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Abstract 

D1.3 is a public deliverable, which presents and details the overall progress made in the first and second 
(final) year of the 5GCHAMPION project towards achieving its stated objectives. In the deliverable is 
presented the description of the progress made in each work package (WP) with a specific focus on the 
contribution of each work package to the overall 5GCHAMPION objectives. This deliverable indeed, describes 
and details the scientific and technical achievements obtained through the active collaboration and work 
between the 21 partners from Korea and Europe across the five technical work packages and the two 
management and dissemination, standardization and exploitation of project results work packages. Moreover, 
a section is dedicated to the initial impact of 5GCHAMPION though its dissemination activities, presence on 
relevant standardization bodies and active exchange with dedicated press.  

Across the all document, the successful  5GCHAMPION trial results showcased in Pyeongchang during the 
2018 Winter Olympic Games in the K-ICT Square and on the óIoT Streetô are detailed. In addition, details and 
memories from the  the ó5GCHAMPION training workshopô, held on the 23rd of February in Seoul are 
presented. 

Detailed usage of resource and work carried out by each WP are described in Annex 1 and 2. 

 

Index terms 

5G networks, Satellite, SATCOM, positioning, mmWave, backhauling/fronthauling, objectives, SDR, Project 
Management, Dissemination, final report. 
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1 Executive Summary 

During the past few years, a significant amount of progress has been made towards the 
definition and development of 5th Generation (5G) mobile network technology, whose mass 
deployment is targeted in 2020. Today, the 5G community has acknowledged that the key 
building blocks of 5G networks are millimeter-wave (mmWave) backhauling, fronthauling or 
access, evolved packet core with advanced Network Functions Virtualisation/Software Defined 
Networking (NFV/SDN), and reconfigurable waveforms. Once these technologies are 
commercially available and well-integrated into a pervasive mobile network, 5G will become 
the enabler of a large variety of use-cases. The aim of the 5GCHAMPION (5G Communication 
with a Heterogeneous, Agile Mobile network in the PyeongChang wInter Olympic competitioN) 
project has been to deliver, at the Winter Olympic Games in Korea in 2018, the very first proof-
of-concept (PoC) of a 5G system covering: 

(i) enhanced mobile broadband with application scenarios such as shared virtual-
reality and ultra-high definition video streaming,  

(ii) time-critical use-cases with application scenarios such as virtual-reality games and 
motion control, and  

(iii) moving hot-spots with application scenarios such as content sharing, video 
streaming, and virtual-reality in a moving bus. 

Additionally, stand-alone 5G technology innovations have been developed in Europe for 
massive IoT applications and connectivity via satellite links below 6 GHz, seamless indoorï
outdoor positioning, and ultra-high data-rate indoor connectivity; in Korea, high-user mobility in 
high-speed train scenarios will be also investigated. 

In conjunction with the Winter Olympic Games venue, the 5GCHAMPION project has 
showcased the 5G application experience for two users connected to two different 5G 
networks, one in Europe and one in Korea:  

(i) being served by either static or mobile mmW links;  
(ii) sharing a latency-critical service, for example, remote gaming or remote control 

using VR; and  
(iii) demanding broadband services, for instance, shared VR content. Compared to 

some of the most relevant 5G demonstrations that have been publicly announced 
by KT, SKT an LG for 2018, the 5GCHAMPION project take a unique place in the 
overall 5G demonstration landscape by piloting, for the first, time trials on 
applications that cover IoT systems and broadband, ultra-high data rate, and 
interactive-VR or broadband content delivery in a moving bus. 

5GCHAMPION has started in June 2016 and ended in June 2018, being one of the three H2020 
projects launched for the first time in the framework of the collaboration between MIST (Korea) 
and European Commission (Europe). Accordantly with its ambition to develop key enabling 
technologies for a proof-of-concept environment, 5GCHAMPION successfully showcased 5G 
services in February 2018 at the 2018 Winter Olympics in PyeongChang, Korea. This allowed 
maximum visibility for the available technology two years ahead of 2020, i.e. the official launch 
of 5G.  
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2 Explanation of the work carried out and overview of the 
progress 

2.1 Summary of the work carried out 

During the two years of the 5GCHAMPION project activity, 30 deliverables and 3 internal 
reports have been completed and submitted by the 5GCHAMPION consortium according with 
the project planning. Thanks to the great collaborative effort between European and Korean 
partners, the technical and scientific work carried out of high quality. The technical results have 
been published and presented in over 32 accepted conference contributions and 10 accepted 
journal papers. 6 milestones have also been achieved during this period. 

The major contribution of the 5GCHAMPION project are: 

¶ Proof-of-concept of a 5G a full 5G testbed including an indoor backhaul link, an 
outdoor backhauling link and a core network. This PoC has been demonstrated in 
Gangneung February 20 ï 22, 2018, EU-system had max throughput of 2.5 Gbit/s and 
latencies from 1 ms to 2 ms and use cases running on top of system were 360° live 
video feed consuming around 1.3 G bps bandwidth and having also IOT data on top 
of it plus remote control possibility. Multi-hundred Gbit/s Wi-Fi service in the subway 
running in the tunnel and immersive 3D multi-view video streaming in the moving bus 
have been also demonstrated.  

¶ Proof-of-concept in laboratory of a testbed demonstrating a seamless access to 
satellite communications for narrowband IoT service; 

¶ Proof-of-concept of an indoor short range communication with a maximum data rate 
of 20 Gbit/s; 

¶ Proof-of-concept in laboratory of a testbed demonstrating the possibility to couple 
mmWave and GNSS networks to accurate positioning applications; 

¶ Proof-of-concept of next generation antennas for electronically beam-forming in the 
28 GHz frequency band. 
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2.1.1 Deliverables 

The deliverables (D) and internal reports (IR) listed in the following table have been completed 
and delivered to the European Commission during the first and second years of the 
5GCHAMPION project according to project deliverables planning. The public deliverables (PU) 
have also been published on the project website. 

Deliverable associated to the WP1 

Deliverable Deliverable name Due date Delivery date 

D1.1 Quality plan 31 Aug 2016 21 Oct 2016 

D1.2 First periodic report 31 May 2017 08 Jun 2017* 

D1.3 Final report 01 Sep 2018 Sep. 2018* 

D1.4 
5GCHAMPION impact report and 
future EU-KR collaboration plan 

31 May 2018 Sep. 2018* 

* Shift agreed with PO 

Deliverable associated to the WP2 

Deliverable Deliverable name Due date Delivery date 

IR2.1 

Preliminary document of 
5GCHAMPION architecture, API- 
and interface specifications 
approved 

31 Aug 2016 03 Oct 2016* 

IR2.2 
Preliminary 5GCHAMPION Key 
Performance Indicator and use 
cases defined 

31 Aug 2016 30 Sep 2016* 

D2.1 
5GCHAMPION Architecture, API- 
and interface document approved 

31 Mar 2017 31 Mar 2017 

D2.2 
5GCHAMPION Key Performance 
Indicator and use cases defined and 
specification document written 

31 Mar 2017 31 Mar 2017 

* Shift agreed with PO 

Deliverable associated to the WP3 

Deliverable Deliverable name Due date Delivery date 

D3.1 Front-end design 30 Nov 2016 29 Nov 2017 

D3.2 
Electronically reconfigurable 
antenna arrays for backhauling & 
fronthauling 

31 Aug 2017 30 Oct 2017* 

D3.3 
Beamforming antennas and front-
end integration 

30 Nov 2017 23 Jan 2018* 
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D3.4 
Algorithms for backhauling & 
fronthauling 

31 May 2017 31 May 2017 

D3.5 
mmWave backhauling & 
fronthauling platform 

31 May 2017 05 Jun 2017 

D3.6 
mmWave backhauling & 
fronthauling implementation 

31 Mar 2018 20 Apr 2018* 

D3.7 
Preliminary results on the mobility 
framework 

31 May 2017 02 Jun 2017 

D3.8 
Final results on the mobility 
framework 

31 May 2018 25 May 2018 

* Shift agreed with PO 

Deliverable associated to the WP4 

Deliverable Deliverable name Due date Delivery date 

D4.1 
Operator grade NFV based and 
SDN-enriched EPC environment at 
5GTN environment 

31 May 2017 31 May 2017 

D4.2 

Design and implementation report 
on Mobility Management, Integrated 
Orchestration and VNFs in a 
Distributed Mobile Core 

30 Nov 2017 01 Dec 2017 

D4.3 
Deployment and interoperability 
report on Distributed Mobile Core 
testbed between Korea and Oulu 

31 May 2018 25 May 2018 

* Shift agreed with PO 

Deliverable associated to the WP5 

Deliverable Deliverable name Due date Delivery date 

D5.1 
5G Satellite Communication 
analysis - intermediate version 

31 May 2017 05 Jun 2017 

D5.2 
5G Satellite Communication 
analysis - final version 

31 May 2018 25 May 2018 

D5.3 

Ubiquitous sub meter accuracy 
positioning with Galileo and wireless 
network features ï intermediate 
version 

31 May 2017 31 May 2017 

D5.4 
Ubiquitous sub meter accuracy 
positioning with Galileo and wireless 
network features ï final version 

31 May 2018 24 May 2018 

* Shift agreed with PO 
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Deliverable associated to the WP6 

Deliverable Deliverable name Due date Delivery date 

IR6.1 
System level testing of ñproof of 
conceptò phase1 

31 Aug 2017 31 Aug 2017 

D6.1 
Access and backhaul: Integration 
and system testing 

31 Jul 2017 30 Oct 2017* 

D6.2 
VNF/SDN/EPC: Integration and 
system testing 

31 Jul 2017 30 Jun 2017 

D6.3 
Integration and system testing 
phase of satellite scenario 

31 May 2018 01 Jun 2018 

D6.4 
System level testing of ñproof of 
conceptò phase2 

31 May 2018 20 Apr 2018 

* Shift agreed with PO 

Deliverable associated to the WP7 

Deliverable Deliverable name Due date Delivery date 

D7.1 
Plan for standardization and 
dissemination 

31 Aug 2016 30 Sep 2016* 

D7.2 
Status of standardization and 
dissemination and update of plan 

28 Feb 2017 28 Feb 2017 

D7.3 
Organization of a Special Session at 
a key conference 

31 May 2017 31 May 2017 

D7.4 
Status of standardization and 
dissemination and update of plan 2 

28 Feb 2018 13 Apr 2018* 

D7.5 
Showcasing Proof-of-Concept 
results at a key event 

31 May 2018 08 Jun 2018* 

* Shift agreed with PO 
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2.1.2 Milestones 

The milestones listed in the following table have been achieved during the first and second 
years of the project according with the project planning.  

Milestone Milestone name Due date Delivery date 
Means of 

verification 

M1 Project public website 30 Jun 2016 
28 Sep 2016 
(shift agreed 

with PO) 

URL accessible 
and content 
populated 

M2 

5GCHAMPION Key 
performance indicators, 
use cases and interface 

final definition & 
specification for PoC 

31 Mar 2017 31 Mar 2017 D2.1 and D2.2 

M3 
System testing of ñproof 

of conceptò 
  

D3.5, D4.1, 
IR6.1 

M4 
PoC at 2018 

Pyeongchang Winter 
Olympic Games 

Feb 2018 20-22 Feb 2018 
D7.5  

(08 Jun 2018) 

M5 

Consolidated 5G 
Satellite communication 

analysis and PoC and, 
ubiquitous sub meter 

accuracy positioning with 
Galileo and wireless 

network features 

31 May 2018 31 May 2018 

D5.2, D5.4 and 

D6.3 

M6 

Consolidation of 
dissemination, 

standardization and 
future collaborations 

31 May 2018 31 May 2018 
D1.4, D7.4, 

D7.5 
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2.2 Work carried out towards objectives 

2.2.1 Work carried out towards objective 1 

Objective 1: Provide a mmWave high capacity backhaul link with 2.5 Gbit/s maximum 
data-rate: the 5GCHAMPION delivers pre-commercial and pre-standard PoC transceivers for 
a mmWave wireless backhaul link capable of 2.5 Gbit/s data rate by using high order 
modulation, innovative adaptive hybrid analog-digital beamforming, and 400 MHz bandwidth in 
24-28 GHz band. 

Work Developed: 

Figure 1 shows the block diagram of the system integration. The BB unit implements a 5GTF-
like / type physical layer and it is fully developed by NOKIA. It supports up-to 8 MIMO-OFDM 
channels, with 100MHz Carrier Component and up-to 64QAM modulation. Multiple carrier 
components can be aggregated in the frequency domain, reaching an overall maximum 
bandwidth of 800 MHz. In a configuration with 4 BB cards (maximum capacity for the DFE), 20 
Gbit/s link can be achieved. Operational frequency at 26.5-29.3 GHz, focus on 26.5 to 27.5 
GHz used in the Olympics.  

