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Abstract
This research work analyzes economic alternatives for the provision of ultra-reliable 
low latency communication (URLLC) and enhanced mobile broadband (eMBB) 
services by mobile network operators over the same fifth-generation (5G) network. 
Two business models are proposed to provide the two services to end users. Con-
cretely, a monopoly is a single operator who offers both services, and a duopoly is 
two different operators that share network resources and offer one service each. In 
addition, two types of network scenarios for resource sharing are studied. Specifi-
cally, a shared network (SN) is a type of network scenario allowing resources to be 
shared between the two services without priority. A differentiated network (DN) is a 
type of network scenario that allows resources to be shared between the two services 
with a priority to URLLC service using network slicing (NS). Regarding the eco-
nomic aspects, the incentive is modeled through the user’s utility and the operator’s 
benefit. At the same time, game theory is used to model the strategic interaction 
between users and operators, and queuing theory is used to model the interaction 
between the two services. We conclude that the monopoly social welfare (SW) is 
closer to the SW of the social optimum than the duopoly SW. In addition, the DN 
scenario to offer the services through NS is more suitable than the SN scenario since 
the point of view of service prices, user utilities, and operator benefit.

Keywords 5G · URLLC · eMBB · Network slicing · Queuing theory · Game theory

 * Edison Moreno-Cardenas 
 edmocar@doctor.upv.es

 Erwin J. Sacoto-Cabrera 
 esacoto@ups.edu.ec

 Luis Guijarro 
 lguijar@dcom.upv.es

1 Departamento de Comunicaciones, Universitat Politècnica de València, Camí de Vera, s/n, 
46022 València, València, Spain

2 GIHP4C, Universidad Politécnica Salesiana, Calle Vieja 12-30 y Elia Liut, 010105 Cuenca, 
Azuay, Ecuador

http://crossmark.crossref.org/dialog/?doi=10.1007/s10922-024-09826-8&domain=pdf


 Journal of Network and Systems Management           (2024) 32:50 

1 3

   50  Page 2 of 33

1 Introduction

In recent years, the fifth-generation (5G) networks have reinvented the telecommu-
nications industry with new use cases, business models, and organizations emerging 
in response to technological and business changes further driven by the deployment 
of Cloud Computing services, the growth of the Internet of Things (IoT) and artifi-
cial intelligence supporting the digital transformation of enterprises and industries 
[1–3].

The 5G network differs from previous wireless generations because it connects 
things to people, the Internet, and other things; previous generations were designed 
to connect people to the Internet, as described in [4]. In this context, the Interna-
tional Telecommunication Union (ITU) defines that 5G supports three broad catego-
ries of applications to enable the use cases described above: massive Machine-Type 
Communication (mMTC), URLLC, and eMBB [5, 6]. Specifically, as described in 
[7], URLLC is a key feature of 5G networks that enables the delivering extraordinar-
ily reliable and low latency communication services. It is designed to support appli-
cations that require extremely high reliability and low latency, such as autonomous 
vehicles, industrial automation, and virtual reality [8–10]. Likewise, an essential 
technology to support some 5G network services is eMBB. eMBB enables high data 
rate communication and supports various applications, including video streaming, 
online gaming, and virtual reality [5]. To support URLLC and eMBB, 5G networks 
use various technologies and techniques, including advanced coding and modulation 
schemes, highly efficient resource allocation algorithms, and advanced multiple-
input multiple-output (MIMO) techniques. In addition, 5G networks use NS to pro-
vide a high degree of flexibility and customization, allowing different applications 
and services to be supported on the same network [11]. Overall, the combination 
of URLLC and eMBB enables 5G networks to support a wide range of applications 
and services with different requirements for reliability, latency, and data rate.

This makes 5G networks highly versatile and able to support a wide range of 
use cases, applications, and business models. This work focuses on two business 
models called monopoly and duopoly, i.e., in the monopoly business model, a single 
operator offers URLLC and eMBB services. In the duopoly business model, two 
different operators offer one service each. Two network scenarios are analyzed for 
both business models. Firstly is the SN scenario, where URLLC and eMBB services 
share network resources without priority per service. Secondly is the DN scenario, 
where URLLC and eMBB services share network resources with a priority per ser-
vice using NS.

In this regard, the provision of services through a shared network infrastructure 
enabled by the 5G network is analyzed in the first model without NS, and the sec-
ond model is considered NS. Our hypothesis focuses on the strategic interaction 
between users and operators based on two business models: monopoly and duopoly. 
In particular, we characterize the conditions to determine which business models 
benefit users and the operator offering URLLC and eMBB services. We propose 
two business models to test the above described and analyze the proposal using a 
strategic game. These models capture the user utilities, the operators’ revenues, and 
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the strategic interaction between the users’ subscription decisions and the operators’ 
pricing decisions. Finally, we compare the business models with the social optimum. 
The main contributions of this paper are the following:

• Two business models are proposed to provide URLLC and eMBB services over 
the same network.

• In the business models proposed, the strategic interaction between users and 
each operator is analyzed through Game Theory.

• The equilibrium outcome of each business model is analyzed in terms of the 
most relevant parameters: delay sensitivity, packet transmission, service priority, 
and the pay-per-user price of a service.

• We demonstrate that differentiated use of network resources is economically via-
ble, allowing operators to coexist and interaction between URLLC and eMBB 
services to proceed normally.

• The conditions are established under which the business models are feasible.

In the analysis, we apply queue theory and microeconomics concepts in formulat-
ing business models and modeling user-perceived quality of service (QoS). Game 
theory is used in the paper to compare monopoly and duopoly models. One branch 
of economic theory is game theory, which aims to help understand decision-mak-
ers’ interactions [12]. It is widely used in telecom business models to determine the 
economic incentives of agents, whether users or providers [13, 14], in telecom and 
computer networks to optimize routing and resource allocation [15, 16] and resource 
sharing [16, 17]. Our work analyzes business models proposed based on game the-
ory, and optimization schemes that are part of the NS taxonomy described in [18, 
19]. Moreover, our work contributes to the key points and main open questions 
related to NS and 5G services research [20, 21], so it belongs to a latter trend and 
shares this characteristic with some of the works referred to in the following sub0.

1.1  Related Work

This work is inspired by the different use cases developed in 5G networks to sup-
port the growing demand for high-speed data transfer, low-latency communication, 
and the massive number of connected devices (URLLC, eMBB, and mMTC), as 
described [5, 6]. In this context, some novel business models based on 5G use cases 
and supported by NS have been developed and addressed in several studies.

