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Abstract

This protocol outlines a reproducible experiment that was evaluated using the Plaza6G testbed framework. The
experiment involves comparing the performance of three simulated open-source 5G core networks: Open5GS,
Free5GC, and OpenAirinterface. These networks are deployed as virtualised network templates through
Plaza6G's Experimentation-as-a-Service platform. Each simulated template is configured with the virtual
machines (VMs) required to support a basic 5G core network, including a Core VM, a gNB VM and a User
Equipment (UE) VM. The experiment uses the open-source tool iPerf3 to measure throughput under TCP and
UDP conditions, considering uplink and downlink communications. Apart from the minimum number of VMs, a
Data Network Node (DNN) VM has been provided to act as the iPerf3 server while the UE is the iPerf3 client.
The procedure outlines every step, from selecting templates and launching virtual environments, to retrieving
assigned 5G IP addresses and executing iPerf3 commands for different configurations. This experimental
workflow enables the comparative analysis of virtualised 5G systems, supports automated network
experimentation, CI/CD integration, and reproducible performance evaluation laying the groundwork for 6G-
oriented research and open wireless testbed federation.
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I Select the 5G Core template (flavor)

1 First of all, in Plaza6G official web site you need to select one of our 5G templates

including: Open5GS (https://openSgs.org/openSgs/docs/guide/01-quickstart), Free5GC

(https://free5gc.org/guide/#free5gc-installation-guide) and OpenAirinterface
(https://gitlab.eurecom.fr/oai/cn5g/oai-cn5g-
fed/-/blob/master/docs/DEPLOY_SA5G_BASIC_DEPLOYMENT.md).

Note: Our simulated templates include the default configuration for each project.

Pla;

cttc’

8 07/09/2022188 31/03/2026 | = National Funding | B8

22-16 | T1-064100-2023-0026 | il CZZZ)

HOME # INFRASTRUCTURE ¥~ NETWORK#%  SOFTWAREE]L ~ HARDWARE (OTHERS) %  EXPERIMENTALSETUPA () START EXPERIMENT

& Exp Session: 256

Available Templates

Pick from a list of optimized, reusable experiment blueprints.

[ simuiation | Emulation
*=a
a
5G Network Simulation (UERANSIM) 56 Emulator Setup (Hardware-Assisted)
Build and test standalone 5G scenarios using UERANSIM, Emulate end-to-end 5G using a Real Android Phone (UE) and a
simulating both gNB and UE with full protocol-stack visibility. Amarisoft Callbox (gNB), connected via Wireless/RF cables inside

a controlled lab environment
@ software-only simulation environment — no RF
hardware required. Hardware-driven emulation over the Air (OTA) and RF

cables. Launching Soon
Use Template

Select 5G simulated templates
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Topology & Networking

* VMs connected over an internal bridge network (e.g. br-sim)
* UERANSIM connects via NGAP & GTP-U to the 5GC
* Predefined static IPs and hostnames included

@ This is a fully virtualized testbed with no RF or physical components required.

Add Data Network (DN) VM?
Yes 1. Add DNN VM

Select 5G Core

-- Select Core -- 2. Select the flavor

FreebGC

OpenaAirinterface(OAl)
UERANSIM

3. Launch template # Launch Template | Close

Set up the 5G template

Open terminal access for both UE and DNN machines

2 Once the 5G environment has been successfully set, you can access to the UE and DNN
machines

All snapshots

© Containers & Kubernetes & BareMetal % Links B Scripts

Vm Snapshots

£4 05G-Core-242 €4 UERAN-UE-242 €4 UERAN-gNB-242 €4 DNN-242

&5 0S: Ubuntu 22.04 &5 0S: Ubuntu 22.04 5 0S: Ubuntu 22.04 &5 0S: Ubuntu 22.04

a% IP Address: 192.168.140.6 #% IP Address: 192.168.140.2 #% IP Address: 192.168.140.4 2% IP Address: 1921168.140.5

& Username: ubuntu & Username: ubuntu & Username: ubuntu & Username: ubuntu

P Password: ubuntu P Password: ubuntu P Password: ubuntu P Password: ubuntu

=8 Hostname: 10.114.111 £ Hostname: 10.1.14.111 = Hostname: 10.114.111 £ Hostname: 10.1.14.111
Setup Experiment ‘ >_ SSH Port: 47381 >_ SSH Port: 41411 >_ SSH Port: 47269 >_ SSH Port: 41324

CJ RDP Port: None 3 RDP Port: None 3 RDP Port: None 0 RDP Port: 46043

[R—

= R ‘ o status: D o status: CZD o status: D o status: CZD

|2 Results

Open the terminal in UE and DNN VMs.

