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forecasting cellular network traffic in the telecommunications domain. . .
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1- Introduction

In recent years, network traffic prediction has emerged as a critical topic in the telecommunications industry. The
exponential growth in mobile device usage and data services has posed significant challenges in managing and
optimizing network capacity [1]. Accurate prediction models enable network operators to efficiently manage resources,
prevent congestion, and enhance service quality for end-users [2]. Traffic forecasting has become a cornerstone of
telecommunication network management and optimization, particularly in the context of Long-Term Evolution (LTE),
which underpins modern mobile data communications. Understanding traffic patterns and characteristics, such as
seasonality, trends, and the continuous rise in mobile cellular traffic, is essential for effective resource allocation and
ensuring quality of service for users [3]. The value of traffic forecasting lies in its ability to provide insights into future
network demand, allowing operators to anticipate and adapt to traffic pattern changes. By analyzing historical data and
identifying trends and seasonal variations, operators can make informed decisions regarding network expansion, capacity
upgrades, and resource allocation. This proactive approach mitigates network congestion, minimizes service disruptions,
and enhances the overall user experience.
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Time series prediction models are among the primary approaches for forecasting network traffic. By utilizing
historical data to estimate future values, time series prediction provides a robust analytical tool for managing the complex
and dynamic traffic fluctuations characteristic of telecommunication networks. Traffic prediction and time series
forecasting are closely related concepts, both playing critical roles in telecommunication network management,
particularly within Long-Term Evolution (LTE) systems. As data traffic continues to grow in LTE networks, effective
forecasting methods are essential for ensuring high-quality service for end-users. Traffic prediction, specifically aimed
at estimating the volume of data expected at a given time, is a direct application of time series forecasting techniques.

In recent years, numerous time series prediction models have been developed and evaluated to address the challenges
posed by fluctuating and dynamic traffic in LTE networks. Time series forecasting plays a pivotal role across various
domains, including telecommunications, healthcare, and environmental studies. Within the scope of LTE base station
traffic forecasting, advanced methods have been proposed alongside traditional approaches, each offering distinct
advantages.

Traditional models such as Autoregressive Integrated Moving Average (ARIMA) and Exponential Smoothing (ES)
remain widely used for time series forecasting. ARIMA, combining autoregressive (AR), integrated difference (1), and
moving average (MA) components, is recognized for its structured modeling approach and reliable forecasting
performance [4-6]. It excels in capturing linear relationships and providing accurate predictions based on historical
patterns. ARIMA has proven particularly effective for applications like traffic flow prediction [7] and energy usage
forecasting in LTE networks [8]. However, its limitations include challenges in handling non-linear trends and complex
seasonal variations. Exponential Smoothing (ES) models, such as Holt-Winters, are also popular for their ability to
capture trends and seasonality in time series data [9]. While ARIMA models are well-suited for data with strong
autocorrelation and consistent seasonal patterns, ES methods offer a simpler alternative for forecasting in situations
where capturing underlying trends and seasonality is sufficient.

In addition to ARIMA, the Prophet algorithm has been widely explored for time series prediction. Prophet, a robust
forecasting tool, excels at predicting network traffic patterns by using an additive approach to decompose data into trend,
seasonal, and holiday components. One of Prophet's key advantages is its ability to handle missing data and outliers
while providing reliable predictions with minimal manual parameterization. Its flexibility allows it to accommodate
complex data variations and ensures ease of use with limited customization. Studies have demonstrated Prophet's
effectiveness in predicting hourly traffic changes in LTE networks, achieving high accuracy as indicated by metrics like
RMSE. For instance, Prophet has successfully forecasted weekly cell uplink and downlink traffic trends, capturing
consistent patterns but varying amplitudes [10]. Additionally, a study by Jain & Prasad (2020) [11] highlighted that
combining Prophet with XGBoost significantly improved telecom network traffic forecasting, aiding business planning
and capacity allocation. When compared to ARIMA, Prophet has been found to deliver stable and accurate predictions,
particularly when integrated with advanced models like LSTM [12, 13]. Its applications extend beyond
telecommunications, as evidenced by its successful use in forecasting healthcare emergency department indicators
alongside ARIMA [13].

Seasonality in traffic patterns refers to predictable, repetitive variations in traffic volume occurring at regular
intervals, such as hourly, daily, weekly, or monthly [14]. Understanding and accounting for these seasonal fluctuations
are critical for capacity planning, enabling operators to allocate resources efficiently during peak demand periods while
avoiding over-provisioning during off-peak times. ldentifying and forecasting seasonal patterns optimize network
resource utilization and enhance cost efficiency. Similarly, analyzing trends in traffic data is essential for long-term
network planning [15]. Trends reflect the overall directional movement of traffic volume over time, capturing gradual
changes driven by user behavior, technological advancements, or market dynamics. By recognizing and forecasting these
trends, operators can anticipate future traffic demand, strategically plan network expansion, and implement upgrades to
address evolving user needs. The continuous increase in mobile cellular traffic presents significant challenges for
network operators. The proliferation of smartphones, 10T devices, and high-bandwidth applications has resulted in a
consistent surge in data consumption, exerting immense pressure on existing network infrastructure [1]. Addressing this
growing demand requires innovative forecasting methods and strategic planning to ensure sustainable and efficient
network operations.

Accurately forecasting mobile cellular traffic growth is critical to ensuring network scalability and maintaining
quality of service. Advanced forecasting methods enable operators to predict future traffic levels and implement
proactive measures to scale network capacity and optimize resource utilization. In the context of LTE Base Station
traffic, accurate forecasting is foundational for optimizing performance and resource allocation. As LTE technology
continues to support high-speed data services and multimedia applications, the importance of precise traffic predictions
becomes increasingly significant [16]. By anticipating traffic patterns and demand dynamics, operators can equip LTE
Base Stations to provide seamless connectivity, high data rates, and low latency, meeting the growing demand for
superior mobile broadband services.

To identify the most effective prediction method for LTE network traffic, a comparative evaluation of ARIMA,
Prophet, and GImnet is essential. Each model offers distinct advantages in handling various data characteristics, and
selecting the appropriate model can significantly enhance prediction accuracy and operational efficiency. Glmnet, with
its capacity to manage complex data and deliver robust predictions, has emerged as a promising tool for network traffic
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forecasting in telecommunications. However, further research and evaluation are needed to confirm Glmnet's superiority
in diverse scenarios and to explore the potential benefits of integrating these models to improve overall forecasting
performance. A comprehensive, data-driven approach will allow the telecommunications industry to continue optimizing
network operations and delivering enhanced services to users.

Despite progress in mobile communications, traffic forecasting still faces significant challenges, with many proposed
models having limitations in their applicability and effectiveness. Traditional methods, such as ARIMA, and common
machine learning approaches have dominated existing research, while alternative models like Prophet have seen limited
exploration in this domain. Meanwhile, the GImnet model, known for its flexibility in handling high-dimensional data
and providing deeper analytical insights, has yet to be applied to mobile network traffic forecasting. This research
addresses this gap by evaluating the role of Glmnet in improving the accuracy and efficiency of traffic prediction in
mobile communications. By introducing Glmnet into this context, the study aims to pave the way for innovative and
effective models, offering new insights into traffic management in mobile networks.