Specifically, many recent works study business models for URLLC, eMBB and 
mMTC and classify them into three main categories. The first category, Monetiza-
tion, and Pricing, described in [22], focuses on understanding how service provid-
ers can monetize URLLC, eMBB, and mMTC services, including pricing strategies 
such as pay-per-use and subscription-based models. They also explore revenue-
sharing models, such as shared spectrum and NS. For example, the authors in [23] 
analyze the monetization question to the residential user’s segment and address the 
use of 5G NS capability and appropriate pricing strategies. References [22, 24] ana-
lyze price and service competition under certain cost modeling assumptions, server 
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capacity, and competition prices where firms compete regarding their prices under 
service levels. Previous studies have shown the economic feasibility of URLLC, 
eMBB, and mMTC-based service provisioning. In our paper, we analyze URLLC 
and eMBB-based service provisioning from a technical and economic point of view.

The second category, Network Deployment, and Optimization, described in [25], 
focuses on understanding the optimal deployment of networks to support URLLC, 
eMBB, and mMTC services, including edge computing and NS. They also explore 
the challenges and solutions for deploying and optimizing networks to support these 
services. For example, the authors in [26, 27] analyze the resources division and 
resource division mechanism of the 5G communication network to support different 
business models. Finally, Security and Interoperability, described in [28], focuses 
on understanding the security challenges and solutions for URLLC, eMBB, and 
mMTC services, including blockchain and other secure communications technolo-
gies. They also examine the issues related to interoperability and standardization 
for URLLC, eMBB, and mMTC services. For example, the authors in [29] analyze 
the blockchain-enabled SDN framework for securing transactions that use Software 
Defined Network (SDN) and Network Function Virtualization (NFV) to support dif-
ferent model business issues. The above studies have shown the technical feasibility 
of deploying business models based on URLLC, eMBB, and mMTC. At the same 
time, in our paper, we analyze the technical and economic feasibility of the business 
models based on URLLC and eMBB.

The requirements described above to be met by the 5G network are based on its 
leading enabler: NS [30]. Specifically, NS refers to partitioning a physical network 
into multiple virtual networks, each designed and optimized for a specific applica-
tion/service [31]. In this regard, the authors in [32] indicate that network fragmenta-
tion enables value creation for verticals, application providers, and third parties that 
lack physical network infrastructure by offering radio, network, and cloud resources, 
allowing for customized network operation and true service differentiation. The 
framework of queuing theory in [33], studies the effects of queuing delay and offers 
a pricing methodology that considers the value of the user’s time. Also, in [33], the 
authors study the effects of queuing delays and related costs on the management and 
control of IT resources. Besides, in [34, 35], the authors analyze the application of 
priority queuing (PQ) to pricing to maximize network operators’ revenues. In the 
game theory framework, in [34], the problem of maximizing operator revenue, Nash 
equilibrium, was considered the solution. In [36, 37], the authors propose the game 
theory to solve the profit maximization problem of a set of independent mobile vir-
tual network operators (MVNO) that request slices from a mobile network operator 
(MNO).

Concerning described above, in previous studies, we have carried out several 
investigations in the line of research on the network economy. In [38], we have 
used priority queuing to establish a differentiation between services; to do so, we 
have considered the Discriminatory Processor Sharing (DPS) discipline for two 
service models with different QoS and determine the prices that maximize the 
provider’s profit. As discussed in this study, the above studies represent an asso-
ciation between price and QoS to obtain user benefits. However, in this paper, we 
analyze pricing through a non-priority queue where URLLC and eMBB services 
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with different QoS are served with the same priority and a two-priority queue 
where the URLLC service has a high priority. While the eMBB service has a low 
priority, depending on the delay dependency. In the game theory framework, in 
[39], we have analyzed service provision to a homogeneous traffic profile through 
a priority queue where a primary operator owns the resources. A second operator 
can alternatively access said resources; they use the Nash equilibrium to solve 
that. While in this paper, two types of traffic profiles are analyzed through a two-
priority queue; the priority assignment is based on the QoS characteristics of each 
service, and the process is solved using also Nash equilibrium. In the same way, 
in some of our previous studies, such as [40–42], game theory to solve different 
scenarios is analyzed. These works apply game theory to the analysis of service 
provision in a competitive environment within the context of telecommunications. 
However, this paper differs significantly from our previous studies, as we propose 
two network scenarios. The first is the SN scenario, in which URLLC and eMBB 
services share resources. The second is the DN scenario, where resources are 
allocated to URLLC and eMBB services using NS.

Additionally, in [3], the authors discussed a detailed overview of the 5G net-
work, especially business models. In this paper, we address a new business model 
not considered in [3], which is part of the different business models that can be 
proposed from 5G networks.

This paper is closely linked to the content discussed in reference [41], where 
the provision of services for machine-type communications (MTC) and human-
type communications (HTC) is presented using a two-priority queue model. The 
previous work employs game theory to characterize two distinct games. The first 
game involves sensors deciding to subscribe to the network operator for upload-
ing sensing data, considering a utility function related to average service time 
and the operator’s price. The second game focuses on users subscribing to the 
service based on provider sensor data. Reference [41] explicitly explores game 
theory models to analyze the strategic interaction between users’ subscriptions 
and the network capacities decision of the Mobile Network Operator (MNO). In 
this paper, our analysis considers 5G network concepts such as NS for resource 
sharing. It is different from the analysis in [41]. Specifically, in this paper, we 
study two business models, monopoly and duopoly. In each business model, two 
scenarios and their characteristics are considered. That is, whether a single opera-
tor offers the two services or two different operators each offer one service, or 
whether we use a network that allows resource sharing between the two services 
or another type of network that allocates resources per service using NS. In addi-
tion, our analysis considers URLLC and eMBB services defined in 5G networks 
that have very different QoS requirements.

The remainder of this paper is organized as follows. In Sect. 2, we describe in 
detail the network, the business model, the game model, the social optimum model, 
as well as the utility of each player and the pricing scheme. In Sect. 3, we analyze 
and solve the subscription and pricing strategies of the different models. In Sect. 4, 
we show and discuss the results. Finally, in Sect. 5, we present the conclusions.



 Journal of Network and Systems Management           (2024) 32:50 

1 3

   50  Page 6 of 33

2  Model Description

In this section, we describe the business models and the network models proposed.
The two business models are denominated as monopoly, where a single operator 

offers URLLC and eMBB services, and duopoly, where two operators offer one ser-
vice each (URLLC or eMBB).

