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Abstract: Recently, there has been a growing trend toward apply-

ing game theory (GT) to various engineering fields in order to solve 

optimization problems with different competing entities/contribu-

tors/players. Researches in the fourth generation (4G) wireless net-

work field also exploited this advanced theory to overcome long-

term evolution (LTE) challenges such as resource allocation, which 

is one of the most important research topics. In fact, an efficient de-

sign of resource allocation schemes is the key to higher performance. 

However, the standard does not specify the optimization approach to 

execute the radio resource management and therefore it was left open 

for studies. This paper presents a survey of the existing game theory 

based solution for 4G-LTE radio resource allocation problem and its 

optimization. 
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1.  Introduction 
 

The continuous increasing users' needs and demands based 

heterogeneous services and applications led to the develop-

ment of several variants of Long Term Evolution (LTE) or 4G; 

namely LTE-Advanced and recently LTE-Advanced Pro tech-

nology, as specified in 3GPP (3rd Generation Partnership Pro-

ject) releases from 8 to 13, but in the same time it exhausts the 

limited radio resources. 
 

LTE/LTA-A has been designed to fulfil a number of bench-

marks including, among others, high peak data rates, high 

spectral efficiency, low latency, flexible deployment of band-

width, and all IP network. Moreover, the basic changes in 

LTE/LTE-A compared to previous 3GPP system are, first, the 

use of a completely revised air interface based on Orthogonal 

Frequency Division Multiple Access (OFDMA) in the down-

link and SC-FDMA (Single-carrier Frequency Division Mul-

tiple Access) in uplink with the possibility of using two duplex 

modes FDD (frequency division duplex) and TDD (time divi-

sion duplex) to separate uplink and downlink transmissions 

between eNodeB and multiple user equipment (UE) [1]. Sec-

ond, the adoption of flat architecture for the access network 

by omitting the centralized intelligent controller and distrib-

uting the intelligence amongst the base station, eNodeB, in or-

der to ensure fast communication and decision between 

eNodeB and UE, and to reduce the time required for a hando-

ver [2]. Therefore, unlike in the UMTS where the radio re-

source management (RRM), is located in the controller, in this 

distributed architecture the RRM is a part of the eNodeB and 

is the responsible for, among other functions, for determining 

the type of the required resource control, the required resource 

sharing, and the assignment methods. Besides the quickly 

changing radio link quality, the bursty nature of packet data 

traffic imposes a challenge on the radio resource assignment 

and requires a dynamic and fast resource allocation [3].  

However, the standard does not specify the implementation of 

the scheduling and resource allocation problem and therefore 

it was left up to service providers (SP) to deal with it [4]. Fur-

thermore, given the scarcity of resources such as, among oth-

ers, the frequency spectrum and terminal battery power; SP 

were compelled and strongly urged to find an optimal solution 

while guaranteeing a good quality, low costs and a good per-

formance. Therefore, more advanced optimization methods 

are needed. 
 

On the other hand, in the last few decades, game theory (GT); 

the mathematical study of strategies and decision-making; has 

taken a major portion of all research fields regarding the opti-

mization of complex issues. In fact, this discipline considers 

the behaviour of decision-makers in interactive situations, be-

tween rational intelligent entities (players) [5]. Therefore, 

these features justified its use in Radio Resource allocation 

problem where users are continuously competing. 

The aim of this paper is to present a survey that summarizes 

the current state of understanding regarding the optimization 

of LTE/LTE-A resource allocation issue using GT. Thus, the 

paper is organized in three steps as follows: the second section 

provides an overview of resource allocation in LTE/LTE-A 

network. The third section presents a brief definition of GT. 

While the fourth section discusses some of the existing works 

to illustrate the efficient use of GT.  

2. Resources allocation in 4G  
 

The exponential increase in the consumption of the wireless 

cellular services and technologies has brought demands for 

multiple simultaneous access to various application and ser-

vices, high capacity, high speed, and high data rate, to meet 

those requirements while guaranteeing a good quality, low 

costs and a good performance, 3GPP has proposed the LTE 

specification. Indeed, besides the adoption of an all-Internet 

Protocol (IP) approach, the major evolution in LTE compared 

to previous 3GPP wireless systems is the completely revised 

air interface which was specified to overcome the effects of 

multipath fading and inter-symbol interference (ISI) [1]. 

Instead of spreading one signal over the complete carrier 

bandwidth, LTE combine Orthogonal Frequency Division 

Multiplexing (OFDM) that transmits the data over many nar-

rowband carriers of 180 kHz each and the associated access 

schemes, and therefore LTE adopt OFDMA with cyclic prefix 

(CP) in the downlink direction and SC-FDMA with CP in the 

uplink direction. Both technologies exploit multiple orthogo-

nal subcarriers, which can be used to take advantage of multi-

user diversity [6].  

In other hand, dealing also with the assignment of multiple 

users to a shared communication resource SC-FDMA is used 

in the uplink wireless transmission in mobile communication 

systems, where lower peak-to-average power ratio (PAPR) 

greatly benefits the mobile terminal in terms of transmit power 

efficiency and reduced cost of the power amplifier [7]. It is 

also called a linearly pre-coded or coded OFDMA, because it 
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has an additional Discrete Fourier Transform (DFT) pro-

cessing step preceding the conventional OFDMA processing. 

LTE-A (release 10-12) is an enhancement to LTE in term of 

data rate, spectral efficiency, performance, etc. The main 

functionalities and some of the significant improvements of 

LTE-A are: 

 Carrier Aggregation (CA)  

 Coordinated multipoint transmission and reception 

(CoMP) 

 LTE in unlicensed spectrum  

 Machine Type communication (MTC)  

 Network based Positioning  

 Relay Nodes 

 Smartphone Battery saving technique 

 Support for Heterogeneous Networks (HetNet) 

 Wi-Fi integration with LTE 

 Enhanced inter-cell interference coordination (eICIC)  

 Enhanced MIMO: up to 8x8 MIMO in downlink and on 

the UE side it allows 4X4 in uplink direction 

 Enhanced Uplink multiple access:  frequency-selective 

scheduling in uplink 

 New enhanced PDCCH (ePDCCH) 

 In Device Co Existence 

 Minimization of drive test (MDT)  

 Ran overload control for Machine type communication 

 enhanced Small cells 

 SON Improvements 

 Worldwide roaming 

LTE-A Pro specifications aim to address two primary goals 

for future LTE networks: boosting performance, and enabling 

Internet-of-things (IoT) connectivity. Some of the important 

enhancements are: 

 Carrier Aggregation enhancements:  up to 32 CC (compo-

nent carriers)  

 Enhancements for Machine-Type communication (eMTC)  

 Elevation Beamforming / Full-Dimension MIMO/ high-

order MIMO systems with up to 64 antenna ports at 

eNodeB 

 Single-cell Point-to-Multipoint (SC-PTM) 

 Narrowband IoT (NB-IoT) 

 Enhanced multi-user transmission techniques:  using su-

perposition coding 

 Enhancements for device-to-device communication. 

 LTE in unlicensed spectrum enhancements  

 Indoor Positioning  

The RRM is an eNodeB application level function that ensures 

the efficient use of available radio resources by controlling 

and managing their assignment so that the Quality of Services 

(QoS) requirements of the individual radio bearers are met and 

the overall used radio resources on the system level are mini-

mized. Indeed, it is the responsible for, among other functions, 

determining [8]: 

 The type of the required resource control.  

 The required resource sharing. 

 The assignment methods.  

In other words, the ultimate goal of RRM is to satisfy the ser-

vice requirements at the smallest possible cost for the system. 

The RRM procedure can be divided into the following major 

entities [3]: 

A. Radio bearer control (RBC): manages the establish-

ment, the maintenance, and the release of radio bearers which 

involve the configuration of radio resources associated with 

them. , RBC takes into account: 

 The over-all resource situation in LTE.  

 The QoS requirements of in-progress sessions. 

 The QoS requirement for the new service. 

B. Radio admission control (RAC): In order to ensure 

high radio resource utilization and a proper QoS for in-pro-

gress sessions RAC admits or rejects establishment requests 

for new radio bearers thus it determines whether the bearer 

will be established at all, based on various admission control 

checks (availability of resources, licensing limits, etc.). Dif-

ferent realizations of LTE Radio Access Network (RANs) will 

run different admission control algorithms. 

C. Dynamic packet assignment–scheduling: Dynamic 

Resource Allocation (DRA) or Packet Scheduling (PS) allo-

cates and de-allocates resources including buffering and pro-

cessing resources and resource blocks to user and control 

plane packets. 

D. Link adaptation and power allocation: LA determines 

the MCS and the power allocation. The power control function 

set the transmit power levels such that the target SINR (at 

which the MCS is optimal) is reached. 

E. Connection Mobility Control (CMC) & Handover 

control: it oversees the management of radio resources related 

to idle or connected mode mobility. And it maintain the radio 

link of a UE in active mode as the UE moves within the net-

work from the coverage area of one cell to the coverage area 

of another 

F. Inter-cell interference coordination: Inter-cell inter-

ference coordination has the task to manage radio resources 

(notably the radio resource blocks) so that inter-cell interfer-

ence is kept under control. 

G. Congestion control and Load balancing: handles une-

ven distribution of the traffic load over multiple inter-fre-

quency and inter-RAT (radio access technology) cells, in or-

der that radio resources remain highly utilized and the QoS of 

in-progress sessions is maintained to the largest possible ex-

tent while call-dropping probabilities are kept sufficiently 

small. 

H. MIMO configuration control: it controls the configu-

ration of antennas port  

I. MBMS (multicast broadcast multimedia services) re-

source control: It control the transmission modes of multicast 

broadcast multimedia services (MBMS) 

In this paper, the focus will be on resource scheduler and re-

source allocator, which we can model, by analogy to the 

model mentioned by the author of [9], as shown in Figure 1.  

 

 
Figure 1. Radio resource scheduler/allocator 
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Figure 2 shows the resource grid of the uplink and downlink 

shared channels. The smallest unit in the resource grid is the 

resource element (RE), which corresponds to one subcarrier 

during one symbol duration. These resource elements are or-

ganized into larger blocks in time and in frequency, called re-

source block (RB). RB is the smallest unit of resources that 

can be allocated to individual users to allow simultaneous 

communication with BS. It has dimensions of subcarriers by 

symbols: 12 sub-carriers (15 kHz) or 24 sub-carriers (7.5 kHz) 

in the frequency domain and 6 or 7 symbols in the time do-

main. The number of symbols depends on CP in use. The RB 

occupies exactly one slot of the duration of 0.5ms. Two slots 

form a subframe with a duration of 1 millisecond. A subframe 

represents the scheduling time of the LTE-A network wherein 

the 10 consecutive subframes constitutes one frame. The num-

ber of parallel RBs in each subframe depends on the system 

bandwidth. Two consecutive RBs are called Scheduling Block 

(SB) or transmission time interval (TTI), which is the smallest 

resource unit that the scheduler can process and it’s also a 

scheduling period [10][11]. In addition, and with a collabora-

tion with the Modulation and Coding Scheme (MCS), the 

number of RBs decides the transport block size (TBS) in each 

TTI [12].  

In order that the eNB performs appropriately the scheduling, 

users should report at each TTI their instantaneous downlink 

channel conditions to the eNB. The scheduler determines 

which RBs from different flows will be processed in the next 

phase (as shown in Figure 3 and Figure 4) and their orders, 

based on channel conditions, buffers status, head of line 

(HOL) packet delays, and service types [13]. Then the alloca-

tor assign the RBs to users. An RB can be simultaneously as-

signed to more than one user in each scheduling interval. 

Furthermore, LTE-A introduces three types of resource allo-

cation for both downlink and uplink and each type uses a pre-

defined procedures and specifies the way in which resource 

blocks are allocated for each transmission. However, no stand-

ards was defined for scheduling or for optimal resource allo-

cation algorithm. 

In the literature, there are many solutions for resource alloca-

tion and scheduling problem, I will only mention some of 

them: 

The work of [14] suggests a dynamic resource allocation 

(DRA) to improve network capacity. According to user’s link 

quality DRA is critical in OFDMA system. 

The work of [15] proposes a two-layer scheduling architecture 

for LTE multimedia service. 

The work of [16] studies the efficiency of the OFDMA down-

link for different vehicular user densities by performing adap-

tive resource allocation for users whose instantaneous channel 

realizations are unavailable at the transmitter but known by 

 
Figure 2. Uplink/downlink resource grid 

 
Figure 3. DL scheduler functions 

 

 
Figure 4. UL scheduler functions 
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the receiver. The work addresses also the problem of maxim-

izing the sum-capacity of the system subject to user minimum 

Quality of Service (QoS) requirements. This approach lead to 

higher throughput gains in areas where a large number of ve-

hicular users can be found. 

The work of [17] applies a Gale–Shapley algorithm to find the 

optimal matching between RB and UE by considering channel 

conditions and the desired QoS. 

The work of [18] suggests a novel uplink channel allocation 

scheme for real-time connections using the information of in-

terference level and channel occupancy collected at cognitive 

femtocell access points and their covering macro base station 

(MBS). This flexible scheme provide lower unsuccessful 

probability of new connection requests compared to 

femtocell-access-point (FAP)-based and MBS-based uplink 

channel allocation schemes. 

The work of [19] suggests a less complex centralized scheme 

for joint sub-carrier pairing and allocation along with relay se-

lection and fairness constraint in multi-user relay networks. 

The work of [20] proposes Virtual Cluster-based Proportional 

Fairness scheme that exploits the link adaptation information 

available at MAC layer to form virtual clusters. It ensures a 

minimum throughput for all users in the coverage area by as-

signing contiguous resource blocks, proportional to the 

throughput and the number of users in a particular cluster or 

group. 

The work of [21] proposes a multi-objective resource alloca-

tion scheme to achieve simultaneously efficient resource uti-

lization, fairness guarantee, interference mitigation and re-

duced complexity in a satisfactory manner. This scheme uses 

a weighted sum approach and an ant colony optimization al-

gorithm. 

The work of [22] proposes two resource allocation schemes, 

which are based on Particle Swarm Optimization (PSO) and 

hybrid PSO-GA (Genetic Algorithm) to maximize the system 

throughput. 

The work of [23] gives a Self-Organized Dynamic Fractional 

Frequency Reuse Resource Allocation scheme (SODRA-

FFR) which dynamically allocates frequency resources to cell 

inner and outer regions in relay based LTE-A networks to im-

prove cell edge performance and maximize fairness among 

UEs. 

The work of [24] proposes a buffer-aware adaptive resource 

allocation scheme for LTE downlink transmission to improve 

the overall system throughput while providing statistic QoS 

guarantee and keep certain fairness among users.  

The work of [25] adopts the max-CQI method to compute RB 

allocation, and then asks non-urgent flows to return a fraction 

of their allocated RBs. Those RBs are redistributed among the 

flows being threatened by packet dropping.  
 

3. An extensive review on Radio Resource Allo-

cation Optimization in LTE (RRAOL) as a 

Field of Research 
 

Radio resource allocation optimization is the most important 

subject in wireless networks [26]. Therefore, so many studies 

try to handle this problem. In fact, to start our study we 

should summaries all the previous studies and begin from 

where they stopped at. For this reason, table 1 will give some 

of the significant and recent concurrent surveys/reviews.To 

the best of our knowledge, no paper in the literature cover 

exactly our subjects meaning reviewing different contribu-

tion that studies the use of GT in radio resource allocation 

optimization in LTE Advanced. 

By cons, many studies and researches used different optimi-

zation methods, such as mathematical programming (MP) and 

Global optimization (GO), etc. However, those methods can 

be a useful tool whenever the problems can be framed in terms 

of optimality locally or globally. In spite of the good results 

given by those methods, they show some difficulties and 

drawbacks, some of them are listed below [27-28]: 

 The computational effort required which increases with 

the size of problem. 

 Infinite running time of algorithms in high dimension 

problems and multimodal problems. 

 Global optimality cannot be guaranteed by stochastic 

methods given that random elements are involved while 

deterministic methods algorithm took infinite running 

time to solve them. 

 Non-convexity, non-smoothness and non-monotonicity 

functions. 

 Noisy gradient: Many optimization methods rely on gradi-

ents of the objective function. If the gradient function is 

not given, they are computed numerically, which induces 

errors. In such situation, even if the objective function is 

not noisy, a gradient-based optimization may be a noisy 

optimization. 

 Multi-extremal problems may have an exponential num-

ber of local minima. 

 Problems with very little information available on their 

mathematical structure. 

Therefore, and due to all previous drawbacks that other meth-

ods has showed in practice and that game theory can over-

come, this paper will focus on the use of GT. 

Furthermore, before optimizing a system, we build a model 

and we take into consideration the rules below [29]: 

 Ease of understanding the model. 

 Ease of detecting errors in the model. 

 Stability of the model. 

 Ease of computing the solution. 

Figure 5 describes the general process used to optimize prob-

lems. 

