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ABSTRACT Topology control in next-generation wireless networks has recently attracted the interest of
several researchers. The network performance is significantly affected by the topology. Therefore, creating
an optimal topology is essential, particularly in fifth-generation (5G) networks, where latency, throughput,
energy efficiency, and other performance metrics are highly stringent. In this study, we investigated topology
control algorithms in 5G-based mobile ad-hoc networks (MANET). A novel algorithm, namely Topological
control by Flexibly Adjusting the Coverage Radius (TFACR)was proposed to improve network performance.
The main idea of the TFACR algorithm is to adjust the communication range flexibly to obtain the desired
degree of nodes. The degree constraint of the neighboring nodes is considered each time a node adjusts
the communication area to ensure node degree balancing throughout the network topology. The TFACR
algorithm is implemented in the OMNET++ and INET frameworks using the Reinforcement Learning-
based routing protocol (RLRP), Ad-hoc On-demand Distance Vector (AODV) and Destination Sequenced
Distance Vector (DSDV) routing protocols to evaluate its performance. The simulation results proved that
the proposed algorithm outperformed well-known topology control algorithms in terms of the average node
degree, quality of transmission, and energy consumption. This is suitable for 5G-based MANET.

INDEX TERMS 5G-basedMANET, topology control algorithm, TFACR, next generation wireless network.

I. INTRODUCTION
Wireless communication technology is rapidly evolving and
plays an increasingly important role in data communication
networks. Among wireless network models, mobile ad-hoc
networks (MANET) are increasingly being applied in many
fields such as smart cities, smart agriculture, smart traffic,
and IoT ecosystems [1]. A MANET operates as a peer-
to-peer network without central control. Because the nodes
move frequently, the topology also changes. Consequently,
the routing table at each node must be updated regularly in
response to topology changes [2]. Figure 1 shows an example
of a wireless ad-hoc network in which the topology and
routing tables are updated owing to the node movement.
Consider the case shown in Figure 1a. According to the
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wireless ad-hoc network principle, if two nodes are within
their coverage range, they are connected via a wireless link.
Consequently, a topology comprising seven nodes and eight
wireless links is formed. Assuming that a count hop-based
routing algorithm (such as Dynamic Source Routing (DSR)
[10], Destination Sequenced Distance Vector (AODV) [11],
or others) is used, the route from A to G is A → B →
D→ G based on the information stored in the routing table
of the nodes. After a certain period, node G moves to a new
location (Figure 1b). The wireless links between D and G
ware disconnected because the distance between them was
greater than the coverage radius. Because of the topology
change, the routing table at the nodes must also be updated.
Therefore, the route from A to G changes along to A→ C→
E→ F→ G.

Recently, 5G-based MANET have been researched and
deployed to broaden the application scope of MANET in
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FIGURE 1. An example of topology and routing table which are updated in 5G-based MANET.

the context of growing 5G network technology [1], [3], [4],
[5], [6], [7], [8], [9]. An outstanding characteristic of 5G
network technology is the use of broadband transmission
channels. This allows for improved throughput and reduced
end-to-end delay in 5G-based MANET. However, because
the traffic demand in 5G-based MANET is high, network
nodes are frequently subjected to heavy traffic loads. This
is a significant challenge for 5G-based MANET in terms
of ensuring quality of service (QoS). Therefore, improving
the performance of 5G-based MANET has recently attracted
the attention of several research groups. Some of the more
common topics that have been deployed include routing
protocols [12], [13], [14], [15], [16], [17], [18], network
topology control [19], [20], [21], [22], [23], [24], [25],
[26], [27], mobility models [28], [29], [30], and network
performance evaluation [31], [32], [33]. Among these topics,
topology control is the most interesting. This NP-hard
problem cannot be solved using conventional algorithms.
Therefore, approximate optimization methods are often used
to solve this problem. Some methods have recently been
implemented such as local approximation methodologies
[34], fuzzy logic [27], and machine learning algorithms
[23], [35], [36]. In this study, we propose an optimal
algorithm to solve the topology control problem for 5G-based
MANET, called Topological control by Flexibly Adjusting
the Coverage Radius (TFACR). The main contributions of
this study are as follows.
(i) We propose TFACR, a novel topology control algorithm

for 5G-based MANET, to improve its performance. The
main goal of the TFACR algorithm is to build a topology
for 5G-based MANET with the degree of each node
being close to the desired degree. This is achieved by
flexibly adjusting the communication range of each node
under the degree constraints of its neighbors.