The two network models are a 5G network model without NS, where network 
resources are shared between both services without NS, and a 5G network model 
with NS, where network resources are shared between services but assigned a higher 
priority to the URLLC service.

We refer to the first network model as the shared network (SN) scenario and the 
second as the differentiated network (DN) scenario. Both scenarios are analyzed in 
each business model, as shown in Fig. 1.

On the other hand, to determine whether the monopoly or duopoly is better or 
worse, we contrast their results with the results of the model of the social optimum 
from the point of view of social welfare. This model, which constitutes a bench-
mark, is developed in Sect. 2.4.

Finally, in Fig. 2, we present a specific notation to identify the business model, 
scenery, and type of service analyzed in this article. In addition, we analyze the stra-
tegic interaction between users and operators. Simultaneous provision of URLLC 
and eMBB services is studied, allowing operators to coexist and interaction between 
services to take place, usually using concepts from queuing theory [43], game the-
ory [44], and microeconomics in telecommunications.

A summary of the notation we use in this article is shown in Table 1.

2.1  System Model

We model the entire network as an M/M/1/∞ queue. This type of modeling is a sim-
plification justified by the need to obtain manageable expressions for the utility of 
the network users. The URLLC and eMBB user services are modeled as 

Monopoly

SN DN

Business
models

Scenario

SN: Shared Network
DN: Differentiated Network

A single operator offers URLLC
and eMBB services

Duopoly

Two operators offer one service
each (URLLC or eMBB)

SN DN

Fig. 1  Business Models and Scenarios



1 3

Journal of Network and Systems Management           (2024) 32:50  Page 7 of 33    50 

V i
xj

i = m

i = d

i = o

Monopoly business model

Duopoly business model

Social optimum model

j = s

j = d

SN scenario

DN scenario

x = u

x = e

URLLC service

eMBB service

Function, variable, parameter

Fig. 2  Specific notation

Table 1  General notation

Description Notation Eqs.

URLLC user utility on the scenario j Uuj (5,6)
eMBB user utility on the scenario j Uej (4)
URLLC Quality of Service on the scenario j Quj (2,3)
eMBB Quality of Service on the scenario j Qej (1)
Delay time for URLLC service � (2)
Number of eMBB users who subscribe to the eMBB service Ne (2)
Number of URLLC users in the scenario j for the business model i ni

uj
(2)

Conversion factor for URLLC service ku (2)
Conversion factor for eMBB service ke (1)
Mean service rate � (2)
Network capacity utilization factor � (13)
Mean arrival rate of a URLLC packet �u (2)
Mean arrival rate of eMBB packets on the scenario j for the business model i �i

ej
(12)

Aggregate eMBB rate in the scenario j for the business model i Λi
ej

–
Aggregate URLLC rate in the scenario j for the business model i Λi

uj
–

Price of the URLLC service in the scenario j for the business model i pi
uj

–
Price of the eMBB service in the scenario j for the business model i pi

ej
–

Best URLLC operator response BRu (18)
Best eMBB operator response BRe (19)
Profit obtained by the URLLC service in the scenario j Πi

uj
(7)

Profit obtained by the eMBB service in the scenario j Πi
ej

(8)
Total profit of the business model i in the scenario j Πi

j
(9)

Social welfare in the scenario j for the business model i SWi
j

–
Monetary unit m.u. –
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independent Poisson packet sources with an individual packet generation rate �u and, 
�ej respectively. As shown in Fig.  3, we define the aggregate URLLC rate as 
Λuj = nuj�u (where nuj is the number of URLLC service subscribers) and the aggre-
gate eMBB rate as Λej = Ne�ej (where Ne is the number of eMBB service subscrib-
ers, which for this analysis is considered a parameter). The mean service times of 
the packets are assumed to be exponentially distributed with a mean of 1

�
 , where � 

represents the capacity of the network. For stability reasons, it is assumed that 
𝜆 < 𝜇 . Additionally, for the analysis of the SN scenario, we choose an M/M/1 queue 
without priority where the arriving packets are generated by the URLLC and eMBB 
users, which are served with the same priority. For the DN scenario, we choose an 
M/M/1 queue with two priorities, a high priority for the URLLC service due to the 
delay sensitivity and a low priority for the eMBB service because this service does 
not depend on delay sensitivity.

2.2  Economic Model

The users are interested in receiving the services that an operator provides. Each 
URLLC user pays a subscription price, puj , for the URLLC service to an opera-
tor and receives one QoS, while each eMBB user pays a price per eMBB packet, 

Fig. 3  System model: URLLC and eMBB users mean arrival rate ( �u , �ej ), network capacity ( � ), Price 
charged by URLLC and eMBB services ( puj,�ej ), network traffic flow ( ⟶)
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�ej , to an operator and receives a QoS. Therefore, the subscription price for an 
eMBB user will be pej , where pej ≜ �ej�ej . Users will observe the prices set by the 
operator and decide whether or not to subscribe to the service. For SN and DN 
scenarios, the QoS expressions for URLLC and eMBB services are proposed in 
(1)–(3) based on queuing theory [43], where:

• with (1), we model the QoS of the eMBB service for the SN and DN sce-
narios. The eMBB service does not offer delay requirements and the QoS is 
dependent on the rate that the network allocates to each user. Qej is an increas-
ing function, then in (1), with a higher �ej , the QoS user perceived in eMBB 
service increases. Moreover, it has a logarithmic dependence. Qej is a concave 
function whose slope decreases as Qej increases, so an increase of �ej in Qej 
with low values is perceived as a larger increase in Qej , while an increase of 
�ej in Qej with very high values is perceived as a smaller increase in Qej . In (1), 
add 1 to �ej so that when �ej = 0 then ln(1) = 0 . This is because the eMBB user 
values a high transmission of packets more than a delay in the transmission 
time, so Qej depends only on the �ej it achieves.

• with (2) and (3), we model the QoS of the URLLC service. A queue model is 
a best fit for the modeling of the quality of service for the users of URLLC, 
where the delay is a key performance indicator. Furthermore, URLLC latency 
requirements are related not to the average delay, but to a maximum delay. 
That is the motivation of using the M/M/1 delay distribution P[t > 𝜖] in the 
expression Quj =

ku

P[t>𝜖]
 . Given a parameter � , the higher the probability that 

the URLLC packets are delayed more that � , the lower the QoS Quj . Therefore, 
the greater the delay, the less Quj a URLLC user perceives.

