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1 Executive Summary 
 
The following deliverable reports the findings and lessons learned of the LL1 UCs during the cycle 1 trials. 
 
Specifically, the document focuses on: 

 The qualitative analysis of the cycle 1 trials performed by LL1 use cases with respect to their 
architecture, deployment process and measured KPIs. 

 Highlights in architecture from each use case, particularly from the KPI perspective to illustrate how 
current 5G capabilities can be leveraged for different applications in each use case. 

 Next steps in order to evaluate and improve planning and developments for cycle 2 thus reflecting the 
latest improvement of the 5G infrastructure from the application perspective. 

 
During cycle 1 trials extensive collaboration between WP1-WP3 and WP6 was achieved. To this end, D6.3A will 
be used to report the collaboration through the trials and provide improvement suggestions for Cycle 2 trials. 
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2 Introduction 
The 5G-SOLUTIONS roadmap follows the 3GPP, the IMT-2020 and the 5G-PPP implementation roadmaps according to 

according to the evolution and upgrades of the 5G EVE and 5G-VINNI ICT-17 facilities as depicted in 

 

Figure 1 5G-SOLUTIONS Trials Roadmap 

. In LL1 the 5G-VINNI Norway testbed was used. 

 

Figure 1 5G-SOLUTIONS Trials Roadmap 

Following Phase 1 completion, in Phase 2 the focus was placed on the selection of the most mature Use Cases 
to be included in Cycle 1 trials. Evaluation was based on the possibility of each UC to provide: 

 A detailed architecture and information flow diagram, including testbed components and software 
elements, 

 Cross Domain Service Orchestrator (CDSO) and 5G facility orchestration requirements 

 Visualization System (VS) requirements 

The field trials implemented on Cycle 1 will be evolved incrementally through the next two cycles of the project 
(i.e., Cycle II and Cycle III). Hence, the next two cycles will be built upon the progress so far of Cycle 1 and the 
deliverables D4.3B and D4.3C will also represent new releases from this deliverable D4.3A. Summarising, this 
deliverable is the baseline for the 5G field trials for LL1, by creating, the test setup and architecture, purpose of 
the tests, challenge and mitigation measures, and also the next steps of the field trials for the factories of the 
future vertical. 

 



D4.3A. LL1 Performance Evaluation and Lessons Learned v1  Public 

© 5G Solutions, 2021  Page | 7  

2.1 Mapping Projects’ Outputs 

Purpose of this section, is to map 5G-SOLUTIONS Grant Agreement commitments, both within the formal 
Deliverable and Task description, against the project’s respective outputs and work performed. 

 

Table 1: Adherence to 5G-SOLUTIONS GA Deliverable & Tasks Descriptions 

5G-SOLUTIONS Task Respective Document 
Chapter(s) 

Justification 

Task 4.2 - Performance evaluation and lessons 
learned 

The purpose of this task can be briefly described 
from the following three aspects. First of all, the 
performance of each use case will be evaluated, 
particularly from the KPI perspective to illustrate 
how current 5G capabilities can be leveraged for 
different applications in each use case. Secondly, 
according to the results received from each use case 
in every agile-based iteration, provide requirements 
and suggestions to further improve both functional 
and non-functional capabilities of 5G facilities. 
Following that, each use case will be further 
evaluated to reflect the latest improvement of the 
5G infrastructure from the application perspective. 
This task will also provide and establish systematic 
feedback loops to WP1-WP3, for continuous 
refinement. Results will be analysed both 
quantitively and quantifiably. Conclusions and 
recommendations will be drawn including 
recommendations for further trial validations. When 
possible, the impact of 5G deployment will be also 
analysed so to potentially allow operators to 
evaluate their 5G network deployment scope, 
pattern and duration. Throughout the validation 
testing period, knowledge and findings will be 
documented in deliverable D4.3 together with 
evaluation reporting and impact assessment for the 
LL, and extracting lessons learned for internal 
dissemination among the consortium, capacity 
building and external dissemination as appropriate. 

LL1 field trials Cycle 1 
implementation and 
results. 

Chapter 3 provides 
qualitative analysis of Cycle 
1 trials. 

Deliverable 4.6-4.3A 
contains qualitative 
analysis of the Cycle 1 tests 
and plans for Cycle 2 Trials 

Use Case 1.4 has 
provided just initial 
information about the 
Use case and will be 
applying the field Trials 
during Cycle 2. 
Basically, the 
justification of such 
delay is due to the 
delay on delivering the 
5G Private Node which 
did not allow to make 
the overall 
configurations for Cycle 
1 on time in the PGBS 
premises. 

