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ABSTRACT 

The propagation of radio waves for communication purpose through the wireless medium is 

affected by lot of impediments on their way. Among other impediments, fading is one such 

experience which has been an area of significant interest among the research fraternity in 

order to evaluate the performance of a digital communication system. Among the various 

techniques, Diversity is one of the leading techniques to deal with the severity of fading 

induced in a signal transmitted over a channel. The goal for a system designer is to reach at a 

unified set of mathematical models characterized by diversity combining techniques. Spatial 

diversity is a well known method to generate autonomous communication paths between the 

source and the destination through the use of several antennas at the source and/or 

destination. Cooperative communication in recent times makes use of the mobile users in a 

network to relay the original source signal to the destination which creates a virtual form of 

multiple-input and multiple-output (MIMO) antenna array system. 

In cooperative communication multiple users in a mobile radio environment share their 

antennas in order to achieve transmit diversity creating a virtual MIMO scenario. Because of 

its inherent advantages, cooperative diversity is a burgeoning field in wireless network 

communication systems. The main purpose behind cooperative communication is to improve 

outage probability, symbol or bit error rate. Besides this reliability improvement, cooperative 

diversity communication also improves transmission rate. 

Sometimes the source node can’t realize reliable communication with the help of only single 

relay node, so in order to achieve desired quality of service some relay nodes would like to 

form a group to transmit cooperatively. The transmit power of every selected relay node thus 

can be reduced. Thus the relays have incentive to form coalitions to relay the data of relay 

nodes.  

The SNR allocation of the selected relay node based on the Shapley value, which divides the 

payoff among relay nodes in a fair and equitable way, can lead to the least power consumed 

for relay nodes. As a result there is much interest shown by the research fraternity in coalition 

in cooperative communication. The coalitional games provide proof to be a very powerful 

tool for designing robust, fair, efficient and practical cooperation strategies in communication 

networks. 
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CHAPTER 1 
INTRODUCTION 

1.1 RADIO PROPAGATION 

In the era of globalisation, the increase in use of the wireless technologies in the current times 

for the purpose of communication between devices/hosts is inevitable. With this ever increase 

in use of wireless communication undeniably; efficient system performance and security of 

data are the prerequisites. Communication using wireless technologies suffers from several 

impairments, fading among them being the prominent one, as it affects both the reliability of 

the system and the quality of signal transmitted over a mobile radio channel. [1].    

This phenomenon of fading, affecting the transmission of data has been a major challenge for 

the research fraternity engaged in the field of wireless communication technologies. Owing to 

huge dependence on wireless technologies, counter fading methods are gaining much 

attention. There are many developments in the field of counter fading that led to the 

improvement in overall communication performance in mobile radio environment [1]. 

1.2 CONCEPT OF FADING 

In the transmission system, the signal transmitted from base station propagates via a channel 

in order to reach the receiver in mobile communication system. During this journey, the 

signal propagating generally experiences three phenomena of propagation reflection, 

diffraction and scattering [2]. These phenomena results in propagation of different signals 

because of the several obstructions, both natural and manmade, such as different weather 

conditions at different locations, hills, forests, tall buildings etc. Due to this the receiver 

receives resultant signal that varies in the amplitude, frequency and phase characteristics. The 

multipath signal versions at the destination have both the chances of combining usefully as 

well as belligerently to give a randomly varying resultant signal [2]. These variations in the 

final received signal give rise to phenomenon of fading. Fading is, thus, a result of the 

interference between the different multipath versions of the transmitted signal, also referred 

to as the multipath waves. The relative time of propagation, allocation of intensity of signal 

strength and the bandwidth of these multipath waves affects the nature of variations in the 

consequential signal at the receiver. 
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  Figure 1.1 Propagation of wave in mobile radio environment [3] 

When a signal is arrived over a fading channel, there are few changes in the signal parameters 

like phase, frequency and envelope over time. In case of systems employing coherent 

modulation schemes, the phase fluctuations caused by fading can unfavourably affect the 

performance unless suitable instruments are taken to quash these undesirable effects at the 

receiver [2]. Thus, in the study of such modulation schemes incorporating systems it is 

supposed that the phase variations resulted by fading are plausibly corrected to achieve the 

ideal coherent demodulation at the receiver. On the other hand, a non coherent modulation 

scheme does not require the phase information at the destination node and thus phase 

variations due to fading will not distort the system performance. Therefore, the act scrutiny of 

both the coherent and non coherent modulation schemes requires only the knowledge of the 

fading envelope information [4]. 

1.3 DIVERSITY 

In wireless communication, diversity is defined as a technique in which a random signal is 

transmitted to the destination through two or more communication paths lying between the 

sender and the destination receiver to improve the consistency of the message signal. At the 

destination node, different signals from different paths are added to get average of all the 

signals strength received from different channels. The probability of two signals travelling via 

different channels affecting by same amount of fading is very less. Thus the combination of 

signals can be achieved at the destination by using diversity combining techniques. Diversity-

combining is in use to lessen the effects of fading caused by the different channels [6]. The 

sovereign signals are combined in a way that the resultant signal is minimum affected by 

disturbances causing fading. This can happen when two transmitting antennas are located 
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satisfactorily at a distance from each other, and then it is implausible that the paths offered by 

the two antennas result in the deep fade concurrently [6]. 

      
Figure 1.2 Transmission system block diagram. 

Types of diversity are as follow: 

a. Frequency diversity 

Frequency diversity results when the different channels use multiple frequencies at the 

same time to transmit a signal to prevail over the unwanted effects of multipath fading. 

Hence, the use of multiple frequencies creates different and uncorrelated fading 

characteristics [2]. 

b. Time diversity 

Time diversity is a phenomenon in which same signal is sent at different time instances 

such that difference between these time instances is more than the coherence time and 

the signal sent are uncorrelated. The channel condition in this time gap is different from 

each other. Time diversity can also be achieved by addition of a redundant error 

correcting code in which the error bursts are spread in time by the use of bit-

interleaving [2]. 

c. Spatial diversity 

Spatial diversity makes use of multiple antennas at the transmitter or the receiver to 

achieve independent paths to combat fading in a wireless communication system. The 

elements of the antenna array are spatially separated from one another. The optimum 

separation between the antennas depends on environmental conditions around the 

antennas. To obtain transmit spatial diversity, the transmit power is divided among the 
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multiple antennas in the array. The parting between the different receiving antennas 

should be such that the fading amplitudes for each path are nearly independent of each 

other [2]. 

1.4 DIVERSITY COMBINING TECHNIQUES 

The different fading paths formed by the use of more than one antenna are combined at the 

destination to give a resultant signal which is passed for detector at the demodulation. There 

are different types of diversity combining techniques which are of different complexity [6]. 

a. Selection Combining 

In the selection combining (SC) technique, the branch with highest SNR will be 

considered as the output at the receiver side. The technique needs only single receiving 

antenna at the destination that is switched to the antenna branch with the highest SNR 

and thus only one branch is used actively. A dedicated receiver may be required at each 

antenna branch such that the SNRs on each antenna branch are continuously monitored. 

This technique does not require co-phasing of the branches because the output of only 

highest SNR carrying branch is considered [6]. 

 
Figure 1.3 Selection combining technique [6]. 

b. Maximal Ratio Combining 

In this combining technique, the instantaneous voltage-to-noise ratios are used to weigh 

the independent signals. The independent branches have phase before combining at the 

receive side so the different branches being added up posses same phase to achieve 

diversity gain. The different summed up signals are then used as the final received 

signal. This combining technique has the advantage of improving the final received 

signal when all the branches are correlated. The performance of MRC scheme is 

significantly better than both the SC scheme and EGC technique as it is an optimum 

combiner. The information on all channels is used to get a more reliable signal at the 

receiver point [6]. 
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             Figure 1.4 Maximal ratio combining technique [6]. 

c. Equal Gain Combining 

EGC is somewhat similar to that of MRC technique. The only exception is that of equal 

gains used by this technique. In this combining technique all the branches posses equal 

gains and they remain constant throughout the data transmission. The branch signals are 

multiplied by the equal amount of branch gain as shown in the figure 1.5. EGC is less 

complicated in comparison to MRC. In terms of performance, EGC is nearly alike to 

MRC. EGC is a comparatively simpler method as unlike MRC; it does not need the 

knowledge of the SNR (changing with time) for every branch as this is hard to compute 

[6]. 

