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Abstract

In recent years, the landscape of LTE network deployment has experienced a significant shift from reliance on
proprietary solutions provided by established vendors to the exploration of open-source alternatives. Open-source
solutions have gained traction due to their cost-effectiveness and flexibility, allowing network operators to customize
their deployments according to specific requirements and preferences. This article examines the deployment of a
4G LTE network based on open-source solutions. In the context of open-source, the options of using software and
hardware for network deployment were discussed. Through meticulous analysis and testing procedures, a viable and
robust solution for 4G LTE deployment based on open-source projects is outlined. The aim of this paper is to explore
the possibility of 4G deployment based on open-source projects and provide a potential option for deployment.
Through this exploration, the article contributes valuable findings to the evolving field of telecommunications, paving
the way for future advancements and innovations in open-source LTE network technologies.
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Introduction

Nowadays, open-source solutions allow for the implementation of a large number of different
projects, and every year, the open-source movement is becoming more and more popular in the
engineering community. The field of cellular communication networks is no exception.

LTE cellular mobile networks have long been in use around the world, and a large number
of commercial solutions have been implemented. They have also become the starting point for
further progress beyond the current generation of mobile cellular networks to lead the way to fifth-
generation mobile networks. Open-source solutions have emerged as a viable option for LTE network
deployment (private networks, testbeds), offering advantages such as cost-effectiveness, flexibility,
and customization options. By leveraging open-source software, organizations can reduce dependency
on proprietary vendors, lower costs, and have more control over their network infrastructure. However,
it’s crucial to acknowledge that while open-source LTE solutions provide significant benefits, they may
not be universally applicable to all use cases or requirements. A lot of open-source projects were created
for testing, experimental purposes, etc. That is, these projects are PoC (proof-of-concept) solutions.
But, at the same time, it is a good option for students to studying this network generation.

Literature review

While commercial solutions for LTE network deployment have traditionally dominated the market,
there is a growing interest in leveraging open-source solutions to build and optimize LTE networks.
This literature overview explores the evolution and significance of LTE network deployment using
open-source solutions.

A number of scientific papers have been devoted to 4G test networks deployed on the basis
of open source in various aspects of use. In particular, [1] shows how to set up an LTE cellular
network for experimental research and measurements, relying on standard equipment and open-
source software. Paper [2] describes how to build an enterprise-level private LTE/5G network. There
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are recommendations on the use of certain software and hardware. The article also provides a basic
deployment scheme.

This article [3] describes a network testbed that allows students to experiment with a fully
functional 4G LTE system without a radio. This test system simulates a realistic 4G LTE deployment,
helping students gain valuable knowledge of cellular networking.

The next researches works are concerned with the use of OAI (OpenAirlnterface) solutions for
LTE testbeds deployment. In the first paper [4], the network was deployed using the OAI and OAISIM
(OpenAirInterface System Emulation) modules to emulate an LTE network. The second paper [5]
shows OAI as a flexible platform for the open LTE ecosystem and playground. It demonstrated a case
study of using OAI to deploy a low-cost open LTE network using common hardware with standard
LTE-compatible devices. It also shows the possibilities of platform reconfiguration.

The landscape of LTE network deployment is continually evolving, with emerging technologies
such as 5G and beyond posing new challenges and opportunities. Researchers are exploring the
integration of open-source solutions with these advanced technologies to create synergistic and future-
proof telecommunications infrastructures. Exploring novel approaches, such as edge computing and
network slicing, is also a focus of ongoing research [6-9].

Thus, the literature reviewed underscores the growing interest in utilizing open-source solutions
for LTE network deployment. The studies discussed highlight practical applications, such as LTE
testbeds and private networks, emphasizing the flexibility and adaptability of open-source solutions.

Main provisions

The aim of this article is to provide information about the successful deployment and results
of testing a 4G LTE network based on open-source solutions. To achieve this goal, the following
scientific tasks were solved:

1. To explore existing open-source projects for the implementation of 4G networks and select
potential solutions.

2. To develop a network diagram.

3. To deploy and test the LTE network.

An overview of open-source projects for LTE. Generally, open-source LTE solutions provide the
necessary components for building and operating an LTE network, including the evolved packet core
(EPC), radio access network (RAN), and user equipment (UE).

Software. There are a large number of different open-source projects for EPC deployments. Open-
source implementations of the 4G core have become a viable alternative to proprietary solutions,
offering greater transparency, flexibility, and cost-effectiveness. Thus, the following popular open-
source solutions can be identified for deploying the core of the fourth-generation cellular network:

¢ srsEPC [10];

+ SD-CORE (OMEC) [11];

¢ Magma [12].

All projects use virtualization of network functions to ensure the operation of basic network
functions. It is important to note that there are many homebrew projects with separate network
functions implemented in different languages and ways that meet 3GPP requirements.

Both for EPC and RAN deployments, there are a large number of different open-source projects.
All of them comply with 3GPP specifications. Therefore, the following projects can be considered for
LTE RAN deployment:

¢ OpenAirinterface eNB [13];

¢ srsRAN [14].

