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Abstract:

Compared to 4G networks, the 5G networks needed loads of resources, as they implement 2
completely different frequency bands (Sub-6 gigacycle and 24-30 GHz). These further items
of kit at high frequency, shouldn't result in a lot of energy consumption. therefore, there was
the necessity for associate improvement algorithmic program which will with efficiency allot
the 5G resources maintaining the standard of service. within the current manuscript, we tend
to projected the mix of 3 nature-inspired algorithms (Dragonfly, Bee-Swarming, Moth-flame
algorithm) that result in the next economical 5G network. we tend to achieved energy
potency up to twenty-three.2 Mbps per unit watt consumption with a minimum BER of
zero.2 for SNR of 14dB and knowledge Transmission delay was reduced to three hundred
microseconds wherever the common is taken into account over 5000 packets. we tend to
believe the novel approach projected by North American country will be used not just for
deploying 5G networks however may also be any be supported to 6G networks.

Keywords: 5G network, Resource allocation, Dragonfly, Bee-Swarming, Moth-flame
algorithm.

L INTRODUCTION

Green communication targets to expeditiously allot devices to a communication link which
will consume the smallest amount power whereas additionally maintaining the spare Quality
of Service (QoS) [1]. In inexperienced communication, communication links between devices
ar switched dynamically to allot the foremost energy economical route [2]. for instance, node
A and node B ar act with one another exploitation link one whereas overwhelming one Watt
of power. Now, a replacement node C needs to speak with another node D. But, the
communication link in between is occupied by nodes A and B, and therefore the solely
alternative out there link can consume ten Watts. during this case, the routing rule
appearance to dynamically switch links such each the A and B link and therefore the C and D
link don’t consume an excessive amount of power. The rule might currently realize a
communication link that A and B will be switched to it consumes solely a pair of Watts and C
and D communication is switched to link one. this manner the rule saves eight Watts.
Various routing algorithms such as dragonfly, moth, and Artificial Bee Colony (ABC) that
allocate green communication links are available [3]-[6]. Each of these algorithms is capable
of allocating energy-efficient links. But with the increasing number of communication
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devices, it is necessary to develop a robust algorithm that can handle the ever-increasing
device load.
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Fig. 1. Concept diagram of the proposed hybrid optimization algorithm. The 5G resources
and the network architecture are given as inputs to the algorithm. The hybrid optimization
algorithm is a combination of moth-flame optimization algorithm, dragonfly optimization
algorithm, and bee-swarming optimization algorithm. Finally, this hybrid algorithm is used
to allocate the optimal routes to the 5G resources for data transfer.
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Fig. 2. Architecture of 5G networks. A Base Station (BS) acts as the central communication
module forming a large network. Around this BS a number of sub-networks like pico-net,

Page | 6832 Shriganesh Yadav Hybrid Optimization Algorithm For 5g Networks



Femto-net, and macro-net are created. Each sub-network has a local BS in them. These sub-
networks vary in size and by the number of device communication links that can be allocated
by their local BS. Devices inside these sub-networks communicate through the local BS. In
the pico-net on the bottom right side, two devices directly communicate with each other, this
is known as Device to Device (D2D) communication. This D2D communication then proceeds
to communicate with the local BS. Mobile devices outside the range of these sub-networks
can communicate with other devices through the main BS. Another type of communication
link is formed when a device outside the main network communicates with other devices in
the main network through the main BS through a relay.

Figure 1 depicts the thought diagram of the projected hybrid optimization formula. The
formula is fed 5G resources and specification as inputs. The hybrid optimization formula
could be a combination of the moth-flame [7], mosquito hawk [8], and bee-swarming
optimization algorithms [9]. Finally, this hybrid formula is employed to assign the simplest
knowledge transfer routes to 5G resources.

Figure 2. shows a pair of the design of the 5G networks. A Base Station (BS) is that the
central communication module that connects an outsized network comprising of multiple
sub-networks, mobile devices and relays. many sub-networks, like piconet, Femto-net, and
macro-net, square measure fashioned around this Bachelor of Science. every sub-network
contains a neighborhood Bachelor of Science. These sub-networks dissent in size and also
the range of device communication links that their native Bachelor of Science will portion.
Devices in these sub-networks communicate with each other via the native Bachelor of
Science. 2 devices also can communicate directly with one another as shown within the pico-
net on very cheap right side; this can be referred to as Device to Device (D2D)
communication. This D2D communication then communicates with the native Bachelor of
Science and so to the most Bachelor of Science for any knowledge transfer. Mobile devices
that don't seem to be at intervals the vary of those sub-networks also can communicate with
alternative devices via the most Bachelor of Science. once a tool outside the most network
communicates with alternative devices within the main network via the most Bachelor of
Science via a relay, another sort of communication link is made.