 
Figure 1.5 Equal gain combining technique [6] 

1.5 COOPERATIVE DIVERSITY 

The transmit diversity scheme uses a number of antennas at the transmitter to create 

independent fading paths. On the other hand wireless devices use only one antenna at the 

=device terminal because of constraint in the size or the complexity of hardware. So in order 

to overcome this problem a new method called cooperative diversity communication was 

introduced. In cooperative communication multiple users in a mobile radio environment share 

their antennas in order to achieve transmit diversity creating a virtual MIMO scenario. 
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Because of its inherent advantages, cooperative diversity is a burgeoning field in wireless 

network communication systems [7]. The network performance can be enhanced by taking 

benefit of wireless transmission surroundings. The main purpose behind cooperative 

communication is to improve outage probability, symbol or bit error rate. Besides this 

reliability improvement, cooperative diversity communication also improves transmission 

rate. 

The MIMO systems are being included into the wireless technologies because of their many 

rewards such as high data rates, enhanced spectral efficiency and minimum probability of 

error [7]. However, in certain cases, a MIMO system may not be practical due to limitations 

in size, hardware, cost or the inability of a wireless agent to allow multiple antennas at its 

source terminal. Thus, cooperative communication systems offer an alternative to MIMO 

systems (virtual MIMO) as they can tap the benefits of the MIMO systems in a virtual 

manner [7]. 

1.5.1 Cooperative Diversity Model 

In communication wireless networks, a signal is broadcast in all directions such that the 

entire nearby node can overhear the signal sent by a source. This property of broadcast 

communications in wireless network is used in cooperative diversity. In the cooperative 

model the signal broadcasted by the source can be heard by relay(s) which can further 

forward the signal to destination. When signal is transmitted from source, it can follow 

two paths, one from   to   direct and another from   to   through  . The relays   

receive the signal from source and retransmit it to  . 

 

Figure 1.6 Cooperative diversity model. 
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The figure 1.6 illustrates a basic cooperative communication system model. It shows a 

source node, a destination node and a relay node. In cooperative communication the 

transmission is carried out in two phases: 

a. Direct transmission phase 

In this phase the signal is transmitted directly to destination node without asking 

for the help of relay node. During this transmission relay overhears the signal 

transmitted by the source. The relay node follows certain procedure for the 

received signal. 

b. Cooperative transmission phase 

 In the cooperative transmission phase, the signal is overheard by relay in earlier 

time slot is transmitted by relay node to destination node. This will help in 

improving the SNR at the destination. 

Thus, because of the presence of statistically independent fading paths, spatial diversity 

is achieved in a virtual manner. 

1.5.2 Elements Of Cooperative Communication 

The basic parts of cooperative communication are Source, Relay and Destination. All 
the elements follow certain characteristics which are different from the non-cooperative 
model elements. 

a. Source  

The source has the duty to transmit the new message signal to the receiver as well 

as to the relay(s) nodes in the pre determined initial phase of transmission 

process. Continuing, in second phase of transmission, the relay(s) forward(s) the 

message signal sent by the source antenna to the receiver based on a particular 

predetermined cooperative signalling protocol. 

b. Relay 

The node(s) acting as the relay(s) overhear signal broadcast by the source node in 

first phase of the total transmission and then retransmit it to the receiving node 

called receiving antenna after following certain protocol like Amplify and 

Forward (AF) or Decode and Forward (DF) etc. The procedure followed by the 

relay node depends on system features .In Amplify and forward relay act as a 
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repeater because it only regenerates the signal that is it just amplify the signal 

without demodulating the signal received at the relay node. But it will also 

amplify the noise, which is its drawback. While in decode and forward protocol of 

relaying, the signal received at the relay node which acts as an intermediate 

destination is first decoded using an encryption decryption method and then 

forwarded to the actual destination node. If the relay node is incapable to decode, 

the received signal, the signal sending to destination is denied. The other protocol 

viz. compress and forward relaying compress signal at relay node and then 

forward to destination node. 

c. Destination 

The antenna present at destination node receives signal from both source node 

and the relay node in different forms based on the protocol employed. If the 

signal from source is sufficient enough of giving proper information at 

destination, it will inform relay not to forward the signal implementing non 

cooperative mode of communication instead of cooperative one. The signals at 

the destination node are combined using various combining techniques eg., 

maximal ratio combining (MRC), equal gain combining (EGC) and fixed ratio 

combining (FRC). 

The channel in the communication process is considered to have additive white 

Gaussian noise, path loss and Rayleigh fading. Considering thermal noise to 

be,         and path loss is calculated using path loss exponent     
  is white Gaussian 

random variable. Suppose we have a symbol       which we have transmitted 

and        at destination are received,         where can be described as: 

                                                                                                                   

If overall attenuation can be written as      then Equation (1.1) can be expressed as 

                                                                                                                           

The signal received at relay node can be written as         
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Equation (1.2) and (1.3) represents the first phase where      being the path loss factor, 

        is the fading coefficient and     ,      is overall attenuation factor. The signal 

received at relay is retransmitted to destination. 

1.6 COOPERATIVE RELAYING PROTOCOLS 

The cooperative communications, which are helpful in relaying data to the destination either 

follows decode and forward (DF) or amplify and forward (AF) protocol. There is a variety of 

a lesser amount of complex cooperative diversity protocols such as fixed relaying (FR), 

selection relaying (SR), and incremental relaying (IR) in wireless communication 

technologies. In fixed relaying, the relay nodes when amplify received signals from the 

broadcast by the source node is said to employed amplify and forward protocol, whereas 

when relay node decode, re-encode, and retransmit the signal the protocol is called decode 

and forward protocol [5]. Selection relaying decides its behaviour to cooperate or not based 

on SNR between source, relay and destination. Incremental relaying allows cooperation only 

when it is required thus improving spectrum efficiency [5]. 

1.6.1 Fixed Relaying: This type of relaying involves following two protocols: 

a. Amplify and forward protocol (AF): During the broadcast phase of the 

cooperative communication, the signal received at the intermediate relay 

node is amplified under power constraint to certain extend. The received 

signal       is amplified which contain original signal as well noise 

component incorporated due to different channel and environment 

constraints. Thus while amplifying the signal, the noise is also amplified 

which is a shortcoming to this protocol. This protocol is used when 

computing time requirement for the relay node is less as decode and 

forward protocol (DF) takes high time. The received signal at receiver side 

can be written as      . The achievable capacity in AF protocol from source 

to destination can be mathematically expressed as: 
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 Figure 1.7 Amplify and forward protocol. 

b. Decode and forward protocol: (DF) method is mostly used because of the 

more usage digital modulation technique in wireless communication which 

gives an adequate amount of computing power required to implement 

decode and forward (DF) protocol. The received signal is first decoded and 

then re-transmitted to actual destination after re-encoding the signal at the 

intermediate level [5]. The signal can only be decoded absolutely if relay 

has a sufficient amount computing power or it can decode the signal symbol 

by symbol. The suitable decoding option can be chosen according to 

complexity of the system. The achievable capacity of decode and forward 

can be written as: 

                
 
 

                                    

                                                                                                                        (1.5) 

 

 

Figure 1.8 Decode and forward protocol. 
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1.6.2 Selection Relaying 

Selection relaying is based on a system model of decision taking. Fixed relaying 

protocol is restricted by transmission between source and the relay. The decision 

making is due to fading coefficients of the channel that can be measured by the 

receivers at high precision such that they can decide whether cooperation is required or 

not [9]. If the signal to noise ratio between intermediate/ relay and destination node is 

below pre determined threshold level of signal to noise ratio, the system works prefers 

to employ non-cooperative mode of communication that is the relay node will not 

provide help to the source for relaying it’s the signal. The source to destination path is 

sufficient for proper reception of data at destination [9]. On the other hand if the 

measured SNR is above threshold value of the ratio, the system employs cooperative 

mode that the signal is transmitted by relay and the receiver processes both the source 

and relay signal using diversity combining techniques [9]. 

1.6.3 Incremental Relaying 

Incremental relaying is used in communication model where there is limited response 

such as single bit communication, and this type of relaying show better result as 

compared to selection relaying. This protocol is an extension to incremental automatic-

repeat-request (ARQ) as in incremental relaying data is transmitted when there is 

distorted reception of the signal at the receiver. In this relaying protocol the signal is 

transmitted to destination node in broadcast phase only. The destination node will send 

an acknowledgement to the source as well as relay node if the received signal is of 

accurate quality signal. The relay then does not have to retransmit the signal. Thus the 

protocol helps in saving spectrum thus incremental relaying is spectral proficient. If the 

signal quality is below threshold the signal is send by relay as well [9]. The destination 

then combines both signal from source and relay. Thus signal is saved from deep fade. 

