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Abstract 

D1.2 is a public deliverable which presents and details the overall progress made in the first year of the 
5GCHAMPION project towards achieving its stated objectives. Moreover, a description of the progress made 
in each work package (WP) is given 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 of the first year of the project 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. 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, first year report. 
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1 Executive Summary 

5GCHAMPION has started in June 2016. It is one of the three project launched for the first time 
in the framework of the collaboration between MIST (Korea) and European Commission 
(Europe). Its ambition is to develop key enabling technologies for a proof-of-concept 
environment to be showcased at the 2018 Winter Olympics in PyeongChang, Korea. This will 
allow maximum visibility for the available technology two years ahead of 2020, i.e. the official 
launch of 5G. For this ambitious goal, 5GCHAMPION will provide an efficient Korean/European 
collaboration framework, will establish new research and business relationships among 
consortium partners and guarantee a cross-fertilization and thought leadership to be continued 
after the life-time of the project. Its success is strategic for both Korea and Europe to maximize 
the impact through a common Korean/European position. 

During the first year, the Coordinators (from Korea and Europe) have successfully implemented 
administrative, legal and financial matters, and reporting and communicating mechanisms to 
ensure an excellent progress of the overall project. An important effort has been given to the 
establishment of a common team with the continuous breaking of potential cultural barriers 
between Korea and Europe, leveraging on enthusiasm, curiosity and professionalism of 
involved partners targeting a long lasting collaboration event after the end of the project. 

5GCHAMPION management team, with specific efforts of WP7 leader and the coordinators 
have launched and leaded to effective external communications and disseminations, including 
the creation of a dedicated LinkedIn group, the project website, and several press releases. 
This intense communication and dissemination activity have been supported continuously and 
successfully exploited and enforced by the consortium. All these already finalized 
communication and dissemination activities as well as the many activities already planned for 
the second year of the project are creating a very high level of visibility in Korea, Europe and 
all around the world for 5GCHAMPION. 

The project management team, consisting of Korean and European Coordinators, Korean and 
European Technical Managers and Work Package Leaders, is continuously structuring, 
organizing, monitoring and implementing both scientific and technical work of the project 
ensuring that all partners participate and interact, in accordance with the Description of Work 
(DoW). 

Thanks to the quality of the work produced by all partners, to the excellent team work across 
continents, the management team have lead 5GCHAMPION to accomplish excellent progress 
in its first year of activity building the path to achieve its objectives and being ready for the 
ambitious proof of concept foreseen in February 2018 in conjunction with the 2018 Winter 
Olympics in PyeongChang, Korea. 

Specific efforts in the first year have been devoted to the preparation of the PoC that will be 
delivered during the Winter Olympic Games in February 2018. To this end 5GCHAPION 
consortium has agreed to deliver a full week of demonstration during the first week of the 
Games. PoC will be mainly concentrated in the IoT Street (see deliverable D2.2). To this end 
in WP2 dedicated efforts have been concentrated to define the common architecture for the 
core network (EPC) and the NFV/SDN functionalities based on MANO needed for the 
federation of the test beds in Europe and Korea. Then in WP4 intense work for designing and 
implement the core network orchestration have been conducted including preliminary tests. On 
the other side, in WP 2 has defined and detailed the description of the radio architecture and 
related radio functionalities needed for the PoC. To this end, n WP3 very intense work has 
been conducted to design and realize advanced antennas arrays and its RF front-ends platform 
for 28 GHz bands mmW backhauling and fronthauling. In this context different solutions and 
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different implementation have been designed and realized by both sides of the consortium, 
covering a large panel of potential 28 GHz bands implementations. Moreover, in order to 
efficiently and dynamically fully exploit our proposed hardware solutions for 28 GHz bands, 
dedicated work on algorithms for backhauling and fronthauling have been conducted and still 
under intense investigation. Implementation and testing of transceivers platforms just started 
as planned in the DoW (from month 7). Eventually in task 3.4 mobility management and related 
channel models are under investigation to enable smart solutions for medium and high mobility 
scenarios.  

From the perspective of preparing a high impact PoC, in WP2 a dedicated work have been 
conducted on dedicated meaningful uses cases for proof of concept. Details are given in 
Deliverable D2.2.  

5GCHAMPION has a unique feature (very well appreciated by the press as shown in most of 
our press releases) which is the integration of satellite access and positioning for 5G networks. 
WP5 is dedicated therefore to 5G backhauling, high precision positioning, narrowband IoT via 
satellite. This is the only work package that includes only European partners, nevertheless 
discussion and interest from both sides of the consortium are rising and a fundamental 
collaboration between European and Korean partners for the approval of a new study item 
ñStudy on NR to support Non-Terrestrial Networksò (See RP-170717) during the TSG RAN#75 
meeting held in Dubrovnik in March 2017. It is a major achievement since it is the first step 
towards a seamless and full integration of satellite component in 5G system. 

Then in WP 6 work has recently started to integrate solutions of several technical work 
packages in the context of uses cases defined in D2.2, covering aspects of integration of 
access and backhaul components, NFV/SDN and the satellite access and positioning for the 
PoC. 

Eventually, WP7 have paved the way to intense dissemination of 5GCHAMPION and 
standardization activities. 

The project has successfully achieved its first year milestones, and has delivered the following 
outputs, in accordance with DoW schedule. 

Excellent dissemination to (and validation by) the wider scientific community is achieved 
through submission of over 18 conference and journal papers by project partners (many of 
which are joint work package submissions), organization of workshops, special sessions and 
panels, and keynotes/invited presentations delivered at major European, Korean and global 
conference and events, including ECôs EUCnC 2017, IEEE 5G Summit (Europe) and 5G Global 
5G Summit, IEEE VTC conference 2017, IEEE PIMRC 2016, IEEE Globecom 2016 and 2017 
(forecoming),  IEEE ICC and FG ITM-2020. 

Eventually, the work carried out by the management team and the consortium of 
5GCHAMPION have resulted in massive visibility of the project in Europe, Korea and globally. 
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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 first year of activity, 14 deliverables and 2 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 during the first year is of high quality. The technical results has been published 
and presented in over 16 accepted conference contributions and 2 accepted journal papers. 2 
milestones have also been achieved during this period. 

The major technical contributions have been carried out considering the three blocks of the 
5GCHAMPION PoCs: mmWave backhauling, satellite systems and core network. In particular, 
the 5GCHAMPION European consortium developed two antenna technologies and a new 
radiofrequency front-end for mmWave backhauling & fronthauling. An active cooperation 
between EU and KR was very effective in order to develop algorithms for backhauling & 
fronthauling and scenario definitions. During the first year, the European 5GTN mobile core 
testbed infrastructure, as well as the Korean mobile core testbed have also been designed. 
The European vEPC is implemented using Nokia commercial products and the Korean setup 
contains 3 types of testbeds: one testbed led by ETRI focused on interoperability with European 
core network, the second Point of Presence (PoP) is located in Seoul and focuses on the 
Distributed Mobility Management, and the third PoP is located in Gangneung and is used for 
the Multi-RAT SDI Edge Cloud and is the one which will be used for the Olympic PoC and 
Demonstration. The SDN/NFV-enabled architecture was designed having the following 
features: agility and flexibility or evolved 5G networks and NFV/SDN integrated Management 
and Orchestration. The initial design of the mobile core network functions and required 
interoperability functionality have also been implemented. Activities on satellite communication 
and positioning includes: link budget analysis, channel modeling, system design and 
dimensioning, test case definition, selection of best satellite positioning method, selection and 
acquisition of the GNSS equipment, preliminary testing in outdoor environment. 

