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Foreword 

ITU’s Telecommunication Standardization Sector 
(ITU-T) has assigned priority to its study of the 
architecture and networking innovations necessary for 
IMT-2020 (5G) systems, a natural complement to the 
radio transmission studies of ITU’s 
Radiocommunication Sector (ITU-R).  

ITU-T standardization work is supporting 5G innovation 
in fields such as network softwarization, slicing and 
orchestration, 5G architecture and fixed-mobile 
convergence, end-to-end network management, and 
information-centric networking.  

5G systems will need to be agile all-round players 
capable of supporting a wide array of specialized 
functions. This will demand significant innovation in 
network architectures and orchestration techniques. 

In 2015, a Focus Group was established to accelerate this study of 5G networking innovation, a study 
led by ITU’s standardization expert group for future networks, ITU-T Study Group 13.  

The Focus Group’s final meeting in December 2016 was held in conjunction with an IMT-2020 
workshop and demo day. This model was followed by ITU-T Study Group 13 in a second IMT-2020 
workshop and demo day in July 2017. 

This publication shares insight into the demos showcased at the two events. 

The demos clearly highlighted that network softwarization and slicing, underpinning deeply 
programmable networks able to create virtual ‘slice instances’ with very specialized capabilities, will 
be essential to the achievement of the 5G vision.  

This software-driven environment will give networks the agility required to support the specific 
requirements of any particular 5G application. 

 

 

 

Dr Chaesub Lee 
Director, ITU Telecommunication Standardization Bureau  
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1 IMT-2020/5G Workshop and Demo Day, 11 July 2017  

Video overview of the Demo Day, 11 July 2017 

1.1 RAN slicing 

 Navid Nikaein, Eurecom 

 Presentation 

Title of the demo: Experience Live Software-defined RAN slicing 

Abstract of the demo: The demo showed how to slice a cloudified radio access network (RAN) that 
consists of a fronthaul segment between the remote radio unit (RRU) and the centralized/distributed 
unit (CU/DU), and a backhaul segment between CU/DU and the real time RAN controller. Through 
the separation of the RAN control plane and the data plane coupled with the virtualized RAN control 
functions, real-time monitoring and control applications were developed on a per-slice basis to 
demonstrate fine-grain RAN programmability. This allows different levels of coordination among 
RAN infrastructure elements by dynamic placement of virtualized control functions following 
software-defined network (SDN) and network function virtualization (NFV) principles for adapting 
control over time and space to facilitate network operation and evolution. The proposed framework 
features RAN resource abstraction (e.g. radio and spectrum resources), and its consolidation through 
network graphs, which is complementary to the ongoing solutions of network slicing, and supports 
the 3GPP dedicated core network (DCN) vision.  

Through the demo, demonstrators created two RAN slices, leveraging both the OpenAirInterface and 
Mosaic-5G platforms, to demonstrate a bi-directional video streaming on two smartphones 
connected to their respective slices and observing their perceived quality of experience by enforcing 
slicing policy. 

Demonstration 

1.2 Network slicing control 

 Remus Tan, Ciena Communications and Fadi Bishay, Ciena Communications 

 Presentation  

End-to-end (E2E) network slicing is an important aspect in next generation 5G networks. New 
innovations are being witnessed in the areas of wireless radio technologies, mobile network 
architecture, mobile network protocols as well the softwarization of the mobile network functional 
elements. However, E2E network slicing will require the transport systems to keep up with its own 
set of innovations as well to enable E2E network slicing work. And these innovations on the transport 
systems include the evolution of the transport systems into a cloud native framework; support of 
either hard or soft slicing on the transport systems data plane; support of physical resource 
abstractions to the orchestration layer; implementation of a hierarchical layers of SDN control 
framework; and the support of a content-aware transport underlay.  

