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Abstract

This deliverable provides core network test results and validates that European network is
interoperable with Korean network and vice versa.

Index terms

5G, vEPC, interconnectivity, testing.

Inputs: 4.1 document, WP2.1 and WP2.2 documents
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1 Introduction
This is a document that describes the integration and system testing results of VNF/SDN/EPC
for EU and KR networks.

Section 2 gives a short overview of European and Korean platforms. Section 2.1 introduces
European 5GTN Network topology. EU platform is based on Nokia commercial products: MME
is called 9471 Wireless Mobility Manager (WMM), and SGW/PGW is called 7750 Virtualized
Mobile Gateway. Section 2.2 introduces shortly Korean platform.

Section 3 describes EU – Korean interconnectivity, integration and system testing results.

Section 3.1 shows results for internal testing within European EPC core. Testing was carried
without LTE access and with LTE access. jPerf/iPerf tools were used for performance testing.
To verify round trip time ping test was done.

Section 3.2 shows results for internal testing within Korean 5G Mobile Core. jPerf/iPerf tools
were also used for performance testing (only without LTE access). Also ping test was used to
verify round trip time.

Section 3.3 shows results for interconnection testing. Section 3.3.1 shows test results from
European side without LTE access. Section 3.3.2 shows test results from European side with
LTE access. jPerf/iPerf and ping tools were used for the testing.

Section 4 concludes this document showing the main outcome of interconnectivity testing.
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2 Key components of the VNF/SDN/EPC

2.1 Overview of architecture of EU platform
D2.1 Section 4 details the global architecture of the Core Network from the European side also
known as the 5GTN architecture. D4.1 Section 2 details European vEPC design,
implementation and deployment.

EU platform is based on Nokia commercial products. MME is called 9471 Wireless Mobility
Manager (WMM), and SGW/PGW is called 7750 Virtualized Mobile Gateway (VMG). More
detailed description can be found from deliverable D4.1.

European 5GTN Network Topology is shown in Figure 1.
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Figure 1 – European 5GTN Network Topology

vEPC functions MME (Mobility Management Entity), SGW (Serving Gateway), and PGW (PDN
Gateway) are physically located in Oulu (EPC / Oulu / DC CWC Oulu). HSS, PCRF, and DNS
(for MME) are physically located in Tampere (DC Tampere (Nokia). PGW is using DNS from
UOulu network.

Figure 2 below shows more detailed network diagram of European 5GTN.
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Figure 2 – European 5GTN Network Diagram

5GTN Network Elements in Oulu are physically located in two different sites. eNB’s and Juniper
SRX240 are located in Site 1. Juniper SRX240 is connecting external entities to 5GTN. DC
Tampere is connected via L2VPN connection. Korean entities are also connected using
dedicated L2VPN connection. Interconnection from Oulu to Korea is made through following
research networks: Funetó NordUnetó GEANT Openó TEINó KOREN. Max. bandwidth
of this L2VPN connection between Oulu to Korea is 1 Gbps. It can be expanded to 10GBps.

EPC is physically located in Site 2, and connected through University of Oulu (UOulu) switches
to radio access network.

2.2 Overview of architecture of KR platform
Korean 5G mobile core platform integrated with vEPC functions over NFV/SDN based
infrastructure can produce disparate types of mobile core service as shown in Figure 3 .
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Figure 3  - Korean integrated mobile core platform

Highly Scalable vEPC (HSvEPC) is to provide highly scalable 5G mobile core networks we
employed two types of scalability: functional scalability and service scalability. Functional
scalability means the capability of expansion of vEPC by separating conventional consolidated
functions into user plane and control plane functions by dynamic scaling operations over
virtualized network functions while service scalability is about diversification of core networks
for end users classified by applications, policy and other context information using network
slicing technology.

Highly Efficient vEPC (HEvEPC) is the optimized mobile core network for Mobile Hotspot
Networks (MHN) to enhance agility of the network. For faster and more dynamic mobility
management, S1 interface of the virtual EPC has been optimized in terms of user plane and
control plane.

Orchestrator is responsible for managing the functions such as network service life-cycle
management and the overall resource management. Service management or orchestration
deals with the creation and end-to-end management of the services — made possible by
composing different virtual network functions (VNFs).