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 year of the 5GCHAMPION project 
according to project deliverables planning. The public deliverables (PU) have also been 
published on the project website.  
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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 8 June 2017* 

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 

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

D3.4 
Algorithms for backhauling & 
fronthauling 

31 May 2017 31 May 2017 

D3.5 
mmWave backhauling & 
fronthauling platform 

31 May 2017 05 Jun 2017 

D3.7 
Preliminary results on the mobility 
framework 

31 May 2017 02 Jun 2017 

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

31 May 2017 31 May 2017 

D5.1 
5G Satellite Communication 
analysis - intermediate version 

31 May 2017 05 Jun 2017 

D5.3 

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

31 May 2017 31 May 2017 

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 

* 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 year of the 
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 
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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: 

WP2 contributed to this objective on generic network architecture level by defining the end-to-
end network architecture and use cases for the verifying the mmWave high capacity backhaul 
link (D2.2) and by identifying the related KPIs (D2.2). The radio access technology specific 
work was started 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 both the EU and KR testbeds (D2.1). 

The work in T3.1, T3.2 and T3.3 is mainly dedicated to this objective. More specifically, in T3.1 
UOULU, Nokia and CEA have been active on the development of a new RF-unit for the 
frequency band 26.5-29.3 GHz which includes the operational band at the Winter Olympics in 
Korea, i.e., 26.5 to 27.5 GHz. The Korean counterpart will provide a mmW system operating 
the band 25.1056-25.5376 GHz. Study of compatibility and interference management is also 
addressed in T3.1.  

Tasks T3.2 and T3.3 contributes to the integration of the RF and antenna units with the base-
band. During the reporting period, the activities in T3.2 and T3.3 have been limited to the study 
of the requirements in terms of physical interface, timing control software control. These 
activities, however, relates only with the EU mmW backhaul radio unit development. 

In the KR mmW radio unit development, the focus was on the integration and testing of the 
platform.   

Below, we report the specifications of the EU and KR mmW backhaul platforms used for the 
objective 1). 

WP6 point of view status is so that EU POC system testing will start on august 2017 and should 
be ready by December and will be demonstrated in Olympics 2018. 

Korean system system testing also starts on august 2017 and will be ready by December and 
will be demonstrated in Olympics 2018. 

Status of the Objective: 

The EU mmW platform is under development. The first prototype has been designed, 
manufactured and tested. The design of the second (final) version is completed and 
manufacturing and integration with the base-band will completed in the first months of the 
second period. In this regard, this objective is achieved 65%. 

The KR mmW platform is a more advanced stage as based on a previous prototype 
development. Labs test have been executed. In this regard, the objective is achieved 80%. 
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EU platform KR platform 

Antenna 

Wideband 1GHz Wideband 1GHz 

Phased-array (16x4 radiators) with/without 
antenna transmit array 

Slotted waveguide array antenna (Tx: 
4x4, Rx: 6x6) 

Structure 8x2 RF beamformer ï with 2x2 
antenna subarray in each, linearly polarized 

N/A 

Maximum gain 22.7 dBi (sim.) Gain = 19 dBi (TX), 22 dBi (RX) 

RF-FE 

26.5-29.3 GHz 25.1056 - 25.5376 GHz 

Operational band at the Olympics 26.5 to 27.5 
GHz 

Operational band at the Olympics 
25.1432 ~ 26.1432 GHz 

4 RF beamformers (phase-shift based) 2 TX and 2 RX paths 

Digital phase-shift control Fixed beams 

Digital branch enable control N/A 

Digital automatic gain control Digital automatic gain/frequency control 

Base-band 

TDD TDD 

8x8 MIMO-OFDM (symmetric in DL and UL) 2x2 MIMO-OFDM 

Max bandwidth: 8x100 MHz carrier component Max bandwidth 8x125MHz carrier 
components (4 CCs for 1st phase) 

Modulation UpTo 64QAM Modulation UpTo 64QAM 

Table 1: EU and KR mmW backhaul unit specifications. 

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 band. 

Work Developed: 

WP2 contributed to this objective by specifying the use case and KPIs (D2.2). 

WP6 demo capability exist in November 2017. 
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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) will not be available at the 2018 PyeongChang Winter Olympics. The radio 
access technology specific work for the mobility in range of 80 km/h was started 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 are carried on in T3.2 and T3.4. More specifically, T3.2 
focuses on numerology and precoding schemes for the HST use-case, whereas T3.4 on 
mobility management protocols and channel modeling for HST. 

During the first year of the project 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) Signaling (Pilot): A theoretical study of two pilot placement schemes to maximize the 
lower bound of the ergodic was carried on. The schemes, called GPP and PPP are 
then evaluated with simulations and it was demonstrated that higher ergodic capacity 
than the random pilot placement scheme can be achieved. 

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 have been taken to investigate the characteristics 
of the wireless channel at 500 km/h and its dependency to the geometry and nature of 
the environment, especially at the mmW frequency band. One approach is based on a 
geometric-stochastic model such as the WINNER and 3GPP-3D, 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, the birth and death. The second 
approach is based on a ray-tracing simulator optimized for various scenarios of HST 
communication, i.e., three straight rout and two curved routes. A channel measurement 
campaign is planned by HHI to validate the models. 

5) Mobility management: Having directional communications to compensate the high path 
loss of mmW link is however a limitation to mobility. In WP3, a location-aware radio 
access and handover solutions are investigated to improve the link reliability. 
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From WP6 point of view Korean system will be demonstrated in Olympics 2018 having 60km/h 
speed. 

Status of the Objective:  

This objective takes into account different types of activities which are running in parallel and 
have different percentage of completion. Numerology for HST is defined (100% completion) 
and validated via simulations. Studies on pilot signals and precoding scheme are ongoing and 
results are provided only with non-verified channel models. The achievement of this sub-task 
is estimated about 40%. Channel models for HST are derived but not verified. The 
measurement campaign has just started. Thus, this task is 40% complete. 

The KR-PoC demonstration will include mobility, but not high-speed tests as mmW network 
connecting high-speed train is not an available resource. The testing with low-mobility (bus) is 
ongoing. In this regard the demonstration objective is 60% successfully completed. 

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). 

These documents include the following points: 

¶ Analysis: 
- Link budget for the link ñ5G UE ï satelliteò, taking into account satellite 

channel characteristics in different satellite 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). 

- 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). 

¶ Development and testing: definition of test cases that will verify and compare the 
achievable performance of candidate 5G radio interface in various satellite context 
using CEAôs ñ5G radio access test bedò (mainly related to objective 5.1). This part will 
provide inputs for the deliverable D6.3 ñIntegration and system testing phase of satellite 
scenarioò (M24). 

