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Abstract—A relay network is a wide class of network configuration which is often used in wireless 
networks, where the source node and destination node cannot communicate directly and are interlinked 
with the help of some nodes. The different methods by which the relay networks are implemented in the 
system are known as relaying techniques. In this paper, we have presented the spectral efficiency and 
BER performance analysis of the MIMO-OFDM wireless system with different relaying techniques in 
Rayleigh fading channel. The simulated results for different modulation schemes are presented. The 
obtained results have shown that the hybrid relaying technique provides better spectral efficiency and bit 
error rate (BER) performance as compared to the other relaying techniques. 

Keyword-MIMO-OFDM, relaying techniques, decode and forward, amplify and forward, hybrid decode and 
amplify forward, Rayleigh fading, spectral efficiency, BER. 

I. INTRODUCTION 

The use of diverse number of antennas at the transmitter and receiver side in wireless system is known as 
Multiple Input and Multiple Output technology or MIMO technology that has achieved popularity over the past 
years because of its powerful performance enhancing capabilities over single input single output or SISO 
antenna system. MIMO antenna technology exploits the spatial domain property of fading channels to bring 
noteworthy performance improvements to wireless communication systems. Typical MIMO systems require 
both the transmitter and receiver of a communication link to be equipped with multiple antennas and have 
potential for increased capacity [1-3]. In addition, MIMO system improves SNR, range and coverage area of a 
wireless network [4]. It also improves the quality and reliability of reception and is resistant to noise [5]. Further, 
in OFDM (Orthogonal Frequency Division Multiplexing) system, large amount of closely spaced orthogonal 
subcarrier signals carry data on various data channels or data streams. Each sub-carrier signal is modulated by 
suitable modulation scheme like QAM, PSK or FSK at a low symbol rate, thus maintaining the total data rate 
same as that of standard single carrier modulation scheme for the same bandwidth. OFDM is advanced form of 
FDM (Frequency Division Multiplexing) where all subcarrier data signals are orthogonal to one another. The 
signals whose integral of the products for their common (fundamental) period is zero are known as orthogonal 
signals [6]. The main advantage of OFDM system is that it makes competent use of the spectrum by enabling 
the overlapping of signals and divides the broadband frequency selective channel into various narrowband flat 
fading channels. Hence, as compared to single carrier systems, OFDM is more impervious to frequency 
selective fading.  

All wireless linkage are mainly affected by three typical parameters which are speed, range and reliability. 
These characteristics of wireless system are tied to each other by strict regulations. Speed could be enhanced 
only by neglecting the range and reliability of the system. Range could be widen at the loss of reliability and 
speed. And at last, reliability could be reinforced by deflating range and speed. Only MIMO-OFDM gives 
everything in one set by offering optimal values of speed, range and reliability simultaneously. In OFDM, an 
individual channel within a spectrum band can be segmented into large number of small sub carrier signals that 
can transmit information simultaneously without any kind of interference. Since in MIMO technology many 
smaller antennas are linked up to work as one, so they can transmit and receive these multiple OFDM sub 
signals. This allows the substantial increment of bandwidth for each user as required. Thus, combining these two 
technologies results in a wireless system that has characteristics like good spectral coverage, more reliable 
transmission in highly perverse surrounding, with high data rates [7, 8]. Since MIMO serves the spatial diversity 
whereas OFDM uses multiplexing technique like frequency division duplex (FDD) or time division duplex 
(TDD); therefore in the spatial domain, MIMO provides greater capacity. Further in the time domain, the 
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equalization process is also simplified by OFDM system by eliminating ISI. Therefore, channel capacities could 
be enhanced and realized with robustness with the merger of MIMO system with OFDM system. 

