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Abstract: Multiple antenna systems can be considered as one of the most important technologies in modern high 

speed wireless communication. They provide many types of advantages, diversity gain, multiplexing gain, etc. This 

paper present implementation and comparison among different types of multiple antennas systems: SIMO (Single 

input Multiple Output), MISO (Multiple input Single Output) and MIMO (Multiple input Multiple Output), in 

these schemes, multiple antennas at the transmitter and/or receiver are used to enhance the performance. The Bit 

Error Rate of Rayleigh fading channels in these schemes are analyzed using BPSK and QPSK Modulation. The 

MATLAB environment is used to simulate the optimal trade off curve to evaluate the performance of these multiple 

antenna schemes. The experiment results showed that, the BER decrease as the number of antennas increase and 

the BPSK modulation gives better performance than QPSK. 
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Introduction 

 

The next-generation wireless systems are required to have high voice quality as compared to current cellular mobile 

radio standards and provide high bit rate data services [1], at the same time, the remote units are supposed to be small 

lightweight pocket communicators. Furthermore, they are to operate reliably in different types of environments: macro, 

micro, and picocellular; urban, suburban, and rural; indoor and outdoor. In other words, the next generation systems are 

supposed to have better quality and coverage, be more power and bandwidth efficient, and be deployed in diverse 

environments [2]. 

Increased spectral efficiency and improved link reliability are the major challenges in future wireless communication 

systems. The use of multiple antennas at both ends of a wireless link promises significant improvements in terms of 

spectral efficiency and/or link reliability [3]. 

Recently, multiple antenna systems have received a great deal of attention, mainly due to their potential to meet the 

growing demand of data rates for current and future wireless systems. Current cellular standards have already made 

provisions for two antennas on the handsets while allowing for more at the basestations. The efficient deployment of 

multiple antenna elements in practical systems requires algorithms which achieve the desired spectral efficiency at a low 

computational cost [4]. 

Wireless Communication has made a tremendous impact on the lifestyle of a human being. Wireless Network provides 

high speed mobility for voice as well as data traffic from variety sources. The fundamental phenomenon which makes 

transmission unreliable is time varying fading [5]. 

A phenomenon is assigned for a constructive and/or destructive interference between signals arriving at the same 

antenna via different paths, and hence with different delays and phases, resulting in random fluctuations of the signal 

strength at the receiver. When destructive interference occurs, the signal power can be significantly reduced and the 

phenomenon is called as fading. Deep fades that may occur at particular time or frequency or in space result in severe 

degradation of the quality of the signal at the receiver making it sometimes impossible to decode or detect. Multipath 

fading arises due to the noncoherent combination of signals arriving at the receiver antenna [6]. 

The classical approach is to use multiple antennas at the receiver and perform combining or selection and switching in 

order to improve the quality of the received signal by reducing the effect of multipath fading. The major problem with 
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using the receive diversity approach is the cost, size, and power of the remote units. The use of multiple antennas and radio 

frequency (RF) chains makes the remote units larger and more expensive. As a result, diversity techniques have almost 

exclusively been applied to base stations to improve their reception quality. A base station often serves hundreds to 

thousands of remote units. It is therefore more economical to add equipment to base stations rather than the remote units. 

For this reason, transmit diversity schemes are very attractive [7]. For instance, one antenna and one transmit chain may be 

added to a base station to improve the reception quality of all the remote units in that base station’s coverage area. The 

alternative is to add more antennas and receivers to all the remote units. The first solution is definitely more economical 

[8]. 

Rayleigh fading is a statistical model for the strong influence of a propagation environment on a radio signal, used by 

wireless communication devices. Rayleigh fading models consider that the magnitude of a signal that has passed through a 

transmission channel or medium will vary often and in a random manner, or fade, according to a Rayleigh distribution [9]. 

BPSK is the simplest form of phase shift keying (PSK). Two phases are used here which are separated by 180 degrees 

and so can also be termed as 2-PSK. It does not particularly matter exactly where the constellation points are positioned in 

a figure, since it is always shown on the real axis, at 0 degrees and 180 degrees. This modulation technique is the most 

robust and efficient of all the PSKs since it takes the highest peak of noise or distortion to make the demodulator reach an 

incorrect decision. In the presence of an arbitrary phase-shift introduced by the communications channel, the demodulator 

reaches an incorrect decision. For high data rate applications it is mostly unsuitable since it can modulate at 1 bit/symbol 

[10]. 