Use Case 1.3 has been 
extended in 2 different 
use cases, which allows 
to skip Use Case 1.5 

5G-SOLUTIONS Deliverable 

D4.3A LL1 performance evaluation and lessons learned (v1) reports per testing cycle, containing a critical 
evaluation and findings from the LL1, lessons learned, the degree the KPIs have been met and suggestions for 
improvements. 
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2.2 Deliverable Overview and Report Structure  

 

Such deliverable has been defined in order to evaluate qualitatively the results of Cycle 1 trials, suggest lesson 
learned and recommendations to communicate findings with each of the use cases, to drive improvements 
during the implementation of each of the use cases. To this end, Section 3 of this deliverable will provide the 
description of the Cycle 1 trials performed during Cycle 1 for UC1.1, UC1.2 and UC1.3/5.  

Each UC description includes the qualitative analysis of the test cases, its extended architecture detailing the 
highlights of the 5G infrastructure utilized, the KPIs measured during the trial, the lessons learned from the trial 
and finally the planning for the upcoming Cycle 2 trials. Finally, section 4 provides the conclusions and next 
actions. 
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3 LL1 Cycle 1 Trials Analysis of Results, Lessons Learned and 
Recommendations for Cycle 2 Trials  

 

3.1 UC1.1 (PGBS, IRIS) 

The next points summarise qualitatively which has been the results of Cycle 1 trials for such a use case in 
comparison to the targeted KPI. 

Moreover, a set of actions and recommendations are described in order to plan for future Cycle 2 trials. 

3.1.1 Qualitative Analysis of the Results of Cycle 1 (KPIs Vs Reference KPIs)  

The following table described the results reported in the previous Deliverable D4.3 and adds the comparison 
with the targeted result and a brief description in case the KPI has not reached the target result expected. 

Table 2: KPI Measurements Qualitative Analysis UC 1.1 

Reference Test 
Case # 

KPI Trial Target 
(Reference KPI 
Baseline using 

other technology) 

Trial Result In case the KPI has 
not been achieved, 
a brief description 

about it. 

TC1: - UC1.1 (WI-
FI) - Baseline 

Average throughput 
(Mbps) 

This is Baseline TCP 
Upload: 445.83 
Mbps  

 

Average throughput 
(Mbps) 

This is Baseline TCP 
Download: 657.54 
Mbps 

 

Packet Loss This is Baseline 0%  

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

TC2: UC1.1 (WI-
FI) 
Baseline 

Average throughput 
(Mbps) 

This is Baseline 
 

UDP 
Upload: 451.43 
Mbps  

 

Average throughput 
(Mbps) 

This is Baseline 
 

UDP 
Download: 956.36 
Mbps 

 

Packet Loss This is Baseline 0%  

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

TC3: UC1.1 (5G 
1.5m) 

Average throughput 
(Mbps) 

TCP 
Upload: 445.83 

TCP (1.5m) 
Upload: 8.09 

The performance of 
the 5g is lower than 
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 Mbps 
 

Mbps expected due to 
the component of 
it. It is not a 
production device 

Packet Loss (TCP) 0% 0% - 

Latency Max (TCP) <5ms 9,7s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 
 

Latency Average 
(TCP) 

<5ms 3,5s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Min (TCP) ~1ms 1,1s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Jitter (TCP) <20ms 701ms  

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

Average throughput 
(Mbps) 

UDP 
Upload: 451.43 
Mbps 

UDP (1.5m) 
Upload: 946 Mbps 

5G node performs 
better than WI-FI 

Packet Loss (UDP) 0% 0% - 

Latency Max (UDP) <5ms 11,5ms The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Average 
(UDP) 

<5ms 8,3ms The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 
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Latency Min (UDP) ~1ms 4,5ms The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Jitter (UDP) <20ms 2,8ms - 

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

TC4: UC1.1 (5G 
10m) 

Average throughput 
(Mbps) 

TCP 
Upload: 445.83 
Mbps 

TCP (10m) 
Upload: 13.5 
Mbps 

 

Packet Loss (TCP) 0% 0% - 

Latency Max (TCP) <5ms 1.6s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Average 
(TCP) 

<5ms 1.5s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Min (TCP) ~1ms 1.4s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Jitter (TCP) <20ms 73ms  

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

Average throughput 
(Mbps 

UDP 
Upload: 451.43 
Mbps 

UDP (10m) 
Upload: 954 Mbps 

5G node performs 
better than WI-FI 

Packet Loss (UDP) 0% 0% - 
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Latency Max (UDP) <5ms 13.1ms The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Average 
(UDP) 