This research is particularly significant given the rapid advancements in communication technology and the growing
reliance on data services in cellular networks. The increasing complexity of network usage patterns presents significant
challenges for telecommunications operators in managing network capacity and maintaining optimal service quality.
Accurate mobile network traffic prediction is essential for anticipating demand, preventing congestion, and optimizing
resource allocation. This study offers a comprehensive comparative analysis of three widely used time series prediction
methods—ARIMA, Prophet, and GImnet—highlighting their respective strengths and limitations in the context of LTE
network traffic forecasting. By providing effective tools for cellular traffic prediction, this research aims to support the
telecommunications industry in achieving efficient resource management, cost optimization, and improved service
delivery. Furthermore, it facilitates strategic planning, ensuring networks can adapt to the evolving demands of modern
digital services.

The main contributions of this paper can be summarized as follows:

e This research provides an in-depth and comparative analysis between ARIMA, Prophet, and Glmnet models in
predicting LTE network traffic. This analysis provides insight into the advantages and disadvantages of each
model in the context of complex time series data.

e This research utilizes various performance metrics such as Mean Absolute Error (MAE), Mean Absolute
Percentage Error (MAPE), Symmetric Mean Absolute Percentage Error (SMAPE), Root Mean Squared Error
(RMSE), and Coefficient of Determination (R2) to assess the prediction accuracy and reliability of each model.
This ensures a comprehensive and objective assessment of model performance.

e The focus on LTE network traffic prediction provides high practical value for network operators. The results of
this research can be directly applied in the context of capacity management and network planning to improve
operational efficiency and service quality.

e This research helps identify the best prediction models to apply in a given context, providing guidance for
practitioners and researchers in choosing the most suitable method for their needs.

e By providing a comprehensive comparative analysis and evaluation, this research adds to the wealth of scientific
literature related to time series prediction in the context of telecommunications, opening up opportunities for
further research and the development of improved models.

e This study uses actual mobile network traffic data, making the results more relevant and applicable in real-life
situations. This increases the validity and reliability of the research findings.

2- Related Works

Traffic forecasting for cellular mobile communication is a critical area of research, with various methods developed
to predict future traffic patterns [17]. Techniques such as clustered complex echo state networks [18], support vector
regression models [19], and deep learning structures [20] have demonstrated potential in enhancing resource allocation
and utilization. For instance, Nayak & Singh (2021) [21] proposed methods aimed at improving prediction accuracy to
optimize cellular network operations. Broadly, traffic forecasting methods can be categorized into two main types:
statistical and machine learning approaches.

Statistical methods, valued for their simplicity and interpretability, include exponential smoothing models,
Autoregressive Integrated Moving Average (ARIMA) models, and clustering-driven approaches [22, 23]. These methods
leverage historical traffic data under the assumption that past patterns will persist. ARIMA models, in particular, excel
at capturing seasonality and trends in time series data, making them suitable for predicting variations in cellular network
traffic. They provide clear insights into the factors driving traffic patterns, facilitating reliable forecasting of peak
intervals and future network demands.

Studies have demonstrated the effectiveness of ARIMA models in various contexts. For example, Lv et al. (2021)
[24] used the ARIMA (0,1,0) model to predict peak traffic intervals in the mobile industry, achieving a mean interval

Page | 2199



Emerging Science Journal | Vol. 8, No. 6

error rate of 15.5%. Similarly, Lee et al. (2020) [25] reported an average error rate of 2.84% when using ARIMA models
to forecast future network throughput, contributing to improved network protocols and reduced latency. Suarez et al.
(2009) [26] also highlighted the utility of time series models like ARIMA for Wi-Fi traffic modeling, emphasizing their
role in efficient planning, resource allocation, and timely control.

ARIMA methods and other statistical models are relatively easy to implement and require minimal computational
resources. Designed to capture linear relationships in time series data, ARIMA is particularly effective for datasets with
stationary and predictable patterns. However, telecommunication network traffic often exhibits complex non-linear
behaviors due to factors such as evolving user behavior, the adoption of new technologies, and dynamic environmental
conditions. Consequently, ARIMA struggles to model these non-linear patterns accurately, resulting in reduced
forecasting accuracy in such scenarios [24].

Additionally, ARIMA relies heavily on historical data to predict future values. In cases of abrupt changes, such as the
launch of new applications or shifts in network policies, ARIMA models may fail to adapt quickly, leading to less
responsive and less accurate predictions [14]. Another limitation is ARIMA's reliance on stationarity, which assumes
that the statistical properties of a time series, such as mean and variance, remain constant over time. While differencing
techniques can address some aspects of non-stationarity, they may not fully capture the inherent complexity of traffic
data, which often exhibits pronounced trends and seasonal variations [7].

Despite their utility, ARIMA models face significant challenges in data-scarce environments and in capturing the
inherently stochastic and non-linear nature of traffic flow. Hybrid models and advanced techniques, such as Long Short-
Term Memory (LSTM) networks, address these limitations by offering improved accuracy and robustness, particularly
in handling anomalies and non-linear patterns. Studies consistently highlight the limitations of statistical methods like
ARIMA, which often assume linear relationships and struggle to adapt to rapidly changing traffic behaviors or sudden
shifts in data. As a result, there is a growing preference for machine learning approaches, which are better equipped to
model complex, non-linear relationships in traffic data [27].

Machine learning techniques have become indispensable in forecasting base station traffic in mobile networks. By
delivering more accurate predictions, these methods significantly enhance network performance, optimize resource
allocation, and improve user experiences. Techniques such as Artificial Neural Networks (ANN) and LSTM have
consistently outperformed traditional statistical models like ARIMA and Simple Moving Average (SMA) in terms of
error reduction and reliability. These machine learning models enable network service providers to manage resources
more effectively and prepare their networks to accommodate future growth in user demand [28].

Machine learning methods have gained significant prominence in base station traffic forecasting due to their ability
to capture complex patterns and non-linear relationships in data [29-31]. These methods leverage advanced algorithms
to predict traffic patterns with high accuracy, enabling network operators to optimize resource allocation and enhance
overall network performance [32]. Ensemble learning, a popular machine learning technigue, has been widely used in
traffic forecasting to improve prediction performance by combining multiple weak base models [33]. Stacking ensemble
learning models, which combine multiple machine learning algorithms (e.g., GDBT, XGBoost, LightGBM), can
outperform single models in terms of prediction accuracy and generalization ability. This multi-model fusion approach,
based on feature selection and stacking, improves base station traffic prediction accuracy and generalization compared
to single machine learning models.

Additionally, deep learning approaches, such as deep reinforcement learning and attention-based graph bi-LSTM
networks, have been applied to traffic forecasting tasks, highlighting the evolution of machine learning in this domain.
Deep learning models, particularly those that treat traffic volume data as tensors and use convolutional neural networks,
are effective at learning both temporal and spatial dependencies in cellular traffic data [34]. In a study by Sudhakaran et
al. (2020) [35], deep neural networks demonstrated their ability to effectively predict cellular traffic volumes, thereby
contributing to congestion control and energy efficiency in wireless networks. Techniques such as neural networks,
support vector machines, and random forests have shown promise in predicting cellular mobile traffic [36]. These
methods excel in handling large volumes of data and can capture intricate patterns that may be missed by traditional
statistical approaches.