1.7 RELAY SELECTION 

Cooperative communication is a means by which performance of wireless communication 

has been enhanced to a great extent. This is believed by the research fraternity that by the use 

of cooperative communication they are able to build energy resourceful communication 

models which will use less amount of power. Relay selection is an important part of the entire 

cooperative models. The efficient relay selection will make the communication process more 

spectral efficient and will be able to exploit the diversity gain [10]. The full diversity gain can 

be achieved by using single best relay in DAF cooperative model as is achieved in simple 
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cooperative models which use all the relays [11]. The main challenge in relay selection model 

is the dynamic nature of the wireless model. Thus selecting optimal or the best relay becomes 

complicated. Thus an adaptive nature of relay selection scheme is employed in dynamic 

wireless networks. Generally in cooperative model employing adaptive relay selection, the 

relay is selected in two phases. And transmission in cooperative model of communication is 

accepted out in two phases [10]. 

The two phases of relay selection are: 

a. Phase 1: Relay candidate selection. 

b. Phase 2: Relay assignment. 

1.7.1 Relay Candidate Selection Scheme 

To choose best among many relays best depend on a variety of criteria. Basically there 

are two different types of relay selection schemes. 

a. Pre-assigned selection scheme 

This scheme promotes the relays selection prior to communication connection. 

The relaying candidates are being selected while making multi hop mesh structure 

[10]. Before the communication begins the route is discovered and established. 

This is a simplest way of relay candidate selection scheme [6]. This scheme does 

not work in dynamic channel environment because dynamic channel keeps on 

changing the position of relay nodes ultimately leading to the change in topology 

of the network. Thus making relay selection process ineffective for wireless 

communication which is actually very dynamic in nature. The pre-assigned 

selection scheme can add to an operating cost as the relay information is collected 

before transmission. Thus though being simplest of all schemes, it is least 

favoured for selecting relays as candidate. 

b. Adaptive selection scheme 

 As the name suggests adaptive selection scheme is a dynamic relay selection 

scheme best match to the dynamic nature of the wireless communication. The 

burden is reduced by integrating it in multiple access control protocol. The 

integration of selection scheme with the multiple access protocol (MAC) is done 

by integrating it with request to send signal [12]. This way relay realises that it 

lies in between sending node and receiving node and will be a part of the 

cooperative model of communication [11]. On receiving multiple requests from 

the sending node to send messages, the relay node starts competing with the other 

relays to get selected in cooperation process to help the source and get paid off by 
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the same. In [13] the selection of relays is suggested by sharing messages 

between multiple sources and relays. Ad hoc on demand distance vector routing 

protocol has been used in [13] according to which relay think itself to be a part of 

cooperative model on receiving a route request from source node and route repeat 

request from destination node. Due to less overhead as compared to pre-assigned 

selection scheme and more adherences with wireless system, this selection 

scheme is preferred. 

1.7.2 Relay Assignment 

When the relay nodes are selected as candidates for the cooperative transmission 

model, then in the next step the relay assignment phase is executed. The best or the 

optimal relay is selected based on various criterions as discussed below. 

a. Pre-defined or Random relay assignment 

This is the one of the simplest criteria because the relay node which is going to be 

a part of cooperative model is pre-assigned. The relays are selected prior to 

communication [14]. This becomes the easiest way of assignment of relay but 

networks because of the dynamic nature of the wireless communication it 

performs incompetently in wireless communication. 

b. Distance based relay assignment 

The optimal relay selection is done on the basis distance criteria between relay to 

source and destination. The relay node in multiple relay scenarios, which is closer 

to source, is chosen as best relay for relaying the source data. In [15] the back off 

timer algorithm is used by the source node for relay assignment. The relay near to 

source will deteriorate its back off timer sooner than the other relays and thus will 

be having high chance of selection as an optimal relay. The selected relay will 

now send an acknowledgement to the source node to send signal to relay nodes 

for relaying it towards the destination. Although this is an easier way of 

assignment but distance cannot be considered as an important measurement 

because the relay which is closer to destination or source may have substandard 

signal to noise (SNR) value or can have nastiest fading effects. Thus more 

appropriate criteria are required for best relay assignment to the source node. 
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c. SNR Based Relay Assignment 

For satisfactorily communication both paths from source to relay and relay to 

destination must have good path link quality. Thus having SNR as the criteria for 

relay assignment is intellectual choice. The relay having highest signal to noise 

ratio must be selected as the best relay. 

d. Game Theory Based Relay Assignment 

In the new emerging communication era in the world of globalization, Game 

theory is a concept which provides us the tools by which an interaction can be 

formulated between decision makers based on their mutual benefiting interests. 

These decision makers are the players in the game in the same way as there are 

market players in share market etc. which has a mutual impact of their decisions 

on one another on one another. In the analogous situation the wireless network 

consists of nodes that compete with one another for resources such as time slots, 

spectrum etc. And they all have to make choices suitable for their interests. The 

research fraternity in wireless communication have been curious to use the 

economics concept of game theory in the communication technology also. They 

have utilized the decision making criteria for the selection of optimal relays out of 

relaying candidates selected in phase 1 of two phase’s communication process 

between the source node and the destination node. The intermediate candidates 

are mimicked as the players which compete with each other for getting selected as 

the best possible relay to help out the source node. The relaying nodes acting as 

players compete with one another in distributed manner on the basis of the payoff 

it achieves while competing with other relays. The payoff is difference between 

benefit that a relay can get by acting as best relay and cost that is power in 

wireless communication, used for relaying the data. The relays in order to achieve 

high payoff act rationally and follow certain predetermined set of strategies. In 

[16] the author proposed a buyer seller game in which both the relay and source 

nodes work together in a game to mutually earn maximum payoff. They proposed 

a two level Stackelberg game. The Stackelberg leadership model is a strategic 

game in economics in which the leader firm moves first and then the follower 

firm’s move in succession following the leader. In game theory terms, the players 

of this game act as a leader and a follower and they compete for scarce resources. 

The Stackelberg leader is also sometimes referred to as the Market Leader. If the 

https://en.wikipedia.org/wiki/Economics
https://en.wikipedia.org/wiki/Game_theory
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follower could commit to a Stackelberg leader action and the leader knew this, 

the leader's best response would be to play a Stackelberg follower action. 

1.8 GAME THEORY ANALYSIS 

Game theory is a process which is aimed at modelling different circumstances in which 

decision makers have mutual, possibly conflicting interests. Though, it originally developed 

by the researchers in the economics field, it has also been applied to wireless communication 

network designing in the past several years. Because of the competitive environment in 

wireless networks, it lends itself logically to a game theoretic formulation [17]. 

Game theory is a collection of tools that help us in predicting results when decision makers 

cooperate with one another for their common gains. It has three parts. 

x Players set 

x Actions set 

x Preferences set 

A set of players are the decision makers that will interact with one another in the considered 

system model. In wireless communication networks, these players are the nodes- source, 

relay and destination present in the networks. The actions are the set of strategies taken into 

consideration by the players. These actions may assume the type of modulation technique 

used, coding rate, power, bandwidth etc. The actions or the strategies that the players choose 

decide their result outcomes [18]. The preferences are described by the utility function which 

will assigns a value to every outcome. Wireless communication can show interest for such 

strategies which provide higher signal to noise ratio, low power consumption etc [18]. 

The research area of wireless communication networks has witnessed an incredible growth in 

past years and it has emerged to become one of the fastest mounting segments of the 

telecommunications industry. Various wireless communication systems, such as adhoc, 

cellular, mesh networks as well as WLAN (Wireless Local Area Network) are widely used 

and have become an indispensable tool people across the world in everyday life. However, 

the relevance of mathematical tools to the study of wireless networks has been able to achieve 

only some degree of success because of the difficulty of mobility and traffic models. Among 

all those theories applied to study wireless networks, game theory is the most adequate one 

since it offers a substantial amount of tools that may be used successfully in building the 

contact among individual nodes in wireless networks [19]. 
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But since most of the literature in the field of wireless communication revolves around the 

informal network which is a multi-hop network, decentralised and have no central authority. 

