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Abstract—The end-to-end bit error rate (BER) performance 

analysis of cooperative communication networks of decode-

and-forward (DF) relaying protocol is addressed. There are 

many cooperation strategies have been proposed based on 

different relaying techniques, such as amplify-and-forward 

(AF) and decode-and-forward (DF). However, DF is 

exploited in this work. Most cooperation strategies involve 

two phases of transmission: the coordination phase and the 

cooperative transmission phase. Coordination is especially 

required in cooperative systems since the antennas are 

distributed among different terminals, as opposed to that in 

conventional MIMO systems. This work will present three 

system models of wireless communication. The first model is 

conventional single-input single-output (SISO), which is 

consists of one source and one destination. The second 

model is cooperative SISO based on DF protocol, which is 

consists of one source, one relay and one destination. The 

third model is cooperative system based on DF protocol, 

which is consists of one source, one relay, one destination, 

and line-of-site (LoS) between source and destination. The 

later system is called cooperative multi-input multi-output 

(CMIMO) system. All these schemes are analyzed over 

additive white Gaussian noise (AWGN) channel and flat 

fading channel. Also, BPSK and QPSK digital modulation 

schemes are used for all schemes. MATLAB simulations 

confirm that the worst BER performance is cooperative 

SISO system, whereas, the best BER performance is 

cooperative CMIMO system. 
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I - INTRODUCTION 

High data rate applications, wireless broadband Internet, 

gaming, and many other applications have emerged 

recently. Most wireless systems such as ultra mobile 

broadband (UMB), Long Term Evolution (LTE), and 

IEEE 802.16e (WiMAX) promise very high data rates per 

user over high bandwidth channels (5, 10, and 20MHz). 

For example, in the fourth-generation wireless networks, 

namely, mobile broadband wireless access (MBWA) or 

IEEE 802.20, peak date rates of 260Mbps can be 

achieved on the downlink, and 60Mbps on the uplink [1]. 

However, these data rates can only be achieved for full-

rank MIMO users. Full-rank MIMO users must have 

multiple antennas at the mobile terminal, and these 

antennas must see independent channel fades to the 

multiple antennas located at the base station. In practice, 

not all users can guarantee such high rates because they 

either do not have multiple antennas installed on their 

small-size devices, or the propagation environment 

cannot support MIMO because there is not enough 

scattering. Therefore, cooperative multi-node 

communication system has gained increasing attention 

recently due to not only its improved the bandwidth 

utilization but also, its exploited spatial diversity. Spatial 

and temporal cooperative diversity are one of the most 

effective techniques to mitigate fading in the multi-path 

wireless channel environment [2], [3]. The spatial 

cooperative diversity can be naturally exploited in a 

multi-relay environment as a cooperative multi-input 

multi-output (CMIMO). Moreover, cooperative 

communications generate independent paths between the 

user and the base station by introducing a relay channel. 

The relay channel can be thought of as an auxiliary 

channel to the direct channel between the source and 

destination. Since the relay node is usually several 

wavelengths distant from the source, the relay channel is 

guaranteed to fade independently from the direct channel, 

which introduces a full-rank MIMO channel between the 

source and the destination [1], [4]. A key aspect of the 

cooperative communication process is the processing of 

the signal received from the source node done by the 

relay. These different processing schemes result in 

different cooperative communications protocol. 

Cooperative communications protocols can be generally 

categorized into fixed relaying schemes and adaptive 

relaying schemes. In fixed relaying, the channel resources 
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are divided between the source and the relay in a fixed 

(deterministic) manner. The processing at the relay 

differs according to the employed protocol. In a fixed 

amplify-and-forward (AF) relaying protocol, the relay 

simply scales the received version and transmits an 

amplified version of it to the destination. Another 

possibility of processing at the relay node is for the relay 

to decode the received signal, re-encode it and then 

retransmit it to the receiver. This kind of relaying is 

termed a fixed decode-and-forward (DF) relaying 

protocol [5], [6], [7]. 