<5ms 7.3ms The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Min (UDP) ~1ms 3.8ms The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Jitter (UDP) <20ms 2.4ms ok 

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

TC5: UC1.1 (2m) Packet Loss (UDP) 0% 0% - 

Latency Max (TCP) <5ms 2,1s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Average 
(TCP) 

<5ms 1,3s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Min (TCP) ~1ms 1,1 The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Jitter (TCP) <20ms 105ms  

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  
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False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

TC6: UC1.1 (7m) Packet Loss (UDP) 0% 0% - 

Latency Max (TCP) <5ms 4.9s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Average 
(TCP) 

<5ms 2.0s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Min (TCP) ~1ms 1.2s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Jitter (TCP) <20ms 293ms  

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

TC7: UC1.1 (15m) Packet Loss (UDP) 0% 0% - 

Latency Max (TCP) <5ms 2.1s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Average 
(TCP) 

<5ms 1.4s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
production device 

Latency Min (TCP) ~1ms 1.2s The performance of 
the 5g is lower than 
expected due to 
the component of 
it. It is not a 
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production device 

Jitter (TCP) <20ms 115ms  

Inspection time (avg) This is Baseline 275.05 ms  

Overall reliability  100%  

False positive rate  16.7%  

Successful detection 
rate 

 92.78%  

TC8: UC1.1 (30m) Packet Loss (UDP) 0% 100% Node out of range 

Latency Max (TCP) <5ms 20.0s Node out of range 

Latency Average 
(TCP) 

<5ms 20.0s Node out of range 

Latency Min (TCP) ~1ms 20.0s Node out of range 

Jitter (TCP) <20ms 144.2us (micro 
sec) 

It seems a default 
value in the KPIVS 

Inspection time (avg)  N.A.  

Overall reliability  0%  

False positive rate  N.A.  

Successful detection 
rate 

 N.A.  

TC9: UC1.1 (30m) Packet Loss (UDP) 0% 100% Node out of range 

Latency Max (TCP) <5ms 20.0s Node out of range 

Latency Average 
(TCP) 

<5ms 20.0s Node out of range 

Latency Min (TCP) ~1ms 20.0s Node out of range 

Jitter (TCP) <20ms 144.2us (micro 
sec) 

It seems a default 
value in the KPIVS 

Inspection time (avg)  N.A.  

Overall reliability  0%  

False positive rate  N.A.  

Successful detection 
rate 

 N.A.  

 

3.1.2 Cycle 1 Detailed Architecture and Integration with the Testbed, Orchestrator and Visualization 
System  

For such a cycle the integration with the hardware components has been key for the measurement of the KPIs, 
moreover the representation of such KPIs has used the KPI Visualisation tool implemented by AppArt. 
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Figure 2: Detailed Architecture UC1.1 

  

During Cycle 2 and Cycle 3 there will be more work linked to creation of VNF Orchestration and integration 
with the NOKIA CDSO as described in section 3.1.4. 

 

3.1.3 Lessons Learned from Cycle 1 Trials and Recommendations  

 
Analysing the results, a bit more in detail, we can see that Cycle 1 trials of use Case 1.1 has not been successful 
in terms of KPIs performance. For such a use case, the targeted KPIs are being set by PGBS which sets the 
benchmark to follow in order to be able to manufacture the products according to their average demand of 
productivity. 
 
We can observe that distance it’s a key factor for the 5G Amarisoft node to perform according as expected, 
once we overcome certain distance inside the manufacturing plant, the 5G Node, is decreasing a lot the 
performance expected in terms of latency and throughput, which under such a conditions the case study with 5G 
cannot work. 
 

During Cycle 2, the work will be focused on improving such an issue, intending to configure together with 
University of Patras the node in order to achieve better results. 
 



D4.3A. LL1 Performance Evaluation and Lessons Learned v1  Public 

© 5G Solutions, 2021  Page | 16  

Another aspect, that could affect the performance is the electromagnetic fields, inside the manufacturing 
plant, such fields could be disturbing the signal from the 5G Private node. Such effect, will not be able to be 
changed since the manufacturing plant it is built as it is. 
 
Finally, PGBS has activated for Cycle 2 a second round of trials parallelly to the ones using a 5G Amarisoft 
Private node. Such a trials, will be performed with a local telecom operator City mesh, which will allow PGBS to 
work with a 5G Device with higher power and will allow to use private licenses to execute the trials, such a 
result will be reported in the future Cycle 2 Deliverables. 
 
