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Abstract— The emergence of 5G networks has considerably 
broadened the capabilities and features of mobile networks. A 
notable development in this area is the incorporation of 
emotional intelligence into mobile networks, leading to the 
proposal of the Emotion-aware Networking Paradigm (ENP) in 
this paper. ENP strives to equip mobile networks with the ability 
to identify and understand user emotions and adapt services 
accordingly. This paper introduces a model for implementing 
ENP in 5G mobile networks, called the Emotion-aware 
Networking Model (ENM), detailing its structure, functions, and 
main characteristics. This paper also explores the challenges and 
prospects related to ENM and offers examples of potential use 
cases. Additionally, this paper presents the Emotion-Aware 
Service and User Profile Management Function (EASUPMF) for 
ENM, designed to unleash ENM's potential by managing user 
profiles and delivering personalized emotional services based on 
emotion recognition. Several new Key Performance Indicators 
(KPIs) are also established to assess ENM's performance, such as 
Emotional Diversity, Emotional Alignment, and Emotional 
Intensity. Our research indicates that ENM could transform the 
mobile network sector and enhance user experiences by 
delivering tailored services grounded in user emotions. 

I. INTRODUCTION 

Emotion recognition has become an increasingly important 
field due to the rising use of mobile devices and the growing 
significance of emotional intelligence across various sectors. 
Massive volumes of emotional data should be collected and 
processed in real-time with the help of the next 5G and 6G 
networks, which will provide higher capacity, reduced latency, 
and increased dependability [1]. Consequently, there is 
tremendous potential to boost emotion recognition by 
exploiting the capabilities of these networks, resulting in 
numerous practical applications for emotion recognition in 
mobile networks. Identifying and interpreting human emotions 
can positively impact mental health, education, marketing, 
customer service, security, entertainment, human-computer 
interaction, social networking, healthcare, and overall user 
experience [2]. For example, emotion recognition can provide 
timely interventions and support for mental health applications 
by monitoring and detecting changes in users' emotional states. 
It can also offer personalized feedback and learning materials 
in educational applications and enable advertisers to tailor their 
messages and promotions based on the user's emotional 
response in marketing. Moreover, emotion recognition can 
enhance customer service applications by allowing agents to 
detect and respond to customers' emotional states and improve 
security applications by identifying suspicious or abnormal 
emotional states. While in human-computer interaction, devices 
can adapt to the user's emotional state, providing a more natural 

and engaging experience, emotion recognition in entertainment 
can provide personalized recommendations based on the user's 
emotional preferences. Furthermore, social networking can 
benefit from emotion recognition, as it would allow users to 
share their emotional states and connect with others who have 
similar emotions, and healthcare can use emotion recognition 
to assist doctors in monitoring and detecting changes in 
patients' emotional states, providing more effective treatments 
or referrals. Finally, emotion detection may improve the entire 
user experience of mobile apps by providing a more 
customized and interesting interaction, making the user's 
experience more pleasant and memorable. Therefore, resolving 
the issue of emotion recognition in mobile networks may result 
in novel and creative applications that enhance quality of life 
and enable more effective human-machine interaction [3]. 

Nonetheless, the progression of emotion recognition 
systems continues to encounter considerable obstacles. One of 
the major challenges is restricted accuracy, as even the most 
advanced systems can struggle to accurately identify and 
interpret human emotions. Another significant obstacle is the 
necessity for extensive datasets for training, which can be time-
consuming and expensive to acquire [4]. In addition, emotion 
recognition systems must also contend with the diversity of 
emotional expressions among various cultures and individuals, 
as different people can display emotions in unique and 
unpredictable ways. Ensuring real-time processing abilities is 
also a critical concern, as many applications require near-
instantaneous analysis of emotional data. Managing unclear or 
noisy data is yet another obstacle that emotion recognition 
systems must overcome. Environmental factors such as 
background noise, lighting, and other visual distractions can 
make it difficult for these systems to accurately detect and 
interpret emotional cues. Finally, preserving privacy and 
security for sensitive emotional information while complying 
with ethical standards and data protection laws is an essential 
consideration for any emotion recognition system [5]. There 
might be serious consequences if this data is misused or 
handled improperly, from individual privacy violations to more 
large social effects. In general, despite recent major 
advancements in the development of emotion detection 
systems, these difficulties show that much more work has to be 
done before these technologies can reach their full potential. 

The relevance of our research resides in its potential to 
fundamentally alter communication network design and 
operation by integrating emotion awareness as a critical 
component of network planning and optimization. The original 
contributions of this article can be summarized as follows: 
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 Proposal of an emotion-aware networking paradigm
and description of a specific model, that is able to
integrate emotion recognition, analysis, and
management into the 5G mobile network architecture,
allowing for personalized and context-aware services.

 Proposal of new key performance indicators (KPIs) and
micro network functions, specifically designed for
emotion-aware services and applications.

 Discussion of potential use cases and challenges related
to ENM implementation.

The stakeholders who could benefit from this research 
include academic researchers, industry professionals in the 
fields of network engineering and mobile app development, as 
well as end-users who use emotion recognition technologies in 
their daily lives. We plan to disseminate our research findings 
through several publications in academic journals and 
presentations at relevant conferences and industry events. 

Following this introductory Section, the rest of this paper is 
organized in the following manner. Related work is presented 
in Section II. Emotion-aware networking paradigm and model 
are presented in Sections III and IV respectively. Newly 
designed emotion-aware service and user profile management 
function is proposed in Section V. New key performance 
indicators that take into account the emotional context are 
introduced in Section VI. Section VII outlines the use cases and 
challenges related to ENM implementation in 5G networks. 
Finally, Section VIII concludes this paper. 

II. RELATED WORK

Research in the field of emotion recognition has mainly 
focused on exploring the methods used for emotion 
recognition. Some of the most well-known and commonly used 
methods include facial expression analysis, speech analysis, 
physiological signals analysis, and natural language processing. 
These methods have been applied in various contexts, such as 
psychology, medicine, and human-computer interaction, to 
name a few. Facial expressions are a primary way of 
communicating emotions, and automatic recognition of 
emotions using facial expression analysis has been studied 
extensively, with both standard pipelines and deep learning 
approaches used [6], [7], [8], [9]. However, recognizing 
emotions based on body language is more challenging than 
facial expression analysis, so multimodal approaches are being 
used, including recognition of emotions based on voice, which 
is increasingly important in remote communication using 
personal voice assistants [10], [11], [12]. Physiological signals, 
such as heart rate, can also reflect human emotions objectively 
[13]. Different models of emotions have been proposed, 
including discrete, continuous, and componential models [14], 
[15]. 

While certain attempts have been made to integrate emotion 
recognition into specific network contexts, like video 
conferencing and virtual reality settings, a comprehensive 
approach towards embedding emotion awareness within 
communication networks is still inadequately addressed or 
underdeveloped [16], [17]. Several studies suggest methods for 
recognizing users' emotional states using built-in sensors in 
mobile phones [18, 19]. Furthermore, the authors of [20] 
recommend combining resource-intensive affective computing 

with mobile apps while utilizing mobile cloud computing to 
improve mobile device capabilities. In [21], the authors create a 
set of tools to capture emotional data in data center 
environments to identify potential biases due to the mood of 
someone within the operations team. Additionally, an emotion-
aware healthcare framework within an Internet of Medical 
Things (IoMT) system is proposed in [22] by designing a 
discriminative emotion recognition module. However, none of 
the existing research considers an entire mobile network for 
integrating user emotion-aware functionality. This gap implies 
that the possible advantages of integrating emotion recognition 
capabilities into mobile networks have not been fully 
investigated, leaving opportunities for further research and 
development in this field. 