II. LITERATURE REVIEW

Maddikunta et al. [10] propose a hybrid algorithm that combines the Whale Optimization
and the Moth Flame Optimization algorithms. This algorithm aims to optimize the cluster
head load thus improving energy consumption. The proposed method was compared with
other existing methods and was found to provide better results.

Ghosh et al. [11] propose a game-based approach for clustering small cells dynamically
and also allocating resources in 5G networks. First, they managed the small cells in a cluster
to reduce the interference. Next, they select a spectrum manager, a small cell with the
minimum path loss, for a cluster. Then this manager allocates resources to the other small
cells. Their algorithm achieved a 30 % reduction in power consumption, and 40 % increase
in Signal-to-Interference-plus-Noise-Ratio (SINR), and a 45 % increase in spectral efficiency.

Khoza et al. [12] improve an algorithm to reduce the traffic congestion in vehicular ad-
hoc networks during rush hours in smart cities. They use an enhanced hybrid ant colony
algorithm to allocate the optimal path while also maintaining the QoS and improving the
Intelligent Traffic Systems (ITS) services. The Hybrid Ant Colony Optimization method is a
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combination of the ant colony and particle swarm optimization methods. Their method
showed that traffic congestion decreased gradually.

Sodhro et al. [13] developed an adaptive communication network for intelligent
transport systems. They propose three algorithms. First, a self-adaptive energy-efficient
algorithm. Next, a novel 5G reliable algorithm containing the application, physical, network,
and Medium Access Control (MAC) layers and lastly a hybrid version of the energy and
reliable algorithm. Their method, with the cross-layer, showed 55 % and 41 % improvement
in energy efficiency and reliability respectively.

Rathore et al. [14] propose a hybrid whale-grey wolf optimization algorithm for efficient
clustering in Wireless Sensor Networks (WSN). The proposed algorithm showed 67 %
improvement in terms of delay in-network and 55.78 % improvement interns of the packet
delivery ratio. The energy consumption improved by 88.56 % and the network lifetime
improved by 59.81 %.

Lydia et al. [15] developed an energy-efficient routing algorithm with anomaly detection
using deep learning. The proposed algorithm uses error lossy compression to reduce data
quantity over the network with the moth swarm algorithm for optimal path allocation. A
Recurrent Neural Network Long Short Term Memory (RNN-LSTM) is used to detect any
problems in the network. The energy consumption was 160 m] with 100 devices which was
significantly lesser as compared to other algorithms. Additionally, the network life was 3800
rounds, the throughput was 0.7 Mbps and the delay was 6.55 seconds with 100 devices in
the network. The accuracy of the RNN-LSTM model was 97.13

III. METHODOLOGY

Figure 3 shows the network architecture employed in the deployment of the proposed
hybrid optimization algorithm. A macro net, represented by a black plus symbol, is deployed
in the network’s center. A total of 100 user devices were used, and they are represented by
green circles. In addition, 10 piconets and 50 Femto nets were added to the network.
Piconets are denoted by red asterisks, while Femto nets are denoted by blue asterisks.

The equation for the moth-flame optimization algorithm is given by Eq. 1.

S(M;,Fi) = Diebtcos(2mt)+ Fj (1)
Where,Mi is the position of the moth and the distance between the moth and jth flame is
given by Di = |Fj - Mi|.
The equation for the dragonfly optimization algorithm is given in Eq. 2.

AXt+1 = (sSi+ aAi + cCi+ fFi + eEi)+ wAX: (2)
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The equations for the separation ol ,alignment < — — % —,
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Cohesion i = ==5— — < food source Fi = X* - X and position of enemy E;i = X~ + X of the of
ith moth. While s, a, ¢, f, and e are the weights for each term. The equation to update the
position of each dragonfly is given by Eq. 3.