 
 

4. Game theory  
 

GT is a discipline aimed at modelling situations in which de-

cision makers have to make specific actions that have mutual 

possibly conflicting consequences [30-32]. It is a formal 

framework with a set of mathematical tools to study the com-

plex interactions among interdependent rational players [33]. 

Started with Francis Waldegrave letter [34], as stated by Paul 

walker in [35] which presents a chronological outline of the 

history of GT, the main basis of GT history can be considered 

an outgrowth of the seminal works in [5],[30-33], [36-42]. 

GT is based on the concept of strategy (actions made by a 

 
Figure 5. General optimization process 
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player when challenged to solve a problem) and payoff (out-

come of this strategy), it provides an appropriate solution if 

the following assumption are properly satisfied: 

 A player can adopt multiple strategies for solving a prob-

lem. 

 There is an availability of predefined outcomes. 

 The overall outcome for all players would be zero at the 

end of game. 

 All players in the game are aware of the game rules as well 

as outcomes of other players. 

 Players take a rational decision to increase their own 

profit. 

Besides, it has tree representations form:  

 The extensive form (game tree) is a graphical representa-

tion of a sequential game [43]. It provides information 

about the players, payoffs, strategies, and the order of 

moves. It consists of vertices, which are points at which 

players can take actions, connected by edges, which rep-

resent the actions that may be taken at that node [44]. 

 The normal form (strategic), as introduced in [31] and in 

[5], is a matrix representation of a simultaneous game. 

Each rows or column represents a strategy and each box 

represents the payoffs to each player for every 

combination of strategies. Generally, such games are 

solved using the concept of a Nash equilibrium [45]. 

 Characteristic function form (coalitional) was introduced 

in [5], it concentrates on coalition formation and the 

distribution of pays. In fact, it allows us to consider games 

in which the players can collaborate with each other to 

form coalitions, or groups of players, that can achieve 

more than a single player could individually. It is a critical 

model to describe what occurs in the real world [46]. 

 
Furthermore, GT has several categories, as shown in Figure 6; 

each one of them has its specific features and fits a specific 

type of problems. Thereby, we should choose the right type of 

game before starting to solve the problem. 

In section IV, we will give some examples where only some 

of the previous GT-categories are used and other notions re-

lated to the subject, for this reasons it is necessary to give the 

next key terms and definitions:  

 Cooperative game: it is a game often defined in term of 

characteristic function form, where coalitions (collective 

decision-maker) of players may impose a cooperative be-

haviour and choose which coalitions to form, according to 

their estimate of the way the payment will be divided 

among coalition members. It’s, indeed, a competition be-

tween coalitions of players rather than between individual 

players. 

 Non-cooperative game: players here make decisions inde-

pendently and are not able to be committed to each other's 

unlike in cooperative games. 

 Bargaining game: or Nash bargaining game (NBS) it is a 

game in which two or more players bargain over how to 

gains from trade. In fact, if the total request is greater than 

the available neither of them gets its gain. Nash bargaining 

solution is a Pareto optimality to NBS. 

 Strategy: a set of moves or actions a player will follow in 

a given game, it determines that player will take at any 

stage of the game. In addition to that, the outcome depends 

on the action of other players too. 

 Utility function: is a mathematical way to represent a 

player preference or satisfaction.  

 Nash equilibrium (NE): is a fundamental solution-concept 

in the GT. In fact, a NE is an actions profile, which satis-

fies that no player can unilaterally improve its own utility. 

Or we can put it like this, at NE no player has any incentive 

to change its strategy. Accordingly, NE is a stable outcome 

of the game.  

Theorem 1[47]: The function must be quasi-concave 

(or quasi-convex) if it is concave (or convex).  

Theorem 2[47]: lets denote a game by ℊ =
[N, {Pi}, {ui(∙)}] where N is the number of players and 
{Pi} is the action set for the players and {ui(∙)} is the 

utility functions set for the players. There is a Nash 

equilibrium at least in a game ℊ if: 
1) Pi are subsets of ℜn and are nonempty, compact, and 

convex;  

2) ui are continuous in Pi, 
3) ui are quasi-concave in Pi .  
Accordingly, we can easily prove the existence of NE. 

 

5. Game theory in LTE-A resource allocation 
 

5.1.  A Review of GT on RRAOL as a Field of Research 
 

As we mentioned before, GT has taken a lot of focus in last 

years, therefore, this paper will focus on the use of GT in 

LTE/LTE-A resource management. Indeed, in [48] authors 

demonstrate how GT can be applied to wireless network. Fol-

lowing a layered perspective, it has been explained how to 

capture wireless networking problems in game-theoretic for-

mulations, emphasizing on which game type best suits each 

application field and on how the corresponding utility function 

may be constructed. More importantly, it presents a mapping 

between the basic components of a game and the entities of 

wireless networks that should be designated before applying 

the theory to a wireless-specific problem, as follows: 

 Game component: Entities, processes or elements of wire-

less networks. 

 Players: Network nodes, service providers or customers. 

 Resources: All kinds of resources needed by nodes to com-

municate successfully (spectrum, power, bandwidth, etc.). 

 
Figure 6. Different types of game 
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 Payoffs: Estimated by utility functions, based on QoS mer-

its (delay, throughput, SNR, etc.) 

Table 1 gives some examples from the literature of the appli-

cation of game theory in resource allocation and scheduling. 

Nearly, all researches exploit cooperative or non-cooperative 

games and the Nash equilibrium concept.  

In addition, almost all works simplify the problem by taking 

only: a single cell, a direction (uplink/downlink), a finite 

number of users, a network without interferences, some ideal 

assumption like equal transmit power… 

The major focus of the works in the literature seems to be the 

allocation of power/subcarrier and the optimisation of sum 

network/user rate and QoS, only some works takes into ac-

counts other component like energy, frequency level, etc 

YEAR 
Refer-

ence 
TITLE The goal of the paper Limitation 

2009 [49] 

An Overview of Down-

link Radio 

Resource Management 

for  

UTRAN Long-Term 

Evolution 

This paper reviewed the basic LTE 

framework for the primary base sta-

tion downlink RRM mechanisms for 

the shared unicast channel 

It does not include GT. It only fo-

cuses on one direction of the LTE, 

the downlink. It doesn't cover the 

LTE Advanced 

2013 [50] 

A review of resource al-

location techniques for 

throughput maximiza-

tion in downlink LTE 

This paper reviewed several re-

source allocation schemes for 

throughput maximization in LTE 

downlink. 

2014 

 

[51] 

A review of perfor-

mance analysis of a 

downlink LTE system 

using  

different radio resource 

allocation schemes 

(RRAS) 

This paper reviewed several re-

source allocation schemes for per-

formance analysis in downlink di-

rection for LTE systems. 

[52] 

A Survey on LTE 

Downlink Packet 

Scheduling 

This paper reviewed the different 

proposed scheduling algorithms  

under variable conditions 

[53] 

A Survey of Radio Re-

source Management for 

Spectrum Aggregation 

in LTE-Advanced 

This paper reviewed On-going re-

search on the different RRM aspects 

and algorithms to support carrier 

Aggregation in LTE-Advanced 

It does not include GT. It only fo-

cus on Spectrum Aggregation in 

LTE-Advanced 

[54] 

A survey on resource 

allocation techniques in 

OFDM(A) networks 

This paper reviewed the radio re-

source allocation techniques in Or-

thogonal Frequency Division Multi-

plexing (OFDM) and Orthogonal 

Frequency Division Multiple Access 

(OFDMA) systems 

It studies all various schemes in 

the OFDM and OFDMA networks 

generally. No focuses on game 

theory methods 

2013 [55] 

A Survey on Dynamic 

Spectrum Access  

Techniques in Cogni-

tive Radio Networks 

This paper reviewed various tech-

niques of dynamic spectrum access 

in cognitive radio (CR) networks, 

namely, auctions, game theory, Mar-

kov models and multi-agent sys-

tems. 

It particularly studies all various 

techniques of dynamic spectrum 

access in CR. However, it does not 

focus on game theory methods and 

it does include all resource alloca-

tion scheme in LTE network. 

2015 [56] 

Resource Allocation in 

LTE: An Extensive Re-

view on Methods, Chal-

lenges and Future 

Scope 

This paper reviewed the basic of  

resource allocation and different 

scheme and algorithm used in the 

literature to solve this problem in 

LTE 

It studies all various schemes in 

Resource Allocation in LTE net-

work generally. However, It does 

not focus on game theory methods 

particularly. 
 

Table 1: List of surveys and reviews of resource allocation in LTE/LTE-A 
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Year Reference Title 
Method and 

game type 

Levels of 

optimization 
Conclusion 

2008 [57] 

Adaptive re-

source allocation 

for downlink 

OFDMA Net-

works using co-

operative Game 

theory 

Cooperative 

game, water-

filling game, 

Nash bargain-

ing equilib-

rium 

Power, sub-

carrier 

This work proposes an adaptive resource allocation for 

downlink OFDMA single cell using a cooperative 

game and exploiting the waterfilling and NB concepts. 

The work finds a good trade-off between the overall 

rate and fairness comparing to the maximizing system 

capacity and the max-min fairness algorithm and it en-

sures the user’s QoS demand 

2009 [58] 

A Game Theoret-

ical Formulation 

for Proportional 

Fairness 

in LTE Uplink 

scheduling 

Cooperative 

game bar-

gaining game, 

heuristic al-

gorithm 

Subcarrier, 

scheduling 

This work studies the uplink scheduling in LTE sys-

tems considering Localized FDMA (a type of subcar-

rier mapping). It presents a game theoretical formula-

tion that links proportional fairness to the logarithm of 

the throughput as a utility function to be maximized. 

This framework can be applied in both centralized and 

distributed scenarios. Finally, a heuristic scheduling 

algorithm achieving this proportional fairness with 

low complexity is then designed and tested. 

2009 [59] 

Distributed Re-

source Allocation 

Based on Game 

Theory in Multi-

cell OFDMA 

Systems 

Non-coopera-

tive game, 

potential 

game 

Power, sub-

carrier 

This work develops a framework for distributed re-

source allocation in multi-cell OFDMA systems, 

based on non-cooperative potential game that inte-

grates a mechanism of shutting down inefficient users 

in order achieve higher system energy efficiency 

2009 [60] 

K -Player Bayes-

ian Waterfilling 

Game for Fading 

Multiple Access 

Channels 

Bayesian 

game, Water-

filling Game 

Power, Rate 

This work studies a distributed resource allocation 

problem of K -user fading multiple access channels 

(MAC) where users are rational, selfish, and each one 

carries the objective of maximizing its own achievable 

data rate. in addition, they have local information 

about the channel state information (CSI) 

2009 [61] 

Performance of 

Decentralized In-

terference Coor-

dination in 

the LTE Uplink 

Non-coopera-

tive game 

PRB, spec-

trum, interfer-

ence 

This work proposes a non-cooperative game approach 

to solve the PRB allocation problem in order to coor-

dinate interferences among cells. 

2010 [62] 

A Bayesian 

Game-Theoretic 

Approach for 

Distributed Re-

source Allocation 

in Fading Multi-

ple Access Chan-

nels 

Bayesian 

Game 

Power, sum 

rate 

This work studies a distributed resource allocation 

problem in K -user fading multiple access channels 

where user have complete information only about their 

own channel gains and they are assumed to selfishly 

maximize their average achievable rates. Therefore, 

the algorithm optimize the network sum-rate maximi-

zation. 

2010 [63] 

A Characteriza-

tion of Resource 

Allocation in 

LTE Systems 

Aimed at Game 

Theoretical Ap-

proaches 

Static game 
Spectrum, 

scheduling 

The paper presents a cross-layer approach, where 

scheduler and radio resource allocator exchange a lim-

ited amount of information to achieve a trade-off be-

tween sum-rate throughput and fairness among the us-

ers 

2010 [64] 

A game-theoretic 

approach to load 

balancing in cel-

lular radio net-

works 

Non-coopera-

tive game, 

Nash equilib-

rium, linear 

pricing 

Load Balanc-

ing 

This work studies the load-balancing problem using a 

non-cooperative game and Nash equilibrium concept 

in order to increase user satisfaction level and the QoS 

in the overloaded cell. 

2010 [65] 

A Resource Allo-

cation Using 

Game Theory 

Adopting AMC 

Scheme in Multi-

cell OFDMA 

System 

Non-coopera-

tive game, 

Nash bargain-

ing game 

Power, Chan-

nel, capacity, 

interference 

This work proposes a downlink resource allocation al-

gorithm in multi-cell OFDMA system adopting AMC 

scheme to maximize the system capacity and to reduce 

the co-channel interferences. 
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2010 [66] 

The Waterfilling 

Game-Theoreti-

cal Framework 

for Distributed 

Wireless Net-

work Information 

Flow 

Non-coopera-

tive game, 

potential 

game, Water-

filling Game. 

Power, sum-

rate 

This work studies the power allocation in the down-

link of distributed wireless small-cell networks, where 

multiple access points (APs) or small base stations 

send independent coded network information to multi-

ple mobile terminals (MTs) through orthogonal chan-

nels 

2011 [67] 

A Delay-sched-

uler Coupled 

Game Theoretic 

Resource Alloca-

tion Scheme for 

LTE  

Networks 

Cooperative 

game, bar-

gaining game 

Bandwidth, 

scheduling 

This work Gives a two-level scheduler with game the-

oretic application that distributes resources among 

classes with fairness and then implements a delay-

based scheduler to satisfy the strict levels of delay 

budget requirements of LTE classes. 

2011 [68] 

A Distributed Al-

gorithm for 

Wireless Re-

source Alloca-

tion Using Coali-

tions and the 

Nash Bargaining 

Solution 

Cooperative 

game, Nash 

Bargaining 

solution 

Subcarrier 

This work proposes a simple, low-complexity, fast and 

efficient distributed algorithm for subcarrier allocation 

in an LTE wireless channel based on coalition and 

Nash bargaining solution in order to reduce time re-

quirement. However, the proposed algorithm demand 

a fairly limited signalling between the wireless users 

which imply that user might have to wait longer for 

access to the channel’s resources. 

2011 [69] 

A Fast and Fair 

Algorithm for 

Distributed Sub-

carrier Alloca-

tion Using Coali-

tions and the 

Nash Bargaining 

Solution 

Cooperative 

game, Nash 

bargaining 

game 

Subcarrier 

This work proposes a low complexity, fast and fair 

distributed subcarrier allocation algorithm. Compared 

to the PF scheduler, this algorithm achieves almost an 

equivalent sum rate, a same fairness providing a fair 

operating point for all users. The algorithm minimizes 

execution time and overheads, therefore it’s suitable 

for implementation in real-time systems 

2011 [70] 

A Hybrid Ap-

proach for Ra-

dio Re-

source Manage-

ment in Hetero-

geneous Cogni-

tive Networks 

Non-coopera-

tive game, 

Stackelberg 

game, a 

Bayesian 

game 

Spectrum 

This work proposes a hybrid approach for radio re-

source management in heterogeneous cognitive net-

works in the presence of mobility combining distrib-

uted algorithm, non-cooperative game, Stacklberg and 

Bayesian game concepts. It studies the association 

problem in the context of distributed decision making 

in order to alleviate the burden from the base stations. 

The work proposes association methods that combine 

benefits from both decentralized and centralized de-

sign. 

2011 [71] 

A novel bargain-

ing based 

power alloca-

tion for Coordi-

nated Multiple 

Point transmis-

sion/reception 

Bargaining 

game, pa-

tience factor, 

Rubinstein-

Stahl 

Power 

This work proposes a distributed Rubinstein-Stahl 

Bargaining based Power Allocation (DBPA) scheme 

to explore the benefit of Coordinated Multiple Point 

transmission/reception (CoMP) by releasing the bur-

den of X2 interface and reducing the exchange over-

head between the cells using the Patience Factor (PF) 

concepts. 

2011 [72] 

A Novel Re-

source Allocation 

Algorithm in Up-

link  

Multi-cell 

OFDMA Net-

works Based on 

Game Theory 

Non-coopera-

tive game 

Power, sub-

carrier 

This work presents a novel resource allocation algo-

rithm based on game theory where subcarriers are al-

located according to the normalized channel gain and 

power is allocation adopts a novel non-cooperative 

game model based on arc tangent function. To ensure 

fairness, we introduce a pricing function to the utility 

function. 

2011 [73] 

A game theoretic 

scenario 

for LTE load bal-

ancing 

Cooperative 

game, non-

cooperative 

game 

Load Balanc-

ing 

This work presents an efficient load-balancing algo-

rithm for the LTE communication system combining 

two types of games namely cooperative and non-coop-

erative game in order to reduce congestion and to im-

prove cell capacity. The algorithm show a significant 

reduction in dropped calls’ rate. In addition, it main-

tains a database of the neighbouring cells’ loads in 

each eNB to avoid unnecessary signalling between 

base stations. 
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2011 [74] 

Adaptive Re-

source Allocation 

in Jamming 

Teams Using 

Game Theory 

Non-coopera-

tive game, 

pursuit-eva-

sion game, 

zero-sum 

game, a con-

tinuous ker-

nel game, a 

static game 

Power, AMC 

This work combines different games in order to opti-

mize the power allocation and the adaptive modulation 

and coding (AMC) schemes in teams of decision mak-

ers. However, those teams consist of only 2 agents. 