(ii) We implement the TFACR and some other topology con-
trol algorithms in conjunction with the Reinforcement
Learning-based routing protocol (RLRP), Destination
Sequenced Distance Vector (DSDV) and AODV routing

protocols on a 5G-based MANET using the OMNeT++
and INET framework to evaluate the performance of the
topology control algorithms.

There are two major distinctions between the proposed
method and the earlier approaches. First, when a node adjusts
the communication area to change its degree, the degree
constraint of its neighbors is considered. This is done to avoid
a single node from being disconnected from the network
and to equalize the degree of all nodes in the network.
Second, the proposed topology control algorithm in this
work is considered for 5G-based MANET, in which there
is a combined operation of MANET nodes and 5G network
nodes.

The remainder of this paper is organized as fol-
lows. Section II investigates published works. Section III
describes the topology control problem in 5G-basedMANET.
Section IV presents the proposed algorithm. The experimen-
tal results and discussion are presented in Section V. Finally,
concluding remarks and promising future study topics are
provided in Section VI.

II. RELATED WORKS
In MANET, if nodes are within the coverage range of each
other, a wireless link connects them by default. As a result,
there are some cases where the network topology has many
wireless links, especially in the case of 5G-based MANET
with dense node density. A topology with many wireless
links has both advantages and disadvantages. The advantage
is that the greater the number of wireless links, the greater
the network connectivity. The disadvantage is that the higher
the number of links, the higher the degree of each node,
resulting in the nodes spending more energy to maintain
the link. Another major disadvantage of wireless multi-
link network topology is that cross-channel interference
significantly affects the quality of service. Therefore, it is
necessary to control the topology such that the degree of
each node or the number of wireless links in the network
is moderate and suitable for the configuration and traffic
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TABLE 1. The notations used for the paper.

load in the network. However, because topology control is
an NP-hard problem, it cannot be solved using conventional
algorithms. Determining the most efficient topology control
algorithm is a significant challenge. Consequently, approxi-
mate optimization methods are frequently used to solve this
problem. This method has recently been used by several
research groups.

The authors of [23] proposed an energy efficient topology
control algorithm, namely Reinforcement Learning-based
Communication Range Control (RL-CRC). The RL-CRC
algorithm uses reinforcement learning to adaptively adjust
the communication range of each in wireless sensor network.
According to the simulation results, the RL-CRC consumes
significantly less energy than traditional methods while
retaining the same average communication range and node
degree. In [25], the authors proposed a topology control
algorithm for ad-hoc networks, namely Local Tree-based
Reliable Topology (LTRT). It has been theoretically demon-
strated that the LTRT algorithm ensures k-edge connection
while maintaining the properties of the local minimal
spanning tree. The efficiency of LTRT and its superiority over
other localized algorithms were demonstrated by simulation
results. In [26], a topology control algorithm called the Fault-
tolerant Local Spanning Subgraph (FLSS) was proposed for
wireless ad-hoc networks. The FLSS algorithm minimizes
the maximum transmission power used in the network.
According to the simulation results, FLSS not only has
better power efficiency than existing fault-tolerant topology
control algorithms but also leads to a higher network capacity.
In [37], the authors proposed a topology control algorithm
for wireless sensor networks based on a minimum spanning

tree (MST). Comparedwith existing algorithms, the proposed
algorithm can generate an optimal topology in less time.

Topology control using fuzzy logic has recently also been
implemented by several research groups. In [27], a novel
Fuzzy logic-based Topology Control (FTC) algorithm was
proposed with the main objective of improving network
connectivity. The FTC algorithm adaptively changed the
communication range to achieve the desired average node
degree. The performance of the FTC algorithmwas compared
with other well-known algorithms by using a simulation
method. In [40], the authors proposed a balanced network
topology control method based on the fuzzy analytic hierar-
chy process (FAHP). The network topology was constructed
using four criteria: residual energy, node degree, node depth,
and transmission power. Experiments demonstrated that the
proposed method can ensure robust link quality, effectively
improve data throughput, and reduce power consumption.

