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Abstract— Broadband networks, especially Long-Term Evolution
(LTE)/LTE Advanced (LTE-A), are in high demand due to their
high-speed wireless data transmission, the coverage of the base sta-
tions used, and the complexity of the protocol software. In such
cases, the efficiency of the network depends mainly on two impor-
tant features, which are the reliability and viability of the network.
The LTE architecture and network structure should be taken into
account to improve reliability and viability. This paper develops
reliability assessment models based on the structure architecture of
LTE/LTE-A networks. Analytical expressions of reliability assess-
ment based on the developed models are given. In addition, the LTE
network is digitally analyzed using these models and analytical ex-
pressions.
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I INTRODUCTION

The advantages of Long-Term Evolution (LTE) and LTE
Advanced (LTE-A) technologies are high-speed data trans-
mission, spectral efficiency, and low latency [1]. However,
factors such as changes in antenna position, software errors,
and changes in the environment, hardware and software fail-
ures, and power outages are among the causes of network
inefficiency [2]. Improving network reliability and viabil-
ity in the LTE/LTE-A network, as in all modern systems to-
day, is a key requirement. Understanding the LTE architec-
ture and defining the network structure is important in de-
termining these indicators [3, 4]. [5] presents an analytical
model for analyzing the performance of the VANET system
for LTE mobile networks. [6] discusses an architecture-based
approach to assessing the reliability of software components.
This article discusses the processes of component failure, re-
pair, and replacement to analyze the reliability of LTE/LTE-
A networks. For LTE/LTE-A networks, reliability attributes
such as reliability, availability, and viability were analyzed.

I MATERIALS AND METHODS

LTE architecture. The LTE network is an Internet Proto-
col (IP) based network that effectively supports packet trans-
mission. The structure of the LTE architecture is shown in
Fig. 1.
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Fig. 1: LTE architecture structure

The LTE system architecture is divided into two parts:

* Evolved Universal Terminal Radio Access Network (E-
UTRAN);

¢ Evolved Packet Core (EPC).
E-UTRAN consists of the following components:

* User equipment (UE). The main function of the UE is to
save, add and delete connections, configure the network
according to the needs of users;

e NodeB (eNB). eNB is a base station that controls all
functions related to radio communication. eNB is dis-
tributed across network coverage;

* Mobile main network (Evolved Packet Core - EPC).

Its main functions are to manage mobility and provide se-
curity. It consists of the following components:

1. Service Gateway (S-GW). S-GW performs the function
of general routing of packets.
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2. Mobile Management Entity (MME). Responsible for
signaling processes between UE and S-GW.

3. Home Subscriber Server (Mobile Management Entity -
HSS).

4. Packet Data Network (PDN) gateway (P-GW). A gate-
way connects the UE to external packet data networks
such as the Internet and IMS4.

To fully describe the reliability attributes of an LTE sys-
tem, it is important to consider reliability, availability, and
viability models simultaneously. To study the reliability at-
tributes based on the LTE architecture, it is necessary to ana-
lyze the following features of the system:

» Software architecture;
* Equipment architecture;

* Failure and repair process.

In this study, component failure is considered in terms of
reliability or failure rate, the failure of all components is con-
sidered independent of each other, and the failure rate and
repair rate of the same type of components are the same.

Here are some definitions of the concepts used in the work.
Reliability is the ability of a component or network to per-
form a set of functions under certain conditions for a specific
operating time. Mathematically, reliability can be expressed
as the probability that a component or system failure time is
greater than or equal to the specified time (t):

R(1) = P[T = 1] (1)

To model the reliability of the system, it is necessary to
determine the probability of failure of components and the
state of interconnection of system components [14-16].

Survival is the ability of system components to perform
their functions at any time under certain conditions.

