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Abstract: This paper proposes new Space-time block coding techniques for MIMO 2×2 system
(STBC-MIMO 2×2) in order to minimize the bit error rate (BER), without the need to exploit the
spatial diversity by using a larger number of antennas, with reduced decoding complexity using zero
forcing (ZF) or Minimum mean square error (MMSE) linear detection techniques in Rayleigh fading
channels. Similarly, the proposed STBC code aims to ensure the same spectral efficiency of which it is
given by the Alamouti code with its unitary rate. The main objective is therefore to contribute in the
improvement of the quality of service (QoS) for wireless communication systems and the optimization
of the use of the number of antennas in terminals and base stations. In the proposed space-time block
code (STBC) we exploit the technique of spectrum spreading by direct sequences (DSSS) using the
orthogonal codes of Walsh-Hadamard in order to ensure the orthogonality between all the symbol
vectors to be transmitted and to create an orthogonal and real full-rate STBC code. All computer
simulations were done in MATLAB to evaluate the BER performance versus signal to noise ratio per
bit of the proposed STBC code and Alamouti code in MIMO 2×2 system with 16QAM modulation and
using the Rayleigh channel model in both cases of detection ZF and MMSE. The obtained results
demonstrate that the proposed real STBC code provides much better BER performance compared to
Alamouti code in both cases of detection ZF and MMSE.
Keywords: MIMO, Space-time block codes, Bit error rate, Rayleigh fading channel.

1 Introduction
The prime requirement of wireless communication systems is to provide high-data-rate wireless
access and high quality of service (QoS), under the constraints of limited spectrum resource and
hostile propagation conditions. This requires increased spectral efficiency and improvement in the bit
error rate at reception of the link [1].
Multiple Input Multiple Output (MIMO) technology using multiple antennas at the transmitter and
the receiver has attracted attention in wireless communications and becomes a key and basic element
of the majority of modern wireless communications systems, because it offers significant increases in
data throughput and link range without additional bandwidth or transmit power [2-3]. MIMO achieves
this by higher spectral efficiency and link reliability or diversity. MIMO system takes advantage of
the multi-path environment that characterizes mobile radio channel by using the various propagation
channels created by reflection and/or by diffraction of the waves to increase the transmission capacity
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[4]. Because of these properties, MIMO is an important part of MIMO system takes advantage
modern wireless communication standards such as IEEE 802.16e (WiMAX), IEEE 802.11n (Wi-Fi),
LTE and LTE Advanced mobile phone, and 5G future networks over Massive MIMO technology [5].
Space-time block codes (STBC) were designed to achieve the maximum diversity order for the
given number of transmit and receive antennas by using a simple linear decoding algorithm at
reception [6]. Due to this diversity approach, the space time block coding makes it possible to
improve the quality of the link by avoiding channel fading and to ensure safer communications
(improved BER performance) [7-8]. This has made space-time block codes a very popular and widely
used [9]. The STBC Alamouti code using two transmit antennas discovered by S. Alamouti in 1998 is
the only complex orthogonal code of a unitary rate, i.e., yield of one [10-11], and is the basic schema
of the higher-order STBCs. Therefore, Alamouti code is an early space time code and one of the most
commonly adopted.
The wireless communication standard WiMAX (IEEE 802.16e) for example which is used today as
a transmission and high-speed internet access system covering a large geographical area is based on
the use of MIMO technology [12]. This standard adopts extensively Alamouti space-time block
coding technique using two transmit antennas and two receive antennas (MIMO 2×2 system) with
MMSE receiver [12]. This specification allows a robust signal at the reception and acceptable BER
performance [12]. Increasing the number of both transmit and receive antenna improves system
performance and reduces the bit error rate [13-14]. Due to this method, WiMAX in one of its modes
also supports the use of four transmit antennas to avoid sudden increases in error rates or minimize
them in the severe multipath channels, i.e., in the presence of multiple interferers [14-15]. However,
this WiMAX mode does not change the data rate [14].
This paper proposes a new full-rate space-time code, for a MIMO 2×2 system in Rayleigh fading
channels, which aims to improve the BER performance under the signal-to-noise ratio (SNR)
constraint (especially in low signal-to-noise ratios) with low complexity decoding. The main objective
is therefore to contribute in the improvement of the quality of service for wireless communication
systems and optimization of the use of the number of antennas in terminals and base stations. The
paper is organized as follows: in Section 2, important general background information on MIMO
system is provided. Next, the STBC coding and Alamouti code are discussed in Section 3. Then, the
proposed STBC code is described in Section 4. In Section 5, the simulation methodology is discussed,
then, results and analysis are presented. Finally, Section 6 concludes this paper and presents the future
scope.