 

Figure 1: Functional split of different modules in the 5GCHAMPION EU mmW backhaul testbed. 

Status of the Objective: 

Demonstrated in Gangneung February 20 ï 22, 2018, EU-system had max throughput of 2.5 
Gbit/s and latencies from 1 ms to 2 ms and use cases running on top of system were 360° live 
video feed consuming around 1.3 Gbps bandwidth and having also IOT data on top of it plus 
remote control possibility. 

2.2.2 Work carried out towards objective 2 

Objective 2: Provide up to 20 Gbit/s user data rate over a mmWave indoor link: the 
5GCHAMPION will deliver pre-commercial and pre-standard PoC transceivers for a mmWave 
5G UE ï radio access link capable of 20 Gbit/s data rate by using high order modulation, 8x8 
MIMO and 400 MHz bandwidth in 24-28 GHz frequency. 

Work Developed: 

With this demo system 20 Gbits per second was achieved to one direction, TX or RX (Figure 
2). System consisted of 4 times 100 Mhz carriers each having capacity of 5 Gbit/s per carrier 
so all together 20 Gbit/s. 
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Modulation used was 256 QAM, and it was made using Matlab algorithms which acted as a 
baseband of real system. Coding rate 0.9 was achieved. See Figure 3 for details. 

System had also 8 times 8 massive MIMO antennas, so 64 pcs all together. 

Theoretical speed of system is 20.5 Gbit/s with very low interfering environment and testing 
has shown that around of 20Gbs can be achieved. RF parts are using 28 Ghz band in 
antenna side and ñBTSò is having 4 Ghz band for IF towards to antenna. 

 

 Figure 2: Demo system overview. 

 

Figure 3: Equation of theoretical speed. 
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Status of the Objective: 

Succesfully demonstrated the 20Gbit/s system may 2018. Please see attached video link: 
https://5g-champion.bscw.de/sec/bscw.cgi/8988.   

2.2.3 Work carried out towards objective 3 

Objective 3: Provide in the high mobility scenario a user-experience of 100 Mbit/s: the 
5GCHAMPION will demonstrate with the final PoC demonstration that users in mobile hot-
spots, such as train or bus, can benefit of a data-rate of 100 Mbit/s for UHD or an immersive 
video conferencing service. 

Work Developed: 

WP2 contributed to this objective by defining the end-to-end network architecture enabling the 
high mobility scenario and use cases for verifying the high mobility scenario (D2.2) and by 
identifying the related KPIs (D2.2). A specific topic for simulating the high user mobility in range 
of 500 km/h was initiated and specified (D2.2) when it became clear that such environment 
(high-speed train) would not be available in the 2018 PyeongChang Winter Olympics. The radio 
access technology specific work for the mobility in range of 80 km/h was started in the first 
period of the project by identifying the key factors for mmWave systems regarding spectrum 
availability and regulations, radio channel and RF technology readiness (D2.2) and specifying 
the radio access architecture for the KR testbed (D2.1). 

The activities towards this objective were carried on in T3.2 and T3.4. More specifically, T3.2 
focused on the numerology and precoding schemes for the HST use-case, whereas T3.4 on 
the mobility management protocols and channel modeling for HST. The final results on those 
tasks are provided in deliverables D3.4 and D3.8: 

¶ D3.4 ñAlgorithms for backhauling & fronthaulingò 

¶ D3.8 ñFinal results on the mobility frameworkò 

The following results have been achieved: 

1) Numerology for HST: In a HST scenario the phase-noise and Doppler-shift/spread are 
key aspects to consider when defining the numerology for an OFDM transmission. In 
T3.2 a simulation study was carried on to evaluate the most robust subcarrier spacing. 
It was found that using larger subcarrier spacing values of at least 120kHz would be 
beneficial in terms of BLER and spectrum efficiency performances (~3.75 bps/Hz with 
64QAM and ¾ coding rate)  

2) Reference Signaling (Pilot): A study on reference signaling in high speed environments 
employing mmW bands, where the effect of Doppler shift/spread becomes quite 
significant, was carried on. BLER and spectrum efficiency of the proposed 
demodulation reference signal (DMRS) sets were evaluated through extensive link-
level simulations. It was found that, in a high speed train environment, using frequency-
domain sparse and time-domain dense DMRS allocation would be beneficial in terms 
of BLER and spectrum efficiency performances. 

3) Precoding schemes: A simulation-based comparison between spatial-multiplexing (V-
BLAST) and diversity schemes was carried on for a HST scenario. Under the 
assumption of error-free channel estimation, it was found that V-BLAST method can 
reach higher data-rate than diversity scheme, though with a few dB higher SNR 
requirement.  

4) Channel modelling: Two approaches were used to investigate the characteristics of a 
wireless channel at high speeds up to 500 km/h and its dependency on the geometry 

https://5g-champion.bscw.de/sec/bscw.cgi/8988


 

Title: Deliverable D1.3: Second period report 

Date: 30-09-2018  Status: Final  

Security: PU  Version: V1.0  

 
 
 

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.  

19 / 213 

 

and nature of the environment, especially at the mmW frequency band. One approach 
is based on a geometric-stochastic channel model (QuaDRiGa) similar to the WINNER 
and 3GPP-3D model, however, with the additional feature of delay and direction 
tracking of the channel paths. The new feature is enabled by the model for small-scale 
drifting and the birth and death of multipath components. The second approach is 
based on a ray-tracing simulator optimized for various scenarios of HST 
communication. A channel measurement campaign in a rural train environment was 
carried out, both to obtain the statistical parameters of the radio channel and to validate 
the models. Link-level simulations were carried out using the channel model at speeds 
of 100 km/h, 300 km/h and 500 km/h to show that a user experience of 100 Mbit/s can 
be achieved. 

5) Mobility management: Having directional communications to compensate the high path 
loss of mmW links is a limitation to mobility. In WP3, a location-aware radio access and 
handover solution was investigated to improve the link reliability. 

PoC demonstration for the mobile hotspot services such as train and bus were successfully 
conducted during the 5GCHAMPION project. The 100 Mbit/s high mobility user-experience 
required for supporting new services such as ultra-fast Wi-Fi and 3D multi-view video streaming 
were also successfully achieved. 

¶ Subway demonstration was carried out as a form of an in-train Wi-Fi bench mark test 

in December 2017. The terminal equipments (TEs) were deployed at the driverôs cab 
so they can communicate with radio units (RUs) deployed along the subway tunnel, as 
seen in Figure 4. The Wi-Fi APs were installed at each carriage, providing high-mobility 
ultra-fast Wi-Fi service to passengers. In the passenger carriage, using an actual 
smartphone, data rate was measured as 394 Mbit/s in the downlink and 153 Mbit/s in 
the uplink, while running in the tunnel, as seen in Figure 5. 

  

Figure 4: PoC demonstration in the subway. Figure 5: Wi-Fi speed test in the subway. 

¶ Bus demonstration was conducted on Yulgok street in Gangneung city near ICT 
square, where the RUs were installed along the street and the TE was deployed at the 
front of the bus. Inside the bus, an immersive 3D multi-view service was successfully 
performed as seen in Figure 6, which requires minimum 1.5 Gbit/s data rate. During 
the bus demonstration, the data rate was measured at 2-4 Gbit/s.  
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Figure 6: Immersive 3D multi-view demonstration in the bus. 

Status of the Objective: 

The objective 3 was successfully achieved by providing multi-hundred Gbit/s Wi-Fi service in 
the subway running in the tunnel and by demonstrating immersive 3D multi-view video 
streaming in the moving bus. 

2.2.4 Work carried out towards objective 4 

Objective 4: Provide a seamless access to satellite communications for 5G devices: the 
5GCHAMPION will PoC key enablers for the provision of narrowband IoT service to 5G UE óas 
isô via a satellite component offering global service coverage. 

Work Developed: 

The task T5.1 is intended to provide two deliverables: 

¶ D5.1 ñ5G Satellite Communication analysis ï intermediate versionò (M12), 

¶ D5.2 ñ5G Satellite Communication analysis ï final versionò (M24). 

The intermediate version includes the following points: 
 

- Link budget for the link ñ5G UE ï satelliteò, taking into account satellite channel 
characteristics in different contexts (GEO/MEO/LEO/HAPS). The link budget 
calculations also rely on typical UE characteristics expected for low data rate services 

in terms of transmit power, operating  and BLER, bandwidth, sensitivity and 

polarization (related to objective 5.1) 
- Performance comparison of candidate 5G radio interfaces based on software 

simulations (related to objective 5.1) 
- Definition of configuration and operation modes at transmission and MAC level to 

improve system performance without UE hardware modification (related to objective 
5.2) 
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- Increase of service rate using RadioApps solution and novel reconfiguration features 
of equipment in order to improve overall system KPIs such as throughput and link 
robustness (related to objective 5.2) 

- System performance analysis in terms of throughputs and number of served users 
(related to objective 5.2) 

 
The final version further includes: 
 

- Waveform optimization, including reduction of peak-to-average power ratio and pilot 
distribution (related to objective 5.1) 

- Receiver algorithm design, including Doppler estimation for LEO constellations and 
channel estimation (related to objective 5.1) 

- Update on the system performance analysis in terms of throughputs and number of 
served users (related to objective 5.2) 
 

Documents D5.1 and D5.2 have been finalized, providing a sound basis to objective 5.1 and 
objective 5.2., with the following results 

¶ Link budget analysis has been performed, showing that the required performance at 
the satellite side is compatible with state-of-the-art technology. 

¶ Different waveforms have been analyzed and compared in terms of envelope 
fluctuations, and capacity in an AWGN and frequency selective channel. 

¶ Specification at physical link has been performed, including synchronization and 
Doppler compensation procedure, Doppler and estimation algorithm definition, pilot 
density optimization, PAPR reduction 

¶ Estimation of number of users served per km² has also been performed based on the 
considered system and architecture definition, showing that several tens of thousands 
users per km² can be served by satellites and up to 1 million users in case of HAPS. 

¶ The ETSI SW reconfiguration framework has been identified as the best candidate to 
meet the requirements of mass-market software requirements. 

¶ Finally, the test bed architecture and test cases have been defined 

Status of the Objective:  

The work has been carried out on time for this objective. 

2.2.5 Work carried out towards objective 5 

Objective 5: Demonstrate 1-2 ms latency over the 5G wireless backhaul link: using short-
radio frame and TDD mechanisms over the mmWave wireless backhaul interface, the 
5GCHAMPION demonstrates capability of providing low latency communications. 

Work Developed: 

EU: Created a pre-commerical 5G POC system that had max latency from end-to-end 2ms. 
More info in 2.2.1 paragraph. 

Status of the Objective: 

Demonstrated in Gangneung 20-22.2.2018 , EU -system had around 1.2ms latency using 360 
video-, IOT- and remote control use cases. 
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2.2.6 Work carried out towards objective 6 

Objective 6: Demonstrate an agile management of the core network functionality and 
services: the 5GCHAMPION will implement SDN/NFV based on an evolved packet core 
close to the radio access either using a localized (Europe) or distributed (Korea) edge cloud 
architecture. 

Work Developed: 

The focus of WP4 has been on designing, implementing and evaluating multiple flavours of 
SDN/NFV-based evolved packet core networks. The work was driven by the three tasks in 
WP4.  

¶ In task T4.1 Mobile Core TestBeds have been deployed at EU and KR side, providing 
the necessary SDN/NFV infrastructure. In this context, the 5GTN testbed has been 
extended with the necessary network and cloud facilities to empower several PoPs 
enabling the deployment of multiple EPCs for the envisioned 5G testbeds. The 3 KR 
Points of presence were interconnected in this context, enabling the different PoCs.  

¶ Task T4.2 was responsible for the development of Management and Orchestration 
functionality of the SDN/NFV-based evolved packet core networks. This provides the 
core to enable agility in deployment of vEPC functionality. The KR partners have 
developed their custom DCNM MANO framework enabling dynamic and on-demand 
deployment of the KR vEPC. In addition, MANO functionality has been developed to 
support multi-access networking and technologies on the KR testbeds with the Multi-
Access Networking Coordinator SDN controller on WIFI, 4G and wired access 
networks. Finally, this task implemented functionality enabling distributed mobility 
management (DMM) on distributed edge clouds on the KR K-One playground. 

¶ For T4.3, the individual vEPC components have been developed which can be 
deployed using the MANO frameworks of T4.2 on the testbeds coming from T4.1. The 
EU partners focused on the Nokia vEPC, OpenEPC and OpenAirInterface EPC. The 
KR partners developed from scratch the HSvEPC. The latter has been succesfully 
demonstrated in multiple PoCs. 