A first version of document D5.1 has been finalized, providing a sound basis to objective 5.1 
and objective 5.2. In particular: 
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¶ 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. Specification at MAC layer will be included in D5.2. 
A first 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 has been defined and high level test cases have been 
proposed, which are expected to be refined in D5.2. 

From WP6 EU demonstration will be held by end of the project. 

Status of the Objective:  

The work has been carried out on time for this objective. For the second period, real-life 
performance will be assessed using CEAôs test bed. This will allow refining link budget and 
system design calculations as well as terminal architecture. 

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: 

WP2 contributed to this objective by defining the end-to-end network architecture enabling the 
low latency scenario and use cases for verifying the low latency scenario (D2.2) and by 
identifying the related KPIs (D2.2). The radio access technology specific work was started by 
identifying the key factors for low latency systems (D2.2) and specifying the radio access 
architecture for both the KR and EU testbed (D2.1). 

In WP3 the latency KPI is addressed in T3.3, and more specifically, with the definition of the 
numerology for an OFDM transmission. Also, from an implementation perspective the latency 
issue is taken into account with the selection of fast TX/RX switches for TDD transmissions 
and fast beamforming (EU) or beam switching (KR). See Table 2. 

WP6 will demonstrate both, EU and Korean systems in Olympics 2018 which shows latencies 
of Radio´s from 1 to 2 ms and system latency below 10ms. 

Status of the Objective: 

Both in the EU and KR platforms TDD is supported by the base-band units. In the EU 
development, the integration and testing with RF-FE units is foreseen in the first months of the 
second period. In KR the TDD functionality is tested. Overall, the objective is 75% achieved. 
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 EU KR 

Subcarrier spacing 75 kHz 180 kHz 

Sampling clock rate (MHz) 153.6 184.32 

OFDM symbol duration, no CP (us) 13.33 5.56 

CP duration (us) 0.95 0.69 

CP overhead (%) 7 12.4 

Symbols per TTI 14 40 

TTI duration (ms) 0.2 0.25 

Frame duration (ms) 10  10 

FFT size 2048 1024 

Table 2: Selected numerology for low-latency transmissions. 

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 using either a localized (Europe) or distributed (Korea) edge cloud 
architecture. 

Work Developed: 

WP4 contributed to this objective through the design and development of an SDN/NFV-based 
mobile core network, implemented in a European 5GTN testbed, based on the Nokia 
Cloudband solution, and implemented in multiple Korean testbeds relying on custom 
implementations of the different vEPC Network Functions as well as supporting Management 
and Orchestration functionality. The Nokia Virtualized Mobility Manager and Virtualized Mobile 
Gateway forms the core of the EU vEPC solution.  The Korean solution deeply integrates in 
the mobile core setup, and provides fast provisioning capability, enabling flexible service 
chaining for latency sensitive applications amongst distributed core components. Both the 
European and Korean solutions rely on Openstack Network Function Virtualization 
Infrastructure together with custom orchestration and virtual network function management 
modules. The multi-site K-cluster design and implementation of the Korean partners enables a 
Multi-RAT SDI Edge Cloud as a university federation test bed for academic research, 
supporting UE-based Giga-Ethernet / Wifi / 2G / 3G / 4G / 5G communication interface and will 
connect with IoT-Cloud Hub of the planned multi-site based K-Cluster. Both solutions, as well 
as potential interoperability architectures and processes are documented in D4.1. 

From WP6 point of view testing has been done for interconnection between Korea and Finland 
and test results shows that connection works and is stable. Demonstration will be made in 
EUCUN as format of video/presentation and also in 1-year project review for project members 
and EU-delegates. 

Status of the Objective: 

Initial versions of the core network, their testbeds and interoperability are up and running. The 
underlying SDN/NFV platform is available on EU and KR side, and main functionalities of the 
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virtualized Evolved Packet core are implemented. Initial demonstrations of these setups are 
possible. 

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 is intended to provide two deliverables: 

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

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

A first version of document D5.3 has been finalized, providing a sound basis to objective 5.1, 
objective 5.3 and objective 5.4. In particular, the document 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 positioning in constraint 
environments (objectives 5.1 and 5.3). 

¶ Preliminary definition of a test bed and use cases (objectives 5.1 and 5.3), which will 
be refined in D5.4. 

WP6 will demonstrate objective by the end of project. 

Status of the Objective: 

The work has been carried out on time for this objective. For the second period, the mixed 
mmWave/GNSS system for outdoor positioning will be implemented and demonstrated in Oulu, 
while results for indoor positioning via mmW antennas will be obtained via simulation. 

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. 
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Work Developed: 

5GCHAMPION is dedicating intense and high visible efforts to accomplish this objective. The 
first year of the project has been a success in this direction. 5GCHAMPION in his first year has 
successfully positioned itself within 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 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. 

Moreover a very active dissemination activity has been conducted as reported in D7.1 and 
constantly updated in our webpage. Partners of 5GCHAMPION have actively participated to 
IEEE 5G Summits (having delivered 1 presentation at 5G Global Summit in Rome, 1 
presentation at the 5G Berlin Summit 2016, having an active participation to the 5G Brooklyn 
Summit 2017, and being in discussion to deliver another at the 5G Montreal Summit), FG 
ITM-2020, organizing a special industrial track on 5G at IEEE VTC and delivering 2 
presentations on 5GCHAMPION at this occasion, organizing workshops at top ranked 
international conferences as IEEE Globecom 2017, 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.  

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: 

Although in WP3 has not a dedicated effort to regulation activities, the development of two 
mmW platforms in the different operational frequencies can be used, in the second phase of 
the project, to support trials and, therefore, studies for a unified approach of spectrum 
allocation. In fact, WP3 can provide the two compatible platforms in the frequency band 
indicated below. 

mmW PoC Frequency band 

EU  26.5 - 27.3 GHz 

KR  25.14 - 26.14 GHz 

More specifically, the KR platform is designed for a mmW access in the unlicensed frequency 
bands FACS(Flexible Access Common Spectrum). The EU platform, on the other hand, is one 
of the solutions operating in the band endorsed by the EC for mmW (Figure 1). 
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Figure 1: Spectrum allocation for the mmW. 

Status of the Objective: 

Spectrum allocation has been identified. Tests to support contribution to regulations will be 
carried on in the second year of the project. In this regard, this objective is 40% successfully 
completed. 

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 contain 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. Plans will include: i) 
exchange of best practice and lesson learned in European and Korean prototyping, lab 
trial and proof of concept, ii) 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, iii) establishing mutual understanding and trust among 
European and Korean Academics, Industry, Telecom Operators to promote future 
collaborations in 5G and future Networks markets. 

Work Developed: 

This work will be mainly carried out during the second year of the project. 
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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 2: 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. 

5GCHAMPION has received pre-financing from the EU. The coordinator has distributed the 
pre-financing according to the EC rules to all EU partners. Same procedure has been followed 
by the Korean consortium. 

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. 

 

 

http://www.5g-champion.eu/


 

Title: Deliverable D1.2: First period report 

Date: 08-06-2017  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.  

21 / 93 

 

 

Figure 2: 5GCHAMPION webpage. 

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. 

