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ABSTRACT 
Heterogeneous network is a network connecting mobile station (MS) with different kinds 
of wireless network. It will provide an efficient network connection for mobile users. 
When considering various wireless access technologies, it's difficult to search out reliable 
criteria to pick out the most effective offered wireless heterogeneous network. . Game 
theory techniques have been receiving growing attention in recent years as they can be 
adopted in order to model and understand competitive and cooperative scenarios 
between rational decision makers.In this paper, our aim is to develop an economical 
wireless network choice algorithm which is optimized using enhanced Normal Form 
Optimization Algorithm which follows game theory based procedure . This algorithm is 
proposed for optimizing the heterogeneous wireless environment comprising universal 
mobile telecommunication system (UMTS) and long term evaluation (LTE). Further, 
within optimization algorithm resource allocation is considered as an objective function. 
The incorporated optimization algorithm is involved in the optimal computation process 
for reducing channel complexity through optimal solution estimation. The computation 
complexity of proposed Normal Form Optimization Algorithm with TOPSIS method 
(NFOA-TOPSIS) measured in terms of running time and network utilization is measured 
in terms of the Packet Delivery Rate (PDR), throughput, simulation time, end-to-end delay 
and Power consumption. The simulation results expressed that the proposed NFOA 
provides reduced running time and increases PDR rather than conventional MADM (i.e., 
Hybrid  Fuzzy Analytic Hierarchy Process (FAHP)& Technique for Order Preference by 
Similarity to an Ideal Solution -Hybrid FHAP-TOPSIS) method. The reduce in running 
time implies reduced complexity of proposed scheme. Also, the increase in PDR and 
throughput leads to reduced end-to-end delay and power consumption resulted in 
efficient utilization of available channels in heterogeneous networks.  
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1. INTRODUCTION 
With  the  continuous  evolution  of  wireless  technology,  a  large  number  of  wireless  access  technologies  have  been  
applied   and   overlap   each   other   to   form   heterogeneous   networks.   These   technologies   have   their   own   unique   
advantages, so users need to adopt the appropriate algorithm to  select  the  best  network.  The  traditional  algorithm  
is  the  one  based  on  the  received  signal  strength  (RSS)  [1],  this  algorithm is vulnerable to the external environment 
and other factors,  decision  results  often  have  a  degree  of  randomness.  The heterogeneous network selection 
algorithm based   on   multiple   attribute   decision   making(MADM) [2]  takes  into  account  the  influence  of  various   
factors   such   as   user   preferences,   applications,   networks, and terminals in the selection of the network. The analytic  
hierarchy  process  (AHP)  and  technique  for  order  preference  by  similarity  to  ideal  solution  (TOPSIS)  [3] are  
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commonly used in MADM. Since some network parameters cannot  be  given  specific  values  in  practical  situations,  in  
order  to  enable  users  to  make  accurate  decisions,  fuzzy  logic  theory  to  measure  network  parameters,  and  propose  
the  algorithm  based  on  fuzzy  logic  to   select   wireless   networks   [4].   A   heterogeneous  network  selection  algorithm  
based  on  game  theory  can  balance  the  interests  between  users   and   users,   users   and   networks,   making   network   
resource utilization more efficient and user satisfaction more higher. The  above  algorithms  are  classical  methods  to  
solve  the  problem  of  heterogeneous  wireless  network  selection,  but  these algorithms consider the case that the 
terminal runs only a class of service. In real life, terminals tend to run multiple services,  such  as  voice  communications,  
web  browsing  and  file downloading, therefore the terminal should consider QoS requirements  of  all  services  
simultaneously  when  selecting  networks, making all the services in the process of selecting or switching networks not 
be interrupted [5]. 
The Media Independent Handover (MIH) standarddefined in the IEEE 802.21 specification supports verticalhandovers 
across heterogeneous networks. The 802.21standard (MIH) aims to facilitate the integration ofheterogeneous networks 
by making link layer intelligenceand other associated information available to upper layersin order to help the handover 
decision [6]. This standarddefines the tools required to exchange information, eventsand commands to facilitate 
handover initiation andhandoverpreparation.The MIH framework covers three main elements: (i)MIH function (MIHF), 
(ii) Service Access Points (SAPs),and (iii) MIH users [7].The MIHF is a logical entity,provides cross layer abstract services 
to the upper layersof the protocol stack via a media independent interface(MIH_SAP) and gets information from the 
lower layersof the technology that uses the MIH services via mediaspecific interfaces [8]. This informationis used by the 
upper layers to make decisions forhandover. The MIH user is the entity that uses the MIHFservices. In addition, the MIH 
user could also be thehandover decision module (handover policy engine) thatactually fires the handover execution [9]. 
In this paper, focus is on network selection inheterogeneous network and providing good quality of service.Different 
wireless network may consist of different kinds of wireless technology. The goal of optimization is to find best fitness 
values forthe users that minimize objective function. The Normal Form Optimization Algorithm is anartificial intelligence 
technique that can be used to findapproximate solution to minimize or maximize the objectivefunctions. The users move 
from one location to anotherlocationwith an initial velocity, as well as a communicationchannel between the networks. 
 