Status of the Objective: 

The objective has been fully achieved, as both EU and KR sides have successfully 
implemented, evaluated and demonstrated their agile SDN/NFV-based evolved packet cores 
enabling dynamic scaling, illustrated interoperability and validated support for multi-RAT 
technologies and distributed edge clouds in the KR K-One playground. 

2.2.7 Work carried out towards objective 7 

Objective 7: Ubiquitous (indoor-outdoor) location accuracy < 1 m: the 5GCHAMPION will 
design and demonstrate seamless transition of positioning service when moving from 
outdoor to indoor thus offering co-operative seamless positioning service provided by GNSS 
outdoor and 5G system indoor with a positioning accuracy of 1 m. 

Work Developed: 

The task T5.2 of the WP5 provided two deliverables: 

¶ D5.3 ñUbiquitous sub meter accuracy positioning with Galileo and wireless network 
features ï intermediate versionò  (M12) 
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¶ D5.4 ñUbiquitous sub meter accuracy positioning with Galileo and wireless network 
features ï intermediate version ï final versionò  (M24)  

These documents provide a sound basis to objective 5.1, objective 5.3 and objective 5.4. In 
particular, the documents provides insight on the following points: 

¶ Selection of the best GNSS precise positioning method, increasing performance with 
the new Galileo constellation (objectives 5.1 and 5.3). 

¶ Selection of a GNSS equipment and a reference station that are both compatible with 
Galileo. 

¶ Development of a 5G positioning algorithm via one base-station system (objective 
5.4). 

¶ Definition of an algorithm combining GNSS and 5G data for outdoor positioning 
(objectives 5.1 and 5.3). 

¶ Definition of a format for 5G positioning data packets (objective 5.1) 

¶ Definition of a server relaying orbit/clock corrections, 5G positioning data and user 
location (objective 5.1 and 5.3). 

¶ Definition of a GNSS/5G test bed and use cases (objectives 5.1 and 5.3). 

Due to a provider failing to deliver on time some hardware components required for mmWave 
positioning, the testbed was integrated with all GNSS hardware and software components, and 
5G software components emulating the positioning data provided by the mmW system 
(objective 6.1). Tests were run in Toulouse in various environment: clear sky, urban, canyon 
and indoor. 

This test bed has demonstrated its feasibility to reach < 1m accuracy outdoors, and < 1 m 
accuracy indoors with mmW antennas has been demonstrated via simulations. All results have 
been published in D6.3. 

Status of the Objective: 

Partially completed. 

2.2.8 Work carried out towards objective 8 

Objective 8: Contribute to Global 5G standardization: industrial partners of 5GCHAMPION 
will contribute to future mobile communications standards such as ETSI, 3GPP and IEEE, as 
well as to open fora which evaluate and recommend technologies such as NGMN, Small Cell 
Forum and ITU-R. These efforts will be coordinated across Korean and European partners 
in order to approach standardization in a cooperative way, e.g. by proposing new working 
groups and study items and by jointly disseminating project results, and to allow for stronger 
and long-term impact. 

Work Developed: 

5G CHAMPION contributed substantially to global 5G standardization through Task 7.2. The 
main results were achieved as follows: 

¶ 3GPP: 5G CHAMPION partners have been contributing to the scenario and evaluation 
assumption descriptions for the 5G NR high speed scenario in 3GPP. In addition, there 
have been partner contributions on the study of new radio technology standardization 
especially on the numerology, frame structure, channel structure, and MIMO-related 
topics. 5G CHAMPION partners are thus recognized by the community as key 
contributors and thought leaders and are perfectly positioned to further drive the 
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technology evolution. As a post-project follow-up, 5GCHAMPION consortium 
members will furthermore prepare inputs for several 3GPP SA and RAN WG 
preparation meetings for the possible contributions for actual SA and RAN WG Study 
or Work items, especially related to mmWave beamforming and/or steering and 
Satellite Technology. Some example contributions are given below: 
 

Table 1: Examples of contributions to 3GPP by 5G CHAMPION consortium members. 

Reference Document Title Impact Status 

3GPP TR 
22.891 

Feasibility Study on New 
Services and Markets 
Technology Enablers; 
Stage 1 (Release 14) 

Adding a use case ñ5G Connectivity 
Using Satellitesò (clause 5.72) 

Done in SA1 

3GPP TS 
22.261 

Service requirements for 
next generation new 
services and markets 
[TBD]; 

Stage 1 (Release 15) 

Add a new basic capability 
ñSatellite Accessò (Clause 6.3.2.3): 

The 3GPP system shall be able to 
provide services using satellite 
access.  

The 3GPP system shall support 
service continuity between land 
based and satellite based access 
networks owned by the same 
operator or by an agreement 
between operators 

SA1#75 decision 
(August 2016) 

3GPP TR 
38.913 

Study on Scenarios and 
Requirements for 

 Next Generation 
Access Technologies; 

(Release 14) 

Adding of a new deployment 
scenario ñSatellite extension to 
Terrestrialò (Clause 6.1.12) 

RAN#72 decision (June 
2016) 

3GPP TR 
23.799 

Study on Architecture 
for Next Generation 
System (Release 14) 

Add an architectural requirement 
(Clause 4.1): Satellite radio access 
network (3GPP and non 3GPP 
defined) shall be supported (for 
phase 2) 

Add a new key issue 22: Support of 
ñ5G connectivity via satelliteò use 
case 

SA2#116bis decision 
(September 2016 

 

¶ ETSI: 5G CHAMPION has been substantially successful in ETSI standardization, 
including in particular in the Technical Committee Reconfigurable Radio Systems (TC 
RRS) which is lead by consortium partner INTEL; and in the Technical Committee 
Intelligent Transport Systems (TC ITS). In TC RRS, consortium partners have been 
collaborating in order to develop an innovative and novel Software Reconfiguration 
Framework; this objective has been achieved through the publication of the following 
set of European Norms: 
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o ETSI EN 302 969 V1.2.1 (2014-11), Reconfigurable Radio Systems (RRS); 

Radio Reconfiguration related Requirements for Mobile Devices  
o ETSI EN 303 095 V1.2.1 (2015-06), Reconfigurable Radio Systems (RRS); 

Radio Reconfiguration related Architecture for Mobile Devices 
o ETSI EN 303 146-1 V1.2.1 (2015-11), Reconfigurable Radio Systems (RRS); 

Mobile Device Information Models and Protocols; Part 1: Multiradio Interface 
(MURI) 

o ETSI EN 303 146-2 V1.2.1 (2016-06), Reconfigurable Radio Systems (RRS); 
Mobile Device (MD) information models and protocols; Part 2: Reconfigurable 
Radio Frequency Interface (RRFI) 

o ETSI EN 303 146-3 V1.2.1 (2016-08), Reconfigurable Radio Systems (RRS); 
Mobile Device (MD) information models and protocols; Part 3: Unified Radio 
Application Interface (URAI) 

o ETSI EN 303 146-4 V1.1.2 (2017-04), Reconfigurable Radio Systems (RRS); 
Mobile Device (MD) information models and protocols; Part 4: Radio 
Programming Interface (RPI) 
 

This work is currently being extended from Software Reconfiguration on Mobile 
Devices to Software Reconfiguration of Wireless Equipment in general. The 
consortium was furthermore able to bridge general Software Reconfiguration solutions 
and automotive applications, which finally lead to a high profile Workshop organized 
by consortium partners Hanyang University and INTEL in conjunction with an ETSI TC 
RRS meeting in Seoul, Korea on 17-21 September 2018: ñ2018 Smart Radio 
Symposium :  5G & Autonomous Vehiclesò.  
In the field of virtualization, contributions were submitted to standards bodies in the 
field of MANO (Management and Orchestration). To give a specific example, 5G 
CHAMPION partner KT has tested a variety of 5G VNF solutions from global vendors. 
From the view point of service provider, KT has contributed to the definition of the 
requirements for 5G MANO. 
In the context of Satellite systems handled in ETSI TC SES, a new work item 
referenced DTR/SES-00405 has been initiated. Entitled ñSatellite Earth Stations and 
Systems (SES); Seamless integration of satellite and/or HAPS (High Altitude Platform 
Station) systems into 5G system;ò, it aims at identifying 5G systems architecture 
integrating satellite and/or HAPS systems (communication and/or navigation) for 
relevant use cases. Contributions have been made in relation to relevant satellite 
(communication and/or navigation) technologies.  
 

¶ IEEE: Within IEEE standards activities, the center of interest for 5G CHAMPION lies 
in the IEEE 802 family. It relates to IEEE standards, which deals with local area 
networks (LANs) and metropolitan area networks (MANs) and is maintained by the 
IEEE 802 LAN/MAN Standards Committee (LMSC). In the IEEE 802, there are several 
individual Working Groups (WGs) providing the focus for each area. Among them, 5G 
CHAMPION consortium partners have been participating in the IEEE 802.11, IEEE 
802.15 and IEEE 802.16 WGs. 5G CHAMPION focused on 802.15, a working group 
(WG) of the IEEE 802 standards committee, which created an Interest Group High 
Rate Rail Communications (IG HRRC) based on the proposal made by 5G CHAMPION 
partners. 
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¶ IETF: 5G CHAMPION partners have been focusing and proposed solutions related to 

the deployment models and anchoring in IETF DMM WG. 
o Deployment models for distributed mobility management will provide available 

deployment models for distributed mobility management networks, consisted 
of mobility management functions: anchoring function, location management, 
and forwarding management functions. 

o Enhanced mobility anchoring in distributed mobility management aims to 
identify what should be enhanced for mobility anchoring and to provide 
possible approaches for enhanced mobility anchoring over deployment 
models. 

 

¶ NGMN: 5G CHAMPION partners were involved in NGMN activities on various levels, 
which are attending the internal meetings and organized public events, contributing to 
technical documents and white papers and showcasing technology at the NGMN 
exhibition. Activities include the attendance of the 5G Forum meeting in April and 
discussing the current status of 5G trials with partners, as well as the participation on 
the NGMN industry conference & exhibition in November. There was a booth from 
Fraunhofer HHI among others, where the final results of 5GCHAMPION are displayed. 
 

¶ Small Cell Forum: Small-cell network management will be a key component of future 

5G systems. The activities in the forum are as in the following: 
 

o 1. Standardization, regulation & interoperability: ensuring the adoption of 
industry wide standards, an effective regulatory structure, common 
architectures and interoperability.  

o 2. Marketing, promotion & business case: promoting the value & potential of 
small cells across the industry and to press, analysts, regulators, and targeted 
interest groups and standards bodies. 
 

5G CHAMPION partners have been reaching out to the small-cell forum for 
dissemination and standardization purposes. 
 

¶ ITU-R: 5G CHAMPION has been focusing on IMT-2020 which is seen as enabling new 
applications not limited to requiring high bandwidth, low latency and diverse service 
requirements. This item will define new network management aspects for the IMT-2020 
network, including any QoS or OAM aspects. The work will produce base material for 
the development of draft Recommendations to be approved by SG13. 
Based on the objectives of this group, 5G CHAMPION has been contributing to the 
following items: 
 

o Explore demonstrations or prototyping with other groups, notably the open 
source community - this task investigates demonstration or prototyping various 
aspects of IMT-2020 networks; 

o Enhance aspects related to Networks softwarization and ICN; 
o Continue to refine and develop the IMT-2020 network architecture;  
o Continue to define new traffic models and associated QoS and OAM aspects 

applicable to IMT-2020 network. 
 
Among these items, a phased approach was applied starting from architecture to 
demonstration & prototyping contributions. Especially, due to the objective of our 
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project, demonstration & prototyping related contribution has had higher priority than 
other working items.  

Status of the Objective:  

The objective has been fully achieved even beyond the original expectations, as both EU and 
KR sides were collaborating closely and actively driving contributions to the most relevant 
standards organizations. 

2.2.9 Work carried out towards objective 9 

Objective 9: Contribute to regulations activities for a unified approach of spectrum 
allocations: industrial partners of 5GCHAMPION will contribute to IMT-2020 frequency 
allocation in ITU WRC 2019 and all partners in national regulations so that the diversified 
spectrum raster experienced in IMT-2000 and IMT-A would not be repeated. These efforts will 
be coordinated across Korean and European partners in order to approach regulation in 
a cooperative way by jointly disseminating project results and to allow for stronger and 
long-term impact. Also, the project will interact with regulation administrations in order to 
resolve certification hurdles for new technologies. In particular, the collaboration will take part 
in ETSI RRS with a specific focus on new certification mechanisms for software 
reconfiguration. Through this work, related activities at the European Commissionôs 
Telecommunications Conformity Assessment and Market Surveillance Committee will be 
influenced. 