The Manager oversees the lifecycle management of instances of virtual network function
(VNF). It is typically assumed that each VNF will be associated with a Manager that will manage
that particular VNF’s lifecycle. It also controls and manages compute, storage, and network
resources.
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3 VNF/SDN/EPC integration and system testing
EU - Korean interconnectivity is shown in Figure 4, and Figure 5.
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Figure 4 – EU – Korean Interconnectivity

EU – Korean dedicated interconnectivity is implemented using L2VPN. Dedicated L2VPN
connection path is UOuluó Funetó NORDUnetó Geant Openó TEINó KORENó ETRI.

Figure 5 – EU – Korean Interconnectivity Map
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3.1 EU CORE integration and system testing results

3.1.1 UOulu testing wihout LTE access

To verify downlink and uplink performance without LTE access, a PC with jPerf/iPerf tools was
connected to 5GTN core. EPC functionalities were not used in this test scenario. A simplified
test scenario is shown in Figure 6.

PC / JPERF Client

5GTN CORE IPERF Server at 5GTN
Cloud

Figure 6 – UOulu testing scenario without LTE access

Testing was peformed with iPerf tool. Some screenshots are from iPerf and some from jPerf
tool (iPerf with graphical interface). Testing was performed for both TCP and UDP traffic.

3.1.1.1 UOulu iPerf testing without LTE / TCP

Figure 7, Figure 8, and Figure 9 show results for iPerf testing without LTE access with TCP
traffic. Figure 7 shows uplink direction, and Figure 8 shows downlink direction captured at PC
connected to 5GTN core. Figure 9 is a screenshot at IPERF Server at 5GTN Cloud.

Uplink bandwidth was about 891 Mbits/sec. Downlink bandwidth was about 883 Mbits/sec.
Maximum bandwidth is about 1 Gbits/sec.

Figure 7 – UOulu iPerf testing without LTE access / TCP traffic / Uplink
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Figure 8 – UOulu iPerf testing without LTE access / TCP traffic / Downlink

Figure 9 – UOulu iPerf testing without LTE access / TCP traffic / IPERF server
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3.1.1.2 UOulu iPerf testing without LTE / UDP

Figure 10 shows results for iPerf testing without LTE access with UDP traffic.

Uplink bandwidth was about 819 Mbits/sec. Downlink bandwidth was about 910 Mbits/sec.
Jitter was just over 0.01 ms. Maximum bandwidth is about 1 Gbits/sec.

Figure 10 – UOulu iPerf testing without LTE access / UDP traffic

3.1.1.3 UOulu ping testing without LTE access

Round trip time was measured using ping test as shown in Figure 11. Average was about 1
ms.

Figure 11 – UOulu ping test without LTE access
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3.1.2 UOulu testing with LTE access

Testing was also performed with LTE access. A PC with LTE USB Stick and with jPerf/iPerf
tools was used. Simplified test scenario is shown in Figure 12. Used LTE band is Band 7, and
bandwidth is 5 MHz.

5GTN  CORE
and EPC

IPERF Server at 5GTN
Cloud

PC / JPERF Client

eNB

Figure 12 – UOulu testing scenario with LTE access

3.1.2.1 UOulu iPerf testing with LTE Access / TCP

Figure 13 and Figure 14 show results for iPerf testing with LTE access with TCP traffic. Figure
13 shows a client view. Figure 14 shows server view for the same test run.

Uplink bandwidth was about 6.2 Mbits/sec. Performance was pretty much what can be
expected with 5 MHz bandwidth. iPerf tool does not support downlink measurement when there
is NAT translation between end-points (NAT translation done at LTE USB Stick).

Figure 13 – UOulu iPerf testing with LTE access / TCP traffic / Client view

Figure 14 – UOulu iPerf testing with LTE access / TCP traffic / Server view
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3.1.2.2 UOulu iPerf testing with LTE access / UDP

Figure 15 shows results for iPerf testing with LTE access with UDP traffic.