Recently, software-defined networks (SDN) have been
used to solve topology control problems [38], [39]. For this
method, the authors of [38] proposed an energy-efficient
hierarchical topology control (EEHTC) algorithm for wire-
less sensor networks. The proposed EEHTC algorithm is
divided into two parts: lower-layer topology control (LTC)
for common sensor nodes (CSNs) and upper-layer topology
control (UTC) for software-defined sensor nodes (SSNs). The
simulation results show that, compared to other algorithms,
the EEHTC algorithm can effectively extend the network
lifetime and reduce node energy consumption.

Topology control is critical for improving network per-
formance. This problem can be resolved in several ways.
In this study, we proposed TFACR, a new and efficient
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FIGURE 2. An example of determining the coverage radius to be adjusted for a node.

topology control algorithm for 5G-based MANET. The
TFACR algorithm dynamically adjusts the coverage radius
of the nodes while considering that their degree of neighbors
maintains the node degree balance and achieves the desired
node degree. Details of the proposed algorithm and related
content are presented in the following sections.

III. TOPOLOGY CONTROL PROBLEM
In this section, we discuss the topological control problem
in 5G-based MANET. First, several relevant concepts and
metrics are introduced. Subsequently, the topology control
problem is presented. Table 1 describes the notations used in
the following sections.

A. CONCEPTS AND METRICS
1) NEIGHBOR NODE
Nodes I and J are considered neighbors of each other if and
only if they are within the coverage radius of each other.
Let αi,j be a variable indicating whether nodes I and J are
neighbors of each other, return to 1 if I and J are neighbors,
and return to 0 otherwise. Then, αi,j is determined by

αi,j =

{
1 if di,j ≤ Max(ri, rj)
0 otherwise

(1)

where ri and rj are the coverage radius of the nodes I and
J , respectively. di,j is the distance between nodes i and j,
calculated by

di,j =
√
(xi − xj)2 + (yi − yj)2 (2)

where pairs (xi, yi) and (xj, yj) are the coordinates of nodes i
and j, respectively.

2) NODE DEGREE
The degree of a node is defined as the number of neighbors
of that node [25]. Let δi be the degree of node I , then δi is
calculated as

δi =

N∑
j=1

αi,j (3)

where αi,j is a variable that indicates whether nodes I and J
are neighbors, determined according to (1).

B. TOPOLOGY CONTROL PROBLEM
Consider a 5G-based MANET with n nodes represented by
the set N = {i|i = 1..n}, including x nodes of the 5G
network and n - x MANET nodes. In addition, the network
system has 5G base stations, as illustrated in Figure 3. We use
the assumption as in [25] that each node can control its
transmit power to change the coverage radius to reduce
energy consumption. Let ri be the coverage radius of node
i, 0 < ri ≤ rmax , where rmax is the maximum coverage
radius of the nodes. For each pair of nodes i, j ∈ N , if they
are neighbors, that is, αi,j = 1 according to (1), a wireless
link is established between them. MANET nodes connect to
5G nodes to access the multimedia services of 5G networks.
5G nodes act as gateways forMANET nodes connected to 5G
network base stations. The combination of all the nodes and
wireless links forms the network topology.

Topology control is defined as the control of technical
parameters of a network system to achieve an optimal
topology. The optimal objective of the topology depends
on the requirements of the network system. For 5G-based
MANET, the main objectives are to improve throughput,
energy efficiency and reduce latency. These objectives were
considered in this study.

In a 5G-based MANET, the topology depends mainly
on the coverage radius and location of the nodes. Thus,
topology control can be achieved by adjusting technical
parameters. In this study, a method for flexible adjustment
of the coverage radius was used in the proposed algorithm.
Details are provided in the following sections.

IV. PROPOSED ALGORITHM
In this section, we present our proposed TFACR algorithm.
To obtain an optimal topology, the nodes must adjust the
coverage radius such that its degree is close to the desired
value. In a 5G-based MANET, it is difficult to choose a
suitable coverage radius value for adjustment because when
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TABLE 2. Simulation parameters.