Work Developed: 

Government administrations and regulation bodies are have a crucial role for defining the 
regulation framework of future 5G systems. 5G CHAMPION has identified key opportunities in 
this field and selectively provided contribution with the objective to maximize the project impact.  

¶ International Telecommunication Union (ITU) 

ITU is a specialized agency of the United Nations (UN) that is responsible for issues 
that concern information and communication technologies. 

In WP5D of ITU-R, 13 technical performance requirements, deployment scenarios, 
evaluation methodologies and circular letter for IMT-2020 have been intensively 
discussed and were finalized in June 2017. Since Dec. 2017, WP5D is receiving IMT-
2020 proposals until June 2019. 

In addition, spectrum requirements for IMT-2020, network model for sharing study with 
other services e.g. satellite, are under discussion in WP5D.  

¶ European Conference of Postal and Telecommunications Administrations 
(CEPT) 

5G CHAMPION had identified an opportunity to address regulation decisions on 
mmWave Communication for ITS (Intelligent Transport Systems). Through suitable 
suggestions in ETSI ITS and ETSI BRAN, as well as CEPT, currently the re-allocation 
of the 63-64 GHz band in Europe is in progress. The final objective is to move this band 
to match with WiGig Channel 4 or 3 such that off-the-shelf equipment may be used for 
ITS applications. As a latest result, the ECC SRD/MG group has approved a document 
in which this specific reallocation proposal has been retained and further 
recommended. It is expected that the corresponding ECC Decision will be modified to 
reallocate the ITS spectrum from 63-64 GHz to WiGig channel 4.  
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¶ Telecommunications Conformity Assessment and Market Surveillance 
Committee (TCAM) 

The Telecommunications Conformity Assessment and Market Surveillance 
Committee (TCAM) is an advisory and regulatory committee that assist the European 
Commission in matters regarding conformity assessment and market surveillance. 
TCAM had created a Software Defined Radio (SDR) Working Group (WG) in order to 
discuss the implementation of software reconfiguration related articles 3(3)(i) and 4 of 
the Radio Equipment Directive (RED).  

5G CHAMPION has influenced the corresponding discussions through its activities in 
ETSI TC RRS (Reconfigurable Radio Systems) on technology solutions in the field of 
software reconfigurations.  

In particular, 5G CHAMPION partners have contributed to the below mentioned TCAM 
SDR Subgroup report (see overview page of the current draft below) and have 
submitted their candidature to the EC Expert Group on Reconfigurable Radio Systems.  

This activity has finally lead to the creation of the EC Expert Group RRS 
(Reconfigurable Radio Systems), in which the consortium member Dr. Markus Mueck 
(INTEL) has been designated to be the official ETSI representative. Through the ETSI 
TC RRS committee, inputs have been orchestrated to this group. In September 2018, 
the Expert Group has indeed prepared a categorization of radio equipment identifying 
its relevance to RED Article 3(3)(i) and Article 4. A corresponding Delegated Act and 
Implementing Act are expected to follow.  

In this context, 5G CHAMPION partners have substantially influenced Europeôs 
discussions on Software Reconfiguration. 

Status of the Objective: 

The objective has been fully achieved, as both EU and KR sides were collaborating closely 
and actively driving contributions to the most relevant organizations. A notable success is the 
influencing of TCAM on a European Level and the subsequent participation to the Expert Group 
on Reconfigurable Radio Systems driving the development of a corresponding Delegated Act 
and Implementing Act. 

2.2.10 Work carried out towards objective 10 

Objective 10: Join forces and create a long lasting synergy for 5G research, innovation 
and commercialization: WP 1 and WP 7 have dedicated tasks (T1.3, T7.1 and T7.2) to foster 
common dissemination and exploitation plans, joint standardization contributions, as well as 
plans for future collaborations, beyond the lifetime of the project.  

Work Developed: 

We targeted and successfully worked on the following axes. 

Exchange of best practice and lesson learned in European and Korean prototyping, lab 
trial and proof of concept. To this end, the excellent experience of successfully preparing the 
5GCHAMPION demonstration for the Olympic Games venue has created a unique momentum 
and sharing experience among the EU and Korean teams. The two teams, which have been 
working as unique teams, have been spending time together to design the prototypes, test, 
prepare the trial and the proof of concept and, showcased it to a very large panel of visitors. 
Several videos available on the 5GCHAMPION website show the results of such effort. 

https://en.wikipedia.org/wiki/European_Commission
https://en.wikipedia.org/wiki/European_Commission
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Joint development of solutions, techniques and components for the 5GCHAMPION 
architecture, interfaces and specific technological solutions that may have a direct impact on 
future business. The 5GCHAMPION team (European and Korean together) has been working 
to design, test and trial the components for its proof of concepts. More precisely in WP3, in 
task T3.4 focusing on mobility issues, a joint work between partners has been conducted to 
design and emulate solutions to provide 5G broadband services in high speed scenarios (up 
to 500 Km/h). Detailed description of such joint work is reported in section 3.3. 

Moreover, in WP4 the overall design, implementation, deployment and integration of the 
distributed mobile core test bed, including its mobile core virtual network functions, have 
required the joint work of European and Korean teams in the project. Detailed description of 
such joint work is reported in section 3.4. 

Eventually, in WP 6 and more precisely in T6.1, T6.2, T6.4, both European and Korean teams 
have been tightly working together to integrate prototypes and solutions proposed in WP3 and 
WP4 to deliver the final proof of concept at the K-ICT Olympic Games venue. Detailed 
description of such joint work is reported in section 3.6. 

Eventually, in WP7, Korean and European partners have been working tightly together to 
disseminate 5GCHAMPION results through (a selection): 

¶ More than 40 national and international press releases, radio interview and scientific 
publications 

¶ The organization of several international workshops,  

¶ The organization of a special issue on the ETRI journal on ó5G Communications and 
Experimental Trials with Heterogeneous and Agile Mobile Networksô 

¶ The organization of a final 5GCHAMPION training workshop where Korean and 
European partners have presented the results of the Olympic Venue trials. 

Establishing mutual understanding and trust among European and Korean Academics, 
Industry, Research Centers, SMEs to promote future collaborations in 5G and future Networks 
markets. Thanks to the unique occasion of having such a challenging objective of showcasing 
two years before the commercial launch of 5G services the potential of selected 5G enabling 
technologies, the 5GCHAMPION consortium has established a deep mutual understanding 
and trust among European and Korean partners at both levels of management and technical 
teams. The results is for instance the (successful) preparation of the second phase of 
5GCHAMPION, the H2020 EU-KR 5G-ALLSTAR project that kicked off in July 2018. Moreover, 
products in preparation from industrial partners embed solutions designed thanks to the 
experience of the 5GCHAMPION project. 

Status of the Objective: 

The objective has been fully achieved, as both EU and KR sides. 
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3 Explanation of the work carried out per WP 

3.1 WP1 Project Management 

This work package covers the management, coordination, quality assurance and impact 
management activities of the project. The main goal of WP1 package is to ensure a successful 
completion of the project goals on time, within the budget and having the expected impacts 
achieved. The work package tasks deal with the general project management activities such 
as organization of meetings, reporting, facilitating communication and coordination processes 
and tools as well as the financial management of the project and providing interfaces to the EC 
and MSIP (Ministry of Science, ICT and Future Planning) by the European (CEA-LETI) and 
Korean (ETRI) project coordinators. A special care is given to the communication given the 
inter-continental nature of the project involving partners from different cultures. 

The role and responsibilities of the coordinators is to administrate, coordinate and manage the 
overall project. Moreover, the European coordinator has the role of interfacing with the EC, 
while the Korean coordinator to interface with MSIP. Eventually, coordinators and WP7 leader 
have the role of interfacing with regulation, standardization and external bodies, as well as to 
wider dissemination towards scientific, industrial and user communities. 

3.1.1 Task 1.1 Administrative Project management 

5GCHAMPION is using the following tools from partners and also acquired from thirds parties 
using WP1 funding in order to enable effective collaboration among partners, management, 
reporting and communication of the project: 

¶ Project online reporting tool (BSCW), 

¶ Project online document sharing and storage, 

¶ Dedicated mailing lists for the consortium, workpakages and management team, 

¶ Dedicated audio and video-conferencing, 

¶ Web-hosting facilities, 

¶ Project website, http://www.5g-champion.eu/ (see Figure 7: 5GCHAMPION webpage). 

Moreover, in order to coordinate the project, prepare meeting, monitor progress of work and 
plan activities, the coordinator has organized and led regular consortium calls, project 
management team calls while workpakage leaders have organized regular workpakage calls. 

In terms of contractual and legal obligations, the coordinator successfully concluded the 
negotiation of the Consortium Agreement and the finalization of the Gran Agreement which 
have been successfully coordinated. Both documents are finalized and were signed in a timely 
manner prior to the start of the project. 

The coordinator has also a very tight irregular interaction with the Korean coordinator and the 
WP7 work package leader to monitor, foreseen and fortify dissemination, standardization and 
impact of 5GCHAMPION. 

http://www.5g-champion.eu/
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Figure 7: 5GCHAMPION webpage. 

Interfacing with European Commission for 5GCHAMPION and MSIP for 5GCHAMPION-
KR 

The European coordinator had been in regular and continuous communication with the project 
officer (PO) with respect to the following subjects: 
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¶ Distribution of pre-financing to partners. 

¶ Discussion (and subsequent confirmation by the PO) on changing of delivery date of 
Deliverables and Internal Report according to what was fist stated in the 
5GCHAMPION proposal. This has discussed with the PO is mainly due to 

o The T0 (starting date of the project) that was different that the one foreseen 
during the preparation phase. 

o Technical delays due to the preparation of hardware board for demonstration 
and relative testing delay. 

¶ Discussion with the PO on the selection of most effective dissemination event target. 

¶ Discussion with the PO on the procedures for the international cooperation with Korea. 

¶ Discussion to prepare federating event with Korean partners, including the preparation 
of the joint meeting in Korea and the preparation of target presentation to joint Kore-
Europe workshops. 

¶ Consultation on the possibility and mechanism for potential shift of resources between 
tasks, among workpackages and among if needed partners. 

¶ Information on dissemination activities, impact on standardization and press releases. 

¶ Reporting to the PO on joint coordination between Europe and Korea, reporting of 
issues and potential enhancements of the project. 

¶ Reporting on foreseen demonstration activities in conjunction to the Olympic Games 
2018, and on the IoT testing facility offered by the Korean government. 

Same type of interaction has been conducted by the Korean coordinator with MSIP. 

Interaction with the EC has been conducted by regular coordination calls between the PO and 
the EU project coordinator. Moreover, several exchanges by email have permitted to clarified 
day to day management issues and helped in foreseen interesting opportunities for 
5GCHAMPION and its international visibility. Eventually, the coordinator had the occasion to 
informally meet the PO and have brief informal discussions on 5GCHAMPION. 

The coordinator has reviewed and approved the submission of all the public deliverables to the 
EC according to the approved schedule. The Korean coordinator has approved the content of 
all deliverables previous to submission to the commission. The list of all submitted (and 
approved by the coordinator) deliverables are listed on the section 2.1.1. 

Interaction with external bodies and other 5G communities 

¶ 5G CHAMPION has intensively interacted with other 5G communities such as 

¶ the IEEE 5G Summit : having delivered 2 presentation at 5G Global Summit, one in 
in Rome in 2016, one in Seoul in 2017, 1 presentation at the 5G Berlin Summit 2016, 
having an active participation to the 5G Brooklyn Summit 2017 and 2018 

¶ ITU: having delivered presentations to FG IMT-2020 in 2016 and 2017, and ITU IMT-
2020/5G annual workshop and demo day in July 2018 

¶ International scientific conferences:  organizing a special industrial track on 5G at 
IEEE VTC and delivering 2 presentations on 5GCHAMPION at this occasion, 
organizing workshops and industrial seminars at top ranked international conferences 
as IEEE Globecom 2017 and 2018, IEEE ICC, IEEE VTC, IEEE SPAWS, having 
active participation to EUCnC with the preparation of a special session on 5G and 
delivering several invited talks and having several accepted papers. 

¶ Standardization bodies: Moreover, 5GCHAMPION have been very active in 
standardization bodies, including ETSI and 3GPP where 5GCHAMPION satellite 
activities are today under consideration for standard inclusion. 5G CHAMPION has 
been also driving the next stage of SW Reconfiguration activities in relation to the novel 
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Radio Equipment Directive (RED). It should be pointed out that in all of the upper 
publication and dissemination activities, we always had a close interaction between 
Korean and European project partners; the possibilities given by the collaboration 
framework are being fully exploited. 

