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ABSTRACT 
 
This paper considers the performance enhancement of a space-time turbo codes 
processing system employing a combined turbo code and antenna transmission 
diversity scheme for direct sequence spread spectrum communication system. 
Turbo codes have been shown to approach the Shannon limit for error correcting 
capability at low signal-to-noise ratios given large sized frames.  Extensive research 
efforts have been examining ways to enhance the performance of turbo codes for 
short frames (e.g., voice transmission).   
The proposed system is investigated over Rayleigh fading channels only and also in 
case of  narrowband jamming environment in addition to Rayleigh fading channels. 
This paper focuses on the implementation and performance of a modified turbo 
decoder for this model. Furthermore, the description of the concatenation of turbo 
code and direct sequence/spread spectrum with a space-time block codes are 
presented. Simulation results show that substantial benefits can be obtained by direct 
sequence spreading with space time coding the coded bits over Rayleigh fading and 
narrowband jamming environment.  
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I.  INTRODUCTION 
  
Turbo codes [1] are an exciting channel coding scheme that achieve very low error 
rates ( 510− ) at signal-to-noise ratios close to Shannon limit. The encoder of turbo 
code is formed using a parallel concatenation of two or more component 
convolutional encoders. The key element of the encoder is the use of an interleaver 
which permutes the information sequence and then uses this as the input to the 
second component encoder. 
In wireless communication systems such as cellular systems, information is typically 
sent in short frames (less than 300 bits).  The size of the transmission frame limits 
the choice of error control codes. Convolutional codes are commonly employed in 
wireless systems. One of the advantages of convolutional codes is that their 
performance is independent of the frame size as long as the frame size is much 
larger than the constraint length of the code.  
In 1993, a class of parallel concatenated convolutional codes (known as turbo codes) 
was introduced [1].  Extensive research efforts have been examining ways to 
enhance the performance of turbo codes for short frames (e.g., voice transmission).   
The wireless channels are sensitive to time-varying impairments, such as multipath 
fading and interference. Achieving high data rates over wireless channels is a 
challenging task. In general, time-varying fading due to multipath propagation can be 
effectively combated by employing various diversity techniques, including time, 
frequency, and space diversity.  
Space diversity is a well-known technique used to combat multipath fading in 
wireless communications channel. The multiple antennas on transmitter and receiver 
provide the space diversity. Recently, there has been a lot of work dedicated to the 
study of transmit diversity techniques [2-4]. A transmit diversity scheme for two 
transmit antennas and a simple decoding algorithm was introduced by Alamouti in [3] 
and generalized to an arbitrary number of transmit antennas as Space-Time Block 
Coding by Tarokh et al. in [4].  Space-time block codes are designed to achieve the 
maximum possible diversity order of RT nn .  for Tn  transmit and Rn  receive antennas 
under the constraint of having a simple decoding algorithm [4]. Furthermore, for a 
certain diversity advantage, they provide the minimum possible decoding delay. 
However, space-time block codes are not designed to achieve an additional coding 
gain. Therefore, space-time block codes should be concatenated with an outer code 
like turbo codes which provides a significant coding gain.  
Also, wireless channels in a hostile environment are subject to interference and 
jamming. Direct sequence spread spectrum (DS/SS) signals are required to 
overcome the sever levels of the interference and jamming that are encountered in 
the transmission of signals such as narrowband jamming signals.  In this research, 
we apply turbo codes to DS/SS system to improve the performance over jamming 
signals and then combined with transmit diversity to combat the deep fades in the 
wireless channel. 
The paper is organized as follows. Section II, describes the basic principles of turbo 
codes and space time block coding. Section III, illustrates the details of the proposed 
concatenation model. Section IV, presents the simulation results of the proposed 
model and show the performance over Rayleigh fading and jamming channels. 
Conclusions are summarized in Section V. 
 
 



  
 
 

  
 

II.  OVERVIEW TURBO CODES AND SPACE-TIME CODES  
 
In this section, we first give briefly review of the basic principles of turbo codes. We 
will then review the space time coding technique. 
 
 
II.1 Turbo Codes 
 

The block diagram of the turbo encoder is shown in Figure 1. Two identical recursive 
systematic convolutional (RSC) component codes of rate 1/2 which are separated by 
an interleaver form the turbo encoder. Thus, the same information sequence is 
encoded twice but in different orders. The output sequence from the upper encoder 
and from the lower encoder are multiplexed and optionally punctured. 
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Figure  1. Turbo Code Encoder.  
 