2. LITERATURE SURVEY 
Yu et al., (2019) introduced an efficient network selection method for transmitting multimedia messages in wayof 
heterogeneous mode by considering the attributes for users and service purpose with respect to various distinctiveness 
. Then, Entropy and Fuzzy Analytic Hierarchy Process (EFAHP) was included by determining the weights based on 
priority level [10]. 
Liang et al., (2019) designs an algorithm for joint access selection and bandwidth allocation in Heterogeneous Wireless 
Networks (HWNs). Taking into account the environment in which worldwide interoperability for microwave access, long 
term evolution, and wireless local area network may co-exist, the algorithm uses received signal strength, network load, 
and user rate requirements as input decision parameters and adjusts the parameters of the membership function in the 
five-layer fuzzy neural network structure through supervised learning to obtain the score and bandwidth allocation 
value for each candidate network[11]. 
Bazrafkan et al., (2017) suggested normalization methods in network selectionby taking user preferences and 
application needs into account.Based on the proposed normalization method, a new decision process is suggested which 
is based on ELECTRE II algorithm. Our proposed method considers the dynamic nature of wireless networks and the 
uncertainty in the collected network performance metrics. Simulation results show that using the proposed handover 
decision process, the probability of ranking abnormality, which is a common drawback of MADM methods, is reduced 
significantly compared to other methods such as SAW, GRA and TOPSIS and the decision algorithm is more stable in 
terms of sensitivity to change in the amounts of decision criteria [12]. 
Almutairi et al., (2016) investigates the optimum pairing of attribute weighting techniques used with Distance to Ideal 
Alternative (DIA) selection in Multi-Attribute Decision Making (MADM) applied to wireless network vertical 
handover. The paper findings provide guidelines for selecting weighting techniques for each traffic class in order to 
achieve ideal network selection with minimal ranking abnormality [13]. 
El Helouet al.,(2015) propose a network-assisted approach. The network provides information for the mobiles to make 
more accurate decisions. By appropriately tuning network information, user decisions are globally expected to meet 
operator objectives, avoiding undesirable network states. Deriving network information is formulated as a semi-Markov 
decision process (SMDP), and optimal policies are computed using the Policy Iteration algorithm. Also, and since network 
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parameters may not be easily obtained, a reinforcement learning approach is introduced to derive what to signal to 
mobiles. The performances of optimal, learning-based, and heuristic policies, such as blocking probability and average 
throughput, are analyzed [14]. 
Lahby et al., (2013) proposes a new validation approach based on group MADM methods. This approach takes into 
account the weighting algorithms and allows to select the most valid ranking algorithm which can be used in specific 
traffic classes for network selection decision. Simulation results are presented to illustrate the effectiveness of our new 
validation approach for the network selection algorithm [15]. 
 

3. METHODOLOGY 
3.1 SYSTEM MODEL 
In this section we show the wireless network model used for network selection algorithm with the consideration if two 
heterogeneous network such as Long Term Evolution (LTE) network and UMTS network, It is assumed that the mobile 
user has to travel form base station of UMTS towards the base station of LTE at the straight line along with constant 
speed, with distance D between mobile stations and another. When a User is switched or turned ON, different carriers of 
various operators Public Land Mobile Network (PLMN) are scanned by the user, then with the aid of the International 
Mobile Subscriber Identity (IMSI), which comprises of the Subscriber Identity Module (SIM) and user helps to define the 
home network. The PLMN can be selected either manually or automatically but in most cases, these are done 
automatically. The user state in LTE are specified to be idle or connected mode, to avoid unwanted signaling cell selection 
and reselection happens when the UE is in idle mode using S-Criteria. 
 