– with (2), we model the QoS of the URLLC service for the SN scenario, 
also, Qus has a delay dependency and is under the First Input First Output 
(FIFO) scheduling discipline with no priority.

  The rate of the eMBB service generates a delay in the URLLC service 
because both services are served with the same priority.

– and, with (3), we model the QoS of the URLLC service for the DN sce-
nario. Specifically, (3) allows assigning a high priority to the URLLC ser-
vice due to its delay sensitivity and a low priority to the eMBB service 
due to its non-delay dependency. The speed of the eMBB service does not 
delay the URLLC service because the URLLC user packets are served first, 
while the eMBB user packets are served later.

(1)Qej = ke ln(�ej + 1)

(2)Qus = ku e�(�−nus�u−Ne�es)

(3)Qud = ku e�(�−nud�u)



 Journal of Network and Systems Management           (2024) 32:50 

1 3

   50  Page 10 of 33

The URLLC and eMBB users utility, Uuj and Uej , is the difference between the QoS 
perceived by users in monetary units minus the price charged by the operator [40]. 
We assume that URLLC and eMBB user utility is equal to zero when users do not 
subscribe to the corresponding service. The utility function can be related to the 
quasilinear function used in the telecommunications, and microeconomic analysis 
described in [44]. Therefore, the eMBB user utility for the SN and DN scenarios 
will be (4), while the URLLC user utility for the SN scenario will be  (5) and for the 
DN scenario, it will be  (6):

The profit obtained by the URLLC service is defined in (7) and by the eMBB 
service, it is defined in (8). In addition, to determine the total benefit in a model, the 
benefits obtained by the URLLC and eMBB services are defined in (9).

The operator profit should have decreased due to investment costs and operat-
ing costs. However, the operating costs have not been considered because it does 
not depend on the price of the service, this makes the expression of the benefit less 
explicit, nor the investment costs because we can affirm that it is a constant value.

2.3  Strategic Game

Strategic interactions over the two business models can be identified between the 
user’s subscription and pricing decisions for URLLC and eMBB services as follows:

• The subscription decision of the URLLC users is influenced by the pricing deci-
sion for the URLLC service. Likewise, the subscription decision of the eMBB 
users is influenced by the pricing decision for the eMBB service.

• The subscription decision of the URLLC users depends on the subscription deci-
sion of the eMBB users through its QoS. Likewise, the subscription decision 
of the eMBB users depends on the subscription decision of the URLLC users 
through its QoS.

• Πuj depends on the subscription decision of the URLLC users. Likewise, Πej 
depends on the subscription decision of the eMBB users.

(4)Uej = ke ln(�ej + 1) − �ej�ej

(5)Uus = ku e�(�−nus�u−Ne �es) − pus

(6)Uud = ku e�(�−nud�u) − pud

(7)Πuj = nujpuj

(8)Πej = Ne �ej�ej

(9)Πj = Πuj + Πej
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• Πuj is influenced by the pricing for the eMBB service, indirectly through the 
eMBB users’ subscription decision.

Based on  (7) and (9), in the monopoly, the operator’s profit is Πj . In contrast, in 
the duopoly, the URLLC operator’s profit is Πuj , and the eMBB operator’s profit is 
Πej . These strategic interactions are amenable to analysis by means of Game Theory, 
where there are two user bases in the monopoly and duopoly. The incentives are 
the utilities for each user base and the profits for each operator. The proposed game 
model is a two-stage game as depicted in Fig. 4, with a different structure for each 
model:

• Monopoly

– Stage I comprises a single player (monopoly operator) who sets the price of 
the two services.

• Duopoly

– Stage I comprises two players (URLLC operator and eMBB operator) who set 
the service price.

In both the monopoly and the duopoly models, stage  II comprises the URLLC 
and eMBB user bases, within which each user chooses whether to subscribe or not 
to its operator.

The game’s solution is an equilibrium decision or strategy for each player. The 
equilibrium used is the Nash equilibrium, where no player intends to change his 
equilibrium decision as long as the other players are playing with the equilibrium 
decision. This two-stage game is solved using backward induction [45], which 
means that at stage  I, players proceed to anticipate the solution of stage  II. Since 
stage II players choose their action knowing the choice of stage I players, in equilib-
rium, in the equilibrium stage I, players anticipate the choice of stage II players. This 
justifies solving the two-stage game by first solving the stage II equilibrium for the 
known actions of the stage I players, and then proceeding back to solve the stage I 
equilibrium with the knowledge of the stage I best response. The equilibrium cal-
culation is then presented in the following order: first, stage II; and second, stage I.

Fig. 4  Description of the game 
stages

STAGE II: User subscription

Users will observe the prices set by operator and decide
whether or no subcribe to the service.

STAGE I: Pricing by the operator

The operator chooses the optimal service price that
maximize their benefit.
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2.3.1  STAGE II: Users Subscription

In stage II, each URLLC user pays a subscription price, puj , for the URLLC ser-
vice to an operator and receives one Uuj , while each eMBB user pays a price per 
eMBB packet, �ej , to an operator and receives a Uej . Therefore, the subscription 
price for an eMBB user will be pej ≜ �ej�ej.

Regarding the analysis of the eMBB service, Uej is such that it is not affected 
by the subscription decisions of other eMBB users. The determination of �ej that 
is individual is solved as a classical consumer theory problem, where there are no 
externalities between consumers. In the eMBB service, there is no game, and it 
is solved as a maximization problem of Uej by the Karush-Kuhn-Tucker theorem 
(KKT) defined in (10) and (11), obtaining �ej in (12) as the solution to the maxi-
mization problem, i.e., there are two solutions �ej ≥ 0 and �ej = 0.

where �ej is the rate that an eMBB user will generate according to a price to maxi-
mize his utility.