We express viability through the following function:

X(t) = 1, t—time system functions
10, otherwise

Inz > 0, existence is represented by A(z):

A() = PriX(r) = 1] = E[X(¢))]. (3)

III RESULTS AND DISCUSSIONS

Defects occur in the LTE system due to the implementa-
tion of the handover process, connection errors, failure to en-
sure uninterrupted power supply [7, 8], and component fail-
ure [17-19] [9-13].

The LTE network system consists of two main parts: E-
UTRAN and EPC. E-UTRAN consists of eNBs connected to
each other via an X2 interface. Each eNB consists of up to
three RRHs (Radio Heads) and one BBU (Baseband Unit).
RRH is used to transmit and receive wireless signals. The
simple structural structure of eNB is shown in Fig. 2 and the
relationship between RRH and BBU is shown in Fig. 3.
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Fig. 2: The simple structural structure of eNB
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Fig. 3: Structural model of connection of elements on reliability of
RRH and BBU system

The total reliability value of the eNB system shown in Fig.
3 is determined by the following expression:

Reng(t) = [ — [1 — Rru (t) - Rppu (t)]] =
=[1—[1- e(*lRRH't)P] .e(=BBUT) (4)

Here Rgry (t) — is the reliability of RRH, Rgpy (f) — is the
reliability of BBU, Aggy — is the failure rate of RRH, Agpy —
BBU is the failure rate of BBU.

EPC (Enveloped Packet Core) consists of MME, S-GW
and P-GW. These components can be interconnected in vari-
ous combinations:
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* The relationship between MME, S-GW as a single com-
ponent and P-GW as a separate component. This con-
nection is especially useful on 3G networks;

* Bind MME, S-GW and P-GW as separate components.
Fig. 4 shows a structural model of the connection of the
elements of the system under consideration for this case
in terms of reliability.

C—t MME S—GW p-Gw [ ©

Fig. 4: Structural model of element connection of MME, S-GW
and P-GW in terms of reliability

We enter the following definitions and determine the reli-
ability of the system in Fig. 4 using formula (5). In this case,
Ryme(t) — MME reliability, R(s_gw)(f) — S-GW reliability,
R(p_gw)(t) — P-GW reliability, Ayme — MME failure inten-
sity, As_gw) — S-GW failure intensity and A(p_gw) — P-GW
failure intensity.

RepG(t) = Rume(t) -Rs—gw (t) -Rp—gw (t) =

— o(“MmEet) | J(=As—gwt) | o(—Ap—cw1) (5)

The reliability of an LTE network depends on the likeli-
hood that the network will support the required functions in
the event of a random component failure. Communication
between eNBs is important for the reliability of the LTE net-
work.

The viability of an LTE network is the total network band-
width available to route traffic.

If we assume that all eNBs are the same and their faults
differ from each other, the reliability of the LTE network de-
pends on the number of eNBs. Therefore, the more eNBs in
a network, the more reliable the network is.

The reliability of an LTE network connected on the basis
of a mesh topology, consisting of K eNBs and in the K/2 eNB
state, is determined by expression (6).

K
Rnetwork(t) = [1 - [1 - (RENB(t))Z] 2

K
2

| =

] (6)

The average LTE network downtime (MTTF) (7) and net-
work downtime (8) are determined by the expressions:

[1—[1 —e(~2Aennt)]

MTTE,urvork = /0 Ryerwork (t)dt ™)
AP (8)
network = MTTFnetwork
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IV  CONCLUSION

The reliability of the eNB and LTE / LTE-A network is
shown in Fig. 5 and Fig. 6, respectively. These results were
obtained on the basis of expressions (4) and (6).
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Fig. 5: eNB reliability
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As can be seen from Fig. 5 and Fig. 6, the reliability
of eNB decreases at different values of Agry and Aggy over
time.

As can be seen from Fig. 7 and Fig. 8, the reliability de-
creases as the component failure rate increases. It should be [1]
noted that the reliability of the LTE / LTE-A network is sig-
nificantly affected by changes in the failure rate of the eNB
component.
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Fig. 7: LTE network reliability
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Fig. 8: LTE network reliability
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