Uplink bandwidth was about 11 Mbits/second. Jitter was about 1.6 ms. Performance was pretty
much what can be expected with 5 MHz bandwidth. iPerf tool does not support downlink
measurement when there is NAT translation between end-points (NAT translation done at LTE
USB Stick).

Figure 15 – UOulu iPerf testing with LTE access / UDP traffic

3.1.2.3 UOulu ping testing with LTE access

Round trip time was measured using ping test as shown in Figure 16. Average was about 44
ms.

Figure 16 – UOulu ping test with LTE access
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3.2 KR Core integration and system testing results

3.2.1 Testing without LTE access

The maximum achievable bandwidth on 5GMC (5G Mobile Core) network without LTE access
was measured by iPerf, which is a commonly used network testing tool. The iPerf has a client
and server functionality, and can measure the bandwidth between the two end points. In this
test scenario, the iPerf client was connected to the iPerf server running on PDN GW in 5GMC.
The simplified test scenario is shown in Figure 17.

Figure 17 – Testing without LTE connectivity

3.2.1.1 iPerf testing with TCP

The iPerf allows users to test TCP capacity. Figure 18 and Figure 19 show results for iPerf
testing with TCP data streams.  Figure 18 is a screenshot from the iPerf client using jPerf, a
GUI front end to the iPerf. Figure 19 shows an iPerf server view for the same test run.

Downlink bandwidth is about 941 Mbits/second.
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Figure 18 - iPerf testing without LTE access with TCP traffic / iPerf client view

Figure 19 - iPerf testing without LTE access with TCP traffic / iPerf server view
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3.2.1.2 iperf testing with UDP

Figure 20 and Figure 21 show results for iPerf testing with UDP streams. Figure 20 is a
screenshot of jPerf in the iPerf client side. Figure 21 shows server view for the same test run.

Uplink bandwidth is about 812 Mbits/second. Downlink bandwidth is about 910 Mbits/second.

Figure 20 - iPerf testing without LTE access with UDP traffic / Client view
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Figure 21 - iPerf testing without LTE access with UDP traffic / Server view

3.2.1.3 Ping

Round trip time was measured using ping test as shown in Figure 22. It was about 0.31 ms.

Figure 22 - Ping testing with ETRI server
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3.2.2 Testing with LTE access

Figure 23 shows initial test environment for testing vEPC functionalities with LTE access which
is Femtocell type Home eNB.

Figure 23 – Testing vEPC with LTE access

The initial network interface and address for the actual test is shown in Figure 24. There are 3
networks; one for communication between internal objects and two external networks for
control plane and data plane respectively.

Figure 24 – Network interface configuration



Title: Deliverable D6.2: VNF/SDN/EPC: integration and system
testing

Date: 29-06-2017 Status: Final

Security: Public Version: V0.1

The information contained in this document is the property of the contractors. It cannot be reproduced or transmitted to thirds
without the authorization of the contractors.

22 / 34

3.2.2.1 UE attachment

Initial attach request form UE

Authentication Information Request

Authentication Information Response / NAS security setup

Update Location Request / Answer

Credit Control Request / Answer

3.2.2.2 Session creation

Attach accept / EPS bearer establishment

Create Session Request from MME-SGW-PGW
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Create Session Response from PGW-CU -> SGW-CU -> MME

SGW-CU – SGW-DU connection with port 10005

PGW-CU – PGW-DU connection with port 10005

3.2.2.3 UE service

Figure 25 – PDN service test
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3.3 EU-KR integration and system testing results (Interconnection
results)

3.3.1 EU-KR testing wihout LTE access

To verify downlink and uplink performance without LTE access, a PC with jPerf/iPerf tools was
connected to 5GTN core. EPC functionalities were not used in this test scenario. A simplified
test scenario is shown in Figure 26.

Funet => NordUnet => GEANT => TEIN => KOREN

Dedicated Connection ETRI CORE IPERF Server at ETRI
Cloud (Korea)

5GTN CORE

PC / JPERF Client

Figure 26 – EU-KR testing scenario without LTE access

3.3.1.1 EU-KR iPerf testing with TCP

Figure 27 and Figure 28 show results for iPerf testing without LTE access with TCP traffic.
Figure 27 shows uplink direction, and Figure 28 shows downlink direction.