In the analysis of the URLLC service, Uuj depends on the delay experienced 
by the M/M/1 queue, and the delay depends on the individual decisions of all the 
URLLC users because the more URLLC users decide to enter more delay there 
will be, hence the externality. In this sense, users must decide whether to sub-
scribe or not (obtaining Uuj < 0 ). A strategic interaction exists between each user 
decision through the congestion effect in the utility Uuj . Under these conditions, 
the equilibrium reached is based on Wardrop’s 1952 principle. Specifically, we 
consider the first principle, Wardrop’s, stating that the journey times on all uti-
lized routes should be equal and lower than the time required by a single vehicle 
on any new route. Essentially, a Wardrop equilibrium guarantees that all users 
receive the same level of utility from the selected alternatives. In this analysis, 
that means: (1) Uuj = 0 (the utility of subscribing and not subscribing are equal), 
and some subscribe and some do not subscribe ( nuj ≥ 0 ); (2) Uuj < 0 (no user 
subscribes ( nuj = 0 ) because the utility they get is less than zero). On the other 
hand, we have Λuj = nuj �u where nuj is the number of URLLC users in the bal-
ance that subscribe and �u is the mean packet arrival rate of URLLC users to the 
network; therefore, nuj is endogenous. For the eMBB service, what is endogenous 
is the individual rate �ej and Ne is a parameter. To ensure the stability of the net-
work, the restriction nuj�u + Ne �ej ≤ �� is applied and based on the conditions of 
Wardrop and the solution of the maximization problem in (12), that is, ( �ej ≥ 0 ) 
and ( �ej = 0 ), We describe four cases in (13)–(16).

(10)max
�ej

Uej = ke ln(�ej + 1) − �ej�ej

(11)s.t. �ej ≥ 0

(12)𝜆ej =

{
ke

𝜋ej
− 1 0 ≤ 𝜋ej < ke

0 ke ≤ 𝜋ej
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where nuj and �ej are expressed as a function of puj and �ej , i.e., nuj(puj,�ej) and 
�ej(puj,�ej) . The development is described in Sect. 3.

2.3.2  STAGE I: Operator Pricing

In the monopoly, the operator sets the URLLC and eMBB services prices to maximize 
its profit in the SN and DN scenarios. The operator anticipates that the subscription of 
the users will be consolidated within the equilibrium described in (13)–(16), where the 
Wardrop equilibrium regions have been found. The operator benefit will depend on the 
prices.

In the duopoly, each operator sets its service price instantly and independently in the 
SN and DN scenarios. Each operator is not only aware of the subscription decision in 
stage II and its profit, but also of the rational behavior of the other operator. The price 
that maximizes the benefit for each operator will also depend on the decision of the 
other operator, i.e., it will be given by the Best Response function (BR), as follows:

Finally, the price pair, ( pd
uj
,�d

ej
 ), is a Nash equilibrium provided that the choice of the 

URLLC operator is optimal given the choice of the eMBB operator and the choice of 
eMBB operator is optimal given the choice of URLLC operator [46].

The Nash equilibrium in stage I will be pd
uj

 and �d
ej
 such that each operator is fixing a 

price of the BR to the price of the other operator, anticipating the equilibrium of 
stage II. The solution is given by the following system of equations [44].

(13)nuj ≥ 0, �ej ≥ 0, Uej = 0, Uuj = 0, nuj�u + Ne �ej ≤ ��

(14)nuj = 0, 𝜆ej ≥ 0, Uej = 0, Uuj < 0, nuj𝜆u + Ne 𝜆ej ≤ 𝛼𝜇

(15)nuj ≥ 0, 𝜆ej = 0, Uej < 0, Uuj = 0, nuj𝜆u + Ne 𝜆ej ≤ 𝛼𝜇

(16)nuj = 0, 𝜆ej = 0, Uej < 0, Uuj < 0, nuj𝜆u + Ne 𝜆ej ≤ 𝛼𝜇

(17)(pm
uj
,�m

ej
) = argmax

puj,�ej

Πm
j
(puj,�ej)

(18)BRu(�ej) = argmax
puj

Πd
uj
(puj,�

d
ej
)

(19)BRe(puj) = argmax
�ej

Πd
ej
(pd

uj
,�ej)

(20)pd
uj
= BRu(�

d
ej
)

(21)�d
ej
= BRe(p

d
uj
)
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2.4  Social Optimum

The social optimum introduces a regulator to the market that seeks to maximize 
social welfare ( SWj ) based on nuj and �ej . In this sense, SWj is the sum of the utili-
ties of all actors considered, i.e., SWj is the sum of the consumer surplus ( CSj ) 
and Πj , in the SN and DN scenarios, then the optimum social welfare is the maxi-
mum, SWo

j
 ; we can use it as a reference to compare the SWj of the monopoly and 

the duopoly. Therefore, we have the following.

Likewise, CSj = CSuj + CSej , where CSuj is the sum of the utility of all 
URLLC users and CSej is the sum of the utility of all eMBB users. Therefore, 
CSej = Ne(Qej − �ej�ej) and CSuj = nuj(Quj − puj) . On the other hand, in the user 
equilibrium, Uuj is zero ( Quj = puj ), consequently, CSuj will be zero because CSuj 
does not depend on the business model but of the balance of users, resulting in 
CSj = CSej . Based on what was described above, SWj = nuj Quj + Ne Qej.

Obtaining SWo
j
 and the pair of endogenous variables ( no

uj
, �o

ej
 ) is done through 

the maximization problem of social welfare, SWj.

In the social optimum, since it is not an operator who sets a price to maximize 
its profit but rather a regulator who seeks to maximize social welfare through the 
distribution of resources, prices are no longer necessary; therefore, although max-
imizing social welfare only has sense from the point of view of distributing 
resources, the variables that maximize SWj are nuj and �ej ; therefore, there is a 
correspondence between these variables with the prices, i.e., for each no

uj
 and �o

ej
 

are matched to a price.
In addition, when maximizing SWj there are no regions because they are a 

function of no
uj

 and �o
ej

 , but a calculation is made based on equilibrium expressions 
of subscription (13)–(16) obtaining the prices induced by no

uj
 and �o

ej
 in Table 2 for 

SN and Table 3 for DN scenario.
Finally, based on (7), (9), and the prices of Tables 2 and 3, we determine the 

expression of the profit of each operator and the total profit in the social optimum 
for SN and DN, i.e., Πo

uj
 , Πo

ej
 , and Πo

j
.

(22)SWj = CSj + Πj

(23)max
nuj,�ej

nuj Quj + Ne Qej

(24)s.t. nuj ≥ 0

(25)�ej ≥ 0

(26)nuj�u + Ne �ej ≤ ��
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3  Analysis

This section first analytically obtains the Wardrop equilibrium for SN and DN scenar-
ios in stage II for the monopoly and duopoly models. And then, we present the stage I 
solution for business models.

3.1  Stage II

3.1.1  SN Scenario

The analysis for the SN scenario in the monopoly and duopoly is carried out based 
on (12)–(16). The result we get is four regions.