In addition to this, a relay network is a boundless classification of network topology that is used in wireless 
networks where relay nodes establish a connection between source and destination [9]. These relay nodes are 
required in a network where the source and destination cannot convey information directly as the distance 
between them is greater than their transmission range. Relayed transmission improves the quality of wireless 
communications and some of the advantages of relay network in comparison with direct link communication are: 
good scalability, increased connectivity, extended transmission range, increased throughput, and improved 
reliability. Different methods known as relaying techniques by which the relay networks are implemented are 
described below [10]: 

i. Amplify and Forward (AF) Relay Technique: In this technique, relay nodes straightforwardly amplify the 
signal received from the source node which includes both the desired signal and undesired signal which is 
added noise. Further the relay node transmits it to the destination node. Therefore, AF suffers with the noise 
amplification problem. This degrades the signal quality particularly at low values of SNR. However, it is the 
simplest relay technique to implement [11]. 

ii. Decode and Forward (DF) Relay Technique: In this technique, the relay node eliminates the noise by 
decoding the received signal, then regenerates and re-encodes the signal and transmits it further to the 
destination. However, DF suffers with the error propagation problem which occurs if the relay incorrectly 
decodes the information and forwards this incorrect data to the destination node [12]. 

iii. Hybrid Decode Amplify and Forward (HDAF) Relay Technique: This relaying technique collaborates the 
two DF and AF relaying techniques. The hybrid relay node makes transition between DF and AF depending 
on the channel conditions. Further, HDAF protocol gives less erroneous output as compared to other 
relaying techniques [13]. 

iv. Demodulate and forward Relay Technique: Demodulate-and-forward relaying technique is basically an 
enhanced version of DF that reduces the amount of power consumed by the receiver or the destination node 
due to channel decoding at the relay. This also minimizes the overall delay at the destination [14]. 

v. Incremental Relay Technique: Incremental relaying is basically dependent on the feedback process. In this 
relay protocol, the relay node performs re-transmission when destination node does not receive the data 
correctly. This scheme enhances the performance of AF, DF, HDAF relaying by exploiting the feedback 
from the destination node and relay node whenever necessary [15]. 

vi. Best-Relay Selection Relay Technique: In such a relay protocol, the “best” relay link among all relay nodes 
is selected to transmit data to the destination node. The best relay that is selected achieves high SNR at the 
destination node. This also maintains a full diversity order [16]. 
In the context of above discussion, MIMO-OFDM relay communication systems have received considerable 

research interest in the past years by improving the link reliability, capacity and extend the network coverage. 
Some literature which has used relaying techniques for improving the performance of communication system 
has been detailed further.  In [17], the strengthening of security of multi-user relay network with multiple 
number of AF relay links in the presence of eavesdroppers has been discussed. The criteria of selecting the best 
relay node and destination node pair is evaluated by increasing the SNR of user as compared to the 
eavesdropper. Another proposed technique to achieve full diversity order with whichever number of selected 
antennas among all available antennas in the relay network with DF relay nodes has been studied in [18]. 
Authors discussed about new transmit antenna selection called source antenna selection (STAS) which is based 
on CSI (Channel State Information) as well as on the transmission technique of MIMO-DF network. Further in 
[19], HDAF and incremental relaying is collaborated to form a new relay protocol known as IHDAF 
(incremental-HDAF) where the relay node chooses between AF and DF node based on the conditions of the 
channels of source node, relay node, and destination node. It is also shown that the BER and system outage 
probability of IDAF is better than the HDAF. In paper [20] authors proposed a method to evaluate outage 
performance of a mixed AF and DF relaying technique in cognitive radio system. Unlike the AF and DF relay 
technique, the proposed protocol has other or secondary source that tries to transmit its signal to secondary 
destination with the aid of two secondary relays nodes. Out of the two secondary relays, one relay operates with 
AF mode and other node operates with DF mode. Results showed that the proposed protocol has the outage 
performance in between that of the conventional DF and AF. Paper [21] gave us the idea about energy efficient 
antenna selection in MIMO-OFDM wireless system. To achieve a better performance in terms of energy, a 
method was proposed by the author named adaptive antenna selection method where active radio-frequency 
chains and the antenna indexes are selected on the basis of channel condition.  

