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Abstract
In this paper, we derive analytical expressions for the bit error rate 
of space time block codes from complex orthogonal designs with 
phase shifting keying on Rayleigh fading channels. The approach 
presented in this paper can be used in the BER analysis of any 
space time block codes from complex orthogonal design with 
linear processing for any value of M in M-PSK system. Here, we 
present the BER analysis and results for modulation techniques 
16-PSK, 32-PSK, 64-PSK with i) (2-Tx, 2 Rx) antennas using 
Alamouti code (rate-1), ii) (4-Tx, N Rx) antenna using (rate-1/2). 
Then, to analyse the performance, all these modulation techniques 
are compared for MIMO using Alamouti Orthogonal Space time 
block codes for (2x2) and (4xN) antenna system respectively. It 
has been concluded that BER decreases as SNR increases.
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I. Introduction
Multiple antenna paths provide spatial diversity to the system 
which in turns reduces the effect of multipath fading on the MIMO 
communications systems and significantly improves link quality.
They take advantage of spatial and temporal diversity to combat 
the random fading [1-2],  induced by multi-path propagation of the 
signal and maximize efficient use of bandwidth.The advantages 
of using multiple transmit and or receive antennas along with 
space-time block coding have been extensively studied [3–5] and 
are now well accepted. In particular, the orthogonal space-time 
block codes (O-STBC) of [4-5], have been shown to be very 
attractive in terms of providing full diversity with linear decoding 
complexity. However, the performance of these codes, as with 
most other space-time codes, depends on accurate knowledge of 
the channels between the transmit and receive antennas.
The importance of channel information to space-time coding has 
motivated research into channel estimation for Multiple-Input-
Multiple Output (MIMO) systems [6-10]. The space time block 
coding was proposed by Tarokh, Jafarkhani, and Calderbank 
over wireless Rayleigh-fading channels using multiple transmit 
antennas. This approach can be thought of as a generalization of 
the Alamouti scheme [4], which allows transmission using two 
transmit antennas, to an arbitrary number of transmit antennas. 
From the perspective of transmission with multiple transmit 
antennas, Tarokh, Jafarkhani, and Calderbank [5], established a 
theoretical framework of generalized orthogonal designs based 
on the theory of classical orthogonal designs and then employed 
their theory of generalized orthogonal designs to construct Space-
Time Block Codes (STBCs) for any given number of transmit 
antennas. 
Due to the underlying orthogonal and decoupledstructure of 
STBCs, they possess full diversity order [11] and a decoupled 
maximum-likelihool decoding algorithm which avoids the 
exponential complexity of the Maximum Likelihood decoding, 

in terms of the number of transmitted information symbols within 
the given decoding delay, at the receiver. The Space time block 
codes constructed from generalized complex linear processing 
orthogonal designs were shown to have full transmit diversity [7] 
and a simple decoupled Maximum likelihood decoding algorithm. 
If the space time block codes from the generalized complex linear 
processing orthogonal designs can achieve full rate, namely, 
one, then the codes have no loss in bandwidth in the sense that 
the Space time block codes can provide the maximum possible 
transmission rate at full diversity [5]. The complex orthogonal 
design in dimension 2, i.e., the Alamouti scheme for transmission 
with two antennas [4], is such an example of rate-one design and 
faur transmit antennas is example of rate-1/2.
The basic idea behind the design of any MIMO system is that 
it should be able to send multiple copies of data stream across 
number of antennas so that multiple versions are received at the 
receiving end which have passed through scattering, reflection, 
refraction and Thermal noise.So, In this paper, we have tried to do 
analysis by increasing SNR and observing BER with Orthogonal 
Space Time Block Codes. The results of the analysis of BER 
performance with SNR for the MIMO – OSTBC transmission for 
different modulation are presented and discussed in the paper [12]. 
For complex designs, a similar analysis shows that full rate and 
full diversity orthogonal codes only exist for 2 transmit antennas 
and rate-1/2 exist for 3 and 4 transmit antennas.
In this paper,the comparison of MIMO using Alamouti Orthogonal 
space time block codes (2x2) and (4xN) is done over Rayleigh 
channel for modulation techniques respectively. At the last, all 
these modulation techniques are compared for MIMO using 
Alamouti Orthogonal space time block codes for (2x2) and (4xN) 
antennas. The modulation techniques such as 16-PSK 32-PSK and 
64-PSK are considered. If BER is low this means the modulation 
is successfully able to modulate the Information signal and the 
measured signal with the desired characteristics. 

