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Abstract:- 

This paper presents two scenarios to improve the performance 

of Distributed Space Time Block Code Spatial Modulation 

(DSTBC-SM). The first scenario is achieved by using a simple X-

OR coding at sources and relays with simple decoding algorithm 

in relays and destinations sides. It is found that the system using 

X-OR with DSTBC and DSTBC-SM half encoding at the relay 

offers increased performance gain with low complexity. The 

second scenario uses turbo code to improve the performance of 

DSTBC-SM, where encoding is performed in sources, while 

relays detect received signal without decoding. Iterative turbo 

decoder is done in destination to reduce complexity of overall 

system. The simulation results have shown that the cooperative 

transmission with coded DSTBC-SM can achieve BER of 10
-4

 at 

a level of energy per bit of about 14 dB which is lower level than 

the cooperative transmission uncoded DSTBC-SM 

Keywords:- DSTBC-SM, X-OR code and Turbo code. 
 

I. Introduction 

To mitigate the effect of fading in wireless communication 

systems, multiple transmit and receive antennas are used. Due to 

size and power limitation considerations for mobile phones, 

cooperative diversity (spatial diversity) can be achieved by using 
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the antennas of other users or relays in the network to aid the 

communication of messages from a single source [1]. A new 

form of diversity is proposed in [2] and [3], whereby diversity 

gains are achieved via the cooperation of in-cell 

users.Cooperation in cellular networks and for ad hoc networks 

was investigated by in [4] and [5], whereas, the information 

theoretical capacity of relay channel was investigated in [6] and 

[7]. In [8], the new strategy of cooperative system is proposed, 

called distributed space-time coding. A two phase amplify and 

forward (AF) based cooperative protocol was introduced in [9]. 

Relay based cooperative systems can offer significant benefits 

for the next generation wireless networks, including increase 

spectral and power efficiency, network coverage area and outage 

probability [10]. The main components of the cooperative 

communication system are source, relay and destination nodes 

which seem as a virtual Multiple- Input Multiple Output 

(MIMO) system to provide diversity gains without implementing 

multiple antennas at wireless nodes. The popular protocols 

which are used in relay are either Amplify and Forward (AF) or 

Decoded and Forward (DF) [10]. Another major classification is 

based on whether the transmission from source and relay 

interfere at the destination or not. In a conventional orthogonal 

DF (ODF) protocol, relay terminal decodes the received message 

from the source before forwarding it to the destination and the 

source and relay transmit in orthogonal time intervals [11]. Due 

to this orthogonality, co-channel interference is avoided and the 

destination terminal can employ a simple receiver. 

Cooperative strategy type space-time coding for one-way 

wireless networks can only achieve half transmission rate. In 

order to achieve the full unity rate, a two-way (TW) 

communication scheme is used, by which two parties transmit 

information to each other [12]. The TW channel over a relay 

network (TWRC) are taken considering academic and industrial 

communities due to its potential application to enable range rate 

enhancements of future cellular systems [13]. 
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Recently, spatial modulation (SM) was investigated in [14] 

and [15], where the signal dimension is extended from two to 

three. Therefore, the information is conveyed not only by the 

amplitude/phase modulation techniques, but also by the antenna 

indices.  

Transmission scheme, called space-time block coded spatial 

modulation(STBC-SM),cancombine spatial modulation(SM) and 

space-time block coding (STBC) to take advantage of the benefits 

of both while avoiding their drawback [16]. In order to combat 

inevitable channel impairments, forward error correction (FEC) 

coding schemes are mandatory in the digital communication 

systems, especially for wireless mobile systems. For this reason, 

turbo codes, employing iterative decoding and showing a 

performance close to the Shannon limit, are specified as FEC 

schemes for most of the future wireless mobile systems [17]. 

This paper investigates the performance of the coded and 

uncodeddistributed space time block code spatial modulations 

using two types of coding. The first one is the simple coding 

technique [18], which uses two hopes with simple decoding 

algorithm in relay and destination nodes. The second one is 

achieved by using turbo code in the source and iterative 

decoding in destination node with simple detection in relay 

nodes. 

In Section II, the system model is presented. Section III 

presents the coding schemes that were used in this work. In 

Section IV, simulation results are presented. Finally, conclusions 

are offered in Section V. 
 