Project Meetings 

During the two years of the project, 6 face to face consortium meetings have take place and 4 
project management team meetings have taken place in conjunction with the 2nd ï 5th meetings: 

¶ Projectôs kick-off meeting, hosted by CEA-LETI in Grenoble, France, held on 14-15 
of June 2016, 

¶ The 2nd 5GCHAMPION consortium meeting, hosted by MSIP with the support of 
ETRI in Seoul, Korea, held from 10-12 of October 2016, 

¶ The 3rd 5GCHAMPION consortium meeting, hosted by INTEL Deutschland GmbH in 
Munich, held from 13-15 of March 2017, 

¶ The 4th 5GCHAMPION consortium meeting and 1st year review, hosted by NOKIA 
Finland in Oulu, held from 13-16 June 2017. 

¶ The 5th 5GCHAMPION consortium meeting, hosted by ETRI in Seoul, Korea, held 
from 20-22 November 2017. 

¶ The last 5GCHAMPION consortium meeting and final review, hosted by ETRI in 
Seoul, held from 8-11 October 2018. 

To each project meeting a minimum 20 attendees from both Europe and Korea have actively 
participated. 
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Figure 8: 5GCHAMPION Kick-of meeting at CEA-LETI premises in Grenoble 14-15 of June 2016. 

 

Figure 9: 2nd consortium meeting in Seoul, 10-12 of October 2016. 
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Figure 10: 3rd consortium meeting at INTEL Deutschland GmbH premises in Munich, 13-15 of March 2017. 

 

Figure 11: 4st consortium meeting at NOKIA Finland premises in Oulu, 13-16 of June 2017. 
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Figure 12: 5th consortium meeting in Seoul, 20-22 of November 2017. 

3.1.2 Task 1.2 Quality Management in 5GCHAMPION 

As already stated in D1.2, in order to provide the best quality procedure to take benefit of the 
excellence of the project consortium and conduct a project with the same excellence both 
coordinators and technical managers from both Korea and Europe have conducted a tight 
exchange though exchanges of emails, dedicated conference calls, and dedicated informal 
meeting aside the above mentioned consortium meetings. This has been done in accordance 
with the quality plan proposed in D1.1 and periodic checks with the management teams have 
been conducted through regular conf call meetings among the WP1 management team. 

Moreover, targeting that the quality of the outcome in this project reaches the highest point so 
that it can effectively contribute to expected impacts, continuous monitoring of both European 
and Korean technical managers has been conducted. To this end technical managers from 
both Korea and Europe as well as coordinators have supervised the content and quality of 
deliverables, and give special attention to their timely deliverance. 

3.1.3 Impact management and planning of future collaborations 

5GChampion has dedicated important efforts to the impact management and planning of future 
collaborations between the European and Korean partners.  
 
The management team had monthly conference calls to monitor the realization of the project 
and in particular, to monitor the realization of impact and to complement corrective 
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measureless in cases some deviation to the original project plans were detected. To this end, 
regularly the management team has reviewed and updated (when needed) the risk 
management table proposed in the description of work. 
 
Furthermore, the management team had constantly worked to ensure that 5GChampion is 
known as the key collaborative project for demonstrating with real context trial the major 
features of future 5G networks. To this end, 5GChampion has target to impact and to be known 
by institutional, stakeholders, and 5GCommunity in Europe, Korea and Asia at large, USA, 
Australia and Africa.  
The project indeed has succeeded in giving a very wide visibility to the project by all 
dissemination and information means as described in deliverable D7.5: 

¶ press releases 

¶ radio interview 

¶ technical publications 

¶ organization of international workshop and of a dedicated training workshop to show 
to institutional, industrial and to the 5G community at large the results of the 
demonstrations at the Olympic Games 

¶ keynote presentations and invited talks 

¶ etc. 
 
The project has identified three concrete actions for the future collaboration between the 
European and Korean partners and stakeholders: 
(i) the contribution of 5GCHAMPION partners to the 3GPP study item on ónew radio 

impacts to support Non-Terrestrial networksô through active participation to the 
standardization meeting and through its technical results that will continue even after 
the end of the 5GCHAMPION project;  

(ii) the active discussion between the Korean embassy to France and the French 
embassy to Korea on the organization of a workshop to establish new international 
cooperation between the two countries;  

(iii) the Europe-Korea 3-years collaborative 5GAllStar project that will focus on   
translating 5G use cases, vertical industries requirements and ambitions in adopting 
5G, into viable business cases (Starting from July 2018 for Three years). The 5G ALL-
STAR project builds on the outcomes and the cooperation experience of 
5GCHAMPION to design, develop, evaluate and trial multi-connectivity based on 
multiple access, combining cellular and satellite access technologies to support 
seamless reliable and ubiquitous broadband services. The project will develop a set 
of technologies and validate system interoperability to provide global connectivity and 
support mission critical applications of interest in both European and Korean regions. 

A detailed description of the Impact management and planning of future collaboration is 
presented in D1.4.  
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3.2 WP2 System Architecture, Scenarios, Use cases and Requirements 

WP2 frames the technical work by providing a coherent architectural vision and definition for 
the 5GCHAMPION project and the modules of the PoC such as SDN/NFV/EPC, 5G 
backhauling, high precision positioning, narrowband IoT via satellite, required interfaces. Also, 
it provides the details of the PoC KPIs. WP2 is the starting point of the project and its outputs 
are fed to all technical WPs.  

As WP2 covers the whole 5GCHAMPION architecture, there were 8 partners participating from 
Europe and 10 partners from Korea. Largest part of effort in Europe was provided by Intel, 
IMEC, UOULU and Nokia; in Korea the dominant partners were ELU, INS, MOB and ETRI. 
The work package was split to 3 different tasks: 

¶ Task 2.1 Common architecture for the core network (EPC) and MANO based on 
NFV/SDN approach, task leader: IMEC/ETRI, 

¶ Task 2.2 Detailed description of the radio architecture and radio functionalities of 
5GCHAMPION, task leader: UOULU/ETRI, 

¶ Task 2.3 Proof of concept use case and key KPI definition for PyeongChang Olympic 
games 2018, task leader: UOULU/ETRI. 

The WP2 work started by agreeing on the actual targeted use cases and scenarios (IR2.2) in 
joint EU-KR virtual meetings based on the project objectives and practical technical and 
geographical constraints. For enabling the quick start of other technical work packages, 
network architecture concept to enable the implementation of these use cases was outlined in 
IR2.1. Both the use cases and the architecture were further refined in continuous dialog with 
WP3, WP4 and WP5 and documented in D2.2 and D2.1 respectively. 

The following chapters summarize the work that has been carried out in the first project year 
with respect to the different WP2 objectives, in relation to the different WP2 tasks and their 
documented outputs in D2.1 and D2.2. All objectives of WP2 were achieved during the first 
year of the project, and all of them were relevant for both European and Korean part of the 
project. 

The following table summarize the contribution of WP2 tasks to project and WP2 specific 
objectives. All objectives of WP2 were achieved during the first year of the project, and all of 
them were relevant for both European and Korean part of the project. 

3.2.1 WP2 output to specific objectives 

3.2.1.1 Objective 2.1: Define the 5G interoperability architectural framework 
including access, core and satellite networks 

The architectural framework has been specified in T2.1 and T2.2 to provide a clear 
responsibility split between the radio access (WP3), core network (WP4) and satellite access 
(WP5) parts of the end-to-end architecture (D2.1). Key topic was to investigate and specify the 
concept for practical setup of connecting the EU and KR testbeds together for the proof-of-
concept phase, fulfilling the needs of the planned use cases (D2.1, D2.2).  

3.2.1.2 Objective 2.2: Provide a common architecture for the core network and 
MANO based on NFV/SDN approaches 

Core network and MANO architecture was described by T2.1 both on generic reference 
architecture level and as specific architecture descriptions for the EU and KR NFV/SDN-based 
core network testbeds as input to WP4 (D2.1). 



 

Title: Deliverable D1.3: Second period report 

Date: 30-09-2018  Status: Final  

Security: PU  Version: V1.0  

 
 
 

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.  

39 / 213 

 

Proj. 
Obj. 

Specific objectives Task  Verif. To WP EU KR 

 O2.1 

Define the 5G interoperability 
architectural framework including 
access, core and satellite 
networks 

T2.1, 
T2.2 

D2.1 All X X 

 O2.2 
Provide a common architecture 
for the core network and MANO 
based on NFV/SDN approaches 

T2.1 D2.1 WP4, WP6 X X 

 O2.3 
Provide detailed description of the 
radio architecture and radio 
functionalities 

T2.2 D2.1 
WP3, WP5, 
WP6 

X X 

 O2.4 
Set-up and define parameter for 
5GCHAMPION scenarios and 
use cases 

T2.3 D2.2 all X X 

 O2.5 
Propose interface definition 
between Korean and EU 5GTN 
demonstrators 

T2.1 D2.1 WP4, WP6 X X 

 O2.6 
Detail KPI definition for the proof-
of-concept 

T2.3 D2.2 all X X 

3.2.1.3 Objective 2.3: Provide detailed description of the radio architecture and 
radio functionalities 

Detailed description of radio architecture and functionalities was provided by T2.2, covering the 
overall integration of EU and KR radio access solution as combined system as well as 
specification of both mmWave backhaul based radio access solutions as well as the integration 
of the satellite access (D2.1). 

3.2.1.4 Objective 2.4: Set-up and define parameter for 5GCHAMPION scenarios and 
use cases 

The relevant use cases to verify project objectives and practical test scenarios for these were 
specified by T2.3 (D2.2). 7 use cases and 6 testing scenarios were described, from standalone 
scenarios to verify key components of the system early on to the end-to-end demos during the 
2018 PyeongChang Winter Olympics. KPIs for the use cases were identified and compared to 
the radar chart on future 5G system capabilities in ITU recommendation M.2083 (D2.2). The 
practical environment for the proof of concept at the Winter Olympics was clarified, including 
spectrum availability for mmWave systems in Korea (D2.2). 

3.2.1.5 Objective 2.5: Propose interface definition between Korean and EU 5GTN 
demonstrators 

The end-to-end architecture for joint KR-EU test cases with interface definition was specified 
by T2.1 (D2.1). The agreement was to keep the interface as simple as possible, with 
interconnection point between the EPC-based core networks of EU and KR testbed and 
focusing on the user plane interconnection to enable the verification of the planned use cases. 
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3.2.1.6 Objective 2.6: Detail KPI definition for the proof-of-concept 

KPIs were defined by T2.3 for data rates both on end-user and wireless backhaul level, latency, 
mobility, accuracy of positioning and functional aspects as applicable per use case (D2.2). 

3.2.2 Task 2.1 Common architecture for the core network (EPC) and MANO based on 
NFV/SDN approach 

This task created the overall architectural framework for the project work, clarifying the scope 
and interfaces between different work packages. 

 

Figure 13: Split between EU and KR architecture (D2.1). 

The 5GCHAMPION Work Package split divides the 5GCHAMPION network architecture to 
following domains: 

¶ WP3: Radio access network, including high-capacity wireless backhaul channel and 
mobility,  

¶ WP4: Virtualized Mobile Core network and the related management and control 
functions, 

¶ WP5: 5G Satellite communication component, providing satellite access between 5G 
UE and Mobile Core network. 

Between these domains, the following reference points are identified:  

¶ I4-3: Reference point between Radio access network and Mobile Core network. 
(responsibility for definition: WP4), 

¶ I4-5: Reference point between Satellite access network and Mobile Core network 
(responsibility for definition: WP5). 

The following reference points are identified towards user equipment: 

¶ AI3: Reference point between Radio access network and UEs. Responsible: WP3, 

¶ AI5: Reference point between Satellite access network and UEs. Responsible: WP5, 

Expected functional components per domain and internal interfaces are: 

¶ EU Radio access network: 



 

Title: Deliverable D1.3: Second period report 

Date: 30-09-2018  Status: Final  

Security: PU  Version: V1.0  

 
 
 

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.  

41 / 213 

 

o mmW backhaul radio unit (BRU): operates as IP pipe from the core network to 
multi-RAT unit. Beamforming will be supported. It includes mmW air interface 
(AI0) and L1/L2 interface (I1) for IP traffic, 

o multi-RAT radio unit operates as traffic aggregator/multiplexer from the 
wireless backhaul to other radio technologies.  

¶ KR Radio access network 
o mmW with mobility. 

¶ Mobile Core network 
o I4-4: Interworking interface between EU and KR core networks. Defined in 

WP4. 