In addition to the machine learning methods mentioned, the Prophet and Gimnet methods are also utilized for time
series traffic forecasting. Prophet, a technique developed by Facebook in 2017, is designed to forecast time series data
with seasonal patterns (daily, weekly, and yearly), as well as holiday effects. It works well with time series data that
exhibits strong seasonal influences and relatively few periods of missing data. Prophet employs an additive model to
decompose the time series into trend, seasonal, and holiday components, and it is particularly effective when data
contains clear seasonal trends and rate changes. One of the key advantages of Prophet is its ability to handle missing
data, outliers, and provide reliable predictions with minimal manual parameterization. The model is flexible, easy to use,
and accommodates complex variations in data without requiring extensive customization. Prophet is especially useful
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for long-term forecasting (e.g., 30-day predictions) [11]. It has been shown to outperform many other forecasting models,
including ARIMA and LSTM, in terms of accuracy and error rates. When combined with other techniques like LSTM
and BPNN, Prophet can further enhance forecasting accuracy and reduce errors [37].

In the study by Wang et al. (2022) [38], the Prophet algorithm effectively predicts both cell uplink and downlink
traffic for the upcoming week, showing consistent trends but varying amplitudes. The Prophet algorithm is particularly
effective for predicting hourly traffic changes in base stations, providing consistent results with low RMSE values around
0.03, indicating high accuracy in short-term predictions [38]. When combined with other models like GRU, Prophet can
decompose traffic flow data and achieve over 90% prediction accuracy, outperforming advanced models in real-time
traffic flow prediction under complex conditions [39]. Integrating Prophet with CNN-LSTM attention models allows the
capture of both local and global patterns in complex time series data, surpassing state-of-the-art models in accuracy for
network traffic prediction [40]. The multivariate version of Prophet (M-Prophet) has also proven effective in predicting
IP backbone network traffic, aiding in network planning and anomaly detection. Despite utilizing several statistical
techniques, Prophet's flexibility in handling complex and volatile data categorizes it as a machine learning method. Thus,
Prophet represents an example of combining robust statistical modeling with machine learning techniques for time series
forecasting [41].

In addition, the use of GImnet (Generalized Linear Models with Elastic Net Regularization) is an alternative method
that has gained attention in traffic forecasting for cellular network systems and base stations. GiImnet was developed to
address the limitations of traditional regression models by incorporating regularization techniques. As a regularization
method combining Lasso and Ridge regression, Glmnet is widely used in predictive modeling, particularly for its
efficiency in handling high-dimensional data [42]. By integrating GImnet into predictive modeling processes alongside
techniques like LSTM and XGBoost, researchers can enhance the accuracy and robustness of base station traffic
forecasting models. Regularization, a common technique in machine learning, improves model generalization, and
Glmnet excels with datasets containing a large number of features, a frequent occurrence in machine learning
applications. This capability is particularly important for analyzing large, complex datasets. The model-fitting process
in GImnet involves sophisticated optimization algorithms to find the optimal combination of parameters, characteristic
of machine learning approaches. However, the use of GImnet in traffic forecasting remains relatively limited, particularly
for base station traffic prediction. While not directly mentioned in the references provided, machine learning technigques
such as LSTM and XGBoost are commonly employed alongside Glmnet for predictive modeling tasks. The relatively
limited use of GImnet, especially in traffic forecasting for base stations, is one of the reasons for the proposed exploration
of Glmnet in this study, where it will be compared with other algorithms.

The advantages of machine learning methods include their ability to capture non-linear relationships and intricate
patterns in traffic data, leading to more accurate forecasts. Another benefit is that machine learning methods can adapt
to changing traffic behaviors and learn from new data without relying on predefined models. In terms of scalability,
machine learning algorithms can handle large datasets, making them suitable for capturing the complexities of cellular
network traffic. However, machine learning methods also have some disadvantages, such as the need for extensive
parameter tuning and their complexity in interpretation compared to traditional statistical techniques. Overall, both
statistical and machine learning methods have their advantages and disadvantages in the context of traffic forecasting
for cellular mobile communication. While statistical methods provide interpretability and simplicity, machine learning
methods excel at capturing complex patterns and adapting to evolving traffic behaviors. The selection of the most
appropriate method should depend on the specific characteristics of the traffic data and the desired level of forecast
accuracy.

There is limited research comparing the performance of ARIMA, Prophet, and Glmnet for predicting cellular network
traffic. While a small number of studies compare pairs of these methods, none compare all three. A summary of related
studies is presented below.

Azari et al. (2019) [43] evaluated the performance of ARIMA and LSTM models for predicting and classifying
cellular network traffic. The study found that while ARIMA serves as a solid benchmark, LSTM models generally
outperform ARIMA in terms of accuracy for complex datasets. ARIMA models are effective for simpler, linear traffic
patterns, while LSTM models excel at capturing more complex, non-linear patterns. Santos Escriche et al. (2023) [44]
conducted a survey of various methods for cellular traffic prediction, including ARIMA and Prophet. Their comparison
emphasizes the strengths and weaknesses of these models in different scenarios. ARIMA is found to be reliable for short-
term predictions, whereas Prophet is more user-friendly and better suited for handling seasonality and holidays.
However, Prophet may not always match ARIMA's accuracy for certain datasets. Mehri et al. (2024) [45] explored the
use of live prediction algorithms for real-time forecasting of cellular network traffic, comparing the performance of
ARIMA and Prophet models. Their study highlights the applicability of both models in dynamic environments, with
ARIMA models being suitable for real-time predictions due to their simplicity and efficiency, while Prophet offers
flexibility in incorporating external factors, though it may require more computational resources. Perifanis et al. (2023)
[46] investigated the application of federated learning for predicting traffic in 5G base stations. Federated learning
enables collaborative training across multiple devices without centralizing data, thus maintaining privacy.
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The study compares traditional ARIMA with LSTM-based models to analyze their effectiveness in a decentralized
approach. The authors find that ARIMA is effective for simpler, linear patterns in time series data but less accurate for
complex, non-linear patterns, while LSTM significantly outperforms ARIMA in capturing temporal dependencies and
non-linear patterns in the traffic data. Wang (2022) [47] focused on predicting mobile traffic at base stations using
ARIMA and LSTM models, aiming to evaluate the effectiveness of these models in capturing temporal patterns in LTE
base station traffic. The study finds that ARIMA performs well for short-term forecasting with linear trends but struggles
with more complex and non-linear data patterns, while LSTM provides better accuracy for long-term forecasting and
non-linear trends, demonstrating superior performance in handling the intricacies of mobile traffic data compared to
ARIMA. This paper highlights the need for more advanced models, such as LSTM, to capture detailed dependencies in
mobile traffic, which ARIMA could not adequately address. Siami-Namini et al. (2018) [48] evaluated ARIMA and
LSTM models in forecasting time series data, emphasizing their performance differences in capturing various data
patterns. They found that ARIMA is adequate for short-term linear forecasts but limited in handling non-linear patterns
and long-term dependencies, while LSTM is superior in modeling non-linear patterns and long-term dependencies,
providing better accuracy and robustness in complex time series forecasting tasks. Overall, the study reinforces the need
for advanced neural network models like LSTM to effectively manage the complexity of real-world time series data,
which ARIMA cannot fully address.