3.2 NETWORK SELECTION 
To estimate the channel allocation between LTE and UMTS three game models are considered for resource allocation. 
The available resources are stated as Ni∈ , the unlicensed space for each channel is denoted as iS  and the incoming 

channel is represented as iU . Here, based on the decision-making elements game is deployed with maximizing resource 
utilization level. With consideration of players' situation strategy decisions are achieved. The space for strategy provides 
participants time and action. The layer player payoff is based on the utility level of resources to achieve a specified 
strategy. For the strategic decision of players income resources are optimized and action of criteria is achieved. The 
constructed normal form game theory is optimized for its resource utilization level based on the application of strategy. 
The developed NFOA model is deployed in network especially for Long Term Evolution (LTE) network. The functionality 
of NFOA is based on consideration of users and attributes which is deployed over the network model is stated as follows: 

1. USERS: The participants of the game are LTE network and wireless Local Area Network (WLAN). 
2. ATTRIBUTES: The strategy for the deployed game is based on the consideration of strategy adopted in LTE for 

achieving efficient bandwidth for the LTE coverage band. The WLAN bandwidth is allocated based on the WLAN 
coverage area. 

3. REVENUE/RESOURCES: The resource availability in the LTE bandwidth for coverage area is provided. The 
coverage resource area of both LTE and UMTS in WLAN is defined in equation (1) and it is expressed as follows:  
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As stated, normal form game is similar to that of the cooperative game theory model which is defined by Nash 
equilibrium. To estimate the Nash equilibrium for NFOA following derivation is performed. Consider non-cooperative 
game stated as { }USPG ,,= with n users /players.  The players incorporated in game is denoted as { }npppP ,....,, 21= , 

where each players have their own set of policies and elements of P , the each player strategy is defined as 

( )**
2

*
1

* ,.....,, nsssS = . The strategy of each payer is represented as 
*
is  for i players. The strategy collected by each player 

is denoted as ( )**
1

*
1

*
1

* ,...,,,..., niii ssssS +−− = . The resource collected strategy of player can be stated in equation (2): 

( ) ( ) [ ]niSsSsSs iiiiiii .1,,,, *** ∈∈∀≥ −− µµ            (2) 
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The player strategy characteristics are summarized to achieve the optimal strategy. The best player is identified 
based on the Nash equilibrium concept. The Nash equilibrium evaluates the dynamic relationship between players. When 
a player is identified, other players make a decision but that alone does not increase resources. For optimal resource 
allocation, Nash equilibrium adopts second-order derivatives stated in equation (3) as follows: 
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It is observed that mixed partial derivatives are negative. Based on mixed partial derivatives Nash equilibrium is 
estimated using equation (4) 
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The application of second-order partial derivatives provides the utility function and mixed partial derivatives value of 
less than zero. It is known that the Nash equilibrium is unique for varying coverage areas and networks. By this means, 
resource allocation is optimized and resources are effectively optimized.  

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is one of Multiple Attribute Decision 
Making (MADM) techniques which is utilized for finding the shortest path in the network by using efficient distance 
calculation using Euclidean formula which helps to finalize the non-ideal solution.  

Step 1: Initially,find the transform units for all the attributes in the network with all maximized forms.  
Step 2: Find the entropy for all the attributes by fixing the significant level.  
Step 3: After finding the entropy, find the threshold level 
Step 4: Find the weight for all the threshold coefficients 
Step 5: After the determination of weighted coefficient, , the weights are computed for the requested service 

using the following equation 
Weight of estimation of requested service = (weight of combination of QOS parameters initialized through 

entropy)× (threshold values of attributes of the requested services) (5) 
After criteria weights inference, in common, normalized matrix can be changed  into the weighted matrix 

vij= (vj.vij)          (6) 
Here, Vij indicates the updated weight matrix, i.e., the multiplication of the weight coefficients matrix is produced by the 
entropy method and the weight obligation algorithm with the normalized weight matrix is given as follows. 

