Progress In Electromagnetics Research B, Vol. 103, 55-73, 2023

Multi-Attribute Synergetic Decision-Making Algorithm for 5G
Integrated Heterogeneous Wireless Network

Xiaoxin Wu, Chenwei Feng”, Yaxi Yang, and Silei Li

Abstract—The next-generation communication network will be primarily based on the 5G networks,
with multiple wireless Radio Access Technologies (RATSs) coexisting. The factors influencing user
experience are complex and diverse, making it difficult for any single wireless technology to meet all
user needs. Most existing network selection algorithms focus on either the user side or the network
side, leading to the problem of network load imbalance. Therefore, this paper proposes a Multi-
Attribute Synergetic Decision (MASD) algorithm for 5G integrated heterogeneous wireless network.
First, implement the pre-filtering of the candidate network set. Taking into account the diversity of
user services, this algorithm focuses on Quality of Service (QoS), user preferences, and network load.
Analytic Hierarchy Process (AHP) and Standard Deviation (SD) are used to calculate the weights of
each attribute. Based on the synergetic theory, the entropy value of the candidate network system is
obtained. Simulation results demonstrate that this algorithm effectively coordinates various factors to
select the most suitable network for access. It reduces unnecessary handovers, avoids the ping-pong
effect, and achieves load balancing to a certain extent.

1. INTRODUCTION

The 5G integrated network is an important research direction for future development, with vast
application prospects. How to enable users to select the optimal network that matches their preferences
and network characteristics is a key research focus of the 5G converged network [1].

In heterogeneous wireless networks, network selection is considered a complex problem that often
requires simultaneous consideration of numerous potential factors. At times, these factors may even
be contradictory to each other [2]. Indeed, the key lies in achieving a balance among multiple factors
to ensure that terminals connect to the appropriate network. Moreover, due to the rapid changes
in network environments, the decision-making speed should not be excessively slow, which calls for a
moderate complexity level of the algorithm model.

Compared with other algorithms, the selection algorithm based on Multi-Attribute Decision-Making
(MADM) considers a variety of factors. The model complexity is moderate; the decision-making speed
is fast; and it has high flexibility and accuracy. Currently, commonly used MADM algorithms include
Simple Additive Weighting (SAW), Multiplicative Exponential Weighting (MEW), AHP, Fuzzy Analytic
Hierarchy Process (FAHP), Entropy Weighting (Entropy), SD, Grey Relational Analysis (GRA), and
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS), etc. [3].

Most existing research works facilitate network selection to some extent, but there are also
limitations and challenges. For example, only the subjective weight of the attribute is considered,
and the objective aspect is ignored; the difference of user preference and multiple application types are
not considered; only from the user’s point of view, the network load balancing problem is ignored. In
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view of the above problems, this paper proposes a heterogeneous network selection algorithm based
on AHP, SD algorithm, and synergetic theory, named Multi-attribute Synergetic Decision (MASD)
algorithm. The algorithm first uses Received Signal Strength (RSS) and terminal moving speed to
realize the preliminary screening of the candidate network set; secondly, the AHP and SD algorithms
are used to comprehensively consider the subjective and objective factors of network attributes; finally,
QoS, user preference, and load balancing are considered jointly, so an appropriate network is selected
for the terminal to access. The simulation results prove the effectiveness of the algorithm in this paper.

The rest of the paper is organized as follows. Section 2 reviews the related work of network selection.
Section 3 introduces the heterogeneous network system model and the network pre-screening mechanism.
Section 4 gives the user’s preference for each index. Section 5 constructs the utility function of each
decision index. Section 6 describes the MASD network selection algorithm. Section 7 evaluates and
analyzes the performance of the MASD algorithm through simulation experiments. Finally, Section 8
summarizes this paper.

2. RELATED WORK

In recent years, due to the complexity and challenges of heterogeneous network selection decisions,
several mechanisms have been proposed to comprehensively consider multiple factors. Compared to
other non-MADM methods, MADM methods have gained extensive study due to their simplicity and
moderate model complexity.