II. Orthogonal Space Time Block Codes
The following preliminaries in the theory of generalized orthogonal 
designs are adopted from [5] and its minor correction [13] but 
stated here in a compact way.
A complex orthogonal design Oc of size n is an n x n matrix 
whose nonzero entries are

 (1)
or their conjugates
  (2)
or the products of the above ones with the imaginary unit in the 
complex field C, where,  are the indeterminates 
over C satisfying
= (3)
Where the subscript H, represents the Hermitian transpose or 
complex conjugate transpose of a complex matrix. 

A. For Two Transmit Antennas (RATE-1)
The Alamouti scheme [4] for transmission with double transmit 
antennas employed the following 2 x 2 complex orthogonal 
design
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    (4)
However, it was proved in [5] that a complex orthogonal design 
Oc of size n exists only when the dimension n is 1 or 2. This 
conclusion remains true even if the complex linear processing 
is allowed at the transmitter in the sense that the entries of the 
complex orthogonal designs can be complex linear combinations 
of the complex variables  and their conjugates, 

  Such an orthogonal design is called 
a complex linear processing orthogonal design. The encoders 
output are transmitted in two consecutive transmission periods 
from two transmit antennas. During the first transmission period, 
x1and x2 signals are transmitted simultaneously from antenna one 
and antenna two, respectively. In the second transmission period, 
signal -x2* is transmitted from transmit antenna one and signal x1* 
from transmit antenna two, where x1* is the complex conjugate 
of x1. Encoding is done in both space and time domain [14]. Let 
us denote the transmit sequence from antennas one and two by 
x1 and x2 respectively.

    (5)

    (6)             

B. For Faur Transmit Antennas (RATE- 1/2)
For any arbitrary complex signal constellations there are OSTBCs 
that can achieve a rate of ½ for any given number of  transmit 
antennas. For example, the code matrices OSTBCs for faur transmit 
antennas is given below. With the code matrices for faur symbols 
are taken at a time and transmitted via faur transmit antennas in 
eight time slots, resulting in a transmission rate of ½.

III. Simulation Results
Simulation results are provided to substantiate the analysis. The 
Simulation results for the performance of Alamouti Orthogonal 
space time block codes for different modulation techniques 16-
PSK, 32-PSK, 64-PSK  for rayleigh channel are obtained using 
MATLAB. The  BER values as function of SNR are determined 
for each modulation scheme for the purpose of comparing their 
relative performances as  shown in Table 1.

Table 1: BER for Different Modulation Schemes at SNR = 0 
dB
Modulation 
Scheme 2x2 4x1 4x2 4x3 4x4

16-PSK 1.2844 0.5056 0.3618 0.2873 0.2353

32-PSK 1.7897 0.7611 0.6176 0.5325 0.4784

64-PSK 2.2938 1.0121 0.8728 0.7913 0.7326

Fig. 1: BER Vs SNR for 16-PSK Modulation

Fig. 2: BER Vs SNR for 32-PSK Modulation

Fig. 3: BER Vs SNR for 64-PSK Modulation

From figs. (1 to 3), the comparison of MIMO using Alamouti 
Orthogonal space time block codes  (2x2) and (4xN) is done over 
Rayleigh channel 16-PSK, 32-PSK and 64-PSK respectively. It 
has been concluded from the results that 4x4 has low bit error 
rate as compared to 4x3, 4x2, 4x1 and 2x2 transmit and receive 
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antennas. As number of antennas goes on increasing at transmitter 
and receiver, bit error rate decreases.

       
Fig. 4: BER Vs SNR for ( 2x2) Antenna System

           
Fig. 5: BER Vs SNR for (4x1) Antenna System

           
Fig. 6: BER Vs SNR for (4x2) Antenna System

        
Fig. 7: BER Vs SNR for (4x3) Antenna System

 
Fig. 8: BER Vs SNR for (4x4) Antenna System

From figs. 4 to 8, all these modulation techniques  are compared 
for  (2x2) and (4xN) transmit and receive antennas system. It has 
been analyzed from the figures Bit error rate will be low for lower 
order and Bit error rate will be greater for higher order. So, 16-
PSK has low bit error rate as compared to 32-PSK and 64-PSK. 
So, 16-PSK yields better performance among all schemes.

IV. Conclusion
From figs. (1 to 3), It has been concluded from the results that 1. 
As, the antennas at Tx and Rx goes on increasing, bit error 
rate goes on decreasing. So, (4x4) achieves low bit error rate 
as compared to (4x3), (4x2), (4x1) and (2x2). 
From figs. 4 to 8, it has been analyzed that Bit error rate is 2. 
low for lower order modulation scheme and Bit error rate is 
high for higher order modulation scheme. Here, 16-PSK has 
low Bit error rate as compared to 32-PSK and 64-PSK. So, 
16-PSK yieds better performance among all schemes.
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