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Abstract: - The implementation of a load balancing algorithm involves distributing the load from congested small cells to less burdened
ones within the network, taking into account mobility parameters. The traditional load balancing algorithms only considers the edges
of the devices (UEs) when it comes to the offloading process. The proposed algorithm considers both the non-edge and edge-UEs for
minimizing the load on the small cells. Subsequently, it relocates high-speed UEs to the underutilized Macrocell and slower-moving
UEs to nearby small cells. The algorithm relies on categorizing UEs into fast, slow, and very slow groups to make optimal handover
decisions. Simulations have demonstrated that this approach results in the fewest handovers and the highest throughput.
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. INTRODUCTION

The lack of resources in small cell networks can cause load-imbalance issues. For instance, if a UE wants to
enter a cell that has an oversaturated service area, it will probably cause poor Quality of Service (QoS) because the
resources of the other nearby cells will not meet the requirements. Through the adjustment of the load statuses of
small cells, MLB can distribute the load among them [1]. Subsequently, the individual offsets for neighboring and
serving cells are fine-tuned based on reported measurements, potentially influencing the network’s performance.
To mitigate these effects and ensure network stability, it is essential to implement appropriate load balancing
mechanisms.

A small cell plays a crucial role within the 5G network by enabling it to meet the growing data demand. It is a
low-cost and efficient radio-access point [7-8]. Although small cells were originally designed to support the
increasing number of macro-cells, Moreover, they can be deployed in close proximity to each other to enhance the
wireless network's capacity[9]. This makes them an ideal technology for future networks. The rapid emergence and
growth of small cells has led to their availability in both residential and non-residential areas [10]. They can be
planned or unplanned and can be installed by the service provider without any configuration or planning
requirements. Unlike a traditional macro network, small cells are very low-cost and can be randomly distributed
[11]. Unlike a traditional macro network, small cells are very low-cost and can be randomly distributed. This
eliminates the need for the service provider to set up a specific site and configuration for each small cell.

The growing population of mobile users (UEs) within a small cell network can result in network load imbalance
[12-14]. This concern can have an impact on the network's performance, affecting aspects such as success rate,
capacity, handover, and the overall quality of service (QoS). The lack of resources in the network can also lead to
poor QoS and increase the likelihood of failure when the incoming users try to enter the network's other cells. To
improve the network's performance, the network needs to adopt proper management and configuration.

In order to achieve high performance, system parameters are manually adjusted in existing networks. However,
with the rapid evolution of networks, it is becoming harder to perform this type of manual tuning. To simplify the
operation, an LTE system incorporated a self-organized network. This method allows the network to automatically
configure and optimize itself [15]. The three different types of SON algorithms are distributed, hybrid, and
centralized. They are used to improve the performance of small cells. Some of the components of these are mobility
load balancing, FHM, and MRO. Through MLB, small cells can receive the load they need to improve their Quality
of Service (QoS) and increase system capacity. It uses information collected from the cells to set up optimal
boundaries and offload the unloaded units (UEs) [16-17].
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One of the most expensive components of the MLB operation is the implementation of load balancing
mechanisms. This procedure guarantees that the network satisfies the minimal handover request count [18]. In
[19], the authors proposed the utility-based approach which is used to manage the load balancing process on
mobile devices. It takes into account the various factors that affect the performance of small cells, such as the speed
category of the Edge UEs and the non-edge ones. The main objective of this method is to identify the fastest and
slowest Edge UEs to transfer them to either the Macrocell or the neighboring under-loaded ones.

The state of the UE is determined by the terms "fast," “slow," and "very slow." The authors use these to
determine the optimal approach for each devices. The estimated time that a UE will stay in a serving cell is also
taken into account [20]. The remaining service time RT is defined as the estimated amount of time that a user will
spend staying at the neighbour cell. The session time denotes the duration required by the device to utilize a specific
application. Conversely, the remaining session time, denoted as RQ, represents the time required for the device to
fulfill the remaining workload. If the RQ of the UE is greater than its remaining service time S, then it will be
transferred to the Macrocell instead of the small cells. This eliminates the need for them to handover frequently.

