5GEARING

System validation report

CALL: BREITBAND AUSTRIA 2030: GIGAAPP
THEME: DIGITIZATION & BROADBAND
PROJECT TYPE: COOPERATIVE R&D PROJECT
PROJECT START: 1 MAY 2023

PROJECT DURATION: 18 MONTHS

D5.2 SYSTEM VALIDATION REPORT

FFG "= Federal Ministry = Federal Ministry

. . . Republic of Austria
Forschung wirkt.
’ RePUbIIC of Austria Agriculture, Forestry, Regions

Finance and Water Management

%E g_eOIN-AUSTRIA LABS a r I E D CAN COM

technologres

Y Luwest M

5GEARING project is funded under the research and technology development of gigabit applica-
tions as part of lighthouse projects Breitband Austria 2030: GigaApp financed by the Austrian Fed-
eral Ministry of Finance and by the Austrian Research Promotion Agency (FFG) under the grant
agreement n. FO999899772. Breitband Austria 2030: GigaApp was initiated by the Austrian Federal
Ministry of Agriculture, Regions, and Tourism.



D5.2
Version 1.0

{:¥ 5GEARING

Document Information

Project acronym:
Project number:
Deliverable number:
Deliverable full title:
Deliverable short title:
Submission date:
Status:

Lead Author(s):

5Gearing

FO999899772

D5.2

System validation report
System validation report
31.10.2024

[Draft]

Armin Hadziaganovic




Table of Contents

1

2

Executive Summary

Introduction

2.1 Components . ... ..
2.1.1 Interfacing . . .

Testing results

Demonstration

41 Setup...........
41.1 MQTT......
4.1.2 Dataflows . ..

4.1.3 Video streaming

Conclusion

10
11
11
14
15

15



D5.2 5GEARING

Version 1.0

1 Executive Summary

This document provides an analysis of measurement results from a 5G system de-
ployed in an industrial environment, alongside a showcase of 5G applications in
industry. The focus is on evaluating the performance of 5G in real-world industrial
conditions, addressing critical communication aspects of real industrial use cases
defined in the scope of the project. For this purpose, measurements of radio con-
ditions and throughput in multiple test cases were performed with multiple static
and mobile devices. Additionally, a demonstrator was designed and implemented
to show the capabilities of 5G in an industrial environment.
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2 Introduction

A5G testbed demonstration in an industrial environment showcases the potential
of 5G technology to transform industrial operations. The testbed allows for real-
time monitoring, automation, and control of industrial processes, highlighting ef-
ficiency, safety, and scalability improvements, thus enabling researchers and the
industry to gain insights into 5G capabilities and develop and evaluate new ideas.
Following the outputs from other deliverables, but most importantly, D2.1 [2] and
D5.1, this deliverable presents the results of test cases specified in D5.1 [5] and de-
scribes the demonstration that was developed. For the purpose of testing the spec-
ified use cases in different test scenarios, a commercial 5G standalone system de-
ployed in an industrial environment was used. The 5G system was composed of
the Huawei 5G radio access network (RAN) and different 5G core solutions. The
5G system capabilities, design guidelines and configuration are presented in the
deliverable D4.1 [3].

Fig. 1 illustrates the industrial environment and represents a schematic of a local
factory where a private campus 5G network is deployed.
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Figure 1: Factory schematic
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The factory is equipped with heavy metal machinery for plastic molding, shelves,
cranes, forklifts, protection glass panels, metal heating systems, etc. A total area
of 40x40m was used for testing purposes. However, deploying wireless commu-
nication in factory environments presents distinct challenges. Industrial settings
often involve signi cant electromagnetic interference from heavy machinery, large
metal structures, and constantly moving equipment such as cranes and forklifts.
These conditions can affect signal strength and quality, leading to potential dis-
ruptions in communication. Moreover, the presence of various obstacles, includ-
ing walls, protection glass, and metal heating systems, can cause signal re ection
and attenuation, further complicating connectivity. Ensuring low-latency, high-
reliability communication in such environments is crucial for enabling real-time
monitoring and automation. The introduction of a 5G testbed in this industrial
setting addresses these challenges by allowing customized con gurations, such as,
cell planning, traf c prioritization, application customization, etc.

2.1 Components

The Commercial Of The Shelf (COTS) components were used for the testing and
demonstration. The user equipment (UE) was composed of a Raspberry Pi 5 single-
board computer and a Quectel RM530N-GL 5G modem [1]. For testing purposes,
different computing devices such as UpBoard Squared Pro [8] and laptops were also
used with the same 5G modem. The testbed is also equipped with one mobile UE,
the Autonomous Mobile Robot (AMR) LD250 from OMRON Global [6] and the Uni-
versal Robot 5 (UR5) Cobot [7] with camera object recognition capabilities. For
communication testing cases, 5 stationary UEs were used and 1 mobile UE that was
either stationary or mobile. The Tab. 1 lists all used components of the 5G testbed
used for tests and demonstration.

2.1.1 |Interfacing

The AMR and Cobot robot do not have integrated 5G communication capabilities
by default. Therefore, our Raspberry Pi + Quectel module UE was used for bridging
the local LAN network of the robots over the 5G, thus enabling the 5G communica-
tion capability. The local computing device on the robots was also used to control
them. It was receiving commands from the remote server and translating them to
Advanced Robotics Command Language (ARCL) commands that were recognized
by the AMR and Cobot. Additionally, the computing device on the AMR maintained

a Universal Serial Bus (USB) connection to 4 cameras used for recording the envi-
ronment of AMR. Due to power output limitations of Raspberry Pi 5 and UpBoard
devices on their USB interfaces, an active USB Hub was required to supply the cam-
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Table 1: Demonstrator and testbed components

Device Quantity Usage
URS5 Cobot 1 UE Collaborative robot
OMRON LD250 AMR 1 Mobile UE Collaborative robot
Quectle RM530N-GL 6 5G modem
Raspberry Pi 5 6 Computing device/UE
Up Board Squared Pro 1 Computing device/UE
Camera 4 4K 60fps camera

1

2

1

Server Edge server

eras with the necessary power levels. Both, computing devices and active USB hub
were powered from the internal battery of the AMR as it is illustrated in Fig. 2. For
this purpose, power converters were required to provide 5 V and 12V power supply
from the robot's 30 V battery output.