The generic principles for core network architecture have been defined in D2.1, together with 
specific descriptions of European and Korean parts of the 5GCHAMPION test network which 
were input for the WP4 work. 

 

Figure 14: Combined SDN-NFV mobile core architecture (D2.1). 

The generic SDN-NFV mobile core architecture follows the ETSI NFV architecture principles, 
identifyng the infrastructure (NFVI) and management (MANO) parts as separate entities 
compared to the actual Virtual Network Functions (VNFs) which provide the traffic processing 
logic. Deploying the VNFs as software-only functions in the cloud enables flexible changes to 
the network as the project proceeds. As the core network is in supporting and interconnect role 
for the demonstrations, existing EPC functionality is used in the core. 

The EU test bed network is implemented in cloud built from Nokia Airframe data center 
infrastructure components and Nokia NFVI stack. The EPC VNFs are also provided by Nokia. 
Part of the network functions (e.g. registers) are used remotely. 

The test bed in Korea contains two distinct implementations: Highly Scalable vEPC and Highly 
Efficient vEPC. The former provides scalability both on the traffic handling function level and 
also on service level for network slicing, whereas the latter focuses on optimized solution for 
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Mobile Hotspot Networks. The Korean test bed also includes MANO implementation based on 
open source components. 

 

S1-U

EPC /  Oulu /  DC CWC Oulu
Funet => NordUnet => GEANT => TEIN => KOREN

SGi

S6a

Registers and DNS /  DC Tampere (Nokia)

S1-MME

S11
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DNS

MME

HSS

SGW PGW
S5/S8

PCRF

Dedicated Connection

Multi-RAT 

Radio Unit
Korean testbed

Access, 
Cloud Core, 
Services...

5G BRU

Access

 
Figure 15: EU test bed network architecture (D2.1). 

 

Figure 16: High level architecture of Koreaôs Distributed virtualized EPC (D2.1). 

The interconnection between the EU and KR networks is logically defined below. 



 

Title: Deliverable D1.3: Second period report 

Date: 30-09-2018  Status: Final  

Security: PU  Version: V1.0  

 
 
 

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.  

43 / 213 

 

 

Figure 17: Logical architecture for mobile core interoperability. 

For the practical implementation of use cases, two distinct interconnect scenarios were 
identified: connecting EU and KR systems located in Europe and in Korea, and connecting the 
same systems in co-located setup for low latency cases. 

3.2.3 Task 2.2 Detailed description of the radio architecture and radio functionalities 
of 5GCHAMPION 

Task 2.2 defined the radio architecture for mmWave backhaul in EU and KR systems, 
integrating satellite access communication, and the positioning architecture. 

 

Figure 18: System overview of mmWave technology in the architecture. 

The mmW air-interfaces, denoted by AI0 and AI1, refer to the wireless link developed in 
European and Korean test-bed, respectively. Key specifications are: 

AI0 

¶ 26.5-29.3 GHz band, 

¶ 800 MHz maximum bandwidth, 

¶ 2.5Gbit Minimum data-rate capacity, 

¶ MIMO-OFDM transmission technology, 

¶ 200m minimum coverage. 

AI1 
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¶ 24.14-26.14 GHz band, 

¶ 1 GHz maximum bandwidth, 

¶ 2.5Gbit Minimum data-rate capacity, 

¶ MIMO-OFDM transmission technology, 

¶ 200m minimum coverage. 

More details on the mmWave radio architecture can be found in WP3 report and D2.1. 

 
Figure 19: High-level architecture integrating satellite communication. 

The Key Design Features include: 

¶ User terminal with seamless ubiquitous access to the satellite and terrestrial 
links for low data rate services and energy efficient capabilities. The terminals 
optionally include software reconfiguration features for improved adaptability 
to the target framework (based on the recently published ETSI European 
Norms EN 302 969, EN 303 095, EN 303 146-1/2/3/4). 

¶ Adapted waveform for low PAPR and ultra-low SNR requirements. 

¶ Satellite eNodeB with enhanced MAC capabilities (SIC, interference managementé). 

¶ Smart terrestrial-satellite resource management. 

Telespazio France has worked together with TAS and UOULU to define the architecture of the 
positioning solution in order to combine the GNSS and 5G mmW techniques.  

In the frame of task T2.3, the KPI have been analyzed and the most important ones are the 
availability of a positioning solution and the accuracy of the solution when available.  

In order to test these KPI, a set of use cases have been designed from an environment where 
GNSS solutions are expected to work best (open-sky configuration) to one where 5G is 
expected to work better (indoor case where GNSS is not available). In-between, there may be 
configuration with both good satellite and 5G antennas visibility. These combination is already 
accounted for in WP2, but is fully developed in WP5. Given the possibilities, the architecture 
defined includes not only algorithms for GNSS only solution, 5G solution and a mixed solution, 
but also an algorithm to choose the best solution at each time. 

3.2.4 Task 2.3 Proof of concept use case and key KPI definition for PyeongChang 
Olympic games 2018 

 
This task studied the planned project objectives versus available and planned mmWave 
technology and the local constraints in Korea regarding 28 GHz band. The following set of 
scenarios and use cases were identified. 
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Figure 20: Overall architecture of satellite/mmWave positioning solution. 

The 5G CHAMPION project will showcase a 5G application experience for two users connected 
to two different 5G networks, one in Europe and one in Korea, and:(i) being served by either 
static or mobile mmW links, (ii) sharing a latency-critical, e.g., remote gaming or remote control 
using VR and (iii) demanding broadband services, for instance, shared VR content. More 
specifically, use-case6 and use-case7 will be used as references to show pilot 5G applications.  

In the following figure, we collected some of the most relevant 5G demonstrations that have 
been publicly announced by KT, SKT an LG for 2018. 

This task studied ITU future 5G System capabilities and mapped the planned use cases and 
KPIs to those recommendations in the figure below. 
 
 

No Use-case Target test-bed Targets and KPI 

1 Stationary multi-RAT hot-spot connected  
via mmW backhaul to 5GTN 
 

Stand-alone  
EU testbed, Oulu 

¶ 100 Mbit/s user exp. 

¶ 2.5 Gbit/s mmW backhaul 

¶ heterogeneous access 

¶ SDN/NFV in EPC 
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2 Ultra-high data rate 5G downlink  
 

Stand-alone  
EU testbed, Oulu ¶ 20 Gbit/s 

3 Indoor-outdoor positioning 
Stand-alone 
EU testbed, Oulu 

¶ 5G mmW and GNSS 
interoperability 

¶ Accurate positioning 

4 
Satellite connectivity with 5G 
IoT devices 

Stand-alone 
EU testbed, Oulu 

¶ SatCOM and 5G 
interoperability 

5 High user-mobility  
Stand-alone, 
KR testbed 

¶ 2.5 Gbit/s mmW wireless 
backhaul with 500 Km/h 
mobility 

¶ 100 Mbit/s user exp. 

6 

Shared short-latency 
applications (e.g. 
multiplayer remote gaming 
and multi-remote control) 

EU-KR 5G system 
Korea, 
PeyongChang 

¶ Intersystem 
interoperability 

¶ 2ms over-the-air  latency 

¶ SDN/NFV in vEPC 

7 
Shared broadband 
applications  

EU-KR 5G system 
Korea, 
PeyongChang/Oul
u 

¶ Intersystem 
interoperability 

¶ 100 Mbit/s user-
experience 

¶ Bus mobility < 80km/h 

¶ 2.5 Gbit/s mmW wireless 
backhaul 

¶ SDN/NFV in vEPC 

Table 2: 5G CHAMPION selected use-cases. (D2.2). 

 

Figure 21: 5G demonstrations at the Winter Olympics of Korea in 2018. Blue sectors indicate the application 
domains targeted in the 5G CHAMPION project. (D2.2). 
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Figure 22: Comparison betwee 5GCHAMPION and IMT-2020 target requirements. Level 3 = High importance, 
Level 2= Medium; Level 1 = Low. (D2.2). 
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3.3 WP3 mmWave backhauling & fronthauling 

WP3 is the largest WP of the 5GCHAMPION project comprising of 10 partners (5 in the Europe 
and 5 in the Korea). In Europe, the University of Oulu, Nokia, and CEA are the partners with 
the largest amount of person month (PM). In Korea, HFR and ETRI are the dominant partners. 

The main activities in WP3 focus on:  

¶ The development of mmW backhaul for the 5GCHAMPION proof-of-concept at the 
Winter Olympics, and  

¶ the study as well as development of algorithms, channel model, and mobility 
management methods for a high-speed train (HST) (500km/h) use-case. 

WP3 comprises of 4 R&D tasks, namely, 

¶ T3.1: Advanced Antenna Arrays and RF front-end platform for mmW Backhauling & 
Fronthauling [M01-M18], Task leader : UOULU, 

¶ T3.2: Algorithms for backhauling & fronthauling [M01-M24], Task leader : CEA, ETRI, 

¶ T3.3: Implementation and testing of the mmWave backhaul/fronthaul transceiver 
platform [M07-M24]. Task leader : NOKIA, HFR, 

¶ T3.4: Mobility management [M01-M24]: Task leader: CEA, HFR. 

Tasks T3.1, T3.2 and T3.3 are designed for the development of a 5G mmW beckhaul, whereas 
T3.2 and T3.4 for the HST use-case scenario. Figure 23 shows the consumed EU effort of the 
work. It can be noticed that most of the activities have been dedicated towards the objective 
a). 

In Table 3 a summary of WP3ôs task contribution is provided. 

 

Figure 23: Mapping of the work-effort per task, per year for the EU consortium. 
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Proj. 
Obj. 

Specific objectives Task  Verif. To WP EU KR 

1,5,9 O3.1 

Design, prototype and test a 
radiofrequency (RF) front end 
platform for backhauling & 
fronthauling in the range 24-28 
GHz 

T3.1 D3.1 

WP2: 
specification, 
use-cases 

WP6: mmW 
PoC 

X 
 

1,5,9 O3.2 

Design, prototype and test of 
advanced antenna technologies 
for backhauling & fronthauling in 
the range 24-28 GHz 

T3.1 D3.2 

WP2: 
specification 

WP6: mmW 
PoC 

X 
 

1,5,9 O3.3 
Beamforming antenna front end 
integration 

T3.1 

T3.3 

D3.5 
D3.3 
D3.6 

WP6: mmW 
PoC 

X 
 

3 O3.4 

Develop robust signal 
processing technologies to 
support very high bit rate 
services in high mobility 

T3.2 
D3.7 
D3.8 

 
X X 

1,5,9 O3.5 

Develop RF beamforming 
solution with hardware and 
algorithms for mobile 
backhaul/fronthaul and test its 
capabilities for PoC system 

T3.1 

T3.2 

T3.3 

D3.3 
D3.6 

WP6: mmW 
PoC 

WP5: mmW 
PoC 

X X 

3 O3.6 

Provide flexible mobility 
management functions to 
support scenarios with 
heterogeneous mobility 
constraints (up to 500 km/h) 

T3.4 
D3.7 
D3.8 

 
X X 

3,10 O3.7 

Develop channel models 
suitable to assess a various 
mobile backhaul scenarios for 
moving hot spots, scenario and 
deployment dependent up to 500 
km/h 

T3.4 
D3.7 
D3.8 

 
X X 

Table 3: Mapping of WP3's objective to the project's objectives. 

3.3.1 Task 3.1 Advanced Antenna Arrays and RF front-end platform for mmW 
Backhauling & Fronthauling 

The primary objective of this task is to develop mmWave RF solution including RF front-end 
(RF-FE) and antenna solutions for a backhaul/fronthaul transceiver operating in the frequency 
range 24-28 GHz. More specifically, the work aims at 

i) the development a RF-FE prototype including antenna, PA, LNA, beamforming 
and control mechanisms, 
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ii) the development of an antenna array for wireless backhauling & fronthauling, 
iii) the integration and testing of the RF radio-unit. 

Radio implementations 

The approach was to design and implement two different solutions, namely, a RF-FE unit with 
adaptive/steerable beamforming and the other with fixed beam forming robust to very high 
speed. The design plan was also made to cover two non-overlapping sub-bands in the range 
24-28 GHz in order to allow the testing of concurrent technologies in the same system trial. 
The two platforms are illustrated in figures below the Figure 24 shows the EU radio solution 
and Figure 25 shows the KR radio solution. 

With respect to the EU platform, the Figure 24 shows the final implementation of the radio 
board, the AUX board for voltage generation and processing unit, antenna array and mechanic 
design. This platform is designed with state-of-the-art (yet rare) components operating in the 
26.5-29.3 GHz frequency bands. Special care was needed to energy consumption and heat 
dissipation issues. With respect to the KR platform, the Figure 25 shows the transceiver and 
the internal mechanics, which operate in the 25.1432-26.1432 GHz frequency band. The KR 
platform is based on fixed beamforming implemented with waveguide antennas, which can 
provide improved robustness to very a high-speed environment. 