Note that turbo decoder does not perform maximum likelihood decoding directly, but 
attempts to achieve maximum likelihhod decoding in an iterative way. The original 
turbo decoder [1] used two maximum apostriori probability (MAP) algorithm 
decoders. There are other less complex algorithms that can be used in place of the 
MAP algorithm for each decoder such as SOVA (soft output Viterbi algorithm) [ 5 ] 
and Max-log MAP [6 ].  
 
II.2  Space-Time bolck coding 
 
Space-time coding (STC) is an open loop transmission scheme that was introduced 
in [2-4]. In STC, joint design of channel coding and modulation is done to create 
efficient transmission techniques which improve system performance by providing 
both the diversity advantage of multiple transmit antennas and coding gain.  
The author in [3] introduced a simple open loop scheme which provides a transmit 
diversity gain similar to that obtained by using Maximal Ratio Combining (MRC) in 
receive diversity systems. This scheme was proposed for two transmit antennas. 
Symbols transmitted from these antennas are encoded in space and time in a simple 
manner to ensure that transmissions from both the antennas are orthogonal to each 
other. This would allow the receiver to decode the transmitted information with very 
little additional computational complexity even if it has a single antenna element. 
Using the theory of orthogonal designs, the simple scheme proposed in [3] was 
generalized to systems with more than two transmit antennas [4]. These generalized 
schemes were called space-time block codes (STBC). 



  
 
 

  
 

A multi-antenna communication system, equipped with Tn transmit antennas and 
receive Rn antennas is shown in Figure 2.  The input to a space-time block encoder 
is a block of K complex symbols xi, i = 1,..., K, where xi are elements of a higher order 
modulation constellation, e.g. M-PSK. The space-time block encoder maps the input 
symbols on entries of a Tnp×  matrix G, where p is the successive transmission 
instants and nT is the number of transmit antennas. The entries of the matrix G are 
the K complex symbols xi, the conjugates *

ix  and linear combinations of ix  and *
ix .  

 

 
                          Figure 2.   Channel matrix of space time block code. 
 
The Tnp×  matrix G which defines the space time block code is a complex 
generalized orthogonal design as defined in [4], which means that the columns of G 
are orthogonal. An Example for 2=Tn  is the complex generalized orthogonal design 

 
 
 

 
 

 
 
The associated encoding and transmission process is shown in Table (1). 
 

Table  1.  The encoding of G2 space-time block code. 

Antenna Time Slot 
T 1 2 
1 1x  2x  
2 ∗− 2x  ∗

1x  
 
At any given time instant T, two signals are simultaneously transmitted from the 
antennas, For example, in the first time slot associated with T = 1, signal 1x is 
transmitted from antenna 1 and simultaneously signal 2x  is transmitted from antenna 
2. In the next time slot corresponding to T = 2 signals ∗− 2x  and  ∗

1x   (the conjugates 
of symbols 1x and 2x  respectively ) are simultaneously transmitted from antennas 1 
and 2 respectively. 
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G2 is the scheme proposed in [3]. For more designs we refer to [4]. Generally all 
symbols in the same row of G are transmitted simultaneously from Tn  different 
antennas. All entries in the same column of G are transmitted from the same antenna 
in p successive transmission instants. Given the number K  of symbols to be 
transmitted the rate R should be maximized. 

p
KR =                                                                     (1) 

In case of G2 the rate 1
2
2
==R , this means that the two symbols are transmitted in 

two time slots.   
                                  
III. PROPOSED SYSTEM MODEL 
 
The proposed system block diagram is shown in Figure 3.  The information sequence 
inputting the system is encoded using turbo code. The output is Binary Phase Shift 
Key (BPSK) modulated. The modulated output is DS/SS modulated. Prior to 
transmission, the modulated sequence is formatted by the space-time (ST) block 
encoder.  ST blocks could be two, three or four transmit antennas and one, two, 
three or four in the in the reconceived site. 
 

 
 

Figure 3.   The Proposed concatenation model. 
. 
Turbo code decoder uses soft values in decoding the transmitted symbols, so we 
need to derive a soft output symbol by symbol (MAP) from the out of space time 
decoder. Then we will use this new soft values to modify the turbo decoder metric for 
decoding operation. 
 