Paper [1] proposes a cognitive heterogeneous network vertical handover decision scheme that
combines subjective and objective weighting with GRA. This approach reduces the total number of
handovers and abnormal ranking rate. Paper [4] presents a network selection model that integrates
multiple attributes. It utilizes fuzzy logic theory to process the decision matrix of network attributes
and obtain the weight preferences of network attributes based on the business requirements. Finally, the
algorithm evaluates the candidate networks using the total utility value, effectively reducing the ping-
pong effect in dynamic environments. Paper [5] proposes an MADM method based on fuzzy network
attributes. The algorithm utilizes AHP and Entropy to calculate preferences for network attributes. The
comprehensive weight is obtained by using TOPSIS. Finally, on the basis of fuzzy sets, the algorithm
employs GRA to obtain scores for candidate networks, which can select the most suitable network
and reduce unnecessary handovers caused by inaccurate network attribute values. The algorithm [6]
incorporates Quality of Experience (QoE) into the decision mechanism and proposes a QoE estimation
method based on a stochastic neural network to determine the correlation between QoE and QoS
in heterogeneous networks. In [3], the authors propose a group vertical handover decision algorithm
(GVHO) based on non-cooperative game theory. The algorithm utilizes multiple decision attributes and
dynamic user preferences as game strategies to select the optimal network for group vertical handover at
the Nash equilibrium. In [7], an MADM selection algorithm is proposed for cognitive wireless networks.
The algorithm utilizes AHP to calculate attribute weights and employ TOPSIS to rank the networks.
However, it does not consider the objective weights of the attributes. Yu and Zhang [8] propose
a heterogeneous network selection algorithm that combines three typical MADM methods: FAHP,
Entropy, and TOPSIS. The user preferences and network properties are considered, combined with the
threshold to select the appropriate network access. The authors in [9] propose the integration of fuzzy
logic into Software Defined Networking (SDN) to assist in Femto Access Point and Device-to-Device
(D2D) discovery. Fuzzy logic is combined with AHP and TOPSIS, and the ultimate goal is to select
the network with the highest QoE score. Song et al. [10] proposed a network selection algorithm based
on FAHP, SD, and GRA. The algorithm utilizes FAHP and SD to respectively calculate the subjective
and objective weight for network attributes. Additionally, the GRA method is employed to rank the
candidate networks. Paper [11] proposes an algorithm that integrates fuzzy logic and MADM methods.
This algorithm ensures that the handover process is triggered at the right time and connects to the
optimal neighboring base station. Paper [12] proposes a novel handover decision algorithm. It utilizes
multiple factors as decision criteria and employs the MADM method to prioritize each factor based on
the mobile station’s location. Paper [13] proposes a Vertical Handover (VHO) algorithm based on a
multi-objective optimization model and takes into account the dynamic characteristics of the network
and QoS requirements of the users. Paper [14] presents a two-stage handover optimization algorithm



Progress In Electromagnetics Research B, Vol. 103, 2023 57

consisting of the handover initialization stage and network decision stage. It utilizes FAHP to assign
weights to key parameters and employs the Elimination and Choice Expressing Reality (ELECTRE)
method to rank different networks. In [15], the scores of all available networks are calculated based on
subjective weight and Entropy weight using SAW, MEW, and TOPSIS. The calculated scores are used
to determine the target network.

3. SYSTEM MODEL AND PRE-SCREENING MECHANISM WITH NETWORK

3.1. System Model

This paper considers a heterogeneous network system model composed of 5G macro base stations, 5G
micro base stations, LTE-A, and Wi-Fi 6 networks. The system model is illustrated in Figure 1. The
network parameters considered in the simulation include network bandwidth, delay, jitter, and packet
loss rate. The simulated 5G service types include Virtual Reality (VR)/Augmented Reality (AR)
services, healthcare services, intelligent transportation services, and industrial automation services.
The scenario includes multiple users, and it is assumed that terminals can perform a variety of services.
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Figure 1. Simulation system model.

3.2. Network Pre-Screening

Under multi-network coverage, the user’s motion status causes the set of optional networks to change
frequently during movement. In order to meet the normal execution of the business and reduce the
impact of the number of switching on the network, the difference between the user’s business is ignored,
and the unreasonable network is eliminated first. Considering that the RSS of some networks is relatively
weak, accessing these networks will affect the normal service transmission. At the same time, there are
many networks with relatively small coverage in the mobile path of mobile users, and high-speed mobile
users are easy to enter and leave the same network in a short time, resulting in unnecessary switching.
Therefore, this paper considers RSS and user movement speed to perform a quick pre-screening of
network collections.

3.2.1. Consider the Received Signal Strength

o 17 RSSn,m > RSSTH,n
“nm =0, RSSpm < RSSrm,

In formula (1), RSS,, m represents the signal strength of network n received by user m, and RSStw
represents the threshold for different network signal strengths.

Vne N, Vme M (1)
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3.2.2. Consider the User Movement Speed

Considering that the coverage area of Wi-Fi 6 and 5G micro base station is relatively small, there is a
potential for a ping-pong effect when the user’s speed is high. Therefore, we set the speed threshold. If
the user’s speed exceeds the threshold, the utility function will be 0; otherwise, it will be 1.

1, Vran > Vi and nis Wi — Fi 6 or 5G micro base station
Wom =10, Vra, <Vpandnis Wi— Fi 6 or 5G micro base station, VYn € N, Yme M (2)

1, nis LTE — A or 5G macro base station

In formula (2), Vi, represents the mobile speed of user m, and Vrp,, represents the threshold of
network n (Wi-Fi 6/5G micro base station) for accepting the mobile speed of the terminal.

3.2.8. Consider of RSS and User Movement Speed
Upre = Up,m * U, Vne N, VmeM (3)

n,m?

In formula (3), if the pre-screening utility value w,. of user m for all candidate networks is 0, the
network with the maximum RSS is selected for access.

Based on the heterogeneous network simulation scenario shown in Figure 1, the mobile paths of
high-speed mobile users passing through 5G MBS, 5G SBS», and LTE-A networks and passing through
5G MBS, Wi-Fi 63, and LTE-A networks are simulated, respectively. The changes in the optional
network set after the pre-screening stage are as follows: from the original 5G MBS, 5G SBS,, and
LTE-A networks to 5G MBS and LTE-A networks; from the original 5G MBS, Wi-Fi 63, and LTE-A
networks to 5G MBS and LTE-A networks. Obviously, the network pre-screening based on RSS and
user movement speed can effectively reduce the size of candidate networks and reduce unnecessary
switching. Therefore, pre-screening is scalable in 5G dense heterogeneous network systems and can
effectively reduce the system overhead caused by executing a complete algorithm for all networks in a
complex network environment.