Ad hoc network is distributed in nature and are power and energy constrained [18]. The 

present and the evolving wireless communication model have many features in common with 

ad hoc network. As game theory is a study of contact among independent agents, this theory 

can thus be utilized to analyse the nature of growing wireless networks. But game theory can 

be applied to the wireless models having difficult optimization problems. 

1.8.1 Component Mapping For Wireless Communication  

A game consists of three major components: 

x Players: The decision makers in the game are called players, denoted by a 

finite set                . 

x Strategy: Each player     has a strategy set    to maximize its gain or 

profit. Each player would adopt different strategy to lead in the game  A 

strategy profile   consists of strategies of all the players, i.e.    

              . 

x Utility/payoff: The utility of any player   amongst different players is a 

measurement function, denoted by        , on the probable result is 

measured by the strategies of different players, where   is the set of real 

numbers. 

The mapping of elements in a game to the components in cooperative     

communications is: 

 
 Game Theory elements  
 

 
Cooperative Communication 
elements 

Players  
 

• Source nodes and/or 
intermediate nodes 

Strategy • To control power 
• Radio allocation 
• Source node(s) or Relay 

node(s) 
• Price 

Utility/payoff • Data rate 
• Gain, e.g., revenue 

generated minus cost 
Table 1.1 Mapping of components. 
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1.8.2 Game Types 

A game involves different players like source, destination in case of game in 

communication networking. Based on the information of the players of each other’s 
strategies, payoffs games can be subdivided into different categories. On the basis of 

the number of players, a game can be divided into 2-player game or n-players 

where    . While on the basis of cooperation level, information about the different 

players available and the strategy of moves of the individual players, the games for 

cooperative communication can be broadly divided into following categories. 

x Cooperative and non-cooperative games. 

x Sequential and Simultaneous Move Games. 

x Zero-Sum and Non-Zero Sum Games. 

x Games having Perfect and Imperfect Information. 

x Games possessing Complete and Incomplete Information. 

a. Non-Cooperative and Cooperative Games 

In these games, the unit under consideration is always the individual player rather 

than group of players in non-cooperative games, as each player acts for his own 

benefit and tries to maximize its own utility only. The players tend to have selfish 

behaviours – i.e., they always try to amplify their own gains without bothering of 

other player’s payoffs involved in the game. So, these games involve competitive 

nature of the players where their sole aim to increase their own benefits by 

adopting different set of strategies [19].  While on the other hand in cooperative 

games, the groups of players take part as an entity rather than being an individual 

and hence they tend to improve their payoffs as a group. The applications can be 

seen in groups forming situations, called coalitions, [19]. 

b. Sequential and Simultaneous Move Games 

The games in which different players involved take their decisions in succession 

are called sequential move games. These games possess basic attribute of 

knowing about the strategies of other players in the circumstance. On the other 

hand simultaneous games are the games in which players implement strategy 

concurrently or simultaneously without the prior knowledge of the strategy 

adopted by other players taking part in the decision making process. Basically the 

sequential move games are the one where players decide its strategy according to 

the other player’s strategy [17]. In sequential move game the player do not have 
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the complete knowledge of the player’s strategy as they know only the present 

strategy not all the strategy of the game. 

c. Zero-Sum and Non Zero Sum Games 

The players participating in this type of game makes profits equal to zero at the 

end of the game [17]. These games present the total win-total loss situation the 

players in a game. There are many examples of the Zero-Sum games in the real 

world, winning of one team leads to the loss of the other team. But on the other 

hand in the Non-Zero sum game, each and every player participating in the game 

gets some share of the total profit or some loss at the end of the game. The only 

difference is that in Zero-Sum games, the participants have no familiar interest 

and in Non-Zero-Sum games, participants have sometimes contradictory and 

sometimes similar interests.  

d. Games with Perfect and Imperfect Information 

When each player has prior knowledge of exactly about all the decision of other 

players during his turn, then this is called as the game with complete information.  

Sequential games are the example of games of complete information. In other 

cases, when there is no information about other players past strategies then the 

game is called of imperfect information. All simultaneous move games are 

examples of games of imperfect information.  

e. Games with Complete and Incomplete Information 

When all the participant players have the knowledge of all the factors involved in 

the game, such games fall under the category of games of complete information. 

These games are perfectly competitive and the moves of the players are 

exceptionally strategic. While the games having the limited knowledge of 

players’ strategies and payoffs are called games of incomplete information [19]. 

In the symmetric incomplete information, the deficiency of knowledge is 

equivalent for all the players. For example, in a sealed bid auction all players are 

uniformly ignorant about the strategies of other players and the outcome 

associated with each. In the case of asymmetric incomplete information, some 

players know more than the other players. For example, the game of poker where 

each player has only biased knowledge about the cards held by the other players. 
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1.8.3 Utility Function 

Utility function in the game theory approach can be defined as a function which 

allocates a value to all the possible outcomes or results of the player in a game. The 

incentive given to the players to be a part of the game is represented by utility function. 

The higher the value rewarded by an outcome more preferable is that outcome. Let   is 

the set of strategy from which the players want to choose a particular the strategy and   

is the set from which the decision makers want to choose the outcomes [18]. Let   be 

the relation on   and let   and   be the elements of the    then   is less preferable than 

  if       [18]. In wireless communication the basic preference characteristics for the 

nodes are spectrum, power control, rate, bandwidth etc. The utility function is not 

unique. 

1.8.4 Solution Concepts In Game Theory 

a. Nash Equilibrium 

The term Nash Equilibrium was first coined by John Nash and this is being used 

widely in behavioural ecology and economics. It is an equilibrium in which the 

outcome of the player is most favourable and no player move away from its 

present adopted strategy considering the strategy adopted by other players. The 

players suppose that its fellow players will not change its strategy and thus does 

not diverge from its present strategy as it may receive no incremental benefits by 

deviating. A game can have many Nash Equilibriums. 

We can solve a game in many ways once we express it in strategic form. By 

solving we mean predicting strategy by assuming that the players are rational. 

One of the simplest ways is to depend on iterative strict dominance solution [17]. 

Mathematically, the strategy profile   of different players is called as Nash 

Equilibrium such that: 

                
                  

                                                                           

Where    is the present strategy of player   against the strategies adopted by 

different players and       
  are all other strategies of player  . This means that a 

strategy profile   i.e. combination of different strategies of all the players will 

give Nash Equilibrium if and only if the condition in the Equation (1.6) satisfies 

for all the players. 
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b. Pareto Optimality 

Pareto Optimality is defined as “A situation is held to be Pareto optimal if there is 

no way to reorganize things to make at least one person superior off without 

making anyone inferior off [17]. If such a strategy is adopted by any player in 

order to boost its payoff by varying its present strategy without compromising 

with the payoffs of other players, and then the outcome is not Pareto optimal.  It 

is not always obligatory for the Nash Equilibrium outcome of a game to be the 

Pareto optimal one. Mathematically, it can be expressed that a strategy profile 

will be Pareto optimal if and only if  

                           
                                                                           

And for any    , for any    
     

                                                                                                                                

1.9 COALITIONAL GAME THEORY 

Coalition in general terms means group of items or in the words of wireless communication, 

it is defined as the grouping of the different nodes in order to gain maximal possible outcome. 

The coalitional game theory concept deals with the configuration of cooperative groups. As a 

result there is much interest shown by the researchers in coalition in cooperative 

communication. The coalitional games provide evidence to be a very influential tool for 

designing fair, robust, proficient and practical cooperation strategies for the communication 

networks. For this purpose, it is of strong interest to: 

x Provide an engineering oriented preface to coalitional game theory that can unify 

the different aspects of coalitional games and  

x Propose advanced applications for coalitional games in wireless networks. This 

thesis will tackle both points thoroughly as will be seen in the next sections. 