Soft values derivation: 

At the receiver we can use optional antenna diversity using Rn  receive antennas. 
The orthogonality of the columns of G allows us to derive a simple MAP decoding 
rule by decoupling the signals transmitted from different antennas when the channel 
doesn't change for the duration of p consecutive symbols.  
We consider a flat fading matrix channel as shown in Figure 2, where mnα  denotes 
the complex fading factor from transmit antenna n to receive antenna m.  
At each time instant t = 1,…, p and each receive antenna m = 1,…, nR we observe a 
superposition rm(t) of the signals transmitted from the nT antennas perturbed by 
additive white Gaussian noise with a two sided spectral power density of 
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Let ( ))(,),()( 1 trtrtr
RnK=  denotes the vector of received signals at time t and let 

( )Kccc ,,1 K=  denotes the sequence of real valued symbols, where 
{ }1,,1,0 −∈ Mci K , before the mapping on complex constellation symbols ix . Then 

using Bayes' rule, the aposteriori probability of the transmitted sequence 
( )Kccc ,,1 K=  given the received sequence ( ))(,),1( prr K  can be expressed as 

follows [7 ]: 
),,(),,|,,(),,|,,( 11111 KKppK ccPccrrPconstrrccP KKKKK ⋅⋅=                      (2) 

After some mathematical manipulations  
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( )KccP ,,1 K  is an apriori information which can be obtained from knowledge of the 
source statistics or from the aposteriori information of another decoder. Since the ic  
are statistically independent, the apriori term in equation 3 can be factorized as 
follows: 
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Since all symbols ntg  in one column of G are transmitted from the same antenna 
and therefore are multiplied with the same fading factor mnα and since the columns in 
G are orthogonal we obtain for the logarithm of equation 3: 

( )∑
⎭
⎬
⎫

⎩
⎨
⎧

+∑ ⎥⎦
⎤

⎢⎣
⎡ ∑−∑−−

=

= = == =

∗

=

∗∗ ∑∑
R TTTn

m

p

t

n

n
mnnt

p

t

n

n
mnntm

n

n
mnntm

Kp

ggtrgtrconst

ccrrP

1 1 1

22

1 112

11

||||)()(
2

1

),,|,,(ln

ααα
σ

KK

 (5) 

Each entry ntg  of G corresponds to a certain symbol ic  and each additive term in 
equation 5 contains only a single ntg .  
Consequently, we can decouple the aposteriori probabilities for the symbols ic  and 
using equation 2, 3 and 5 a simple expression for the aposteriori probabilities of each 
symbol ic  can be obtained as follows:  

)(ln)|,,(ln),,|(ln 11 iippi cPcrrPconstrrcP ++= KK                      (6) 

For example for the space-time block code G2 with nT = 2, K = 2, p = 2 we obtain the 
aposteriori probabilities (soft output) is given by: 
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We will use the middle term to modify the turbo decoder metric. The constants can 
be omitted. 
 
IV.  SIMULATION RESULTS: 
 
This section contains the simulation results which illustrate the performance of binary 
turbo codes in combination with space time coding scheme and direct 
sequence/spread spectrum (DS/SS). The performance is measured in terms of the 
bit error rate (BER) as a function of the bit energy to noise ratio Eb/N0.  fot turbo 
codes, the 1st Component code is terminated and the 2nd is left open. A random 
interleaver with odd-even separation [8] is used. The output stream is BPSK 
modulated and sent through two transmit antennas and one antenna at the receiver 
site. A LOG-MAP decoder [6] with 8 iterations is employed at the receiver. A LOG-
MAP decoder is similar to a maximum a-priori probability (MAP) decoder, but simpler 
since only addition and subtractions are performed [6]. 
We scale down the transmit power from each antenna to maintain a unity total power 
with two identical component codes 4-state (1, 5/7 octal) and different coding rates. 
The frame length used in all experiments is 200 bits. 
In any given transmission period two signals are transmitted simultaneously from two 

transmit antennas. The encoder takes two symbols 1x 2x at a time. Signal 1x  is 

transmitted from the first transmit antenna while signal 2x  from the second one. In 

the next transmission instance, signal - 
*

2x is transmitted from the first transmit 

antenna and signal 
*

1x from the second one, where 
*

ix is the complex conjugate 

of ix , i ∈  {1, 2}. Assuming that one receive antenna is employed and that the fading 

coefficients are constant across two consecutive symbols, the channel fading gains 
)(1 th and )(2 th , for the first and the second transmit antennas,  respectively, can be 

expressed as follows: 

)(1 th = )(1 Tth + = 1h =   | 1h | 1θje                                                 (9) 

)(2 th = )(2 Tth + = 2h =   | 2h | 2θje                            (10) 

Where | ih |, i ∈ {1, 2} is the channel gain from transmit antenna i to the receive 

antenna, T is the symbol duration, and iθ , is the channel phase shift from transmit 
antenna i to the receive antenna. 