Based on the above findings, the contribution of this study is to compare the performance of ARIMA, Prophet, and
GIlmnet—three models—in predicting cellular network traffic, specifically for the telecommunications industry and LTE
base stations.

3- Research Methodology

Figure 1 illustrates the processes involved in the methodology of this work. Traffic forecasting follows a structured
approach to predict future traffic patterns based on historical data. The first step is to collect relevant historical traffic
data, which is then pre-processed to ensure its quality and consistency. Next, a model is selected according to the
characteristics of the data. For instance, if the data exhibits strong seasonal patterns, Prophet may be the preferred model.
Alternatively, if the data has a complex structure with many variables, GiImnet may be more suitable. ARIMA, on the
other hand, is effective for modeling trends and variations in the data. Once the model is selected, it is trained using the
historical data, with its parameters adjusted to best fit the data. The model is then evaluated using metrics such as Mean
Absolute Percentage Error (MAPE), Root Mean Squared Error (RMSE), and Coefficient of Determination (R2), which
provide insights into the model's performance. These metrics help identify the most appropriate model for the task. After
evaluation, the best model is selected to forecast future traffic patterns. The forecasted values are then post-processed to
ensure quality and consistency. Finally, the results are visualized to facilitate interpretation and decision-making. This
structured approach ensures that the most accurate and reliable traffic forecasts are generated, supporting informed
decisions regarding traffic management and infrastructure planning.

Start

l

Dataset Description and Preparation

!

Model for Traffic Forecasting

!

Performance Evaluation Metrics for
Traffic Forecasting

l

End

Figure 1. Flowchart of the research methodology

3-1-Dataset Description and Preparation

In this study, we compare three popular time series forecasting methods—ARIMA, Prophet, and GImnet—for LTE
base station traffic forecasting in Bandung, West Java, Indonesia. The traffic data was collected from a site of a national
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telecommunications operator in Indonesia over a 30-day period, with hourly observations, resulting in a total of 721
hours of data. This dataset was used to analyze and forecast traffic patterns in the study area.

The data collection was crucial for understanding traffic flow dynamics and developing accurate predictive models.
Bandung, shown in Figure 2, is a major city in West Java known for its vibrant urban environment and high traffic
volume. The dataset includes insights into peak hours, off-peak hours, and seasonal variations, which are essential for
effective traffic management strategies and predicting future demands. By capturing hourly traffic data over 30 days,
this comprehensive dataset enables the training and evaluation of forecasting models, which can then be applied to
optimize traffic infrastructure, signal timing, and other management strategies.

Area of the observed region

Area of Bandung City g e
Figure 2. Area of the observed region

In this study, data preprocessing was carried out meticulously to ensure the quality of the data used in the forecasting
models. The first step in preprocessing is data cleaning, which involves identifying and removing outliers and handling
missing values. Outliers are detected using statistical methods such as the interquartile range (IQR) and z-scores. Extreme
values outside a reasonable range are either removed or imputed. Missing values are addressed through imputation
techniques, such as using the mean or median of the available data, or more advanced methods like interpolation.

Next, the data is normalized to ensure that all variables are on the same scale, which is crucial for algorithms like
GImnet that are sensitive to data scale. Normalization is performed using standard methods, such as min-max scaling or
z-score normalization, depending on the data distribution.

In data splitting, the historical traffic data is divided into a training dataset and a test dataset using commonly used
ratios such as 70:30 or 80:20. The splitting is done randomly while preserving the time distribution of the data to maintain
the temporal nature of the traffic data.

The following assumptions were made during modeling:

e For the ARIMA model, it is assumed that the time series data is stationary or can be made stationary through
differencing. The ARIMA (p, d, q) parameters are determined using ACF (Autocorrelation Function) and PACF
(Partial Autocorrelation Function) analysis.

e For the Prophet model, it is assumed that the data includes trend, seasonality, and holiday effects, which can be
modeled additively. Prophet also assumes an automatic trend change component, captured by a piecewise linear
or logistic growth model.

¢ For the GImnet model, the primary assumption is that the data exhibits a linear relationship between the predictor
and response variables, with a penalty model (Lasso or Ridge) helping to regulate overfitting. The penalty and
regularization parameters are selected through cross-validation to identify the optimal model.

The data was prepared and standardized for each of the three traffic categories (total, downlink, and uplink) to ensure
uniformity and comparability between the forecasting models. A standard scale was used to standardize the traffic
statistics, ensuring that the size of the data did not unduly impact the model's training. Normalization helped eliminate
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the influence of data scale, allowing the models to focus on uncovering the underlying patterns. After normalization, the
traffic data was decomposed into its trend and seasonal components. Time series decomposition techniques were used
to separate the raw data from its overall growth trend and recurring seasonal patterns. By accounting for these
components, the models were better equipped to capture the true behavior of the traffic data, leading to more accurate
forecasts. Figures 3 to 5 illustrate total traffic, downlink traffic, and uplink traffic, respectively.

Figure 3 displays the total traffic data recorded over the 30-day monitoring period. This graph shows the combined
volume of both uplink and downlink traffic handled by the base station. The x-axis represents time in hours, covering
the entire 721-hour observation period, while the y-axis represents traffic volume in appropriate units (e.g., gigabytes or
packets per hour). The plot highlights temporal fluctuations in total traffic, with periodic peaks and troughs
corresponding to daily and weekly usage patterns.

Figure 4 illustrates the downlink traffic data over the same 30-day period, focusing on the volume of data transmitted
from the base station to mobile devices. Like Figure 3, the x-axis represents time in hours, and the y-axis shows downlink
traffic volume. The plot reveals distinct patterns in downlink traffic, indicating periods of high and low data transmission
aligned with user behavior and network demand throughout the day and week.

Figure 5 presents the uplink traffic data for the 30-day observation period. This graph focuses on the volume of data
sent from mobile devices to the base station. The x-axis represents time in hours, and the y-axis shows uplink traffic
volume. The plot highlights variations in uplink traffic, showing periodic changes in data transmission volumes. These
patterns reflect typical user behavior and network usage trends, with noticeable peaks during certain hours of the day
when users are more active in uploading data.
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The dataset includes three traffic data components: total traffic, downlink traffic, and uplink traffic. Downlink traffic
measures the volume of data sent from the base station to mobile devices, while uplink traffic captures the volume of
data sent from mobile devices to the base station. Total traffic represents the combined volume of both transmitted and
received data by the base station.

To evaluate the forecasting models, the dataset is divided into training and testing sets. The training set consists of
data from the first 27 days, while the testing set includes data from the last 3 days, as shown in Figure 5 for the total
traffic dataset. The same data splitting method is applied to the downlink and uplink traffic datasets.