Uplink bandwidth was about 40.6 Mbits/sec. Downlink bandwidth was about 34.5 Mbits/sec.
Long round trip time (over 300 ms) is affecting bandwidth with TCP traffic.

Figure 27- EU-KR iPerf testing without LTE access / TCP traffic / Uplink
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Figure 28 – EU-KR iPerf testing without LTE access / TCP traffic / Downlink

3.3.1.2 EU-KR iPerf testing with UDP

Figure 29 shows results for iPerf testing without LTE access with UDP traffic.

Uplink bandwidth was about 807 Mbits/sec. Downlink bandwidth was about 813 Mbits/sec.
Jitter was on average 0.04 ms. Maximum bandwidth between EU and Korea is 1 Gbps.
Connection is shared with other users also, so results indicate that nearly whole bandwidth
was usable for testing at the time of test.
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Figure 29 – EU-KR iPerf testing without LTE access / UDP traffic

3.3.1.3 EU–KR ping testing without LTE access via dedicated connection

Round trip time was measured using ping test as shown in Figure 30. Average was about 303
ms.

Figure 30 – EU-KR ping test without LTE access via dedicated connection
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3.3.1.4 EU–KR ping testing without LTE access via public internet

For comparison a ping test was also done using public internet connection. Results are shown
in Figure 31. Average round trip time was about 304 ms. So round trip time was about the same
as with dedicated connection.

Figure 31 - EU-KR ping test without LTE access via public internet connection

3.3.2 EU-KR testing with LTE access

Testing was also performed with LTE access. A PC with LTE USB Stick and with jPerf/iPerf
tools was used. Simplified test scenario is shown in Figure 32. Used LTE band is Band 7, and
bandwidth is 5 MHz.

5GTN  CORE
and EPC

PC / JPERF Client

eNB

Funet => NordUnet => GEANT => TEIN => KOREN

Dedicated Connection ETRI CORE
IPERF Server at ETRI

Cloud (Korea)

Figure 32 – EU-KR testing scenario with LTE access

3.3.2.1 EU-KR iPerf testing with TCP

Figure 33 shows results for iPerf testing with LTE access with TCP traffic.
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Uplink bandwidth was about 9.31 Mbits/sec. Performance was pretty much what can be
expected with 5 MHz bandwidth. iPerf tool does not support downlink measurement when there
is NAT translation between end-points (NAT translation done at LTE USB Stick).

Bandwidth between EU – KR at core network is enough to get this uplink bandwidth with LTE
access. See Section 3.3.1.1.

Figure 33 – EU-KR iPerf testing with LTE access / TCP traffic

3.3.2.2 EU-KR iPerf testing with UDP

Figure 34 shows results for iPerf testing with LTE access with UDP traffic.

Uplink bandwidth was about 11.1 Mbits/sec.Jitter was about 1.5 ms. Performance was pretty
much what can be expected with 5 MHz bandwidth. iPerf tool does not support downlink
measurement when there is NAT translation between end-points (NAT translation done at LTE
USB Stick).

Bandwidth between EU – KR at core network is enough to get this uplink bandwidth with LTE
access. See Section 3.3.3.2.
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Figure 34 – EU-KR iPerf testing with LTE access / UDP traffic

3.3.2.3 EU–KR ping testing with LTE access

Round trip time was measured using ping test as shown in Figure 35. Average was about 413
ms.

Figure 35 – EU-KR ping test with LTE access

3.3.3 Testing wihout LTE access KR => EU

In order to test the performance of interconnection link without LTE access between mobile
core networks of Korea and Europe, a client PC with jPerf/iPerf tools to initiate the test from
the Korean side was connected to 5GMC (5G Mobile Core) as shown in Figure 36.
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Figure 36 – EU-KR testing scenario without LTE access

3.3.3.1 KR-EU iPerf testing with TCP

Figure 37 shows results for iPerf testing without LTE access with TCP traffic. The green dotted
line shows uplink direction, and blue one shows downlink direction.

Uplink bandwidth was about 59.8 Mbits/sec. Downlink bandwidth was about 37.8 Mbits/sec.
Long round trip time (over 300 ms) is affecting bandwidth with traffic of TCP protocol which has
delicate flow control and error control mechnism as a connection oriented transport protocol.