4. DETERMINING THE WEIGHT OF SERVICE CHARACTERISTICS

4.1. Analytic Hierarchy Process

AHP is an analytical method for solving multi-objective decision-making problems. For a complex
system consisting of many interrelated and restrictive factors, the relationship between the factors can
be determined quantitatively by AHP. Therefore, the MASD algorithm uses AHP to consider multiple
attributes of networks and determine the subjective weights of attributes under different services.

1) Establish a Hierarchical Structure Model

The primary task of AHP is to establish a hierarchical structure and stratify the problem into the
target layer, criterion layer, and scheme layer [16]. The target layer is the optimization goal of the
problem; the criterion layer includes network properties, and the scheme layer is all feasible scheme
choices [17]. In this paper, the criterion layer is divided into two layers, and the hierarchical structure
model is shown in Figure 2. The first layer consists of three components: user preferences, service
quality, and available resources, represented as A = {P,Q,L}. The other layer addresses QoS for
different business requirements, including bandwidth, delay, packet loss rate, and jitter, represented as
B ={W,D,R,V}. These levels are both connected and mutually restricted.

2) Construct a Decision Matrix

Because different services have different requirements for various indicators of the network, it is
necessary to use a decision matrix to represent the importance of a business to different attributes of
the network [18]. In view of the difference in the impact of each network attribute on the business in
the criterion layer, the 1-9 scale method can be used to establish a decision matrix among network
attributes. Therefore, remember the first-level decision matrix A = (amn)sx3 and the second-level
attribute importance decision matrix By = (bmn)axa. Their properties are shown in formula (4) and
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Figure 2. Hierarchical structure model.

formula (5), respectively.

P Q L

AL [on a2 ai
Q | ax1 az a3
L | a1 a3 as3
A, > 0
1
Uy, = —— (4)
Anm
A = 1

where an,, represents the ratio of the importance of attribute m to attribute n in the first layer.

W D RV

W T b1t bz biz bisa
B =D | ba1 by bz by
R | b31 b3z b3z b3y
V Lbua bia bag by
bmn >0
1
bmn = 7
b (5)

where by, represents the ratio of the importance of attribute m to attribute n in the second layer, and
k corresponds to different business types.
3) Determine the Weight

The maximum eigenvalues Apax1 and Apaxe, along with the eigenvectors wi; and we of the decision
matrices A and B established for a specific business type, can be determined using the eigenvalue
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method. As shown in formula (6) and formula (7)
Awl = )\maxlwl (6)
BwQ = )\maXQwQ (7)
By normalizing the above feature vectors w; and ws, the weight value of each network attribute
can be obtained. Note that the attribute weight of the first layer is w’, and the attribute weight of the
second layer is w®. As shown in formula (8) and formula (9)
w' = [wiDv wé}? w/L] (8)
w® = [w%?w%>w§%vw€/] 9)
4) Consistency Check
Since the establishment of the above decision matrix is highly subjective, it is necessary to use a
consistency test to judge its rationality. The formulas for calculating the Consistency Index (CI) and
the average Random Index (RI) are shown in formula (10) and formula (11).
CI = Amax — 1
n—1
In formula (10), Apmax represents the maximum eigenvalue of the decision matrix, and n represents
the order of the decision matrix.

(10)

RI _ )\/max -n

n—1

In formula (11), A\, represents the average of the maximum eigenvalues of the matrix roots.

Using the ratio of CI to RI to calculate the Consistency Ratio (CR), as shown in formula (12)
CI
CR= 4 (12)

(11)

4.2. Standard Deviation

The SD method is mainly used to characterize the variation of data from the corresponding mean [2].
Since there is no human factor interference in the calculation process, SD is used in network selection
to calculate the objective weights of attributes. In network selection, the larger the standard deviation
of the attribute is, the greater the information is contained in the attribute, and a larger weight should
be assigned; vice versa. The main steps are as follows:

First, when a user is making a network decision, it is necessary to construct a parameter matrix C'
based on the attribute values of candidate networks.

C= (Cl'j) (13)
In formula (13), m represents the total number of networks, n the number of attributes, and c¢;;

the value associated with attribute j in network ¢ in the heterogeneous network.
Second, the matrix parameter ¢;; needs to be normalized to obtain the normalized parameter ¢}

mXxn

ot
, t=1,....m,j=1,...,n (14)

/
ij
i in the normalization matrix C”.

Third, the standard deviation o} of the network attribute j is calculated using formula (15).

2
m m
1
o; = Z(cgj—ch;]), 1=1,2,....m, j=1,2,...,n (15)

In formula (14), ¢, represents the value corresponding to the attribute j in the candidate network

i=1 i=1
Finally, o; is used to calculate the objective weight w$ of the network attribute j in formula (16).
o ,
w]Q: n] , =12 n (16)
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4.3. Allocation Coefficients for Subjective and Objective Weights

Based on the analysis conducted earlier, to ensure that the network selection results meet both the
user’s business requirements and the objective network performance, this paper adopts a minimization
mathematical model to maintain the optimality and consistency of subjective and objective network
utilities. In this context, the greater the total utility of subjective and objective QoS is, the more
optimal it is, and the smaller the deviation is, the more consistent it is [19]. The mathematical model
is as follows.