Xer1 = Xt +AXe+1 (3)
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To design a hybrid rule it had been necessary to possess a network simulation setup with all
progressive with five g equations been incorporated into it. we have a tendency to started
the simulation by shaping the oblong space that simulation must be allotted. for the present
simulation, we decide a one hundred square meter space. for simulation, we have a tendency
to use a thousand users with one hundred femtonet ten piconets, and one macro base station.
the bottom station was located at the middle of the square region. for simplicity every of the
users was given 5000 mAh battery power. a electrical device of twenty four to thirty Gc to
speak in an exceedingly higher frequency and a sub vi Gc electrical device to speak into a
lower waveband. every of the users was to think about having 3 attainable needs one. to form
a decision two. to stream a video three. do nothing. for simplicity, all the streaming of the
video there set to 1080p with a thirty independent agency frame rate one-minute length. For
audio calls, the HD quality was thought of with a forty-four.1 kc rate and one6-bit depth.
every audio decision can last for three minutes. for procedure simplicity, all the users were
second which implies there Z=0 and even all the antennas together with the bottom station
were within the same plane. this tabular arrangement of all the network aliments allowed
U.S. to use an easy geometrical equation to seek out distances between totally different
points.

+— Femto net

Jse
User
device

+ +— Macro net

<= Pico net

Fig. 3. The network architecture that is used to deploy the proposed hybrid optimization
algorithm. A macro net is deployed at the center of the network and is represented by a black
plus symbol. The number of user devices used was 100 and they are represented by green
circles. Along with this, 10 piconets and 50 Femto nets were also inserted into the network.
Piconets are given by red asterisks and Femto nets are given by blue asterisks.
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Fig. 4. Simulation situation where device A at 27m, 75m location wanted to call user device
B at 59m, 20m. There are multiple possible routes to assign to this call. These resources need
to be allocated in such a way that the next call connection is also equally efficient. Each
algorithm in optimization can provide a different solution and to decide a hybrid solution
each resource allocated needs to be checked for its energy efficiency. Non-Energy Efficient
resources are dropped off from the list of useable resources in the Hybrid approach.

Maximum TRM was set to one time unit and every packet size was set to thirty-two bytes.
associate degree calculable packet loss was computed exploitation normal white-gaussian
noise. every channel information measure for 5G was thought-about to be forty MHz and for
tiny cells, it absolutely was variable between twenty, 40, and 80 MHz For 5G antennas, the
transmission power for tiny cells was set to twenty-four dBm and for a tower, it absolutely
was a hundred and twenty watts that square measure around fifty dBm and for to speakin a
very higher frequency and a sub vi-GHz electrical device to speak into a lower waveband.
every of the users was to think about having 3 doable necessities one. to form a decision two.
to stream a video three. do nothing. for simplicity, all the streaming of the video there set to
1080p with a thirty independent agency frame rate one-minute period. For audio calls, the
HD quality was thought-about with a forty-four.1 kHz rate and one6-bit depth. every audio
decision can last for three minutes. for procedure simplicity, all the users were 2nd which
suggests there Z=0 and even all the antennas as well as the bottom station were within the
same plane. this planar arrangement of all the network aliments allowed U.S. to use an easy
geometrical equation to seek out distances between completely different points.
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Fig. 5. Results from hybrid algorithm when compared to the RAW and individual algorithm.
(a) Packet number versus data transmission interval between packets (in a microsecond) is
given. Ideally, this interval should be zero, but due to practical limitations, the packet interval
can occur between zero to 300 microseconds in our case. (b) Energy efficiency for different
algorithms and RAW allocation is mentioned. The hybrid approach reached the best EE value
of 23.2 Mb/s per watt of energy transmitted. (c) Bandwidth utilization with an increasing
number of connections is shown. As the number of users increase beyond 600 the bandwidth
required by each algorithm was saturated and that means the quality of service will be
compromised after that point. In our simulations, the limit was found out to be 3 GBPS which
is faster than even a wired connection. (d) Plot of SNR versus BER is shown. It can be seen
initially more BER ar lower SNR but as SNR increased BER falls and saturates after a certain
value of SNR. The proposed hybrid approach outperformed all three individual nature-
inspired algorithms.

Maximum transmission time was set to 1 millisecond and each packet size was set to 32
bytes. An estimated packet loss was computed using standard white-gaussian noise. Each
channel bandwidth for 5G was considered to be 40 MHz and for small cells, it was variable
between 20, 40, and 80 MHz. For 5G antennas, the transmission power for small cells was
set to 24 dBm and for a tower, it was 120 watts which are around 50 dBm and for the
receiver, the power was around -32 dBm which is less than 1 microwatt. The equation for
power consumption is given by Eq. 4
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Where, Grx is the receiver antenna gain.