 

3.1.4 Planning for Cycle 2 Trials  

 
In such a use Case during Cycle 1, the tests and trials have been limited due to the delay on receiving the 5G 
Private node, thus the focus was on configuring and ensuring the functionality of the test bed through 5G. 
 
During Cycle 2, the Use case expects to implement an upgraded Architecture, being able to implement new 
features for the 5G, like VNF Chains, virtualization and Orchestration with the Nokia CDSO, following the next 
architecture. 
 
 

 
Figure 3: Upgraded Architecture Suggested for UC 1.1 Cycle 2  
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3.2 UC1.2 (GLAN, IRIS) 

3.2.1 Qualitative Analysis of the Results of Cycle 1 (KPIs Vs Reference KPIs)  

TCs 1 to 5 require different configuration of the architecture. In fact, one of the purposes of TCs in UC1.2 is to 
show up the differences between using 5G and Wi-Fi. The plan is running TCs 1 by 1 testing the several parts of 
the architecture: GW to transceiver, transceiver to CIMIO, GW to CIMIO (with Wi-Fi, no 5G), smartphone to 
server. 

TC 6 and 7 are deployed in Glanbia and they are more focus on the overall performance and the business 
perspective. Due to COVID-19 emergency, on site job proceeded slower than what we could do in the demo 
lab, for this reason we decided to dedicate cycle 1 to test cases 01 to 05 and leave TC06 and TC07 in cycle 2 
when the 5G infrastructure will be totally deployed. 

- TC01: Baseline tests over Wi-Fi using networking tools such as iperf2 for conditioning and coverage 
tests. 

Steps performed for the test: 

o Configure the network as shown in Figure 2 
o Open network cell info 
o Verify that you are connected to the correct 5G node 
o Record RSRP, RSSI, RSRQ, RSSNR values, repeat from at least three different positions form the 

node 
o Open Hurricane Electric Network Tools 
o Run Ping to a preselected IP address, repeat at least 3 times 
o Run Traceroute to a preselected IP address, repeat at least 3 times 

 

- TC02: Test wired connection between IIoT gateway and Kepware data collector. 

Steps performed for the test: 

o Configure the network as shown in Figure 1 
o Open Pinger 
o Run Ping to a preselected IP address, repeat at least 3 times 
o Open PingPlotter 
o Run Ping to a preselected IP address, repeat at least 3 times 

 

- TC03: Testing Wired connection between IIoT gateway and 5G Transceiver. 

Steps performed for the test: 

o Configure the network as shown in Figure 2 
o Open Pinger 
o Run Ping to a preselected IP address, repeat at least 3 times 

 

- TC04: Baseline tests over Wi-Fi using networking tools such as iperf for conditioning and coverage 
tests. 

Steps performed for the test: 

o Configure the network as shown in Figure 3 

                                                           
2
 https://iperf.fr/   
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o Open Ubiquiti Wi-Fiman 
o Verify connection to Wi-Fi network 
o Record Wi-Fi speed and RSSI values, repeat from at least three different positions form the 

node 
o Open Hurricane Electric Network Tools 
o Run Ping to a preselected IP address, repeat at least 3 times 
o Run Traceroute to a preselected IP address, repeat at least 3 times 
o Run Iperf 2 to Iperf 3 to a preselected server, repeat at least 3 times 

 

- TC05: Baseline tests over 5G using networking tools such as iperf for conditioning and coverage tests. 

Steps performed for the test: 

o Configure the network as shown in Figure 2 
o Open Network Cell Info 
o Verify that you are connected to the correct 5G node 
o Record RSRP, RSSI, RSRQ, RSSNR values, repeat from at least three different positions 
o Open Hurricane Electric Network Tool 
o Run Ping to a preselected IP address, repeat at least 3 times 
o Run Traceroute to a preselected IP address, repeat at least 3 times 
o Run Iperf 2 to Iperf 3 to a preselected server, repeat at least 3 times 

 
Table 3: KPI Measurements Qualitative Analysis UC 1.2 

Reference Test Case 
# 

KPI  Trial Target (Reference 
KPI Baseline using other 

technology) 

Trial Result In case the KPI has not 
been achieved, a brief 
description about it. 