Therefore, in order to meet the growing future wireless communication systems demand, we have explored 
MIMO-OFDM relay network in practical fading environment. In this paper, we present the impact of the relay 
network on the performance of MIMO-OFDM systems in terms of spectral efficiency and BER in Rayleigh 
channel. Rest of the paper is organized as follows. In Section II, proposed system model is described. Analysis 
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of performance in terms of capacity and BER of MIMO-OFDM system with relay network is presented in 
Section III, and Section IV provides the analytical and simulation results. Finally, Section V concludes our work. 

II. SYSTEM MODEL 

The proposed MIMO-OFDM system with relay nodes is shown in Fig.1. We have considered N OFDM 
modulators and OFDM demodulators with r number of relay nodes. The relay nodes are represented by R1, 
R2, ….,Rr. and the number of relay nodes are assumed to be less than or equal to the number of OFDM 
modulator and demodulator i.e., r ≤ N. The relaying techniques which are already discussed in the previous 
section are implemented on these relay nodes. Moreover, these relay nodes are able to perform decoding or 
amplification or both with respect to decode and forward, amplify and forward or hybrid decode and forward 
relaying techniques. 

 
 

Figure 1. MIMO-OFDM system model with relay nodes 
 

Also some error correcting and detecting techniques like forward error control (FEC) or cyclic redundancy 
check (CRC) could be applied on the data by these nodes to ensure an error free transmission depending upon 
the relay protocol used. This MIMO-OFDM system with relay nodes has gained such popularity that the authors 
in [22] have proposed UV communication with MIMO-OFDM while implementing AF and DF relay nodes. 
This UV communication focussed on NLOS wireless communication and is mainly considered to abolish 
tracking and pointing requirements of infrared links and optimal power allocation schemes to increase the 
performance of the system is presented. 

III. ANALYSIS 

 In this section, the analysis of proposed system model i.e. MIMO-OFDM system with relay nodes in 
between the source and destination is presented. We have considered three relaying techniques which are named 
as amplify and forward, decode and forward, and hybrid relaying. The procedure for simulating the results has 
been described below for different relaying techniques.  

In amplify and forward relay technique, the relay node simply amplifies the data and forwards it to the 
destination. We have considered data of n bits which is to be transmitted from the source node. At the relay 
node, cyclic redundancy check (CRC) is performed to detect any kind of error occurring in the system. CRC is 
best suited for the burst error detection which makes it the optimum choice for the relay. Another feature of 
CRC is that it broadcasts the data from a single source to multiple destinations which is again well suited for 
relaying networks. Pilot bits are further added in the data which are known to receiver and sender and helps in 
reception of signals and decoding process.  

However in decode and forward relay technique, again data of n bits is considered. After CRC error 
detection technique, the data is applied to the Reed Solomon encoder [23] which is used to remove the burst 
errors. Moreover, the system performance of AF is limited by the noise which is amplified at the relay node 
during the forwarding process, especially at less SNR values. However, the performance of DF degrades when 
the relay node fails to interpret the received data signals correctly and this process of decoding and then re-
encoding causes significant error propagation. In this context, further we have considered the hybrid relaying 
technique known as hybrid decode amplify and forward (HDAF) which combines the merits of both AF and DF 
by forwarding the error free and amplified version of the data to the destination node [24].  
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Further, since modulation is necessary for any wireless communication system, we have used three different 
modulation schemes, BPSK, 16- QAM and 64-QAM for all the three different relaying techniques and have 
compared there results. Spectral efficiency and BER of all these six combination are presented. 