Thus, the ideal solution is the set: 
I = {(maxi vij (j±i(n=5))}        (7) 

The non-ideal solution is the set: 
I = {(mini vij (j±i(n=5))}        (8) 

The distance between each option, from the positive ideal (pos) and negative ideal solution(neg), are definite as follows 

(pos)=�∑ (𝑣𝑣𝑣𝑣𝑣𝑣 − 𝑣𝑣𝑣𝑣(𝑝𝑝𝑝𝑝𝑝𝑝)2𝑛𝑛
𝑗𝑗=1  

(neg)=�∑ (𝑣𝑣𝑣𝑣𝑣𝑣 − 𝑣𝑣𝑣𝑣(𝑛𝑛𝑛𝑛𝑛𝑛)2𝑛𝑛
𝑗𝑗=1  

Finally, the position of networks is performed by considering the qualifiedproximity to the ideal solution, expressed as 
                                                                      D (total) = 𝐷𝐷(𝑛𝑛𝑛𝑛𝑛𝑛)

𝐷𝐷(𝑛𝑛𝑛𝑛𝑛𝑛)+𝐷𝐷(𝑝𝑝𝑝𝑝𝑝𝑝)
     (9) 

Where, the best network is the one with the largest relative closeness to the ideal solution 
3.3 ENHANCEDNFOAOPTIMIZATION MODEL 
The available resources are optimized for the fair allocation of resources to both LTE and UMTS. Normal form game 
theory focused on two factors such as cooperation and defect between players or channel resources. Here, the user 
coverage area is estimated for analyzing the network layer to the bandwidth region. The resource estimation between a 
channel with normal form game is calculated with consideration of various region bandwidth. For analysis, the total 
bandwidth of the channel is stated as and coverage area is defined asRi. The total bandwidth  is calculated using 
following equation (10) as follows: 

iRB iRB
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The number of users available within the network and its demand is estimated using the queuing model. This model uses 
a queuing window for estimation of connection distribution within a specified area, the user blocking rate  is 
calculated using equation (11) stated below: 
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In above equation, Ni represents number of connections available within allocated system Ri. provides details about 
amount of resources utilized within coverage area Ri. The total channel is stated as Ni and total number of users are 
represented as j.The channel utilization rate Eiis calculated using equation (12): 
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The key indicator for effective allocation of network communication is the blocking rate, this varies between users. To 
minimize the blocking rate of channel resources need to be allotted statistically for the number of connections. The first 

resourceRiutilized within region is calculated based on the distribution model with consideration of bandwidth
. The average connection bandwidth is calculated using equation (13): 
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In algorithm 1, game theory applied in heterogeneous network allocation between LTE and UMTS is presented.  
ALGORITHM 1: NORMAL FORM GAME THEORY 
Input: the threshold of the blocking rate, the increase of the regional user K;  
Output: connection request acceptance  
 for j=1:k  
P_curentCalCurrentBlockingProbability();  

admissionConnection();  
areaNumberOfUserAdd();  

 end if  
 time 0;  

while(time<=adjustmentThreshold)  
addAreaBandwith();  

getAreaConn();  
 P CalCurrentBlockingProbability();  

if(P <Ri) 
admissionConnection();  

areaNumberOfUserAdd();  
break;  

 end if  
 time++;  

end while  
 if(time==adjustmentThreshold)  

return admissionUser;  
end if  

end for  

iRP

iRV

iRN iRB
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Based on the above mentioned algorithm network time complexity factor and change in user is calculated. The stated 
algorithm adjusts the resources with respect to LTE and UMTS.  

To detect whether user relies within BSS, for every time slot t energy detector is deployed. The probability of user 
within BSS is defined using equation (14): 
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Where,  
b - time product of bandwidth; 

 - Energy detection threshold in k-th channel 

 - PU average signal SNR, this is computed as  with transmitter channel consumption of Pk, with 
Gaussian noise variance as σ 2 .The false probability of PU within SBS within kth channel is computed using equation (15): 
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Ω(, .,) represents gamma function. To improve performance spectrum are computed for varying channel condition of 
channel, using equation (16): 

k
ijk

k
ji ταα =−

,                       (16) 
In above equation ,i represented number of users within the channel and j relies on SBS as j ∈ S. The PU trust availability 
within PU is represented as τ. Based on trust computation ideal state of PU is computed using equation (17) as follows:  
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denotes probability of SBS lies within k channel. The channel are estimated based on the 
consideration of two players PU and SU with partitions of S1 and S2∈ N with 1 &i∈ S2 f i(S1) ≥ f i(S2). The PU within SBS 
within network with game theory is defined in equation (183): 