2 Multiple Input Multiple Output (MIMO)
2.1 Basic Principle
MIMO systems use multiple transmit antennas and multiple receive antennas. Both transmit and
receive diversity schemes are applied to reduce fading resulting from signal variations by wireless
channel. It depends on the degree at which the multiple data replicas are faded independently; the
system provides diversity gains which represent the difference in SNR at the output of the diversity
combiner as compared to that of single branch diversity at certain probability level [16]. A MIMO
system with Nt transmit antennas and Nr receive antennas has potentially full diversity gain equal to
NtNr [17].
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Figure. 1. Multiple-Input Multiple-Output system block diagram
The MIMO system theoretically allows increasing the capacity of wireless communication links in
comparison with systems composed of a single antenna for transmission and reception. Assuming that
the paths between each transmit antenna and reception are independent, Foshini and Telatar showed
that the theoretical capacity of the MIMO channel with Nt transmit antennas and Nr receive antennas
increases linearly with the min (Nt,Nr) [3, 18].
The basic principle of MIMO systems is therefore to combine the signals appropriately as on
transmission and reception to exploit spatial diversity and thus reduce the effects of fading or increase
the transmission rate [18].
2.2 System Model
For a MIMO system with Nt transmit antennas and Nr receive antennas, the received signal yj at each
moment on the jth receive antenna is the sum of the symbols derived from the Nt transmitted signals:
Nt

y j   h j ,i ci  n j

(1)

i 1

Where hj,i is the attenuation and phase shift (transfer function) of the non-selective frequency channel
between the jth transmit antenna and ith receive antenna, and nj is the additive noise. The complex
matrix H of the channel can then be written as follows:

.
.. h1, Nt
 h1,1

h2,2 ..
.
 .
H 
:
:
:
:

 hNr ,1 hNr ,2 .. h Nr ,Nt








(2)

The MIMO signal model is described as:

y  H .c  n

(3)

Where y and n are respectively receive and noise vectors of size Nr × 1, H is the channel matrix of size
Nr × Nt, and c is the transmitted vector of size Nt × 1.
The transmitted signals are mixed in the channel since they use the same carrier frequency [17].
The receiver can solve the transmitted signals by treating the system of linear equations (3). If the
channel H is correlated, the system of linear equations will have more unknowns than equations [17].
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One reason of the correlation between signals can be due to the spacing between antennas. To avoid
the correlation which is due to the spacing factor, they are typically spaced at least λ c/2 where λc is the
wavelength of the carrier frequency [17, 19]. The second reason of correlation can occur as a result of
multipath components. It is for this reason that rich multipath is desirable in MIMO systems. The
multipath effect can be interpreted by each receive antenna being in a different channel. For this
reason, the rank of a MIMO channel is defined as the number of independent equations offered [20].

rank ( H )  min( Nr , Nt )

(4)

The maximum number of streams that a MIMO system can support is upper-bounded by min (Nt,Nr).

