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Summary:  

 

In this thesis, we investigated the performance of a dense relay network. We 

derived the SNR expression of the system, simulated and compared the system with a 

reference direct-transmission system, evaluated the capacity and the energy efficiency 

of the system. We have also derived approximations and bounds for the SNR 

expression of the AF case. Finally we solved for the optimum number of relays that 

would maximize the energy efficiency of the system. 
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Abstract 

Relays are important elements to provide more coverage for the communication 

system and also to obtain acceptable received signal strength at long distances. The 

deployment of a large number of relays can construct a massive distributed system 

which adds the advantages of the relaying system in terms of the different types of 

diversity. This work investigates the performance of a dense relay network using 

different metrics such as the Signal to Noise Ratio (SNR), the Bit Error Rate (BER), the 

Capacity and the Energy Efficiency (EE) of the system.  

First, we derive the SNR expression for the system under certain assumptions such 

as having full knowledge of channel state information at the relaying nodes and 

separating the two stages in two different time slots. Then we study the effect of having 

a large number of relays on the derived expression. We validate the analytical 

expressions by simulating the system. We consider two relaying protocols Amplify-

and-Forward (AF) and Decode-and-Forward (DF). The derivations show that the SNR 

changes almost linearly with the number of relays in case of the AF protocol and it is 

proportional to the square of the number of relays in the case of DF protocol. We also 

compare the system performance in terms of the BER with a simple system that uses 

direct transmission instead of relays. The relaying system has superiority over the 

reference direct-transmission system. Then, using simulations only, we study the effect 

of having channel estimation error on the performance of the system. We show that the 

relaying system has a stronger immunity to the channel estimation error than the 

reference system. 

Second, we derive some approximation and bounds for the SNR expressions to 

have simpler equations that could be used in some extensions for this work such as 

power allocation, relay selection and other optimization problems.  

Finally, we evaluate the capacity and the energy efficiency of the system. A 

classical tradeoff exists between improving the spectral efficiency of the system by 

adding more relays to the network while requiring using less relays to decrease the total 

power consumed in the internal circuits of the relays. The ratio between these 

contradicting terms is the energy efficiency of the system. So we study this interesting 

tradeoff between the spectral efficiency and the energy efficiency of the system. Hence 



 

x 
 

we solve the optimization problem of choosing the optimum number of relays that 

maximizes the energy efficiency of the system.  
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Chapter 1 : Introduction 

In the early 60s and 70s the basic idea of relaying was first introduced and studied 

‎1] - [‎3]. The relaying nodes can increase the coverage of the communication system by 

dividing the communication between the source and the destination into multiple hops 

instead of the direct transmission over a single hop. However, the distance between the 

source and the destination is the same in both cases, the multi-hop scheme improves the 

signal strength due to the fact that the summation of the pathloss over the hops is less 

than the pathloss of a long distance single hop. This fact is based on the non linear 

relation between the pathloss and the distance between the source and the destination.   

Another motivation for using the relays is to make the best use of the 

communication channel. User equipment (UE) can only have a few number of antennas 

which does not make the best use of the space-time resources of the communication 

channel. The deployment of relays between the transmitter and the receiver with more 

antennas can utilize these resources. 

In order to achieve the required data rates and quality of service (QoS) for modern 

wireless communication techniques, the Massive Multiple Input Multiple Output 

(MIMO) system was introduced to enhance the performance of the basic MIMO system 

while increasing the number of the deployed antennas to a very large value. 

Establishing a massive MIMO system in a distributed form or a co-located form 

has several difficulties on the structure level and the operational level of the 

communication process [‎4],[‎5]. 

The Internet of Things (IoT) [‎6],[‎7] will revolutionize the architecture of 

communication systems by adding ”things” that we use in our daily life, after equipping 

them with wireless transceivers or Radio Frequency Identification (RFID). These 

empowered “things”, referred to as devices from here onwards, allow a variety of IoT 

applications such as transportation, healthcare, smart environment and social domains. 

Most of these applications require the existence of a large number of communicating 

nodes. The communication reliability among these nodes is vital to the success of the 

IoT network. 

In Massive MIMO, the relaying techniques may be combined together in a system 

that uses a large number of relays to establish a massive distributed system [‎8] – [‎18]. 