FIGURE 3. Snapshot of a 5G-based MANET simulation topology using
OMNET++.

the coverage radius of a node changes, it can affect the degree
of neighboring nodes. For the proposed TFACR algorithm,
the coverage radius of each node was reduced to an optimal
value if the degree of that node is greater than the given
desired node degree. Let k be the desired node degree, δi be
the degree of the node i. In the case that δi ̸= k , the coverage
radius of node i is adjusted by value c(a)i , calculated by

c(a)i = αc(a)up + (1− α)c(a)low; (4)

Algorithm 1 Adjust the Coverage Radius at Node u Using
the TFACR Algorithm
Input: G(U ,E), k, kmax , α, hello packets coming from all

neighbors of i
Output: The adjusted coverage radius of node i (ci)
Method:
1: for (each received hello packet from neighbor j of i) do
2: Read information of rj and δj;
3: end for
4: Compute δi based on rj,∀j ∈ Ni and ri;
5: if (δi > k) then
6: Ci← ∅;
7: c(a,m)i ← cmax ;
8: c(a)i ← 0;
9: for (each j ∈ Ni) do

10: ci,j← ri − di,j;
11: Ci← Ci ∪ {ci,j};
12: if (δj < k) then
13: if (c(a,m)i > ci,j) then
14: c(a,m)i ← ci,j;
15: end if
16: end if
17: if (δj >= kmax) then
18: if (c(a,p)i < ci,j) then
19: c(a,p)i ← ci,j;
20: end if
21: end if
22: end for
23: Sort Ci in descending order;
24: c(a)up ← Ci[k + 1];
25: c(a)low← Ci[δi];
26: Determine coverage radius to adjust (c(a)i ) using (4);
27: if (c(a)i > c(a,m)i ) then
28: c(a)i ←c(a,m)i ;
29: else
30: if (c(a)i <c(a,p)i ) and (c(a,p)i < c(a,m)i ) then
31: c(a)i ← c(a,p)i ;
32: end if
33: end if
34: Adjust coverage radius of i (ri) with a value of c(a)i ;
35: else
36: Keep the value of ri;
37: end if

where c(a)low and c(a)up are the lower and upper bounds of the
adjustable radius, respectively. This radius area ranges from
the lowest to the highest coverage of the δi - k neighbors of
node i. α is a coefficient in the range [0, 1] representing the
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FIGURE 4. Effect of the coefficient α on the degree of node.

weight in the reduced radius area [c(a)low, c(a)up ]. The larger α is,
the closer c(a)i gets to c(a)up and vice versa. In addition, to avoid
the case in which a node is disconnected from the network
(i.e. its degree is zero), the adjusted coverage radius, c(a)i , must

satisfy constraint (5).

c(a)i ≤ Min
∀j∈Ni,δj<k

ci,j (5)
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TABLE 3. Effect of coefficient α on the node degree in case of topology
90 nodes.

where Ni is the set of neighbors of node i, δj is the degree of
node j, and ci,j is the coverage of node i for node j. When node
i adjusts the coverage radius with a value of c(a)i that satisfies
constraint (5), the degree of a neighbor node jwill not change
if its current degree is less than k.

To clearly determine the coverage radius to be adjusted,
we consider an example, as shown in Figure 2, where node 3
performs the coverage radius adjustment. We assume that the
desired node degree is three. At the moment of consideration,
the degree of node 3 was 7. Thus, node 3 must reduce the
coverage radius to reduce its degree. When node 3 reduces
the coverage radius, the degree of the neighboring nodes is
also affected. Therefore, the reduced coverage radius must
be selected as the optimal value. In this case, the reduced
coverage radius value (c(a)3 ) is selected in the four lowest
overlapping areas from c3,4 (lower bound) to c3,6 (upper
bound), c(a)3 is calculated using (4). Algorithm 1 shows the
pseudo-code of the TFACR algorithm implemented at each
node to adjust its coverage radius. To minimize the case in
which the degree of a neighbor node is less than the desired
degree (k value), the constraint on the maximum coverage
radius that a node can adjust, c(a,m)i , is considered in the
TFACR algorithm. The value of c(a,m)i is determined using

FIGURE 5. Topology in the case of not using topological control algorithm.

steps from (12) to (16). This value is used as the constraint
on the adjusted coverage radius, c(a)i , in steps (27) and (28).
In addition, the proposed coverage radius for adjustment by
each node, c(a,p)i , is also used with the goal that the algorithm
can converge quickly. The value of c(a,p)i is calculated in steps
from (17) to (19) and used for the adjusted coverage radius in
steps (30) and (31).