3 Testing results

Following the de ned testing guidelines in D5.1, 9 different testing cases were per-
formed. The focused Key Performance Indicators (KPIs) were Throughput (TP),
round trip time (RTT) and Signal to Interference plus Noise Ratio (SINR). The Fig. 3
shows SINR heatmap of the entire factory oor. Although the testbed is equipped
with multiple Transmission and Reception Points (TRPSs), for testing purposes we
used only one at the time and the presented SINR is provided by the TRP1 marked
with the green color on Fig. 1.

Detailed signal coverage maps for each TRPs are presented in the deliverable D4.2
[4] together with additional testing results related to the ne-tuning of the network
with different priority levels for the UEs. This deliverable shows the results of stress
tests with a higher number of UEs in different constellations on the factory oor.
The testing location points are grouped into three groups depending on the radio
conditions as shown in Tab. 3. Good radio coverage is considered if SINR is greater
than 30dB, while bad radio conditions are in areas with SINR lower than 20 dB.
The third category for testing is when UEs are distributed arbitrarily on the factory
oor spanning the full SINR range. It is important to emphasize that uplink (UL)
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Figure 2: Components and interfacing

and downlink (DL) resources are not the same. The 5G system (5GS) uses agreed
time division duplex (TDD) pattern 8 : 2, resulting in 80% times more resources in
DL traf c direction.

The rst set of test cases is performed with a single UE in different areas of the
factory as shown in the rst three rows of Tab. 2. The goal of this test case is to test
the maximum, minimum and realistic TP of mobile UE that can be achieved on the
factory oor. The positions of UEs in good, bad and arbitrary positions are shown

in gures Fig. 4a, Fig. 4b and Fig. 4c respectively (yellow-black dots). It is important
to emphasize that the chosen positions for the good and bad radio conditions are
not the areas with the highest and lowest SINR but areas with signal conditions
as de ned previously. For the test cases with static UEs, the TP was measured in
the duration of 30 s with IPerf3 tool, while for the test cases with a mobile UE the
measurement lasted longer in order to cover full factory oor. Figure. 4d illustrates
the mobile UE path during the measurements.

The Tab. 4 shows minimum, average and maximum TP values for each test case.
Although the UE1 was stationary in test cases 1 and 2, the factory environment was
not. Therefore, there was a variation of measured TP around the average value of
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Figure 3: Factory SINR heatmap

Table 2: Test cases

Test case UEs

Radio condition (dB)

Table 3: Radio conditions

Description ‘ SINR (dB)

Good E 30
Bad c20
Arbitrary 10 35

1 1 static Good
2 1 static Bad
3 1 mobile Arbitrary
4 6 static Good
5 6 static Bad
6 6 static Arbitrary
; 5 static Good
1 mobile Arbitrary
8 5 static Bad
1 mobile Arbitrary
9 5 static Arbitrary
1 mobile Arbitrary
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Table 4: Test cases results
Test| UE UL Min. TP UL Avg. TP UL Max. TP DL Min. TP DL Avg. TP DL Max. TP
case (Mpbs) (Mpbs) (Mpbs) (Mpbs) (Mpbs) (Mpbs)
1 UE1 147.62 156.16 170.86 880.79 918.55 943.67
2 UE1l 45.37 47.83 52.66 293.58 309.33 325.06
3 UE1l 55.69 112.69 162.67 356.52 629.66 828.38
4 |UE1-6 15.72 26.37 37.74 67.1 142.75 179.30
5 |UE1l-6 3.14 13.54 27.26 11.53 324 68.15
6 |UE1l-6 6.29 21.53 44.04 34.60 110.8 174.06
; UE1l-5 15.72 25.88 36.69 119.61 129.49 179.06
UEG 8.38 18.47 26.21 62.91 110.85 142.6
8 UE1-5 0 12.85 29.36 0 28.77 57.61
UE6 13.63 21.71 27.26 69.205 120.69 144.70
UE1 4.19 17.72 325 56.62 67.18 81.78
UE2 9.43 21.74 35.65 82.77 99.26 116.31
9 UE3 9.43 10.67 12.58 67.1 82.65 103.81
UE4 14.67 26.65 39.84 56.62 117.79 130.02
UES 17.81 27.84 39.84 130.02 142.17 165.67
UEG 9.43 20.35 28.27 58.71 109.68 144.8
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Figure 4: UE placement and navigation path

918.55 Mbps. The values of DL and UL TP with single UE are also our benchmark
for testing the distribution of resources among multiple UEs in the remaining test
cases from Tab. 2. In the test cases with multiple UEs, we can see that the sched-
uler evenly distributes available resources among the UEs. The results match with
the results from [3] if the priority level is the same for all UEs. In the results from
test cases 7, 8 and 9 we have 5 stationary UEs and one mobile UE that has an ar-
bitrary position during the measurements. We can see that the roaming of mobile
UE between good and bad radio conditions does not influence the TP performance
of other stationary UEs. This can be also seen in Fig. 5 which presents the results
of test case 7. The TP changes for the mobile UE6, while other UEs maintain their
TP with certain drops. Observed drops of TP can be the result of inadequate power
supply. The UE (Raspberry Pi 5 + Quectel module) were powered via the portable
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