II. System Model 

The wireless communication relay network for two-way 

communications is shown in Figure.1. It consists of two terminal 

nodes Tm, m = 1, 2 and N relays with relay nodes Ri, i = 1, 2….N. 

Each node has one half-duplex antenna for either transmission or 

reception. Each terminal node comprises a pair of co-located 



Performance Improvement of Coded Dual Hop Two Way Space …………………………..……….)210( 

source node (s) and destination node (d), which operates in time-

division half-duplex so that the transmission and reception of 

radio signals are not allowed at the same time instant. Note that 

the source node for the data stream emanating from T1 also acts 

as the destination node for the signal flow transmitted from T2, 

and vice-versa. The two terminals T1 and T2 exchange their 

information between each other through two phases which are the 

broadcasting and relaying phases [19]. For simplicity, the channel 

coefficients are unchanged during the transmission of a signal 

code block (quasi-static Rayleigh flat fading) between any two 

nodes and they are known to the receiving terminals but not to 

the transmitting nodes. It is assumed that the uplink channel gain 

fromTm to Ri is identical to the downlink channel gain from Ri to 

Tm. It is also assumed that terminal Tm sends the signal xm= [xm,1, 

..., xm,T ]
T
 to the other terminal, where xm,t∈Am, m = 1, 2, t = 1, ..., 

T, Am is a finite constellation with a unitary average power, and T 

is the length of the time slot therefore [14], 

E{x
H

mxm} = T  (1) 
 

In order to minimize the system complexity as well as power 

consumption, each terminal and relay node is equipped with a 

single antenna. All communication channels are subject not only 

to long-term free-space path loss, but also to short-term 

frequency non-selective Rayleigh fading. 

 

 

 

 

 

 

 

 

 

Figure.1: Two-way dual hope wireless communication relay network  
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The geometrical-gain or path-gain experienced by the link 

between the i-th source node and the j-th relay node with respect 

to the source-to-destination link can be defined as[19]: 

α
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where i = {1, 2}, j = {1, 2, . . .,N}, and La,brepresents the 

geometrical distance between arbitrary nodes a and b, while α is 

the path-loss exponent, which gives α = 2 if a free-space path loss 

model is invoked. The geometrical-gain of the j-th relay to the i-

th destination link with respect to the source-to destination link 

can be computed similarly, yielding: 
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Let us now consider the two-stage information exchange 

process, where the information transmitted by source node si is 

modeled as memoryless binary bit sequences with uniform 

distribution denoted by	���
� ����,	

, ���,

, … … … . . 
, i = {1, 2}. 

During the Multiple Access (MAC) stage, the information bits ���
 

are modulated to a frame of Binary Phase Shift Keying (BPSK) 

symbols ���
 and transmitted to N number of relay nodes. The 

channel-contaminated and superimposed signal received at the j-

th relay node can be formulated as 
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where j ∈{1, 2, . . .,N}and	�����
is the quasi-static frequency-

flat Rayleigh fading coefficients of the communication link 

between the i-th source node and the j-th relay node, while����� is 

the Additive White Gaussian Noise (AWGN) introduced in the j-

th relay node with zero mean and variance of N0/2 per dimension. 

Conventionally, each relay node has to first detect and recover 
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the information transmitted from both source nodes separately by 

employing various kinds of multi-user detection (MUD) 

techniques, and then perform the network coding on the 

demodulated bits. At the j-th relay node, if	����

����
 is the estimation 

of information bits transmitted from the i-th source node, the 

product of network coding can be expressed as: 
 

)()()(
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xxu
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⊕=   (5) 

 

where ⊕represents the addition operation in the Galois field 

GF(2
m
), which can be simplified to the exclusive or arithmetic 

when m = 1. By contrast, instead of detecting the information 

individually, it is only necessary to estimate the summation of 

information bits received at the j-th relay node, which can be 

transformed to the equivalent network coded bits shown in 

Equation (5) with the assistance of physical-layer network 

coding. 