( ) ( )2121 SfSfSS iii ≥⇔≥                      (18) 
Where, S1 and S2 represents normal form game theory scenario wit preference function of f without any collision as 
defined in equation (19): 
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4. PERFORMANCE ANALYSIS 
In this section, we will test and evaluate our proposed scheme through extensive simulation experiments and the results 
obtained for the proposed NFOA is presented. The proposed scheme adopts Normal form game theory integrated with 
an optimization algorithm for handover process between LTE and UMTS in heterogeneous network. For analysis, the 
simulation setup consists of 10 relay stations deployed within the are 800 × 800m2. The number of frequency bands 
considered is 8 with 6 channel availability. The selected bands operate with 10MHz with a maximal channel transmission 
capability of 10W in every band. The maximal transmission range of PU is stated as 250m with maximal 500m 
interference. Total optimization iteration is considered as 1000 with a buffer size of 8k bytes.On the other hand, compare 
the proposed method with the three existing hybrid MADM methods (i.e., Hybrid  Fuzzy Analytic Hierarchy Process 
(FAHP)& Technique for Order Preference by Similarity to an Ideal Solution -Hybrid FHAP-TOPSIS), by the repeated 
network selection experiments in the dynamic simulation environment. 
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Figure 3: Allocated Channel for Assigned Frequency 

From figure 3, it is observed that with the increase in traffic volume blocking rate is increased. The proposed NFOA 
significantly reduces the channel blocking rate with an increase in the volume of resources and an increase in the number 
of connections within the network. This implies that the proposed NFOA significantly reduces the blocking probability. 

 
Figure 4: Number of Allotted Channels 

In figure 4, it is observed that for a varying number of iterations for the assigned channel frequency range of 0.07 
MHz is utilized for data transmission between LTE and UMTS. Further, it is stated that frequency variation is obtained 
for every iteration this implies the variation in data traffic. 
 
In table 2 comparative analysis of the proposed NFOA game theory with existing Hybrid  Fuzzy Analytic Hierarchy 
Process (FAHP)& Technique for Order Preference by Similarity to an Ideal Solution -Hybrid FHAP-TOPSISare presented 
in terms of computation timeis presented. 

 
Table 2: Comparison of Running Time and End-to-End Delay 
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Figure 5: Comparison of running time 

 
Figure 6: Comparison of end to end delay 

From figure 5 and 6, it is observed that for a varying number of users, running time is significantly increased. Moreover, 
with the application of optimization, data were significantly transmitted over the network which decreases the end-to-
end delay.  

 
Figure 7: Comparison of end to end delay 

From figure 7, it is observed that for a varying number of users, jitter is significantly decreased. Moreover, with the 
application of optimization, data were significantly transmitted over the network which decreases the jitter.  
 
In table 3 overall comparison of proposed NFOA with different parameters in terms of simulation time, PDR, throughput, 
and Average transmission power are presented. 

Table 3: Comparison of Parameters  
Number  
of Users 

Throughput (%) Average Transmission 
Power in dBm 

PDR (%) Bandwidth (bps) 

Hybrid 
FHAP-

TOPSIS 

Proposed 
NFOA 

Hybrid 
FHAP-

TOPSIS 

Proposed 
NFOA 

Hybrid 
FHAP-

TOPSIS 

Proposed 
NFOA  

Hybrid 
FHAP-

TOPSIS 

Proposed 
NFOA 

50 64 87 46.63 39.76 97.56 98.76 76.8 89.3 
100 70 83 51.78 40.07 93.45 97.83 67.4 79.4 
150 74 79 56.78 41.67 91.5 95.67 67.9 87.2 
200 78 81 63.67 42.87 89.45 91.84 78.9 98.3 
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Figure 6: Comparison of packet delivery ratio 

The PDR expresses the successful transmission of data for the allotted channel. The PDR analysis exhibits the successful 
reception of data from source to destination. From the analysis, it is observed that the proposed approach offers higher 
PDR rather than an existing technique 
 

5. CONCLUSION 
This paper focused on improving the performance of heterogeneous to meet the major challenge as it is needed to ensure 
seamless mobility across different radio air interfaces. . However, a vast range of techniques are incorporated in 
handover decision process between LTE and UMTS are a challenging task. This research developed a novel technique 
NFOA with TOPSIS method for better handover decision with transmission process. An optimization search algorithm is 
applied to reducing the complexity and obtaining the optimal global solution. The simulation results show the improved 
performance in terms of PDR and throughput with decreased end-to-end delay, simulation time and power consumption. 
The increase in the running time stated that data were effectively transmitted through the available nework. Also, the 
increase in PDR rate implies that through effective utilization of channel, data are transmitted significantly from LTE and 
UMTS. 
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