2
m n m n n
min F' = — Z Z(nw]s-’uij + Awjuiz) + Z anjuij — Z )\w;-’uij> (17)
i=1 j=1 i=1 \j=1 j=1
n n
SUEEHD SR
i J

=1 =1 (18)
n+A=1, 0<n<l 0<A<1

st

In formula (17)-(18), n and A respectively represent the allocation coefficients for subjective and
objective weights. wj represents the subjective weight for attribute j, w7 the objective weight for
attribute j, and wu;; the utility value of attribute j obtained in the scheme of network i.

The Lagrangian function L(n, A\, ) is given by formula (19), where pu is the Lagrange coefficient.

Let’s take the partial derivatives of the Lagrangian function L with respect to n, A, and u and set
them equal to zero. Then solving the formula (20) can get n and .

o -0

on o=

OF (20)
il =0

ax TH

n+A—-1=0

5. ESTABLISHMENT OF UTILITY FUNCTION

5.1. Attribute Utility Function

In heterogeneous network selection, the utility function is used to qualitatively and quantitatively
analyze the satisfaction of users with network attributes. First, the utility function should be
quadratically differentiable in the interval. Secondly, the utility function is a non-decreasing function.
Finally, the utility function must be monotonic. The Sigmoid function satisfies the above characteristics,
so it is suitable for the construction of utility functions in heterogeneous wireless networks.

The utility function is used to calculate the utility values of various services with respect to network
attributes, while also standardizing the attribute values. For benefit-type attributes, the higher the
attribute value is, the greater the utility value is, using the utility function u(z) as shown in formula (21);
for cost-type attributes, it is the opposite, so the utility function is 1 — u(x).

u(x) !

B 1+ ep(g—z)’
In formula (21), ¢ and p determine the center position and steepness of the Sigmoid function curve,
while o and § are the upper and lower threshold values of the attribute.
By using the Sigmoid function, the center position can be determined by the parameter q. By
adjusting the parameter p, the sensitivity of user business requirements can be reflected more accurately,
enabling a better understanding of the variations in network attribute standards.

B<z<a (21)



62 Wu et al.

5.2. User Preferences

In order to calculate the ranking of different user services with respect to each candidate network [7],
it needs to decompose the user service preference for the network. The calculation steps are as follows.

First, calculate the preference levels of the AR/VR, healthcare, intelligent transportation, and
industrial automation business types for the bandwidth, delay, packet loss rate, and jitter attributes.
Construct the relationship matrix between different business types and network attributes using AHP,
as shown the decision matrix By in Subsection 4.1. Then, calculate the corresponding weights matrix
Up = (upj), where b represents the business type, and j represents the network attributes.

Second, construct the relationship matrix between network attributes and candidate networks.
Since different network attributes have different importance to different networks, use the decision
matrix to construct bandwidth, delay, packet loss rate, and jitter for 5G macro base station (M), 5G
micro base station (5), LTE-A (L), and Wi-Fi 6 (W). Based on the varying network attributes, pairwise
comparisons are made to determine the importance of M, S, L, and W. The results of comparisons
are used to construct the decision matrix D;, and the corresponding weights matrix Up = (u;p) are
calculated using AHP, where j represents the network attribute, and n represents the network type.
Note that Dj = (dmn)ax4, which has the properties shown in formula (22).

M S L W
M [ diyn diz dig dig
D;= 58 | do1 dao daz doy
L | d31 ds32 d3z d3s
Wl dy dig diz dag

Amn >0
Qo = —— (22)
dnm
Ay = 1
where j corresponds to different network attributes, 7 = 1,2,...,n. dm, represents the ratio of the

importance of candidate network m to candidate network n.
Finally, the user preference value Upyreference Of different services on various networks is defined as
shown in formula (23) [20].

UPreference =Up*Up (23)

5.3. Utility Function of Network Load

Considering that both service quality and user preferences are viewed from the user’s perspective, users
tend to prioritize networks with better performance. As a result, some networks may become heavily
loaded while others remain relatively idle, wasting network resources. Therefore, in network selection,
network load balancing should also be considered on the basis of ensuring user service experience.

Network load can directly reflect the degree of network congestion. By considering the network
load while satisfying user preferences, it is possible to achieve balanced network resource allocation.
The network load rate [ is defined as in formula (24).

_Gn
Qt
In formula (24), @, represents the resources occupied by the already connected services in the

network, and @Q; represents the total resources of the network.
The utility function Uryeq of the load is shown in formula (25) [21].

l (24)

1—e=0 <8
ULoadU) - {0’ I > /B (25)
0<i<1 (26)

In formulas (25)—(26), [ represents the size of the load attribute value of the current network. « is
the adjustment factor, and § represents the load property threshold.
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6. MULTI-ATTRIBUTE SYNERGETIC DECISION-MAKING ALGORITHM

6.1. Synergetic Theory

Synergetics is an emerging discipline, created by Professor Harken, which focuses on the evolution of
a system from a disordered state to an ordered state. A composite system is composed of multiple
subsystems, and each subsystem has a cooperative and synergistic effect through nonlinear interaction,
so the whole system has a certain self-organizing structure. The order parameter is an important concept
of synergetics, which dominates the movement of each subsystem.