III. EMOTION-AWARE NETWORKING PARADIGM

The concept of an emotion-aware networking paradigm – 
ENP, stems from recent progress in mobile sensing 
technologies, machine learning algorithms, and the rising 
awareness of emotions' significance in human communication 
and decision-making. Affective computing, which seeks to 
create machines capable of detecting and reacting to human 
emotions, has experienced consistent growth in recent years. 
Concurrently, the growing ubiquity of mobile devices and the 
widespread use of mobile networks enable the real-time 
collection of vast amounts of data on user behavior and 
emotional states. The convergence of these factors has given 
rise to ENP as a novel paradigm in mobile networking, offering 
personalized and emotionally intelligent services to users. 

The main idea of ENP is to incorporate emotion recognition 
technologies and algorithms, which are not currently a part of 
the 5G architecture. 5G primarily focuses on providing high-
speed data transfer rates, low latency, and improved network 
reliability. On the other hand, ENP aims to transform the 
mobile network in a way that it is aware of users' emotional 
states and adapts its services and functionality accordingly. The 
architecture of ENP must include components such as mobile 
sensing technologies, data preprocessing and filtering, feature 
extraction and selection, emotion classification, and dynamic 
network reconfiguration based on users' emotions. ENP also 
aim to address the challenges of security, privacy, and 
responsible use of emotional data through methods such as 
transparency and consent in data collection, addressing biases 
and potential harm, and promoting responsible use in decision-
making. To our knowledge, such a comprehensive end-to-end 
emotion-aware networking paradigm and a model to 
implement it in real mobile network have not been proposed 
before, making it a unique and innovative approach to mobile 
networking. By leveraging the power of emotion recognition 
and intelligent decision making, ENP has the potential to 
revolutionize the way we interact with our mobile devices and 
the networks they are connected to. 

Integration with the 5G network allows the ENP to connect 
with other 5G-compatible services and applications, resulting 
in improved interoperability and fluid communication between 
them. This facilitates the development of new services and 
applications that are more personalized and context-aware by 
harnessing the capabilities of both the 5G network and the 
ENP. For instance, a 5G-supported healthcare application can 
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employ ENP to track patients' emotions and deliver customized 
care based on their emotional state, leading to enhanced 
healthcare outcomes. In a similar vein, a 5G-compatible 
entertainment service can utilize ENP to tailor the user 
experience according to their emotional reactions, yielding a 
more immersive and enjoyable experience. Consequently, 
being part of the 5G network unveils new potential for ENP 
and generates new opportunities for personalized and context-
sensitive services. 

By integrating emotion-awareness into the network, ENP 
aims to create a more human-centric approach to mobile 
communication. In this context, ENP is based on eight 
fundamental postulates (axioms) that are focused on the 
emotional aspect of user behavior. These postulates are as 
follows: 

 Empathy-driven design: Concentration on understanding
users' emotions and needs for the creation of more
empathetic and personalized network services.

 Multimodal data collection: Utilisation of various
sensors and devices for the collection of emotional data
from different sources, such as facial expressions, voice
tone, and biometrics.

 Orchestration of emotional data: Efficient management,
processing, and storage of emotional data from multiple
sources, while ensuring privacy and security.

 Timeliness of emotional analysis: Execution of real-time
or near-real-time analysis of emotional data to provide
timely insights and responses to users.

 Integration of emotion-aware services: Seamless
incorporation of emotion-aware services into existing
networking systems, platforms, and applications.

 Optimization of network resources: Dynamic allocation
and reconfiguration of network resources based on users'
emotional states for optimized service performance.

 Nurturing of emotionally intelligent systems: Continuous
learning and adaptation to users' emotional patterns,
preferences, and behaviors for improved system
performance and user satisfaction.

 Security and privacy considerations: Assurance of users'
emotional data protection and privacy through the
implementation of robust security measures, encryption,
and access control mechanisms, while adhering to ethical
guidelines and data protection regulations.

IV. EMOTION-AWARE NETWORKING MODEL

Based on the described emotion-aware networking 
paradigm, we present a model, namely Emotion-aware 
Networking Model – ENM, that implements the postulates of 
ENP in 5G mobile networks. The proposed ENM architecture 
based on 5 layers is shown in Fig. 1. The main idea behind the 
ENM is to utilize sensor data only from the most commonly 
used mobile devices by the user, without the need for building 
an additional sensor network or adding specialized devices. This 
approach relies on the fact that modern mobile devices are 

already equipped with various sensors such as accelerometers, 
gyroscopes, GPS, microphones, and cameras, which can be used 
to capture emotional data (Table I). By utilizing the existing 
sensors on these devices, ENM aims to minimize the cost and 
complexity of implementing an emotion-aware networking 
system. Additionally, this approach also allows for a more 
seamless integration of emotion-aware features into existing 
mobile applications, without requiring significant modifications 
or additional hardware. Overall, the ENM prioritizes simplicity 
and practicality, by leveraging the capabilities of commonly 
used mobile devices to capture and utilize emotional data. 

Fig. 1. Architecture of emotion-aware networking model 

The main components of ENM include (i) Sensing layer, 
responsible for emotional data collecting and processing; (ii) 
Network layer, ensuring the efficient and reliable transmission 
of the data; (iii) Analytics layer which is responsible for 
emotion recognition, analysis, and management and (iv) Service 
layer, which provides personalized and context-aware services 
and applications to users based on their emotional states. 
Additionally, the Security and privacy vertical layer is designed 
to ensure the confidentiality, integrity, and availability of 
emotional data throughout the system, as well as to protect the 
privacy of the users. The layers of ENM may not be strictly 
separated, as they represent different aspects of the overall 
process and work together in a cycle of processes with feedback 
loops allowing for adjustments and improvements. The 
following lines describe the 5 layers and define their main 
functions. 

TABLE I.  PRIMARY FUNCTIONS OF SMARTPHONE BUILT-IN SENSORS RELATED 

TO EMOTION RECOGNITION 

Sensor Type Primary Function in Emotion Recognition 
Camera Analysis of facial expressions, body language, and gestures 

Microphone Analysis of vocal features like pitch, tone, volume, and 
speaking rate 

ISSN 2305-7254________________________________________PROCEEDING OF THE 33RD CONFERENCE OF FRUCT ASSOCIATION

---------------------------------------------------------------------------- 298 ----------------------------------------------------------------------------



Accelerometer Measurement of device movement to infer user's behavior 
and emotions 

Gyroscope Measurement of device orientation and tilt for behavioral 
analysis 

Touchscreen Analysis of pressure, duration, and frequency of touches 
GPS Provision of context about user's environment and daily 

routine 
Ambient 

Light Sensor 
Measurement of surrounding light levels to understand 

user's environment 
Proximity 

Sensor 
Inference of user engagement based on device proximity to 

the user 
Heart Rate 

Sensor 
Measurement of user's pulse to detect excitement, stress, or 

relaxation 
Thermometer Measurement of device temperature to detect changes in 

user's body heat 
Barometer Measurement of atmospheric pressure for understanding 

user's environment 
Pedometer Tracking of user's steps and physical activity patterns 
Fingerprint 

Sensor 
Identification of the user for personalized emotion 

recognition 
Infrared 
Sensor 

Detection of the presence of nearby objects or people in low 
light conditions 

Air Pressure 
Sensor 

Measurement of air pressure changes for understanding 
weather-related influences 

A. Sensing layer  

The primary goal of the Sensing layer in ENM architecture 
is to gather and accumulate emotional information from a 
variety of sources like mobile sensors, wearable gadgets, and 
social media platforms. This layer strives to offer a 
comprehensive understanding of the user's emotional 
condition by obtaining information on physiological, 
behavioral, and contextual aspects that influence emotions. By 
collecting this data in real-time, the Sensing layer allows the 
ENM system to deliver tailored and adaptable services based 
on the user's emotional state, resulting in a more captivating 
and gratifying user experience. 