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: 

¶ Distribution of pre-financing to partners. 
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¶ 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 1 presentation at 5G Global Summit in Rome, 1 presentation at the 
5G Berlin Summit 2016, having an active participation to the 5G Brooklyn Summit 2017, and 
being in discussion to deliver another at the 5G Montreal Summit), FG ITM-2020, organizing a 
special industrial track on 5G at IEEE VTC and delivering 2 presentations on 5GCHAMPION 
at this occasion, organizing workshops at top ranked international conferences as IEEE 
Globecom 2017, 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. 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 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. 
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Press releases 

5GCHAMPION has been very active in the first year on press releases and having interviews 
with the press. Notably the topic and the challenges embraces by 5GCHAMPION are of strong 
interest not only for the industrial community but also for the press. 

During the first year 5GCHAMPION has generated 6 press releases which are: 

¶ Usine Digital 08/2016  http://www.usine-digitale.fr/article/le-cea-leti-mise-sur-les-
technologies-spatiales-pour-tester-la-5g-aux-jo-de-2018.N403492 

¶ CEA LETI press releases 04/2018 with online coverage on  
o Microwave Journal 
o Telecom Engine 
o Pipeline 
o Evaluation Engineering 
o Microwave Engineer Europe 
o Telecom Paper 
o IoT Evolution World Blog 
o Electronics Weekly 
o 5G World Alliance 
o 5G Router 
o Everything RF 
o New-Tech Europe 
o Components in Electronics (CIE) 
o EDACafé (included in newsletter) 
o Nanotech Now 
o ELE Times 
o Display+ (Korea) 
o Evertiq 
o Embedded Computing Design 
o AGL Media Group 

 

 

http://www.usine-digitale.fr/article/le-cea-leti-mise-sur-les-technologies-spatiales-pour-tester-la-5g-aux-jo-de-2018.N403492
http://www.usine-digitale.fr/article/le-cea-leti-mise-sur-les-technologies-spatiales-pour-tester-la-5g-aux-jo-de-2018.N403492
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¶ Everything RF 
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¶ Telecom Engine 
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¶ Microwave Journal 

 

¶ BusinessOulu https://sivustot.kaleva.fi/oulustakuuluu/2017/01/25/olympiakavijat-5g-
aikaan-oululaisella-osaamisella/  

 

Project Meetings 

During the first year of the project, 3 face to face consortium meeting have take place and 2 
project management team meeting have taken place in conjunction with the second and the 
third meeting: 

¶ 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 

To each project meeting a minimum 20 attendees from both Europe and Korea have actively 
participated. 

 

https://sivustot.kaleva.fi/oulustakuuluu/category/businessoulu/
https://sivustot.kaleva.fi/oulustakuuluu/2017/01/25/olympiakavijat-5g-aikaan-oululaisella-osaamisella/
https://sivustot.kaleva.fi/oulustakuuluu/2017/01/25/olympiakavijat-5g-aikaan-oululaisella-osaamisella/
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Figure 3: 5GCHAMPION Kick-of meeting at CEA-LETI premises in Grenoble 14-15 of June 2016. 

 

 

Figure 4: 3rd consortium meeting at INTEL Deutschland GmbH premises in Munich, 13-15 of March 2016. 
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3.1.2 Task 1.2 Quality Management in 5GCHAMPION 

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.  

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. 

At this stage of the project most of the actions concerns the monitoring of the research activities 
and the monitoring of the preparation for the field trial foreseen in February 2018. 

3.1.3  Impact management and planning of future collaborations 

Not applicable yet, this task starts an M13. Nevertheless, informal discussions have already 
started since Month 9. 
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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. 

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 
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 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 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). 

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 
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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. 

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 5: 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, 



 

Title: Deliverable D1.2: First period report 

Date: 08-06-2017  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.  

32 / 93 

 

Expected functional components per domain and internal interfaces are: 

¶ EU Radio access network: 
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 6: 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. 
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Figure 7: EU test bed network architecture (D2.1). 

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. 

 

Figure 8: High level architecture of Koreaôs Distributed virtualized EPC (D2.1). 

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 
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also on service level for network slicing, whereas the latter focuses on optimized solution for 
Mobile Hotspot Networks. The Korean test bed also includes MANO implementation based on 
open source components. 

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

 

Figure 9: 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 10: 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, 
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¶ 800 MHz maximum bandwidth, 

¶ 2.5Gbit Minimum data-rate capacity, 

¶ MIMO-OFDM transmission technology, 

¶ 200m minimum coverage. 

AI1 

¶ 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 11: 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. 
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Figure 12: Overall architecture of satellite/mmWave positioning solution. 

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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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 

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 3: 5G CHAMPION selected use-cases. (D2.2). 

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. 
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Figure 13: 5G demonstrations at the Winter Olympics of Korea in 2018. Blue sectors indicate the application 
domains targeted in the 5G CHAMPION project. (D2.2). 

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

  

Figure 14: 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 PM. In Korea, HFR and ETRI are the dominant partners. 

The main activities in WP3 focus on  

a) the development of mmW backhaul for the 5GCHAMPION proof-of-concept at 
the Winter Olympics and  

b) 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 15 shows the consumed EU effort as well 
as EU outlook for next year project. It can be noticed that most of the activities have been 
dedicated towards the objective a).    

 

Figure 15: Mapping of the work-effort per task, per year for the EU consortium. 

In Table 4 a summary of WP3ôs task contribution is provided. 
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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 4: 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 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, beamformig 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, 

The activities and results are included in D3.1 and D2.1. 

RF-FE prototype 

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 Figure 16 (the EU and KR RF-FE platforms are shown on 
the left and right side, respectively). With respect to the EU platform, the picture shows the first 
implementation of the RF-FE board as well as the final layout 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 picture shows the transceiver and the internal mechanics. 
The KR platform is based on a simpler architecture as beamforming is obtained with waveguide 
antennas, which can provide improved robustness to very a high speed environment. 

A detail specification of the RF-FE is provided on Table 1.  

 

 

Figure 16: mmW RF-FE platforms. (Left) EU model based on phase-array beamforming. (Right) KR model 
based on wave-guide antenna. 

The development of a RF-FE unit for phased-array antennas resulted into a challenging task 
as RF 28GHz technology is rather a new approach for mobile networks with several practical 
challenges to be solved, starting, for instance, from the availability of RF components. 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 
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base station amplifiers at frequencies of 6GHz and below. And highly efficient modulations like 
OFDM require up to 10dB back off for sufficient signal quality (EVM) for 64-QAM. That is 
feasible only for GaN and HEMT technologies at the moment and is likely beyond the capability 
for any silicon based technology also in the future. In addition, no proper linearization 
techniques to improve power efficiency for very wideband signals at mmW range have not been 
demonstrated so far. As the output power per PA is anyways limited the feasibility to improve 
overall power efficiency of the system will be more limited than in case of GHz range base 
stations. Our solution was to select the TGA2595 which can, in fact, provide 30 dB gain and 
output third order intercept point (OIP3) of 48.5 dB and power-added efficiency (PAE) of 24\%. 

Antenna array prototype 

The development of antenna array for backhauling & fronthauling is based on three different 
technologies: antenna arrays with patch antennas, a p-i-n based transmit array and a 
waveguide antennas, respectively, illustrated in Figure 17, Figure 18 and Figure 19.  