The Femto net transmitters were set to 24 to 54 GHz whereas the speed of those was set
between 100 to 900 Mbits per second. For piconets, the bandwidth was selected between 24
to 47 GHz with a maximum speed of 1 Gbit per second. All the standards of Ultra-Reliable
Low Latency Communication (URLLC) and 5G New Radio (NR) were considered. For the base
station, Frequency Range (FR) 1 was set to 410 MHz and can go up to 7125 MHz and FR2
was 24250 MHz up to 52600 MHz. Slot duration for FR1 subcarriers were 1, 0.5, 0.25 for
subcarrier spacing of 15, 30, 60 kHz respectively. For FR2 the slot duration starts with 0.25
and can go up to 0.625 with a subcarrier spacing of 240 kHz. The length of Cyclic Prefix (CP)
is 4.7 microseconds for 15 kHz and 0.29 microseconds for 240 kHz. The distance between
uplink and downlink was set to 190 MHz at lower bands and was reduced to 30 MHz at
extended bands.

IV. 4. RESULTS AND DISCUSSIONS

Figure five shows a comparison of the projected hybrid technique with individual
optimizing algorithms and therefore the raw allocation.

Fig. 5a shows a graph of knowledge transmission interval w.r.t. corresponding packet no.
Ideally, the information transmission interval ought to are zero microseconds however,
much we tend to found that information transmission interval will take up to three hundred
microseconds regarding eighty you look after packets inside the 5000 packets transmitted
the information transmission interval was zero. solely seventy to ninety times intervals
cross fifty microseconds. when each one thousand packets, the formula was reallocating the
resources and thus periodic pulsation of regarding a hundred and fifty microseconds was
seen four times in 5000 packets.

Fig. 5b shows the result of the optimization formula on energy potency. a projected hybrid
approach may reach AN energy potency of twenty-three.2 Mbps per watt. A snake doctor
formula may reach twenty Mbps per watt. lepidopteron flame formula and Bee swarming
formula may reach around fifteen Mbps per watt. raw allocation while not optimization
features a speed of around five Mbps per Watt. it absolutely was evident that resource
allocation with a nature-inspired formula will increase the energy potency by three times,
and might go up to five times compared to Raw allocation.

Fig. 5c shows bandwidth utilization w.r.t no. of users. The lowest bandwidth utilization was
seen for the proposed hybrid algorithm that utilized only up to 2 GHz. for Raw allocation
the bandwidth utilization is almost 36 % more. the second best algorithm was dragonfly
which is 20 % more than the hybrid algorithm. the moth flame and Bee swarm algorithm
required more than 2.5 GHz bandwidth to accommodate 1000 Users. After 400 hundred
users, all the methods were almost saturated in terms of bandwidth and their QoS will be
affected. Fig.5d Shows how the SNR can affect the BER. it was found that the proposed
hybrid algorithm. can reach up to 0.2 BER with almost 14dB SNR. the other algorithm is
almost 1 BER for Similar SNR. without any optimization, almost 5 to 6 bits were in error.
the second-best BER was achieved by bee swarming. It was evident that without our hybrid
approach none of the individual nature-inspired algorithms is outperforming others. Hence
it is mandatory to have a hybrid approach, not an individual nature-inspired optimization
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technic. For BER Bee swarming is good whereas the energy efficiency of the dragonfly is
better.

V. CONCLUSION

Thus we developed a hybrid algorithm to tackle the problem of excess energy consumption
due to the large number of high-frequency resources that are required in 5G communication
networks. Our proposed hybrid optimization algorithm was able to efficiently allocate 5G
resources in an energysaving manner while maintaining the QoS of the transmission. Our
optimization algorithm combined three nature-inspired optimization algorithms namely,
Dragonfly, Bee-Swarming, Moth-flame algorithm. Our algorithm could achieve an energy
efficiency of up to 23.2 Mbps per unit watt consumption with a minimum BER of 0.2 for SNR
of 14 dB. We also successfully reduced data transmission delay to 300 microseconds for an
average of 5000 packets. Our proposed novel hybrid optimization algorithm can also
eventually be deployed for optimization in 6G networks.
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