QPSK is also known as quaternary PSK, quadriphase PSK, 4-PSK, or 4-QAM. QPSK uses four points on the 

constellation diagram, equispaced around a circle. With four phases, QPSK helps to encode two bits per symbol [11]. 

Common notations have been used in this paper such as 𝐻−1 denotes inverse matrix operation, 𝐻𝐻  and * denote 

conjugate transposition and complex conjugate operations respectively, 𝐻+ denoting the Moore-Penrose pseudo inverse. 

This paper analyzes the performance of SIMO (Single Input Multiple Output) receive diversity combining scheme 

namely Maximum Ratio Combining (MRC) , MISO (Multiple Input Single Output) transmit diversity scheme namely 

Alamouti space time block code (STBC) and MIMO (Multiple Input Multiple Output) scheme namely Zero Forcing (ZF). 

 

System Model 

 

This model focused on single-user to single-user communication, it is assumed that the communication is carried out in 

baseband representation, baseband simulation are faster and yields performance results same as that of passband 

simulation. 

 

2.1 SIMO (MRC) 

A SIMO system with a single transmit antenna and M receive antennas is considered as shown in Figure 1. Maximum 

ratio combining achieves the maximum signal to noise ratio at the receiver’s output by weighting each received replica 𝑦𝑖  

by the corresponding complex conjugate channel coefficient ℎ𝑖  and then summed. 

 
Figure 1: Structure of SIMO system 
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Firstly, a binary input bit sequence is mapped into a complex valued symbol sequence, where each element is selected 

from a finite set or constellation alphabet and then transmitted; the signal is then transmitted via the Raleigh fading 

channel, the received signal is given as: 

yi = hix + ni            … (1) 

Where 𝑦𝑖  is the 𝑁𝑟 × 1 received symbol on the 𝑖𝑡ℎ  receive antenna, ℎ𝑖  is the 𝑁𝑟 × 1  channel matrix of the fading, 𝑥 is 

the transmitted symbol and 𝑛𝑖  is the 𝑁𝑟 × 1 additive white Gaussian noise. 

It is assumed that the transmitted signal 𝑥 is normalized to have average transmit power of unity in one symbol; the 

channel is assumed to be flat fading and known at the receiver (e.g., using training sequences).The estimated symbol after 

equalization is, 

x =
hH y

hH h
=

hH hx

hH h
+

hH n

hH h
= x +

hH n

hH h
         … (2) 

Then a hard decision decoding is used to find the transmitted symbol. 

2.2 MISO (Alamouti STBC) 

Consider a MISO system with 2 antennas at the transmitter and one antenna at the receiver as shown in Figure 2. Two 

symbols 𝑥1 and 𝑥2 are transmitted simultaneously from antennas 1 and 2 during the first symbol period, followed by 

symbols −𝑥2
∗ and 𝑥1

∗ transmitted from antennas 1 and 2 during the next symbol period. Assuming that the flat fading 

channel remains constant over the two successive symbol periods, 

 
Figure 2: Structure of MISO system 

 

So that in first time slot, the received signal is, 

y1 = h1x1 + h2x2 + n1          … (3) 

In second time slot, the received signal is, 

y2 = −h1x2
∗ + h2x1

∗ + n2          … (4) 

Where 𝑦1 , 𝑦2 is the received symbols on the first and second time respectively, ℎ1 is the channel from the first transmit 

antenna to the receive antenna, ℎ2 is the channel from the second transmit antenna to the receive antenna and 𝑛1, 𝑛2  is the 

noise on first and second time slots. 