1) Gathering Emotional Data: A crucial aspect of the
sensing layer is obtaining emotional data from a variety of 
sources, which may encompass speech, text, and physiological 
signals like heart rate, skin conductance, and facial 
expressions. By utilizing multiple sources, the sensing layer 
can achieve a more comprehensive understanding of the user's 
emotional state. For instance, a wearable device such as a 
smartwatch can gather heart rate data, while speech analysis 
can identify the user's voice tone and pitch. To guarantee 
precise and dependable data collection, the sensing layer must 
be meticulously designed and calibrated, taking into account 
individual variations in emotional expression and response. 
This might necessitate employing machine learning algorithms 
to adapt to the user's distinct emotional profile, subsequently 
enhancing data collection accuracy over time. 

2) Data Preprocessing and Filtering: An essential step in
ENM is preprocessing and filtering the collected data. Raw data 
obtained from mobile sensing technologies may contain noise, 
errors, or extraneous information that could adversely impact the 
accuracy of emotion recognition algorithms. As such, the data 
must be preprocessed and filtered to guarantee only relevant and 
accurate information is used for emotion recognition. Data 
preprocessing comprises several steps, including data cleaning, 
integration, transformation, and reduction. Data cleaning entails 
removing missing or incorrect data points, while data integration 
combines data from multiple sources. Data transformation 

converts raw data into a standardized format suitable for 
analysis, and data reduction focuses on the most critical features 
by decreasing the volume of data. Data filtering removes noise or 
irrelevant data from the preprocessed information. Filtering 
methods can rely on statistical techniques, such as mean or 
median filtering, or machine learning techniques like principal 
component analysis or support vector machines. The filtered data 
can then be used for emotion recognition analysis. In summary, 
data preprocessing and filtering are vital steps in ENM, as they 
ensure the collected data is accurate and pertinent for emotion 
recognition, ultimately leading to more precise and efficient 
services. 

There are benefits to executing data preprocessing and 
filtering directly on the end user's mobile device, rather than in 
the analytics layer. This can be achieved through software or 
services offered by the mobile network, eliminating the need for 
users to install specialized software or mobile applications. 
Carrying out data preprocessing and filtering on the mobile 
device allows real-time processing and enhances the accuracy 
and dependability of the emotional data, leading to more efficient 
personalized services and experiences for the user. Furthermore, 
local data processing can also improve user privacy and security 
by minimizing the transmission of sensitive emotional data 
across the network. 

3) Use of Sensing Technologies: The utilization of sensing
technologies like speech recognition, natural language 
processing, and wearable gadgets is the third key component of 
the sensing layer. In gathering and analyzing emotional data, 
these technologies are essential. For instance, voice recognition 
may be used to assess the emotional condition of a person by 
analyzing the tone and pitch of their voice, whereas natural 
language processing can assess the content of text messages or 
social media posts. Wearables, such as smartwatches and fitness 
trackers, may gather physiological information on the user's 
emotional state, including body temperature, skin conductance, 
and heart rate. 

B. Network layer 

In the ENM architecture, the network layer's primary 
objective is to facilitate efficient and reliable transmission of 
emotional data between the sensing and analytics layers. This 
layer offers connectivity and communication protocols that 
allow various components of the ENM system to exchange 
data and collaborate effectively. By delivering a robust and 
scalable network infrastructure, the network layer can 
accommodate a range of applications and use cases related to 
emotional computing, including mental health monitoring, 
personalized marketing, and virtual assistants. Moreover, the 
network layer can support real-time and low-latency 
communication, which may be crucial for emergency response 
or other time-sensitive applications. 

1) Dynamic network reconfiguration based on users'
emotions: This concept involves the network's capacity to 
modify its configuration instantly, taking into account the 
emotional states of its users. The network can flexibly adjust 
parameters such as bandwidth distribution, quality of service 
(QoS), routing, and handover choices to enhance the user 
experience in line with their emotional requirements. To 
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accomplish real-time network adaptation based on users' 
emotions, ENM utilizes machine learning and artificial 
intelligence methods capable of accurately determining users' 
emotional states through their physiological signals, facial 
expressions, and vocal patterns. The network then uses this 
emotional data to modify its configuration and offer 
personalized services to users. For example, if a user is 
experiencing significant stress or anxiety, the network can 
dynamically allocate additional bandwidth to their device, 
improving their video streaming quality or prioritizing their 
voice calls for clear communication. On the other hand, if a 
user is calm and relaxed, the network might allocate less 
bandwidth to their device, optimizing overall network 
performance. Real-time network adaptation according to users' 
emotions holds the potential to significantly improve user 
experiences by delivering personalized services that cater to 
the unique emotional needs of each individual. 

2) QoS optimization for emotional content: Optimizing the
QoS for emotional content involves enhancing the network's 
performance and delivering an improved user experience for 
emotionally impactful content, such as high-emotion videos or 
music. This is accomplished by dynamically adjusting network 
resources according to the transmitted emotional content. The 
initial step in QoS optimization for emotional content is 
identifying the type of content transmitted and the emotions it 
provokes, which can be done using techniques like emotion 
classification and sentiment analysis. Based on this analysis, 
the network can allocate suitable resources, such as 
bandwidth, buffer size, and latency, to guarantee optimal 
quality for the emotional content. Dynamic network 
reconfiguration is a crucial element of QoS optimization for 
emotional content, entailing real-time adjustments to the 
network's configuration based on users' emotional states. For 
instance, if numerous users are consuming high-emotion 
content, the network can prioritize delivering this content by 
reconfiguring itself. Ultimately, QoS optimization for 
emotional content is vital for providing an enhanced user 
experience and ensuring users can fully engage with emotional 
content without disruptions or quality degradation. 

3) Network congestion control based on emotions:
Network congestion occurs when there is a higher demand for 
network resources than what is available. In ENM, congestion 
control can be based on emotions by considering the emotional 
state of users to make congestion control decisions. For 
example, during peak hours, the network can identify users who 
are experiencing negative emotions, such as frustration or anger, 
due to slow network speeds. Based on this information, the 
network can prioritize these users over others and allocate more 
resources to them to provide a better quality of service and 
improve their emotional state. Additionally, the network can use 
emotional analysis to predict potential congestion and take 
proactive measures to prevent it. For instance, the network can 
detect when a popular event is about to occur and anticipate a 
surge in network traffic. Based on this information, the network 
can allocate more resources to handle the anticipated increase in 
traffic and avoid congestion. Overall, congestion control based 

on emotions in ENM can improve the quality of service and user 
experience by prioritizing users with negative emotional states 
and proactively preventing congestion. 

4) Resource allocation based on emotional context:
Resource allocation based on emotional context involves 
distributing network resources like bandwidth, processing 
power, and memory according to the user's emotional context. 
This context can be determined through facial expressions, 
voice intonation, and other biometric data. Analyzing the 
emotional context enables the network to make intelligent 
resource allocation decisions that optimize the user's 
emotional experience. For instance, if a user is experiencing 
high stress or anxiety levels, the network can allocate extra 
resources to ensure uninterrupted communication. Conversely, 
if a user feels positive emotions, the network can enhance their 
experience by increasing available bandwidth for video 
streaming. Implementing resource allocation based on 
emotional context can be achieved using machine learning 
algorithms and predictive models that analyze emotional data 
patterns, allowing the network to make real-time decisions and 
optimize the user experience. In summary, resource allocation 
based on emotional context is a critical aspect of an emotion-
aware networking paradigm. It holds the potential to 
significantly improve the user experience by offering a more 
personalized and responsive network environment. 