The UE is categorized as fast-moving at its edge if its session duration surpasses both the RT and the STN. This
implies it will be moved to the macro cell to minimize frequent handovers. Additionally, if the UE's RQ exceeds
both the RT and the STN, it is categorized as a slow UE. On the other hand, if the UE's RQ is less than the RT, it
is categorized as a very slow UE. This type of UEs are not handed over because of the session of UE is ended
before leaves the cell. For instance, in Figure 1, Cell A is loaded with 80%, cell B and Cell C is loaded with 55%
and 65%. The Adaptive threshold overload value is taken as 65%. Let us consider that, in Cell A, UE1 and UE4
are fast, UE3 is slow, UE2 is static, UE5 are very slow. When the load balancing algorithm is implemented for Cell
A, the candidate UEs are identified as {UE5, UE4, and UE3}, selected based on their RSRP (Reference Signal
Received Power) values. For example, if each UE's average load consumption is 5%, the load balancing process
entails transferring UE4 and UES5 to Cell B. However, UE3 remains in Cell A due to the overload. After applying
the proposed handover algorithm to Cell A, the candidate UEs are identified as {UE1, UE4, UE3}, with UE5
excluded from handover due to its slow movement, avoiding unnecessary handover operations. UE4, being fast-
moving, is transferred to the macro cell to minimize frequent handovers between cells. UE1 is also moved to the
Macrocell because of its fast movement. Consequently, UE3 is handed over to Cell B due to its slow movement.
This results in Cell A and Cell B having loads of 65%, with only three handovers, which is a minimal number
compared to the load balancing algorithm's operation.

cell B Cell C

Figure 1: Architecture of Heterogeneous Radio Access Network.
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Il.  SYSTEM MODEL

Let us consider the heterogeneous network which is having the Macrocell M and the small cells w={1, 2, ....W}
which is shown in Figure 1. It is having the set of users x={1,2...X}. The core network functionalities, including
the Serving Gateway (S-GW), Mobility Management Entity (MME) within the Evolutionary Packet Core (EPC)
extended to the small cells via the S1 interface. Each cell in the network is interconnected with the X2 interface,
where it provides the handover process directly in the communication [3]. Due to this, the users in the cells can
switchover to any cell. The centralized Self organized network (C-SON) is applied to the network where it has the
functionality of Operation and Management System (OAM) and evolved Node B (eNBs).

The centralized SONs gathers the information from different small cell C-SONs and updates the information
periodically to perform the load balancing operation with less number of handovers.

A. Problem Formulation for Load balancing Mechanism

The primary aim of this research is to enhance QoS and achieve load balancing across the cells. To address
this objective, the problem is framed with the aim of reducing the load on small cells by minimizing the frequency
of handovers. Therefore, the problem is formulated as:

Max (QoS (v)) =Min (a(v),H(v))

1)
subject toRL) B, (N, (V<Q, vw
jeld (2)
R2:) B, (v)=1Vx
jed (3)

Where o(v) is the standard deviation of the load on the cell, H(V) represents the count of handovers necessary
for achieving load balancing within the network. By,j(v) represents the binary indicator, if Bw,j(v)=1 then the user j
is served by the small cell w. Nw;(Vv) represents the physical resource blocks which are allocated to the user j by
small cell w at time period v. Q represents the overall count of physical resource blocks accessible within the small
cell. w. Hence, the Rule R1 denotes that the total number of physical resource blocks of small cell w at time v
cannot exceed the cell capacity and Rule R2 denotes that the user environment UE cannot be associated with
multiple cells at a time.