 

 

Figure 24: mmW RF-FE platforms: EU model based on phase-array beamforming. 

 

Blockdiagramof the EU antennaunit Photographsof the EU antennaunit

Antennaarray Radio board AUX boardwith processorunit
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Figure 25: mmW RF-FE platforms: KR model based on wave-guide antenna. 

The development of a radio unit for phased-array antennas resulted into a challenging task as 
radio components technology supporting the 28GHz frequency band is rather a new approach 
for mobile networks. The selection of the off-the-shelf RF components to support this 
operational band is limited and availability/lead times those are long. In the EU platform 
development, it was found that commercially available power amplifier for 28GHz are rather 
rare. In many cases achieving Watt level output power in sufficiently linear operation region is 
not straightforward although output power is much lower than available currently for base 
station amplifiers at frequencies of 6GHz and below. OFDM signal with high order modulation 
(64-QAM) require up to 10dB backoff from the saturation power for sufficient signal quality 
(EVM). The EU solution enables conducted power up to 30dBm per transmitter path. 

The EU radio solution has a phase shifter in all 16 radio signal path and transmission and 
reception phase can be individually changed. The phase shifting is done with a passive phase 
shifter component with 32 discrete phase settings, which are controlled with a digital control 
from the processor unit within the radio unit. 

Antenna implementations 

There were three antenna array implementations done within the project. Antenna arrays were 
implemented with patch antennas, a p-i-n based transmit array and a waveguide antennas, 
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respectively, illustrated in Figure 26, Figure 27 and Figure 28. The patch antenna 
implementation in Figure 26 supports electrical beam steering with phase shifters in the radio 
signal path. One EU radio unit supports two antenna modules and there are two different 
modules: -45° or +45° polarization modules. The beam of the lens antenna implementation in 
Figure 28 is steered by selecting appropriate pin-diodes from the matrix. The wave-guide 
antenna solution shown in Figure 28 supports fixed beam directions. The wave-guide solution 
supports dual-polarized transmission and reception at the mRU TX and mTE RX, allowing 2x2 
dual-polarized MIMO transmission in the downlink. 

 

 

          

Figure 26. Photograph of the prototype antenna array. (Left) Antenna array with testing subarray. (Right) 
Antenna mounted on the EU platform. 

 

  

Figure 27: Schematic view of the 1-bit electronically reconfigurable transmit array (Left) including the steering 
logic and (right) photograph of the realized 400-element flat-lens array. 

 

   

Figure 28. Photograph of the prototype antenna array. (Left) mRU antenna configuration (Right) mTE antenna 
configuration, which are mounted into KR platform. 

Steering logic Transmitarray

Flat-lens

Focal 

source

P-i-n diode 

bias lines

DIO
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Antenna patterns of each antenna solution are simulated and measured and results are shown 
in Figure 29 - Figure 31. 

 

 

  

 
 

Figure 29. Simulated (up) and measured (down) radiation patterns of the patch array matrix in azimuth plane 
at 26.50 GHz and 27.50 GHz. 

 

 

 

Figure 30. Simulated radiation patterns of the 1-bit electronically reconfigurable transmit array compute at the 
optimization frequencies (left) 26 and (right) 28 GHz as a function of the scan angle. 
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Figure 31 Simulated TX and RX antenna beam patterns for wave-guide antenna solution. 

Testing of the radio solution 

The EU radio solution has been tested with conductive testing and OTA testing. The 
transmission of the radio has been measured conductive to test maximum transmission power 
as well as the wideband spurious response and those are shown in the Figure 32. The 
transmission spectrum is clean and this is accomplished with additional RF and IF filtering 
compared to the first radio prototype. The transmission power in the right hand side figure is 
24dBm with 100MHz wide digitally modulated test signal. 

 

 

Figure 32 Measured transmission spectrum of the EU radio solution (Left) channel power measurement (Right) 
wideband spurious response. 

 

The manufacturing process of the RF-board has been very challenging as materials and 
techniques are very sensitive. The wire bonding of the hundreds of bond wires die components 
to a large PWB (Printed Wire Board) with a good quality has been a great challenge for the 
manufacturing partner during the whole project. 
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3.3.2 Task 3.2 Algorithms for backhauling & fronthauling 

The objective of T3.2 is to develop transceiver algorithms for ultra-high bit rate mmWave 
wireless backhaul/fronthaul transceiver operating in dynamic radio environment. During the 
first period the effort was focused on  

a) the study of initial access techniques and impact on the effective data rate, 
b) the study of HST numerology as well as demodulation reference signal mapping, 
c) the study of precoding schemes, namely, diversity and spatial multiplexing for the HST 

scenario. 

The activities and results are included in D3.4. For the HST related study, the cooperation 
between EU and KR was very effective as scenario definitions and system models were 
commonly agreed. 

Initial access techniques 

The study of initial access techniques was developed by the UOULU with the objective of a)  
investigate the impact on data rate of two beam searching strategies widely considered in pre-
5G standardization and b) provide guidance of the implementation of the beam alignment 
method in the EU mmW platform. More specifically, a localized time domain mapping of beam 
training signals was considered as a frequency mapping approach requires significant changes 
in the base-band processing. Important outcomes are: i) for exhaustive search methods an 
optimum length of the training time exists and ii) it depends on the periodicity of the alignment 
procedure as well as location. A training procedure based on adaptive search and hierarchical 
codebook was also investigate and it was shown that this approach is more time and rate 
efficient. A trade-off between implementation complexity for the EU mmW board and 
performance is currently under investigation. 

HST numerology 

A study of possible 3GPP 5G NR numerology sets (Table 4) including subcarrier spacing, CP 
length, FFT size, subframe length in a 30 GHz carrier frequency band were carried on in T3.2 
by ETRI. The OFDM numerology parameters are designed to provide scalability and consider 
Doppler and phase noise effects that have significant impact on the mmW system performance.  
 

 Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 

Subcarrier spacing (kHz) 15 30 60 120 240 480 

System bandwidth (MHz) 80 80 80 80 80 80 

FFT size 8192 4096 2048 1024 512 256 

Sampling rate (MHz) 122.88 122.88 122.88 122.88 122.88 122.88 

Number of used 
subcarriers  

4800 2400 1200 600 300 150 

OFDM symbol length (µs) 66.67 33.33 16.67 8.33 4.17 2.08 

CP length of the 1st 
symbol (µs) 

6.05 3.08 1.54 0.82 0.46 0.28 

CP length of the 
remaining symbols (µs) 

4.66 2.33 1.16 0.58 0.28 0.14 
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Number of symbols per 
subframe 

14 14 14 14 14 14 

Subframe length (µs) 1000 500 250 125 62.5 31.25 

Table 4: Numerolory for HST. 

These sets were evaluated considering the effects of Doppler shift/spread and phase noise, 
which can be quite severe in a very high mobility (500 km/h) and mmWave (around 30 GHz) 
environment. The proposed numerology sets include subcarrier spacing (from 15 kHz to 480 
kHz), CP length, FFT size, subframe length, and so on. Through extensive link-level 
simulations in a realistic HST environment, it was found that larger than 120 kHz subcarrier 
spacing guarantees robust BLER and spectral efficiency performances as seen in Figure 33. 

  

Figure 33: BLER and spectral efficiency results with the proposed numerology for HST. 

HST DMRS 

A study of different candidates for the 3GPP 5G NR DMRS design in the 30 GHz carrier 
frequency band was carried out by ETRI. The objective was evaluate the performance of 
different DMRS design (shown in Figure 34) so as to find the best tradeoff between the channel 
estimation accuracy improvement and overhead reduction, considering severe Doppler effect 
of the high speed train scenario. The BLER and spectrum efficiency of the different DMRS sets 
were computed via extensive link-level simulations. A key outcome was that, in a high speed 
train environment, using frequency-domain sparse and time-domain dense DMRS allocation 
would be beneficial in terms of BLER and spectrum efficiency performances Figure 35. 
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Figure 34: DMRS mapping. 

  

Figure 35: Spectral efficiency with different DMRS pattern for a HST scenario. 

Precoding for HST 

In this study precoding schemes, namely, spatial and diversity schemes for the backhauling of 
HST has been assessed. An adequate channel model at 28 GHz carrier frequency has been 
used to model the highly time variant environment. It has first been shown that in óstreet canyonô 
scenario, SM achieves good PER results, only few dBs worse than the Diversity scheme 
implemented for comparison purpose. It has then been demonstrated that despite the fact that 
the channel is frequency selective, the LOS path is predominant and therefore the Doppler can 
be pre-compensated at the transmitter. In case an error on the estimation of the speed is done 
at the transmitter, more or less Doppler may remain at the receiver. This residual Doppler 
causes phase rotations that are detrimental to high order modulations. In this situation SM 
allows to use lower order modulations and is therefore more resistant. SM therefore allows to 
reach much higher throughputs, around 1.7 times higher than Diversity. 
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It must nevertheless be noted that the SM scheme presented here requires the estimation at 
the receiver of Nt times Nr channels per carrier, with Nt (resp. Nr) the number of transmit (resp. 
receive) antennas. The Diversity scheme requires only Nr channel estimations, that is twice 
less in our simulations (Nt=2). Channel estimation was out of the scope of this study but a study 
of MIMO fast changing channel estimation can be found in section 3.3.4. Some more pilots 
would be required for SM, lowering a little bit the throughput of the scheme. 

3.3.3 Task 3.3 Implementation and testing of the mmWave backhaul/fronthaul 
transceiver platform 

The work in Task T3.3 has the objective to deliver a functioning and tested mmW radio unit 
platform for the demonstrations planned in WP6. As EU and KR mmW radio units have different 
specifications, this task is developed in parallel. The activities and results are included in D3.5. 

In summary, during the first year of the project T3.3 contributed to: 

¶ (EU) Study and definition of the interface requirements between the TRX unit and RF-
FE, 

¶ (EU) Study and definition of the beam alignment requirement from signaling and 
procedure perspective, 

¶ (EU) Development of the RF control software, 

¶ (KR) Lab testing and field trial testing of the mmW RU. 

3.3.3.1 EU mmW integration and tests 

Figure 36 shows a block diagram of the EU mmW radio unit including the interface between 
RF-FE and an existing demonstration platform including TRX radio unit (also DFE) and base-
band unit. The details of the physical interfaces are described in D3.5. It can be noticed that 
the RF-control functionalities (beamforming and AGC) are parts of the RF-software in the 
antenna units. This approach was selected in order to ease the integration with the base-band 
as well as to minimize the control lines between RF and digital units However, due to this 
simplification slow adjustment of the beams will be supported only. 

In the block diagram an interface to PC eased the integration as well as general software 
maintenance.  
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Figure 36: mmW integration requirements. 

RF-control software 

The SW architecture is illustrated in Figure 37 and it includes 

- Application layer: BTS and UE operations. 

- Middleware: All control processes related to beamforming, AGC, frequency control, 
PA control, RSS measurement, transmit power control and communication with 
external units as PC or MCU. 

- Hardware abstraction layer: A library that allows middleware processes to command 
the HW with a level of abstraction (without knowing the HW implementation details). 
The functions will directly connect to low-level SWs (drivers). 

- Driver: The drivers are HW specific and include procedures that operate directly on 
signals (input/output of the MCU). 

 



 

Title: Deliverable D1.3: Second period report 

Date: 30-09-2018  Status: Final  

Security: PU  Version: V1.0  

 
 
 

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.  

60 / 213 

 

 

Figure 37: SW architecture overview. 

One of the most critical implementation points of the integration is the time synchronization 
between RF-SW and TRX. For this purpose, we have a TX/RX switch signal, an Subframe 
pulse signal and (optional) a guard period pulse. Using these timing information the RF-SW will 
be designed to automatically follow the state machine indicated in Figure 38. Further details 
are provided in D3.5. 

 

Wake-up state the RF unit hardware is ready to start the SF synchronization 
process, in which the two devices will align the slot counting 

Synchronization 
state 

it includes the process of beam steering, RSS power 
measurement and synchronization detection 

Beam alignment 
state 

it includes the process of beam steering, RSS power 
measurement, beam decision and beam alignment 

Communication state UL and DL communication 

Figure 38: Functional process of the software. 