 

 

A. Focus of this paper 

The common measure of performance for wireless digital 

communication system is a BER. Therefore, this paper 

focus on comparison of BER performance of 

conventional SISO, cooperative SISO and cooperative 

MIMO systems based on DF technique with QPSK 

modulation scheme over AWGN and flat fading channels. 

In addition, simple mathematical analysis of transmission 

and receive process of cooperative wireless system over 

AWGN channel and flat fading channel is presented.  

 

B. Organization of the paper 

The rest of this paper is organized as follows. In Section 

II, the system model of a cooperative system based on DF 

protocol over AWGN channel is described. In Section III, 

the mathematical model of a cooperative system over 

AWGN channel is defined. In Section IV, the system 

model of a cooperative system over flat fading channel is 

presented given.  In Section VI, the mathematical model 

of a cooperative system over flat fading channel is given. 

Simulation results are drawn in Section V and 

conclusions are given in Section XI. 

 

C. Common notations 

Common notations that have been used in this paper are 

(·)*, (.)
T 

and (.)
H   

which denote complex conjugate, 

transpose and Hermitian transpose operations, 

respectively. 

Next, system model of cooperative SISO and cooperative 

MIMO systems based on DF protocol over AWGN 

channel will be presented. 

 

II – System Model of Cooperative SISO and MIMO 

Systems Based on DF Protocol over AWGN channel 

The cooperative communication system includes one 

source node S, one relay node R, and one destination 

node D. The main assumptions are, firstly, the terminals 

operate in a half-duplex mode, secondly, in cooperative 

SISO, the received signals at the destination are only 

from the relay. Whereas, in cooperative MIMO, the 

received signals at the destination are from the relay node 

and also from source node. Figure (1) depicts system 

models of both schemes. The channel is assumed as an 

AWGN channel, which means that the cannel coefficient 

is equal one. 

 

 

 

 

 

 

 

Fig. (1): Block diagram of cooperative SISO and cooperative 

MIMO systems based on DF protocol over AWGN channel. 

 

III – Mathematical Model of Cooperative MIMO 

Systems Based on DF Protocol over AWGN Channel 

Mathematical Model is obtained from the schematic 

diagram of cooperative MIMO system over AWGN 

channel, as in figure (1). Cooperation strategies involve 

two phases of transmission: the coordination phase and 

the cooperative transmission phase. Coordination is 

especially required in cooperative systems since the 

antennas are distributed among different terminals. The 

transmission process is divided into two time slots. 

The received signals in the first time slot: 

 

                                      (1) 

 

Then, the received signals in the second time slot: 

 

                                      (2) 

                                      (3) 

 

Then the MRC combined received signal  can be 

written as: 

 

                                       (4) 

 

The ( ) is the estimated signal of (s) after the decision 

maker:    

          

                          (5) 

 

System model of cooperative SISO and cooperative 

MIMO systems based on DF protocol over flat fading 

channel will be presented next. 
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IV – System Model of Cooperative SISO and MIMO 

Systems Based on DF Protocol over Flat Fading 

Channel 

The cooperative communication system includes one 

source node S, one relay node R, and one destination 

node D. The main assumptions are, firstly, the terminals 

operate in a half-duplex mode, secondly, in cooperative 

SISO, the received signals at the destination are only 

from the relay node. Whereas, in cooperative MIMO, the 

received signals at the destination are from the relay node 

and also from source node. Figure (2) illustrates system 

models of both schemes. The channel is assumed as a flat 

fading channel. 

 

 

 

 

 

 

 

 

Fig. (2): Block diagram of cooperative SISO and cooperative 

MIMO systems based on DF protocol over flat fading channel. 

 

VI – Mathematical Model of Cooperative MIMO 

Systems Based on DF Protocol over Flat Fading 

Channel 

Mathematical Model is obtained from the schematic 

diagram of cooperative MIMO system over flat fading 

channel, as in figure (2). Cooperation strategies involve 

two phases of transmission: the coordination phase and 

the cooperative transmission phase. Coordination is 

especially required in cooperative systems since the 

antennas are distributed among different terminals. The 

transmission process is divided into two time slots. 