 

Figure 17: Antenna array with 2x2 subarray module. 

 

 

Figure 18: Transmit array based on p-i-n diodes. 
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Figure 19: Waveguide antennas. 

During the first of the project, the antenna array and transmit array have been designed and 
manufactured. Testing is under process.  

RF-FE testing 

The testing of the first prototype EU RF-FE has been performed in the first period of the project.  
All RF components were verified at own board and carefully checked with component data 
sheets It was found that RF trace losses are relatively high at 28GHz range and all of them 
have impact to RF performance. Also, each corner of RF trace and width change of trace to 
component pad were simulated and tested. Unexpectedly, it was found that RF trace width 
change to filter pad introduce more loss than the RF filter itself in some cases. 

The manufacturing process of the RF-board was also challenging as materials and techniques 
are very sensitive. At higher carrier frequencies, any manufacturing imperfections can cause 
resonance and spurious effects. In fact, the preliminary tests of the RF-FE EU board showed 
several spurious components in the out-band emissions. Some of them were expected, others 
not. This lead us to a new changes of the RF-FE, i.e., more powerful driver PA and additional 
filters in the RF signal path, LO path and IF path. Figure 20 shows the spectrum emission in 
the receiving path. The component 4 is the wanted signal (IF signal, BW=100MHz, 16QAM). 
Components 12 and 13 are unwanted and unexpected. Others spurious emissions were 
predicted.  
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Figure 20: Spectrum emission of the received IF signal. 

Figure 21 shows another unexpected result due to challenging manufacturing process. More 
specifically, the substrate of phase shifter components were damaged and, consequently, 
created an unwanted unbalance between reception paths. 

 

Figure 21: Manufacturing imperfection visible only with high resolution optical magnifier. 

 

15

14

15
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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 5) 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 5: 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 22. 

  

Figure 22: 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 23) 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 24. 
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Figure 23: DMRS mapping. 

  

Figure 24: 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 25 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 is also considered so as to allow the first steps of the 
integration as well as general software maintenance. The integration phase will start during the 
first months of the second year of the project.   
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Figure 25: mmW integration requirements. 

RF-control software 

The SW architecture is illustrated in Figure 26 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). 
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Figure 26: 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 planned 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 27. 
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 beem steeting, RSS power 
measurmenet, beam decision and beam alignment 

Communication state UL and DL communication 

Figure 27: Functional process of the software. 

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 28 and Figure 28Figure 29 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 
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the aggregated traffic of 2.5 Gbps. In the field trial, instead, a single link was used and 
demonstrated that it can provide 1.25 Gbps 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 28: Lab-test of the KR mmW radio units. 

   

 

Figure 29: Trial in subway environment of the KR mmW radio unit. 
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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 30). 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. 

 

Figure 30: New features of a geometric-stochastic channel model for HST. 
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The geometric-stochastic channel model for HST will be validated with a measurement 
campaign. The values for 500km/h, however, will be obtained via extrapolation as a practical 
solution to perform the measurement at that speed was not found. The channel measurement 
plan is illustrated in Figure 31 and it consists of 6 set-up:  

1) UMi street canyon measurements for urban backhaul scenario, city center, LOS, 
2) UMi open square measurements for urban backhaul scenario, city center, LOS, 
3) UMi dual frequency measurements for urban backhaul scenario, residential area, 

LOS and NLOS, 
4) UMi backhaul measurements in residential area, 
5) Open area backhaul in rural or highway area, 
6) UMi street canyon, simultaneous multi-frequency measurement, urban backhaul 

scenario, city center, LOS. 

 

Figure 31: Channel measurement plan. 

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 32. 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.  
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Figure 32: 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 33. 
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 
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 33: Ray tracing results for RMS delay spread, Doppler effect, and XPD. 

Mobility management 

We study a backhaul architecture that provides broadband communications for end users 
traveling in a high-speed train. 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 
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Figure 34: HST scenario. 

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 35. 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 
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
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& data forward
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Figure 35: Random access procedures. 2-step RA procedure (left) and More simplefied RA procedure without 
preamble and TA (right). 

In addition, a pilot structure design for HST is discussed. Two ergodic capacity maximizing pilot 
placement schemes are proposed called GPP and PPP. The proposed schemes are designed 
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to maximize the lower bound of the ergodic capacity in an OFDM system for HST. The two 
proposed schemes achieve much higher ergodic capacity than the RPP scheme in HST, as 
seen in the simulation results Figure 36. 

  

Figure 36: Performance comparison of pilot placement schemes. Ergodic capacity (left) and pilot percentage 
(right). 
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3.4 WP4 Core Network 

WP4 provides 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 will be demonstrated as part of the Proof 
of Concepts of WP6. 

This report summarizes the work that has been carried out in the first project year with respect 
to the different WP4 objectives, in relation to the different WP4 tasks and their documented 
outputs in D4.1. 

3.4.1 O4.1: Design and development of SDN/NFV-based of Mobile Core TestBed 
Infrastructure 

The focus of the WP4 work in the first year has been on the design and development of the 
European 5GTN mobile core testbed infrastructure, as well as the Korean mobile core testbed. 
The European vEPC is implemented using Nokia commercial products: the MME is based on 
the 9471 Wireless Mobility Manager (WMM), and SGW/PGW is implemented through the 7750 
Virtualized Mobile Gateway. The Korean setup contains 3 types of testbeds. One testbed led 
by ETRI is for Proof of Concept demonstration of the use cases defined in D2.2 focused on 
interoperability with European core network. This Point of Presence (PoP) is located in Daejeon 
and is used for the interconnection with the EU testbed. The second PoP is located in Seoul 
as the university federation test bed for academic research and focuses on the Distributed 
Mobility Management. The third PoP is located in Gangneung and is used for the Multi-RAT 
SDI Edge Cloud and is the one which will be used for the Olympic PoC and Demonstration.  
This work has been carried out in the context of T4.1, and the testbed setup has been 
documented in D4.1. 

 

Figure 37: Three Korean Points of Presence. 
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3.4.2 O4.2: Design and development of the Distributed Mobile Core Mobility 
Management functions 

As part of T4.2, Korean partners (GIST and KHU, amongst others), are implementing 
functionality enabling the deployment of the mobile network function near the mobile edge for 
supporting low latency and broadband service. This integrates the usage of distributed cloud 
computing concept into the mobile core for support massive connectivity, as well as 
management components to globally manage distributed physical/logical resources and virtual 
mobile core network functions. The distributed mobile core will be optimised to provide a low 
latency broadband 1 hop process. The initial design and prototyping features of the distributed 
mobility management has been documented in D4.1.  

3.4.3 O4.3: Design and development of the Distributed Mobile Core Orchestration 

functionsΟ 

NFV MANO components are responsible for orchestrating the (re-)provisioning process 
supporting distributed mobility. The Korean partner implemented the NFVO from scratch. The 
NFVO system provides a web-based user interface which enables administrators to easily 
handle NFV services. The developed NFVO system provides the following system features: 
multi-VIM support, transport-SDN based inter-VIM networking, VPN based inter-VIM 
networking, Neutron port chain based service function chaining, and OpenStack (Liberty 
release) based VIM. The initial design of orchestration functionality to support UE mobility 
between distributed vEPC cores has been made in the context of T4.2, which is partly reported 
in D4.1.  