In this paper, Synergetic theory is applied to the selection of heterogeneous wireless networks.
We regard heterogeneous network selection as a systematic problem, and each candidate network is
considered as a complex system. It takes into account both network and user perspectives, with the
complex system consisting of three subsystems: service quality, user preferences, and available load. The
selection of the candidate network is determined by the coordination degree of the three subsystems,
the higher the coordination degree, the better the network performance.

6.2. Network Sorting and Selection

Obtain the weight and utility value of the order parameter components of the three subsystems, and
use SAW to calculate the order degree u, of the candidate network subsystem.

n
up:prjupj, p=12,...,k (27)
j=1

n
dwy =1, p=1,2,...,k (28)
j=1

In formulas (27)—(28), wy; and u,; are the weights and utility function values of the order parameter
component j in the candidate network subsystem p, respectively.

Using a single subjective weight value for the final network selection can result in biased decision
outcomes. Therefore, to ensure the rationality of the final decision, it is necessary to comprehensively
consider the influence of both subjective and objective factors. Based on the allocation coefficients 7
and A obtained from 4.3, the comprehensive subjective and objective weights w,,; for each attribute can
be calculated.

wp; = nwp; +Awps,  j=12,...n, p=12,...k (29)

In formula (29), wy; is the subjective weight of attribute j in subsystem p, and wp; is the objective
weight of attribute j in subsystem p.

The better the overall order of the system is, the higher the degree of cooperation is among the
candidate network subsystems [22]. The order degree of the system can be expressed by the size of
entropy in information theory, so the concept of entropy is used to reflect the degree of coordination
among subsystems. The smaller the system entropy value is, the better the overall order of the system is,
and the corresponding network ¢ is the optimal network. The system entropy value U; of the candidate
network ¢ is specifically expressed as follows.

k
Ui = - pr kuzp 10g< kulp> ’ 1= 1727 ey N, p= 1727 ak (30)
p=1

In formula (30), w, represents the importance of subsystem p in the total system, which is the
weight of the first layer determined by AHP in 4.1. wu;, is the order degree of subsystem p in candidate
network 4.

6.3. Algorithm Flow

The flowchart of the network selection algorithm in this paper is shown in Figure 3. The process is
roughly as follows: First, pre-screen the network according to the user’s received signal strength and
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Figure 3. Algorithm flow chart.

moving speed. Secondly, the network attribute judgment matrix is constructed under different business
scenarios, and the subjective and objective weights are respectively obtained by using AHP and SD.
Then calculate the order degree of the order parameter component of the subsystem, and combine the
comprehensive weight to obtain the order degree of the subsystem. Finally, collaborate with the three
subsystems of QoS, user preference, and available resources to obtain the system entropy values of
candidate networks. At the same time, perform network ranking and selection.

7. SIMULATION AND ANALYSIS

7.1. Simulation Parameters Setting

In the experiment, the HetNets system consists of 5G macro base stations, 5G micro base stations,
LTE-A and Wi-Fi 6 networks. For the ease of observation and analysis, consider that four types of
networks can accommodate the same number of users. Assuming that user services follow the Poisson
distribution, the arrival rate A is set to 0.05. The service time follows an exponential distribution with
a mean of 120s. The basic properties of networks are shown in Table 1.

The relative importance value of the judgment matrix in this paper is only the subjective evaluation,
which is mainly used to explain the idea of the algorithm, and the specific value can be adjusted flexibly
according to the actual situation. In this paper, the first-layer decision matrix A in heterogeneous
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Table 1. Network simulation parameters.

65

parameters 5G maczi/[ l])gass>e station 5G mmr(()stl)gass)e station WiFi 6 | LTE-A

Number of networks 1 2 3 1

Coverage (m) 1000 250 150 1000
Bandwidth (Mbps) 900 700 600 500
Delay (ms) 1 0.5 5 15
Packet loss rate 1 0.5 3 8
Jitter (ms) 2 1 3 10

Number of networks 200 200 200 200

network selection is shown in Table 2.

For the second layer decision matrix, the QoS indicator

decision matrix By, of different business types constructed in this paper is shown in Table 3. Among
them, VR/AR services have high quality requirements for image quality, so it needs large bandwidth.
Healthcare services require high demands on delay, jitter, and packet loss rate. Intelligent transportation
services require ultra-low delay and high reliability connection. Industrial automation services have the
highest demand for network delay and reliability. The relationship matrix D; between different network
properties and candidate networks in this paper is shown in Table 4.

Table 2. The decision matrix of the first layer.

Network | @ | P | L
Q 1 1212
P /2111
L /2111

Table 3. Decision matrices for different service types.

Intelligent t tati Industrial automati
VR/AR services | Healthcare services ntethigen rz.mspor ation naustiia a.u omation

Services Services
111 11 111
1357 1753 1532 1553
5135 7123 5128 6124

11 1 1 1
P i) 1 i)
7531 23351 3851 23351

Table 4.

Decision matrices for different attributes.

Bandwidth Delay Packet loss rate Jitter
1111 1111 1111 1111
S IS O I S O I 5
8513 6213 62131 3211
53%1 7321 7321 5321




66 Wu et al.

7.2. Simulation Result Analysis

In order to verify the performance of the algorithm proposed in this paper, the comparative analysis
of relevant evaluation indicators is carried out using the MATLAB simulation platform. The MASD
algorithm is compared with network selection algorithm based on QoS Requirement (QR), network
selection algorithm based on QoS and User Preferences (QAUP), and network selection algorithm based
on Multi-Attribute TOPSIS (MAT), and the pros and cons of the algorithm are measured from the three
performance indicators of switching times, network sorting selection, and load balancing.