 

2011 [75] 

Cognitive Base 

Stations 

in LTE/3GPP 

Femtocells: A 

Correlated Equi-

librium Game-

Theoretic Ap-

proach 

Non-coopera-

tive game, 

Static game, 

distributed al-

gorithm. 

PRB, Spec-

trum 

This work considers downlink spectrum allocation in 

an OFDMA-Based Microcellular-femtocell LTE. It 

formulates the competition amongst cognitive HeNBs 

for spectrum resources as a non-cooperative game-the-

oretic learning problem where each HeNB seeks to 

adapt its strategy in real time. It formulates the re-

source block (RB) allocation among HeNBs using a 

static game framework, using the correlated equilib-

rium solutions concept. It finally proposes a distrib-

uted RB access algorithm to compute the correlated 

equilibrium RB allocation policy. 

2011 [76] 

Efficient Distrib-

uted Dy-

namic Re-

source Alloca-

tion for LTE Sys-

tems 

Cooperative 

game, Nash 

bargaining 

game 

PRB, interfer-

ence 

This work proposes an efficient distributed dynamic 

resource allocation (DDRA) scheme to coordinate the 

inter-cell interference and verify the existence of the 

Nash equilibrium. It formulates the ICIC as a non-co-

operative game. This scheme can be implemented in 

sequential or parallel manner in the LTE uplink and 

downlink scenarios to mitigate the inter-cell interfer-

ence effectively. 

2011 [77] 

LTE network 

planning based 

on game theory 

Cooperative 

game, Nash 

equilibrium 

Power, BS 

position plan-

ning 

This work studies LTE network planning (BS position 

planning and BS power allocation). It uses the distri-

bution power allocation algorithm to guarantee the 

edge user’s maximum data transfer rate during deter-

mination BS power. For the BS power allocation, it 

applies cooperation game theory. The initial condi-

tions are calculated by the traffic search method and 

update during the game theory working. 

2011 [78] 

Resource alloca-

tion based on in-

teger program-

ming and game 

theory in uplink 

multi-cell coop-

erative OFDMA 

systems 

Non-coopera-

tive game, 

cooperative 

game, integer 

programming 

Subcarrier 

This work proposes a semi-distributed resource 

allocation framework for the resource optimization in 

multi-cell uplink cooperative OFDM systems combin-

ing three methods cooperative game, non-cooperative 

game and the integer programming to enhance the sys-

tem sum rates , to regulate power allocation in the two 

time slots and to achieve the fairness among users. 

2011 [79] 

Resource Alloca-

tion Using Shap-

ley Value in LTE 

Networks 

Cooperative 

game, Bank-

ruptcy game, 

Shapley 

value, EXP-

RULE sched-

uling algo-

rithm 

Bandwidth, 

scheduling 

This work transforms 

the LTE downlink-scheduling problem into a bank-

ruptcy game problem. Then, it applies the Shapley 

value to provide fair resource allocation among flows. 

It finally improves the performance of resource alloca-

tion in LTE for downlink system. however, It studies 

only one single cell 

2011 [80] 

Stackelberg 

Games for En-

ergy-Efficient 

Power  

Control in Wire-

less Networks 

Stackelberg 

Game 

Power, En-

ergy 

This work deals with the energy-efficient power con-

trol problems in a cognitive wireless networks where 

some users are equipped with cognitive sensors while 

others are not. They choose their control policy freely 

and selfishly in order to maximize their individual en-

ergy efficiency. 

2011 [81] 

User Satisfaction 

Based Re-

source Alloca-

tion in Future 

Heterogeneous 

Auction 

game, equi-

librium solu-

tion 

Bandwidth 

This work studies a user-centric quality of experience 

based resource allocation problem where operators 

compete for users request using auction approach. It 

also studies user satisfaction for several types of users 

and different class of services. It proposes a frame-

work for short-term user-operator contractual vision. 
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Wireless Net-

works 

Finally, it studies the equilibrium solution for the men-

tioned problem using a game-theoretic approach. 

2012 [82] 

A Game Theo-

retic Approach to 

Spectrum Man-

agement in Cog-

nitive Radio Net-

work 

Bertrand 

game, 

Stackelberg 

game, Nash 

equilibrium 

Spectrum 

This work proposes CR network models for providing 

spectrum management, which includes spectrum trad-

ing, and spectrum competition. The model includes 

multiple levels of QoS for different secondary users 

and takes into account the changes in the price. The 

work adopts a Bertrand game for the spectrum compe-

tition issue and a Stackelberg game for spectrum trad-

ing, using the Nash equilibrium solution for both 

games 

2012 [83] 

A new PRB shar-

ing scheme in 

dual-hop LTE-

advanced sys-

tem using game 

theory 

Repeated 

game, coop-

erative game 

Spectrum, in-

terference 

This work proposes a dynamic Physical Resource 

Blocks (PRBs) allocation scheme in a dual-hop LTE-

advanced by using game theory, to improve the radio 

capacity. It introduces a new repeated game, in which 

a selfish node can achieve cooperative spectrum op-

portunities sharing under the threat of punishment, in 

order to enhance the PRBs assignment to both nodes 

in the network while reducing the mutual interference 

between them. As result, the spectrum utilization is 

improved and the total achieved throughput is en-

hanced in the network. 

2012 [84] 

A Quality-of-Ex-

perience driven 

bidding game for 

uplink video 

transmission in 

next generation 

mobile networks 

Auction game PRB 

This work considers the centralized problem of uplink 

resource allocation for real-time multimedia commu-

nications which requires the availability of meta infor-

mation about the multimedia content and channel in-

formation of all users. The work proposes a Quality of 

Experience (QoE) driven bidding game for decentral-

ized uplink resource allocation among multiple mobile 

video producers. In addition, it defines the price per 

resource unit on a Mean Opinion Score (MOS) scale. 

2012 [85] 

A real-time ser-

vices perfor-

mance and inter-

ference mitiga-

tion for femtocell 

scenarios 

in LTE networks 

Cooperative 

game, bar-

gaining game, 

shapely 

value, bank-

ruptcy game 

Bandwidth, 

interference 

This work proposes an enhancement of the well-

known four-colouring method for femtocell interfer-

ence mitigation by combining it with cooperative bar-

gaining game theory. It examines the behaviour of 

real-time services over a femtocell scenario bearing in 

mind important QoS constraint. 

2012 [4] 

A Utility Based 

Resource Alloca-

tion Scheme with  

Delay scheduler 

for LTE Service-

Class Support 

Cooperative 

game 

Bandwidth, 

PRB, sched-

uling 

This work proposes a two-level scheduler with a sig-

moid utility based cooperative game theoretic applica-

tion in the first level that distributes physical resource 

blocks among classes with different QoS requirements 

and a delay based air interface scheduling algorithm in 

the second level that satisfies the strict levels of delay 

budget requirements defined for LTE classes. Lagran-

gian formulation is used to find the associated Pareto 

Optimality. 

2012 [86] 

A Game theoreti-

cal approach for 

spectrum sharing 

in cognitive radio 

systems with 

payoff perturba-

tions 

Non-coopera-

tive game, 

equilibrium 

selection, 

payoff domi-

nance, the fo-

cal-point ef-

fect, 

Nash equilib-

rium 

Spectrum 

This work studies a spectrum allocation game where 

K cognitive radio systems compete for a number of 

free resource blocks in frequency domain. It focuses 

on the impact of the perturbations in the payoff func-

tions and the problem of equilibrium selection. Fi-

nally, it demonstrates the performance of the spectrum 

allocation game in an LTE system context 

2012 [87] 

Bargaining Solu-

tions for Mul-

ticast Subgroup 

Formation 

in LTE 

Nash bargain-

ing game 
PRB 

This work compares four different bargaining games 

and then it proposes an effective framework using co-

operative bargaining game to find alternative solutions 

to the Conventional Multicast Scheme (CMS). 
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2012 [88] 

Energy effi-

ciency games for 

backhaul traffic 

in wireless net-

works 

Non-coopera-

tive game, 

potential 

game, Gradi-

ent method, 

Multi-objec-

tive optimisa-

tion, 

Power, En-

ergy, load 

balance 

This paper proposes a game-theoretic framework for 

improving energy efficiency of wireless networks by 

focusing on energy aware resource allocation in back-

haul cloud computing. Then it formulates the system 

power consumption and load balance as a multi-objec-

tive optimisation and finally, it adopts a non-coopera-

tive game, which is proved as a potential game. 

2012 [89] 

Energy efficient 

coordinated ra-

dio re-

source manage-

ment: A two 

player sequen-

tial game model-

ling for the long-

term evolution 

downlink 

Sequential 

Game, Simul-

taneous game 

PRB, Inter-

cell interfer-

ence 

This work presents a Sequential Game Coordinated 

Radio Resource Management (SGC/RRM) algorithm 

to dynamically mitigate the effects of ICI. The game 

players (eNBs) communicate their instantaneous of-

fered load information, via the X2 interface, and de-

cide what transmission frequency band restrictions to 

adopt in order to mitigate ICI. 

2012 [90] 

Energy-efficient 

power alloca-

tion with dual-

utility in two-tier 

OFDMA 

femtocell net-

works 

Non-coopera-

tive, strategic 

game, dual- 

utility game 

Power 

This paper proposes an energy-efficient power alloca-

tion scheme in two-tier OFDMA femtocell networks 

utilizing a non-cooperative game with dual-utility, 

where each MBS maximizes the energy efficiency 

considering both circuit and transmission power, and 

each FBS improves its SINR utility. The proposed 

power game is decomposed in L parallel sub-games, 

which has the same equilibrium set with the proposed 

scheme. 

2012 [91] 

Game Theoretic 

subcarrier  

and power allo-

cation for wire-

less OFDMA 

networks 

Cooperative 

game, Bar-

gaining game 

Subcarrier, 

power 

The objectives of this work is to maximize the aggre-

gate payoffs for the users, and the overall system rate 

for single-cell downlink OFDMA systems 

2012 [92] 

Interference co-

ordination in 

CoMP with 

transmission 

scheduling 

and game theo-

retical power re-

allocation 

Non-coopera-

tive game, 

Water-Filling 

game 

Power, sched-

uling, inter-

ference 

This work proposes a framework to maximize the total 

edge user throughput in CoMP (Cooperative Multi-

Point) based LTE-A networks. It includes a simple 

transmission scheduling algorithm based on RSRP 

(reference signal receiving power) and a non-coopera-

tive game for power reallocation to reduce the co-

channel interference. 

2012 [93] 

Interference miti-

gation by dy-

namic self-power 

control in 

femtocell scenar-

ios in LTE net-

works 

Cooperative 

game, Bar-

gaining game 

Power, inter-

ference 

This work proposes a method that carries on an 

efficient scheme in order to mitigate interference in 

femtocell scenarios by using a dynamic self-power 

transmission control based on bargaining cooperative 

game. The proposed solution uses the modulation and 

coding scheme (MCS) to obtain the optimum power 

value/sub-bands, which assures a trade-off between 

SINR and bit-rate efficiency. 

2012 [94] 

Optimal resource  

allocation in 

femtocell net-

works based on 

Markov model-

ling of interfer-

ers’ activity 

Non-coopera-

tive game, 

Bayesian 

GAME, Mar-

kov model-

ling 

Power, bit, 

interference 

This work proposes an optimal power/bit allocation 

strategies to overcome interference management prob-

lem based on the estimation of the interference activ-

ity statistical parameters 

2012 [95] 

Potential Games 

for Energy-

Efficient Power 

Control and Sub-

carrier Allocation 

in Uplink Multi-

cell OFDMA 

Systems 

Potential 

game, non-

cooperative 

game, Nash 

equilibrium, 

social opti-

mum 

Power, En-

ergy, subcar-

rier, SINRs 

This work considers the problem of non-cooperative 

resource allocation in the uplink of OFDMA multi-cell 

networks. It adopts a potential game framework to ob-

tain a non-cooperative game convergence to a NE. 

However, it has not been possible to show uniqueness 

of the NE for the considered games 
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2012 [96] 

Power-Efficient 

Radio Re-

source Alloca-

tion for Low-Me-

dium-Altitude 

Aerial Platform 

Based TD-

LTE Networks 

Cooperative 

game 
PRB, power 

This work proposes a power-efficient radio resource 

allocation mechanism for both the Aerial LTE down-

link and uplink, which is modelled as a cooperative 

game. It imposes an attractive trade-off between the 

achievable throughput and the power consumption 

while ensuring fairness among users. 

2012 [97] 

Radio Re-

source Alloca-

tion for Low-Me-

dium-Altitude 

Aerial Platform 

Based TD-

LTE Networks 

against Disaster 

Cooperative 

game 
PRB, power 

This work proposes a radio resource allocation for 

Low-Medium-Altitude Aerial Platform based time-di-

vision-duplex LTE for both directions (i.e. the uplink 

and the downlink), which is modelled as a cooperative 

game to provide real-time voice communications with 

as many users as possible (capacity). 

2012 [98] 

Resource Alloca-

tion for Real 

Time Services 

Using 

Cooperative 

Game Theory 

and a Virtual To-

ken 

Mechanism in 

LTE Networks 

Cooperative 

game, bank-

ruptcy game, 

Shapley 

value, virtual 

token 

mechanism, 

EXP-RULE 

algorithm 

Bandwidth 

This work proposes a two level resource allocation 

scheme to distribute bandwidth fairly and to improve 

the QoS for Real-time multimedia services in LTE 

downlink system combining cooperative game theory, 

virtual token mechanism, and the EXP-RULE algo-

rithm. This proposed scheme allows a low complexity 

implementation, 

2012 [99] 

Resource alloca-

tion scheme for 

orthogonal fre-

quency division 

multiple access 

networks based 

on cooperative 

game theory 

Cooperative 

game, non- 

transferable 

utility (NTU) 

game,  (TU) 

game, bank-

ruptcy game, 

Nash bargain-

ing game 

Power, rate, 

subcarrier 

This work uses two types of cooperative game, the 

non- 

transferable utility and transferable utility game, the 

Bankruptcy game and Nash bargaining game to dy-

namically allocates subcarrier, power and rate provid-

ing an acceptable trade-off between optimality in 

terms of overall system throughput and fairness. 

2012 [100] 

Self-Optimiza-

tion of Downlink 

Transmission 

Power in 

3GPP LTE-A 

Heterogeneous 

Network 

Non-coopera-

tive game, 

fuzzy logic 

inference 

Power, inter-

ference 

This work proposes a self-optimized downlink power 

allocation algorithm to efficiently use the transmission 

power while minimizing the interference to other us-

ers. It combines the game theory and fuzzy logic infer-

ence methods, which minimizes the required infor-

mation exchange among eNBs and fulfils the require-

ment of self-optimization in SON concept. 

2013 [101] 

A Bankruptcy 

Game-Based Re-

source Alloca-

tion Approach 

among Virtual 

Mobile Operators 

Bankruptcy 

game 
PRB 

This work proposes a bankruptcy game based dynamic 

wireless resource allocation approach among multiple 

virtual mobile operators VMOs. The satisfaction of 

payoffs each VMO is paid is evaluated with expecta-

tion index (EI). 

2013 [102] 

A Radio Re-

source  

Management 

Framework for 

Multi-User 

Multi-Cell 

OFDMA  

Networks Based 

on Game Theory 

Non-coopera-

tive game, 

auction game, 

Margin adap-

tive 

Power, sub-

carrier, bit 

loading 

This work suggests a radio resource management 

framework employing game theoretic concepts for 

Multi-User Multi-Cell OFDMA Networks to minimize 

their required transmit power. However, the distrib-

uted nature of the algorithm results in lower total of-

fered bit rate. 
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2013 [103] 

A Game-Theo-

retic Approach 

for Energy-Effi-

cient Contention-

Based Synchro-

nization in 

OFDMA Sys-

tems 

Non-coopera-

tive game, 

Nash equilib-

rium, best-re-

sponse dy-

namics. 

Power, En-

ergy, Detec-

tion strategy 

This work provide an energy-efficient perspective to 

the problem of contention-based synchronization in 

OFDMA communication systems using non-coopera-

tive game model. In the proposed game, each one 

trades off its available resources (transmit power and 

detection strategy) so as to selfishly maximize its own 

revenue while saving as much energy as possible and 

satisfying quality-of-service. finally , it applies an iter-

ative algorithm based on best-response dynamics to let 

each user achieve the equilibrium point in a distrib-

uted manner. 

2013 [104] 

ABSF offsetting 

and optimal re-

source partition-

ing for eICIC in 

LTE-Advanced: 

Proposal and 

analysis using a 

Nash bargaining 

approach. 

Cooperative 

game, Nash 

bargaining 

game 

Rate 

This work proposes an ABSF offsetting approach 

based Nash cooperative bargaining game. The pro-

posed algorithm aims to reduce the blanking rate at the 

femtocell (aggressor) while preserving the required 

optimal blanking rate at the macro-cell. It also studies 

the problem of optimal resource partitioning and offset 

assignment in the ABSF mode. 