The above equations can be represented in matrix form as follows: 
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y1

y2
∗ =  

h1 h2

h2
∗ −h1

∗  
x1

x2
 +  

n1

n2
∗           … (5)  

Let the channel defined as 

H =  
h1 h2

h2
∗ −h1

∗   

To find 𝑥1 , 𝑥2  , the inverse of H is needed. As assumed before the receiver knows ℎ1 and ℎ2 , the estimated symbols 

transmitted are, 

 
x 1

x 2
 =  H−1  

y1

y2
∗   

        = H−1  H  
x1

x2
 +  

n1

n2
∗    

        =   
x1

x2
 + H−1  

n1

n2
∗           … (6) 

 

 

2.3 MIMO (ZF) 

Figure 3 illustrates the system architecture used for MIMO wireless communications with 2 transmit antennas and M 

receive antennas. MIMO systems use multiple sources and multiple receivers to improve communication performance, 

Allowing for higher spectral efficiency. 

 
Figure 3: Structure of MIMO system 

 

In first time slot, the signal on the first receive antenna is, 

y1 = h1,1x1 + h1,2x2 + n1          … (7) 

The signal on the second receive antenna is, 

y2 = h2,1x1 + h2,2x2 + n2          … (8) 

Where 𝑦1 , 𝑦2 are the received symbols from the first and second antenna respectively, ℎ1,1 is the channel from the first 

transmit antenna to the first receive antenna, ℎ1,2 is the channel from the second transmit antenna to the first receive 

antenna, ℎ2,1 is the channel from the first transmit antenna to the second receive antenna, ℎ2,2  is the channel from the 

second transmit antenna to the second receive antenna, 𝑥1 , 𝑥2 are the transmitted symbols and 𝑛1, 𝑛2 is the noise on the first 

and second receive antennas. 

As assumed before the receiver knows ℎ1,1, ℎ1,2 , ℎ2,1, ℎ2,2. Also the receiver knows 𝑦1 , 𝑦2. The unknowns are 𝑥1 , 𝑥2.  

The above equations can be represented in matrix form as follows: 
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y1

y2
 =  

h1,1 h1,2

h2,1 h2,2
  

x1

x2
 +  

n1

n2
          … (9)  

To find 𝑥1 , 𝑥2, the inverse of 𝐻 is needed. 

H+ =  HHH −1HH            … 

(10) 

This matrix is known as (pseudo inverse) for a general 𝑀 × 𝑁 matrix. The estimates of the transmitted symbols are, 

 
x 1

x 2
 =   HHH −1HH  

y1

y2
   

        =  HHH −1HH  H  
x1

x2
 +  

n1

n2
    

        =   
x1

x2
 +  HH H −1HH  

n1

n2
          … (11) 

 

Model Assumptions 

 

1- The channel is known at the receiver. 

2- Systems operate in slow Rayleigh flat fading. 

3- There is synchronization between the transmitter and receiver. 

 

Results and Discussions 

 

In this section, The BER performance of the three systems in Rayleigh fading channels has been analyzed with two 

basic different modulation schemes (BPSK and QPSK); a BER of 10−3 is used as an operating point. Also It is assumed 

that the total transmit power from the two antennas for the MISO and MIMO is the same as the transmit power from the 

single transmit antenna for SIMO. These systems are software implemented with the m-file of MATLAB R2012b technical 

programming language. 

Figure 4 shows the simulation results for SIMO, the diversity gain is about 12.77, 17.303, 19.895 and 21.537 dB  at 

 𝑛𝑅𝑥 = 2, 3, 4 𝑎𝑛𝑑 5 respectively for both BPSK and QPSK, the BPSK scheme performed better giving lower value of 

BER than the corresponding QPSK scheme. 

 

 
Figure 4-a: Performance of SIMO MRC for BPSK modulation 
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Figure 4-b: Performance of SIMO MRC for QPSK modulation 

 

 

In Figure 5 the simulation results for MISO are shown, the diversity gain is about 9.81 dB at number of transmitting 

antennas 𝑛𝑇𝑥 = 2; the diversity gain in this scheme is less than the corresponding 𝑛𝑇𝑥 = 1, 𝑛𝑅𝑥 = 2 SIMO scheme of 

about 3 dB. 