7.2.1. Analysis of the Number of Handoffs

The used simulation scenario is illustrated in Figure 1, where multiple overlapping heterogeneous
networks are formed by the four types of wireless networks. Users are randomly distributed in the
area at the initial moment, assuming that the user’s maximum moving speed is 30 m/s, and the moving
speed and direction are randomly changed at regular intervals. The degree of ping-pong effect of the
algorithm is measured by counting the number of handoffs caused by the difference in the optimal
network for each mobile user during each business continuation process.

The number of handoffs of the four algorithms in Figure 4 increases with an increase in the number
of users. The number of handoffs of the MASD algorithm is lower than that of MAT, QR, and QAUP
algorithms when the number of users is different. The reason is that the MASD algorithm effectively
considers the impact of mobile speed and RSS on the network selection of mobile users. It includes a
pre-screening process for networks, which reduces the set of candidate networks that users can choose
from. This helps to minimize the number of handoffs due to limited network coverage when users have
high mobility, thereby reducing the occurrence of ping-pong effects.

3500 T T T

3000

2500

2000

1500

Number of Handoff

1000

500

O 1 L 1 L L 1 L 1
50 100 150 200 250 300 350 400 450 500

Number of Users

Figure 4. Number of handoff.

7.2.2. Network Sorting and Selection

1) The QR algorithm and MASD algorithm are simulated under different services. The simulation
results are shown in Figure 5.

Figure 5 shows that for AR/VR services, the selection and ranking of each network in the QR
algorithm is 5G micro base station > 5G macro base station > Wi-Fi 6 > LTE-A. In the MASD
algorithm, the order of network selection is 5G macro base station > 5G micro base station > Wi-Fi 6
> LTE-A. The reason is that there is a minimal difference in the total utility values of QoS between 5G
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Figure 5. Network selection and ranking of different algorithms under four business types.

macro base stations and 5G micro base stations, and both options satisfy the user’s requirements. The
MASD algorithm takes into account the ranking of the importance of network attributes under different
business requests, as well as the preferences of different business types for candidate networks. The
AR/VR business prefers high bandwidth, so it is more reasonable to select the 5G macro base station
as the best access network.

For healthcare services, intelligent transportation services, and industrial automation services, there
is a high demand for network latency and reliability. The preference order of the two algorithms for
different networks is as follows: 5G micro base stations > 5G macro base stations > Wi-Fi 6 > LTE-
A. The MASD algorithm considers the user’s preference for the network. The ranking result is the
same as the QR algorithm. In terms of latency and reliability, 5G micro base stations exhibit the best
performance. Therefore, for the three business types of healthcare business, intelligent transportation
business and industrial automation business, the results of the network selection and sorting of the two
algorithms are the same, which is in line with the actual situation.

2) By simulating a single user moving in different heterogeneous network environments and
obtaining the network selection results of the simulated user, the accuracy and effectiveness of the
MASD algorithm are validated. Assuming that the speed of the mobile user satisfies V' < Vg, and
the user only runs a single service at a certain moment, the user selects network access according to
different service requests at different moments.

The simulation scene is shown in Figure 6. The heterogeneous network consists of one 5G macro
base station, one LTE-A network, three Wi-Fi 6 networks, and two 5G micro base stations. Assuming
that the user moves from left to right at a constant speed, from point A in the figure to point k, the user
initiates AR/VR business at point A (T1 moment); when moving to point £ (T5 moment), the AR/VR
services ends, the user initiates healthcare services; after the user arrives at point H at T8 moment,
intelligent transportation services are initiated; finally, the user moves to point J at T10, the business
type requested by the user is industrial automation. Through simulation, the network selection result

at each moment is shown in Figure 7.
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The entire process will be analyzed below, and the correctness and effectiveness of the user’s choice
to access the network at each moment in this algorithm will be examined.

At T1-T4 moment, the service type requested by the user is AR/VR service. Point A is only
covered by MBS, so the optional network for the terminal is only MBS, and the user accesses MBS.
From T2 to T4, the mobile user is in the common coverage area of MBS and Wi-Fi 61, MBS, SBS; and
Wi-Fi 61, MBS and SBSy, respectively. AR/VR services have higher bandwidth requirements, and the
simulation network parameter table shows that the 5G macro base station has the largest bandwidth,
which is more suitable for completing AR/VR services, so the terminal chooses to access the 5G macro
base station, which is in line with the actual situation.

At T5-T7 moment, the mobile user is in the common coverage area of MBS, LTE-A and SBS;,
MBS, LTE-A and Wi-Fi 69, MBS, LTE-A, Wi-Fi 62 and SBSs, respectively. The type of service initiated
by the user is healthcare service, which requires low latency, jitter, and packet loss rate. According to
Figure 5, the selection ranking of the four networks is as follows: 5G micro base stations, 5G macro
base stations, Wi-Fi 6, and LTE-A. Therefore, at point E, the terminal will choose to connect to SBS;.
At point F, the terminal will choose to connect to MBS. At point G, the terminal will choose to connect
to SBSQ

At T8, the user is in the coverage area of LTE-A and SBSs, and the total utility value of the 5G
micro base station is larger than the LTE-A network, so the terminal accesses SBSo. At T9, the user is
in the coverage area of LTE-A, Wi-Fi 63, and SBSs, and the ranking of SBSy is higher than the other
two networks, so the terminal accesses SBS,. The service initiated by the terminal at moment T8 and
T9 is intelligent traffic service, which is preferred for the property of delay. The 5G micro base station
is more popular because of its smaller delay attribute, so the choice is in line with the actual situation.