2013 [105] 

Backhaul-con-

strained optimi-

zation for hybrid 

access small 

cells. 

Stackelberg 

game 

Power, Ca-

pacity, user 

admission, in-

terference 

This work proposes a Stackelberg game to model the 

interactions between MNO and Small cell holders’ 

(SHs’) combining refunding with technical 

specifications, including SINR, interference tempera-

ture, and the limited-capacity backhaul. Then, it sug-

gests a low complexity two-phase guest user admis-

sion and power allocation algorithm. 

2013 [106] 

Collaborative 

Sub-Channel Al-

location in Cog-

ni-

tive LTE Femto-

Cells: A Cooper-

ative Game-The-

oretic Approach 

Cooperative 

game, Nash 

equilibrium 

Sub-Channel 

This work proposes a cooperative game framework for 

the downlink sub-channel allocation problem to max-

imize the overall network utility and it interprets the 

modified core as the equilibrium notion. It proposes a 

distributed coalition formation algorithm whereby us-

ers myopically maximize their expected payoff by 

choosing the (f)BS to join. If each user follows this al-

gorithm, the entire LTE network eventually reaches 

the maximum feasible total throughput, which corre-

sponds to the core of the defined coalition formation 

game. 

2013 [107] 

Distributed 

downlink re-

source allocation 

in cellular net-

works through 

spatial adaptive 

play. 

Potential 

game 

Power, Chan-

nel, Subcar-

rier, BS asso-

ciation 

This work proposes a potential game framework for 

distributed resource allocation in downlink of mobile 

cellular networks to perform power allocation, subcar-

rier selection and base station association simultane-

ously. 

2013 [108] 

Distributed re-

source allocation 

for device-to-de-

vice communica-

tions underlaying 

cellular net-

works. 

Cooperative 

game, trans-

ferable utility 

PRB, Spec-

trum 

This work proposes a distributed and cooperative 

game with transferable utility to optimize the system 

performance in device-to-device (D2D) communica-

tions underlying cellular networks. 

2013 [109] 

Dynamic rate al-

location in Mar-

kovian quasi-

static multiple 

access channels: 

A game theoretic 

approach 

Cooperative 

Game, NTU 

game , run 

long game, 

Static game 

Rate 

This work studies the multiple access channels whose 

channel coefficients follow a quasi-static Markov pro-

cess on a finite set of states. It utilizes the game theo-

retical concepts of time consistent Core and Coopera-

tion Maintenance to address the issue of allocating 

transmission rates to users. 
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2013 [110] 

Dynamic spec-

trum scheduling 

for carrier aggre-

gation: A game 

theoretic ap-

proach 

Distributed 

algorithm, co-

operative 

game, Bayes-

ian game, 

Bayesian 

Nash equilib-

rium, Nash 

bargaining 

equilibrium 

Spectrum, 

scheduling 

This work proposes a Dynamic Internetworking Car-

rier Aggregation (DI-CA) framework, combing multi-

ple concepts namely, a distributed coalition formation, 

a distributed Bayesian coalition formation, Bayesian 

Nash equilibrium, Nash bargaining solution, to opti-

mize spectrum scheduling among different operator 

2013 [111] 

Efficiency re-

source allocation 

for device-to-de-

vice underlay 

communication 

systems: a re-

verse iterative 

combinatorial 

auction based ap-

proach. 

Auction 

Game, Re-

verse Itera-

tive Combi-

natorial 

Power, Chan-

nel, Spectrum 

This work proposes an innovative resource allocation 

scheme to improve the performance of mobile peer-to-

peer, i.e., D2D, communications as an underlay in the 

downlink (DL) cellular networks. To optimize the sys-

tem sum rate over the resource sharing of both D2D 

and cellular modes, we introduce a reverse iterative 

combinatorial auction as the allocation mechanism. 

2013 [112] 

Energy-aware 

cooperative con-

tent distribution 

over wireless 

networks: Opti-

mized and dis-

tributed ap-

proaches. 

Cooperative 

game 
Energy, rate 

This work proposes a cooperative game framework to 

address the problem of optimal energy-aware content 

distribution over wireless networks with mobile-to-

mobile cooperation. 

2013 [113] 

Energy-aware re-

source allocation 

for device-to-de-

vice underlay 

communication. 

Non-coopera-

tive game, 

Auction game 

Power, chan-

nel, energy, 

price 

This work proposes a non-cooperative resource alloca-

tion scheme to improve the performance of D2D com-

munication in which D2D UEs are viewed as players 

competing for channel resources and adjusting the 

transmit power on each channel and optimizing the 

power and energy consumption. Then, it proposes an 

efficient price-auction game. 

2013 [114] 

Evolutionary Dy-

namics of  

Resource Alloca-

tion in the Colo-

nel Blotto Game 

Evolutionary 

game, the 

Colonel 

Blotto game 

PRB 

The objectives of this work is the maximization of 

payoffs via the Colonel Blotto game considers the 

competition of two players with different total re-

sources to be distributed among a set of items 

2013 [115] 

Fairness resource 

allocation in 

blind wireless 

multimedia com-

munications. 

Auction 

game, convex 

optimization 

PRB 

This work proposes an α-fairness resource allocation 

scheme for blind multimedia communications using 

auction game. 

2013 [116] 

Game theoretic 

distributed dy-

namic resource 

allocation with 

interference 

avoidance in 

cognitive 

femtocell net-

works. 

Non-coopera-

tive game, 

zero-sum 

game, water-

filling game 

Power, spec-

trum, interfer-

ence 

This paper proposes a decentralized dynamic resource 

allocation scheme using game theoretic regret match-

ing procedure to enhance the spectrum efficiency for 

cognitive femtocell networks. The proposed scheme 

can avoid interference to macro cell and the other 

femtocell user equipment’s. 

2013 [117] 

Joint Optimiza-

tion of Collabo-

rative Sensing 

and Radio Re-

source Allocation 

in Small-Cell 

Networks 

Non coopera-

tive game, 

cooperative 

game, strate-

gic game, wa-

ter-filling 

game 

Power, rate, 

spectrum, in-

terference 

This work proposes a joint optimization of sensing pa-

rameters and RRA in order to maximize the opportun-

istic throughput, under the constraint of limiting undue 

interference towards primary users. 

2013 [118] 
Joint scheduling 

and resource al-

Stackelberg 

game 

Power, chan-

nel, interfer-

ence 

This work proposes a joint scheduling and allocation 

of channel resources and power scheme to improve 

the performance of D2D communication using a 
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location for de-

vice-to-device 

underlay commu-

nication 

Stackelberg game framework. It takes network 

throughput and UEs’ fairness into account by perform-

ing interference management. 

2013 [119] 

Multicast service 

delivery solu-

tions in LTE-Ad-

vanced systems. 

Cooperative 

game, Bar-

gaining game 

PRB, band-

width 

This work proposes a cooperative bargaining game to 

model the RRM policies for the efficient delivery of 

multicast services in multicarrier LTE-Advanced sys-

tems and shows how the relation between fairness and 

system efficiency can be controlled. 

2013 [120] 

On the com-

pound impact of 

opportunistic 

scheduling and 

D2D communi-

cations in cellu-

lar networks. 

Cooperative 

game 

Power, MCS, 

user, schedul-

ing 

This work proposes a simple, scalable and energy-

efficient D2D-assisted opportunistic strategies. It uses 

a cooperative game theory approach to analyse the 

cluster formation mechanism in realistic network sce-

narios, in which throughput and fairness are boosted 

via user cooperation. It shows that proportional fair-

based intra-cluster payoff distribution brings 

significant incentive to all mobile users regardless of 

their channel quality. 

2013 [121] 

Pareto-optimal 

Nash equilibrium 

in capacity allo-

cation game for 

self-managed 

networks. 

Distributed 

non-coopera-

tive game 

Capacity, rate 

This work proposes a distributed non-cooperative 

game perspective to model the capacity allocation and 

deal with the problem of maximizing network utility. 

An efficient-decentralized algorithm is given in order 

to strongly compute the Pareto-optimal strategies, and 

to constitute a pure Nash equilibrium. Finally, the 

properties of the introduced game related to the Price 

of Anarchy and Price of Stability are discussed. 

2013 [122] 

Refunding for 

small cell net-

works with lim-

ited-capacity 

backhaul. 

Non-coopera-

tive game, 

stackelberg 

game 

Power, capac-

ity 

This work proposes a non-cooperative stackelberg 

game to analyze the interactions between the MNO 

and SHs, with MNO being a leader and SHs being fol-

lowers. It proposes also a look-up table approach at 

MNO and an optimal power allocation algorithm at 

SHs through majorization theory to reach a perfect 

equilibrium. 

2013 [123] 

Resource alloca-

tion for device-

to-device com-

munications un-

derlaying LTE-

advanced net-

works. 

Non-coopera-

tive game, 

column gen-

eration 

method 

Power, PRB, 

Spectrum, 

scheduling, 

interference 

This work proposes a resource allocation scheme for 

D2D communications based on a column generation 

method and non-cooperative game. The objective is to 

maximize the spectrum utilization by finding the mini-

mum transmission length in terms of time slots for 

D2D links while protecting the cellular users from 

harmful interference and guaranteeing the QoS of 

D2D links. 

2013 [124] 

Resource Alloca-

tion for real time 

services in LTE 

networks: re-

source allocation 

using cooperative 

game theory and 

virtual token 

mechanism. 

Cooperative 

game, bank-

ruptcy game, 

Shapley 

value, virtual 

token 

mechanism, 

EXP-RULE 

algorithm, M-

LWDF  algo-

rithm 

Bandwidth 

This work proposes a two-level resource allocation 

scheme to distribute bandwidth fairly and to improve 

the QoS for real time and non-real time multimedia 

services in LTE downlink system combining coopera-

tive game theory, virtual token mechanism, the EXP-

RULE algorithm and Modified-Largest Weighted De-

lay Firs (M-LWDF) algorithm. Both algorithms EXP-

RULE and M-LWDF have been modified to use a vir-

tual token mechanism to improve their performance, 

giving priority to real time flows. 

2013 [125] 

Resource alloca-

tion with flexible 

channel coopera-

tion in cognitive 

radio networks. 

Cooperative 

game, Nash 

bargaining 

game 

Power, chan-

nel, spectrum 

This work proposes a Nash cooperative bargaining 

game framework for resource allocation problem in an 

OFDMA based CR network. The proposed work opti-

mize the allocation of channel, spectrum, and power 

between primary and secondary networks, in both de-

centralized and centralized settings. 

2013 [126] 

Stackelberg 

game based in-

terference man-

agement for two-

tier 

Stackelberg 

game 

Power, Spec-

trum, interfer-

ence 

This work studies an uplink interference management 

problem in a spectrum-sharing femtocell network. The 

algorithm jointly maximizes the utility 

of macrocell base station and the individual utility of 

femtocell users. 
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femtocell net-

works 

2013 [127] 

Stackelberg 

game for spec-

trum reuse in the 

two-tier LTE 

femtocell net-

work. 

Stackelberg 

game 

Spectrum, in-

terference 

This work proposes a Stackelberg game to study the 

spectrum reuse in the two-tier LTE femtocell network. 

In order to improve the network performance, the 

FBSs are encouraged to provide services to nearby 

macro-cell users, and the MBS releases a fractional 

spectrum to the FBSs for avoiding cross-tier interfer-

ence in return. 

2013 [128] 

Toward cloud-

based vehicular 

networks with ef-

ficient resource 

management. 

Non-coopera-

tive game 

Bandwidth, 

Spectrum, 

VM 

This work proposes a non-cooperative game frame-

work to study cloud resource allocation and virtual 

machine migration for effective resource management 

in this cloud-based vehicular network. In fact, cloud 

computing is integrated into vehicular networks such 

that the vehicles can share computation resources, 

storage resources and bandwidth resources. 

2013 [129] 

Tutorial 1: Ra-

dio re-

source manage-

ment in small-

cell networks 

Cooperative 

game, cluster-

ing, semi-

centralized 

algorithm 

Power, Inter-

ference 

This work provides a comprehensive overview of the 

different proposed techniques for resource allocation, 

the interference management and power control in 

small cell networks. It proposes an approach based on 

cooperative game, clustering and semi-centralized 

computation 

2014 [130] 

A multi‐cell 

adaptive resource 

allocation 

scheme based on 

potential game 

for ICIC in LTE‐
A. 

Potential 

game 

Power, sub-

channel 

This work proposes a multi-cell adaptive distributed 

resource allocation algorithm based on potential game 

for ICIC in LTE-A. The allocation of the sub-channel 

and the transmitted power is optimized dynamically 

according to a novel pricing factor. 

2014 [131] 

Coalitional 

games for re-

source allocation 

in the device-to-

device uplink un-

derlaying cellular 

networks. 

Cooperative 

game 

PRB, interfer-

ence 

This work proposes a cooperative game framework to 

deal with the uplink resource allocation problem for 

multiple D2D and cellular users combing different 

transmission modes, mutual interferences and resource 

sharing policy in a single utility function. 

2014 [132] 

Coalitional 

games with over-

lapping coali-

tions for interfer-

ence manage-

ment in small 

cell networks. 

Cooprative 

game, over-

lapping coali-

tion 

Channel, 

spectrum, in-

terference 

This work proposes a cooperative game with overlap-

ping coalitions to deal with the problem of interfer-

ence management in an OFDMA two-tier small cell 

network, so as to optimize their sum-rate, while coop-

eratively satisfying their maximum transmit power 

constraints and optimizing the trade-off between the 

benefits and costs associated with cooperation. 

2014 [133] 

Collaborative al-

gorithm for re-

source alloca-

tion in LTE-Ad-

vanced relay net-

works 

Cooperative 

game, PFS 
PRB 

This work proposes a Collaborative Algorithm based 

on the Market Game theory to address the problem of 

Resource Allocation for LTE-Advanced Relay net-

work, which helps in resolving the challenge in re-

source allocation, and optimizes transmission for cell-

end users and resource-starved users on the network, 

thus improving the network capacity and the system 

spectral efficiency. 

2014 [134] 

Cooperative Dis-

tributed Optimi-

zation for the 

Hyper-Dense  

Small Cell De-

ployment 

Cooperative 

game 

Power, PRB, 

Carrier 

This work proposes a cooperative distributed radio re-

source management algorithms for time synchroniza-

tion, carrier selection, and power control for hyper-

dense small cell deployment. 

2014 [135] 

Distributed inter-

ference-aware 

energy-efficient 

resource alloca-

tion for device-

Non-coopera-

tive game 

Power, Chan-

nel, interfer-

ence 

This work proposes a distributed interference-aware 

energy-efficient resource allocation algorithm to max-

imize each UE’s energy efficiency (EE) subject to its 

specific quality of service (QoS) and maximum trans-

mission power constraints. It models the resource allo-

cation problem as a non-cooperative game, in which 
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to-device com-

munications un-

derlaying cellular 

networks. 

each player is self-interested and wants to maximize 

its own EE. Both of the D2D UEs and cellular UEs are 

taken into consideration. An iterative optimization al-

gorithm is proposed to find the Nash equilibrium 

2014 [136] 

Distributed re-

source and power 

allocation for de-

vice-to-device 

communications 

underlaying cel-

lular network. 

Stackelberg 

game 
PRB, power 

This paper proposes a distributed resource allocation 

and power control scheme based on stackelberg game 

framework to improve network capacity in D2D com-

munications networks. The system aims to maximize 

the number of underlay D2D users while guaranteeing 

QoS of the prioritized cellular users. 

2014 [137] 

Dynamic Back-

haul Resource 

Allocation: An 

Evolutionary 

Game Theoretic 

Approach 

Asymmetric 

game, evolu-

tionary game 

Bandwidth 

This work proposes an asymmetric evolutionary game 

for the backhaul-resource allocation problem, encoun-

tered from the side of the Passive Optical Network 

(PON). The game models the interactions between the 

subscribers and the base station. 

2014 [138] 

Efficient radio 

resource manage-

ment algorithms 

in opportunistic 

cognitive radio 

networks. 

Auction game Spectrum 

This paper proposes two radio resource management 

(RRM) algorithms based fixed-price and an auction 

game, enabling for the opportunistic exploitation of 

TVWS in a centralized CR networking architecture. 

2014 [139] 

Energy-efficient 

resource alloca-

tion in full-du-

plex relaying net-

works. 

Stackelberg 

game 

Power, Band-

width 

This work proposes an energy-efficient joint band-

width sharing and power allocation in full-duplex re-

laying (FDR) systems, based on a tree-stage Stackel-

berg game. Then an iterative algorithm is proposed to 

obtain the Stackelberg equilibrium solution. 

2014 [140] 

Energy-efficient 

resource sharing 

for mobile de-

vice-to-device 

multimedia com-

munications. 

Cooperative 

game 

Power, Spec-

trum 

This work proposes a non-transferable distributed co-

operative game based on the merge-and-split rule and 

the Pareto order to deal with the problem of energy-

efficient uplink resource sharing over mobile D2D 

multimedia communications underlaying cellular net-

works with multiple potential D2D pairs and cellular 

users. 