This approach ensures that the models are trained on a substantial portion of the data, providing them with
sufficient information to learn, while the testing set remains untouched during training. This allows for an unbiased
evaluation of the models' performance on unseen data. Any missing values or outliers in the data were identified and
appropriately addressed. Missing values were imputed using methods such as linear interpolation or forward filling,
while outliers were either removed or smoothed to avoid distorting the model training process. Additional features
were created to enhance the models' predictive capabilities, including lagged variables representing previous traffic
values, rolling averages, and other statistical measures. These features provided the models with more context
regarding traffic patterns.

Time Series Cross Validation Plan
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Figure 5. Splitting total traffic dataset for training and testing

Mobile cellular traffic exhibits distinct periodic patterns, including hourly, daily, and weekly cycles. These patterns
are crucial for accurate forecasting, as they reflect natural fluctuations in traffic volume. Hourly traffic varies based on
daily usage patterns of mobile users. Daily periodicity captures consistent changes in traffic volume throughout the day,
influenced by factors such as peak hours, user behavior, and application usage. Weekly periodicity, on the other hand,
reflects variations in traffic volume across different days of the week, influenced by factors like weekends, holidays, and
special events.

Figures 6 to 8 show the seasonality, periodicity, and trend of the dataset. These figures decompose the traffic data
into seasonal and trend components for total traffic, downlink traffic, and uplink traffic, respectively.

The time series data was tested for stationarity, and differencing was applied if necessary to make the series stationary.
Stationarity refers to a time series having a constant mean and variance over time, which is a crucial assumption for
many time series forecasting models. By differencing the data, trends and seasonality were removed, making the series
more suitable for accurate forecasting.
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Each forecasting model required specific preparations: for ARIMA, parameters such as the order of
autoregressive, differencing, and moving average components were determined. For Prophet, seasonality modes and
changepoints were identified and configured. For Glmnet, regularization parameters were tuned to optimize the
model’s performance. Analyzing these characteristics of the base station traffic provides valuable insights for
predicting future traffic levels, facilitating proactive capacity management, network planning, and quality of service
improvements. Additionally, this dataset was used to compare the accuracy of three time series forecasting methods:
ARIMA, Prophet, and Glmnet.
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Figure 6. Decomposition total traffic data into sessional, trend a remainder

=
s 3
s S
8 = O
=~
=3
FY
E =
S
= =
s 4
2 3
@«
@
w
8
3
L3
[
£
8 L
3
=
2
-~ &
3
c O 8
@©
£ 8
e g
8
2020 2025 2030 2035 2040 2045
time

Figure 7. Decomposition downlink traffic data into sessional, trend a remainder
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3-2-Models for Traffic Forecasting

Traffic forecasting in LTE base stations is crucial for efficient network management, resource allocation, and ensuring
quality of service. Several models have been proposed and tested for this purpose, including traditional statistical models
such as ARIMA, machine learning models like Prophet, and regularization techniques like GImnet. This section presents
a theoretical approach to traffic forecasting using these three models, emphasizing their strengths and application
scenarios.

a) ARIMA (AutoRegressive Integrated Moving Average)

ARIMA (AutoRegressive Integrated Moving Average) models have long been used for time series forecasting in
various domains, including telecommunications [14]. Based on the principles of time series analysis, ARIMA assumes
that future values can be predicted from past observations. The model combines autoregressive (AR), differencing (1),
and moving average (MA) components, making it effective for capturing linear trends and seasonal patterns in historical
data. Its theoretical foundation stresses the importance of stationarity in time series data, which is crucial for accurate
forecasting. While ARIMA is effective in many scenarios, it has limitations in handling non-linear patterns and sudden
shifts in dynamic environments like telecommunications.

ARIMA is particularly suitable for non-stationary data, where differencing is applied to achieve stationarity. In the
context of LTE base station traffic, ARIMA captures trends and seasonal patterns by adjusting three key parameters: p
(autoregressive order), d (differencing order), and g (moving average order). The mathematical representation of the
ARIMA model, expressed in Equation 1, illustrates how past values and errors contribute to forecasting future values.
ARIMA models are well-suited for long-term forecasting, as they effectively capture traffic trends and seasonality, and
have been shown to perform well in predicting peak traffic intervals and long-term traffic patterns. Additionally, ARIMA
is relatively simple to implement and interpret, making it an effective tool for datasets with strong linear trends and
seasonality [49].
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These models are particularly adept at capturing seasonality and trends in time series data, making them well-suited
for predicting traffic variations in cellular networks. One of the key advantages of ARIMA models is their simplicity
and interpretability, which allow for clear explanations of the underlying patterns and factors influencing traffic
forecasts. However, ARIMA models may struggle to capture complex non-linear patterns in traffic data and may fail to
adapt to rapidly changing traffic behaviors or sudden shifts in data.
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ARIMA models are based on the premise that future values of a time series can be predicted by a linear combination
of its past values and past forecast errors. The model has three main components:

1. The autoregressive (AR) component, which represents the correlation between the current time series value and
its past values. It captures the relationship between the current observation and a set of previous observations.

2.The integrated (1) component, which involves differencing the raw observations to make the time series
stationary. Stationarity refers to a constant mean and variance over time, and differencing removes trends to
achieve this.

3. The moving average (MA) component, which accounts for the relationship between the current time series value
and the residual errors from a moving average model applied to lagged observations. This component helps model
the relationship between current values and past errors.

Together, these components form the ARIMA model, which is effective at capturing both linear and certain non-
linear patterns in time series data. This makes ARIMA models well-suited for forecasting traffic variations in cellular
networks. They provide valuable insights for addressing the seasonal, trend, and continuously increasing nature of
mobile cellular traffic. However, ARIMA models may struggle with complex non-linear patterns and may not fully adapt
to rapid changes in traffic behavior or sudden shifts in data.

b) Prophet

Prophet is a forecasting tool developed by Facebook that is designed to handle the challenges of forecasting data at
scale [43]. The underlying theory of Prophet forecasting tool revolves around its ability to accommodate the key
components of time series data — trend and seasonality. This tool is particularly tailored to address the common
challenges faced in forecasting large-scale time series data, including the presence of outliers, shifts in trends, and
changes in seasonality [43]. The Prophet model decomposes the time series into three main components, there are trend,
seasonality, and holidays. The mathematical representation of the Prophet model can be expressed as follows in Equation
2. In this Equation 2, Y (t) represents the observed value at time t, g(t) denotes the trend component capturing the long-
term progression of the time series, s(t) represents the seasonal component, accounting for periodic fluctuations that
occur at regular intervals, h(t) reflects the holiday effects, which are specific to certain dates and can influence the traffic
patterns, and €; is the error term, capturing the noise or random fluctuations in the data. This equation effectively
illustrates how Prophet combines these components to provide a comprehensive model for forecasting time series data,
particularly in contexts where seasonality and holidays significantly impact the observed values.

Y() =g(t) +s()+h()+€, 2

Prophet is effective for short-term traffic forecasting and can handle irregularities and missing data in time series. It
has been successfully applied to predict hourly traffic changes in LTE base stations. User-friendly and requiring minimal
tuning, it is well-suited for real-world applications, as it effectively handles missing data and outliers [50].