3 Space-Time Block Coding
3.1 Basic Principle
One of the methodologies for exploiting the capacity in MIMO system consists of using the
additional diversity of MIMO systems, namely spatial diversity, to combat channel fading. This can
be achieved by transmitting several replicas of the same information through each antenna. By doing
this, the probability of losing the information decreases exponentially. The diversity order or diversity
gain of a MIMO system is defined as the number of independent receptions of the same signal [4].
The different replicas sent for exploiting diversity are generated by a space-time encoder which
encodes a single stream through space using all the transmit antennas and through time by sending
each symbol at different times. This form of coding is called Space-Time Coding (STC) [18].
The space-time block coding (STBC) is the most dominant form of space-time codes [21]. The
STBC codes are a generalized version of Alamouti scheme, but have the same key features [6]. Due to
their orthogonality these codes can achieve full transmit diversity specified by the number of transmit
antennas [9]. The data are constructed as a matrix which has its rows equal to the number of the
transmit antennas and its columns equal to the number of the time slots required to transmit the data.
Space-time block codes were designed to achieve the maximum diversity order for the given number
of transmit and receive antennas subject to the constraint of having a simple linear decoding
algorithm. This method is very attractive because it does not require knowledge of the channel state
[6]. The resulting diversity gain improves the reliability of the faded wireless links and improves the
quality of the transmission [21-22].
3.2 Alamouti STBC Code
Alamouti proposed an orthogonal complex block code of code rate of 1 (i.e., RSTBC = Q/T, where Q
is the number of symbols transmitted per code, and T is the number of time slots required) using two
transmit antennas. This code provides full diversity and very low complexity decoding [23]. Every
two time slots, two symbols are transmitted simultaneously over two antennas. At first time t, the
symbol s1 and symbol s2 are transmitted from antenna 1 and antenna 2 respectively. Assuming that
each symbol has duration T, then at second time t + T, the symbols –s2* and s1*, where (.)* denotes
the complex conjugate, are transmitted from antenna 1 and antenna 2 respectively, as shown in Table
1. The Figure below (Fig. 2) presents the general block diagram of the STBC-MIMO 2 × 2 system.
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Figure. 2. Block diagram of the Alamouti STBC-MIMO 2×2 system
Table 1. Space-time Alamouti coding
Antenna 1

Antenna 2

s1

s2

–s2*

s1*

Time t
Time t+T

Thus in matrix form we have:

s
CSTBC ,2   1
 s2

 s2* 

s1* 

(5)

The code has the property of being orthogonal because we have:
H
2
2
CSTBC ,2 .CSTBC
,2  (| s1 |  | s2 | ) I 2

(6)

The reception and decoding of the signal depends on the number of receive antennas available [17].
The Alamouti code is no longer optimal in the case of two receive antennas [18].

4 Proposed STBC Code
4.1 Principle of the contribution and Properties
The principle of the MIMO 2×2 coding proposed in this research aims to exploit the technique of
spectrum spreading by direct sequences (DSSS) using the orthogonal codes of Walsh-Hadamard in
order to ensure orthogonality between all the symbol vectors to be transmitted and create an
orthogonal and real STBC code at a rate of 1.
Spread spectrum is a mean of transmission in which signal occupies a bandwidth in excess of the
minimum necessary to send the information. This operation in the proposed method is performed by
the multiplication in the time domain of the useful symbol to be transmitted by its own WalshHadamard code. The resulted signal occupies a frequency spectrum similar to the spectrum of the
Walsh-Hadamard code (due to the fact that TW-H < Ts, where TW-H and Ts represent the duration of one
bit in the Walsh-Hadamard code and one symbol of the data signal, respectively).
Walsh-Hadamard codes are not very length or PN type codes for a significant spread spectrum. The
Walsh-Hadamard codes are adopted in our designed MIMO-STBC system for their property of being
orthogonal and their ease of implementation. Walsh-Hadamard codes have a significant role in code
division multiple access (CDMA) communication [24]. Thus, these codes make it possible to obtain
optimal performance in the presence of a synchronous communication on a non-selective AWGN
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channel (Downlink, MC-CDMA systems...) [25].
Figure 3 presents a block diagram of the proposed STBC-MIMO 2×2 system in transmission. It can
be seen from this Figure that the proposed scheme of STBC-MIMO 2×2 system in transmission
consists of four main sub-systems: modulator, serial to parallel converter, Walsh-Hadamard coder and
STBC encoder. After mapping operation, the data to be transmitted are converted from serial to
parallel with two symbols at the output. Then these both symbols are correlated (multiplication in the
time domain) by both their own different Walsh-Hadamard codes of the same length (Fig. 4). Finally,
the reconverted symbols from parallel to serial forms attack the STBC coder for space-time encoding
according to the coding matrix adopted by Alamouti code, as shown in Table 2.

Figure. 3. Block diagram of the proposed STBC-MIMO 2×2 system in transmission
The transmitted proposed real STBC2 code using two transmit antennas is presented as:

 s1,1
CSTBC ,2  
 s2,2

s2,2 

s1,1 

(7)

Table 2. Proposed space-time coding

Time t
Time t+T

Antenna 1
s1,1
s2,2

Antenna 2
s2,2
s1,1

si,j denotes a symbol to be transmitted where the first index number i indicates the useful symbol to
transmit, and the second index j indicates the own Walsh-Hadamard code of this symbol. The code
rate presented by this code STBC2 is RSTBC2 = 1.
Each symbol si,j of the proposed STBC code is a correlation product of the useful symbol with its
own Walsh-Hadamard code. The two signals obtained from the both correlation products are also
orthogonal. The proposed STBC coding scheme is shown in Figure 4.
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Figure. 4. Principle of the proposed STBC2 coding
The Walsh-Hadamard codes of length n are constructed from a Hadamard matrix of order n. An
example of the 8-bit Hadamard codes adopted in this study is shown in Figure 5.