Region a:

Region b:

(27)�es =
ke

�es
− 1

(28)nus =
1

�u

(
� − Ne

(
ke

�es
− 1

)
−

1

�
ln

pus

ku

)

(29)kue
𝜖𝜇(1−𝛼) ≤ pus < kue

𝜖

(
𝜇−N

(
ke

𝜋es
−1

))

(30)0 ≤ 𝜋es < ke

(31)�es =
ke

�es
− 1

(32)nus = 0

(33)kue
𝜖

(
𝜇−Ne

(
ke

𝜋es
−1

))
< pus

Table 2  Prices for the SN 
scenario

�o
es
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us
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us

�o
es

ke

�o
es
+1

ku e�(�−n
o
us
�u−Ne�

o
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) 0 < no

us
 , no

us
�u + Ne�

o
es
≤ �� 0 < 𝜆o

es

Table 3  Prices for the DN 
scenario

�o
ed

po
ud

no
ud

�o
ed

ke

�o
ed
+1

ku e�(�−n
o
ud
�u) 0 < no

ud
 , no

ud
�u + Ne�

o
ed

≤ �� 0 < 𝜆o
ed
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Region c:

Region d:

Figure  5 shows the graphical representation of the regions in equilibrium on the 
plane pus-�es for a specific assignment of values of the parameters described in Table 4.

3.1.2  DN Scenario

In the same way, the analysis for the DN scenario in the monopoly and duopoly is car-
ried out based on (12)–(16). The result we get is four regions.

Region a:

(34)
ke

1 +
𝛼𝜇

Ne

≤ 𝜋es < ke

(35)�es = 0

(36)nus =
1

�u

(
� −

1

�
ln

pus

ku

)

(37)kue
𝜖𝜇(1−𝛼) ≤ pus < kue

𝜖𝜇

(38)ke < 𝜋es

(39)�es = 0

(40)nus = 0

(41)kue
�� ≤ pus

(42)ke ≤ �es

(43)�ed =
ke

�ed
− 1

(44)nud =
1

�u

(
� −

1

�
ln

pud

ku

)

(45)kue
�

(
(1−�)�+Ne

(
ke

�ed
−1

))
≤ pud ≤ kue

��
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Region b:

Region c:

(46)0 ≤ 𝜋ed < ke

(47)�ed =
ke

�ed
− 1

(48)nud = 0

(49)kue
𝜖𝜇 < pud

(50)
ke

𝛼𝜇

Ne

+ 1
≤ 𝜋ed < ke

0 1 2 3 4 5
0

1

2

3

4

5

es

p u
s Reg. a

Reg. b
Reg. c
Reg. d

Fig. 5  Wardrop equilibrium regions in the SN scenario for ku = 1 , ke = 1.1 , � = 5000 packets/s , � = 0.8 , 
� = 0.0003 s , �u = 1 packet/s , Ne = 7000 eMBB users
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Region d:

Figure 6 shows the graphic representation of the regions in equilibrium on the plane 
pud-�ed for a specific assignment of values of the parameters described in Table 4.

3.2  Stage I

3.2.1  The Monopoly SN and DN Scenarios

The solution of stage I for the monopoly is not analyzable. Therefore, the stage I solu-
tion for this model will be performed numerically in Sect. 4, based on the maximization 
problem in (17) defined in Sect. 2.3.2.

3.2.2  The Duopoly SN Scenario

The solution of stage I for the duopoly is to get the BRs based on the restrictions and 
regions analyzed in Sect. 3.1.1, obtaining the following:

(51)�ed = 0

(52)nud =
1

�u

(
� −

1

�
ln

pud

ku

)

(53)kue
𝜖𝜇(1−𝛼) ≤ pud < kue

𝜖𝜇

(54)ke < 𝜋ed

(55)�ed = 0

(56)nud = 0

(57)kue
�� ≤ pud

(58)ke ≤ �ed

(59)BRe(pus) =
{

ke
��

Ne
+1

kue
��(1−�) ≤ pus
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Figure  7 shows the graphical representation of BRe(pus) and BRu(�es) . On the 
other hand, we observe that the prices set by the operators reach equilibrium at the 
initial point where the BRs diverge. Therefore, the Nash Equilibrium is:

(60)BR
u
(𝜋

es
) =

⎧
⎪⎪⎨⎪⎪⎩

k
u
e
𝜖𝜇(1−𝛼) k

e

𝛼𝜇

Ne

+1
≤ 𝜋

es
<

k
e

1

Ne

�
𝛼𝜇−

1

𝜖

�
+1

k
u
e
𝜖

�
𝜇−N

e

�
ke

𝜋es
−1

��
−1 ke

1

Ne

�
𝛼𝜇−

1

𝜖

�
+1

≤ 𝜋
es
< k

e

k
u
e
𝜖𝜇−1

k
e
≤ 𝜋

es

(61)(pd
us
,�d

es
) =

(
kue

��(1−�),
ke

��

Ne

+ 1

)
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4
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ed

p u
d Reg. a

Reg. b
Reg. c
Reg. d

Fig. 6  Wardrop equilibrium regions in the DN scenario for ku = 1 , ke = 1.1 , � = 5000 packets/s , � = 0.8 , 
� = 0.0003 s , �u = 1 packet/s , Ne = 7000 eMBB users
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3.2.3  The Duopoly DN Scenario

The solution of stage I for the duopoly is to get the BRs based on the restrictions 
and regions analyzed in Sect. 3.1.2, obtaining the following:

Figure 8 shows the graphic representation of BRe(pud) , BRu(�ed) , and the points 
crossed between them on the plane pud-�ed for the DN scenario with a specific 
assignment of the parameter values described in Table 4.

As a result of the parameters, we observe that in Fig. 8, the prices set by the 
operators reach equilibrium within a range of values. This range of values com-
prises the different price pairs, pud , and �ed . These prices are within a correspond-

ing interval, that is, puj ⊂
[
ku e𝜖𝜇−1, kue

𝜖𝜇
]
 , while 𝜋ej ⊂

[
ke

𝛼𝜇

Ne
+1
,

ke
1

Ne

(
𝛼𝜇−

1

𝜖

)
+1

]
.
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Fig. 7  BRs in the SN scenario for ku = 1 , ke = 1.1 , � = 5000 packets/s , � = 0.8 , � = 0.0003 s , 
�u = 1 packet/s , Ne = 7000 eMBB users
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However, (pud,�ed) vertically at the upper extreme point is, 
(
kue

��,
ke

��

Ne
+1

)
 while at 

the lower extreme point it is 

(
ku e��−1,

ke
1

Ne

(
��−

1

�

)
+1

)
 . Based on this, it is found that the 

URLLC operator profit is much lower at the high point than at the low point for the 
price pair, while the eMBB operator profit is higher at the high point than at the low 
point. The midpoint of the interval of values of �d

ed
 and its corresponding pd

ud
 is taken as 

the solution for both operators, shown below:

(64)�d
ed

=
keNe

2

(
1

Ne + ��
+

�

�(Ne + ��) − 1

)

(65)pd
ud

= kue
��−

1

2
+

1

2−4�(Ne+��)

ud

ed

ud

ed

Fig. 8  BRs in the DN scenario for ku = 1 , ke = 1.1 , � = 5000 packets/s , � = 0.8 , � = 0.0003 s , 
�u = 1 packet/s , Ne = 7000 eMBB users

Table 4  Parameter values Parameter Value

ke 1.1
ku 1
� [4000, 7000] packets/s
� 0.8
� 0.0003 s
Ne 7000 eMBB users
�u 1 packets/s
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4  Results and Discussion

In this section, we will present the numerical results for the proposed model, where 
we calculate the prices, the number of subscribers, and the operators’ profits in the 
monopoly in the monopolistic (Sect.  4.1), duopolistic (Sect.  4.2) business model, 
and monopoly and duopoly are compared with the social optimum (Sect. 4.3). Two 
scenarios are analyzed for each business model: SN and DN. Likewise, based on 
Sect. 4.2 we have pi

ej
 and pi

uj
 where pej ≜ �ej�ej . In the same sense, for the aggregate 

rates per service, Λi
ej

 , Λi
uj

 , we have defined as Λi
uj
≜ ni

uj
�u and Λi

ej
≜ Ne�

i
ej

 . Finally, 
we have conducted a series of numerical experiments to obtain a better understand-
ing of the scenario from the economic interactions. The values for the parameters, if 
not stated otherwise, are shown in Table 4 are used.

4.1  Monopoly

Figure 9 shows the effect of � on the aggregate rates. In the SN scenario, Λm
us

 holds 
its value and Λm

es
 is zero as � increases, while in the DN scenario, Λm

ud
 and Λm

ed
 

increase as � increases. As a result, in the SN scenario, the operator is not interested 
in providing the eMBB service because it harms the QoS of the URLLC service. 
Therefore, it makes sense that Λm

es
= 0 and there is only Λm

us
 . While in the DN sce-

nario, the same does not occur as in the SN scenario, i.e., as shown in Fig. 9, when � 
increases, Λm

ed
 and Λm

ud
 increase; hence, there is provision of the eMBB service 

because it does not impair the QoS of the URLLC service.Therefore, there is provi-
sion of both services. Finally, the operator is interested in providing the URLLC 
service at a price higher than the eMBB service price due to the characteristics of 
the service from the point of view of maximizing the operator’s benefit, resulting in 
a higher Λi

uj
.

d

d

Fig. 9  Λm
es

 , Λm
us

 , Λm
ed

 , and Λm
ud

 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 
Ne = 7000 eMBB users
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Figure 10 shows the effect of � on the prices of services. We observe that in 
the SN scenario, pm

us
 increases and pm

es
 is zero as � increases, while in the DN sce-

nario, pm
ud

 increases more than pm
ed

 increases as � increases. The described behav-
ior is consistent with the analysis performed in the previous section on aggregate 
rates. On the other hand, we observe that URLLC users have a higher price than 
eMBB users in the SN and DN scenarios. The described behavior leads us to con-
clude that paying more for the URLLC service makes sense because it depends 
on the sensitivity � , while the eMBB service does not depend on � ; this is in line 
with the approach of equations (1)–(3).

Figure  11 shows the total benefit as a function of � in the SN and DN sce-
narios. We observe that Πm

d
 and Πm

s
 increase as � increases. In the same sense, 

Πm
d
> Πm

s
 , this behavior is consistent because, in the SN scenario, the total profit 

depends only on the profit obtained by the URLLC service and not by the eMBB 
service as shown in (9), while in the DN scenario, the total profit depends on the 
profit obtained by the URLLC service and by the eMBB service as shown in (9).

Figure 12 shows social welfare as a function of � . When � increases also SWm
d

 
and SWm

s
 increase, i.e., the network supports a higher user number ( nuj and Ne ). 

The described behavior is consistent because the increase in users influences both 
in (22), the increase Πj (where Πj = nuj puj + Ne�ej�ej ) and the increase CSj ( 
where CSj = Ne(Qej − �ej�ej) + nuj(Quj − puj) . Likewise, SW in the DN scenario is 
greater than the SN scenario because Πm

d
> Πm

s
 and CSm

ej
> CSm

uj
 , then from (22) it 

follows that SWm
d
> SWm

s
.

The conclusion is that the DN scenario is the most favorable network configu-
ration for the operators and users in the monopoly business model because the 
prices, operators’ benefits, user utilities, and social welfare are better than the SN 
scenario, i.e., the DN scenario through the NS permits allows to provide a better 
service to the users of the URLLC and eMBB services.

d

d

Fig. 10  pm
es

 , pm
us

 , pm
ed

 , and pm
ud

 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 
Ne = 7000 eMBB users
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4.2  Duopoly

Figure 13 shows the effect of � on the aggregate rates. We can see that in the SN 
scenario, Λd

es
 increases and Λd

us
 is zero as � increases, while in the DN scenario, 

Λd
ed

 increases and Λd
ud

 decreases as � increases. We expected that, in the DN sce-
nario, Λd

ud
 would increase. However, we found the opposite. One reason for this 

is that in the SN scenario, pd
es

 , pd
us

 reach the equilibrium where only the eMBB 

d

Fig. 11  Πm
s
 and Πm

d
 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 

Ne = 7000 eMBB users

d

Fig. 12  SWm
s

 and SWm
d

 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 
Ne = 7000 eMBB users
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service generates traffic, i.e., Λd
us
= 0 , while in the DN scenario, pd

ed
 and pd

ud
 reach 

equilibrium generating traffic for both services.
Figure 14 shows the effect of � on the prices of services. We observe that in the 

SN scenario, pd
us

 and pd
es

 increase slightly as � increases, while in the DN scnario, 
pd
ud

 increases significantly and pd
ed

 increases slightly as � increases. On the other 
hand, we observe that the price of the URLLC service is higher than the price of 
the eMBB service in the SN and DN scenarios. The described behavior leads us to 

d

d

Fig. 13  Λd
es

 , Λd
us

 , Λd
ed

 and Λd
ud

 , as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , 
�u = 1 packet/s , Ne = 7000 eMBB users

d

d

Fig. 14  pd
es

 , pd
us

 , pd
ed

 , and pd
ud

 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 
Ne = 7000 eMBB users
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conclude that paying more for the URLLC service makes sense because it depends 
on the sensitivity � , while the eMBB service does not depend on � ; this is in line 
with the approach of equations (1)–(3).