The two main apparatus that a coalitional game requires are the players set, which is 

represented by                and the coalition value of each player. The set   defines the 

players that act together in order to create groups which are cooperative in nature, in the form 

of coalition in order to improve their place in the game. Thus, a coalition       defines an 

arrangement between the members of   to act as a single entity in a given game. Framing 

coalitions or alliances is persistent in many disciplines such as politics, economics, and, more 

recently, wireless networks as it helps to consolidate the position of individual eg., coalitions 

of political parties after the elections. The definition of the value can be defined by the 

pair      . 
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The characteristic form of a coalition is the most important concept of game theory literature 

[20]. The worth or utility of any coalition       does not depend on group formed by the 

players outside    i.e., the players in      . Thus, a value of a coalition S in characteristic 

function depends solely on the members of that coalition. In any coalitional game there are 

two concepts: the value of the characteristic function of coalition and the profit received by a 

participant for its contribution in the game. The value obtained as a result of coalition gives 

the amount of utility that a coalition, can obtain. In contrast, the payoff or utility of a player 

gives the amount of dividend that a player on being the member of a certain coalition will 

obtain. Depending on the method of giving value is mapped into payoffs, the coalitional 

game can be classified in two forms viz. transferable utility (TU) or non-transferable utility 

(NTU). A TU game implies that the total dividend/utility obtained by any coalition       

can be divided in any manner amongst the members of  . 

A coalitional game having characteristic form        with transferable utility is said to be 

superadditive if for any two disjoint coalitions                                

                Superadditivity implies that if coalition       forms, then it can give its 

members any allocations they can achieve when acting in    and    separately. 

 

Figure 1.9: Different coalitions in different time slots. 
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CHAPTER 2 

LITERATURE SURVEY 

2.1 LITERATURE SURVEY FOR GAME THEORY IN COOPERATIVE 

COMMUNICATION 

x Todd E. Hunter et al. [4] in 2002 investigated the use of cooperative 

communication using coded cooperation technique. Each code word of the signal 

is divided into two subsets that will be transmitted from user and relay antenna 

respectively. Coded cooperation achieves high gain and maintains bandwidth, 

data rate and transmits power. 

x Sendonaris et al. [6] in 2003 investigated a new spatial diversity form, which is 

based on achieving the diversity gains due to the cooperation between the 

different mobile users. He further explained that the noisy channel condition puts 

limited impact on the signal strength when there is cooperation between the 

mobile users; cooperation will lead to amplify the signal strength and will provide 

a more robust system to achieve rates less vulnerable to channel variations. 

x J. N. Laneman et al. [23] in 2004 developed and analyzed models of low-

complexity protocols employing cooperative diversity that help in combating 

fading added by multiple paths adopted by the propagating signal in wireless 

networks by exploiting space diversity accessible through cooperating terminals 

that relays signals for each other. The protocol were the blend of selection, 

incremental, fixed relaying. Outage probability of the model was analyzed for all 

type of relaying in cooperative communication. 

x A. S. Ibrahim et al. [24] in proposed a new cooperative communication protocol 

in which source use relay which has maximum harmonic mean function of its 

source –relay and relay –destination. This protocol shows a significant increase in 

bandwidth efficiency. 

x Mark Felegyha zi et al. [28] 2006 explained how the game theory can be applied 

on wireless networks. In wireless network the channel is shared among the nodes. 

They introduced the concept of non-cooperative game theory and made a simple 

analyzation on main factors of game theory. 

x Dusit Niyato et al. [25] 2008 analysed and compared the processes of 

Competitive, Cooperative Pricing and Market-Equilibrium, for Spectrum Sharing 

in Cognitive Radio Networks. In case of radio resources trading, incentives and 
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prices are the key issues of interest to resource sellers as well as to secondary 

resource buyers. The author investigated different pricing models for radio 

resource trading in a radio environment. The distributed algorithms can achieve 

the pricing solutions for different pricing models and can also analyze stability for 

the distributed algorithms. 

x Yingda Chen et al. in [31] 2008 analysed a game theoretical decode and forward 

cooperative communications in additive white Gaussian noise (AWGN) and 

Rayleigh fading channels. Cooperative communications is modelled as a repeated 

game in which the two participating terminals are selfish and seek to maximize 

their own payoff, a general utility function that monotonically increases with 

Signal-to-noise ratio. A Nash Equilibrium in which users mutually cooperate can 

be obtained for AWGN channels when strict power control is enforced and users 

care about future payoff. 

x C.K. Tan et al. [27] 2010 explained about the resource allocation in wireless 

communication using Fair power control and game theory along with pricing 

scheme. But to alleviate selfishness problem, a payment-based scheme to control 

the power can be adopted so that each user gets different compensation paid for 

their own share of performance. The authors treat the problem of lack of 

motivation among users to give their due share using a Prisoner’s Dilemma game. 

x S. S. Ikki et al. [26] 2010 investigated the performance of amplify and forward 

protocol using best relay selection scheme. Regardless of number of relay 

available only two channels are used for diversity. Best relay selection not only 

maintain same diversity order but also reduces the amount of resource required.  

The scheme proposed usage of cooperative group which is consists of     

terminals, where   the managing is relay and   is the assisting relay. Managing 

relay manages the channel state information of the neighbouring relay. Out of 

these terminal only terminals having high SNR is selected and is encoded. 

x Y. A. Chau et al. [28] 2011 proposed simple switch based relay selection scheme 

in which signal to destination channel is examined at starting of transmission and 

the relay is used only if channel gain is lesser than threshold. The channel gain of 

source to relay and relay to destination is compared with threshold, if it is lesser 

than threshold then that relay is not used instead another relay channel is 

compared. This is practiced for all L number of relay. The signal is combined 

using maximum ratio combining. 
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x B. Wang, Z. Han et al. [29] 2012 proposed a game-theoretical framework which 

is distributed in nature to achieve most favourable relay selection and to allocate 

power to them without knowledge of CSI. A two-level Stackelberg game is 

adopted to jointly take into consideration the reimbursement of the relay and 

source nodes considering the source node as buyer as relay node as seller. The 

game is proved to congregate to a unique optimal equilibrium. The author further 

explained that, the proposed allocation of radio resources with the distributed 

game can achieve comparable performance to that employ centralized schemes. 

x Dan Wu et al. [29] in 2014 put forward an auction based relay power allocation 

scheme over multi relay network which provide energy efficiency by helping 

source nodes. They have presented three goals which are- to efficiently use the 

relay resources with maximum pay off given to them, to insure competitive 

fairness among competing users and to assure distributed execution with 

relaxation of limitations on complete private knowledge and precise assessments 

of convergence. 

2.2 LITERATURE SURVEY ON COALITION OF RELAY NODES 

x Juan M. et al. [32] 2002 investigated a new approach for allocation of radio 

resources method among the electric market participants. Both collaboration and 

antagonism are defined as the leading ways to fair solutions and competent cost 

allocation. The method is based their rational behaviour, the formation of 

different coalitions, and cooperative game theory resolution mechanisms. The 

author successfully concluded that adequate solutions are achievable in a 

decentralized atmosphere with open access to networks.  

x Suhas Mathur, et al. [30] 2008 study about the coalition formation in 

cooperative communication using coalitional game theory. The stable coalition of 

relay nodes, from where the buyer has no incentive to get away depends on the 

manner in which the rate profits are apportioned among the cooperating users. 

Furthermore the stability of the grand coalition (GC) depends on the detector 

when receivers cooperate using linear multiuser detectors (non-transferable) and 

there are two cases of wholly cooperating transmitters and under a partial decode-

and-forward strategy.  

x Omid Namvar Gharehshiran et al. [31] 2009 proposed the coalition formation 

on random basis to get effective and efficient for the wireless sensor network 

(WSN). The sleep time allocation problem is designed as a non-convex 
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cooperative game and the concept of the core in Shapley value theorem is used to 

solve this problem. Further an algorithm is proposed based on a best-reply rule 

which converges to the core with probability of one if the core of the game is non 

empty. 

x Dongming Su et al. [35] 2010 used the concept of coalitional game theory to 

design and implement new relay selection scheme in multi user wireless 

networks. The coalition will be a combination of source and the relay nodes in 

order to improve the transmission capacity and lower the bit error rate (BER) of 

system and improve the signal to noise ratio. The relays that are considered can 

form different number of coalitions.  

x H. Khayatian et al. [33] 2010 provided novel concepts based on which source 

nodes are able to self organize themselves in order to form stable coalitions. 