Figure. 5. 8-bit Walsh-Hadamard codes from Hadamard matrix of order 8
Due to this orthogonality property, the cross correlation between the two symbols s1,1 and s2,2
transmitted simultaneously every two time slots is zero due to the perfect synchronization of their
transmission. Similarly, the relation obtained in (8) below shows the orthogonality of the matrix of the
presented STBC2 code:

 s1,1 s2,2   s1,1 s2,2 
H
2
2 1 0
CSTBC ,2 * CSTBC

 *
  (| s1,1 |  | s2,2 | ). 
  A.I 2
,2 
0 1
 s2,2 s1,1   s2,2 s1,1 

(8)

Where CH denotes the transposed code matrix, A is real coefficient and I2 is identity matrix of size 2.
The orthogonality property of the proposed STBC code allows spatial orthogonality between all the
symbol vectors to be transmitted. The proposed orthogonal STBC code also provides inter-channel
orthogonality between different transmit antennas. Thus, these proposed techniques can contribute to
minimize the spacing between antennas and therefore enhance miniaturization.
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4.2 Reception Performance
The proposed system at the reception performs the inverse operation of the transmit system, as
shown in Fig. 6, with the equalization proposal either by ZF or MMSE linear detectors.

Figure. 6. Block diagram of the proposed STBC-MIMO 2×2 system in reception

The received signals in the first time slot:

y1,1  h1,1s1,1  h1,2 s2,2  n1,1

(9)

y1,2  h2,1s1,1  h2,2 s2,2  n1,2

(10)

The received signals in the second time slot:

y2,1  h1,2 s1,1  h1,1s2,2  n2,1

(11)

y2,2  h2,2 s1,1  h2,1s2,2  n2,2

(12)

The vector of the received signal can be then defined as:

 y1,1   h1,1
 y  h
 1,2    2,1
 y2,1   h1,2

 
 y2,2   h2,2

h1,2 
 n1,1 

h2,2   s1,1   n1,2 
.

h1,1   s2,2   n2,1 

 
h2,1 
 n2,2 

(13)

Where yi,j is the received signal at time slot i by j th receive antenna, si,j is the transmitted symbol, hi,j is
the complex coefficient of sub-channel between the transmit antenna and the receive antenna
respectively j and i, and ni,j is the noise at time slot i on jth receive antenna.
The detection of the transmitted symbols from the received vector (13) can be done simply using
linear detection techniques ZF or MMSE. These two techniques ZF and MMSE seek to apply to the
received vector y, respectively, the following equalization matrices WZF and WMMSE:

WZF  ( H H H )1 H H
WMMSE  ( H H H   2 I )1 H H

(14)
(15)

Where (.)H denotes the Hermitian transpose operation and σ2 is the statistical information of noise.
The estimate of the transmitted signal vector is given then by:
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sZF  WZF . y
sMMSE  WMMSE . y

(16)
(17)

Thereafter, the useful symbols can be retrieved, after STBC decoding, by multiplying each by its own
Walsh-Hadamard code (dispreading), as shown in Fig. 7.

Figure. 7. Principle of the proposed STBC2 decoding
The proposed STBC2 code was simulated in MIMO 2×2 system in MATLAB using the two
aforesaid equalization techniques.

5 Simulations and Results
The simulations were made in MATLAB using the Rayleigh channel model with additive white
Gaussian noise. Different MIMO sub-channels are assumed correlated using random channel
matrices. The proposed real STBC2 code for two transmit antennas and Alamouti code are simulated
in MIMO 2×2 system using 16QAM modulation in both cases of detection ZF and MMSE.
Both Walsh-Hadamard codes used for each two symbols to transmit in the simulated proposed
STBC2 code that are 8-bit length are [1 -1 -1 1 1 -1 -1 1] and [1 -1 1 -1 -1 1 -1 1], which are shown in
Fig. 5. The number of useful bits to transmit in all simulated chains is 105 bits. Detection is in singleuser mode and the channel is assumed perfectly estimated.
The same simulation conditions are applied in all the simulated transmission chains. The
performance of the proposed code is evaluated by simulating the bit error rate (BER) versus signal to
noise ratio per bit (Eb/No) and comparing it with that obtained by the Alamouti code in the various
predefined cases.
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Figure. 8. BER Performance of proposed STBC and Alamouti codes with 16QAM modulation for ZF
equalization