Start iperf tests
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3

3.1

3.2

protocols.io | https://dx.doi.org/10.17504/protocols.io.dm6gpmépjgzp/v1

The iperf test uses the linux package "iperf3". An iperf test allows you to determine the
bandwidth (Mbps/Gbps), latency (ms), jitter (for UDP tests), Percentage of packet loss
(for UDP tests), among others. The DNN will be the iperf server, while UE will be the

iperf client.

Configuration set up:

A B C D E
Open5G UE_5G_IP_a | DNN_IP_ad | Window Max
Project ddress dress Time (s) Theoretical
Bandwidth
(Mbps)
Oepn5GS 10.45.0.2 192.168.140. | 120 400
5
Free5GC 10.70.0.1 192.168.141. | 120 250
4
OAI 12.1.1.100 192.168.142. | 120 300
3

The experiment has been repeated for the 3 5G projects.

Download iperf3 in both machines:

Command

Installs iperf3 in ubuntu OS (Ubuntu 22.04)

Install iperf3

sudo apt update

sudo apt install iperf3 -y

Set up the iperf server (DNN):
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Command

Launches iperf3 in server mode with default port

Iperf3 server

iperf3 -s

3.3 Verify the 5G ip address in UE

Command

Retrieves the IP address assigned by the 5G core (SMF) to the
UE. (Ubuntu 22.04)

5G IP address

ip -4 addr show uesimtun@ | awk /inet / {print $2} | cut -d/ -f1

3.4 Launch the iperf in client (UE) mode attached to the 5G interfaz
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Command

Launches iperf client: TCP, UpLink, directed to DNN server, attached to
the 5G IP address. (Ubuntu 22.04)

Launch iperf client TCP UL

iperf3 -c <DNN IP address> -B <UE 5G IP address> -t <window time>

Command

Launches iperf client: TCP, DownLink, directed to DNN server, attached
to the 5G IP address. (Ubuntu 22.04)

Launch iperf client TCP DL

iperf3 -c <DNN_IP address> -B <UE 5G IP address> -t <window time> -R
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Command

Launches iperf client: UDP, UpLink, directed to DNN server, attached to
the 5G IP address. (Ubuntu 22.04)

Launch iperf client UDP UL

iperf3 -c <DNN IP address> -B <UE 5G IP address> -u -t <window time> -
b <Max_theroetical bandwidth>Mbps

Command

Launches iperf client: UDP, DownLink, directed to DNN server, attached
to the 5G IP address. (Ubuntu 22.04)

Launch iperf client UDP DL

iperf3 -c <DNN IP address> -B <UE 5G IP address> -t <window time> -b
<Max_theoretical bandwidth>Mbps -R

Example of expected outputs

4 This section briefs depicts the expected outputs for iperf tests using a 10 s. window.

4.1 Examples:
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Terminal for:

untufopenbgs—ue:~$ iperf3 -c 192.168.140.5 -B 10.45.0
“onnecting to host 8 -3, port 5201
3] 1 25 connected to 192.168.140.5
ID]
3] ) )0 . 21 MEytes
3] : MBytes 2 Mhits/sec
31 P : : MEytes Mbits/se
3] 3 . MEytes Mhits/se
31 ) MBytes :
3] )0 . MEytes
5] & ) } MBytes
) MBytes
MBytes

Transfer
-10.00 s=ec 2 MBytes
0-10.04

iperf Done.

Open5GS, TCP, Up Link, 10 seconds, client.

Terminal for:

3] lecal 192.168.140.5 port 5201 connected to
ID] Interwval Transfer Bitrate

51 0.00-1.00 c 19.4 MBytes 163 Mbits/sec
) 3 MBytes 246
MEytes ¢

MEytes

MEytes

MEytes
) MBEytes

MEytes

MEytes
) MBEytes

=

[

4
3
3

Wwom o]

Open5GS, TCP, Up Link, 10 seconds, server.
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Terminal for:

168.140.5 -B 10.45.0

ing to host 152.168.14 port 01
mode, remote host 1 .140.5 i=s =ending

53] local 10.45.0.2 port 55873 conn ed to 152.168.140.5 port 3201

ID] Interval Transfer trate
5] 0.00-1.00 3 29.1 MBytes : Mbits/=
2] J ] MBytes Mbits/se
5] : 3 7 MEytes Mbits/=se
5] : . 31.3 MBytes 3 Mbits/se
5] 3 p MEytes Mbits/=se
5] ] 3 MBytes Mbits/se
5] : 35.0 MBytes 3 Mbits/se
5] ] : MEytes : Mbits/se
5] ) p MEytes p Mbits/=e
) 3 : Mbits/sec

Interval
) )-10.04 : p iyte 245 Mbits/s
-10.00 3 293 245 Mbita/=ec

iperf Done.