2014 [141] 

Femtocell access 

strategies in het-

erogeneous net-

works using a 

game theoretical 

framework. 

Potential 

game 

Power, Chan-

nel Schedul-

ing 

This work proposes a two-cell selection based poten-

tial game for distinct scenarios to formulate the behav-

iors of nonsubscribers within the transmission range of 

femtocell base station. 

2014 [142] 

Game theory 

based energy-

aware uplink re-

source allocation 

in OFDMA 

femtocell net-

works. 

Non-coopera-

tive game, 

sub-modular 

game 

Power, chan-

nel, interfer-

ence 

This work proposes an energy efficient uplink power 

control and sub-channel allocation in two-tier 

femtocell networks, using super modular game to 

maximize energy efficiency and to reduce the co-

channel interference. The proposed algorithm intro-

duces a convex pricing scheme to curb their selfish be-

havior. 

2014 [143] 

Game theoretic 

framework for 

power control in 

intercell interfer-

ence coordina-

tion 

Non-coopera-

tive game, 

Sub-modular 

Game 

PRB, power 

This paper proposes a sub modular game of the power 

level selection process of resource blocks (RB to ad-

dresses the problem of ICIC in the downlink of cellu-

lar OFDMA systems. Then it proposes a semi distrib-

uted algorithm based on best response dynamics to at-

tain the NEs of the modelled game. 

2014 [144] 

Joint Interference 

Mitigation and 

Power Alloca-

tion for Multi-

Cell LTE Net-

works: A Non-

Coopera-

tive Game Ap-

proach 

Non-coopera-

tive game, 

SFR 

PRB, power, 

interference 

This work proposes a non-cooperative game power al-

location (NGPA) scheme for interference mitigation in 

LTE uplink employing conventional soft frequency re-

use (SFR) scheme to model inter-cell interference. 
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2014 [145] 

Network access 

for M2M/H2H 

hybrid systems: 

a game theoretic 

approach 

Non-coopera-

tive game 

PRB, RACH 

procedure 

This work proposes a game-theoretic framework, 

which divides its random access resources into three 

groups: for human-to-human (H2H), for machine-to-

machine (M2M), and for the hybrid usage. Under this 

framework, the Nash Equilibrium (NE) guarantees the 

system throughput by adaptively redistributing the 

traffic loading 

2014 [146] 

Optimal Power 

Allocation and 

User Scheduling 

in 

Multicell Net-

works: Base Sta-

tion Cooperation 

Using a Game-

Theoretic Ap-

proach 

Cooperative 

game, poten-

tial game 

Power, sched-

uling, chan-

nel, interfer-

ence 

This work proposes a BS coordination approach for 

intercell interference mitigation in the OFDMA based 

cellular networks based cooperative potential game. It 

jointly considers spectrum efficiency, user fairness, 

and service satisfaction. Interference graph is applied 

here to capture and analyze the interactions between 

BSs. 

2014 [147] 

Power alloca-

tion for D2D 

communications 

in heterogeneous 

networks 

Stackelberg 

game, non-

cooperative 

game 

Power, price 

This work proposes a non-cooperative stackelberg 

game framework for power allocation problem of 

D2D communications in heterogeneous macro-

cell/femtocell networks to improve the performance of 

the whole system. Prices and transmit power are ad-

justed to maximize utility obtained by base stations 

and D2D pairs respectively. 

2014 [148] 

Replicator dy-

namics for dis-

tributed Inter-

Cell Interference 

Coordination 

Potential 

game 
PRB 

This work proposes a potential game for resource se-

lection process to addresses the problem of ICIC in the 

downlink of LTE systems, then it puts forward a fully 

decentralized algorithm based on replicator dynamics 

to attain the pure NEs of the modelled game. 

2014 [149] 

Resource alloca-

tion for intercell 

device-to-device 

communication 

underlaying cel-

lular network: A 

game-theoretic 

approach. 

Non-coopera-

tive game, 

Repeated 

game, static 

game 

PRB, rate 

This work proposes a repeated game model to address 

the resource allocation problem for intercell D2D 

communications underlaying cellular networks, where 

D2D link is located in the overlapping area of two 

neighboring cells. Here the BSs are competing re-

source allocation quota for D2D demand. 

2014 [150] 

Resource Alloca-

tion for Device-

to-Device Com-

munication 

in LTE-A Net-

work: A 

Stackeberg Game

 Approach 

Stackelberg 

game 
PRB, power 

This work proposes an algorithm based Stackelberg 

game which joints power control and resource alloca-

tion and concentrates on reusing the uplink resource 

by grouping eNB and D2D UEs (D-UEs) to form the 

seller-buyer pair. The proposed method can lead to a 

good trade-off between the sum throughput and the 

rate of D2D pairs. 

2014 [151] 

Resource alloca-

tion in D2D com-

munication - 

A game theoretic 

approach 

Stackelberg 

game 

Channel, BS-

centric allo-

cation 

This paper proposes a BS-centric system scheme for 

D2D resource allocation using a stackelberg game the-

ory. Then, it focuses on the Unknown Channel Qual-

ity(UCQ) problem which exists uniquely in D2D com-

munication. A contract-based mechanism with the lin-

ear search algorithm is proposed to resolve the UCQ 

problem by maximizing the profit of the BS, obviating 

the deviation of UEs, and eliminating the incentive of 

UEs to report untruthfully with designed service con-

tracts. 

2014 [152] 

RRM strategy 

based on 

throughput and 

fairness in LTE-

A relay system 

Zero-sum 

game 
PRB 

This paper proposes an algorithm based on the "bal-

anced-allocation" principle, using normalized zero 

game and considering user SINR dispersion degree as 

the main parameter. The proposed algorithm improves 

the fairness of the center users and edge users. 
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2014 [153] 

Transmission 

scheduling 

and Game Theo-

retical Power Al-

location for In-

terference Coor-

dination in 

CoMP 

Non-coopera-

tive game, 

Water-Filling 

game 

Power, sched-

uling 

This work proposes a framework to increase the total 

downlink throughput for all edge users in CoMP based 

LTE-A networks. It includes a simple and integrated 

transmission scheduling process based on RSRP and a 

non-cooperative power allocation game to coordinate 

inter-CBS CCI. Two transmission-scheduling algo-

rithms (DTS and CTS) were proposed, in which edge 

users CBSs are scheduled in an integrated process, and 

the CBSs are dynamically clustered. 

2014 [154] 

Two-Level 

Downlink Re-

source Allocation 

Scheme 

Based on Coop-

erative Game 

Theory in LTE 

Networks 

Cooperative 

Game, Nucle-

olus solution, 

PFS 

Capacity, 

flow classes, 

scheduling 

This work studies the resource allocation problem in 

real-time downlink LTE network services problem 

and it applies a two layer solution that combines a Nu-

cleolus-cooperative game and the Proportional Fair 

scheduler to distribute flow classes between Users by 

minimizing the player’s dissatisfaction 

2014 [155] 

Win–win rela-

tionship between 

macrocell and 

femtocells for 

spectrum sharing 

in LTE-A 

Stackelberg 

game 

Spectrum, in-

terference 

This work proposes a Stackelberg game approach to 

address the spectrum-sharing problem in a HetNet net-

work in which macrocell and femtocells can simulta-

neously share the available bandwidth, while avoiding 

the intra-tier interference and helping the macrocell to 

offload by expanding the cell range of some 

femtocells.  Indeed the macrocell is selling band-

widths to femtocells in exchange of some victim 

macro-users to serve, mainly the macro-users who un-

dergo severe interference from the neighbouring 

femtocells. 

2014 [156] 

Zone-Based 

Load Balancing 

in LTE Self-Op-

timizing Net-

works: A Game-

Theoretic Ap-

proach 

Non-coopera-

tive game, 

Water-Filling 

game 

Power, sched-

uling 

This work proposes a framework to increase the total 

downlink throughput for all edge users in CoMP based 

LTE-A networks. It includes a simple and integrated 

transmission scheduling process based on RSRP and a 

non-cooperative power allocation game to coordinate 

inter-CBS CCI. Two transmission scheduling algo-

rithms (DTS and CTS) were proposed, in which edge 

users and CBSs are scheduled in an integrated process 

and the CBSs are dynamically clustered and thus BSs 

are more flexible and environment-adaptive. This cuts 

down the signalling and management overheads. 

2015 [157] 

A fast cloud-

based network 

selection scheme 

using coalition 

formation games 

in vehicular net-

works. 

Cooperative 

game 

Power, Band-

width 

This paper proposes a cloud-based network selection 

scheme using a cooperative game in vehicular net-

works. The proposed scheme leverages the database 

maintained in the cloud to assist vehicles on the move 

to select the best networks. Vehicles are able to make 

decisions based on the information provided by the 

cloud in a wider network awareness scope. The pro-

posed game is able to trade-off the network and indi-

vidual vehicles’ performance. 

2015 [158] 

A joint game-

theoretic interfer-

ence coordina-

tion approach in 

uplink multi-cell 

OFDMA net-

works. 

Potential 

game 

Power, chan-

nel, interfer-

ence 

This work proposes a joint potential game-theoretic 

approach to perform simultaneously inter-cell interfer-

ence coordination in uplink multi-cell OFDMA net-

works where only partial information exchange is in-

volved. In fact, it designs a distributed joint-strategy 

iterative algorithm to allocate channel and power allo-

cation and to perform user scheduling. 

2015 [159] 

A novel schedul-

ing algorithm 

based class-ser-

vice us-

ing game the-

ory for LTE net-

work 

Cooperative 

game 

Bandwidth, 

scheduling 

This work proposes a scheduling algorithm on class 

service using cooperative game theory. The available 

resources are fairly distributed among classes as pro-

portion, which results in higher fairness level among 

classes. The users with tightest delay requirements are 

prioritized. 
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2015 [160] 

A Secure Radio 

Environment 

Map Database to 

Share Spectrum 

Markov Deci-

sion Process 

concept, 

Bayesian 

game, 

Stackelberg 

game 

Spectrum 

This work proposes a robust and secure database for 

spectrum sharing in CR network using Markov Deci-

sion Process concept and Bayesian Stackelberg game. 

The solutions facilitate releasing more bandwidth and 

improves system throughput. 

2015 [161] 

Achieving spec-

tral and energy 

efficiencies in 

multi-cell net-

works 

Non-coopera-

tive game 
PRB, power 

This work proposes a non-cooperative game frame-

work for the power control and resource allocation to 

addresses the problem of ICIC in the downlink of mul-

ticell OFDMA LTE systems, 

2015 [162] 

An evolutionary 

game for distrib-

uted resource al-

location in self-

organizing small 

cells. 

Evolutionary 

game 

Power, Sub-

carrier 

This work proposes an evolutionary game theory 

(EGT)-based subcarrier and power allocation scheme 

for small cells underlying a macro cellular network. 

For the proposed algorithm, the average SINR and 

data rate are obtained based on a stochastic geometry 

analysis. 

2015 [163] 

An operations re-

search game ap-

proach for re-

source and power 

allocation in co-

operative 

femtocell net-

works. 

Cooperative 

game 
PRB, Power 

This paper proposes a resource and power allocation 

framework, modelled as an operations research game 

or cooperative game theory, namely the Shapley value 

and the Nucleolus. 

2015 [164] 

Contract-Based 

interference Co-

ordination in 

Heterogeneous 

Cloud Radio Ac-

cess Networks 

Cooperative 

game, con-

tract-based 

game 

PRB, Power, 

interference 

This work proposes a contract-based interference co-

ordination framework to mitigate the inter-tier inter-

ference between Remote Radio Heads (RRHs) and 

macro base stations MBSs in Heterogeneous cloud ra-

dio access networks (H-CRANs). 

2015 [165] 

Distributed Re-

source Allocation 

in Device-to-De-

vice Enhanced 

Cellular Net-

works 

Non-coopera-

tive game, 

stackelberg 

game 

Power, Spec-

trum, interfer-

ence 

This paper proposes a decentralized uplink spectrum 

management for a shared hybrid network consisting of 

D2D and cellular links, aiming to maximize the total 

throughput of D2D links with an interference con-

straint for protecting cellular transmissions. The pro-

posed approach is based a non-cooperative stackelberg 

game. 

2015 [166] 

Distributed sub-

channel alloca-

tion for interfer-

ence mitigation 

in OFDMA 

femtocells  A 

utility-based 

learning ap-

proach. 

Non-coopera-

tive game 

Channel, in-

terference 

This work proposes a distributed sub-channel alloca-

tion (DSA) for co-tier interference mitigation in 

OFDMA-based a non-cooperative rate maximization 

game. 

2015 [167] 

Energy efficient 

resource alloca-

tion for D2D 

communication 

underlaying cel-

lular networks. 

Non-coopera-

tive game 

Power, chan-

nel 

This work proposes a non-cooperative game to ad-

dress the problem of resource sharing in Device-to-

Device (D2D) communication underlaying cellular 

networks. Here mobile users decide their respective 

transmission power over available RBs with the goal 

of maximizing their own utility function. 

2015 [168] 

Energy-aware 

competitive 

power allocation 

for heterogene-

ous networks un-

der QoS con-

straints. 

Non-coopera-

tive game, 

equilibrium, 

fractional 

program-

ming. 

Power, sub-

carrier 

This work proposes a distributed non-cooperative 

power allocation scheme for maximizing energy 

efficiency in the uplink of OFDMA-based HetNets 

where a macro-tier is augmented with small cell ac-

cess points. 
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2015 [169] 

Energy-efficient 

resource alloca-

tion for D2D 

communications 

in cellular net-

works. 

Cooperative 

game 

Power, Chan-

nel 

This work proposes a joint energy-efficient sub-chan-

nel and power allocation problem for D2D links which 

aims to maximize the minimum weighted energy-

efficiency (EE) of D2D links while guaranteeing the 

minimum data rates. Three resource allocation algo-

rithms with different complexity, namely Dual-Based, 

Branch-and-Bound (BnB), and Relaxation-Based 

Rounding (RBR) algorithms are proposed. 

2015 [170] 

Energy-efficient 

resource alloca-

tion for device-

to-device under-

lay communica-

tion. 

Auction game 
Power, Chan-

nel 

This work proposes a joint channel and power alloca-

tion based combinatorial auction  game to improve the 

energy efficiency of Ues 

2015 [171] 

Energy-efficient 

resource block 

allocation for li-

censed-assisted 

access 

Nash bargain-

ing game 
PRB 

This work proposes a joint licensed and unlicensed 

RB allocation algorithm to achieve EE fairness among 

different small cell base stations (SBSs) in Licensed-

assisted access (LAA) system, based on the Nash bar-

gaining game. 

2015 [172] 

Game Theory 

Based Radio Re-

source Allocation 

for 

Full-Duplex Sys-

tems 

Non-coopera-

tive game, 

Nash bargain-

ing game 

Spectrum, 

sum rate 

This work deals with the problem of joint radio re-

source allocation for uplink and downlink in the full-

duplex system in other term the joint uplink and 

downlink sum-rate maximization. The algorithm pro-

posed achieves a considerable spectral efficiency gains 

comparing to half-duplexing. 

2015 [173] 

Game the-

ory based 

power alloca-

tion in LTE air 

interface virtual-

ization 

Auction 

game, coop-

erative game, 

shapely value 

PRB, power 

This work proposes a two-stage power allocation 

scheme in LTE air interface virtualization where radio 

resources are coordinated by a hypervisor among dif-

ferent virtual operators (VOs). First, VCG auction 

game is utilized to generate an initial allocation by 

modelling VOs as bidders for power resources and hy-

pervisor as the auctioneer. Second, Shapley value in 

coalition game is introduced to adjust the initial power 

allocation. The adjustment is made according to users’ 

rate requirements to guarantee a fair allocation among 

users of different VOs. 

2015 [174] 

Game-Theoretic 

Approach to En-

ergy-Efficient 

Resource Alloca-

tion in Device-

to-Device Under-

lay Communica-

tions 

Non-coopera-

tive game 

PRB, power, 

interference 

This work proposes a non-cooperative distributed in-

terference-aware energy-efficient resource allocation 

framework by exploiting the properties of the nonlin-

ear fractional programming. We also analyze the 

trade-off between EE and Spectral Efficiency (SE) and 

derive closed-form expressions for EE and SE gaps. 

2015 [175] 

Game-Theoretic 

Hierarchical Re-

source Allocation 

for Heterogene-

ous Relay Net-

works 

Hierarchical 

game, 

Stackelberg 

game 

PRB, Power, 

rate 

This paper proposes a hierarchical game based on the 

Stackelberg model to address the resource allocation 

in heterogeneous relay networks. 

2015 [176] 

Hybrid Over-

lay/Underlay 

Cognitive 

Femtocell Net-

works: A Game 

Theoretic Ap-

proach 

Cooperative 

game 

Channel, 

spectrum 

This work proposes a subchannel allocation problem 

for OFDMA-based hybrid overlay/underlay spectrum 

access mechanism to further improve the performance 

of cognitive femtocell networks. 