At the receiver, a combiner [3] forms the following combined signals, )1(r and ( )2r :  



  
 
 

  
 

)1(r = ( 2
1 ||h  + 2

2 ||h  ) 1x +  *
1h  1n + 2h *

2n                             (11) 

( )2r = ( 2
1 ||h  + 2

2 ||h  ) 2x -  1h  *
2n  + *

2h 1n                           (12) 
 

Where )1(r  and  ( )2r the received signals at time t and  t + T, respectively. The 

noise added in , i ∈ {1, 2} is a random variable representing a sample of additive 

white Gaussian noise. We will substitute )1(r and ( )2r  for calculations of the 
modified metric of turbo code decoder.  
Assuming the channel is subject to Rayleigh fading with fading coefficients being 
independent and identically distributed random variables (perfectly interleaved 
narrow-band or non-dispersive Rayleigh fading channel). It is assumed that the 
receiver had a perfect estimate of the channels’ fading amplitudes.  
 
Figure 4 shows the performance comparison of the turbo code with,  turbo code with 
space time transmit diversity with two transmit antennas, and turbo codes with direct 
sequence spread spectrum (DS/SS) with processing gain of 30 and use transmit 
diversity at final stage with two transmit antennas. The frame length used is 200 bits, 
the code rate is 1/2.  The performance curves show that the turbo codes with spread 
spectrum and transmit diversity is superior in performance as compared with other 
curves. As the spreading length increases the performance of the proposed system 
is enhanced and this is shown in Figure 5. This figure, using the same parameters 
used in Figure 4, shows the comparison of the proposed system without spreading 
and with two different spreading lengths, 20 and 50. The figures illustrate that as 
spreading length increases the performance is enhanced.  Figures 6 and 7, for code 
rate 1/3 and 1/2 respectively, illustrate the performance for 2, 4 6 and 8 iterations, 
show the importance of having a sufficient number of iterations at the decoder. The 
performance is significantly increased with four iterations compared with the two 
iterations. The improvement gained diminishes as the number of iterations increases 
from 6 to 8.  



  
 
 

  
 

 
Figure 4.  Performance comparison of turbo code, combined turbo code and space 

time (ST), and combined turbo code and space time coding with DS/SS.  

 
Figure 5.  Effect of spreading processing gain on the performance of the proposed 
model. 



  
 
 

  
 

 
Figure 6.  Effect of the number of iterations for rate 1/3. 

 
Figure 7.  Effect of the number of iterations for rate 1/2. 

  
 



  
 
 

  
 

Narrowband Jamming effect: 

The proposed system performance is also investigated in narrowband interfering 
environment, known also as tone jammer. Let a sinusoidal interfering signal is given 
by [9]:  
    
            ( ) tfAti jj π2cos=                                  (13) 
 
Where f is a frequency within the bandwidth of the transmitted signal, with 22

jj AP =  
average power. The power in the interfering signal is reduced by an amount equal 
the processing gain,Lchip ,with using diect sequence/ spread spectrum. We apply this 
signal and added to the received signal to the proposed system model and subject to 
Rayleigh fading channel. Figures 8 and 9 show the performance of the of the 
proposed model with code rate 1/3.  Figures 8 and 9 show the performance in case 
of jamming amplitude, 3=jA  and 7=jA  for different processing gain values. As the 
processing gain increases, the performance of the proposed model is enhanced and 
more processing gains is required to mitigate higher values of the jamming power. 
 

     
Figure 8. Performance of the proposed model with Aj=3 and different processing 
gains.      
 

 
 



  
 
 

  
 

 
Figure 9. Performance of the proposed model with Aj=7 and different processing 
gains.      
 

V. CONCLUSIONS 
 

In this paper, a concatenation of turbo codes, direct sequence spread spectrum, and 
transmit diversity is investigated for short frame lengths. The proposed system is 
investigated over Rayleigh fading channels only and also in case of narrowband 
jamming environment in addition to Rayleigh fading channels. The description of the 
concatenation of turbo code and direct sequence/spread spectrum with a space-time 
block codes were presented. Turbo code decoder was modified to handle this 
concatenation. The curves show that transmit diversity mitigate the effect of the 
fading in the channel and the direct sequence spread spectrum mitigates the 
existence of jamming, as the processing gain increased the degradation in the 
performance due to the existence of the jamming signal is decreased.  
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