TC01- UC1.2 Latency Avg <20 ms 33 ms The performance of the 
5g is lower than 
expected due to the 
component of it. It is 
not a production device 

Latency Std. 
Dev 

<5 ms 8 ms The performance of the 
5g is lower than 
expected due to the 
component of it. It is 
not a production device 

RSRP > -102 dBm -59 dBm  

RSSI 

> -75 dBm 

-113 dBm 

The power of the 5G 
node is limited to a 
value that does not 
allow great coverage 

RSRQ > -12 dB -6 dB  

RSSNR  
30 dB 

 

Packet Loss 0 
0 % 

 

TC02- UC1.2 Latency Avg <1 ms 0.5 ms  

Latency Min <1 ms 0.1 ms  



D4.3A. LL1 Performance Evaluation and Lessons Learned v1  Public 

© 5G Solutions, 2021  Page | 19  

Packet Loss 0 
0 % 

 

Jitter <1 ms 0 ms  

TC03- UC1.2 Latency Avg <1 ms 0.5 ms  

Latency Min <1 ms 0.1 ms  

Packet Loss 0 
0 % 

 

Throughput > 100 Mbps 89.1 Mbps The performance of the 
5g is lower than 
expected due to the 
component of it. It is 
not a production device 

TC04- UC1.2 Latency Avg <1 ms 1.4 ms We are close to the 
target value 

Latency Min <1 ms 0.6 ms  

Packet Loss 0 
0 % 

 

Throughput >100 Mbps 633 Mbps  

TC05- UC1.2 Packet Loss  
0 % 

 

Latency Avg  33 ms  

Latency Std. 
Dev 

 8 ms  

Throughput >100 Mbps in download iperf UDP  
Download: 145 
Mbps  
Upload: 8.16 
Mbps  
iperf TCP  
Download: 
35.0 Mbps  
Upload: 6.81 
Mbps 

The performance of the 
5g is lower than 
expected due to the 
component of it. It is 
not a production device 

RSRP > -102 dBm -59 dBm  

RSSI 

> -75 dBm 

-113 dBm 

The power of the 5G 
node is limited to a 
value that does not 
allow great coverage 

RSRQ > -12 dB -6 dB  

RSSNR  
30 dB 

 

 

- TC01: Values reported by commercial mobile devices might not be accurate. The CPE was less than 100 cm 
from the node and RSSI values were around -100dBm. With this value the device shouldn’t even be able to 
connect to the 5G node. By the way, the performance of the 5G node seems to be poor since the first 
baseline test. We expected a better coverage considering the small distances involved in the test and even 
the latency is higher than what we can achieve with Wi-Fi. 
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- TC02: No issues during the test case. We have a typical Cat 6 network with Gigabit network switches. The 

KPIs are what we expected for the test in this network configuration. The test is quite easy and it does not 
provide any particular challenges. 
 

- TC03: The IIoT gateway has only a single 100Mbps ethernet port, 5G Transceiver has 1Gbps ethernet port. 
The results show latency values commonly obtained monitoring a wired ethernet connection and the 
throughput is close to the maximum reachable from the transceiver, but far from the target real 
throughput target for 5G connection of 200Mbps. In this scenario, the IIoT gateway may be the bottleneck 
for the 5G connection throughput. 
 

- TC04: The test was perform using an Intel laptop equipped with Wi-Fi 6 adapter connected to 802.11ac, 
3x3 MIMO AP. The Wi-Fi adapter was showing connection speed 866.7Mbps. Analyzing latency KPIs, we 
can notice how close they are compared to the wired tests and how far KPIs gathered with 5G are from the 
other 2 network configurations. 
 

- TC05: This other test over 5G highlighted the poor performance of the 5G node with an unacceptable 
download rate on both UDB and TCP protocols. The Expectations were to overcome at least the limit of 4G 
in download for TCP connection and realistically the half of the typical real world 5G network speed 
obtaining a value over 100Mbps while we got only 35Mbps (real network speed for 4G LTE is 42Mbps). 
Even the latency is poor, 33ms almost 50% higher than what we may reasonably achieve and far away from 
the theoretical value of 1ms. 

 

3.2.2 Cycle 1 Detailed Architecture and Integration with the Testbed, Orchestrator and Visualization 
System  

As mentioned above, TC02 requires wired connection, TC04 Wi-Fi connection and TC01, TC03 and TC05 5G 
connection. 3 different network setups are used for running the 5 test cases in the Orbis demo lab. 

 

 

Figure 4: TC02 Network Setup 

Figure 4 depicts the network setup as described in TC02 and TC04 with ethernet connection between IIoT 
gateway and CIM/IO. This configuration allows to test the integration between components with a tested and 
reliable connection before moving forward replacing the ethernet connection with 5G. 