One issue to consider when implementing Algorithm 1
at nodes is its computational complexity. The step with the
highest complexity in this algorithm is (23), which sorts the
array Ci. The size of this array is |Ci|, which is the number of
neighbors of node i. As a result, the computational complexity
of Algorithm 1 is O(|Ci|2), where |Ci| ≤ n − 1 and n is
the number of nodes in the 5G-based MANET. Compared
to well-known topology control algorithms, the complexity
of the TFACR algorithm is acceptable. It is greater than the
complexity of the LTRT algorithm [25], but less than that of
the FLSS algorithm [26]. Specifically, the complexity of the
RTLT algorithm isO(k(m+n log(n))),where k ,m and n are the
connectivity of the resulting topology, number of neighboring
nodes and number of edges, respectively. O(n(m + n)) is the
complexity of the FLSS algorithm, where m and n are the
number of nodes and edges, respectively. LTRT and FLSS
are two typical topology control algorithms that are used to
compare the performance in the next section.

V. PERFORMANCE EVALUATION
A. SIMULATION SCENARIO
The performance of the proposed TFACR algorithm is
evaluated using simulations. The TFACR algorithm is
compared with the algorithms of LTRT [25], FLSS [26] and
the case without topology control (denoted by NONE) in
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FIGURE 6. Compare the topologies obtained by algorithms LTRT, FLSS and TFACR in case of k = 2.

FIGURE 7. Compare the topologies obtained by algorithms LTRT, FLSS and TFACR in case of k = 3.

terms of the average degree of nodes, energy expended ratio,
and path loss. For the NONE algorithm, each node always
uses the maximum communication range. Consequently,
it creates a topology with the highest number of wireless
links. For the LTRT algorithm [25], the k desired degree
topology is constructed by performing a local spanning tree
algorithm k times. Consider a wireless network represented
by graph G(V ,E), where V and E are the set of nodes and
the set of wireless links, respectively. The LTRT algorithm
first calculates one of its spanning trees, T1(V , Ê1), from
G(V ,E). Next, it continues to calculate one of its spanning
trees, T2(V , Ê2), from G(V ,E\Ê1). After k times, the
resulting topology is formed by combining all spanning
trees, T1(V , Ê1), T2(V , Ê2), . . . ,Tk (V , Êk ), that isG(V , Ê1∪
Ê2 ∪ . . . ∪ Êk ). In the FLSS algorithm [26], each node first
operates at its maximum communication range to collect

information from its neighbors. Then, it sorts all the links in
ascending order of weight based on the collected information.
For each link (u0, v0) in order, it is only chosen for the
resulting topology if u0 is not k-connected to v0. The
simulation assumptions are presented in Table 2. We used a
typical application scenario of a 5G-based MANET, which
is similar to that in [44]. The simulation was performed
in a square region with the area of 1000 × 1000 [m2].
The number of nodes ranged from 50 to 100, including 5G
and MANET nodes. Additionally, several 5G base stations
provide multimedia services. All the nodes were randomly
distributed in the simulation area. MANET nodes connect
to 5G nodes to access the multimedia services of the 5G
networks. 5G nodes can be routers, access points, mobile
devices, etc., and operate as gateways forMANET nodes con-
nected to the base stations of the 5G network. The maximum
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FIGURE 8. Compare the topologies obtained by algorithms LTRT, FLSS and TFACR in case of k = 4.

communication range for each node was 250 [m]. The routing
protocols used for data transmission were AODV, DSDV and
Reinforcement Learning-based Routing Protocol (RLRP).
The energy consumption model used is a stated-based EP
energy consumer, which is already installed in the INET
framework [42], and it provides a radio power consumer
model for the IEEE 802.11 standard using the default
values of CC3220 transceiver. The power consumption is
determined by the radio mode, transmitter state and receiver
state, using constant parameters. We employed 660 different
simulation scenarios, each of which was run 50 times. The
results were calculated by averaging all the times. The
simulation was executed using OMNeT++ 6.0 [41] and
the INET Framework 4.0 [42]. Figure 3 shows a snapshot of
the simulation scenario with three 5G base stations, seven 5G
nodes, and 43 MANET nodes.

