenna set together with symbols and thus complexity increases exponentially 

for higher order constellation. Thus a near optimal decoder with low complexity is proposed. The decoder can be 

interpreted as the linear filter that maximizes the output SNR under the constraint that it eliminates the interference 

coming from all other data streams. 

 

Complexity and Analysis:- 
Assume a 4 × 4 MIMO system with 𝑁𝑃 = 2 and 16QAM modulation scheme, the optimal ML needs 16384 

multiplications while the proposed decoder only employs 43 multiplications. As the number of multiplications is 

less the proposed method is less computationally complex. Also the complexity of the proposed scheme is unrelated 

to the size of QAM employed. 

The error that occur in the demodulator could be categorized into two categories. The first is the error occurs in the 

active antenna detection (𝑃𝐴𝑛𝑡𝐸𝑟𝑟 ) and the second is that the error occurs in conventional demapping when antenna 

detection is correct (𝑃𝑀𝑜𝑑𝐸𝑟𝑟 ). 

 

Simulation Results:- 
Simulation results for the MA-SM system with comparisons among other MIMO systems, such as STBC, V-BLAST 

are given. The bit error rate (BER) performance of these systems as a function of the average SNR per receive 

antenna and in all cases is plotted. 

 

Figure 2,3 and 4 shows the performance of MASM for BPSK,QPSK and 16QAM modulation techniques compared 
to STBC and VBLAST. It clearly shows that in all the casesFigure 5 shows the comparison of MA-SM with 

different modulation schemes. It shows that after 10 dB SNR MA-SM shows better performance.Also on 

comparison with different modulation schemes 16-QAM has better result. 
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Fig  2:- Comparison of MASM with existing techniques for BPSK modulation. 

 

 
Fig 3:- Comparison of MASM with existing techniques for QPSK modulation. 

 

 
Fig 4:- Comparison of MASM with existing techniques for 16QAM modulation. 
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Fig 5:- MASM with different modulation schemes 

 

Conclusions:- 
In this paper, a novel high-rate, low complexity MIMO scheme, namely MASM, as an alternative to existing 

techniques like STBC and VBLAST is proposed. The proposed MASM scheme employs both traditional 

modulation and antenna indices to convey information. MA-SM offers significant improvements of system 

performance compared to VBLAST and STBC systems with linear decoding complexity. It can be concluded that 

the MASM scheme can be useful for high data rate communication systems 
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