Prophet introduces a flexible modeling framework that incorporates the non-linear growth trends often observed in
real-world data. Using a piecewise linear model for the trend, it adapts to changing growth rates and captures the diverse
growth patterns of different time series. Additionally, Prophet employs a robust approach to handle complex seasonal
effects and multiple forms of seasonality, such as distinct hourly, daily, and weekly fluctuations in cellular mobile traffic.

Beyond trend and seasonality, Prophet can incorporate special events that significantly impact traffic patterns in
cellular networks. This ability to account for known events enhances its forecasting capabilities, particularly for
fluctuations caused by holidays, special events, or unforeseen anomalies.

One of Prophet’s key strengths is its intuitive and user-friendly interface, which allows for easy parameter tuning and
model interpretation. The transparency and interpretability of its models provide valuable insights into the underlying
patterns and factors influencing traffic forecasts, aligning with the need for clear explanations in capacity management,
network planning, and service quality enhancement.

c) Glmnet

GLMNET stands for Generalized Linear Models with Elastic Net regularization. It is a statistical modeling technique
that has gained popularity for effectively handling high-dimensional data and complex relationships. Developed as an
extension of traditional linear regression and logistic regression models, GLMNET addresses the limitations of these
methods in managing high-dimensional datasets with multicollinearity. By combining ridge regression and lasso
regression, it offers a flexible approach to variable selection and regularization [44].

The development of GLMNET was motivated by the need to improve predictive accuracy and interpretability in the
context of complex data structures. The underlying theory is based on regularization, which adds a penalty term to the
standard model fitting procedure. The elastic net penalty in GLMNET combines the strengths of both ridge and lasso
penalties, allowing the model to select relevant variables while encouraging grouping and sparsity in coefficient
estimates. This approach addresses challenges such as overfitting and multicollinearity, leading to more robust and
accurate predictions for mobile cellular traffic forecasting.
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GLMNET is highly effective in forecasting mobile cellular traffic, as it can capture the complex relationships and
non-linear patterns often present in traffic data. It can also adapt to varying traffic behaviors and learn from new data,
making it a valuable tool for dynamic forecasting in cellular networks. While GLMNET offers advanced capabilities for
modeling complex relationships, it introduces some complexity in model interpretation compared to traditional statistical
techniques. Nevertheless, its adaptability to changing traffic behaviors makes it a valuable asset for accurate and
informed forecasting in telecommunications.

Glmnet is a machine learning technique that combines the properties of ridge regression and lasso regression. It is
used for regression analysis and can handle multicollinearity in the data. The Glmnet model solves the following
optimization problem, which is crucial for understanding its structure and functionality in forecasting. It shown in
Equation 3, where g represents the coefficients of the model, N is the number of observations, y; is the response variable
for observation i, x;; are the predictor variables for observation i and predictor j, j, is the intercept of the model, A is
the regularization parameter, a controls the mix of ridge and lasso penalties. GImnet is suitable for scenarios where the
traffic data has many predictors and potential multicollinearity issues. It can be used to predict traffic patterns by
incorporating various features such as time of day, day of the week, and network conditions. GImnet provides a balance
between bias and variance, making it effective for complex datasets with many predictors. It can handle both linear and
non-linear relationships in the data.

min {205 (v = Bo = Ey xy8)” + A (a BB + 52 87 3

3-3- Performance Evaluation Metrics for Traffic Forecasting

To evaluate the performance of the models used in predicting LTE base station traffic, we employed several
commonly used evaluation metrics in time series forecasting. These six metrics include MAE (Mean Absolute Error),
MAPE (Mean Absolute Percentage Error), MASE (Mean Absolute Scaled Error), SMAPE (Symmetric Mean Absolute
Percentage Error), RMSE (Root Mean Squared Error), and R? (Coefficient of Determination). These metrics were
selected because they offer diverse insights into the quality of the forecasting models, aiding in the evaluation and
optimization of predictions.

e Mean Absolute Error (MAE). MAE measures the average absolute error between the actual value and the
predicted value. MAE gives an idea of how large the forecasting error is in general and is expressed in the same
units as the original data. MAE is also used to compare the performance of different models or algorithms in
making predictions. The smaller the MAE value, the better the model or algorithm is at making predictions. MAE
can be expressed as in the Equation 4, where y; is the actual value, J; is the predicted value, and nsqpe is the
total number of samples.
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MAE = Wziizmple ly: — il 4

e Mean Absolute Percentage Error (MAPE). MAPE calculates the average absolute percentage error between

predicted and actual values. The smaller the MAPE value, the better the quality of the prediction model. This

metric gives an idea of how much the error is relative to the actual value, making it easy to compare between

datasets of different scales. It is useful for evaluating the error in percentage terms, which is important in situations

where the prediction depends on the percentage error. MAPE can be expressed as in the Equation 5, where y; is

the actual value, ¥; is the predicted value, and n is the total number of samples.
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e Mean Absolute Scaled Error (MASE). MASE is a metric that measures the average absolute error produced by
the model compared to the average absolute error of the model predicting the previous value SMAPE is a better
version of MAPE as it is not affected by zero values and can reduce the bias caused by large values. It is useful
for evaluating errors in percentages, which is more accurate and easier compared to MAPE. This metric helps
assess the performance of the model compared to a simple model. MASE can be expressed as in the Equation 6,
where n is the number of samples, y; is it the actual value of i, and y;_, is the previous actual value

1 1
MASE = —— i=2lyi = Yi-al iEZ?=z|Yi = Vi1l (6)

e Symmetric Mean Absolute Percentage Error (SMAPE). SMAPE is a variant of MAPE that is symmetric and
less sensitive to small actual values. This is because SMAPE is not affected by zero values and can reduce bias
caused by large values. SMAPE can be expressed as in the Equation 7, where y; is the actual value, J; is the
predicted value, and n is the total number of samples.
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e Root Mean Square Error (RMSE). RMSE measures the root of the mean square of the error between the actual
value and the predicted value. RMSE calculates the average of the squares of the difference between the predicted
and actual values. The smaller the RMSE value, the better the quality of the prediction model. It’s useful for
evaluating accuracy and error in prediction, which provides information on how close the predicted value is to the
actual value. RMSE can be expressed as in the Equation 8, where y; is the actual value, J; is the predicted value,
and nggmpe; i the total number of samples. The ML model's prediction is better when the RMSE values are less.

Nsampel =0

RMSE = [ 50 y — 9 ®

e R-squared (R2). To assess the level of performance of the prediction models, we employed the coefficient of
determination (R?). R2 measures the proportion of variability in the data that can be explained by the model. R?
values range between 0 and 1, with higher values indicating a better model at explaining data variability. It is
useful to evaluate how well the model can predict variations in the data, which is important to know how accurate
the model is in predicting trends and variations in traffic data. R-squared can be expressed as in Equation 9.
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Using these evaluation metrics, we conducted a comprehensive comparative analysis to identify the most effective
and efficient forecasting model for LTE base station traffic. The selected metrics—MAE, MAPE, SMAPE, RMSE, and
R2—were chosen because they offer different insights into the quality of the traffic forecasting model, aiding in
performance evaluation and prediction optimization. These metrics assess absolute and percentage errors, accuracy,
variation, and allow for comparison with a baseline model.