C. Analytics layer  

The primary driving force for constructing the analytics 
layer within the ENM architecture is to process the vast 
quantities of emotional data gathered from multiple sources 
and extract valuable insights and patterns. Utilizing advanced 
analytics methods, such as machine learning and data mining, 
the analytics layer can identify emotional trends and behaviors 
that would be challenging or unattainable to discern through 
manual analysis. These insights can then be employed to 
enhance user services, as well as guide decision-making 
processes for businesses and organizations. 

1) Feature extraction: This process involves identifying and
selecting pertinent features from the preprocessed data to be 
utilized in the modeling stage. The objective is to convert the 
data into a collection of meaningful and informative features for 
training machine learning models. In the realm of emotion-aware 
networking paradigms, feature extraction entails recognizing the 
emotional content in the data gathered from mobile devices' 
sensors and converting it into a series of numerical features for 
the modeling phase. Various techniques can be employed for 
feature extraction, such as statistical methods, time-series 
analysis, and signal processing. 

2) Feature selection: This process entails choosing the most
crucial features from the extracted set. The objective is to 
diminish the dimensionality of the feature space, making 
modeling simpler and reducing the risk of overfitting. Various 
techniques for feature selection exist, such as correlation 
analysis, principal component analysis, and recursive feature 
elimination. In the realm of emotion-aware networking 
paradigms, feature selection involves picking the most pertinent 
emotional features for utilization in the modeling stage. The 
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chosen features should have a strong correlation with the 
predicted emotional state and should generalize well to new data. 

3) Emotion categorization: Being a critical aspect of ENM,
emotion categorization involves detecting and classifying 
emotions based on data gathered from mobile sensors like facial 
expressions, voice, and body movements. Several algorithms can 
be employed for emotion categorization in ENM, such as 
machine learning-based methods, rule-based methods, and 
hybrid methods. Machine learning-based methods entail training 
models on a labeled dataset of emotions and features derived 
from mobile sensor data. These models can then be utilized to 
classify emotions in real-time using new input data. Widely used 
machine learning algorithms for emotion categorization include 
support vector machines (SVMs), decision trees, and neural 
networks. Rule-based methods involve using a predefined set of 
rules and heuristics to identify and classify emotions. These rules 
typically stem from existing knowledge about human emotions 
and behavior and can be tailored to suit the specific ENM 
context. Rule-based methods are often combined with machine 
learning-based methods to enhance accuracy and minimize false 
positives. Hybrid methods incorporate elements from both 
machine learning and rule-based methods to improve emotion 
categorization accuracy. These methods generally use machine 
learning algorithms to detect patterns in the data, which are then 
employed to create rules and heuristics for emotion 
categorization. In conclusion, emotion categorization in ENM 
can be achieved through various algorithms and methods, each 
with its advantages and disadvantages. The choice of algorithm 
depends on factors like the quantity and kind of data available, 
the network's usage context, and the desired accuracy and speed 
levels. Furthermore, as new data sources and technologies 
emerge, the selection of the appropriate algorithm may require 
reassessment and modification to ensure compliance with the 
latest advancements in the field. 

D. Service layer 

The driving force behind establishing the service layer in 
the ENM architecture is to facilitate real-time, personalized 
actions according to the user's emotional state. By processing 
emotional data instantaneously, the service layer can offer 
immediate feedback and assistance to the user, such as 
recommending relaxation methods or shifting their focus. This 
can be especially advantageous in applications like mental 
health monitoring or emergency response, where prompt 
interventions can considerably influence the user's well-being. 
Furthermore, by automating specific processes based on 
emotional data, the service layer can alleviate the burden on 
human service providers and enhance the overall efficiency of 
the networks. 

1) Personalized emotional content delivery: Personalized
emotional content delivery is a concept within ENM that aims 
to deliver content tailored to the emotional state of individual 
users. By using the data collected by mobile sensing 
technologies and emotion classification algorithms, the 
network can determine the emotional state of the user and 
deliver content that matches their emotional state. For 
example, personalized emotional content might include 
tailored recommendations for music, videos, or social media 

posts that align with a user's emotional state, or messages and 
notifications that are designed to provide emotional support or 
motivation based on the user's context and mood. The delivery 
of personalized emotional content can be achieved through 
various means, such as adjusting the timing of content delivery 
or the choice of content. For example, if a user is experiencing 
stress, the network might suggest a meditation app or a 
soothing music playlist to improve his mood. To deliver 
personalized emotional content effectively, the network must 
have access to a diverse range of content that can be matched 
to the emotional state of individual users. This requires 
collaboration between content providers and the network to 
ensure that a sufficient variety of emotional content is 
available. Overall, personalized emotional content delivery is a 
promising concept within ENM that has the potential to 
improve user experience and engagement with mobile 
networks. 

2) Prioritizing communications: It enables the network to
intelligently adjust and rank the importance of various 
communication channels based on the user's emotional state. 
This innovative service ensures that users receive the most 
relevant and timely information, helping them stay connected 
and productive in all aspects of their lives. For example, 
imagine a user experiencing a high level of stress due to an 
impending deadline at work. In this situation, the prioritizing 
communications service would recognize the user's emotional 
state and automatically filter incoming communications, 
ensuring that work-related messages, emails, or calls receive 
the highest priority. This would allow the user to focus on the 
task at hand and complete it efficiently, without being 
overwhelmed by less important or unrelated messages. In 
contrast, if a user is in a relaxed or joyful emotional state, the 
service could prioritize personal or leisure-related 
communications, such as messages from friends or family, 
social media updates, or notifications about upcoming events. 
This would allow the user to fully enjoy their downtime and 
maintain a healthy work-life balance. The prioritizing 
communications service also considers the emotional states of 
both the sender and recipient when determining the priority of 
messages. This allows for more meaningful and empathetic 
exchanges between users, as the service can facilitate 
communication between individuals who are experiencing 
similar emotional states or who can offer mutual support. 

3) Emotion-based advertising: Emotion-based advertising
is a type of advertising that uses emotional triggers to connect 
with the audience and promote products or services. In ENМ 
this is achieved through analyzing the emotional state of the 
user and targeting them with ads that align with their 
emotional state. For example, if a user is feeling happy, they 
may be more receptive to ads promoting entertainment or 
travel, while a user feeling stressed may respond better to ads 
promoting relaxation or stress management techniques. 
Emotion-based advertising can be achieved through various 
techniques, such as analyzing the user's online behavior, facial 
expressions, voice patterns, and other data points. By 
analyzing these emotional cues, ENМ can deliver personalized 
ads that are more likely to resonate with the user and drive 
engagement. Overall, emotion-based advertising has the 
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potential to increase the effectiveness of ad campaigns and 
improve user engagement with ads. However, it is important to 
consider ethical and privacy concerns when implementing this 
technique, as it involves collecting and analyzing personal data 
of the user. 

E. Security and privacy layer 

The primary objective of the security and privacy layer in 
ENM is to safeguard sensitive emotional data across the 
network. This layer is tasked with putting into place multiple 
security measures and protocols to avert unauthorized access, 
data breaches, and other security risks. Furthermore, the 
security and privacy layer has the responsibility of 
guaranteeing the confidentiality and protection of users' 
personal and emotional data from any form of unauthorized 
access or usage. 