B. SIMULATION RESULTS
1) EFFECT OF COEFFICIENT α

First, we investigate the impact of coefficient α on the
performance of the proposed algorithm. As described in
Section IV, the coverage radius to be adjusted for each node
by the TFACR algorithm depends on factor α in (4). The
purpose of the simulation scenarios in this section is to select
the value of α such that the performance of the TFACR
algorithm is the highest. The results obtained in Figure 4
show the influence of the factor α on the average node degree
in the network topology. The main goal of the topology
control algorithms is to ensure that the average node degree
is closest to the desired node degree. Figure 4 shows that
when α increased from 0 to 0.75, the mean degree of the
node decreased to the desired degree. When α was greater
than 0.8, the mean degree increased again. Thus, To find the
mean degree that is closest to the desired degree, a value of
α between 0.75 and 0.8 is most appropriate. This is more
evident from the data in Table 3, where we analyze the case of

a 90 nodes network topology. We can observe that the mean
degree is the closest to the desired degree when α = 0.75 or
0.80 for all three cases k = 3, 4 and 5. The result is exactly
the same for the network topology cases where the number of
nodes is 70, 80, or 100. Based on the analysis results of the
influence of coefficient α on the performance of the TFACR
algorithm in this section, we choose α equal to 0.75 for the
next simulation scenarios.

2) TOPOLOGICAL ANALYSIS
Figures 5, 6, 7 and 8 show the network topology obtained
using the LTRT, FLSS, and TFACR algorithms, and the
case without topology control for a 5G-based MANET with
80 nodes. We can observe that, in the absence of the topology
control algorithm (Figure 5), the topology has many wireless
links between nodes. This leads to some disadvantages, such
as nodes consuming a lot of energy to maintain wireless links
and crosstalk can occur owing to the denseness of the wireless
links. For cases where the topology control algorithm is used,
the number of wireless links is reduced depending on the
desired node degree (k value). Comparing the LTRT, FLSS
and TFACR algorithms, the TFACR algorithm provides the
most optimal topology because the mean degree of the nodes
is closer to the desired degree. A detailed comparison of the
node degrees of the topology control algorithms is presented
in the following subsection.

3) NODE DEGREE ANALYSIS
Next, we analyze the degree of the nodes. This is an important
metric in the network topology design problem and is defined
as the number of neighbors of a node. The results obtained
in Figure 9 show the difference in the average node degree
for the TFACR, LTRT, and FLSS algorithms, and without
topology control. We can observe that in the absence of the
topology control algorithm (legend ‘NONE’), the average
node degree is very large and increases as the total number of
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FIGURE 9. Compare node degree of different topology control algorithms.

nodes increases. For the LTRT, FLSS and TFACR algorithms,
the average node degree decreased significantly and was
close to the desired node degree. Comparing the LTRT, FLSS
and TFACR algorithms, TFACR returns the average node
degree closest to the desired degree. Specifically, considering
the case where the desired degree is three (Figure 9b), the
average degrees of the LTRT and FLSS algorithms range from
5.58 to 5.93 and from 5.12 to 5.63, respectively. Meanwhile,
this value of proposed algorithm, TFACR, is from 3.88 to
4.73. Similarly for the case where the desired degree is 4
(Figure 9b), the average degree of the LTRT, FLSS and
TFACR algorithms ranged from 6.62 to 7.91, from 6.36 to
8.21 and from 4.54 to 5.81, respectively. For the case of the
desired degree of 5 (Figures 9c), the mean degree of the
TFACR algorithm is also always closer to the desired degree
than the other algorithms.