3.4.4 O4.4: Design and development of the Distributed Mobile Core VNFsΟ 

5G core network functions are required to provide a capability of accommodating disparate 
types of application services. To this end, we need composable core network functions to offer 
highly flexible network capabilities for the target application services. It brings mobile core 
networks into a group of software functions decomposed by its functionality rather than 
hardware network devices. We have designed and developed component functions of vEPC 
which have data plane and control plane separated to enable dynamic placement for the 
tailored service deployment. DPDK and SRIOV are supported to provide the throughput 
described in the VNF descriptors managed by MANO over the distributed networks. We have 
also built up testbed to verify the functionalities and operational behaviours of vEPC 
interworking with MANO functions over the virtualized infrastructure connected via transport 
networks provided. The testbeds and their component technologies are reported in D4.1 and 
detailed information about integrated operations between those components will be mainly 
covered in D4.2. 

3.4.5 O4.5: Design and development of Secure Distributed Mobile Core Backhaul 
Communication Infrastructure  

An extensive analysis of an SDN/NFV-focused mobile core network has been made as part of 
T4.1 and is documented in D4.1. The analysis addresses security aspects of the core network 
elements, and an analysis of the communication channels in between them. A range of 
potential threats has been identified, and an independent analysis of the data- and the control 
plane components has been provided. In addition, a set of key performance indicators has 
been provided, and these are supported with initial experimental results. This work has been 
led by UOULU. 
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3.4.6 O4.6: Deployment of SDN/NFV-based of Mobile Core TestBedΟ 

Both the EU vEPC and KR vEPC testbed rely on a thorough integration of SDN and NFV 
technology, allowing dynamic use of resources, enabling elasticity in the data plane.  As 
indicated earlier, this work has been part of T4.1 and has been reported in D4.1. The EU 
testbed is heavily centered around the Nokia Cloudband solution. As a result, the management 
of the NFVI infrastructure is heavily based on OpenStack software.  

The Korean vEPC consists of the following components: vMME, vSGW-CU, vPGW-CU, 
vSGW-DU, and vPGW-DU. The vEPC data plane is separated from control plane which 
enables higher capacity of data flow. Data plane-focused VNFs are relying on DPDK and to 
enable for higher data throughput. The HSS and PCRF, responsible for authentication are 
implemented as simulators. The target of the resulting vEPC implementation is to guarantee 
10G end-to-end throughput.  The design and development of these VNFs includes element 
management functionality, enabling direct interaction with the NFVO. 

This will facilitate a co-located interoperability setup of the EU and KR virtualized mobile core 
networks. The used server hardware is running the Linux OS and KVM hypervisor technology. 
In the data plane DPDK and SR-IOV is used for hardware acceleration.  

3.4.7 O4.7: Integrated and Interoperable Mobile Access-Core TestBed  

The multi-site K-cluster design and implementation of the Korean partners enables a Multi-RAT 
SDI Edge Cloud as a university federation test bed for academic research, supporting UE-
based Giga-Ethernet / Wifi / 2G / 3G / 4G / 5G communication interface and will connect with 
IoT-Cloud Hub of the planned multi-site based K-Cluster. 

The project focuses on two main types of physical interoperability architectures between the 
European (EU) and Korean (KR) mobile core networks. These architectures match with the 
use cases defined in WP2, where two users, residing in different mobile cores, use a latency 
sensitive application in the former case and a broadband application in the latter. The first 
interoperability architecture involves fully remote Evolved Packet Cores (EPC) where both 
control plane and user plane are located in their respective home networks. The second 
architecture refers to an architecture where the KR site executes a full EPC and either only the 
user plane or the full stack of the EU EPC. The connection setup process to be used in these 
architectures was refined by for the scenario of a client-server application, as well as for a peer-
to-peer application. Particular attention was paid to the functionality required for enabling QoS-
controlled setups, required monitoring functionality and dynamic provisioning supporting 
interoperability setups. This work was mainly carried out by IMEC, in close cooperation with 
the UOULU and ETRI. These interoperability architectures and processes have been 
documented in D4.1. 

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

T4.1 mainly focused on reaching the objective O4.1, O4.5, O4.6 and O4.7, and therefore we 
use this subsection to further illustrate the work in this tasks towards these objectives.. As a 
result, the SDN/NFV-enabled architecture as depicted in the figure below was designed in 
cooperation with WP2, having the following features: agility and flexibility or evolved 5G 
networks and NFV/SDN integrated Management and Orchestration. 
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Figure 38: SDN/NFV framework for 5G networks. 

This SDN/NFV framework was used for both the EU 5GTN testbed as the KR testbeds. The 
EU implementation relies on Nokia solutions, including the Nokia Cloud Infrastructure as 
SDN/NFV platform (depicted in figures below), and the Nokia VMM as Virtualized Mobility 
Manager, and the Nokia Virtualized Mobile Gateway for implementing the vEPC.  

 

 

 

Figure 39: EU Nokia-based SDN/NFV platform. 

The KR mobile core network SDN/NFV platform is depicted below, and is its ability in real-time 
monitoring & Fast Isolation/Recovery and its support for High-Performance Data Plane 
Acceleration techniques. The details of both the EU and KR platforms are documented in D4.1. 
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Figure 40: Korean SDN/NFV platform. 

Both testbeds are deployed and corresponding hardware has been reserved. In the table 
below, we give an overview of the hardware used at EU and KR side. 

 

Å 11 x Quanta B51BP-1U servers (3 
controllers + 8 compute nodes) 

Å 1 x Quanta LB9 switch as HW 
Management Switch 

Å 2 x Juniper QFX5100-24Q switches 
as leaf switches 

Å Red Hat Enterprise Linux 
OpenStack Platform® 6 (OSP6) 

Å Red Hat Enterprise Linux 7.1 

Å VMM:  9471WMM (MME 
standalone), System version:  
WM100053.05 

Å VMG: TiMOS-MG-C-8.0.R4-1 
cpm/x86_64 ALCATEL SR 7750-
MG 

 

Å 5 x X86 whitebox hardware, with 
64GB RAM and 512 GB HDD 

Å OpenStack Mitaka 

Å Ubuntu 14.04 LTS 

Å 4 x 10GbE L2 Ethernet Switch 

Å Hypervisor technology 

Å Ubuntu 16.04 

Å Host Network: 10 Gigabit 
Ethernet enabling SR-IOV 
on 3400/8400/4500 
Ethernet Adapters and 
configuring SR-IOV on 
hosts 

Å Host hypervisor: Type 1 
(native or bare-metal) 
hypervisor => QEMU (with 
KVM as hardware 
acceleration) 

 

Figure 41: EU testbed infrastructure (left) and KR infrastructure (right). 
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In order to interconnect both testbeds and mobile core networks, in T4.1, EU and KR partners 
have refined the interoperability architecture from WP2, and outlined several mechanisms in 
order to set up connectivity, enable monitoring (illustrated below), QoS suppport and dynamic 
interoperability focusing on the defined use-cases of WP2.  