2015 [177] 

Incentive mecha-

nisms for device-

to-device com-

munications. 

Stackelberg 

game, 

Auction game 

PRB, channel 

This work proposes a design for incentive mechanisms 

to encourage users to work under D2D mode. It con-

siders two basic market types, open markets and 

sealed markets, where users have information of all 

users or only their own, respectively. It adopts a 
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Stackelberg game for open market and an auction 

game for sealed markets. 

2015 [178] 

Inter-cell inter-

ference coordina-

tion based on 

power control for 

self-organized 

4G systems 

Non-coopera-

tive game, 

Sub-modular 

Game 

Power 

This work proposes a non-cooperative game for the 

power level selection of resource blocks (RBs) to ad-

dresses the problem of ICIC in the LTE downlink. 

Then, it proposes game based on a semi-distributed al-

gorithm based on best power response to reach NEs in 

a time coherent with the RNTP signalling time. 

2015 [179] 

Joint cell selec-

tion and sub-

channel alloca-

tion for energy 

efficiency in 

small cell net-

works: A coali-

tional game 

Cooperative 

game 

Channel, Cell 

Selection 

This work proposes a coalitional game to select cell 

and allocate resources where UEs in the same cell are 

considered to be in the same coalition. It uses a greedy 

algorithm to assign a sub-channel for an SUE. Finally, 

it proposes a distributed algorithm to find stable coali-

tions. 

2015 [180] 

Joint mode selec-

tion and spec-

trum partitioning 

for device-to-de-

vice communica-

tion: A dynamic 

stackelberg 

game. 

Stackelberg 

game, evolu-

tionnary 

game 

Spectrum, 

Mode selec-

tion 

This work proposes a dynamic evolutionary- Stackel-

berg game framework to jointly address the problems 

of spectrum partitioning and user-controlled mode se-

lection for Device-to-Device Communication. 

2015 [181] 

Joint Optimiza-

tion of Resource 

Allocation and 

Relay Selection 

for Network 

Coding Aided 

Device-to-De-

vice Communi-

cations 

Cooperative 

game 

PRB, spec-

trum, relay 

selection 

This work proposes a joint resource allocation and re-

lay selection based-cooperative game and binary inte-

ger linear programming, for network coding assisted 

D2D communications underlaying the cellular net-

work. 

2015 [182] 

Joint resource al-

location for de-

vice-to-device 

communications 

underlaying up-

link MIMO cel-

lular networks. 

Non-coopera-

tive game 

Power, chan-

nel 

This paper proposes a non-cooperative resource allo-

cation framework for the joint self-optimization of 

channel allocation, power control, and precoding of 

the D2D communications underlaying uplink MIMO 

cellular networks. 

2015 [183] 

Joint scheduling 

and power con-

trol in multi-cell 

networks for in-

ter-cell interfer-

ence coordina-

tion 

Cooperative 

game, convex 

optimization 

Power, sched-

uling 

This work proposes solutions for the problem of joint 

power control and scheduling in the framework of 

ICIC in the downlink of LTE OFDMA-based multi-

cell systems combining two approaches to allocate 

system resources in order to achieve high perfor-

mance: a centralized approach based on convex opti-

mization and a semi-distributed approach based on 

non-cooperative game theory. 

2015 [184] 

Optimal resource 

allocation in ran-

dom access co-

operative cogni-

tive radio net-

works. 

Bargaining 

game, 

cooeprative 

game 

Channel, 

spectrum 

This work proposes an implementation of the CCRN 

framework as a two-player bargaining cooperative 

game who bargains for either throughput share or 

channel access time share. 

2015 [185] 

Optimal user-

centric relay as-

sisted device-to-

device communi-

cations: an auc-

tion approach. 

Vickrey–

Clarke–

Groves game, 

auction game 

Power, relay 

selection 

This work proposes a Vickrey–Clarke–Groves auction 

based relay allocation mechanism (ARM) and power 

allocation. It considers user-centric relay assisted D2D 

communications where D2D users have different eval-

uations for the significance of every unit of increased 

data rate. 

2015 [186] 

Pareto effi-

cient re-

source matching 

Zero-sum 

game, sub-

PRB, carrier 

selection, 

This work proposes an algorithm based sub-optimal 

solution using two sided matching game for resource 

matching in CA based LTE-A 4G networks to find a 



139 
International Journal of Communication Networks and Information Security (IJCNIS)                                             Vol. 9, No. 1, April 2017 

for LTE-A sys-

tem 

optimal solu-

tion 

MCS selec-

tion 

Pareto optimal stable point. It considers carrier selec-

tion, resource allocation, MCS selection as a single 

problem and consider both uplink and downlink. 

2015 [187] 

Performance 

analysis of 

Bayesian coali-

tion game-based 

energy-aware 

virtual machine 

migration in ve-

hicular mobile 

cloud. 

Cooperative 

game, Bayes-

ian game 

Channel, En-

ergy, VM 

This work proposes Bayesian cooperative game as a 

service for intelligent context switching of VMs to 

support the computing and communication services in 

order to reduce the energy consumption, so that clients 

can execute their services without a performance deg-

radation. 

2015 [188] 

Pricing and 

power control for 

energy-efficient 

radio resource 

management in 

cognitive 

femtocell net-

works 

Non-coopera-

tive game 

Power, spec-

trum 

This work proposes a win–win solution of energy-

efficient radio resource management in cognitive 

femtocell networks based non cooperative game, 

where the macrocell tries to maximize its revenue by 

adjusting spectrum utilization price while the 

femtocells try to maximize their revenues by dynami-

cally adjusting the transmit power. 

2015 [189] 

Pricing-based in-

terference coor-

dination for D2D 

communications 

in cellular net-

works. 

Non-coopera-

tive game 

Power, spec-

trum, interfer-

ence 

This work proposes A pricing-based joint spectrum 

and power allocation framework for decentralized in-

terference coordination among device-to-device 

(D2D) communications and cellular users (CUs), with 

the quality-of-service (QoS) guarantee. 

2015 [190] 

Quality-opti-

mized joint 

source selection 

and power con-

trol for wireless 

multimedia D2D 

communication 

using stackelberg 

game. 

Stackelberg 

game 

Power, source 

selection 

This work proposes a low complexity distributed-

Stackelberg game theoretical source selection and 

power control scheme that enhances the multimedia 

transmission quality with latency constraints. 

2015 [191] 

Radio resource 

allocation and 

system-level 

evaluation for 

full-duplex sys-

tems. 

Non-coopera-

tive game 

Channel, in-

terference 

This paper proposes a non-ooperative RRA problem 

for full-duplex systems that jointly maximize the up-

link and downlink sum-rate. The problem is coupled 

between uplink and downlink channels due to the self-

interference. 

2015 [192] 

Resource Alloca-

tion for Cogni-

tive Small Cell 

Networks: A Co-

operative Bar-

gaining Game 

Theoretic Ap-

proach 

Cooperative 

game, Nash 

bargaining 

game 

Power, chan-

nel, interfer-

ence 

This work proposes a joint uplink subchannel and 

power allocation problem in cognitive small cells us-

ing cooperative Nash bargaining game theory, where 

the cross-tier interference mitigation, minimum outage 

probability requirement, imperfect CSI and fairness in 

terms of minimum rate requirement are considered 

2015 [193] 

Resource Alloca-

tion for Device-

to-Device  

Communications 

As an Underlay 

Using Nash  

Bargaining Game 

Theory 

Nash bargain-

ing game 

Power, chan-

nel 

This work suggests a Nash bargaining game for joint 

channel assignment and power allocation to maximize 

the utility of cellular users and throughput of D2D pair 

2015 [194] 

Resource alloca-

tion in LTE-Ad-

vanced Network: 

A collaborative 

market game ap-

proach 

Market Game Bandwidth 

This work proposes a collaborative resource allocation 

technique using the Market Game that utilizes the 

Shapley value solution concept, which is a method, 

used in the field of Political Economy for fair distribu-

tion of resources as exemplified in a welfare state. 
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2015 [195] 

Resource Sharing 

with Minimum 

QoS Require-

ments for D2D 

Links Underlay-

ing Cellular Net-

works 

Zero-sum 

game 

PRB, D2D 

link, interfer-

ence 

This work proposes a multi-criteria allocation scheme 

based on a distributed college admissions game for 

D2D communication underlying LTE downlink net-

work. It addresses the problem in a scenario where lo-

cal D2D links compete with each other to access and 

reuse spectrum resources being scheduled to cellular 

users. The proposed algorithm incorporates minimum 

resource requirements of the D2D links, enables QoS 

while limiting the interference impact on cellular ser-

vices. 

2015 [196] 

Strategy-Proof 

Resource Alloca-

tion Mechanism 

for 

Multi-Flow 

Wireless Mul-

ticast 

Strategic 

game, water-

filling game 

PRB 

This work proposes a multicast resource allocation 

mechanism with the designs of the pricing scheme and 

the weighted water-filling resource allocation. To 

configure the multicast and achieve optimal resource 

allocation, the BS may require the feedback of the 

channel-quality information (CQI) from the users. 

2016 [197] 

A Mapping 

Scheme of Users 

to SCMA Layers 

for D2D Com-

munications 

Cooperative 

game 

Users, D2D 

Link 

This work proposes a mapping scheme of users to 

Sparse code multiple access (SCMA) layers for D2D 

communication to maximize the system sum rate, and 

a coalition game to obtain the solution for this map-

ping. 

2016 [198] 

A pareto-optimal 

approach for re-

source alloca-

tion on 

the LTE down-

link 

Nash bargain-

ing game 
PRB 

This work proposes a fair scheme to allocate RB on 

the downlink in LTE networks to overcome the path-

loss and low bit-rate. It addresses maximizing the 

overall system throughput while ensuring the fair re-

source allocation among UEs based on the Nash Bar-

gaining game. 

2016 [199] 

Cooperative 

Bandwidth Shar-

ing for 5G Heter-

ogeneous Net-

work Using 

Game Theory 

Cooperative 

Game, Back-

wards Induc-

tion 

Bandwidth, 

QoS 

This work proposes a cooperative game for Bandwidth 

Sharing in 5G HetNet to optimize the wireless re-

sources allocation corresponding to different situations 

among different cells. As result, cells can serve more 

users inside one cell; all users are fair to share the 

bandwidth according to their request and location. The 

whole system becomes more flexible and performance 

has been enhanced. 

2016 [200] 

Coordinated 

scheduling via 

frequency and 

power allocation 

optimization in 

LTE cellular net-

works 

Potential 

game 

PRB, power, 

scheduling, 

interference 

This work proposes a dynamic solution of the coordi-

nated scheduling and inter-cell interference perform-

ing an optimization of frequency sub-band reuse and 

transmission power in order to maximize the overall 

network utility. The proposed algorithm is based on a 

potential game. A meaningful improvement in energy 

efficiency is obtained. 

2016 [201] 

Device-to-De-

vice Communi-

cation in LTE-

Advanced Sys-

tem: A Strategy-

proof Re-

source Exchange 

Framework 

Nash game, 

Exchange 

Game 

PRB, interfer-

ence 

This work proposes a novel D2D resource allocation 

framework for an LTE-Advanced system based on the 

concept of beneficial exchange and game-theoretic 

analysis. As results, the algorithm significantly miti-

gates the interference experienced by D2D devices in 

LTE-Advanced systems. 

2016 [202] 

Dynamic Re-

source Alloca-

tion and Adver-

tisement Reve-

nue Optimiza-

tion for TV Over 

eMBMS 

Non-coopera-

tive game, 

auction game, 

voting game 

Bandwidth 

This work proposes a game theory framework to deal 

with the service provider controlled ad-supported TV 

service problem. It reports who is watching a specific 

channel, it gathers the viewership statistics and then it 

allocates resources to users in real time. Finally, it 

maximizes the service provider’s profits. 
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2016 [203] 

Echo State Net-

works for Self-

Organizing Re-

source Alloca-

tion in LTE-U 

with Uplink-

Downlink De-

coupling 

Non-coopera-

tive game, 

Nash equilib-

rium 

Spectrum 

This work proposes a non-cooperative game frame-

work that incorporates user association, spectrum allo-

cation, and load balancing. It studies the problem of 

resource allocation with uplink-downlink decoupling 

is studied for a small cell network (SCN) that incorpo-

rates LTE in the unlicensed band (LTE-U). Here, the 

users can access both licensed and unlicensed bands 

while being associated to different base stations. To 

solve this problem, a distributed algorithm based on 

the machine-learning framework of echo state net-

works (ESNs) is proposed. 

2016 [204] 

Energy-Efficient 

Resource Alloca-

tion for D2D 

Communications 

Underlaying 

Cloud-RAN 

based LTE-A 

Networks 

Non-coopera-

tive game 

Power, chan-

nel, interfer-

ence 

This work proposes an energy-efficient resource allo-

cation algorithm through joint channel selection and 

power allocation design combining the following con-

cepts: distributed remote radio heads, centralized base-

band unit pool and a non-cooperative game. It trans-

forms the non-convex optimization problem into a 

convex one by applying constraint relaxation and non-

linear fractional programming. Finally, it suggests a 

centralized interference mitigation algorithm to im-

prove the QoS performance. 

2016 [205] 

Fast converging 

auction-based re-

source alloca-

tion for QoE-

driven wireless 

video streaming 

Auction 

game, Vick-

rey-Clarke-

Groves 

game,Vick-

rey-Dutch 

auction 

PRB 

This work proposes an auction-based resource alloca-

tion and derives an upper bound on the number of iter-

ations needed for convergence (convergence time for 

decentralized resource allocation). The proposed 

game-theory framework is compatible with cross layer 

optimization approaches, as the resources are ab-

stracted to provide an interface between the applica-

tion and the lower layers. In addition, it maximizes the 

overall QoE over all users, while the users are maxim-

izing their own payoff 

2016 [206] 

Probabilistic 

Analysis on QoS 

Provisioning for 

Internet of 

Things in LTE-A 

Heterogeneous 

Networks With 

Partial Spectrum 

Usage 

Stackelberg 

game, Sto-

chastic Ge-

ometry the-

ory, heuristic 

algorithm, 

backward in-

duction 

Bandwidth, 

interference 

This work proposes a two level framework to address 

the QoS provisioning for IoT in LTE-Advanced Het-

Nets with partial spectrum usage (PSU). It combines 

the Stochastic Geometry theory to statistically analyze 

how the unplanned random behaviors of the IoT-ori-

ented FCells impact the user performance, the concept 

of effective bandwidth (EB) to provide the users with 

probabilistic QoS guarantee, and a heuristic algorithm 

named QA-EB algorithm to make the EB determina-

tion tractable. Then, it formulates the interplay of re-

source allocation between the MCells and FCells into 

a two-level Stackelberg game, where the two parties 

try to maximize their own utilities through optimizing 

the macro-controlled interference price and the femto-

controlled PSU policy. A backward induction method 

is proposed to achieve the Stackelberg equilibrium. 

2016 [207] 

Protocol Design 

and Game Theo-

retic Solutions 

for Device-to-

Device Ra-

dio Resource Al-

location 

Stackelberg 

game 
PRB, UCQ 

This work proposes a game theory framework to ana-

lyze the peculiarity of D2D communication and to 

overcome the Unknown Channel Quality (UCQ) prob-

lem. It investigates two practical D2D resource allo-

cating protocols. 

2016 [208] 

Resource alloca-

tion for M2M-

enabled cellular 

network using 

Nash bargaining 

game theory 

Nash bargain-

ing game 

Power, spec-

trum, channel 

This work models channel assignment and power allo-

cation strategy using the Nash bargaining theory while 

reconsidering fairness and utility maximization 
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Table 2: Review of previous researches using GT in the optimization of radio resource allocation in LTE/LTE-Advanced  

. 

  

2016 [209] 

Resource alloca-

tion using Nucle-

olus Value in 

down-

link LTE net-

works 

Cooperative 

game, Nucle-

olus solution 

Bandwidth, 

QoS, schedul-

ing, Delay 

This work suggests a two level scheduler; the first 

level is responsible for the distribution of resources 

among classes using the Nucleolus value, and the sec-

ond level responsible for the intra-class scheduling 

layer, using the metric of PF for non-real time flows 

and proposed scheduler for real time flows. The algo-

rithm aims at improving the performance metrics for 

video services and maintaining in general a satisfac-

tory level of the performance metrics for the other ser-

vices 

2016 [210] 

Resource 

Block Alloca-

tion with Carrier-

Aggregation: A 

Strategy-Proof 

Auction Design 

Auction game PRB 

This work proposes a strategy-proof auction approach 

with a greedy resource allocation algorithm to carrier 

aggregation design in an LTE-Advanced system 

2016 [211] 

Rethinking Mo-

bile Data Of-

floading 

for LTE in Unli-

censed Spectrum 

Nash bargain-

ing game 
Spectrum 

This work proposes to transfer Wi-Fi users to the 

LTE-U network and simultaneously allocate some un-

licensed spectrum to LTE-U using the Nash bargain-

ing solution and thereby a win-win strategy is devel-

oped. It investigates three different user transfer 

schemes according to the availability of channel state 

information (CSI): the random transfer, the distance-

based transfer, and the CSI-based transfer. In each 

scheme, the minimum required amount of unlicensed 

resources under a given transferred user number is an-

alysed. 