Figure. 9. BER Performance of proposed STBC and Alamouti codes with 16QAM modulation for
MMSE equalization
Both figures Fig. 8 and Fig. 9 represent the obtained BER performance according to signal to noise
ratio Eb/No of the proposed real STBC2 code and the Alamouti code using 16QAM modulation in
cases of equalization ZF and MMSE, respectively. It can be clearly seen from these Figures that the
real STBC2 code proposed in MIMO 2×2 system provides much better performance in terms of bit
error rate compared to the STBC Alamouti code by using the same modulation technique 16QAM for
both equalization cases ZF and MMSE.
The proposed STBC2 code in MIMO 2×2 using 16QAM modulation in case of ZF provides much
better bit error rate than in the case of MMSE for small signal-to-noise ratios Eb/No below 7dB. In the
case of MMSE, the BER curve of the proposed code from an Eb/No ratio of 5dB drops rapidly until it
reaches an error rate of 10-5 just for an Eb/No ratio of 10dB, as shown in Fig. 9. While in the case of
ZF, the BER curve of the proposed code always decreases regularly until it reaches an error rate of
7.10-5 for an Eb/No ratio of 24dB, as shown in Fig. 8.
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Table 3. BER analysis of the proposed code and Alamouti code in MIMO 2×2 system in Rayleigh
fading channel
BER
Eb/No (dB)

0
3
5
10
15

ZF decoding
Alamouti code
Proposed code
-1
2 × 10
6 × 10-2
2.8 × 10-1
2.6 × 10-2
2.1 × 10-1
1.5 × 10-2
-1
1.1 × 10
3.7 × 10-3
5 × 10-2
10-3

MMSE decoding
Alamouti code
Proposed code
-1
2.8 × 10
2.4 × 10-1
2.4 × 10-1
2 × 10-1
2 × 10-1
7.5 × 10-2
-1
1.1 × 10
10-5
5 × 10-2
10-9

The proposed STBC code using ZF detection exhibits a noticeable reduction in the error rate in low
signal-to-noise ratios (Eb/No≤ 5dB) from 14% to 25.4%, and ≤ 4.9% at Eb/No> 15dB, compared to
Alamouti code. For MMSE detection, the proposed STBC code offers a 4% reduction in the error rate
in very low signal-to-noise ratios (0dB≤ Eb/No≤ 3dB), from 11% to 13% reduction at 3dB< Eb/No≤
10dB and a reduction of 5% or less at Eb/No> 15dB, compared to Alamouti code.
It can be concluded that the proposed STBC code using ZF decoding makes greater contribution
compared to decoding with MMSE technique in a low signal-to-noise ratio channel.

5 Conclusions & Future Scope
In this work we have proposed new STBC-MIMO 2×2 coding techniques that aim for minimizing
the bit error rate with low complexity decoding using ZF or MMSE linear detection techniques in
Rayleigh fading channels. The simulation results show that the proposed real STBC2 code in MIMO
2×2 system outperforms the Alamouti code by providing much better error rates with a same decoding
complexity at reception using the same ZF or MMSE detection techniques. The use of the proposed
code exhibits a noticeable reduction in the error rate in low signal-to-noise ratios, compared to
Alamouti code, from 14% to 25,4% using ZF decoding and from 4% to 12,5% using MMSE
decoding.
Similarly, the proposed STBC code ensures the same spectral efficiency as the Alamouti code
thanks to his unitary rate. Therefore, this proposed method contributes in improving the quality of
service of wireless communication systems, and optimizing the use of the number of antennas as in
the case of a WiMAX context in the severe multipath channels.
Lastly, the present work constitutes the bases of a new concept time-space for a MIMO system.
Thus, we aim to generalize, in the next work, this concept to a larger number of transmit antennas for
an STBC-MIMO system by building full-rate STBC codes. We also aim to analyze the impact of
antenna spacing on the performance of proposed STBC techniques.
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