Figure 15 shows the total benefit as a function of � for the SN and DN scenarios. 
We can observe that Πd

s
 and Πd

d
 increase as � increases. In the same sense, Πd

d
> Πd

s
 , 

this behavior is consistent because, the total benefit is the sum of the benefits 
obtained per service defined in (9) and profits are in function of prices, hence, as pd

ud
 

is much larger than pd
us

 , pd
ed

 and pd
es

 , furthermore, Πus = 0 ; it makes sense that the 
total benefit in the DN scenario is greater than in the SN scenario.

Figure 16 shows social welfare as a function of � . When � increases, SWd
d
 and 

SWd
s
 increase, i.e., the network supports a higher user number ( nuj and Ne ). The 

described behavior is consistent because the increase in users influences both in 
(22), the increase Πj (where Πj = nuj puj + Ne�ej�ej) and the increase CSj ( where 
CSj = Ne(Qej − �ej�ej) + nuj(Quj − puj)).

Likewise, SW in the DN scenario is greater than the SN scenario because 
Πd

d
> Πd

s
 and CSd

ej
> CSd

uj
 , then from (22) it follows that SWd

d
> SWd

s
.

The conclusion is that the DN scenario is the most favorable network configura-
tion for the operators and users in the duopoly because the prices, operators’ ben-
efits, user utilities, and social welfare are better than the SN scenario, i.e., the DN 
scenario through of the NS permits allows to provide a better service to the users of 
the URLLC and eMBB services.

4.3  Comparison of Business Models with the Social Optimum

The business models are compared as follows. From the point of view of social 
welfare, Fig. 17 shows that SWo

d
> SWd

d
 , while SWm

d
 is closer to SWo

d
 ; therefore, 

d

Fig. 15  Πd
s
 and Πd

d
 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 

Ne = 7000 eMBB users
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the best way to offer eMBB and URLLC services in the DN scenario is the 
monopoly. The described behavior is consistent because since the monopoly in 
the DN scenario serves all customers of URLLC and eMBB services separately 
using NS, it can exploit the QoS characteristics and capacity of the network, 

d

Fig. 16  SWd
s
 and SWd

d
 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 

Ne = 7000 eMBB users
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Ne = 7000 eMBB users
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which enables the SW to be achieved through the benefits obtained by a single 
operator (see Figs. 11 and 15).

Figure 18 shows that Λm
ed

 and Λm
ud

 are closer and crossed each other, while Λd
ed

 
and Λd

ud
 are crossed but further apart from each other. On the other hand, the 

aggregate rates in the monopoly show behavior of proximity to each other similar 
to the behavior of the aggregate rates in the social optimum, while the behav-
ior of the aggregate rates in the duopoly is more different. Therefore, the results 
obtained for the DN scenario in the monopoly are considered the most optimal.

The business models are compared as follows. From the point of view of the 
prices, Fig. 19 shows that pd

ud
 reaches a higher value compared to the rest of the 

prices of both services, while pm
ud

 is the lowest for the URLLC service when � 
reaches a maximum value, in other words, pd

ud
> po

ud
> pm

ud
 . Furthermore, we note 

that pm
ed

 , pd
ed

 and po
ed

 are close to each other. This result is associated with the 
result of the comparison of social welfare, that is, since the monopoly prices are 
the lowest value, they are the most appropriate from the point of view of users.

The business models are compared as follows. From the point of view of the 
operator’s benefits, Fig. 20 shows that Πm

d
 reaches a higher value compared to the 

other two benefits, while Πd
d
 is the smallest of them, that is, Πm

d
> Πo

d
> Πd

d
 as � 

increases. This result is also associated with the result of social welfare, since 
the total benefit in the monopoly is the closest to the total benefit achieved in the 
social optimum and with a value greater than the total benefit in the duopoly.

The conclusion is that the price, operator profit, and user utility results 
obtained in the monopoly are closer to the results of the optimum social than the 
duopoly results in the DN scenario. Therefore, the best way to offer eMBB and 
URLLC services is through a 5G network with NS and by a single operator.
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5  Conclusions

Two business models have been proposed for providing services URLLC and eMBB 
over a 5G network, denominated Monopoly and Duopoly. In Monopoly, a single 
operator offers URLLC and eMBB services. While in a duopoly, two operators 

d

d

d

d

d

d

Fig. 19  pm
ed

 , pm
ud

 , pd
ed

 , pd
ud

 , po
ed

 , and po
ud

 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , 
�u = 1 packet/s , Ne = 7000 eMBB users

d

d

d

Fig. 20  Πm
d
 , Πd

d
 , and Πo

d
 as functions of � for ku = 1 , ke = 1.1 , � = 0.8 , � = 0.0003 s , �u = 1 packet/s , 

Ne = 7000 eMBB users



 Journal of Network and Systems Management           (2024) 32:50 

1 3

   50  Page 30 of 33

offer one service each. In addition, two network models are proposed. A 5G net-
work model without NS, where network resources are shared between both services 
without NS, and a 5G network model with NS, where network resources are shared 
between both services but assigned a higher priority to the URLLC service. The 
first network model is referred to as the SN scenario, and the second is referred to as 
the DN scenario. Also, we studied the feasibility of the model from a positive-profit 
point of view for all the actors.

Our main results suggest that, in both business models, the DN scenario is fea-
sible from a pricing and operator profit point of view because its results are closer 
to those of the social optimum, i.e., using a 5G network NS technology to share 
resources for each service is better than not using an NS. Also, the monopoly results 
are better than the duopoly results for the DN scenario, as these results are closer to 
the social optimum results. Therefore, the best way to offer URLLC and eMBB ser-
vices over a 5G network is with NS and provided by a single operator.

Finally, our conclusions make sense because the monopolist covers the entire ser-
vice provision, and there is no social welfare loss due to resource sharing between 
the two services using NS.

As regards the future lines of work, two open issues are worth mentioning. First, 
realize a comparative analysis of the quality of URLLC and mMTC services pro-
vided by different network operators, using the results obtained in this study as a 
benchmark. Secondly, analyze the economic viability of the provision of eMBB, 
URLLC, and mMTC services offered by network operators, and compare the results 
obtained in this research with current market data.
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