D4.3A. LL1 Performance Evaluation and Lessons Learned v1  Public 

© 5G Solutions, 2021  Page | 21  

 

Figure 5: TC01, TC03 and TC05 Network Setup 

On the other hand, TC01, TC03 and TC05 exploit 5G connection and are used to record 5G performance. For 
this second setup, a 5G transceiver is required to transfer data through the 5G node since the gateway does 
not include this chip natively (Figure 5). 

Finally, we considered also a Wi-Fi configuration (shown in Figure 6). 

 

 

Figure 6: TC04 Network Setup 

After showing the network configuration, we need to precise that CIM/IO, historian and even the application 
server are deployed inside the same environment, and they are not located on different servers randomly. 

In more details, the CIM/IO and the historian are deployed into the same virtual machine environment located 
in the same server room. In other words, the VM instances inside the VM environment share the same network 
card if deployed on the same server or are directly connected by wire if deployed on different servers. 
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Figure 7: KPI VS Connection 

The communication with the KPI VS is established by the application server where KPI and maintenance data 
are stored. 

 

3.2.3 Lessons Learned from Cycle 1 Trials and Recommendations  

Test results show a worrying situation for the network coverage approaching cycle 2 with tests on site. Glanbia 
is taking into consideration to install a different 5G node as permanent solution already for cycle 2 tests. A 
commercial 5G node with the right distribution of antennas will ensure the coverage needed for the tests and 
for the continuation of the service after the conclusion of the project. 

Moreover, although the 5g node is underperforming, we need to take into consideration another aspect; even 
if we replaced the Amarisoft 5G node with one suitable for commercial purpose, we still need to overcome the 
throughput limitation imposed by the gateway which can send data to the transceiver at the maximum speed 
of 100 Mbps. This limitation is not jeopardizing the project, at the moment, since we do not expect to 
overcome this limit in the data rate from the gateway even replacing the 5G node. 

 

3.2.4 Planning for Cycle 2 Trials  

While cycle 1 focused on study the network architecture and set the integrations between components, cycle 2 
wants to focus on tests on site and monitor the KPIs during the actual work of an operator. In details, we want 
to deliver the application and to add features which exalt the 5G characteristics such as AR. Moreover, the 
deployment on site allows to gather read sensor data into a dataset. The goal is verifying if the sensors provide 
signal features usable for predicting failures. Collected data precisely is critical for a good pre-analysis, the 
effort put in cycle 1 in testing the architecture is going to pay back in cycle 2 when we will be able to create a 
good dataset for an eventual predictive maintenance algorithm hopefully. 
  



D4.3A. LL1 Performance Evaluation and Lessons Learned v1  Public 

© 5G Solutions, 2021  Page | 23  

3.3 UC1.3/UC1.5 (NTNU, TNOR) 

During Cycle 1 we have constructed a system that allows controlling an industrial robot using a remote node 
(UC1.3) along with automatically configuring and discovering robot entities in the system (UC1.5). 

3.3.1 Qualitative Analysis of the Results of Cycle 1 (KPIs Vs Reference KPIs)  

Testcases were performed using two different testbeds. A suffix (a/b) is added to the TC name to signify which 
testbed has been used for the each testcase. 

 

Table 4: KPI Measurements Qualitative Analysis UC 1.3/1.5 

Reference Test Case # KPI Trial Target Trial Result In case the KPI has not 
been achieved, a brief 
description about it. 

TC1- UC1.3a UL Throughput > 500 Mbps 60.24 Mbps Likely limited by LAN 
network bandwidth 

TC2- UC1.3a DL Throughput Order of Mbps 250.92 Mbps Likely limited by LAN 
network bandwidth 

TC5- UC1.3a Latency – 5G < 10 ms 20.4 – 26.7 ms Could be improved with 
local 5G node 

TC5- UC1.3a Latency - Wi-Fi - 7.3 ms  

TC1- UC1.3b UL Throughput > 500 Mbps up to 71.9 Mbps Likely limited by LAN 
network bandwidth 

TC2- UC1.3b DL Throughput Order of Mbps up to 228.1 Mbps Likely limited by LAN 
network bandwidth 

TC5- UC1.3b Latency – low 
data rate 

< 10 ms 7.88 – 24.24 ms Could be improved with 
local 5G node 

TC5- UC1.3b Latency – high 
data rate 

< 10 ms 16.33 – 28.06 ms Could be improved with 
local 5G node 

TC9- UC1.3b Reliability 99.99% 84.37 – 99.993 % Likely affected by 
congestions in local LAN 
networks 

 