Further, since OFDM system is combined in MIMO therefore the block diagram of OFDM system is shown 
in Fig. 2. At the OFDM transmitter, first the serial input data is converted to the parallel form and modulated 
accordingly. Data being in frequency domain after modulation is converted to time domain signal by Inverse 
Fast Fourier Transform (IFFT) process and parallel to serial conversion of the data is done for further 
modifications.  In addition, cyclic prefix is appended to the data in order to combat (inter symbol interference) 
ISI [25]. Thereafter, data is transmitted over the channel (for the given system Rayleigh channel is considered) 
and received data is processed at the receiver end. At the OFDM receiver end, the reverse function of each block 
at the transmitter side is performed i.e. removal of cyclic prefix, serial to parallel conversion, demodulation, 
again parallel to serial conversion and then finally we get transmitted information [26]. We have considered 
Rayleigh fading channel in which there is no significant and dominant propagation of signal along the line of 
sight path between the transmitter and receiver side. Rayleigh fading is a model used when the surrounding is 
occupied with many objects that would scatter the radio signals very much before it arrives at the receiver and is 
one of the most practical channel model. 

 

 
 

Figure 2. Block diagram of OFDM system 
 

Since we have considered n number of data bits, and let ݔሺ݊ሻ be the time domain data to be transmitted. 
Therefore, ܺሺ݇ሻ is  the frequency domain representation of x(n). 

At the OFDM transmitter end, IFFT block converts ܺሺ݇ሻ  into ݔሺ݊ሻ  using 

ሺ݊ሻݔ ൌ
1

ܰ
∑ ܺሺ݇ሻ. ݆݁ሺ

ߨ2
ܰ
ሻ݊݇݇ൌܰെ1

݇ൌ0   where ܰ = ܰ -point IFFT used and ݇  ൌ  0,1, … . . , ܰ െ 1 . After the 

conversion to time domain, addition of guard period i.e. addition of cyclic prefix is done which was explained 
earlier. The only condition for addition of cyclic prefix is that the length of cyclic prefix should be remarkably 
more than the delay spread of the channel. If this condition is not satisfied then ISI will have significant effect 
on the received signal. Further at the receiver end, inversion of the functions of transmitter is performed. For 
demodulation process, the data is to be converted into frequency domain again. This function is done by the FFT 

block using ܺሺ݇ሻ ൌ ∑ .ሺ݊ሻݔ ݁െ݆ሺ
ߨ2
ܰ
ሻ݊݇݊ൌܰെ1

݊ൌ0  where  ݇ ൌ 0,1, …ܰ െ 1 . This explains the OFDM 
communication system and in order to implement MIMO with this OFDM system, multiple antennas will be 
employed at both OFDM transmitter and receiver block. 

The computation of BER and spectral efficiency for various modulation schemes with three different 
relaying techniques is carried out. Let ௕ܲ denotes the error probability, ܧ௕ is the signal power, ଴ܰ be the noise 

power and ߛ௕ is the SNR per bit. Therefore, 

௕ߛ                 ൌ
ா್

ே೚
                                                                                                  (1) 

Then BER for BPSK modulation is given as  

             ௕ܲ  
ଵ

ଶ
݂ܿݎ݁ ൬ට

ா್

ே೚
൰                                                            (2) 
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And BER for ܯ- QAM modulations given as 

        ௕ܲ  ൌ
ଶሺெିଵሻ

ெ௟௢௚మெ
ܳ ቆට

଺ఊ್௟௢௚మெ

ெమିଵ
ቇ                                       (3) 

where ݂݁ܿݎሺ. ሻ function is related to complementary Gaussian function by following equation: 

            ܳሺݔሻ  ൌ 
ଵ

ଶ
݂ܿݎ݁ ൬ට

௫

√ଶ
൰                                                                 (4) 

and Spectral Efficiency is given as 
ܥ            ൌ log2 ሺ1 ൅ ܴܵܰሻ                                                            (5) 

IV. RESULTS AND DISCUSSION 

The simulation parameters which we have considered for our proposed system are: ݊ (number of data bits) 
=96, ܰ  (ܰ -point IFFT or FFT points) =16, ܯ  (modulation points) =16 and 64. For amplify and forward 
relaying scheme, 96 data bits are taken and convolution coding is performed. In order to combat ISI in this 
system, 8 pilot bits are employed. For decode and forward, Reed-Solomon encoding is performed and again 8 
pilot bits are considered. However, for HDAF, first decoding then amplification is performed. 