2016 [212] 

Rethinking mo-

bile data offload-

ing in LTE and 

Wi-Fi coexisting 

systems 

Nash bargain-

ing game 
Spectrum 

This work proposes to transfer Wi-Fi users to the 

LTE-U network and simultaneously allocate some un-

licensed spectrum to LTE-U using the Nash bargain-

ing solution and thereby a win-win strategy is devel-

oped. 

2016 [213] 

Two-level 

game for relay-

based throughput 

enhancement via 

D2D communi-

cations 

in LTE networks 

Stackelberg 

game, coop-

erative game 

Power, spec-

trum, Relay 

selection 

This work proposes a two-level game to jointly solve 

the problem of relay node selection power allocation 

and spectrum allocation using stackelberg and coali-

tion game 

2016 [214] 

Uplink resource 

management in 

5G: when a dis-

tributed and en-

ergy-efficient so-

lution meets 

power and QoS 

constraints 

Non-coopera-

tive game 
PRB, power 

This paper proposes a decentralized, scalable, and en-

ergy efficient radio resource allocation method tai-

lored for the uplink of the upcoming fifth generation 

(5G) air interface, based on the MIMO physical layer. 

The proposed solution elaborates on a game-theoreti-

cal approach, which aims at maximizing the energy 

efficiency of mobile terminals, while guaranteeing the 

respect of average data rates and power consumptions 

constraints. 

2016 [215] 

Virtualization 

Framework and 

VCG Based Re-

source Block Al-

location Scheme 

for LTE Virtual-

ization 

Auction game PRB 

This work proposes a Wireless Network Virtualization 

(WNV) framework for RB allocation problem in LTE 

by adopting the Vickrey-Clarke-Groves (VCG) and 

auction games concepts. 
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5.2. Discussion and survey of RRAOL using GT as a 

Field of Research 
 

5.2.1. Evolution of research in RRAOL using GT 
 

 
About RRAOL using GT : 

Chart (Figure 7) shows a fast growth of game theorem use in 

RRAOL research. 

- About reviews on RRAOL: 

Most of reviews on RRAOL as a Field of research were pub-

lished starting from 2013. The half of these reviews was pub-

lished in 2014 only.  
 

5.2.2. Using GT in RRAOL 
 

The charts (Figure 8 and Figure 9) give a GT taxomony with 

the percentage of use of each game type in last years. 

During LTE-R8/R9/R10 (till 2012), most of articles used 

Non-cooperative/cooperative games. In fact, those two type 

of game are the most used in all scientific field. In addition, 

most of research combine the cooperative/non-cooperative 

game with other type of game. The choice of the game is 

based on many factors and specially the selfishness of users 

and the competitiveness of service providers. 

In general, 31% of articles used non-cooperative games and  

34% used cooperative games (Figure 9). 

In 2011, and with the new concepts CR/HetNet, Stackelberg 

game start to be used due to its feature. In fact, this type of 

game is used when two firms compete sequentially on the 

quantity of output they produce of a homogeneous good. 

This characteristic fit the HetNet and CR cases. 

The communication trend could give some explanation (Fig-

ure 10):  

Networking has switched from the centralized telephone net-

work to the decentralized Internet (scalability reason) [216]: 

Decentralization factors (selfish users, competitive SP, etc). 
  

 

Figure 8: Comparison between RRAOL-review and 

RRAOL-GT 
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Figure 9: A comparison of the use of different type of game theory during 2008-2012 
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Figure 10: Communication trend vs Distributed Intelligence in 

Networks [216] 
 

5.2.3. Areas of Research in RRAOL using GT Identi-

fied in the Literature Review 
 

Our review could identify five general categories that captured 

the major themes found throughout the literature and seemed 

to reflect the trends of research in RRAOL using GT: (1) PRB/ 

Channel/ subcarrier, (2) Bandwidth/ Spectrum/ rate/ capacity, 

(3) Power and energy saving, (4) Interference management, 

(5) Scheduling/selection (table 3). 

The categories were derived from the analysis of the articles 

identified in our review (table 2) where an article could not be 

assigned necessary to only a single category; if the content of 

articles fell into more than one category it was placed into the 

one/two categorie(s) that was/were most relevant. Of course, 

the five categories are to a certain extent very correlated from 

a technical point of view!    
 

 
Table 3: Areas of Research in RRAOL-GT 
 

If so, the trend of the research was somehow similar for all 

categories over time between 2008 and 2015. However, ac-

cording the statistics, we could highlight the degree of im-

portance in RRAOL of the 1st category (i.e. channel, Subcar-

riers and Resource allocation) as compared to the other cate-

gories. (Figure 11). 
 

 
Figure 11: Trends of Research in RRAOL-GT  

For research in improvements of the bandwidth/Users rate is-

sues, cooperative games and non-cooperative games were 

equally used. 
 

5.3. Examples of the GT application in the LTE-A re-

source management 
 

In this section, we will give, in detail, some examples of the 

application GT in the LTE-A resource management problem 

in both directions downlink and uplink that we will try to com-

bine, improve, generalize and accommodate it to our future 

work. 

5.3.1. Uplink direction 

(a) Model 

Based on the work of [217] and [72], this paper will give an 

example of non-cooperative games of subcarrier allocation 

and transmit power control aiming at maximizing the users’ 

SINRs and, most notably, the users’ energy efficiency and ad-

mitting a Nash equilibrium points NE. 

Consider an OFDMA hexagonal cellular system as shown in 

Figure 12 (it can be denoted as 𝐶0), where N users share L 

subcarrier in the uplink OFDMA systems and suffer from co-

channel interference imposed by users of M cellular around it, 

due to full frequency reusing. Each subcarrier can only be al-

located to one user in each cell. Therefore, M users share the 

same subcarriers l (𝑆ℓ), used by the user i (𝑢𝑖) in 𝐶0, to deliver 

their information at the same time, and this applies to all sub-

carrier in the system. Consequently, these M users impose in-

ter-cell interference on  ui in 𝐶0. Neglecting the large-scale 

fading effect we only take into account the 6 adjacent cellular 

so M=6. We assume that the channel is considered flat during 

resource block duration. Let’s define the signal to interference 

plus noise ratio (SINR) on the ℓ𝑡ℎsubcarrier of ui in 𝐶0 as fol-

lowing: 

𝛾𝑖,ℓ =
ℎ𝑖,ℓ
(0)
.𝑝𝑖,ℓ
(0)

𝑁0+∑ ℎ𝑘,ℓ
(𝑗)
.𝑝𝑘,ℓ
(𝑗)
 6

𝑗=1

; 𝑖 = 1, 2… ,𝑁;  ℓ = 1, 2… , 𝐿         (1) 

Where ℎ𝑖,ℓ
(0)

, : 𝑝𝑖,ℓ
(0)

denote the 𝑖𝑡ℎuser’s channel gain and trans-

mit power on the ℓ𝑡ℎsubcarrier, respectively. ℎ𝑘,ℓ
(𝑗)

, 𝑝𝑘,ℓ
(𝑗)
 are the 

interference channel coefficient and power of interfering uk in 

 𝐶𝑗. And 𝑁0 is the power spectral density of AWGN on the ℓ𝑡ℎ 

subcarrier of ui. 
Let’s denote Γ𝑖 the set of subcarriers allocated to the 𝑖𝑡ℎuser 

and 𝑃𝑖
𝑚𝑎𝑥 is 𝑖𝑡ℎuser’s constraint of transmit power. Using the 

Shannon-Hartley theorem, the rate of ui on the ℓ𝑡ℎ subcarrier 
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Figure 12.  Hexagonal cellular system 
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can be defined as:  

𝑅𝑖,ℓ = 𝑙𝑜𝑔(1 + 𝛾𝑖,ℓ)                                 (2) 

Therefore, we can denote the sum rate of the 𝑖𝑡ℎ user: 

𝑅𝑖 = ∑ 𝑙𝑜𝑔(1 + 𝛾𝑖,ℓ)ℓ∈𝛤𝑖
                                (3) 

subject to ∑ 𝑝𝑖,ℓ
(0)

ℓ∈Γ𝑖

 ≤ 𝑃𝑖
𝑚𝑎𝑥  , Ri ≤ 𝑅𝑖

𝑀𝑎𝑥 , ∀𝑖 ∈ 𝑁,

𝑝𝑖,ℓ ≥ 0  , ℓ ∈ Γ𝑖 
(1) Subcarrier allocation:  

Subcarrier allocation is the main part of an OFDMA RRM al-

gorithm. So in general case the algorithm decides first the 

number of subcarriers that must be allocated to a user and then 

decides which specific subcarriers to assign to the new user. 

There are many algorithms for subcarrier allocation for multi-

cellular OFDMA networks, namely coordinated, sequential, 

random and cell splitting technique. 

The authors in [217] denote the normalized channel gain for 

the 𝑖𝑡ℎuser in the ℓ𝑡ℎ subcarrier as: 

𝑞𝑖;ℓ =
ℎ𝑖,ℓ
(0)

∑ ℎ
𝑖,𝑗
(0)

𝑗∈𝛤𝑖

                                      (4) 

To ensure the maximum of 𝑞𝑖,ℓ, each subcarrier should be ex-

clusively allocated to one user aiming to acquire the relative 

importance among all subcarriers of all users. Consequently, 

the channel condition can be considered as the basic term to 

optimize the subcarrier allocation and the near-far effect can 

be overcome. Therefore, fairness is possible to be achieved. 
 

(2) Power allocation: 

After allocating subcarriers to users next step will focus on 

power allocation algorithm aiming at maximizing each user’s 

sum rate 𝑅𝑖. In this section, we will give two different algo-

rithms with two different utility functions ℧𝑖 . 
Moreover, both algorithms introduce the same pricing func-

tion 𝒞𝑖 for each user in order to ensure fairness and reduce the 

impact of the near-far effect, by punishing users with good 

channel conditions more than users with hostile channel con-

ditions.  

𝒞𝑖 = 𝑎𝑖 . ∑ ℎ𝑖,ℓ
(0)
. 𝑝𝑖,ℓ
(0)

ℓ∈𝛤𝑖
                               (5) 

𝑎𝑖 is the 𝑖𝑡ℎusers’ pricing factor 

As we can notice, the channel gain is present in the pricing 

function which is due to the importance of path attenuation in 

the process of determining of the cost introduced by the inter-

fering users. 

(b) Game formulation:  
 

(1) First solution [72] 
 

For each user, the optimal goal is to minimize the gap between 

the maximum sum rate  𝑅𝑖
𝑀𝑎𝑥  and the sum rate of the 𝑖𝑡ℎuser. 

℧𝑖 = (𝑅𝑖
𝑀𝑎𝑥 − ∑ 𝑅𝑖,ℓℓ∈𝛤𝑖

)
1
2⁄                          (6) 

Here the game is modelled as: 

𝐽𝑖 = 𝑎𝑟𝑔𝑚𝑖𝑛
𝑃𝑖

(
𝑅𝑖
𝑀𝑎𝑥

−∑ 𝑅𝑖,ℓℓ∈𝛤𝑖

)

1
2⁄

+𝑎𝑖 . ∑ ℎ𝑖,ℓ
(0). 𝑝𝑖,ℓ

(0)
ℓ∈𝛤𝑖

      (7) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜  

∑𝑝𝑖,ℓ
(0)

ℓ∈Γ𝑖

 ≤ 𝑃𝑖
𝑚𝑎𝑥  , Ri  ≤ 𝑅𝑖

𝑀𝑎𝑥  , ∀𝑖 ∈ 𝑁  

Where 𝑃𝑖
𝑚𝑎𝑥  is the 𝑖𝑡ℎuser's peak value of transmitting power. 

And the next equation is the first derivative of Ji: 

𝜕𝐽𝑖

𝜕𝑅𝑖,ℓ
= −

1

2
(𝑅𝑖

𝑀𝑎𝑥 − ∑ 𝑅𝑖,ℓℓ∈𝛤𝑖
)
1
2⁄ + 𝑙𝑛 2

𝑎𝑖ℎ𝑖,𝑙
(0)

ℎ𝑖,𝑙
(0) (𝑁0 +

∑ ℎ𝑗𝑙,𝑙
(𝑗)6

𝑗=1 𝑝𝑗𝑙,𝑙
(𝑗)
) 2𝑅𝑖,𝑙                                     (8) 

 

(2) Second solution [217] 

 

Here the utility function is an arc tangent-based function: 

℧𝑖 = 𝑎𝑟𝑐𝑡𝑎𝑛(𝑅𝑖) = 𝑎𝑟𝑐𝑡𝑎𝑛(∑ 𝑅𝑖,ℓℓ∈𝛤𝑖
)              (9) 

The game is modelled as:  

𝐽𝑖 = ℧𝑖 − 𝐶𝑖 = 𝑎𝑟𝑐𝑡𝑎𝑛(∑ 𝑅𝑖,ℓℓ∈𝛤𝑖
) − 𝑎𝑖 . ∑ ℎ𝑖,ℓ

(0). 𝑝𝑖,ℓ
(0)

ℓ∈𝛤𝑖
 (10) 

𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜  

∑𝑝𝑖,ℓ
(0)

ℓ∈Γ𝑖

 ≤ 𝑃𝑖
𝑚𝑎𝑥     𝑝𝑖,𝑙 ≥ 0 ∀𝑖 ∈ 𝑁 , ℓ ∈ 𝛤i 

And the next equation is the first derivative of Ji: 
𝜕𝐽𝑖

𝜕𝑅𝑖,ℓ
=

1

1+𝑅𝑖,𝑙
2 − 𝑎𝑖 𝑙𝑛 2 (𝑁0 +∑ ℎ𝑗𝑙,𝑙

(𝑗)6
𝑗=1 𝑝𝑗𝑙,𝑙

(𝑗)
) 2𝑅𝑖,𝑙       (11) 

Therefore, thanks the NE proprieties defined previously and 

theorems 1 and 2, both authors proves the existence of NE 

which led them to the following formulation of the 𝑖𝑡ℎuser’s 

power: 

𝑝𝑖,𝑙(𝑛) =
𝑁𝑜+∑ ℎ𝑘,𝑙

(𝑗)6
𝑗=1 𝑝𝑘,𝑙

(𝑗)

ℎ𝑖,𝑙
(0) (2𝑅𝑖,𝑙(𝑛−1) − 1)               (12) 

Where n is the iterative number. 

(c) Algorithm  
 

Both solution admit the same algorithm but different result in 

simulation due to difference of utility function, the algorithm 

is:  

1) For each unallocated subcarrier ℓ and user 𝑖, determine the 

normalized channel gain 𝑞𝑖;ℓ by equation (4), and initialize 

subcarrier set Γ𝑖  of the 𝑖𝑡ℎuser. 

2) Choose (𝑖∗, ℓ∗) = 𝑎𝑟𝑔𝑖,ℓmax  𝑞𝑖;ℓ , then allocate 𝑠ℓ∗to 𝑢𝑖∗ 
3) Repeat Step (2) until every subcarrier has been allocated.  

4) Initialize the 𝑖𝑡ℎuser power allocation array respectively.  

5) Update each user’s power allocation array according to 

equation (13) and (8) for the first solution or (11) for the sec-

ond solution. Repeat Step (5) until convergence is reached. 
 

(d) Performance evaluation of both proposed solution: 
 

After simulation the author of [72] conclude that arc tangent-

based Algorithm acquires better performance than argmin-

based algorithm in terms of each user’s sum rate. Furthermore, 

it can achieve a more desirable performance on fairness (due 

to adopting the pricing function) and decrease the near-far ef-

fect. Besides, further users can benefit more than near users. 

Nevertheless, it consumes more power for compensation to 

derive a higher. And finally, it satisfies the convergence con-

dition and it has a low complexity. 

The author of [218] follow in the footsteps of [48], using the 

argmin function and the price function, but he adopts a single 

cell OFDMA and gives a new utility function based on power 

efficiency which improve the rate of users and reduce the 

transmitted power. Then, he proposed a joint subcarrier and 

power allocation algorithm by using KKT (Karush–Kuhn–

Tucker) condition. 

In both solutions, authors consider one cellular rather than the 

whole system, which is like a local optimization of each cel-

lular. In future work, we will extend it to a global multi-objec-

tive optimisation taking into account the whole system. 

5.3.2. Downlink 

(a) Model 

 In this section, we focus on the downlink direction issues 

stated in [4], therefore we introduce the notion of services 

class. In fact, in order to avoid starvation of bandwidth corre-

sponding to physical resources for low priority service classes, 
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and also to facilitate the scheduling and the allocation of re-

sources while guaranteeing an exceptional QoS to end user, 

LTE-A defines a strict requirement for services classes that 

we should took into consideration while scheduling. There-

fore, [4] suggests a cooperative bargaining game based on the 

divide-and-conquer concept, where service classes are split 

into inter-class (sorted out and allocated bandwidth resource) 

and then intra-class (arranged with priority on a packet delay 

basis for channel access). 