During the Broadcast (BC) stage, after detection and (may be 

decoding) at relay. the network coding bits �����are modulated to 

a frame of Binary Phase Shift Keying (BPSK) symbols �����and 

transmitted to i-th destinationnodes. The received signal at the i-

th destination node is given by: 
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where i ∈{1, 2}and�����
denotes the complex-valued Rayleigh 

block fading coefficients of the channel between the j-th relay 

node and the i-th destination node, while ����� is the AWGN 

induced in the i-th destination node having zero mean and 

variance of N0/2 per dimension. The notation �����represents the 

re-encoded bits transmitted from the j-th relay node, where a 

frame of virtual STBC or STBC-SM codewords. ����� is 

constructed by N cooperating relay nodes in a distributed fashion, 

i.e.����� � ����	�, ���
�, … … , �������. At the destination node, a 
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serial-concatenated conventional STBC or STBC-SM decoder, 

PSK demapper and PNC demapper are invoked to perform the 

final decision and recover the information transmitted from the 

source nodes. Note that it is assumed the transmit power of each 

source node is normalized to unity. Hence, each relay 

nodetransmits at 1/2 of the overall power to ensure that 

∑ |�����|! � 1	#
$%& in terms of a fair comparison [19]. 

 

III. Coding schemes 

A.  X-OR  CODE 

 Sources encode the information by X-OR (exclusive-or) 

encoder like as shown in Table.1 with rate 1/2. The coded data 

may be interleaved by random interleaver. Sources transmit 

encoded/interleaved symbol after modulation at si→ R1, R2or 

si→ R1, R2,  R3 . As shown in Figure 2, or 3 each relay station 

decode the detected received data using decoding algorithm 

which to be present  in section A.2. In each relay network, the 

product code bits �����shown in Equation 5are performed[18]. 

During the Broadcast (BC) stage, the information bits �����are 

coded using X-OR coding  again and modulated to a frame of 

Binary Phase Shift Keying (BPSK) symbols �����and transmitted 

to i-th destinationnodes by using  STBC or STBC-SM encoder 

scheme. 

A.1 The combining schemes 

Alamouti STBC proposed in [20] employs two transmit 

antennas and one receive antenna. With the application of 

maximum ratio combining scheme and maximum likelihood 

detection, full transmit diversity can be achieved in Alamouti 

scheme. The combiner of destination builds the two combined 

signals that are sent to the decoder for performance. In other 

words, the combiner provides diversity gain of STBC half 

encoder of this system, Moreover,  STBC-SM proposed in [16] 

employs three transmit antennas and one receive antenna.  With 
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the application of maximum ratio combining scheme, maximum 

likelihood detection and partial interference cancellation group 

decoding, full transmit diversity can be achieved in STBC_SM 

schemes.  

 

Table1: Simple encoding Algorithm [18] 
 

Symbol 1
st
 2

nd
 3

rd
 4

th
 

So A B C D 

S1 A A⊕B B⊕C C⊕D 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  DSTBC transmission 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3: Virtual STBC-SM transmission example when C=0.  

if C=1R1 transmit (0,0) , R2 transmit  (B. –(A�B)*) and R3 transmit 

((A�B)*,B)  
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A.2  The decoding scheme 

      The scheme can be seen very simple with messages and 

parities from the relays [18]. Figure 4 shows that the relay / 

destination can separate the two combined signals ( S0, S1) into S0 

(A, B, C) and S1 (A, A ⊕B, B ⊕ C). To derive the increased 

performance gain in the BER, let us focus on bit B. 

� First case (B=0) 

If there are no error in (A,B,C), they are sure as following  

A⊕B=A,B⊕C=C ,B=0 

 When B=0 , A⊕B ≠A and B⊕C ≠C. In this case, correct 

B=0 to B=1. 

� Second case (B=1) 

Like the preceding, they are sure as following 

A⊕B ≠A, B⊕C ≠ C ,B=1 

Correct B=l to B=0 When B=l, A⊕B=A and   B⊕C=C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Decoding Algorithm 
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B. TURBO CODE 

 Turbo code is known to have the most powerful error 

correcting capability up to now. Generally, turbo codes can be 

classified into two categories according to the type of constituent 

encoder such as convolutional turbo code and block turbo code 

or turbo product code. In this  paper, a convolutional turbo code 

is considered which consists of a parallel concatenation of 

Recursive Systematic Convolutional (RSC) encoders separated 

by a pseudo-random interleaver. The turbo product codes are 

built from the product of two systematic block codes, separated 

by a uniform interleaver [21].  

The proposed turbo encoding is performed in the sources. 

Relay does not  decode (only detect the received signal) and 

provide network coding. Turbo decoder exists in the destination 

side only because iterative decoding operation requires time and 

more system complexity in relays. In pervious coding scheme 

and due to the simplicity of decoding technique, the decoding is 

performed in relays and destination.    