We have considered three different modulation schemes namely BPSK, 16-QAM and 64-QAM and have 
calculated BER and spectral efficiency of the system with these three different modulation schemes. Since 
spectral efficiency refers to the information rate that can be transmitted over a given bandwidth, therefore 64-
QAM should have higher spectral efficiency than 16-QAM which in turn will have greater efficiency when 
compared to BPSK which is shown in the simulation results presented in Fig. 3(a), 4(a) and 5(a). Also BER is 
computed for these three systems, which is least for BPSK as compared to 16-QAM, which in turn will have 
less error rate as compared to 64-QAM. 

Spectral efficiency and BER of BPSK, 16-QAM and 64-QAM have been simulated using MATLAB 
software. For BPSK modulation, spectral efficiency and BER are simulated and the simulated results are shown 
in Fig. 3. It is evident from Fig. 3(a) that hybrid relaying technique used with MIMO-OFDM has greater spectral 
efficiency in comparison to AF and DF. Also, Fig. 3(b) depicts that hybrid relaying technique has low BER as 
compared to other relaying techniques. 

 
(a) 
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(b) 

Figure 3. MIMO-OFDM wireless communication system employing BPSK modulation with AF, DF and HDAF relaying techniques (a) 
Spectral efficiency versus SNR (b) BER versus SNR. 

For 16-QAM modulation MIMO-OFDM relay system, spectral efficiency and BER simulation results are 
shown in Fig. 4. It is evident from Fig. 4(a) that hybrid relaying technique used with MIMO-OFDM has greater 
spectral efficiency in comparison to other two relaying methods. Also, Fig. 4(b) depicts that hybrid relaying 
technique has low BER as compared to other relaying techniques. Further compared to BPSK, the 16-QAM 
modulation shows higher spectral efficiency, however increase the BER. 

Further, for 64-QAM modulation, the similar behavior has been observed in Fig. 5. Further, compared to 
BPSK and 16 QAM modulation, the 64 QAM shows better performance in terms of spectral efficiency and poor 
performance in terms of BER. 

 
(a) 
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(b) 

Figure 4. MIMO-OFDM wireless communication system employing 16-QAM modulation with AF, DF and HDAF relaying techniques a) 
Spectral efficiency versus SNR b) BER versus SNR. 

 
(a) 

 
(b) 

Figure 5. MIMO-OFDM wireless communication system employing 64-QAM modulation with AF, DF and HDAF relaying techniques a) 
Spectral efficiency versus SNR b) BER versus SNR. 
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Theoretically, HDAF provides more spectral efficiency and less BER in comparison to AF and DF since it 
combines the advantages of two relaying techniques. Also, since it performs error detection and correction of 
the data efficiently. Further, it is known that more the modulation order more is the BER and more is the 
spectral efficiency. Hence, high error probability is the price which has to pay for getting high spectral 
efficiency. 

From the above simulation results it has been concluded that HDAF gives better error rate and spectral 
efficiency performance in comparison to AF and DF relaying technique. However, comparing different 
modulation techniques, 64-QAM modulation with HDAF relaying technique gives better spectral efficiency but 
poor BER than other modulation techniques (i.e. BPSK and 16-QAM) with AF and DF relaying. 

V. CONCLUSION 

In order to improve the BER and the spectral efficiency of the communication system, we have collaborated 
the MIMO-OFDM system with different relaying techniques. Amplify and forward, decode and forward and 
hybrid relaying techniques have been considered in our proposed system model. In addition, we have compared 
the performance of our proposed system under different modulation techniques like BPSK, 16 -QAM and 64- 
QAM. It is concluded from the simulation results that the BER performance is better in BPSK modulated hybrid 
relaying technique in comparison to 16-QAM and 64-QAM modulation. However, spectral efficiency is better 
in 64- QAM hybrid relaying technique in comparison to other. Moreover, system complexity and delay are 
some problems with HDAF relay protocol which we will try to improve in our future communication.  
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