Open5GS, TCP, Down Link, 10 seconds, client.

Terminal for:

ID] Interwval Transfer

5] MBytes : Mbits/sec
5] MBytes 202 Mbits/s
5] MBytes : Mbits/=
3] } MBytes p

MEytes

MEytes

MBytes Mbits/s
MBytes p Mbits/sec
MBytes 217 Mbits/=se
MBytes 3 Mbits/sec

[T
Cog==]

b
[ve]

b

5]
5]
5]
5]
5]

B L b

[T

Bitrate
245 Mbits/sec

Open5GS, TCP, Down Link, 10 seconds, server.
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sender
r 1ver

Retr
67 0S5 EBytes
20 c EBytes
34 3 EBytes
123 77.7 EBytes
44 )5 EBytes
46 2 EBytes
85 )3 EBytes
49 EBytes
19 )4 EBytes
EBytes
EBytes

sender
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Terminal for:

penigs—ue:~$ iperf3 1%2.168.140.5 -B 10.45.0.2 -t 10 —u -b 400Mbps
-ing to host 192.168.140.5, port 11
local 10.45. port 521 connected to 192.168.140.5 port 5201
Interval Transfer Bitrate Total Datagrams
0. 47 3yt Mbits/se
) Mbita/ae
Mbits/se
) Mbits/se
Mbits/=se
Mbits/se
Mbits/=se
Mbits/se
Mbits/=se
Mbits/se

2
3
4
3

)

wom o~

Interval Transfer Jitter Lost/Total Datagrams
0. 10.00 477 MBytes 400 Mbits/se 0.000 ms
0.00-10.04 435 MBytes 364 Mbits/se

erf Done.

Open5GS, UDP, Up Link, 10 seconds, client.

Terminal for:

.140.5 port 5201 e 2 ).6 port 52162
ID] Interval Transfer litrat 1 Lost/Total Datagrams
5] o )0 41.3 MBytes 3 i 1.048 = 9/35448
5] 44.4 MBytes 1
5] 40.3 MBytes
5]
5]
5]
3]
3]
3]

-

o LB

Transfer

)-10.0 sec 1630 datagrams
10.04 s 35 MBytes

Open5GS, UDP, Up Link, 10 seconds, server.
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[
[
[
[
[
[
[
[
[
[
[
[

Protocol

Terminal for:

untulopenbgs-ue:~5 iperf3 -c 192.168.140.5 -B 10.45.0.2 -t 10 -u -b 400Mbps -R
onnecting teo host 1 B 5, port 1
everse mode, remot R .140.5 is sending
5] local 10.45.0.2 port 4 c ed to 192.168.140.5 port 5201
ID] Interval Transfer ate Jitter Lost/Total Datagrams
3] 0 ) 10 45.7 MBytes it 0.033 19541/55070
5] - 42.5 MBytes 7 it ] . 3 /3
5] - - 45.6 MBytes
5] - 44 .0 MBytes
51 - 3.9 MBytes
5] - 43.8 MBytes
2] & - 41.6 MBytes
5] - - 43.5 MBytes
5] R 45.0 MBytes Mbits/s
5] ¢ 0 ) 44_.9 MBytes Mbits/sec

ID] Interval Transfer Jitter
5] 0.00-10.45 = 500 MBytes 00 Mbits/sec 0.000
SUM] 0 1.3 s 195 datagrams ¢ ived out-of-order
31 .00-10.00 1a 440 MBytes 370 Mbits/sec 0.032

Open5GS, UDP, Down Link, 10 seconds, client.

Terminal for:

from . port 3
8.140.5 port 5201 connected to 152.168.140.6 port 48356

ID] Interwval Transfer Bitrate Total Datagrams
5] 0 ) 47.6 MBytes 4 Mbits/s 61

5] ) 47.7 MBytes 400 Mbits/s

5] 7 MBytes 400 Mbits/s

5] 7 MBytes 400 Mbits/s

5] 7 MBytes 400 Mbits/s

5] 7 MBytes 400 Mbits/s

5] MBytes 400 Mbits/s

5] 7 MBytes 400 Mbits/s
7 MBytes 400 Mbits/s

MBytes 400 Mbits/s

MEBytes

1
2
4
3
)

Interval Transfer Bitrate Jitter Lost/Total Datagrams
0.00-10.49 c 500 MBytes 400 Mbits/sec 0.000 ms 0/38903¢ (0%) sender

Open5GS, UDP, Down Link, 10 seconds, server.
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