Hardware. Based on a number of recommendations from various sources, the equipment for
deploying private cellular networks should be divided into two components: devices for deploying
network core and software part of the BS, and the device for receiving and transmitting signals.
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Network Core:

¢ physical and virtual servers;

¢ using virtual machines;

+ example: a virtual machine on a server or on your PC.

¢ Radio Access Network:

+ for the software solution, similar to the kernel, the use of single-board computers (for example,
the Raspberry PI);

¢ for signal receiving and transmission, use SDR (Software Defined Radio) devices [15].

Recommendations to making choice regarding hardware. It is worth noting that all hardware should
be selected in accordance with the requirements of the software that will be used in the deployment
process. Thus, we should pay attention to the following technical characteristics of the devices:

¢ processor manufacturer (most open-source projects work exclusively with Intel Core processors);

¢ number of processor cores;

¢+ RAM and ROM capacities;

¢ availability of all necessary physical input and output interfaces;

+ SDR manufacturer (some open-source projects for RAN support work with specific SDRs);

+ SDR operating frequency and sampling rate (sometimes there may be problems with the
configuration of eNodeB files due to non-compliance with the requirements).

LTE network deployment. First of all, the general network scheme was developed. It consists of
the following components (Figure 1):

¢ CORE — network core;

* RAN — base station;

¢ UE — user equipment.

Figure 1 — The network scheme

To deploy an LTE network based on open solutions, the following software and hardware
solutions were selected (all located on the same subnet and connected to the same virtual switch
(Figure 2, p. 43), (Table 1). The diagram of the deployed network is shown in Figure 3 (p. 43).
It includes the connection between all deployed network components, IP addresses, software and
hardware. Additionally, Grafana monitoring systems (Monitoring-4G, RAN Logging and Monitoring)
were deployed.

Table 1 — Software and hardware projects for network deployment

# Component Software/hardware solution
1. Network Core SD-CORE/Virtual machine on the server
2. RAN (Radio Access Network) srsENB/Raspberry PI, LimeSDR
3. RIC (RAN Intelligent Controller) SD-RAN/ Virtual machine on the server
4. SMO (Service Management Orchestration) Aether ROC/Virtual machine on the server
. GRSIMWrite4.2.10/smartphone with LTE support
5. UE (User Equipment) blank SIM-card P pport,
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Figure 2 — The full deployment scheme
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Figure 3 — The network diagram

Network testing. After all the necessary configurations the base station was launched, the network
core is in a constantly working state (Figure 4).

-,
.Q,

- PAD: 0.00 dB
- IAMP: 0.00 dB

Rx antenna set to LNAL
X antenna set to BAND1

==== eNodeB started ===

ype <t> to view trace

[INFO] RX LPF configured

Setting frequency: DL=1878.4 Mhz, UL=1783.4 MHz for cc_idx=0 nof_prb=15
[INFO] Tx calibration finished

[INFO] Rx calibration finished

Figure 4 — Base station launching
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LRACH: tti=1811, cc=0, pci=1l, preamble=50, offset=42, temp_crnti=0x46

User 0x46 connected

Figure 5 — UE attachment

The srsENB also is providing function of metrics trace. In our case, we saw the next metrics
during testing (Figure 6).
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Figure 6 — metrics trace

As aresult of this variant of deploying an LTE network based on open-source solutions, a user was
successfully registered in this network, which can be seen on the monitoring (Figure 7). The following
information is available: the status of the base station (eNodeB Status), the number and information
(IMSTI) about active users (Active subscribers and Subscriber info, respectively), graphically displayed
active user time in the network and throughput on two channels Tx Bitrate (Transmitter), Rx Bitrate
(Receiver) (current and for the entire time the user is in the network).

ehiodell Status Subscriber info UE Activation over Time

srsenb01

S

» UPF metnics

Currert Thioughput

Figure 7 — 4G monitoring system
The network performance was tested in various ways, including downloading files to and from the
device to the cloud, and video communication using Google Meet. During this, data transfer speeds
were measured.
Material and methods
Analyzing existing research in this area, collecting the necessary data, and synthesizing it.

Results and Discussion

With the open-source community, even such complex projects as the deployment of private cellular
networks, which require significant practical skills and theoretical knowledge, can be implemented.
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Despite a number of difficulties during the project, the network was successfully deployed in the
laboratory, which allows for further testing, improvement, and study by students.

Work is currently underway to improve the fourth-generation network by deploying near-RT RIC
(near Real Time) and xApps (microservice-based applications to continuously improve the efficiency
of RAN spectrum use), which will generally allow controlling and optimizing RAN functions and
resources. We are also testing the network with more number of UEs.

Conclusion

Thus, thisresearch contributes valuable insights and practical experiences to the telecommunications
industry, affirming that open-source solutions offer a promising avenue for future cellular network
deployments, in particular LTE. As open-source projects continue to evolve and expand, they hold the
potential to drive further advancements and innovations in the telecommunications field.