I1l.  REMAINING SERVICE TIME AND SESSION TIME ESTIMATION

A.Remaining Service Time Estimation

The remaining service time is calculated for both non-edged and edged UEs with two different methods. In the
first method, for non-edged UEs, the system will compute the range of the cell or coverage of the cell based on
the RSRP of the A3 events Ap. The serving small cells RSRPs (Mazw) are computed from the A3 event measured
report [5]. Therefore, the boundary of the cell is computed as follows:

1 k
Ap == Z M s
KT

Remaining service time is computed when UEs experience a decrease in received RSRP. Consequently, there
will be ongoing monitoring of declining RSRP values from the serving cell. When the signal quality in the serving
cell falls below a specific threshold, it can initiate an A2 event to relay the RSRP received by the UEs, enabling
the monitoring of RSRP for non-edge UEs..

The estimated RT of a UE is based on the RSRP measurements gathered during the event A2. When the user
environment UE is moving outwords, it reports that Ap1> Ap2, Where Ap1 and Apz represents the measurement report
of RSRP at time v; and v, . Therefore, the reduction rate of RSRP is computed over the time interval Av is given
as follows:

1
== 21)
AV P2 Pt )

Therefore, the remaining service time of non-edged UEs are computed as
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1
SneUE = (sz _ﬂ“D)
a ®)

The system will adopt the A4 event to the edge-UE as the first threshold (Aas) Which is related to the first
measurement report Apy of RSRP A2 event. Along with that, a new measuring report Aazas Of RSRP is added with
is corresponding to the second measurement report Ap2 0f RSRP A2 event. Consequently, we can calculate the
reduction rate of RSRP, and the remaining service time of the edge UE is computed as follows:

1
SeUE = (lA3A4 - /10)
U

9)
B. UE Session Time Estimation

The UE session time (Q) is subjected to eNB data rate, size of the application, maximum and minimum data
rates. Therefore, it is calculated as:

o Y
F (o
Where Y represents the application data size in bits, r represents the allocated data rate in bits per second. The
authors in [4] discussed the session time and the issues which affects it. The UE remaining session time is calculated
based on the load imposed by the UE shortly.

Ry=Q-C (11)

Where C represents the consumed time where the load of the UE imposed previously. It is to remember that
the eNB can compute the C at any time of the UE session.

C. Service Time at Target Cell (St)

The service time at the target cell is determined by estimating the duration the UE will stay in the neighbouring
target cell. This estimation relies on the UE's average speed (G) and the coverage range of the small cell (2).

S, =71G )

IV. PROPOSED LOAD BALANCING ALGORITHM

A. Network Monitoring for Data Gathering

The Network is monitored with c-SON and collects the information periodically. If a small cell exceeds its
adaptive threshold, it should be considered overloaded. Then, the system will force some of the UESs to be handover
to the neighbouring cells or Macro which are lightly loaded.

The ¢c-SON gathers measurement reports from UEs in different serving cells. When cells experience heavy
loads, they transfer candidate UEs to less burdened serving cells. Based on the data collected, the three sets of UEs
are categorized into fast, slow, and very slow.

Let us consider that Ue-fast= {Ue-fastl, Ue-fast2, ...}, Une-fast= {Une-fastl, Une-fast2, ...} represents the
fast set of edge and non-edge UEs, where Ufast= { Ue-fast, Une-fast}, Uslow= {Uslow1, Uslow2, ...}, Uvery-
slow= {Uvery-slowl, Uvery-slow2, ...} represents the very slow set of UEs. Here, the candidate UEs are selected
based on the fast and slow UEs UcandidateUEs={Ufast, Uslow}. The candidate UEs are organized in ascending
order according to the RSRP values of their serving cells. Additionally, the c-SON generates another set that
includes neighboring target cells.