Figure 37 - EU-KR iPerf testing without LTE access / TCP traffic / Uplink

3.3.3.2 KR-EU iPerf testing with UDP

Figure 38 shows results for iPerf testing without LTE access with UDP traffic.

Both uplink and downlink bandwidth were measured about 812 Mbits/sec similarly with 1470
byte sized UDP datagram traffic. Jitter was on average 0.023 ms. The result shows
encouragingly almost full bandwidth considering that maximum bandwidth between Korea and
EU is 1 Gbps.
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Figure 38 – EU-KR iPerf testing without LTE access / UDP traffic

3.3.3.3 KR-EU ping testing without LTE access

Round trip time was measured using ping test as shown in Figure 39. Average was about 304
ms.
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Figure 39 – EU-KR ping test without LTE access via dedicated connection

3.3.4 Demos in Oulu on June 16, 2017

3.3.4.1 4K Video demo

4K video streaming was demonstrated via dedicated connection and public internet access.
Video servers were located in Korea. Video streaming is using UDP transfer. Downlink
bandwidth could be verified by computer’s performance tools available from “Task Manager”.

With dedicated access 4K video streaming showed very good performance, and used downlink
bandwidth was about 60 – 65 Mbits/sec. Bandwidth was less than 10% of total available
bandwidth.

4K video streaming via public internet was showing very bad quality. Downlink bandwidth via
public internet was about 8 Mbits/sec, which was not enough to get good end-user experience.

3.3.4.2 iPerf/jPerf demo

iPerf/jPerf tools were used to demonstrate uplink/downlink performance with dedicated
connection. Uplink/downlink bandwidth with UDP traffic was about 800 Mbits/sec, Jitter about
0.04 ms, and round trip time about 303 ms. Results were in line with results achieved previously
in Section 3.3.1.2.

Round trip time was measured both with dedicated connection and public internet. With both
cases it was about 300 ms.

It was not possible to perform iPerf/jPerf testing using public internet access.
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4 Conclusion/Summary
This deliverable provides the outcomes of integration and system testing results of
VNF/SDN/EPC for EU and KR networks.

Section 2 contains short overview of European and Korean platforms.

Section 3 contains internal test results for both European and Korean platforms, and also test
results for interconnectivity testing between European and Koran platforms. Section 3.1
contains test results for internal testing within European platform. Section 3.2 contains test
results for internal testing within Korean platform. Section 3.3 contains testing results for
interconnectivity testing between European and Korean platforms.

Internal testing sets benchmark points for interconnectivity testing. It shows maximum
reachable bandwidths within both systems.

At European test network, testing without LTE access with TCP traffic showed uplink/downlink
bandwidth just below 900 Mbits/sec. For UDP traffic uplink bandwidth was about 820 Mbits/sec,
and UDP downlink bandwidth about 910 Mbits/sec. Testing with LTE TCP uplink bandwidth
was about 6.2 Mbits/sec, and for UDP uplink bandwidth 11 Mbtis/sec.

At Korean test network testing was done without LTE access. TCP uplink bandwidth was about
941 Mbits/sec. UDP uplink bandwidth was about 812 Mbits/sec, and UDP downlink bandwidth
was about 910 Mbits/sec.

Interconnectivity testing was performed to verify if there exist any bottlenecks between
systems. EU-KR interconnectivity was tested without LTE access, and with LTE access.

Testing without LTE access with TCP traffic showed that latency (round trip delay over 300 ms)
sets maximum uplink/downlink bandwidth to about 35 – 40 Mbits/sec. Maximum bandwidth
with UDP traffic was about 800 Mbits/sec. So there was not much deterioration to performance
with UDP traffic.

At demo session at Nokia in Oulu (16th June 2017) 4K video streaming (video servers in Korea)
was demonstrated. Same video content was streamed via dedicated connection and via public
internet. Video streaming via dedicated connection showed very good quality but via public
internet connection video quality was very poor giving very bad end-user experience.

iPerf/jPerf demo showed similar results that have been reported in Section 3.3.1.2.

D6.4 will be the document that is the one of the outcome of this report.
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