Furthermore, the deployed network has successfully passed laboratory tests, paving the way for
further improvements and study by students. This demonstrates the prospects for using open solutions
for education and research in higher education institutions, helping to improve the quality of education
and the training of future specialists in this field.
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AIIBIK BACTAIIKBI KOJA HEI'IBIHAE LTE KEJICIH OPHATY

Anpgarna

Conrbl xbiinapel LTE xeninepin opHary canaceiHia Oenrili BEeHIOpiap YChIHATBIH MEHIIIKTI HIEHIIMIepre
TOYCJIUTIKTEH allbIK 0acTamKbl KONTHI OajaMaapibl 3epTTeyre Kapal sKbUDKY e3repici Oaikanaabl. AIIBIK KOJITHI
mIenriMaep YHEMILTITT MeH MKeMIUTITIMEeH TaHbIMAIT OOJIIBI, OYJI JKEJi OTiepaTopiiapblHa OJap bl HAKTHI TajarTap MeH
apTHIKIIBIIBIKTAPFa COUKEC peTTeyre MYMKIHIIK Oepi. Makanmaia amblK 6acTamksl KOATH menriMaep Herisinae 4G
LTE >xemicin opHaTy KapacTeIpsutagsl. Open-source KOHTEKCTiH/IE JKeTiHI OpHATy YIIiH OaFaapiraMablK )kacakTaMma
MEH armnaparTblK KypaJaap/bl naiilanany xaraainapsl alkelHAaNb. MYKHUST Tajiay MEH TECTUIey HOTHIKECIHE
alblK Oacramnkpl KonaThl skobanmapra HerizpenreH 4G LTE skemicin opHary yuniH eMipiieH opi CEHIMIl IIenIim
YCBIHBUIIBI. MaKallaHbIH MaKCaThl allblK OacTamKbl KOATHI jkoOanap Herizinae 4G KeliCiH OpHATY MYMKIHIITIH
3epTTey KOHE OpHATy HyCKaslapblH YCbhiHY. OCBI 3epTTEy/iH apKachlHIa Makaita Oonamak amblK 0acTamKsl KOATHI
LTE >xeniyiik TEXHOIOTHSACHIHBIH JKETiCTIKTEpI MEH MHHOBANIMSUTAPBIHA KOJI aIlia OTHIPHII, TeIEKOMMYHUKAIMSTHBIH
JIaMBIII KeJle ’KaTKaH callacblHa KYH/IBI YJIeC KOCaIbl.

Tipek ce3mep: LTE, open-source, »eke ke, OpHAIACTHIPY.
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PABBEPTBIBAHUE CETH LTE HA OCHOBE
PEHIEHUU C OTKPBLITBIM MCXOJHBIM KOAOM

AHHOTALUA

B nocnennue romst B cepe passeproiBanus cererd LTE HaOnmroqaeTcst 3HAYUTEIIbHBINA CIBUT OT 3aBUCHMOCTH OT
MIPOIPHUETAPHBIX PELICHUH, TpearaéMbIX U3BECTHBIMU BEHAOPAMHU, K U3YUSHHIO aJIbTEPHATHB C OTKPBITHIM UCXOJI-
HBIM KOJIOM. PEIIeHHs ¢ OTKPHITBHIM KOJIOM 3aBOEBAIIH MOITYJISIPHOCTE Oaroapst CBOe SJKOHOMHYHOCTH B THOKOCTH,
TIO3BOJIAOIIEH OTepaTropaM CeTei HacTpamBaTh UX B COOTBETCTBHH C KOHKPETHBIMHU TPEOOBAHUSAMHE U MPEAMIOITCHHU-
amu. B manHO# ctathe paccmarpuBaercs pa3BepreiBanue cetn 4G LTE Ha 6a3e pemeHuiA ¢ OTKPBITHIM HCXOTHBIM
KOJIOM. B KOHTEKcTe open-source paccCMOTPEHBI BApHUAHThI UCTIOIB30BAHMS TPOTPAMMHOTO U arlapaTHoro odecmneue-
HUS JIJISL pa3BEPThIBAHUS CCTH. B pe3ynbrare TIIATEIHOIO aHalN3a U TECTUPOBAHUS OBLIO TPEITIOKEHO KHU3HECIIO-
coOHOe U HaJIe)KHOE peteHue uist pa3BepthiBanus ceti 4G LTE Ha 0cHOBE IIPOEKTOB ¢ OTKPBITHIM UCXOIHBIM KOZIOM.
Lenp maHHOM CTaThU — U3YYUTH BO3MOXKHOCTH pa3BepThIBaHUs ceTH 4G Ha 0a3e MPOCKTOB C OTKPHITHIM HCXOTHBIM
KOJIOM UM NPEJIOKUTh MOTEHIHMAIBbHBII BapuaHT pa3BepThiBaHus. biarogaps 3TOMy HCCIEIOBAHUIO CTAThsl BHOCUT
[EHHBIN BKJIAI B Pa3BUBAIOIIYIOCS O00JACTh TEIEKOMMYHHKALINH, IPOKIAAbIBAs My Th IS OyAyIINX AOCTIDKCHUN H
WHHOBAIMA B 00acTu TexHOoruil cereil LTE ¢ OTKPBITHIM HUCXOAHBIM KOJIOM.

KuroueBble cioBa: LTE, open-source, yacTHas ceTh, pa3BepPThIBAHNUE.
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