4- Result and Discussion
4-1-Total Traffic Forecast

Figure 9 illustrates the comparison between actual total traffic data and the forecasting results generated by the
ARIMA, Prophet, and Glmnet models over the testing period. The x-axis represents time in hours, and the y-axis
indicates the traffic volume. Each model's forecast is plotted alongside the actual traffic data to visualize their
performance. The graph highlights discrepancies between predicted and actual values, providing a clear visual
representation of each model's accuracy. From the plot, it is evident that GImnet's forecast closely follows the actual
traffic pattern, with smaller deviations compared to ARIMA and Prophet, indicating superior performance. This closer
alignment suggests that GImnet better captures the underlying patterns and trends in the data, as further supported by the
performance metrics in Table 1.

Table 1 shows the total traffic forecast results in terms of MAE, MAPE, SMAPE, RMSE, and R2 for ARIMA, Prophet,
and Glmnet. Glmnet consistently outperforms the other models, with lower error rates and higher R2 values,
demonstrating its effectiveness in forecasting total base station traffic. Specifically, GImnet achieves the lowest values
for MAE, MAPE, SMAPE, and RMSE, indicating superior accuracy. The highest R? value reinforces Glmnet’s better
fit to the data, highlighting its ability to capture actual traffic dynamics.

This superior performance can be attributed to Glmnet's ability to handle multicollinearity and non-linear
relationships in the data. While ARIMA is effective at modeling data with strong autocorrelation, it struggles with the
complexities of LTE network traffic data, which exhibits seasonal patterns and non-linear trends. Prophet, though it
provides better results than ARIMA in some categories, still lags behind Glmnet in prediction accuracy and the
explanation of data variance. These findings have both scientific and practical implications. Scientifically, they confirm
the superiority of Glmnet in complex time series prediction, especially in LTE network traffic forecasting. Practically,
Glmnet’s application by network operators can improve operational efficiency and capacity management, enabling more
informed decision-making and better responsiveness to traffic fluctuations, which ultimately enhances the quality of
service provided to end users.

Upon analyzing the forecast results using the specified performance metrics, it is clear that GImnet outperforms both
ARIMA and Prophet in forecasting accuracy. MAE and RMSE values for Glmnet are the lowest, indicating superior
accuracy in predicting cellular network traffic. Glmnet’s MAE is about 10% lower than Prophet’s and 28% lower than
ARIMA’s. Its RMSE is about 7% lower than Prophet’s and 16% below ARIMA’s. Similarly, Glmnet demonstrates lower
MAPE and SMAPE values, with MAPE being 40% lower than Prophet’s and 50% lower than ARIMA’s, confirming its
better performance in forecasting accuracy. Although R2 values should be interpreted cautiously in time series analysis,
Glmnet exhibited the highest R, suggesting a better fit to the data compared to ARIMA and Prophet. Based on these
performance metrics, GImnet emerges as the most effective method for forecasting total base station traffic. Its ability
to handle complex data structures, manage multicollinearity, and provide robust, accurate predictions makes it the
preferred choice for telecommunications forecasting.
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Table 1. Performance Evaluation of Total Traffic Forecast Results

Model MAE MAPE MASE SMAPE RMSE R?
ARIMA 2,582,806 1,036 1.126 93.4 2,941,055 0.00692
PROPHET 2,240,593 970 1.10 87.1 2,710,276 0.0238
GLMNET 2,022,954 689 0.990 85.4 2,527,191 0.0892
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Figure 9. Actual total traffic and forecasting results

4-2-Downlink Traffic Forecast

The Downlink Traffic forecast results, in terms of Mean Absolute Error (MAE), Mean Absolute Percentage Error
(MAPE), Symmetric Mean Absolute Percentage Error (SMAPE), Root Mean Squared Error (RMSE), and Coefficient
of Determination (R?), for ARIMA, Prophet, and Glmnet are shown in Table 2.

Figure 10 compares the actual downlink traffic data with the forecasting results from ARIMA, Prophet, and Glmnet
models. The x-axis represents time in hours, and the y-axis represents the downlink traffic volume. Similar to Figure 7,
the forecasted values from each model are plotted alongside the actual downlink traffic data. This comparison is essential
for evaluating how well each model predicts the volume of data transmitted from the base station to mobile devices. The
Glmnet model provides a closer fit to the actual downlink traffic data than ARIMA and Prophet. The visual
representation shows that Glmnet’s forecast lines more closely align with the peaks and troughs of the actual data,
indicating its higher accuracy. This observation is further supported by the performance metrics, with GImnet achieving
the lowest MAE, MAPE, SMAPE, and RMSE values, as well as the highest R? value, demonstrating a better fit and
more reliable forecasts.

After analyzing the Downlink Traffic forecast results in Table 2, it is evident that GImnet outperforms both ARIMA
and Prophet in forecasting cellular network traffic. Specifically, GlImnet achieved MAE values that are 9% lower than
Prophet’s and 30% lower than ARIMA’s, and MAPE values that are 28% lower than Prophet’s and 60% lower than
ARIMA’s. These values signify better accuracy and performance in forecasting cellular network traffic. Furthermore,
the higher R2 value for Glmnet indicates a better fit to the data compared to the other methods. Based on the
comprehensive analysis of these performance metrics, it is clear that GiImnet is the most effective method for forecasting
cellular network downlink traffic among the evaluated models.

Table 2. Performance Evaluation of Downlink Traffic Forecast Results

Model MAE MAPE MASE SMAPE RMSE R?
ARIMA 2,252,342 6,717 1.28 93.5 2,606,112 0.00684
PROPHET 1,885,628 5,393 1.07 85.9 2,336,109 0.0540
GLMNET 1,726,640 4,227 0.980 84.2 2,228,733 0.0840
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Figure 10. Actual downlink traffic and forecasting results

4-3-Uplink Traffic Forecast

Similar to the findings in Figures 9 and 10, GImnet demonstrates superior forecasting performance for uplink traffic.
The forecasted values generated by Glmnet are more closely aligned with the actual uplink traffic data, capturing the
variability and trends more accurately than ARIMA and Prophet. The performance metrics in Table 3 further highlight
Glmnet's effectiveness.

Figure 11 compares the actual uplink traffic data with the forecasts produced by ARIMA, Prophet, and Glmnet
models. The x-axis represents time in hours, while the y-axis shows the uplink traffic volume. This comparison illustrates
how well the models predict the volume of data sent from mobile devices to the base station.

The uplink traffic forecast results, in terms of Mean Absolute Error (MAE), Mean Absolute Percentage Error
(MAPE), Symmetric Mean Absolute Percentage Error (SMAPE), Root Mean Squared Error (RMSE), and Coefficient
of Determination (R?), are shown in Table 3. Glmnet’s lower MAE, MAPE, SMAPE, and RMSE values, along with the
highest R? value, confirm its superior ability to forecast uplink traffic. This model’s better performance is consistent
across all traffic types.