3.3.2 Cycle 1 Detailed Architecture and Integration with The Testbed, Orchestrator and 
Visualization System  

The figure below shows a detailed illustration of how the architecture is realized with a component-based 
system. The use of several Raspberry Pis allows for flexibility and adaptability, and the software and 
networking solutions make it so that the components can communicate in real-time. Like the architecture, the 
system is separated into the four distinct segments “Network”, “Industrial Lab”, “Control Room”, and “User 
Devices”.  
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A KMR iiwa AGV, provided by KUKA, is located at NTNU Gløshaugen’s Industry 4.0 laboratory and is therefore 
used in this project. The KMR iiwa robot is connected with Ethernet to a Raspberry Pi, which has a 5G HAT and 
Raspberry Pi Camera Module V2, named “Entity Raspberry Pi” in the figure. This Raspberry Pi communicates 
with ROS 2 over 5G with another Raspberry Pi, named “Middleware Raspberry Pi”, which is located at the 
rightmost point of the Industrial Lab seen in the figure. 
 
The architecture focuses on separating the different tasks into suitable segments. Choosing to segment the 
architecture is done because low coupling between components often means increased cohesion throughout 
the system, and because it is a suitable approach to UC 1.5. 
 

 

Figure 8: Architecture Use Case 1.3/1.5 

 

3.3.3 Lessons Learned from Cycle 1 Trials and Recommendations 

The results in 4.3.1 show that the achieved latency is significantly higher in the case of 5G than what is 
acceptable under Industry 4.0 requirements. The probable reason is that messages over 5G have to go via the 
public internet, while, in the case of Wi-Fi, the messages are routed via the internal network of NTNU. For the 
time being, NTNU’s Industry 4.0 lab does not have a 5G node connected to the internal network, which has 
been one of the major hurdles during the Cycle 1 trials. A private 5G node has been installed at NTNU in 2020, 
but due to certain delays, its deployment has been postponed. The node is planned to be in operation by the 
end of summer 2021 and this would allow it to be part of the Cycle 2 trials. 

Another important factor affecting the test results is that devices with 5G connectivity get assigned private IP 
addresses within the operator’s network. This could mean that packets travelling through the core network 
would need extra routing before they reach to the destination point. We plan to request the network operator 
(Telenor) to provide our 5G units with public IP so future tests could be carried out under more ideal 
conditions. 
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The results also show that the achieved throughput is much lower than expected, in addition to occasional 
drops in network reliability. The likely reason for that is that data packets are routed through local university 
networks, which are probably rate-limited and could encounter congestions depending on the number of 
active users. We plan to improve this during Cycle 2 trials by replacing LAN connections with 5G-to-5G 
connection and utilizing 1G LAN networks when needed. 

 

Test equipment 

As of the writing of those lines, certain parts of the 5G standard concerning IoT, URLLC and indoor positioning 
are not finalized and/or are still not available in commercial chips and equipment. During Cycle 2 trials we will 
continue to follow up on the development of the standard and relevant hardware, and utilize newer hardware 
as it becomes available. 

 

Test method 

Most of Cycle 1 trials used Keysight’s Hawkeye as a testing tool. While Hawkeye is an excellent tool that 
provides different kinds of tests, it still has its limitations. Hawkeye uses Network Timing Protocol (NTP) for 
time synchronization, which means its accuracy is in the order of milliseconds. It could be beneficial to conduct 
future experiments using another method of capturing the data that provides higher precision and better time 
synchronization. One popular option is iPerf3 which allows the use of different synchronization methods 
including Precision Timing Protocol (PTP), which could provide an accuracy in the order of microseconds.  

 

Remote control 

The AAS that was developed to control and monitor the KMR iiwa remotely was tested successfully. Once an 
entity is detected by the system, an operator would have full access to the functionalities that the entity 
provides, and they can control it in real-time with fast and reliable connectivity.  
The AAS partly satisfies the goal of Use Case 1.3, which is mainly remote control, but it does not fulfill the 
performance requirements as seen in the latency results. This is mainly attributed to the fact that the test 
utilized the public 5G network through an operator-owned node. 

 

Rapid deployment and auto/re-configuration 

A part of Use Case 1.5 is rapid deployment, which was attempted by making the processes in the “Industrial 
Lab” start automatically. This was achieved with the exception of the KMR iiwa, which required an operator in 
order to start the robot application. Utilizing Raspberry Pis, which are easily mounted on devices like the KMR 
iiwa, enables efficient configuration and deployment of entities that do not allow custom software to be 
installed directly. This again makes it so that new robots can be introduced to factories and laboratories and 
tested within a short amount of time. 