The received signals in the first time slot: 

 

                                 (6)  

                                        (7) 

                    (8) 

                               (9)  

 

Then, the received signals in the second time slot: 

 

                                (10)   

                                        (11)   

                    (12) 

                               (13) 

 

From Relay to destination: 

                                       (14) 

                                         (15) 

                        (16) 

                                  (17) 

   

Then the MRC combined received signal  can be 

written as: 

 

              (18) 

 

V – Simulation Results 

In this section, simulation results, by using MATLAB, 

are provided to demonstrate the significant performance 

improvement achieved by the proposed cooperative SISO 

and cooperative MIMO wireless systems compared with 

conventional SISO wireless system over AWGN and flat 

fading channels. 

 

A. Simulation results of conventional SISO, cooperative 

SISO based on DF protocol and cooperative MIMO 

based on DF protocol over AWGN channel 

In the simulation, a comparison of BER performance for 

the conventional SISO wireless communication system 

with one transmit antenna and one receive antenna and 

cooperative SISO and MIMO wireless systems. In all 

schemes, BPSK and QPSK digital modulation schemes 

are exploited. Moreover, all schemes are simulated over 

AWGN channel. The channel coefficient is assumed to be 

one (h
2
=1). 
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Fig. (3): Performance of BER vs SNR of conventional SISO 

system, cooperative SISO and cooperative MIMO system 

over AWGN channel. 

 

Figure (3) compares the BER performance of 

conventional SISO system and cooperative SISO and 

MIMO systems, all systems effected by only AWGN 

channel. It is clearly seen that the cooperative SISO 

scheme has the worst performance, whereas, cooperative 

MIMO system has the best performance. For example, at 

Tx 

 

 R 

Rx 
 

Tx 

 
Rx 
 

 R 

Relay nodes Relay nodes 

 
Relay nodes 

 

r 
r 

s s 



487 

ICTS32830112020-CM2018 

 

10
-5

 BER reference, cooperative SISO needs 

approximately 12.5 dB, whereas cooperative MIMO 

system needs about 9.5dB which means the cooperative 

MIMO improves the BER performance by about 3 dB. 

 

 

 

B. Simulation results of conventional SISO, cooperative 

SISO based on DF protocol and cooperative MIMO 

based on DF protocol over flat fading channel 

 

In the simulation, a comparison of BER performance for 

the conventional SISO wireless communication system 

with one transmit antenna and one receive antenna and 

cooperative SISO and MIMO wireless systems. In all 

schemes, BPSK and QPSK digital modulation schemes 

are exploited. Also, simulation in all schemes are 

simulated over flat fading channel. The perfect channel 

state information (CSI) is assumed to be perfectly 

available at the receiver side. 
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Fig. (4): Performance of BER vs SNR of conventional SISO 

system with single transmit and receive antenna and cooperative 

SISO and cooperative MIMO systems, over flat fading channel. 

 

Figure (4) depicts the comparison of the BER 

performance of conventional SISO system and 

cooperative SISO and MIMO systems, all systems 

effected by flat fading channel. Also, it is clearly seen 

that the cooperative SISO scheme has the worst BER 

performance, whereas, cooperative MIMO system has the 

best BER performance. For example, at 10
-5

 BER 

reference, cooperative SISO needs approximately 47 dB, 

whereas cooperative MIMO system needs about 41 dB. 

This means that, the cooperative MIMO improves the 

BER performance by about 6 dB compared with 

cooperative SISO system. 

 

XI - CONCLUSIONS 

The end-to-end BER performance analysis of 

conventional SISO system, cooperative SISO 

communication wireless system with DF relaying 

protocol and cooperative MIMO with one relay and Loss 

signal, over AWGN and flat fading channels, were 

studied. QPSK digital modulation scheme was exploited. 

The results confirmed that the cooperative MIMO scheme 

had the better BER performance. In contrast, cooperative 

SISO system had the worst performance. Combination of 

cooperative MIMO system with the orthogonal frequency 

division multiplexing (OFDM) technique is a subject of 

our ongoing research. 
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