 

Figure 42: Traffic monitoring location at the two interworking sites. 

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

The work carried out in T4.2 has focused on fulfilling the objectives O4.2 and O4.3 regarding 
the design and implementation of management and orchestration functionality for Distributed 
Mobile Core Mobility Management. This work is mainly carried out by the Korean partners, 
and has been documented in D4.1 

In this contrext, a reference architecture for distributed mobility management has been 
developed, involving:  

Á ñGap analysis for adopting DMM in 4G/5G mobile core networkò, Technical 
Report, 

Á Design of Architecture Framework for DMM in 5G Networks, 

Á Standardization and Papers: IETF & Conferences. 

The architecture and its corresponding testbed is depicted in the figure below. Distributed 
Mobility Management (DMM) standardized in the IETF has been focused on split traditional IP 
anchor function into control/data plane and distributed them to the edge of the network. The 
DMM can provide per-flow IP mobility management and on-demand mobility management. 
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Figure 43: DMM architecture and testbed Design. 

To implement a real testbed, Korean partners made a prototype of DMM functional test by 
using three physical servers and one SDN-enabled switch as illustrated in Figure 44. All 
physical servers are using OpenStack and EPC SW components are running as several virtual 
machines. EPC SW components are implemented based on the 3GPP Rel.11 standards. The 
design and implementation is further documented in D4.1. 

 

Figure 44: DMM Prototype. 

3.4.10 Task 4.3 Design & implementation of the Mobile Core Virtual Network Functions 

In order to reach O4.4, T4.3 is focusing on the design and implementation of the mobile core 
network functions and required interoperability functionality. The initial design of and 
implementation of this has been documented in D4.1. 

As indicated earlier, the EU Mobile Core Network Functions build further on the Nokia VMM 
and VMG (cfr. D4.1), while the Korean Mobile Core Network is largely implemented from 
scratch. As a consequence, most effort in T4.3 comes from Korean partners. The KR vEPC 
consists of vMME, vSGW-CU, vPGW-CU, vSGW-DU, and vPGW-DU. The control plane and 
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user plane have been split in order to be able to benefit from hardware acceleration techniques 
such as DPDK with SRIOV to achieve high performance in the data plane.  
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3.5 WP5 Satellite access & positioning 

3.5.1 Task 5.1 5G Mobile/Satellite Convergence 

From a satellite communication perspective, the objective of this WP is to determine the 
feasibility of a seamless access to satellite communications for 5G devices, focusing on low 
data-rate devices for IoT or voice services (objective 5.1). The WP therefore aims to define 
and demonstrate technical enablers and configurations to allow the operation of 5G UE directly 
via satellite without requiring any hardware modification (objective 5.2). 

The results of the first year period have been integrated into D5.1 ñ5G Satellite Communication 
analysis ï intermediate versionò. 

D5.1 provides following inputs to objective 5.1: 

¶ Link budget analysis for the link ñ5G UE ï satelliteò, taking into account satellite channel 

characteristics in different satellite 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. 

¶ Performance comparison of candidate 5G radio interfaces based on software 

simulations. 

¶ Definition of test cases that will verify and compare the achievable performance of 

candidate 5G radio interface in various satellite contexts using CEAôs ñ5G radio access 

test bedò. This part will provide inputs for the deliverable D6.3 ñIntegration and system 

testing phase of satellite scenarioò. 

D5.1 provides following inputs to objective 5.2: 

¶ Definition of configuration and operation modes at transmission and MAC level to 
improve system performance without UE hardware modification 

¶ 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  

D5.1 will be consolidated in D5.2 ñ5G Satellite Communication analysis ï final versionò. In the 
following, the above-mentioned contributions of D5.1 to objective 5.1 and objective 5.2 are 
detailed.  

3.5.1.1 Link budget analysis 

Link budget calculations have been performed considering expected UE performance values 
for low-data rate scenarios in future 5G applications. Table 6 summarizes the main UE 
characteristics.  

Table 6: Main considered terminal characteristics for link budget computations. 

Characteristic Unit Value 

Terminal Type  Handheld 

Power (dBm) 23 

Carrier Bandwidth (kHz) 
180 (DL) and 

3.75 (UL) 



 

Title: Deliverable D1.2: First period report 

Date: 08-06-2017  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.  

66 / 93 

 

Polarization  Linear 

Noise figure (dB) 6 and 9 

The downlink frequency is 2.17GHz while the uplink frequency is 1.98GHz. Table 7 and Table 
8 summarize the required performance for each type of satellites. The required values are in 
line with state-of-the art current technology. 

Table 7: Required EIRP for different satellite systems. 

Satelllite 
System 

LEO: 800 km LEO: 1500 km MEO: 10000 
km 

GEO: 35786 km 

Minimum 
EIRP per 180 

kHZ 

27,8 dBW 32,6 dBW 44,9  dBW 56, 7 dBW 

 

Table 8: Required G/T for different satellite systems. 

Satellite System LEO: 800 
km 

LEO: 1500 km MEO: 10000 
km 

GEO: 35786 km 

Minimum G/T @ 
1 kbps 

-15,25dB/K -13,42 dB/K 1,21 dB/K 10,65 dB/K 

3.5.2 Performance comparison of candidate 5G radio interfaces 

Different solutions for narrow-band IoT have been analyzed and compared, based on 
information found in the literature: 

¶ Sigfox (proprietary technology) 

¶ LoRa (proprietary technology) 

¶ IEEE 802.15.4k (standard technology) 

¶ NB-IoT (standard technology) 

Even if all waveforms have their pros and cons, it has been decided to focus in details on NB-
IoT as it is part of 3GPP and as little information can be found on proprietary technologies. NB-
IoT exhibits good performance in terms of capacity but can lead to relatively high peak-to-
average power ratio when based multi-carriers OFDMA or SC-FDMA. Therefore, it has also 
been proposed to consider FSK modulation with a simple accumulator code. This waveform 
can be used on top of OFDM signals, and exhibits a constant envelope, making it therefore a 
good candidate for uplink communications. The accumulator code allows for a better use of 
redundancy than in pure repetition scheme, but necessitates a soft FSK detector to determine 
the probabilities of each codeword. Block-filtered OFDM instead of OFDM is in fact considered 
as it allows for flexible and efficient use of non-contiguous unused spectrum targeting 
heterogeneous mobile network deployment scenarios. Simulations have shown that the 
proposed turbo-FSK exhibit performance close to the NB-IoT solution in terms of capacity in 
an AWGN or frequency selective channel, while showing better performance in terms of 
envelope variations compared to multi-carriers OFDMA and SC-FDMA waveform. 
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3.5.2.1 Definition of configuration and operation modes at transmission and MAC 
level to improve system performance (without HW modification) 

Table 9 summarizes the defined satellite and Haps specifics impacting 5G systems on different 
areas. It also describes the features to be adapted for satellite and HAPS operations. During 
this first year, the focus has mainly been put on synchronization issues and Doppler 
compensation procedure. 

Table 9: Satellite/HAPS specifics implying modifications of 5G systems for satellite/HAPS operations. 