1) Privacy-preserving emotion recognition: Privacy-
preserving emotion recognition focuses on analyzing and 
identifying emotions while maintaining the privacy of users' 
data, addressing ethical concerns arising from personal data 
collection and analysis in the context of ENM. Various 
techniques, such as data encryption, secure multiparty 
computation, and homomorphic encryption, can be employed 
to achieve this. These methods ensure data privacy and 
security while still allowing emotion recognition algorithms to 
derive insights. The benefits of privacy-preserving emotion 
recognition include safeguarding sensitive user data, 
increasing trust and confidence in ENM, and complying with 
privacy and data protection regulations. However, challenges 
exist, such as balancing data privacy with emotion recognition 
accuracy and the complexity and cost of implementing these 
techniques in real-world systems. ENMs should be designed to 
foster emotional well-being, supporting user autonomy and 
self-determination. This involves offering users options to 
manage and regulate their emotional experiences, as well as 
self-reflection and emotional expression tools. By prioritizing 
emotional well-being and promoting healthy emotional 
practices, ENMs can reduce the risk of emotional 
manipulation and exploitation. In conclusion, privacy-
preserving emotion recognition is a vital aspect of building 
ethical and trustworthy ENM systems, requiring careful 
consideration of technical, ethical, and legal factors. 

2) Ensuring transparency and consent in emotional data
collection: Ensuring transparency and obtaining consent for 
emotional data collection is crucial to protect users' privacy in 
ENM. It is essential to provide users with clear and concise 
information about the type of emotional data collected, the 
methods used, and its intended purpose. Users must also have 
the option to either allow or deny consent for data collection. 
To achieve this, ENM can use various methods such as easy-
to-understand privacy policies, user-friendly consent forms, 
and regular notifications about data collection. Furthermore, 
users should have access to tools that allow them to manage 
and delete their data as needed. It is imperative to conduct 
emotional data collection ethically, respecting users' autonomy 
and dignity. Developing and adhering to robust ethical 
guidelines and standards for emotional data collection should 
be a priority. Measures such as data anonymization, 

minimizing data collection, and limiting the collection of 
sensitive emotional data can be implemented to ensure ethical 
data collection. 

3) Addressing biases and potential harm from emotional

data use: To ensure ethical and responsible use of emotional 
data in ENM, addressing biases and potential harm is crucial. 
One source of bias is the use of unrepresentative data sets, 
which could lead to inaccurate or discriminatory decisions. To 
address this, it is important to ensure emotional data sets are 
diverse and representative of the population. Additionally, 
there is a potential for emotional manipulation or exploitation 
through emotionally intelligent systems. To mitigate this, it is 
essential to use emotional data ethically and transparently, 
with appropriate measures in place to protect users' privacy 
and prevent abuse. It is also necessary to consider cultural 
differences in emotional expression and recognition, which 
could lead to biases or inaccuracies in emotion recognition 
algorithms. Culturally sensitive emotion recognition 
algorithms may be required to account for the diversity of 
emotional expression across different cultures. Overall, 
developing and deploying emotionally intelligent systems 
requires a responsible approach, focusing on transparency, 
diversity, and ethical considerations to address biases and 
potential harm from emotional data use. 

The Ambient Intelligence (AmI) concept, a future idea that 
envisions a smart and responsive environment that meets 
human needs, is the foundation of the proposed Emotion-
Aware Networking Model (ENM). The core principles of AmI 
are becoming more and more popular in multiple sectors, 
including networking. AmI's emphasis on smoothly fusing 
technology with the environment to offer a customized, 
natural, and proactive user experience served as the design 
inspiration for ENM [23]. With layers that are transparent to 
the user and a seamless experience that responds to the user's 
emotional state, ENM's layered architecture was created with 
the AmI idea in mind. The layers of ENM are created to be 
aware of the user's context, including their environment and 
emotional state. This stresses context awareness, a crucial 
aspect of AmI. In conclusion, the fact that ENM is built on the 
principles of AmI is a testament to the validity of the proposed 
solution. In addition to the principles of AmI, other methods 
can be used to evaluate the correctness and effectiveness of 
ENM. One approach is to conduct a thorough evaluation of the 
model using simulation techniques. This can involve testing 
ENM's performance under various scenarios, such as different 
network conditions and emotional states of users. Another 
approach is to conduct user studies to evaluate the user 
experience and user satisfaction with the proposed solution. 
These studies can provide valuable feedback on the usability 
and effectiveness of ENM, as well as identify areas for 
improvement. On the other hand, the following theoretical 
methods can also be used for evaluating the usefulness of 
ENM: 

 Analytical modeling: This entails simulating and
assessing ENM performance under various
circumstances using mathematical or analytical
models. Queuing models, for instance, might be used
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to examine how well ENM performed when 
processing a high volume of network traffic. 

 Game theory: The behavior of network users in
response to ENM incentives may be examined using
game theory. Game theory, for instance, may be used
to examine how the emotion-based routing of ENM
affects the behavior of network users.

 Machine learning: ENM performance may be
examined and improved using machine learning. For
instance, the settings of ENM's emotion detection may
be improved using machine learning methods.

 Cost-benefit analysis: This method is useful for
determining the financial effects of implementing
ENM. In order to do this, one must weigh the
expenses of deploying ENM against the advantages it
offers, such as improved network performance and
customer happiness.

V. EMOTION-AWARE SERVICE AND USER PROFILE

MANAGEMENT FUNCTION 

The core functions of the 5G core network, such as the 
Access and Mobility Management Function (AMF) and the 
Session Management Function (SMF), prioritize high-speed 
data connectivity, network management, and QoS assurance 
for the network. These functions establish and manage 
connections, offer mobility and session management services, 
and allocate network resources to support different types of 
traffic. However, analyzing and interpreting users' emotional 
states, which is required for ENM, is not a primary capability 
of these existing network functions. 

The creation of the Emotion-Aware Service and User 
Profile Management Function – EASUPMF, and its 
implementation in 5G is necessary in the context of ENM to 
enable emotion-aware services and personalized content 
delivery. ENM is designed to recognize the emotions of 
mobile users and adjust network services accordingly. In this 
context, EASUPMF is a crucial component of the ENM as it 
manages the user profiles and their emotional data and 
provides an interface for emotion-aware services. With 
EASUPMF, service providers can offer personalized services 
and recommendations based on users' emotional states, leading 
to improved customer satisfaction and loyalty. Additionally, 
EASUPMF can facilitate the development of new business 
models that leverage users' emotional data, such as emotion-
based advertising and targeted content delivery. EASUPMF 
represents a noteworthy stride in the direction of incorporating 
emotion-aware features and customized services in the 5G 
mobile network industry. As a potent tool, it has the capability 
to aid mobile networks in flexibly adapting to users' emotional 
states and provisioning personalized services and applications. 
Furthermore, with the widespread adoption of ENM, 
EASUPMF holds the potential to unlock novel revenue 
streams for service providers by empowering them to develop 
emotion-aware applications and services. In conclusion, 
EASUPMF is not limited to a specific scenario or use case and 
can be applied in a wide range of contexts to enhance the user 
experience. 

EASUPMF allows the 5G mobile network to perform the 
following functions: 

 Emotional data collection and processing from user
inputs through diverse channels such as mobile device
sensors, social media streams, and user responses.

 Emotional data analysis employing various approaches
like machine learning, pattern identification, and signal
analysis to derive valuable characteristics and patterns.

 Development and management of emotion-aware user
profiles encompassing information on users' emotional
conditions, preferences, and actions, updated in real-
time with incoming data.

 Service and content customization and optimization
based on users' emotional profiles and contextual
factors like location, time, and social interactions.

 Provision of emotion-driven recommendations and
insights to users, including suggesting activities, goods,
or services that align with their current emotional states
or objectives.

 Privacy and security assurance of emotional data
through appropriate techniques such as encryption,
anonymization, and access regulation.