B. Utility Based Load Balancing Algorithm for Hand Over Process

The ¢c-SON runs the proposed algorithm periodically to perform the load balancing operation. Algorithm 1
explains about the utility based load balancing algorithm for reducing frequent handovers. The c-SON will perform
handovers of candidate set UEs from overloaded cells to underloaded neighboring cells or the Macrocell based on
considerations such as the UEs remaining session time and service time and utility function. In the initial stage, the
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small cells forward the load information of resource block utility function (LC) to the c-SON. In the next step, the
small cells are arranged in the descending order based on the LC.

Algorithm 1: Propoosed Algorithm for Handover Process

Compute LCmacro and LCw
Identify the overloaded small cells and create the set M
Compute Ek for each cell in the set M and sort them in the descending order
Classify UEs based on the Egs. 16,17,18 and 19
For all meM do
Compute the maximum load pm of the cells using Eq. 20
For all Uveryslow do
No handover proves is initiated
End for
If LCmacro<Tmacro then
For all Ufast do
If LCmacro+uUfast < Tmacro then
Handover is initiated for UEs to the macrocell
End if
End for
For all Uslow do
Perform load balancing process [2]
End for
End for
Subsequently, the proposed algorithm evaluates the highest load in the list against a predefined threshold value.
If the cell's load surpasses the threshold value, it signals an overload status to the serving cell, necessitating the
initiation of the load balancing process. To make the algorithm more adaptive to the network, the threshold values
are as adaptive threshold Tad which is given as follows:

T, =max(LC,,,T,)

nw?
(13)
For each cell, the current load LC and adaptive threshold Tad is compared to find the load status. The algorithm
generates the new set M which contains the overloaded cells which satisfies the condition in Eq. 14.
LC, 2T, formeM;M SW g
The c-SON rearranges the set M in descending order and computes the efficiency factor using Eq. 15.

Ee = s MN(Yu(k, ), (L-LC)))
! (15)

Then, the system will take each overloaded cell and reduces its load by transferring their candidate UEs to the
lightly loaded cells or Macro. UEs within each overloaded small cell are categorized as fast, slow, or very slow. If
the UE satisfies the Eq.16 then it is declared as the fast moving.

RQ >S a16)

However, the fast moving edge UEs must meet the following condition:

Ry, >(S+S
The slow moving edge UEs must meet the following condition:

S<Ry,>(S+S
Finally, the very slow moving edge UEs must meet the following condition:
R, <S
R0

The algorithm computes the maximum load of each overloaded cell which has to be moved to the target

neighbouring cell based on the following equation.
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Hy = Lcnw —%,Ll(M !er:l)
(19)

The algorithm considers the very slow UE set and there will be no handover is performed. Because, their
session should be completed before they exit the serving cell. This will avoid the number of handovers. In the next
stage, the load of the macro is defined as LCmacro and the threshold for macro is fixed by the operator Tmacro.
Then the algorithm will takes the fast UEs from the UE candidate set and forwards them to the Macrocell based
on the Eq. 20.

LCmacro +/uU fast < Tmacro (20)

Where pUfast is the assessed load of the fast moving UE Ufast at the Macrocell. Simultaneously, the small
cell handovers are avoided.

As per the MLB algorithm [2], the slow UEs are transferred lightly loaded or normal loaded small cells. Finally,
the algorithm will update all the parameters related to the cell.

V. EXPERIMENTAL ANALYSIS

The proposed algorithm's performance is evaluated through testing with the MATLAB simulator. A
heterogeneous network is considered with 10 small cells, 70UEs and 1 Macrocell. UEs are divided in to two
categories. In the first category, the UEs utilize the Internet for browsing, and the data size for each session is
specified as 3MB and the data rate of 128 kbps as minimum value, 256 kbps as mean value and 512 kbps as
maximum value. In the second category, the UEs are using the 4K video streaming with data size of 2.5GB and
the requested data rate is 512 Mbps as minimum value, 1Gbps ad mean value and 4Gbps as maximum value. Table
1 shows the video streaming parameters. The bandwidth allocated for each cell is 20 MHz and the available
resources for each cell are 100 PRBs. The transmission power small cell is given as 24dBm and for Macrocell is
46dBm. Table 2 shows the parameter settings for the network.