At T10, the user is in the overlapping coverage area of LTE-A and Wi-Fi 63, and the service type
initiated is industrial automation service. From the ranking of the two, it can be seen that the terminal
accesses Wi-Fi 63. At T11, the user is only within the coverage of the single network of LTE-A, and
the service is directly provided by LTE-A network.

7.2.83. Load Balancing

To verify the performance of the algorithm, the simulation is considered to take place in the overlapping
part of 5G macro base station, 5G micro base station, Wi-Fi 6 and LTE-A network. It is assumed that
the user is stationary in the area, and the user is at a random location. The service arrival rate of users
obeys a Poisson distribution with A = 1/20, and the service time obeys an exponential distribution with
a mean of 120s.
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1) Assuming that users can request different types of services, evaluate the change in blocking rate
with an increasing number of users under the QR, QAUP, MAT, and MASD algorithms, considering
the variability in service selection results for each user.

Figure 8 shows the changes in the access blocking rates of the four algorithms as the number of
users increases. By observing the changes in the curves in Figure 8, it can be concluded that as the
number of users increases, the blocking rate increases for all four algorithms. When the number of users
reaches about 40, the QAUP and QR algorithms begin to block; when the number of users reaches
about 80, the MAT algorithm begins to block; the MASD algorithm starts to block when the number
of users is 120. The blocking rate of the MASD algorithm is lower than the other three algorithms in
the case of different user numbers. The reason is that the access mechanisms of QR and QAUP cause
a large number of users to preferentially access their preferred network without taking into account
changes in network load. So the network blocking rate will increase, and blocking will occur when the
number of users is small. Although the MAT algorithm reduces the blocking rate to some extent, the
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Figure 8. The change of blocking rate with the number of users.
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Figure 10. Network access status under healthcare services.
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Figure 11. Network access status under intelligent transportation services.

effect is not as good as the MASD algorithm. The reason is that MASD takes into account the quality
of network service, user preferences, and available load, effectively reducing traffic congestion.

2) Observe the changes of QR and MASD algorithms in user access networks under different business
types, and evaluate their performance. In order to observe the dynamics of user selection, it is assumed
that all users request the same type of service, and the four networks accommodate the same number
of users.

From Figures 9-12, it can be observed that in the four different types of business scenarios, the gap
in network access proportions between the two algorithms decreases as the number of users increases.
The reason is that as the number of users increases, the available resources of the network decrease,
and finally the access proportion of each network tends to be about 25%. Because the MASD algorithm
considers the available load, and the QR algorithm gives priority to the network with better total utility
of QoS, the network load of the MASD algorithm is more balanced under different numbers of users.

Furthermore, for the AR/VR business, as shown in Figure 9, when network resources are abundant,
the network access situation of the MASD algorithm satisfies 5G macro base station > 5G micro-macro
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Figure 12. Network access status under industrial automation services.

base station > Wi-Fi 6 > LTE-A under different numbers of users. For the other three business types, as
shown in Figures 10-12, when the network is rich in available resources, the MASD algorithm network
access ratio is 5G micro base station > 5G macro base station > Wi-Fi 6 > LTE-A, and the network
access ratio under the four business types is in line with the user’s preference. The MASD algorithm
considers the user’s preference and QoS requirement so that the 5G macro base station and 5G micro
base station are better choices. At the same time, the actual network load is also considered to avoid
network congestion caused by excessive selection of service requests for the same network and improve
the utilization rate of network resources. This shows that the MASD algorithm synergizes QoS, user
preference for the network, and available load.

8. CONCLUSION

This paper proposes a heterogeneous wireless network selection algorithm that combines service
characteristics, user preferences, and network load. Meanwhile, the algorithm considers multiple decision
attributes to comprehensively evaluate candidate networks. In this algorithm, the utility value of
network attributes for different services is considered; the comprehensive weight of network attributes
is obtained by combining AHP and SD; and the order of entropy values of candidate network systems
is obtained by using synergistic theory. The simulation results indicate that the algorithm proposed in
this paper is capable of connecting users to the most suitable network based on their business types.
Additionally, the algorithm effectively reduces the number of handoffs through pre-screening in high-
speed scenarios. In low-speed scenarios, the algorithm can achieve a certain level of load balancing by
considering the collaborative QoS, user preferences, and available load based on the requested business

types.

ACKNOWLEDGMENT

This work was supported by the Scientific Research Climbing Project of Xiamen University of
Technology (Grant No. XPDKT19006), High-level Talent Project of Xiamen University of Technology
(Grant No. YKJ20013R, and No. YKJ22030R), Natural Science Foundation of Fujian Province
(Grant No. 2022J011276), Education and Scientific Research of Young Teacher of Fujian province
(Grant No. JAT190677, No. JAT200471, and No. JAT200479), and Postgraduate Science and
Technology Innovation Project of Xiamen University of Technology (Grant No. YKJCX2021085 and
No. YKJCX2022081).