 Ongoing monitoring and assessment of emotion-aware
service and application performance and efficacy,
incorporating enhancements based on user opinions and
data examination.

EASUPMF can have direct connections with several 
network functions located in the 5G core network or directly 
with mobile devices to provide personalized and adaptive 
services based on users' emotional states. Some of the main 
network functions that EASUPMF would interact with are: 

 Unified Data Management (UDM): EASUPMF would
communicate with UDM to access and manage user
profile information, which includes both static and
dynamic data, such as subscription details and
emotional profiles.

 Application Function (AF): EASUPMF would work
closely with AF to enable tailored services and
applications based on the user's emotional state,
ensuring a more engaging and satisfactory user
experience.

 Network Exposure Function (NEF): EASUPMF would
interact with NEF to expose its capabilities and APIs to
external applications, allowing third-party services to
leverage emotion-aware features and provide
personalized experiences for users.

 Policy Control Function (PCF): EASUPMF would
collaborate with PCF to influence policy decisions and
dynamically adapt network policies based on users'
emotional states, such as adjusting QoS, prioritizing
certain types of communication, or implementing
emotion-based security measures.

 Network Repository Function (NRF): EASUPMF
would register and discover other network functions
and services through NRF, enabling seamless
integration and collaboration within the 5G core.

ISSN 2305-7254________________________________________PROCEEDING OF THE 33RD CONFERENCE OF FRUCT ASSOCIATION

---------------------------------------------------------------------------- 303 ----------------------------------------------------------------------------



 Network Data Analytics Function (NWDAF):
EASUPMF would interact with NWDAF as it provides
analytics and insights on user behavior and network
performance, which can be used to improve emotion
recognition and management capabilities.

Within a 5G network, the primary responsibilities of the 
AMF include managing mobility, connections, and access 
authentication. Although it contributes to the general security 
and privacy of user data, it might not be explicitly designed to 
safeguard user emotion information. To tackle the distinct 
security and privacy challenges linked to user emotion data, it 
could be essential to either introduce a new network function 
or improve an existing one, like the UDM (Unified Data 
Management). This might entail the implementation of 
supplementary security protocols, encryption methods, and 
customized access control measures to shield sensitive 
emotion-related data. 

To ensure that EASUPMF functions accurately, we 
introduce a new type of function called micro functions for 5G 
networks. These refer to small, self-contained software 
components that perform specific functions within 
EASUPMF. They work seamlessly together to provide end-to-
end functionality within EASUPMF. Each micro function is 
designed to be modular and responsible for specific tasks or 
groups of tasks, making it easier to integrate into the overall 
system. Breaking down EASUPMF into smaller components 
also makes it more flexible, scalable, and simpler to maintain 
and upgrade over time. Depending on the specific use case and 
requirements, micro functions can be executed centrally within 
the EASUPMF in the 5G core network or distributed to other 
locations in the 5G network (as shown in Table II). 

TABLE II. DESCRIPTION OF MICRO FUNCTIONS THAT MAKE UP EASUPMF  

Micro function Primary purpose 
Mainly 

related to 

Network 
parts 

involved 
Emotion Data 
Collection and 

Processing 
(EDCPF) 

Collecting and 
processing emotional 
data from sensors and 

devices 

Sensing layer 
RAN, Core 

network 

Emotion-based 
Congestion 

Control (ECCF) 

Managing network 
congestion based on 

users' emotional 
states 

Network layer 
RAN, Core 

network 

Dynamic 
Network 

Reconfiguration 
(DNRF) 

Dynamically 
reconfiguring 

network resources for 
optimal emotion-

based services 
performance 

Network layer 
Edge/Fog, 

Cloud, Core 
network 

Emotion 
Analysis (EAF) 

Analyzing emotional 
data and providing 

insights and 
predictions 

Analytics layer 

Edge/Fog, 
Cloud, Core 

network, 
User Device 

Personalized 
Emotional 

Content Delivery 
(PECDF) 

Delivering 
emotionally relevant 
content based on the 
user's emotional state 

Service layer 

Edge/Fog, 
Cloud, Core 

network, 
User Device 

Emotion-based 
Security and 

Privacy  
(ESPF) 

Ensuring the security 
and privacy of 

emotional data in the 
network 

Security and 
privacy layer 

Edge/Fog, 
Cloud, Core 

Network 

The modular design of EASUPMF allows for the 
incorporation of additional micro functions as required, 
ensuring future adaptability. Furthermore, this flexible 
approach enables easy integration of new functionalities to the 
network as its requirements evolve. The standardized 
interfaces and protocols guarantee that new micro functions 
can be integrated without complications. Nonetheless, the 
addition of new micro functions must be evaluated thoroughly 
to guarantee that they align with the network's general 
objectives and specifications. 

EASUPMF can be also designed as a modular stateless NF. 
There are several advantages that can be gained in terms of its 
structure and operation. Stateless NFs do not require the 
maintenance of session state, which means that they can 
process requests independently and do not rely on any specific 
previous request. Also processing and data storage are 
decoupled [24]. This allows for greater flexibility in the design 
and deployment of the EASUPMF, as it can be easily scaled 
up or down based on demand without having to worry about 
managing session state. In the case of EASUPMF, being a 
stateless NF allows for greater efficiency in processing micro 
functions, as requests can be handled quickly and without the 
overhead of maintaining session state. This is particularly 
important in a highly dynamic and constantly changing 
network environment like that of ENM, where rapid 
processing of emotional data is critical. Furthermore, a 
stateless EASUPMF can be easily deployed in a distributed 
and virtualized environment, such as edge or cloud computing, 
which can enhance the overall performance and scalability of 
the system. With a stateless design, the EASUPMF can be 
easily migrated across different physical servers or data 
centers without affecting its processing capabilities. 

Micro functions can be integrated into the standard NFs of 
the 5G core network. The architecture of the 5G core network 
is designed to be scalable and adaptable, allowing for the 
deployment of various NFs that can be customized to meet 
specific network needs. Micro functions can be added to 
existing NFs or implemented as standalone NFs in the 
network, reducing complexity and increasing efficiency by 
avoiding the need for specialized network elements. The 
process of integrating micro functions into existing 
standardized NFs can vary depending on the specific NF and 
its intended functionality. Typically, micro functions can be 
integrated into existing NFs by incorporating them as plugins 
or modules or creating new NFs specifically designed to 
perform the micro function. In either case, the micro function 
should be designed to integrate seamlessly with the other NFs 
in the 5G core network and adhere to the same standards and 
protocols. Integrating micro functions into existing NFs can 
enhance the overall capabilities of the 5G network and enable 
more advanced services and applications to be developed. 

Building and operating EASUPMF can present several 
challenges. One of the main challenges is the integration of 
multiple micro functions from various vendors, which may 
have different interfaces and data formats. Ensuring seamless 
interoperability and compatibility between these functions can 
be complex and time-consuming. Another challenge is the 
management of user data privacy and security, particularly for 
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emotion data. This includes ensuring the proper 
anonymization and encryption of sensitive data, as well as 
implementing secure access controls and user consent 
mechanisms. Additionally, managing the computational and 
networking resources required for EASUPMF can be a 
challenge, particularly as the number of connected devices and 
users increases. The processing and storage demand of 
emotion data can be particularly high, requiring scalable and 
efficient infrastructure. Finally, ensuring the quality and 
reliability of the various micro functions in EASUPMF is 
essential for providing a seamless user experience. This 
involves testing and validating each function individually, as 
well as their interactions within the overall architecture, to 
ensure high performance and accuracy. 