Stable coalitions help to achieve significant amount of reduction for energy 

consumption in order to transmit the data from the source to the receiver side in 

multi user wireless networks. The purposed scheme helps to achieve better data 

rates and enhances the capacity of the system.  

x Dan Wu et al. [34], 2011 proposed cooperative selection and stay combining for 

energy efficient cooperation where relay is not active all the time. In CSSC the 

channel gain of source to destination and source-relay-destination channel is 

compared, which so ever channel has high gain is used for transmission. It has 

lesser complexity than incremental relaying employing MRC. The author 

proposed an algorithm by using a random coalition formation process for the 

relay nodes based on best-reply response with trial opportunity to achieve a stable 

coalition structure with a core allocation. 

x Mohammed S. Bahbahani et al. [36] 2015 studied, the problem related to multi 

relay selection to form their coalition in case of multiple source relay nodes. The 

author proposes the coalition formation based on by means of a political coalition 

of different parties formation game approach. An algorithm of distributed ruling 

coalition formation is advanced that selects only stable set of relays. A 

comparison with centralized multi-relay selection shows that the proposed 

provide comparable network sum rate with the extra advantage of network 

stability. 

x Fatiha Mokdadl et al. [36] 2015 proposed a new strategy in which the 

characteristic function (payoff)  of the Shapley value theorem represents a method 

of ranking the players according to their performance index within a coalition of 
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players. The Shapley value assigned to each feature calculated the value of 

different relay nodes and ranked them from higher to lower. The best feature 

selection method is identified on the basis of player providing highest Shapley 

value. 
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CHAPTER 3 

COOPERATIVE COMMUNICATION AND GAME THEORY 

3.1 COOPERATIVE DIVERSITY AND COMBINING TECHNIQUES ANALYSIS 

In Cooperative diversity method, the broadcasting nature of the wireless communication is 

exploited to help the source node for relay data to the destination. The concept of cooperative 

communication helps to create a virtual MIMO which implements spatial diversity technique 

to send multiple packets of the data so as to minimize the effect of fading on the signal. The 

bit error rate (BER) of the signal is improved when relay nodes work cooperative and the 
performance of the system will get boosted up further with different combining method. 

Further we will examine as the number of relay increases the bit error rate seems to improve. 

 

Figure 3.1 An illustrative example of a virtual MIMO system. 

3.1.1 System Model For Cooperative Mode 

To explain the cooperative mode for communication let’s consider a source node, a 

destination node and a relay model. The channel is assumed to have path loss, and 

Rayleigh fading and additive white Gaussian noise (AWGN). The path loss exponent is 

2. A BPSK signal is transmitted with non-cooperation and a QPSK signal in 

cooperative model because the QPSK signal is twice of BPSK signal. When we use 

cooperative model, the communication process takes place in two phases which require 
two time slots to transmit 2 binary data. In this case a BPSK in non-cooperative model 

is considered so that 2 bits are transmitted in 2 time slot as in cooperative QPSK model.  
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Figure 3.2 Cooperative system model. 

In first phase, source node will broadcast its signal which is overheard by relay node 

and received by destination node. The received signal at the final destination point is 

given by 

                                                                                                                  

                                                                                                                      

Where   [ ] transmitted signal is the     , is the path loss factor and      is the zero 

mean Gaussian random variable having variance     
 . The factor         is the thermal 

noise and      is the overall reduction or attenuation and is given by             . The 

power of the signal at relay is given by:  

                   
 
                   

 
                                                                           

In the first way the relay will either first amplify the original signal or decode it the 

signal received and then retransmit it towards the destination in second phase. If the 

relay node first amplify then transmit the signal, this is called amplify and forward 

protocol. In case of decode and forward the data is first decoded and then re-encoded 

before retransmission. The above model uses amplify and forward (AF) protocol. 

In second phase, the relay transmits the amplified or the re-encoded signal received in 

first phase. The signal received at destination from the relay can be written as. 
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3.1.2 Analysis Of Combining Technique 

The graph between BER and SNR for QPSK signal in cooperative model with different 

combining method and BPSK signal in non-cooperative model is shown below. It can 

be observed from the graph that in case of in non-cooperative communication, for 

BPSK modulation, BER of .98 with SNR of 14dB. In case of cooperative model used 

for QPSK transmission with ERC combining the BER with SNR of 10.5dB is obtained. 

With FRC combining we achieve same BER with SNR of 10dB and using MRC 

combining, same BER is achieved with SNR of 6.5dB.Thus signal quality is enhanced 

when user shift from non-cooperative to cooperative model. The virtual MIMO created 

control fading effects and improve signal quality. The signal combined at the 

destination show best enhancement with MRC technique. Other combing techniques 

also show enhancement in BER as compared to non cooperative model of relaying data. 

        

             Figure 3.3 Cooperative communication using different combining method. 

3.2 APPLICATION OF GAME THEORY FOR RESOURCE ALLOCATION 

To make use of cooperative diversity for more than one user, there are two fundamental 

questions on resource allocation that needs to be answered:  

1) Which relay nodes to be added in the coalition to get better signal to noise ratio? 

 2) What is the optimal power    ?  
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However, solving these two problems in a distributed resource allocation only needs local 

knowledge about channel information. To include relay nodes for relaying the data to the 

destination, some sort of incentives in the form of dividend need to be given to the relay 

nodes for helping source nodes. Stackleberg game can be used for this purpose 

x Source node/buyer: The buyer in case of cooperative communication can be 

assumed to be a source node   , which will obviously aim to obtain the most 

benefits out of the least possible payments. The utility function of source node s 

can be mathematically expressed  as: 

                                                                                                                              

Where,         denotes the achievable rate with the relay nodes’ help,   denotes 

the gain per unit of rate at the MRC output, and 

                                                                                                                                
   

 

Where,   denotes the total payments paid by source node   to the relay nodes,     

denotes how much power node s will buy from node   and    represents the price 

per unit of power selling from relay node    to source node  . 

x Relay node/seller: Each relay node    can be assumed to be sellers which will 

aims to earn the profit as well as payment that covers its forwarding cost. A 

parameter   , is the cost of power for relaying data. Then, on the similar lines as 

that of source node, the utility of relay node    can be expressed as. 

                                                                                                                            

If a certain relay node     demands such a higher amount for relaying data, it will 

make it less beneficial than the other relay nodes to be asked by the source node   

for relaying data. In that case source node   will buy less amount of power from 

relay node     or can even discard it. So overall, there is a trade-off for setting and 

bargaining the price between relay nodes and the source nodes. If for the best 

possible price   , the resulting utility of relay node    is negative, i.e.,        0, 

then node    will end the seller-level game since it will not be able to recover the 

basic cost by remunerative prices it will get by selling power to the source node. 

 

3.2.1 Observation  

The system model is consisting of a source, a destination and multiple relay. The model 

is analyzed for its symbol error rate with one, two, three relays. The position of 
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destination node   is at coordinate value            and the position of source node is 

at coordinate              Relay node is moving along the   axis in  

               with   coordinate at 25m. The propagation loss factor is set to two. 

The source transmitting power    =     , the noise level is         , and 

capacity gap = 1, bandwidth W= 1 MHz, the gain of the source node per unit of rate a= 

0.01, and the cost of relaying data per unit of power c= 0.2. 

 

Figure 3.4 Optimal price and power of the relay node. 

Figure 3.4 shows that when the moving relay node   is close to source node   

at            , the source node will buy less power from the relay node which 

ultimately will improve the utility    of source node as is evident from Equation (13), 

because lesser the amount of power borrowed from relay node lesser will be the price to 

be paid to relay node in the game. The optimal power    that the source buys from relay 

node   tends to decrease with price of the power being paid to relay node  , and node 

  
   utility    is concave in  . The main motive of the relay node to be part of the relay 

node is to increase its utility    in best possible manner, so the price   should be 

carefully selected, because an arbitrarily selected price will ultimately be the reason of 

rejection of relay ode from the cooperative game. The decrease in price of relay node 

will make it more favourable for the source node. On the other hand, when the moving 

relay node   comes close to destination node   at (0 m, 0 m), relay node   tend to ask 

high price from the source node in order to lend source     data, so relay node   tend to 

ask a very high price from the source node in order to get more profit. When relay node 

  keeps going away from destination  , source node s stops buying services in the form 

of power from the relay node. 
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Figure 3.5 Optimal utility of the source and the relay node. 