For instances in which the nodes moved, we investigated
the average node degree with the results obtained in
Figure 10. These findings were obtained for a simulated
scenario with 50 nodes, a desired node degree of 4, and
node movement ranging from 5 to 20 m/s. We can observe
that the TFACR algorithm returns the average node degree
closest to the desired node degree. For example, considering
the case where the nodes move at an average speed of 10 m/s,
the average node degrees of algorithms LTRT and FLSS are
5.59 with standard deviations (SD) of 0.79 and 5.32 with SD
of 0.74, respectively. This value is 4.15 with an SD of 0.56 if
the TFACR algorithm is used. The results are also similar for
the cases in which the nodes move at average speeds of 5, 15,
and 20 [m/s]. The influence of the pause time parameter on
node degree was also investigated. The simulation results are
shown in Figure 11. We can observe that the LTRT algorithm
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FIGURE 10. Compare the performance of the LTRT, FLSS, and TFACR
algorithms in terms of average node degree versus the mobility speed of
nodes.

is most influenced by the pause time. The FLSS and TFACR
algorithms are less affected by this parameter. Comparing
the three algorithms LTRL, FLSS, and TFACR, the TFACR
algorithm gives the average node degree closest to the desired
degree in all cases of pause time. Considering a particular
case with a pause time of 90 [s], the average node degree of
the LTRT, FLSS, and TFACR algorithms was 5.93 with an
SD of 1.01, 6.09 with an SD of 0.42 and 4.52 with an SD
of 0.39, respectively. In this simulation scenario, the desired
degree is 4. Thus, the TFACR algorithm provided the best
node degree.

Based on the results of carefully examining the node order
above, we can conclude that the proposed TFACR algorithm
outperforms the LTRT and FLSS algorithms in terms of node
degree.

4) PATH LOSS ANALYSIS
In this section, we analyze path loss in the entire network.
This is an important performance metric in 5G-based
MANET, and it significantly affects the quality of the
transmission signals. In the context of this study, a free space
transmission medium is considered for a 5G-based MANET,
and the PL is defined as follows [43]:

PL (dB) = 10log10
[(4π fcd

c

)2]
(6)

where fc is the carrier frequency, c is the speed of light
(≃3 × 108m/s) and d is the distance between transmitter
and receiver. Figures 12a and 12b compare the average
loss of the LTRT, TFACR algorithms, and without topology
control. We can observe that the largest loss path occurs in
the case without topological control. Comparing the LTRT
and TFACR algorithms, the average loss path of the tFaCR
algorithm is smaller than that of the LTRT algorithm for both

FIGURE 11. Compare the performance of the LTRT, FLSS, and TFACR
algorithms in terms of average node degree versus pause time for the
cases that the average mobility speed of nodes is (a) 5 mps and
(b) 10 mps.

cases with desired degrees of 3 and 4. Thus, the TFACR
algorithm outperforms the LTRT algorithm in terms of path
loss.

5) ENERGY CONSUMPTION EVALUATION
In this section, we evaluate the energy consumption at all
nodes in the network for cases where the topology control
algorithms of TFACR, LTRT, and FLSS are used. Ten UDP
traffic streams were randomly generated between the pairs of
source and destination nodes. To ensure objectivity of the
results, we used different routing protocols for the simulation
scenarios, including the AODV and DSDV protocols. These
are typical protocols in the group of flooding-based routing
protocols in MANET [45]. Recently, advanced routing
protocols have been proposed for MANET, which typically
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FIGURE 12. Compare the performance of algorithms TFACR, LTRT and
without topology control in term of path loss.

reinforcement learning-based routing [46], [47], Distributed
Hash Table (DHT)-based routing [48]. In this study, we use
a reinforcement learning-based routing protocol (RLRP),
which represents advanced routing protocols because it is
suitable for 5G-based MANET.

The results obtained in Figure 13 clearly show the energy
consumed at the nodes. It can be observed that when using
the proposed topology control algorithm, TFACR, nodes
consume less energy than the LTRT and FLSS algorithms in
cases where AODV, DSDV, and RLRP routing algorithms are
used. For example, consider the case where the desired node
degree is 3 (Figure 13a) and the AODV routing protocol is
used, the maximum, minimum and average values of energy
consumed at the nodes for the LTRT, FLSS and TFACR
algorithms are 6.1, 1.9 and 3.2 [mJ/s], 5.3, 1.4 and 3.04 [mJ/s]
and 4.7, 1.8 and 2.9 [mJ/s], respectively. When using RLPR,
both themedian and average value of the energy consumed by
the TFACR algorithm are smaller than that of the LTRT and

FIGURE 13. Compare the performance of the algorithms LTRT, FLSS and
TFACR in term of energy consumption when (a) k = 3 and (b) k = 4.