In an upcoming publication, we will present a more 
elaborate exploration of the micro functions mentioned earlier, 
and their respective functions in emotion-aware services. 
Additionally, we will delve into other relevant topics, such as 
potential use scenarios, obstacles related to implementation, 
and emerging developments. Our aim with this extensive 
investigation is to offer valuable insights into the future of 
emotion-aware services and their prospective effects across 
various sectors. It should be noted that the current article only 
provides a basic introduction to EASUPMF and does not delve 
deeply into its intricacies or advanced features. The 
description of the service-based and reference point 
representations that include the EASUPMF in the 5G 
network's functional architecture will be addressed in a 
separate scientific article. 

VI. KEY PERFORMANCE INDICATORS FOR ENM

With the increasing emphasis on providing emotion-aware 
and personalized services to users, new KPIs are needed to 
evaluate the performance and effectiveness of ENM. The 
traditional KPIs used in mobile networks, such as network 
throughput, latency, and coverage, do not fully capture the 
performance of ENM. Hence, it is essential to introduce new 
KPIs that consider the emotional context and user experience 
to assess the effectiveness of ENM in providing emotion-
sensitive services to users. These new KPIs will help network 
operators and service providers to better understand the 
performance and impact of ENM on user satisfaction and 
emotional well-being. In this paper we propose the following 
ten KPIs to be used in the context of ENM-based networks: 

 Emotion Recognition Accuracy: Crucial KPI that
determines the accuracy of emotion recognition
algorithms utilized by ENM. To calculate this KPI, the
predicted emotional state of the user is compared to the
actual emotional state, which can be obtained through
different means such as user reporting or physiological
signals. Various metrics, including precision, recall,
F1-score commonly used in machine learning and
pattern recognition, can be used to calculate the
emotion recognition accuracy. This KPI is essential to
ensure ENM's ability to provide personalized services
based on the user's emotional state.

 Emotion Recognition Latency: Another essential KPI
that measures the time ENM takes to recognize

emotions from various sources such as speech, text, and 
physiological signals. To calculate this KPI, the time 
between the presentation of the emotion and the 
system's recognition of the emotion is measured. This 
KPI is critical to ensure ENM can recognize emotions 
in real-time and provide personalized services promptly 
based on the user's emotional state. 

 Emotion Recognition Robustness: It determines
ENM's ability to recognize emotions accurately in
noisy and challenging environments. To calculate this
KPI, the accuracy of emotion recognition in different
environments, such as quiet rooms versus noisy rooms,
is compared. This KPI is crucial to ensure ENM's
ability to recognize emotions accurately in various
locations, providing personalized services based on the
user's emotional state regardless of the environment.

 Emotion Intensity: When it comes to measuring
emotions, Emotion Intensity is another crucial KPI that
measures the intensity of the detected emotion on a
scale of 1 to 10. This KPI provides valuable insight into
how strongly a person is experiencing a particular
emotion, which clarifies the impact of emotional
experiences. By assessing the intensity of emotions,
ENM can provide more personalized emotional
services that cater to the user's needs, leading to an
enhanced user experience.

 Emotional State Stability: It measures the consistency
of the detected emotion over time. This KPI evaluates
how accurately the system tracks and interprets
emotions over an extended period, which is useful for
applications that require ongoing monitoring of
emotional states. The ability to track emotions
consistently over time is essential in providing
personalized emotional services that adapt to the user's
emotional state, leading to an improved user
experience.

 Emotion Context: This KPI evaluates the system's
ability to recognize emotions in different contexts, such
as in response to specific stimuli or in various social
situations. This KPI measures the system's accuracy in
recognizing emotions and adjusting its responses
accordingly in diverse scenarios. By recognizing
emotions in context accurately, ENM can provide more
personalized emotional services that cater to the user's
emotional needs in different situations, leading to an
enhanced user experience.

 Emotion Diversity: Significant KPI that measures the
range of emotional states detected by the system. This
KPI evaluates the system's ability to identify and
differentiate between a broad range of emotional
expressions, which is essential for applications that
require a more nuanced understanding of emotional
experiences. By measuring Emotion Diversity
accurately, ENM can provide more detailed and
personalized emotional services that cater to the user's
needs and preferences, leading to an enhanced user
experience.
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 Emotion Adaptability: This KPI refers to the ability
of ENM model to accurately recognize, interpret, and
generalize various emotional states across different
situations, users, and contexts. The generalization
capabilities of ENM are essential for applications that
require the system to work with new data or new users.
By accurately measuring Emotion Generalization,
ENM can provide more personalized emotional
services that cater to the user's needs and preferences,
regardless of the context or the user's familiarity with
the system.

 Emotional Alignment: This KPI assesses how well
participants' emotional states are coordinated or aligned
throughout a conversation or interaction. This KPI,
which may be assessed using measures like emotional
coherence, emotional congruence, and emotional
contagion, can be used to assess how well ENM
facilitates emotional alignment amongst users.
Applications like virtual meetings, online learning, and
healthcare, where emotional signals are crucial for
good communication and participation, may all benefit
from emotional alignment.

Combining several KPIs associated with the ENM into one 
cohesive KPI or into group of KPIs offers a thorough and all-
encompassing view of the system's overall performance. By 
merging aspects like accuracy, adaptability, robustness, 
scalability, and inclusiveness, this consolidated KPI enables 
developers and stakeholders to assess the system performance 
in addressing users' emotional needs. Assigning weights to 
individual KPIs, depending on their significance within the 
specific application, ensures the resulting integrated KPI 
accurately represents the system's priorities and requirements. 

Although KPIs are essential in assessing the efficiency of 
any system, measuring emotion-related KPIs can present 
several challenges. For instance, it is vital to have precise and 
dependable techniques for gathering and annotating emotional 
data, as well as addressing the potential subjectivity and 
variability of self-reported emotional states. The system also 
requires robust emotion recognition algorithms, as well as 
standardized evaluation metrics and benchmark datasets. 
Cultural and individual differences can also influence 
emotional experiences and expressions, which present 
additional challenges to accurate measurement. Furthermore, 
the system requires real-time emotion recognition and 
response, and privacy concerns related to the collection and 
utilization of emotional data also arise. In addition, some KPIs 
might necessitate specialized equipment or expertise, resulting 
in additional costs and limiting their widespread adoption. In 
conclusion, it is of utmost importance to consider the needs of 
every user and ensure a fair and equitable experience, 
regardless of their current emotional state. To achieve this, it is 
necessary to conduct further research and clearly define the 
correlation between emotional states and the serving network 
to optimize its performance for all users. By understanding 
how the network can accommodate users with varying 
emotional states, we can improve the distribution of resources 
and enhance the overall user experience, while avoiding any 
discrimination based on emotions. Novel KPIs can also be 

utilized to evaluate the network's effectiveness in providing an 
equal and balanced experience for all users, regardless of their 
emotional state. 

The newly proposed KPIs in this paper will be examined 
and explored further in a separate study to provide a 
comprehensive understanding of their effectiveness in 
evaluating the performance of ENM in 5G networks. 
Additional research will be conducted to validate the metrics 
and improve their accuracy and reliability. As it is expected 
ENP to continue to evolve and to become an integral part of 
mobile network architecture, it is essential to have effective 
KPIs that can measure its performance and impact on user 
satisfaction. 

VII. ENM-ENABLED SERVICES AND IMPLEMENTATION 

CHALLENGES

A. ENM-enabled services 

Emotion-aware networking model-enabled services refer to 
a new class of digital services that are designed to be 
responsive to users' emotional states and preferences. In Table 
III, a diverse range of ENM 5G services that can be developed 
to cater to users' emotional needs across various domains is 
presented. The table is organized into service categories, such 
as Healthcare, Personalized Advertising, Gaming, and more, 
with each category featuring three example services that 
showcase the potential of emotion-aware networking. By 
examining the examples provided, readers can gain a better 
understanding of how ENM can be utilized to create 
innovative and personalized experiences that enhance user 
satisfaction and overall well-being.  