3.5.2.2 Increase of service rate using RadioApps solution and novel reconfiguration 
features of equipment  

The key idea behind software reconfigurability is to add new features over the lifetime of 
equipment remaining in the market for a substantially longer time compared to todayôs 
Smartphones and similar mass market devices (such as cars or some IoT devices).  We have 
identified the ETSI SW Reconfiguration framework as the best candidate for the application of 
mass-market Software Reconfiguration. This framework enables the provision and usage of 
(3rd party) software components in a standardized way. 

In this first year contribution, it has been described how an additional air interface can be easily 
integrated in a RAT by simply downloading software code from a RadioApps Store to the target 
reconfigurable radio system (RRS) in a form of Radio Application Package (RAP). Since all 
radio applications exhibit a common behavior from RRSôs perspective, those radio applications 

Satellite/HAPS specifics 
5G system impacted 
areas  

Features to be adapted 
for satellite/HAPS 
operations 

Propagation channel, 
interference context, Doppler, 
propagation delay 

Physical layer 

Synchronization, initial 
access, random access, 
data channels, channel 
estimations, low PAPR 
modulations, link 
establishment/maintenanc
e due 

Propagation delay, beam pattern 
(very large cells) 

Layer 2 and above 

Protocols timing 
relationship, Inter Radio 
Access Technology hand-
over (Satellite/Cellular) 

Non terrestrial networks at 
access and/or transport level 

Services 
5G services/operational 
requirements 

Propagation delay, beam pattern 
(very large cells), Cross border 
coverage (anchor point mobility) 

System architecture 

Policy & QoS 
management, Mobility 
management, Session 
management, Traffic 
steering, multi home 
transport, eMBMS, 
Charging policy 
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are called Unified Radio Application (URA) once they are downloaded into the target RRS. Full 
architecture description is provided into D5.1. 

3.5.2.3 Definition of test cases that will verify and compare the achievable 
performance of candidate 5G radio interface in various satellite context  

Test cases have been proposed to verify and compare the achievable performance of 
candidate 5G radio interface in various satellite contexts using CEAôs ñ5G radio access test 
bedò. As already mentioned, the accent will be put on NB-IoT modulations and turbo-FSK on 
top of BF-OFDM. 

The different waveforms will first be assessed in ideal conditions without terminal or satellite 
impairments. Performance degradation will then be estimated taking into account 

¶ A realistic channel model 

¶ Terminal impairments (phase noise, synchronization issues) 

¶ Satellite impairments (mainly including Doppler shift) 

3.5.3 Task 5.2 High precision/integrity ubiquitous GNSS based LBS and timing 

3.5.3.1 GNSS positioning 

For GNSS positioning, several techniques enable accurate positioning: Precise Point 
Positioning (PPP), standard Differential GNSS (DGNSS), Real Time Kinematic (RTK). The 
benefits and drawbacks of each of them have been studied in D5.3, and it appeared from the 
trade-off that RTK (see ) is the most suitable for a quick and precise outdoor positioning. 

 

 

Figure 45: RTK technique. 

A receiver compatible with the new European GNSS constellation (Galileo), supporting the 
RTK technique, allowing post-processing and reflecting recent mass-market receivers has 
been selected and bought for tests and demonstration (Figure 46). 

Some investigation has been made to find a Galileo-compatible reference station (required for 
the RTK technique) in the vicinity of Oulu where the tests will take place in the second period 
of the project. Discussions with the Finnish Geospatial Research Institute concluded with the 
possibility to use data from one of the station of the EUREF Permanent GNSS Network (Figure 
46). 
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The software that will use the data from the receiver and the reference station to compute the 
precise position with the RTK technique has been selected, installed and configured. 

 

 

Figure 46: GNSS receiver (left) and reference station (right). 

 

In order to check the whole GNSS positioning system, a preliminary test campaign has been 
conducted in TAS premises with a reference station from Toulouse city. Results will be 
analyzed in the following weeks and presented in the IR6.1 document. 

3.5.3.2 5G positioning 

For 5G positioning, the concept of OFDM-MIMO systems has been reviewed from the point of 
view of next generation 5G radio systems, and an analysis of the millimetre-Wave (mmWave) 
radio access available on 5G system has been conducted. The focus has been theoretical 
performance analysis (as reported on D3.5) and designing the positioning system and 
algorithm on simulator level (as reported on D5.3); eventually to be demonstrated on proof-of-
concept (PoC) demonstration platform. The algorithm will exploit the key structure of the MIMO 
channels at high carrier frequency bands (mmWave channel), namely sparsity, to obtain timing 
information and bearing estimate to enable accurate continuous positioning information, as well 
as fulfill overall system KPIs, such as for example system latency, throughput and link 
robustness. 

Most of the work will be realized on the second part of the project (M13-M22) with inputs from 
the WP3 deliverables: D3.5 mmWave backhauling & fronthauling platform (M12); and D3.3 
Beamforming antennas and front-end integration (M18).  

3.5.3.3 Common 5G/GNSS architecture 

Possible interactions between GNSS and 5G positioning systems have been studied and 
conducted to the definition of an algorithm mixing information coming from both systems: 
pseudoranges from GNSS and angle from 5G (as reported on D5.3).  
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Figure 47: Mixed algorithm principle. 

Interfaces between the GNSS system, the mixed algorithm and the 5G system have been 
defined and will be refined in the following months, along with the implementation of the mixed 
algorithm.  

The global architecture of the test bed that will demonstrate the performance of the whole 
system has been defined in D2.1 and D5.3 (Figure 48) and will be more detailed in D5.4 when 
the mixed algorithm is implemented. 
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Figure 48: 5G/GNSS architecture.  
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3.6 WP6 Integration of 5GCHAMPION PoC and the Olympics 2018 
demonstrations 

5GChampion work package 6 has two major testing areas, interconnection of 2 EPC/SDN 
networks and radio testing.  

Both areas are proceeding as planned and testing is ongoing in both areas. In EUCNC radio 
systems prototypes will be shown to exhibition participants. Interconnection demo will be 
shown in 5GChampion 1-year review.  

WP6 has 4 major task areas 

¶ T6.1 focusing on radio integration and system testing. Work is ongoing, 

¶ T6.2 focusing on EPC/SDN integration which is currently ongoing, 

¶ T6.3 focusing on satellite access system testing. Not started yet, 

¶ T6.4 focusing on 2018 Olympics demonstration, practical planning is ongoing. 

3.6.1 Task 6.1 Integration of access and backhaul components to proof-of-concept 
system 

Radio unit testing in Korea and UOULU/Nokia is ongoing as we speak and results will be 
delivered in D6.1 document by M14. Both radio prototypes (25 GHz mmW and 26.5 GHz mmW) 
will be shown in EUCNC june 2017 in 5GChampion booth. 

3.6.2 Task 6.2 Integration of NFV/SDN/EPC to proof-of-concept system 

Both, Korean and EU core networks are up and running according to plan. As of today 
interconnection testing is ongoing as we speak and results will be delivered in D6.2 document 
which will be ready by M14. Shortly results are showing that interconnection exists between 
these 2 networks having as of today capacity of 1 Gbps, which can be as much as 10 Gbps if 
and when needed. Figure 49 depicts the overall architecture of Korean and EU networks. 

 

Figure 49: overall architecture of EU and KR core network. 


