Figure 3.5 shows the optimal utilities of both the relay node   and source node  , that 

they can obtain using game theory in cooperative communication. The utilities of both 

the source and the relay node are at maximum when they are at close proximity to each 

other. Similarly, when the both move away from each other, utilities tend to decrease as 

source node buys less services from relay node relay node. 
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CHAPTER 4 
COALITION BASED RESOURCE ALLOCATION 

4.1 COALITION IN COOPERATIVE COMMUNICATION 

In the field of communication using the help of relay nodes, there are times when the source 

node can’t persuade the Quality of Service obligation of the system of communication with 

only single relay node. So it becomes important to call multiple relay nodes for help.  Along 

with the QoS the number of hops that a signal needs to travel between the arrival and the 

destination may get reduced, with the help of a number of relay nodes. There are any 

complexities present in the way of a signal transmission. But the issue of power allocation in 

case of multi-relay cooperative communication is complex. But the concept of coalitional 

game theory can be used to deal with the issue of resource utilisation and power allocation 

constraints. Also the selected relay nodes by the source node are delighted to form a group or 

different groups simultaneously to work together, because their power to transmit the signal 

can be reduced significantly.  Since wireless radio resources are short of power. So the 

coalitions of multiple relay nodes can provide better opportunity to deal with this short power 

problem. The coalition formation process is the joint effort provided by all the relay nodes to 

help the relay nodes rather than competing with one another and power allocation of relay 

node is established via a coalition formation strategy based on profit stability. The strategies 

are valuable to the configuration of global alliance which is stable [21]. 

4.1.1 Payoff Division within Coalition on the basis of Fairness Criteria 

There are various fairness rules in the literature of cooperative communication for 

dividing the utility v(S) among the members of coalition S that is a sub part of grand 

coalition. A split or merger operation by Pareto order directly or indirectly depends on 

the fairness criterion for payoff division. 

a.  Egalitarian Fair (EF) 

It is the simplest method of division of payoff among multiple nodes to divide the 

extra utility uniformly among users. Mathematically the utility of user  , can be 

expressed as: 
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where        and        are the non-cooperative payoffs of users   and 

   Egalitarian Fairness only represents the extra benefit given to relay nodes and 

not the whole utility. 

b. Proportional Fairness (PF) 

The Egalitarian Fairness is no doubt a very simple and strict fairness criterion,  

however, in practice, the user whose is having its channel in a good condition 

might not be willing to work together with a user having bad channel conditions, 

if the dividend is distributed equally amongst them. To take into account the 

prevailing channel differences, a certain criterion is used called as proportional 

fairness (PF), in which the extra profit is distributed amongst the participants 

according to their amount of participation in the process.  Thus, 

            
      
      

   

                                                                                 

Where          and   
  

       
        thus, it is evident that within the coalition for 

PF, the users having good channel conditions be worthy of more extra payback 

than the users with bad channel conditions. 

c. Shapley value fairness (PF) 

Shapley value eradicates the complex strategic interaction way usually followed 

in game theory. The strategic interaction due to its complexity increase the need 

of proposing a simple way which was offered by Shapley value which indicates 

all the alternatives of a player by a number indicating the utility of the player. 

Shapley proposed a way of representing all the possibility for a player, while 

playing game, in the form of a value. 

A Shapley value    assigns to each possible characteristic function   a vector of 

real numbers, i.e.,                      where     represents the worth or 

value of user   in the game         

Basically there are four Shapley axioms that    must satisfy: 

1. Efficiency Axiom:             

2. Symmetry Axiom: If the two users   and   are s.t.                      for 

every coalition   not containing user   and    then           
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3. Dummy Axiom: If user   is s. t.                 for every coalition   not 

containing  , then     . 

The characteristic function of Shapley value is given by 

    
                  

     
       

                                                            

The Shapley Value provides a fair division which takes into consideration the random 

ordered joining of the players in the coalition. In cooperative communication the nodes in 

wireless communication are the players which compete with one another. The model has 

three basic elements: source, relay and destination. The relay is used by the source to 

retransmit its signal to destination. Resource such as power, spectrum of the player is 

shared by the sources. The relays compete with one another to help source in 

retransmitting the signal. The decision making by the sources and the relays is through 

game theory. The Shapley value is the easiest way of implementing game theory on a 

model. The player which achieves high value will have highest resource allocated to it. 

 

4.2 SYSTEM MODEL 

The system model consists of source and destination network with the multiple relay nodes 

between them acting as intermediate nodes denoted by                to help the 

source to transmit data to the reception side. The cooperative transmission will employ 

Amplify and Forward (AF) cooperation protocol, though other cooperation protocols like 

Decode and Forward (DF) can also be used. As explained in the figure 4.1 itself, the 

cooperative transmission mode consists of two phases viz. Direct and Indirect.  

 

Figure 4.1 System model for the coalitional network 
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During the initial phase, the source node   broadcasts its information to the relay nodes   and 

destination node   simultaneously. The corresponding received signals can be expressed as: 

                                                                                                                                         

                                                                                                                                          

where,      is the received signal at the destination node and       is the received signal at the 

relay nodes.      and       are the channel gains,       and      are the additive white Gaussian 

noises (AWGNs) and    is the power transmitted by the source node. 

When the transmission takes place directly between the sender and the destination node, the 

resulting signal to noise ratio and data rates can be expressed as:  

       
      

                                                                                                                                               

and          

                   
 

                                                                                                                             

where   is the bandwidth of the channel for transmission and     is the capacity gap. 

During the second phase, the relay node amplifies the amplitude of the received signal and 

forwards the amplified version of signal from the relay node to destination node acting as an 

intermediate. The final received signal at the destination terminal can be given as: 

                                                                                                                                            

where 

     
     

       
                                                                                                                                                   

Where              are the power received from relay node and the channel gain between 

relay and destination node. The final signal received at the destination can be given as: 

      
                              

             
                                                                                      

Using (21), the relayed SNR for the source node can be given as: 
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and the data rate achieved with the help of relay nodes can be given as: 

         
 
 

        
             

 
                                                                                          

Consider   set of players from which any coalition     stands for an agreement among the 

players and            is the characteristic function with       , where   denotes the 

empty set. 

Def1. A coalition game of   players is defined by        where   is the mapping function 

which will determine the payoff of the players according to their contribution to the coalition. 

Def2. A game          is defined as convex is ν  ⋃T    ν  ⋂T     (S)         for all 

       

Def3. Core: The core is a set of payoff allocation             satisfying two conditions.  

                 

            )                

Core is analogous to Nash Equilibrium for non cooperative game. 

Def4. A game          is super additive if    ⋃                  for         

and  ⋂    . 

Def5. For the coalition      , the Shapley value, which is the way to distribute gain among 

the players, is defined by.  

                   
                                                                                                                                 (4.13)   

4.3 COALITION FORMATION FOR THE PROPOSED GAME 

In case of a single relay node, more power is required by the source node to deliver the data 

to the destination resulting in lower SNR and high probability of error. So coalition of relay 

nodes ready to help source nodes can reduce the power consumption to a significant level as 

each member of the coalition desires to send same data towards the destination node. 

Coalition formation: The characteristic function for the proposed game can be defined as. 

                                                                                                                                             

Where, a is the gain per unit of data rate while          is the data rate achieved at the 

destination, c is the price per unit of power and     is the power provided by the relay nodes. 
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The characteristic function is given in Equation (4.14) will determine the cost of sharing of 

coalition. We desire to achieve minimum value for Equation (4.14), giving characteristic 

function so as to improve the utility of the source nodes as well as of the relay nodes. From 

Equation (4.14), it is evident that to achieve the minimum value of the       we need to 

minimize the second term in the Equation. Since price is fixed by the relay nodes, the onus 

lies on the power provided by the relay nodes which involves a coalition. So the optimization 

problem can be formulated as. 

 

Figure 4.2 Different coalition patterns for three relays. 

So the optimization problem can be formulated as: 

                              

             
 

   

      

where      is the target signal to noise ratio (SNR) required at the destination. 

    
       

                                   

              
                              

So the power allocation problem can be solved by Lagrange multiplier solution as follows: 

         
       

              
 
                                                                                                     

The value of power required by the relay node to relay the source data can be given as 
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By substituting the value of power from Equation (4.16) and solving the Equation (4.15) by taking 

partial derivative w.r.t         and   , we can have: 

        
    

 
                                                                                                                                      

Substituting the value of the signal to noise in Equation (4.17) we can have the required 

power for the characteristic function. 

            
                  

                      
                                                                                                                                                  

Substituting Equation (4.18) in Equation (4.14) will give the characteristic function value 

for unusual characteristic function value for different coalitions. The choice of best 

coalition can be done by the date rate value. Since the main purpose is to improve the data 

rate so the coalition giving the higher data rate tends to be the best coalition of relay 

nodes supporting the source node. The incentive to the relay nodes to join the coalition is 

the improvement in their payoffs. Payoffs of relay nodes tend to be higher in case of 

coalition rather in individual case. 