TABLE III.  ENM-ENABLED 5G SERVICES  

Service category Example ENM-based 5G service 

Gaming 

1. Emotion-adaptive gaming experiences with 
dynamic gameplay adjustments 
2. In-game events and narratives tailored to
players' emotional states 
3. Emotion-driven game difficulty scaling 

Healthcare 

1. Emotion-based patient monitoring and alerts 
for healthcare professionals 
2. Automated mood tracking and self-help 
resource suggestions 
3. Emotional state-based medication reminders 
and dosage adjustments 

Education 

1. Personalized learning experiences based on 
students' emotional states 
2. Emotion-aware virtual tutors for 
individualized support 
3. AI-generated learning content tailored to 
students' emotions 

Human-robot 
Interaction 

1. Emotionally aware and responsive robots for
customer service or caregiving 
2. Social companion robots that adapt to users' 
emotional needs 
3. Robots that recognize and respond to user 
emotions in public spaces 

Stress Management 

1. Customized stress-relief recommendations 
and guided relaxation exercises 
2. Real-time stress level notifications and self-
regulation techniques 
3. Personalized stress-reducing activity 
suggestions 
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Personalized 
Recommendations 

1. Tailored product, service, and experience
suggestions based on users' emotions and 
preferences 
2. Emotion-based movie and TV show 
recommendations 
3. Customized online shopping
recommendations influenced by users' 
emotions 

Personalized 
Advertising 

1. Targeted ads based on users' emotional 
responses to content 
2. Emotion-triggered promotional offers and 
discounts 
3. Sentiment analysis for ad performance 
optimization 

Upon examining the table, it becomes clear that 
incorporating ENM services has tremendous potential to 
revolutionize various industries by offering emotionally 
intelligent solutions customized to each user's requirements. 
The examples provided are just a glimpse of the vast 
possibilities that can be explored in the future. As technology 
advances and emotional awareness becomes increasingly 
ingrained in communication networks, we can anticipate even 
more innovative applications that will redefine user 
experiences and contribute to the development of a more 
empathetic and responsive digital ecosystem. 

B. Challenges in ENM implementation 

ENM has emerged as a result of incorporating emotion-
awareness into mobile network architecture. This integration 
brings forth benefits and challenges, including technical 
limitations such as latency and bandwidth constraints, as well 
as ethical concerns relating to data privacy and security. 
Therefore, it is essential to identify and analyze these 
challenges to ensure the successful implementation and 
deployment of ENP in the future. 

1) Integration with existing mobile networks and
technologies: One of the main challenges of implementing an 
ENM is integrating it with existing mobile networks and 
technologies. This requires a deep understanding of the 
underlying infrastructure and protocols used by these 
networks, as well as the ability to seamlessly integrate with 
them without disrupting the user experience. Integration with 
existing mobile networks and technologies can be achieved 
through various means, such as the addition of new software 
modules to existing network elements or the development of 
specialized gateways to connect with external systems. The 
integration process should also consider compatibility with 
different network protocols and standards, as well as the 
potential impact on network performance and latency. 
Furthermore, ensuring seamless integration requires 
collaboration with mobile network operators and device 
manufacturers, as well as coordination with relevant 
regulatory bodies and industry associations. 

2) Collection and processing of emotional data: Another
challenge for ENM is the accurate collection and processing of 
data. This involves utilizing advanced mobile sensing 
technologies, such as accelerometers, GPS, cameras, and 
microphones, in addition to sophisticated algorithms for 
preprocessing, feature extraction, and emotion classification. 

The accuracy and reliability of emotional data are crucial for 
ensuring that ENM is effective in providing personalized 
services based on users' emotional states. Moreover, 
appropriate measures must be put in place to protect users' 
personal information and ensure that their emotional data is 
processed in a secure manner. 

3) Personalization and customization of services: ENM is
designed to provide personalized and customized services to 
users based on their emotional state. However, this requires 
the development of new algorithms and techniques for 
resource allocation, network congestion control, and content 
delivery that can adapt to the dynamic emotional context of 
each user. 

4) Privacy and security of emotional data: ENM gathers
and uses sensitive emotional data, which poses serious privacy 
and security issues. In order to solve this, ENM must 
incorporate both strong security mechanisms like access 
control, authentication, and authorization as well as strong 
privacy-preserving methods like differential privacy, 
authentication, and encryption. 

5) Ethical and legal implications: Ethical and legal issues
are raised by the usage of emotional data in mobile networks, 
including the possibility of emotional manipulation, 
discrimination, and exploitation. ENM must adhere to ethical 
and legal criteria including informed consent, transparency, 
and fairness to guarantee the proper use of emotional data. 

6) Computational complexity and scalability: ENM requires
complex algorithms and approaches for gathering, processing, 
and interpreting emotional data, which can be computationally 
intensive and necessitate substantial processing power and 
storage space. ENM must employ cloud computing and 
distributed computing technologies, such as edge computing 
and fog computing, to enable scalability. 

7) Latency: In ENM the latency can be evaluated by
measuring the time it takes for the emotion recognition process 
to complete, from the moment the user expresses an emotion 
to the moment the network responds with an appropriate 
emotional service. Latency is an important factor in the 
performance of ENM, as delays in emotion recognition and 
service delivery can negatively impact the user experience and 
the effectiveness of emotional care services. In applications 
where real-time emotional response is critical, such as mental 
health care or emergency situations, low latency is especially 
important. Therefore, optimizing latency should be a priority 
in the design and implementation of ENM. 

8) Integration with specific domains: ENM may potentially
be combined with numerous fields like medicine, education, 
and entertainment to create brand new services and tools. To 
fully realize ENM's potential in these fields, however, new 
multidisciplinary research and partnerships must be 
established. 

9) Interoperability with other emotion-aware systems: It is
crucial to take into account ENM's compatibility with other 
emotion-aware systems as it develops. The ability of these 
systems to effortlessly communicate and exchange emotional 
data is essential since a user may have a variety of devices and 
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apps that make use of emotion-aware technologies. 
Interoperability between ENM and other emotion-aware 
systems may also result in user emotional profiles that are 
more thorough, enabling even more customized and efficient 
services. In order to facilitate smooth communication across 
emotion-aware systems, efforts should be taken to define 
interoperability standards and protocols. 

VIII. CONCLUSION

The integration of ENM into mobile network architecture 
has the potential to generate significant social impact across 
multiple domains. Firstly, ENM can improve the quality of life 
for emotionally vulnerable individuals such as those with 
mental health issues, the elderly, or people with disabilities. 
Secondly, ENM can enhance user engagement and satisfaction 
for various applications and services such as entertainment, e-
commerce, and social media. By analyzing users' emotional 
states, ENM can provide personalized recommendations and 
content that align with their preferences. Thirdly, ENM can 
increase the efficiency of industries such as healthcare, 
education, and transportation by providing real-time emotional 
data and insights to support decision-making processes and 
enable more personalized and effective services. Finally, 
incorporating principles of empathy, trust, and transparency, 
ENM can contribute to the development of ethical and 
responsible AI systems. 

Future work in ENP and ENM involves further research 
and development of emotion recognition algorithms, with a 
focus on energy-efficient algorithms and refining network 
structures to minimize energy consumption while achieving 
accurate results. Integration of additional micro functions into 
EASUPMF, advanced machine learning models, testing the 
architecture in real-world scenarios, and developing new 
applications and services utilizing ENM are also potential 
areas for future work. 
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