The Raspberry Pis not only start automatically once they are powered, but their software is also partly 
configurable remotely. This ties in with another important part of Use Case 1.5, namely auto/re-configuration. 
In relation to these two aspects, it can be concluded that Use Case 1.5 is only realizable if the software that 
comes with industrial robots is manufacturer-independent and includes well-documented and exposed APIs. 
This way, it is possible for components such as the Raspberry Pi to obtain the information it needs from the 
entity in order to configure it and introduce it to the system automatically.  
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3.3.4 Planning for Cycle 2 Trials  

In this section a brief outlook for Cycle 2 is provided in terms of facility extension to be used both in UC 1.3 and 
UC 1.5.   

 

 
Figure 9: Factory of the Future, NTNU Manufacturing Lab (ManuLab) Extended Facility  

 
The above illustration is showing several key facility properties to be provided in Cycle 2. The indoor 5G RAN 
network nodes (5 Radio Dot nodes located at various locations inside the ManuLab, two Indoor Radio Units 
(IRU), and one Base Band Unit, BBU) are interconnected via the BBU to the Telenor Norway transport network 
and commercial VPN service (with 1 Gbs access link) to the 5G-VINNI Core DC located at the Telenor HQ at 
Fornebu (near Oslo). This allows connecting the 5G RAN to the 5G-VINNI SA core and test the multi-slice set-up 
of 5G-VINNI. This will also allow the UC 1.3 (and UC 1.5) to take part in multi-living-lab (MLL) UC Scenarios.   

 
While in Cycle 1 baseline connectivity testing and initial KPI validation were in focus (based on Wi-Fi and nearby 
commercial 5G radio) in Cycle 2 the ManuLab facility will be extended with edge cloud capability, as illustrated 
in the figure above. This will allow various more advanced test case and KPI validation scenarios where the 
distributed User Plane Function (UPF) allows local breakout of traffic and support of a variety of connectivity 
scenarios. The setup will also allow deployment of a distributed core as well as deployment (and orchestration 
/ management by the CDSO) of 3rd party Network Application Functions (NAF, aka. 3rd pty VNFs, as perceived by 
the network operator). These NAFs can be industry application functions with different requirements in terms 
of connectivity, location and affinity. (See examples, as indicated by the numbers in the illustration above.)   
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3.4 UC1.4 (PGBS, IRIS) 

As described in the Deliverable 4.3_D4.2A, such a use Case has not been able to perform any trials in Cycle 1, 
thus there is not qualitative analysis to describe in such a section. 

 

The ambition for Cycle 2 is to run the tests described in order to capture the KPI Measurements indicated using 
3 technologies: 

 Baseline KPI Measurements using WI-FI /4G. 

 KPI Measurements using 5G Amarisoft Private Node 

 KPI Measurements using 5G from a private national operator CITYMESH. 

 

With such analysis, would be possible to demonstrate and upgrade the use case to the final Cycle 3 by the end 
of the project and test the feasibility of such technologies for such a use case. 
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3.5 UC1.5 (NTNU, TNOR) 

 

According to the previous information described in the introduction, such a use case has been merged in the 
Use Case 1.3A and Use Case 1.3 B, thus no further information is described into that section. 
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4 Conclusions and Next Actions  

 

To achieve Cycle 1 trials, each of the Use Case owners has faced one of the biggest challenges in order to 
implement and upgrade each of the test beds. Moreover, the configuration of each use case has used a 
different infrastructure to develop a progressive deployment strategy to reach and optimum 5G Case Study 
using APIs towards CDSO and implementing VNFs by the end of the project during Cycle 3. 

In cycle 1 deployment processes were defined and tested in the most mature use cases UC1.1 – UC1.2 – 
UC1.3/5.  

The main points to overcome during Cycle 2 LL1 trials are: 

 Architectures are evaluated and requires to be extended incorporating additional functionality in Cycle 
2 in order to allow service virtualization and CDSO connectivity.  

 VNFs to be transferred to cloud and connected to each test bed of the case study. 

 5G Private AMARISOFT Node will need to be reconfigured in order to extend the coverage and the KPI 
Performance needed for the use case owners. 
 

During the previous months, the use case owners faced a lot of uncertainties to make the trials and to ensure 
the proper functionality of the test bed with the hardware selected and the remote support from the relevant 
partners. Such a dynamics will be improved and will ensure that the Cycle 2 accomplish the overall objectives 
of the project 5G-SOLUTIONS. 

 