 

 
Figure 5-a: Performance of MISO Alamouti for BPSK modulation 
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Figure 5-b: Performance of MISO Alamouti for QPSK modulation 

 

 

Finally, Figure 6 shows the results for MIMO, the diversity gain is about 12.63, 17.245 and 19.736 dB at  𝑛𝑅𝑥 =

2, 3 𝑎𝑛𝑑 4 respectively, the result in this scheme is similar to that of SIMO scheme but the capacity here is twice. 

 

 
 

Figure 6-a: Performance of MIMO ZF for BPSK modulation 
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Figure 6-b: Performance of MIMO ZF for QPSK modulation 

 

Conclusions 

 

When the BER was evaluated under BPSK and QPSK modulation schemes for Rayleigh fading channels, the result 

show that the number of errors in the BPSK modulation scheme is less when compared to the number of errors in the 

QPSK modulation scheme. Thus the performance analysis of Rayleigh Fading Channels in these systems under BPSK 

modulation scheme is found to be more efficient. The diversity gain in SIMO-MRC scheme is the same as that of MIMO-

ZF but in the MIMO the capacity is twice, the simulated result showed that the BER decrease as the number of antennas 

increase. 

 

References 

 

[1]. N. Agarwal, and S. Nema, “Performance analysis of Alamouti scheme in Rayleigh channel", IEEE, Communication, Information & 

Computing Technology (ICCICT), pp. 1-6, 2012. 

[2]. J.J. Biebuma, S.I. Orakwe, and C.C. Ejidike, "Improved signal reception using space diversity technique in mobile communication 

systems", JOURNAL OF RESEARCH IN NATIONAL DEVELOPMEN, vol. 8 no. 2, 2010. 

[3]. Adeane, J. M.R.D. Rodrigues, I. Berenguer, and I. J. Wassell, "Improved detection methods for MIMO-OFDM-CDM 

communication systems", IEEE, 60th Vehicular Technology Conference, Vol. 3, pp. 1604 – 1608, 2004. 

[4]. K. K. Mukkavilli, A. Sabharwal, E. Erkip, and B. Aazhang, "On beamforming with finite rate feedback in multiple-antenna 

systems", IEEE Trans. Info. Theory, vol. 49, no. 10, pp. 2562–2579, 2003. 

[5]. Aida Zaier, and Ridha Bouallègue, "Channel estimation study for block - pilot insertion in OFDM systems under slowly time 

varying conditions", International Journal of Computer Networks & Communications (IJCNC), Vol.3, No.6, 39-54, 2011. 

[6]. JUHI GARG, KAPIL GUPTA, and P.K.GHOSH, "Performance analysis of MIMO wireless communications over fading channels - 

A Review", ijareeie, VOL. 2, ISSUE 4, 2013. 

[7]. Sandeep Kumar Singh, Anjana Jain, and Anurag Shrivastav, "Performance analysis of different space time block codes", 

International Journal of Engineering Research and Applications (IJERA),Vol. 2, Issue 3, pp. 619-624, 2012. 

[8]. S.M. Alamouti, "A simple transmit diversity technique for wireless communications," IEEE J. Select. Areas Commun., vol. 16, no. 

8, pp. 1451–1458, 1998. 

[9]. P. Sunil Kumar, Dr. M.G. Sumithra, and M. Sarumathi. "Performance analysis of Rayleigh fading channels in MIMO-OFDM 

systems using BPSK and QPSK modulation schemes", The SIJ Transactions on Computer Networks & Communication 

Engineering (CNCE), Vol. 1, No. 1, pp. 12-17, March-April 2013. 

[10]. J. Deng, and Z.J. Hass, "Dual busy tone multiple Access (DBTMA): A New Medium Access Control for Packet Radio Networks", 

Proceedings of IEEE ICUPC, Vol. 1, Pp. 973–977, 1997.  

[11]. F.B. Frederiksen, and R. Prasad, "An overview of OFDM and related techniques towards development of future wireless 

multimedia communications", Proceedings of IEEE National Conference on Radio and Wireless Communications, Pp. 19–22, 2002. 

 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Agarwal,%20N..QT.&searchWithin=p_Author_Ids:38542659500&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Nema,%20S..QT.&searchWithin=p_Author_Ids:37998132300&newsearch=true