Table 1: Video Streaming Parameters

Parameters Value
Bitrate Adaptation 512 kbps
Buffer Size 5 Sec
Latency 50 ms
Frame rate 30 fps
Pre-fetching 10 sec
Forward Error Correction 10%
Length of the Video 1 hour
Type of the Video Live TV show
Stored Video Movie clip

Table 2: Parameter Settings for Heterogeneous Network

Parameter Value
Small  Cell  Transmission 24 dBm
Power
Macro  Cell  Transmission 46 dBm
Power
Bandwidth allocation for cell 20 MHz
Background Load of Macro 0.2
Cell
Small Cells 10
UEs 70
Macro Cell 1
Scheduler CQAff

1384



J. Electrical Systems 20-11s (2024): 1379-1387

Fading Channel

Log-normal,
4dB standard
deviation

Hysteresis

2dB

Threshold for small Cell (Tint)

0.75

Threshold for Macro Cell
(Tmacro)

0.8

In the proposed model, we consider that the data size is fixed at the given time period per UE in the downlink.
Two type of UEs mobility is considered such as urban mobility (Pedestrian Speeds) with a speed of 3.5 km/h and
along with that suburban mobility (vehicle speeds) with a speed of 30 km/hr. The UEs are distributed randomly in

the small cells.

Figure 2 shows the performance comparison of different load balancing algorithms with respect to standard
deviation of the Load across the network. was noted that the proposed algorithm exhibited a lower standard
deviation in comparison to the other algorithms. The proposed algorithm recorded the 81.4%, 78.2% and 34.3%
standard deviation reduction compared to NoMLB, FMLB [14] and DMLB [21] respectively. Therefore, the small

cells load variance is minimized and system is well balanced.
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Figure 2: Standard Deviation of the of the Load in the Small Cells

Figure 3 shows the average data rate of UE for different mobility load balancing algorithms. The proposed
algorithm achieved a 51% success rate for UEs with an average data rate exceeding 1Gbps. In contrast, the DMLB
algorithm achieved a 35% success rate, the FMLB algorithm achieved 1.15%, and the NoMLB algorithm achieved

0.5% for UEs with an average data rate exceeding 1Gbps.
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Figure 3: Average Data Rate of User Environments
The count of the handovers that the MLB algorithms performed during a given period is evaluated in Figure
4. It is obvious that the DMLB doesn't categorize the various types of UEs, but it takes into account their
performance evaluation. We can detect the types of these through the simulation. Based on the procedure specified
by the DMLB, we can observe the various types of handovers that the different UEs performed. We then compare
the proposed algorithm with the procedure specified by the DMLB. Figure 4 reveals that the proposed algorithm
effectively reduces both forced and normal handovers by 64.7% and 39.8%, for FMLB and DMLB respectively.
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Figure 4: Mobility Load Balancing Algorithms Vs Handovers

VI. CONCLUSION

This paper proposed load balancing algorithm for resource management with minimum handover process for
5G networks. This method takes into account not only the edge UEs but also the non-edge UEs for load balancing
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within small cells. The major objective the proposed model is to transfer the overloaded small cells load to the
lightly loaded macro cells or normal cell by hand over the fast-moving UEs. n the proposed method, UEs are
categorized as fast, slow, or very slow movers and then transferred to lightly loaded macro or small cells, effectively
preventing unnecessary handover processes. The algorithm considers the different types of edges of the network
and the non-edges of the network for handling overloaded small cells. If the UE is moving fast, the fast-moving
UE will be transferred to a macro cell, while the slow-moving one will be handed over to a neighboring small cell.
If the UE is moving very slowly, it will not be transferred to the other cell. This ensures that the unnecessary
handover doesn't occur. The proposed algorithm achieves the smallest possible number of handovers to ensure that
the load balancing process is performed efficiently.
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