3.3.3.2 KR mmW integration and tests 

Link-level test of the KR mmW radio unit has been carried on during the first phase of the 
project. Figure 39 and Figure 40 show the set-up for a lab and subway trial, respectively. In the 
lab test, we can notice that two pairs of mTE and mRU are used to achieve the aggregated 
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traffic of 2.5 Gbit/s. In the field trial, instead, a single link was used and demonstrated that it 
can provide 1.25 Gbit/s of data rate most time. Four drop points indicate handover regions. In 
this field trial, the critical functionalities like handover and data throughput have been proven. 

 

  

Figure 39: First-phase lab-test of the KR mmW radio units. 

   

 

Figure 40: Trial in subway environment of the KR mmW radio unit. 

During the second phase of the project, higher link rate was achieved using 2x2 MIMO and 
wider bandwidth up to 1 GHz. In the lab test, peak data rate of 5.2 Gbit/s was achieved, as 
seen in Figure 41. 
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Figure 41: Second-phase lab-test of the KR mmW radio units. 

 

3.3.4 Task 3.4 Mobility management 

The work in task T3.4 aims at the development of new protocol, signaling as well as channel 
model for the HST. More specifically, in the first year of the project, the focus was on  

1) Channel modelling and measurement campaign planning for high mobility scenarios 
at mmWave frequencies including a geometric stochastic based model and ray-tracing 
based models. 

2) Backhaul architecture for broadband communications to end users traveling in a high-
speed train 

3) Mobility management techniques for supporting HST communications including 
variations of a random access method and beam alignment solution reliable to train 
position/speed errors. 

In this task, the cooperation between EU and KR was very effective as scenario definitions and 
system models were commonly agreed 

3.3.4.1 Channel modelling and measurement campaign 

The geometric-stochastic model channel model was developed by HHI and it follows a similar 
approach in the WINNER and 3GPP-3D. However, it has been specialized for the HST scenario 
with the additional feature of delay and direction tracking of the channel paths (Figure 42). More 
specifically, the new model includes  

i) a segmentation and overlapping technique to track a moving terminal along a 
specified trajectory: one of the key assumption is that the channel maintains the 
wide sense stationary (WSS) properties more or less constant along the segment. 
Also, that the overlapping of adjacent segments is calibrated to allow a smoother 
transitions of the channel features,  

ii) LOS/NLOS angle drifting: The drifting technique is extended towards 3D 
propagation in order to incorporate time evolution by updating the path parameters 
(i.e. delay, angles, and phase) for each MT position along a segment. 
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Figure 42: New features of a geometric-stochastic channel model for HST. 

Measurement campaign and results 

The channel measurements were conducted using an advanced instrument-based time 
domain channel sounder setup. The channel sounder operates at 28 GHz carrier frequency 
with a vertically polarized omni-directional antenna of a gain 0 dBi. The receiver is equipped 
with a virtual circular array antenna. The measurements for this campaign were conducted at 
a freight depot in Elstal, near Berlin, Germany. Figure 43 shows a map of the measurement 
location and measurement vehicles. The antenna heights were chosen for the fixed transmitter 
resting at a height of 5m above ground and the mobile receiver at a height of 3m above ground. 

 

Figure 43: Channel measurement campaign setup. 

 

After conducting measurements campaign, several channel parameters are extracted: Path 
loss, RMS delay spread, RMS angle spreads, which are shown in Figure 45. 
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Figure 44: Extracted channel parameters. 

Ray tracing setup and results 

The ray tracing-based channel modeling has been developed. The considered frequency range 
is from 25 GHz to 25.5 GHz, and the implemented system bandwidth is 500MHz. Various HST 
scenarios are considered including straight and curved routes in urban, rural, and tunnel 
environments, as seen in Figure 45. For straight route, the simulation distance between Tx and 
Rx ranges from 0 m to 1000 m, for curved route, 120 km/h and 500 km/h of speed are 
considered.  

 

Figure 45: Examples of HST scenarios for ray tracing. 

Wide band path loss parameters are modeled including Doppler effect, coherence time, 
coherence bandwidth, Rician K factor, RMS delay spread, XPD, CPR and etc. Among them 
RMS delay spread, Rician K factor, Doppler effect, and XPD/CPR are shown in Figure 46. 
According to simulation, RMS delay spread is more dominant in Urban environments, and 
Rician K factor is dominant in Tunnel scenarios due to waveguide effects. Doppler shift reaches 
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up to 11.662 kHz at 500 km/h and 2.806 kHz at 120 km/h. XPD is most significant in Tunnel 
scenarios due to high depolarization and cross polarization.  

   

Figure 46: Ray tracing results for RMS delay spread, Doppler effect, and XPD. 

3.3.4.2 Mobility management 

We study a backhaul architecture that provides broadband communications for end users 
traveling in a high-speed train, as seen in Figure 48. In this architecture, errors on the train 
speed/position affect the beam-alignment procedure between the backhaul transceiver and the 
receiver located on the top of the train, and decrease the capacity of the train access network. 
In this document, we evaluate these losses and we argue that a machine learning based 
estimator may improve the end user performance. The functional architecture to implement this 
solution has been elaborated. In the next months, we will focus on the finalization of the 
proposed solution and its assessment 

 

Figure 47: HST scenario. 

Random access for HST 

Several mobility management techniques for supporting HST communications are proposed. 
Among them, random access procedure that helps the terminal synchronize its uplink to the 
network is discussed. Instead of employing conventional 4-step random access procedure, 
simplified 2-step random access procedure is provided that is useful for reducing random 
access latency as seen in Figure 48. Proposed 2-step random access procedure is beneficial 
to HST because it significantly reduces handover time, which is critical in HST. HST-dedicated 
RA design can further reduce the random access delay by optimizing the procedure such that 
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preamble and TA related processing is removed using the fact that there will be a single mTE 
in a directional network. 

TE S-TRPs T-TRPs

3. RTS: Preamble + TE ID

6. CTS: (temporary NW ID + UL grant + TA)

5. PDCP SN request
& data forward

2. NW access decision

1. DL measurement

4. Admission control

MME/S-GW

7. Path switch request

8. Path switch request
Ack

9. TE context release

 

TE TRPs

3. RTS: TE  ID

5. CTS: (temporary NW ID + UL grant)

2. NW access decision

1. DL measurement

4. Admission control

 

Figure 48: Random access procedures. 2-step RA procedure (left) and More simplefied RA procedure without 
preamble and TA (right). 

Handover triggering for mobility 

A big challenge exists if a traditional hard handover such as LTE handover is performed in a 
unidirectional HST network, may occurring radio link failure during the handover operation. This 
problem can be observed in Figure 49Erreur ! Source du renvoi introuvable., where the 
ñdesired gainò is from the source cell and ñattempted gainò is from the targeting cell.  

 

Figure 49: An example of channel gain (combination of free-space path loss and directional antenna radiation 
pattern) observed by a moving HST. 

Several handover triggering mechanisms are proposed which can best trigger handover event 
in a directional network. 

Å Handover triggering based on DL RSRP measurement  
Å Handover triggering based on UL RSRP measurement 
Å Handover triggering based on timing monitoring 
Å Handover triggering based on beam index monitoring 
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Tradeoff between positioning accuracy and data-rate  

Using stochastic geometry, characterization of the localization and communication 
performance is analyzed in a realistic HST scenario. More specifically, trade-off between the 
positioning accuracy and data rate is provided. In addition, a power control scheme is designed 
to satisfy distinct QoS requirements of the positioning and the communication functions. 

Figure 50 shows the trade-off between the efficiency of the distance estimation of the user, 
represented by its Jeffreyôs prior and the rate coverage probability at a rate threshold of 500 
Mbit/s. 

 

Figure 50: Distance estimation error vs physical data rate for different power budget. 

Furthermore, the power-partitioning scheme under different operating beamwidths is proposed 
with the result in Figure 51. For a less stringent misalignment requirement, the operating 
beamwidth can be smaller. This can be exploited to either improve the positioning or enhance 
the data-rate, as per the required QoS.  

 

Figure 51: Distance estimation error vs physical data rate for different power budget. 
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3.4 WP4 Core Network 

WP4 is responsible for the design and implementation of necessary components in the mobile 
core network targeting minimal end-to-end latency by adequately virtualizing functionality and 
applying SDN principles. This involves research and implementation of required Management 
and Orchestration (MANO) functionality supporting the control of virtualized EPC components, 
as well as the implementation as the implementation and deployment of EPC-focused 
virtualized network functions (VNFs).  The mobile core network design and testbed builds 
further on the architecture as described in WP2, and are demonstrated in the Proof of Concepts 
of WP6. 

The work conducted in this WP is structured into three tasks. Below we report on the work 
performed in each of these tasks. The outcomes of tasks T4.2 and T4.3 have been documented 
in D4.2, while the outcomes of T4.1, interoperability tests and outcome of the the PoC 
experiments have been reported in D4.3. 

3.4.1 Task 4.1 Design, implementation, deployment and integration of the Mobile 
Core TestBed 

In task T4.1 Mobile Core TestBeds have been deployed at EU and KR side, providing the 
necessary SDN/NFV infrastructure. In this context, the 5GTN testbed has been extended with 
the necessary network and cloud facilities to empower several PoPs enabling the deployment 
of multiple EPCs for the envisioned 5G testbeds.  

 

Figure 52: EU-KR service interoperability. 
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Interoperabilty between the EU and KR testbeds and corresponding SDN/NFV-based vEPCs 
has been evaluated and demonstrated at multiple levels. At the service level, inter-continental 
interoperability of real-time streaming video and interactive augmented reality has been 
demonstrated over the KR-EU dedicated network showing a proof-of-concept of availability of 
5G mobile core networks for disparate types of services, as demonstrated in Figure 52. We 
have established 5G interconnection between GangNeung Olympic venue in Korea and 5GTN 
in Finland to connect two mobile core networks at the end of interconnection created by Korea 
and Europe respectively. The resulting services proved to support low-latency and high 
bandwidth the end-users. At the management and orchestration level, interoperability has been 
demonstated based on the ETSI-standardized SOL003 interface, interconnecting the NFVO 
and VNFM components in the MANO architecture. In the corresponding PoC, we showed one 
orchestrator located in Daejeon installed Korea (HSvEPC) in Gangneung ICT center and 
installed European vEPC in Daejeon to prove interoperability between both SDN/NFV-based 
mobile core networks. As shown in the figure below, we conducted lifecycle management over 
vEPCs in Gangneung and Daejeon respecively through the SOL-3 interface. 

 

 

 

3.4.2 Task 4.2 Design & implementation and Standard Definition of the Distributed 
Mobile Core Mobility Management and Integrated Orchestration 

Task T4.2 was responsible for the development of Management and Orchestration functionality 
of the SDN/NFV-based evolved packet core networks. This provides the core to enable agility 
in deployment of vEPC functionality. The main MANO functionalities and developed 
components are depicted in Figure 53.  
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Figure 53 : Overview of MANO processes and components. 

The KR partners have developed a custom DCNM MANO framework enabling dynamic and 
on-demand deployment of the KR vEPC. . The DCNM (Distributed Cloud NFV Management 
System) mediates service and network infrastructure connected with business and service 
support systems. DCNM plays a role of integrated orchestration for distributed Micro DC (Data 
Center) by conducting multi-domain, multi-technology resource optimization. It manages not 
only network services deployable over the multiple micro DCs but also resources and functions 
in the individual micro DCs. The framework enables agility required of NFV-based networks, 
including automated scaling based on the monitored resource usage. This functionality has 
been successfully demonstrated in the PoCs and is schematically shown in Figure 57. 

 

 

Figure 54 : Autoscaling using the KR DCNM framework. 
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In addition, MANO functionality has been developed to support multi-access networking and 
technologies on the KR testbeds with the Multi-Access Networking Coordinator SDN controller 
on WIFI, 4G and wired access networks as shown in Figure 55.  

 

 

Figure 55: Multi-access network technologies control support. 

 

The KR partners also implemented functionality enabling distributed mobility management 
(DMM) on distributed edge clouds on the KR K-One playground. Here, various access 
technologies provided in each edge cloud and user devices can connect to the edge cloud 
through these multi-RAN networks. End-user devices are mobile through the Multi-
Access/Multi-RAT environment and support support intra edge-cloud mobility. This involves 
session continuity with minimized delay when user device moves and connects to other edge 
cloud. The main principles for designing our DMM prototype are : anchor function separation 
and SDN/NFV Compatibility. Further details of this design and its evaluation can be found in 
D4.3. 

From the EU side, the vEPC focus has been on OpenEPC and OpenAirInterface. Both have 
been deployed using the OpenBaton MANO framework, demonstrating multi-site NFVI 
deployments of multiple vEPCs. Next to the ETSI SOL003-based interoperability as discussed 
above in T4.1, this proves the feasibility of alternate interoperability based using the NFVI-VIM 
interface. 

 

 












































































































































































































































