Upon analyzing these results, it is clear that GImnet outperforms both ARIMA and Prophet in all performance
metrics. GImnet demonstrates lower values for MAE (21% lower than Prophet and 57% lower than ARIMA), MAPE
(19% lower than Prophet and 63% lower than ARIMA), SMAPE (9% lower than Prophet and 24% lower than ARIMA),
and RMSE (14% lower than Prophet and 45% lower than ARIMA). These improvements signify that Glmnet’s forecasts
exhibit smaller errors and better accuracy in capturing the variability of cellular network traffic. Additionally, the higher
R2 value for GImnet further confirms its superior ability to explain the variance in the traffic data, indicating a stronger
fit.

Therefore, based on the comprehensive analysis of the uplink traffic forecast results and performance metrics, we
conclude that Glmnet is the most effective method for forecasting cellular network traffic among the three models
evaluated.

Across all three figures and corresponding tables, GImnet consistently outperforms ARIMA and Prophet in
forecasting total, downlink, and uplink traffic. Both the visual comparisons and quantitative performance metrics
demonstrate that Glmnet’s ability to handle complex data structures and adapt to variations in traffic patterns makes it
the most effective model for LTE base station traffic forecasting. These findings underscore the importance of selecting
appropriate forecasting models to optimize network capacity management and improve service quality in
telecommunications.
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Table 3. Performance Evaluation of Uplink Traffic Forecast Results

Model MAE MAPE MASE SMAPE RMSE R?
ARIMA 197,388 468 1.83 88.4 216,281 0.0318
PROPHET 151,945 340 1.41 77.5 170,567 0.147
GLMNET 125,882 287 1.16 71.3 149,646 0.158
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Figure 11. Actual uplink traffic and forecasting results

As previously shown, Glmnet outperforms Prophet and ARIMA, making it the most effective and accurate method
for forecasting cellular network traffic. Other studies also highlight the superiority of GImnet. For example, Garg et al.
(2022) [51] examined various machine learning algorithms for time series forecasting, focusing on GLMnet and Prophet
among others. Their study provides a comprehensive comparison of these models based on performance, usability, and
accuracy in different forecasting scenarios. They found that Prophet is known for its simplicity and effectiveness in
handling seasonality and missing data. It requires minimal tuning, making it accessible to users with limited expertise
in time series forecasting. In contrast, Glmnet offers flexibility and robust regularization, making it ideal for high-
dimensional datasets. Although it can achieve high accuracy, it requires extensive parameter tuning. The authors
concluded that both models have their strengths: Prophet is more user-friendly, while GImnet provides better accuracy
when properly tuned.

Santos Escriche et al. (2023) [44] compared ARIMA with machine learning models, including Glmnet. They found
that ARIMA is robust in handling historical traffic patterns, making it a good baseline for comparison. However, its
performance diminishes as data complexity and non-linear patterns increase. On the other hand, GImnet demonstrates
strong performance with complex and high-dimensional datasets, thanks to its ability to manage multicollinearity and
overfitting through regularization. The authors concluded that while ARIMA is effective for simpler, linear datasets,
Glmnet offers improved accuracy and adaptability in more complex forecasting environments. Thus, Glmnet is suitable
for traffic data with complex and high-dimensional datasets, but may be less effective in handling seasonality and
missing data, especially if not properly tuned.

Based on the simulations and research results conducted in this study, several scenarios and conditions emerge in
which the GImnet algorithm is particularly effective, namely:

o Highly unbalanced data, where a single class or category predominates, can be problematic for Glmnet. This
disparity may cause biased models to favor the dominant class, which could have the unintended consequence of
having the minority class do poorly.
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o Glmnet may experience multicollinearity in situations when predictor variables have substantial correlations with
one another. Instable coefficients and subpar performance may result from this.

o While a large number of features can be handled by Glmnet, an excessively large number of features may cause
computational problems and subpar performance.

¢ Non-stationarity of the data, which might arise from variations in the mean or variance over time, is not a feature
of Glmnet. For these kinds of data, other models like Prophet or ARIMA would be more appropriate.

o For GImnet to function properly, a sufficient quantity of samples are needed. Other models, such as decision trees
or random forests, may perform better in situations where the sample size is very small because of their capacity
to handle small datasets.

o Glmnet is mainly intended for use with generalized linear models, which work well with binary and continuous
data. Other models like ARIMA or spatial autoregressive models may perform better if the data contains
specialized categories like time series or spatial data.

Based on this research, we conclude that certain characteristics of traffic data make Glmnet more suitable and
recommended compared to ARIMA and Prophet. GImnet is known for its robustness and efficiency in handling large,
complex datasets and optimization problems—critical factors in traffic forecasting, where data volumes can be vast and
computational demands high. It is particularly effective at handling non-stationarity in traffic data, which often exhibits
seasonal and trend changes. This capability allows Glmnet to capture the dynamic nature of traffic patterns, which can
vary significantly over time.

Moreover, GImnet excels in both short-term and long-term forecasting. It provides precise predictions for immediate
decision-making in short-term applications, while also offering valuable insights into long-term trends and near-future
scenarios. Its ability to manage highly correlated covariates, along with its robustness, efficiency, improved convergence
properties, and capability to handle complex models, makes Glmnet a superior choice for traffic forecasting over
ARIMA and Prophet.

5- Conclusion

In this study, we evaluated the performance of three forecasting models—ARIMA, Prophet, and Glmnet—for
predicting LTE base station traffic, focusing on total, downlink, and uplink traffic. We used a dataset derived from
continuous 24-hour monitoring over 30 days and analyzed the models based on several performance metrics, including
Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), Symmetric Mean Absolute Percentage Error
(SMAPE), Root Mean Squared Error (RMSE), and Coefficient of Determination (R2).

Our findings show that Glmnet consistently outperforms both ARIMA and Prophet across all traffic categories.
Specifically, GImnet exhibited superior accuracy, as evidenced by its lower MAE, MAPE, SMAPE, and RMSE values,
and higher R2 values, indicating a better fit to the data. This performance was visually confirmed in Figures 8 to 10,
where Glmnet's predictions closely matched the actual traffic data. Across total traffic, downlink traffic, and uplink
traffic forecasts, GImnet consistently showed lower errors and higher accuracy. These results highlight GImnet's ability
to generate more precise forecasts and capture the variability of cellular network traffic data. The higher R2 value also
confirms its stronger ability to explain the variance in the traffic data, making it a better fit overall.

Given the specific needs of the telecommunications industry and the characteristics of the traffic data, GImnet proves
to be an effective method for forecasting cellular network traffic. Its superior predictive performance, robustness, and
efficiency support its use in telecommunications traffic forecasting. The high R2 values, comparison with other models,
and improved convergence properties all contribute to a strong recommendation for GiImnet. This model offers network
operators a powerful tool for anticipating traffic demands, optimizing network capacity, and enhancing service quality.

This research highlights the importance of selecting advanced forecasting models that can adapt to the dynamic nature
of telecommunications traffic. Future work could explore hybrid models that combine statistical and machine learning
approaches to further enhance forecasting accuracy. Additionally, applying these models to other types of
telecommunication data could offer broader insights and validate their generalizability in different contexts.
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