At each TTI, UE reports their instantaneous downlink SNR to 

eNodeB station which is used to calculate the user i’s data rate 

for j-th RB at time t as follows: 

𝑟𝑖,𝑗(𝑡) =
𝑛_𝑏𝑖𝑡𝑠

𝑠𝑦𝑚𝑏𝑜𝑙
×
𝑛_𝑠𝑦𝑚𝑏𝑜𝑙𝑠

𝑠𝑙𝑜𝑡
×
𝑛_𝑠𝑙𝑜𝑡𝑠

𝑇𝑇𝐼
×
𝑛_𝑠𝑢𝑏𝑐𝑎𝑟𝑟𝑖𝑒𝑟

𝑅𝐵
      (13) 

Where n_bits, n_symbols, n_slots and n_subcarrier are the 

number of bits, number of symbols, number of slots and num-

ber of subcarriers; respectively. 

The path loss and fading effect are assumed to remain constant 

throughout the duration of the RB. The gain of channel at time 

t for user i on j-th RB as a function of the losses is calculated 

as: 

𝐶𝐺𝑎𝑖𝑛𝑖,𝑗(𝑡) = 10
(
𝑝𝑎𝑡ℎ_𝑙𝑜𝑠𝑠

10
) × 10(

𝑓𝑎𝑑𝑖𝑛𝑔

10
)
                 (14) 

This determines the achievable instantaneous downlink SNR 

that is reported to eNodeB station as follows: 

𝑆𝑁𝑅𝑖,𝑗(𝑡) =
𝑃𝑡𝑜𝑡𝑎𝑙×𝐶𝐺𝑎𝑖𝑛𝑖,𝑗(𝑡)

𝑁(𝑁𝑜+𝐼)
                           (15) 

Where 𝑃𝑡𝑜𝑡𝑎𝑙  is the total power with which eNodeB station 

transmits to UE in the downlink direction, and N is the total 

available RBs, while I refers to the neighbouring cell interfer-

ence and finally 𝑁𝑜 is a measure of thermal noise. 

The game here is a set of pairs [N, u], where 𝑁 = {1,2, …𝑛} is 

a finite players set and u is the utility function, which repre-

sents user’s degree of satisfaction for a particular service class 

as a function of QoS constraints. The work adopts a game 

based transfer of benefits considering only the physical RB 

dimensions and using the sigmoid utility from [218]: 

𝑢(𝑑) = 𝑥𝑖 {
1

1+𝑒−𝑡𝑖(𝑑−𝜎𝑖)
− 𝑦𝑖}                        (16) 

{
 

 𝑥𝑖 =
(1 + 𝑒𝑡𝑖𝜎𝑖)

𝑒𝑡𝑖𝜎𝑖

𝑦𝑖 =
1

(1 + 𝑒𝑡𝑖𝜎𝑖)

 

Where d is player data rate;  𝑡𝑖  𝑎𝑛𝑑 𝜎𝑖 reflects the priority type 

and intrinsic resource requirement of the service class; 𝑥𝑖 and 

𝑦𝑖  are constants used to normalize utility function.  

(b) Game formulation: 

Let’s F be the number of classes and  𝑑 = {1,2, … , 𝑑𝐹} repre-

sents the data rate in terms of resources that are assigned to 

class users: 

 Players: the services class users 𝑁 = {1,2, … 𝑛}. 

 Strategies: the resource assignment vector for users 

𝑑 = {1,2, … , 𝑑𝐹}. 
 Payoffs: The sum of user’s utility function. 

The payoff revenue for a player 𝑛𝑖, is given as: 

𝑟𝑖(𝑑𝑖) = 𝑓𝑖 . 𝑈𝑖(𝑡𝑖, 𝜎𝑖 , 𝑑𝑖)                             (17) 

Where 𝑓𝑖 is the total number of flows or connections in the 

class to which 𝑛𝑖 belongs.    ܷ 𝑈𝑖  is the utility function and 𝑥𝑖 and 

𝑦𝑖  parameters classify the users service priority. Then the total 

network profit is given as a function of the payoffs for all users 

in all classes. 

𝑃 =  ∑ 𝑟𝑖(𝑑𝑖)
𝐹
𝑖=1 = ∑ 𝑓𝑖 . 𝑈𝑖(𝑡𝑖, 𝜎𝑖 , 𝑑𝑖)

𝐹
𝑖=1           (18) 

Furthermore, and since the purpose is to maximize the total 

payoff profit of the system and then the system throughput. 

The author define a maximizing framework as follows: 

𝑚𝑎𝑥 ∑ 𝑟𝑖(𝑑𝑖)
𝐹
𝑖=1 = 𝑚𝑎𝑥 ∑ 𝑓𝑖. 𝑈𝑖(𝑡𝑖 , 𝜎𝑖 , 𝑑𝑖)

𝐹
𝑖=1       (19) 

Such that  ∑ 𝑓𝑖 × 𝑑𝑖
𝐹
𝑖=1 = 𝐹 × 𝑑𝑖

𝑇 ≤ 𝐶𝑝 

Where 𝐶𝑝 is the networks total available system capacity. 

And 𝑑𝑖
𝑇 transpose of 𝑑𝑖. 

The following equation define the Pareto optimality; the opti-

mal solution to the game:  

𝑃(𝑑∗(𝑑1
∗, 𝑑2

∗ , … , 𝑑𝐹
∗ )) ≥ 𝑃(𝑑 (𝑑1

 , 𝑑2
 , … , 𝑑𝐹

 ))       (20) 

Which accepts (𝑑1
∗, 𝑑2

∗ , … , 𝑑𝐹
∗ ) as solution and Pareto optimal-

ity if all 𝑑 = (𝑑1
 , 𝑑2

 , … , 𝑑𝐹
 ) satisfy 𝐹 × 𝑑𝑖

𝑇 ≤ 𝐶𝑝. 

(c) Solution  

The resource allocation can be split into two steps as shown in 

Figure 13: 
(1) Steps 1: inter-class resource distribution 

 

Then, to reduce the complexity of finding a Pareto solution 

the author uses Lagrangian approach defined below:  

𝐿(𝑑, 𝜆) =  ∑ 𝑓𝑖𝑈𝑖(𝑑𝑖) + 𝜆 (𝐶𝑝 − ∑ 𝑓𝑖 × 𝑑𝑖
𝐹
𝑖=1 )𝐹

𝑖=1      (21) 

where 𝜆 𝑖𝑠 the Lagrange multiplier that represents the network 

resource prices and is associated with a linear constraint of 

capacity. A simplification of the last equation is:  

𝐿(𝑑, 𝜆) =  ∑ 𝑓𝑖(𝑈𝑖(𝑑𝑖) − 𝜆. 𝑑𝑖)
𝐹
𝑖=1 + 𝜆𝐶𝑝          (22) 

Since the utility function itself is a sigmoid and not a con-

cave function, the maximum and minimum resource alloca-

tion constraints    ܷ 𝑑𝑚𝑖𝑛 and 𝑑𝑚𝑎𝑥  can be obtained through 

utility functions parameter 𝑥𝑖 and 𝑦𝑖. Then the equation be-

comes: 

𝐿(𝑑, 𝜆) =  ∑ 𝑓𝑖(𝑈𝑖(𝑑𝑖) − 𝜆. (𝑑𝑖 − 𝑑𝑖,𝑚𝑖𝑛))
𝐹
𝑖=1 + 𝜆𝐶𝑝    (23) 

𝑑𝑖
∗(𝜆) = 𝑎𝑟𝑔𝑚𝑎𝑥[𝑈𝑖(𝑑𝑖) − 𝜆. (𝑑𝑖 − 𝑑𝑖,𝑚𝑖𝑛)]          (24) 

A sub-gradient is used to update the dual variable 𝜆 and to 

resolve the Lagrangian:  

𝜆(𝑚 + 1) = [𝜆(𝑚) −  𝛥(𝑚)(𝐶𝑝 − ∑ 𝑑𝑖
∗(𝐹

𝑖=1 𝜆(𝑚)))]   (25) 

Where m is he iteration number while 𝛥(𝑚) is the step size. 

Finally, those equations solve network profit optimization 

problem globally and get optimal resource allocation. 
 

(2) Step 2: intra-class resource distribution: 
 

The intra class user assortment is done on delay measurements 

as a function of the budget defined by LTE-A standard. The 

Head of Line (HoL) packet delay is measured for any user j in 

a service class i as follows: 

𝐻𝑜𝐿𝑗(𝑡) = 𝑇𝑐𝑢𝑟𝑟𝑒𝑛𝑡(𝑡) − 𝑇𝑠𝑡𝑎𝑚𝑝                (26) 

Where t is time; 𝑇𝑠𝑡𝑎𝑚𝑝  is the time of the packet since it ar-

rived at the scheduling queue and while 𝑇𝑐𝑢𝑟𝑟𝑒𝑛𝑡  is the current 

 
Figure 13. Steps of resource allocation [4]. 
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packet processing time. The remaining time for scheduling or 

the delay metric is then the function of HoL: 

𝑑𝑒𝑙𝑎𝑦𝑗(𝑡) = 𝜎𝑖 − 𝐻𝑜𝐿𝑗(𝑡)                       (27) 

Where 𝜎𝑖 is delay-budget of packet for i. 

Finally, the user with the lowest 𝑑𝑒𝑙𝑎𝑦𝑗(𝑡) is chosen. 

𝑢 = 𝑎𝑟𝑔𝑚𝑖𝑛 𝑑𝑒𝑙𝑎𝑦𝑗(𝑡)         ∀𝑢𝑠𝑒𝑟   𝑗          (28) 

Once u is determined, the mechanism decide which user 

should transmit on the current RB as shown in Figure 14. 

 
U-delay game (Game Theory with sigmoid utility value char-

acteristic function and a delay based scheduler at the MAC 

layer) supports both real time and non-real time traffic and it 

shows better performances in term of throughput, fairness in-

dex, packet loss ratio, and system delay, compared to a num-

ber of scheduling algorithm in literature such as M-LWDF 

(Modified Largest Weighted Delay First), PF (Proportional 

Fair), EXP-RULE (Exponential-Rule), EXP-PF (Exponential-

Proportional Fair) [219-222]. Indeed, The PF scheduler allo-

cates resources to users on the basis of channel quality 

measures of user and the past running throughput the user 

maintained. The general goal in PF is to maximize aggregated 

throughput of the system. While the M-LWDF scheduler can 

serve users with varying QoS requirements. Best channel con-

ditions and the highest Head of Line packet delay of users is 

used to achieve prioritization of service class. And the EXP-

RULE uses a metric measure that increases priority of real 

time flows as compared to non-real time flows while the delay 

threshold approaches. 

The author gives some simulation results for different services 

flow type comparing the performances of U-delay, PF, M-

LWDF and the EXP-Rule. In this work I will cite only the 

video services case. In fact, for Video requirements the 

throughput of the four schemes do not diverge much for an 

estimated 20 to 30 users, but when more users enter the net-

work, the performance of U-DELAY outweighs the other 

three schemes with PF showing worst performance (Figure 

15).  

For Packet Loss Ratio case (Figure 16) U-DELAY maintains 

a significant space and introduces only around 24% loss per-

centage for more than 80 users making the performance much 

visible.   

 
Figure 15: Average throughput for video  

 
Figure 16: Average Packet Loss Ratio 

 
Figure 17: Average Fairness Index 

 
Figure 18: Average System Delay. 
 

 
Figure 14. Delay Based Scheduling step [4] 
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In Fairness Index comparison (Figure 17), the use of QoS con-

straint based Sigmoid Utility function shows proficient results 

depicting scores as high as 0.88 at 80 system users for U-DE-

LAY while PF scheme score drops to a considerable 0.47 mar-

gin. 

For system delay measures (Figure 18), U-DELAY performs 

much better than other schemes for average 60 users but after 

that the delay of the system cannot be maintained while EXP-

RULE and M-LWDF perform better at this stage 
 

6. Future research directions 
 

As we concluded from previous statistics and discussion, 

RRM takes interest increasingly in several ongoing research 

works. On the one hand, most of published works in the liter-

ature refer to  fixed and limited scenarios/samples, subject to 

restrictions and fixed-ideal conditions (i.e. a limited number 

of cells, a limited number of users, a small geographical area, 

a type of traffic, homogeneous services, base stations with 

the same power, a precise technology and no interaction be-

tween different types of networks). Hence, further improve-

ment could be achieved through a real network, which 

should contain all these above cited real-life conditions and 

go beyond the usual framework of test. We should try to im-

plement, in this case, a network where all the different heter-

ogeneous technologies and heterogeneous services are ran-

domly integrated as in the real network including the inter-

ferences caused by other wireless networks and the competi-

tion between them in shared radio resources, especially since 

the game theory can handle an unlimited number of players 

under unlimited constraints. To achieve this purpose, espe-

cially there will some challenges to be solved, especially 

simulation issues. 

In other hands, the next generation radio mobile 5G will 

combine 2G, 3G, 4G, wireless local area network (WLAN), 

optical wireless communication, television white space 

(TVWS), MTC, het net, multitier communication etc.[223]. 

This multitier HetNet will also support so many technologies 

such as ultra-densification network (facing limitation due to 

backhaul network capacity and backhaul energy efficiency) 

Millimeter wave (mmWave), massive MIMO, full duplex 

communication, and energy harvesting techniques, etc. [224-

227]. With all these distinct technologies, the existent tradi-

tional schemes deem infeasible and inefficient to manage in-

terferences, different resource allocation, and scheduling and 

energy efficiency [228].  

Therefore, there are several clear directions for future re-

search, which could be summarized in the following:  

Fiber-Wireless (FIWI) network: the focus is on the aspects 

of scalability, reliability, architecture designing, QoS guaran-

tying, and energy saving in FIWI network when integrating 

with emerging technologies such as HetNets, IoT, smart grid, 

software defined networks (SDN), next-generation passive 

optical networks (NG-PONs), cloud radio access networks 

(C-RAN), distributed antenna system (DAS) and next-gener-

ation wireless technologies [229]. 

Tactile internet: the focus is on the optimization of the ma-

jor pillars of Tactile Internet i.e., RRM (especially wave-

length and Bandwidth Allocation), H2H or M2M or Ma-

chine-to-Human (M2H) network, cyber sickness for real time 

transmission, end-to-end latency, ultra-responsive connectiv-

ity, reliability, edge and design limit, modulation issues and 

economic impact. [230-231] 

Green communication: the focus is on enhancing the en-

ergy-efficient in a (massive) MIMO and OFDMA multi-cell 

system taking into account interferences [232]  

MIMO: the focus is on including the scheduling in the space 

domain exploiting (massive) MIMO techniques [233-234]. 

LTE-U: the focus is on analyzing the RRM schemes when 

two LTE-U operators are competing. It should also be on the 

interferences caused by the coexistence of WI-FI and LTE-U 

and on achieving a harmonious coexistence [235-236]. 

D2D communication networks: the focus is on reconsider-

ing and on reviewing the ordinary-existing RRM scheme 

when handling D2D networks [237] 

Multi-tier and multi-technologies systems: the focus is on 

a. Elaborating an advanced interference management 

scheme for the user-side in the downlink [238]. 

b. On the design of BS clustering to deal with Cross-tier 

interference issues [239-244]. 

Full duplex communication: the focus is on improving the 

self-interference cancellation scheme to simplify the spec-

trum management and to help create a denser HetNet [245-

247]. 

Beamforming: the focus is on the beamforming techniques 

which can improve coverage and network performance for 

massive MIMO, Multi-tier and ultra-dense network [248-

254]. 
 

7. Conclusion and perspectives 
 

Resource allocation is one of the big challenges in LTE/LTE-

A networks and is one of the most important research topics 

in wireless communication. In fact, an efficient design of 

resource allocation schemes is the key to higher performance 

of a LTE/LTE-A network and in term of differents parameters 

such as energy efficiency, data rate, power, number of 

supported user, etc. It’s a strategic plan for using available 

scarce resources among various entity (users, nodes,…) to 

achieve certain objectives. This becomes more complicated in 

current wireless network generation based on multi-cell, 

multi-user, multi-antenna concepts and suffering from 

multipath fading. This latter issue was the main reason to 

combine the OFDM technique and the associated access 

schemes, and therefore to adopt OFDMA and SC-FDMA 

technique. Therefore, and since game theory take a great part 

of studies in this last decade, this paper presents a survey of 

the use of this theory in the LTE-A network and gives some 

successful examples in both downlink and uplink direction. 

LTE advanced Pro (release 13) which is still open to 

improvement, is an enhancement to LTE-A and a transition to 

5G (Release 14). GT or a hybrid solution based on a  

combination between GT and other mathematical methods 

would be as efficient approach as solution found by different 

researchers in LTE/LTE-A field, taking into consideration 

new constraints (players), new features and new requirements. 

The transfer of this optimization approach to 5G network will 

be our next research work. 
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