FLSS algorithms. The results are also exactly the same for
the cases where the desired node degree is 4 (Figure 13b).
The energy consumed at the nodes was highly dependent
on the traffic load in the network. We also examined this
scenario and obtained the results shown in Figure 14. We can
observe that the more the traffic load increases, the more
power is consumed by the nodes for all algorithms. However,
the TFACR algorithm always consumes less energy than the
LTRT and FLSS algorithms.

In the case of moving nodes, the energy efficiency of the
TFACR algorithm was better than that of the LTRT and FLSS
algorithms. This is more evident in Figure 15, where we
examined the energy consumption versus time simulation.
The results were obtained using a simulation scenario with
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FIGURE 14. Compare the performance of the algorithms LTRT, FLSS and
TFACR in term of Energy consumption versus traffic load when using
(a) AODV, (b) DSDV and (c) RLRP.

50 nodes, an average node moving speed of 10 m/s, a pause
time of 30s, and an AODV routing protocol. The energy
consumption at the nodes increases with the simulation time

FIGURE 15. Compare the performance of the algorithms LTRT, FLSS and
TFACR in term of Energy consumption versus simulation time.

FIGURE 16. Compare the performance of the algorithms LTRT, FLSS and
TFACR in term of Energy consumption versus pause time.

for all three algorithms, with the TFACR algorithm always
consumes the least amount of energy. Considering a time of
1200 [s], the median - average values of energy consumption
at the nodes of the LTRT, FLSS and TFACR algorithms were
4.509 [J] - 4.502 [J], 4.515 [J] - 4.509 [J] and 4.354 [J] -
4.353 [J], respectively. Thus, the TFACR algorithm saved
about 0.16 J compared to the LTRT and FLSS algorithms.
Another parameter of the migration script that affects the
power consumption is the pause time. We investigated the
effect of this parameter on the results obtained, as shown in
Figure 16. The box charts in this Figure illustrate that the
proposed algorithm, TFACR, always delivers the best power
consumption in most pause time scenarios.

Based on the simulation results in the previous sections,
we can conclude that the proposed algorithm, TFACR,
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provides better network performance than the LTRT and
FLSS algorithms. However, when applying the TFACR
algorithm, the traffic load in the network increases due to the
overhead used for nodes to update their neighbor information.
The traffic overhead of the TFACR algorithm is equivalent
to that of the LTRT and FLSS algorithms. Specifically,
the information exchange with neighboring nodes in LTRT
and FLSS algorithms is performed by broadcasting hello
packets containing its node id and position [25], [26].
In TFACR algorithm, we also use hello packets to exchange
information between nodes. The hello packet is added two
fields namely nodeDegree and locationwith the size of 1 byte
and 4 bytes, respectively. With a large channel bandwidth
such as 5G-basedMANET, the increase of 5 bytes of the hello
packet has a negligible effect on network performance.

VI. CONCLUSION
Many research groups have recently expressed interest in
topology control in 5G-based MANET. The more optimized
a network system topology, the better is the network per-
formance. To improve network performance, we propose an
efficient topology control algorithm for 5G-based MANET.
The main idea of the proposed algorithm is to dynamically
adjust the coverage radius to achieve the expected degree
of the nodes. Each time a node adjusts the communication
area, the degree constraint of the neighbor nodes is considered
to ensure node degree balancing throughout the network
topology. Simulation results on the OMNeT++ and INET
frameworks show that the proposed algorithm outperforms
well-known topology control algorithms in terms of the
average node degree, path loss, and energy consumption.

In future work, we will continue to develop the algorithm
by considering additional constraints on the quality of
transmission, such as cross-channel interference, signal-to-
noise ratio, and bit error ratio to further improve the network
performance.
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