Algorithm to find best coalition:  

 
x Choose the relay nodes. 
x Form different coalition of different relay nodes. 
x Calculate the characteristic function      for each coalition. 
x Find the best coalition which will minimize     . 
 

                                                            

4.4 NUMERICAL RESULTS AND OBSERVATION 

The system consists of a source node, three relay nodes forming a coalition and a destination 

node. This section give some numerical results of power consumption, utility of source nodes 

and Shapley values related to the proposed methodology. 

a. Source node 

For the convenience of calculations, we assume that the destination node fixed at [0, 

25] with the distance between source and destination ranging from 0 to 1000 with and 

the relay nodes occupy different places within [0, 1000] with y coordinate fixed at 25. 
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The propagation loss factor is two. The transmit power Ps = 0.05W, the noise level is 

        W, and the capacity gap = 1, W= 1 MHz, the gain per unit of rate a= 0.01, 

and the cost to buy a united of power c= 0.5 

 

Figure 4.3 Power with the coalition of relay nodes 

Figure 4.3 presents the effect of distance between source node and destination node on 

the power required. As the source node moves away from the destination node the 

power required increases. The figure also presents the effect of coalition of relay nodes. 

When only one relay node was present to help the source node it required more power. 

But as more number of relay nodes join the coalition the amount of power required 

decreases. 

Next, the effect of coalition on the utility of source node is shown. The coalition helps 

in the improvement of utility of source node as more number of relay nodes is present 

to help the source node. 
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Figure 4.4 Utility of source node. 

Figure 4.4 shows the effect of adding more number of relays in the coalition. It is 

evident that coalition of intermediate nodes help in the improvement of utility of the 

source nodes. Similarly figure4.5 shows the average power consumption as the number 

of relay nodes increase to more than one. It shows that when more number of relays 

join the coalition the average power required transmitting the information decreases. 

 

Figure 4.5 Average power. 

b. Relay nodes in coalition 

The Shapley value taking into consideration the order of joining of different relay nodes 

in the coalition provides a fair division to all the members of a coalition. Suppose there 
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are three relay nodes {1}, {2}, {3}. The possible coalitions that the nodes can make are 

{(1,2), 3}, {(1,3), 2}, {(2,3), 1} and {1,2,3} and the Shapley value is calculated by 

finding the marginal contribution of each source in sharing the bandwidth of the relay 

and is calculated by: 

        
           

  
      

                                                                                       

Putting the value of characteristics function calculated for three relay nodes, we can 

calculate the Shapley value which will give each player their respective payoffs. The 

marginal contribution of each relay node can be calculated as: 

x Marginal contribution of relay node 1 

i 
 

Order    
 

Marginal contribution [ (  )] 
 

1 
 

1,2,3  ({1}) −  ( ) 

2 
 

1,3,2               

3 
 

2,1,3             ({2}) 

4 
 

2,3,1  ({1,2,3}) −  ({2,3}) 

5 
 

3,1,2  ({1,3}) −  ({3}) 

6 
 

3,2,1  ({1,2,3}) −  ({2,3}) 

Table 4.1 Marginal contribution of source 1. 

The Shapley value of source 1 can be written as 

      
        

   

 
 

x Marginal contribution of relay node 2 can be written as 

 

 

 

 

 



52 
 

I Order    
 

Marginal contribution [ (  )] 
 

1 
 

1,2,3  ({1,2}) −  ({1}) 

2 
 

1,3,2               ({1,3}) 

3 
 

2,1,3                 

4 
 

2,3,1  ({2}) −  ({ }) 

5 
 

3,1,2  ({1,2,3}) −  ({1,3}) 

6 
 

3,2,1  ({2,3}) −  ({3}) 

Table 4.2 Marginal contribution of source 2. 

The Shapley value of relay node 2 can be described as 

      
        

   
 

 

x Marginal contribution of relay node 3 can be written as 

i 
 

Order    
 

Marginal contribution [ (  )] 
 

1 
 

1,2,3  ({1,2,3}) −  ({1,2}) 

2 
 

1,3,2             ({1}) 

3 
 

2,1,3               ({1,2}) 

4 
 

2,3,1  ({2,3}) −  ({2}) 

5 
 

3,1,2  ({3}) −  ({ }) 

6 
 

3,2,1  ({3}) −  ({ }) 

 

Table 4.3: Marginal contribution of source 3. 

 

The Shapley value of relay node 3 can given as 

      
        

   

 
 

Table 4.4 shows that the relay nodes when act individually ended up gaining 

lower payoff, while joining a coalition improve their payoff to a significant extent. 

Thus the payoffs act as incentives to the relay nodes to be there in the coalition. 

As it is evident from the table, when the coalition contains all the three nodes the 
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get higher pay off when compared to their individual cases. When only one relay 

node {1} or {2} or {3} act alone they get lower payoffs                     

    respectively. But working in coalition helps them to fetch better payoffs. 

COALITIONS        
 

              

{1} {2} {3} 
 

                          

{1,2} {3} 
 

                   

{1,3} {2} 
 

                        

{2,3} {1} 
 

                   

{1,2,3}                   

 

Table 4.4 Payoff of relay nodes for different coalitions. 
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CHAPTER 5 

CONCLUSION AND FUTURE SCOPE 

This thesis evaluates the coalition of relay nodes in a cooperative diversity model in order to 

improve the power efficiency and to do efficient resource allocation of radio services. The 

improvement in the performance has been obtained by forming the different coalitions of 

intermediate nodes in order to help the sender in communication system employing 

cooperation and game theory. In case of wireless systems, the broadcast nature of medium 

permits the use of cooperative diversity wireless communication to achieve a high signal to 

noise ratio (SNR) at the output. In order to achieve the reduction in power required to 

transmit a message signal to the final reception point, the source node can use antenna of 

neighbouring relay nodes to transmit its data. Thus it enables the system to act like a MIMO 

system called virtual MIMO system.  Without actual deploy of multiple antenna, the user can 

enjoy the benefits of diversity through cooperative communication. The following conclusion 

can be drawn from respective chapters of the thesis. 

In chapter 3, the cooperative communication is discussed and the different combining 

techniques are studied in order to achieve maximum signal to noise. It was observed from the 

graph that by using the cooperative model the bit error rate of the signal was improved. The 

bit error rate of the signal and the SNR also depends on combining technique used at the 

destination; it was observed that (MRC) has come out to be the best combining technique. 

Thus signal received at destination has improved SNR and better bit error rate (BER) on 

using cooperative diversity. Also allocation of radio resources in cooperative model through 

game theory was analyzed. 

Game theory provides an easy way for making a decision where all the source and relay 

nodes acting as a player, compete with one another for limited radio resources, for example 

power, bandwidth etc. It has been shown that the Stackleberg game helps to improve the 

utility of source as well as relay nodes. The follower follows the leader strategy to ask for the 

prices for relaying of power to deliver the data at the destination. 

Chapter 4, proves the reduction in power when the relay nodes relay the data forming 

different coalitions. The concept of Shapley value theorem is used to distribute the pay offs to 

the relay nodes in an efficient and fair manner. The characteristic function was designed for 

power allocation to the sources which depends on target SNR value of the channel. When the 

source node is unable to achieve trustworthy throughput with the help of only a relay node, 
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some relay nodes get incentive to work in coalition which eventually lead to the reduction in 

transmission power of relay nodes taking participation in coalition. From the graphs, it has 

been observed that the proposed algorithm has practical importance, specially, for the 

networks whose radio resources are power constrained.  

It can thus be concluded that the cooperative communication not only reduce fading but also 

enhances the throughput as compared to direct transmission by proper resource allocation. 

Furthermore Shapley value based resource allocation has proved to be fair and efficient 

division of payoffs. Cooperative communication employing game theory implemented this 

way has proved to enhance transmission reliability by improving the signal strength at the 

receiver. Thus the increase in link performance, better coverage area has made cooperative 

communication an interesting area for further research. The on-going research shows 

importance of cooperative diversity in future wireless communication standards. The future 

work mainly focuses on protocol design which is compatible with 3G, 4G, 5G systems which 

supports high data rate and need to be analyzed both in network simulation and theoretically. 
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