72 Wu et al.
REFERENCES
1. Zheng, W., Z. Zhang, and Z. He, “A network accessing algorithm for 5G integrated networks,”

10.

11.

12.

13.

14.

15.

16.

17.

18.

Journal of Chongging University of Posts and Telecommunications (Natural Science Edition),
Vol. 28, No. 5, 694-700, 712, 2016.

Yu, H. and B. Zhang, “A hybrid MADM algorithm based on attribute weight and utility value for
heterogeneous network selection,” Journal of Network and Systems Management, Vol. 27, 756783,
2019.

Goyal, P.; D. Lobiyal, and C. Katti, “Dynamic user preference based network selection for vertical
handoff in heterogeneous wireless networks,” Wireless Personal Communications, Vol. 98, 725-742,
2018.

Zhu, A., S. T. Guo, B. Liu, M. Ma, J. Yao, and X. Su, “Adaptive multiservice heterogeneous
network selection scheme in mobile edge computing,” IEEFE Internet of Things Journal, Vol. 6,
No. 4, 6862-6875, 2019.

Guo, X., M. Omar, K. Zaini, G. Liang, M. Lin, and Z. Gan, “Multi-attribute access selection
algorithm for heterogeneous wireless networks based on fuzzy network attribute values,” IFEFE
Access, Vol. 10, 74071-74081, 2022.

Chen, J., Y. Wang, Y. Li, and E. Wang, “QoE-aware intelligent vertical handoff scheme over
heterogeneous wireless access networks,” IEEE Access, Vol. 6, 38285-38293, 2018.

Zhong, Y., H. Wang, and H. Lv, “A cognitive wireless networks access selection algorithm based
on MADM,” Ad Hoc Networks, Vol. 109, 102286, 2020.

Yu, H. and B. Zhang, “A heterogeneous network selection algorithm based on network attribute
and user preference,” Ad Hoc Networks, Vol. 72, 68-80, 2018.

Sadik, M., N. Akkari, and G. Aldabbagh, “SDN-based handover scheme for multi-tier LTE/Femto
and D2D networks,” Computer Networks, Vol. 142, 142-153, 2018.

Song, X., W. Liu, M. Zhang, and F. Liu, “A network selection algorithm based on FAHP/GRA
in heterogeneous wireless networks,” 2016 2nd IEEE International Conference on Computer and
Communications (ICCC), 1445-1449, TEEE, 2016.

Liu, Q., C. Kwong, S. Zhang, L. Li, and J. Wang, “A fuzzy-clustering based approach for MADM
handover in 5G ultra-dense networks,” Wireless Networks, Vol. 28, 965978, 2022.

Kalbkhani, H., S. Jafarpour-Alamdari, M. G. Shayesteh, and V. Solouk, “QoS-based multi-criteria
handoff algorithm for femto-macro cellular networks,” Wireless Personal Communications, Vol. 98,
1435-1460, 2018.

Wang, S., H. Deng, R. Xiong, G. Liu, Y. Liu, and H. Liu, “A multi-objective model-based
vertical handoff algorithm for heterogeneous wireless networks,” EURASIP Journal on Wireless
Communications and Networking, Vol. 1, 1-18, 2021.

Dhand, P., S. Mittal, and G. Sharma, “An intelligent handoff optimization algorithm for network
selection in heterogeneous networks,” International Journal of Information Technology, Vol. 13,
No. 5, 2025-2036, 2021.

Goutam, S., S. Unnikrishnan, A. Karandikar, and A. Goutam, “Algorithm for vertical handover

decision using geometric mean and MADM techniques,” International Journal of Information
Technology, Vol. 14, No. 5, 2691-2699, 2022.

Sasaki, M., A. Yamaguchi, K. Yamazaki, and Y. Imagaki, “Evaluation of communication system
selection applying AHP algorithm in heterogeneous wireless networks,” Communications and
Applications Conference (ComComAp), 334-338, Hong Kong, China, 2012.

Ma, M., A. Zhu, S. Guo, and Y. Yang, “Intelligent network selection algorithm for multiservice
users in 5G heterogeneous network system: Nash Q-learning method,” IEEE Internet of Things
Journal, Vol. 8, No. 15, 11877-11890, 2021.

Wang, X., X. Su, and B. Liu, “HetWN selection scheme based on bipartite graph multiple

matching,” International Conference on Communications and Networking in China, Cham:
Springer International Publishing, China, October 23-25, 2018.



Progress In Electromagnetics Research B, Vol. 103, 2023 73

19.

20.

21.

22.

Sun, Z., “Research on network selection method and multi-user access technology in VLC-based
indoor hybrid networks,” M.S. Thesis, Xidian University, 2018.

Liang, G. and H. Yu, “Network selection algorithm for heterogeneous wireless networks based on
service characteristics and user preferences,” EURASIP Journal on Wireless Communications and
Networking, 1-16, 2018.

Luo, R., S. Zhao, and Q. Zhu, “Network selection algorithm based on synergetic for heterogeneous
wireless,” Telecommunications Science, Vol. 33, No. 4, 78-86, 2017.

Zhang, L. and Q. Zhu, “Multiple attribute network selection algorithm based on AHP and
synergetic theory for heterogeneous wireless networks,” Journal of Electronics, Vol. 31, No. 1,
29-40, 2014.