B.1  Turbo encoder 

The turbo encoder can use two different or identical Recursive 

Systematic Convolutional (RSC) encoders, connected in parallel 

[22]  as shown in Figure  5.  Two component codes are used to 

code the same input bits, but an interleaver is placed between the 

encoders. Generally RSC codes are used as the component code1 

and component code 2 [21]. 

 

 

 

 

 

Figure 5:  Turbo Encoder 
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B.2  Turbo decoder 

There are two main algorithms for Turbo decoding: The 

maximum aposteriori algorithm (MAP) and the soft output 

Viterbi algorithm (SOVA). The SOVA based decoder is 

computationally less complex since it chooses the branch in the 

trellis with the highest probability and discards the other. MAP, 

on the other hand, does not reject any path and calculates the 

probabilities of each point in the trellis. In order to reduce the 

computational complexity of MAP, it is generally implemented 

in the logarithmic domain and the corresponding algorithm is 

referred to as the log-MAP algorithm [23].The general structure 

used in turbo decoders is shown in Figure 6. 

This paper is focused on Log-MAP since it has 

lesscomplexity compared with the Max-Log-MAP algorithm, but 

it gives exactly the same performance as the MAP algorithm.  
 

IV. Simulation Results  

 In this section, simulation results of the two scenarios are 

presented. In the simulation, BPSK modulation is used and the 

propagation channels of mobile network undergo the complex 

additive white Gaussian noise (AWGN) and Rayleigh fading. 

Furthermore, the estimated channels are assumed to be perfect 

channels state of information CSI.  

In the first scenario, a (DSTBC) is used in which N = 2 relay 

nodes are located and fixed at the mid-point of the source-to-

destination link. Hence, the geometrical-gain for the source-to-

relay link as well as the relay-to-destination link both equals to 4, 

i.e. Gsirj= Grjdi= 4. As seen from Figure 7, the BER of the DSTBC 

with simple coding technique has coding gain of about 6dB at 

BER=10
-4

. Random interleaver is used to improve the 

performance of coded system with different frame sizes. In this 

work, tested frame sizes were assumed as (100, 250, 500 and 

1000) bits. It is found that the performance improvement can be 

increased when the frame size is increased. About 11-13 dB 
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advantagesis obtain with respect to uncoded system when 

interlaever is used. 

In the second scenario, a DSTBC-SM is used in which N = 3 

relay nodes are located and fixed at the mid-point of the source-

to-destination link. The geometrical-gain is assumed to besimilar 

to that used in the first scenario. Figure 8 shows the BER 

performance of coded and uncoded system. It is clear that the 

coded system with interleaver (frame size = 250) system has 

14dB compared with uncoded system at a BER of 10
-4

. While, 

Turbo coded system has a 10dB advantage at same error rate. 

Therefore, system with turbo code has better performance 

compared with the simple coded system by about 2dB at a BER 

of 10
-5

. 

 

 

 

 

 

 

 

 

 

Figure 6: Iterative turbo decoder 

 

V. CONCLUSIONS 

In this paper, two scenarios to improve the performance of a 

DSTBC-SM are introduced. The first one isachieved by 

employing a simple X-OR coding in sources and relays with 

simple decoding algorithm in relays and destinations.The second 
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one is achieved by using turbo coding in sources and relays have 

no ability to turbo decoding. Destinations perform decoding for 

encoded signals. For simplicity, the X-OR encoder/decoder is 

built in two places for encoding and two places for decoding, 

while turbo code has more complex decoders, therefore, it is built 

in destination side only. 

In the simulation, a binary phase-shift keying (BPSK) is used 

and the propagation channel is assumed to undergo a complex 

additive white Gaussian noise (AWGN) and Rayleigh fading. 

The estimated channels are assumed to be perfect channels state 

of information (CSI). The simulation results of the first scenario 

show about 11-13 dB advantage coding gain of coded system 

compared with the uncoded one. Thesimulation results of the 

second scenario show that the system with turbo code has better 

performance compared with the simple coded system by about 

2dB at a BER of 10
-5

. 

 

 

 

 

 

 

 

 

 

 
Figure 7: Bit error rate performance for coded and uncoded distributed space 

time block code 
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Figure 8: Bit error rate performance for coded and uncoded distributed space 

time block code-spatial modulation 
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