From a transport network slicing perspective, Ciena fulfills this complex network innovation via a 
suite of software known as the network slicing controller suite. Different software components in 
this suite have its own functional role. In the Demo, Ciena showcased its multi-tenant network slicer 
to demonstrate the capability to slice a physical network into various virtual network slices; assign a 
slice to a slice tenant; and further assigning specific resources within a tenant’s slice to specific end 
customers. In this implementation, specific end customer is only able to access the network 
resources that are assigned by the tenant provider. The demonstrated example of the 
implementation of the multi-tenant network slicer will be applicable to RAN wholesale scenario, 
mobile virtual network operator (MVNO) scenario and Vertical/Private 5G networks deployment 
scenarios; as well as other possible usage scenarios. 
  

Slicin
g 

https://www.youtube.com/watch?v=PoZPQyx8rS4&feature=youtu.be
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Documents/Navid%20Nikaein%20-%20Live%20Demo%20Experience%20Live%20Software%20defined%20RAN%20Slicing.pdf
https://www.youtube.com/watch?v=CPhHC0vtN4Y&list=PLpoIPNlF8P2PMXAymXzdCLa-guIAJuFwV&index=9
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Documents/Remus-Tan-%20Network%20Slicing%20Controller%20Suite%20Multi-Tenant%20Slicer%20Demo%20.pdf
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1.3 5G network slicing management demo show 

 Wei Chen, China Mobile 

 Presentation  

China Mobile presented a demo of the 5G network slicing orchestration and management system. 
Network slices can be easily designed and created in the slicing operation and maintenance (O&M) 
system. Based on virtualized infrastructure, two slices, namely enhanced mobile broadband (eMBB) 
slice and mIoT slice, were created and tested during the demonstration. By introducing the network 
slicing O&M system, operators can largely reduce their capital expenditure (CAPEX) and operational 
expenditure (OPEX), and at the same time promote the usage efficiency of hardware infrastructures. 

Demonstration 

 

 

 

 
  

Slicin
g 

https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Documents/Wei%20Chen%20-%205G%20Network%20Slicing%20Management%20concept%20and%20demo.pdf
https://www.youtube.com/watch?v=d1Jpz_ukDAI&list=PLpoIPNlF8P2PMXAymXzdCLa-guIAJuFwV&index=7&t=1s
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1.4 Flexible service routing over an SDN transport network  

 Ulises Olvera-Hernandez, InterDigital 

 Presentation-Demonstration 

1.5 Realizing ICN as a Slice for Mobile Data Distribution 

 Asit Chakraborti, Aytac Azgin, Huawei  

The demo highlighted: 1) Dynamics ICN slice management; 2) ICN service orchestration; 3) Dynamic 
mobility over a slice, and as a service; 4) Seamless mobility over heterogeneous access links (LTE, 
Ethernet, Wi-Fi); 4) Real-time A/V conferencing application. Network slicing is proposed in a 5G 
system to cater to the needs of diverse heterogeneous applications. From the core network 
architecture perspective, delivering services over Internet protocol (IP) also carries forward its 
shortcomings with respect to handling naming, security, mobility, multi-homing and multicasting. 
Also, the IP model does not allow easy integration of computing or storage into the network 
infrastructure, which can address the latency and bandwidth challenges offered by 5G applications. 
All the above motivates  leveraging network slicing to introduce new architectures, such as ICN, that 
have native support for features that cannot be deployed or which have little deployment or support 
over an IP infrastructure. Considering a generic networks slicing infrastructure that can offer services 
over both IP and ICN, this proof-of-concept (PoC) is developed to demonstrate the realization of ICN 
as a slice, where the slice is dedicated to a single service or one that multiplexes multiple ICN services. 
This demo showed the feasibility of using standard orchestration software such as Docker and ONOS 
with ICN extensions and adaptation to realize ICN as a slice over a common pool of x-86 resources. 
In particular, PoC demonstrated: 1) Dynamic creation and co-existence of multiple ICN slices to offer 
real-time audio/video conferencing; 2) Application driven ICN service orchestration and 
management using Docker and ONOS; 3) Dynamic enablement of mobility-as-a-service over a slice; 
4) Seamless producer mobility over heterogeneous access, which in this case included, LTE, Wi-Fi and 
Ethernet. 

Demonstration  

1.6 Live migration of 5G services between different heterogeneous domains 

 Antonio Manzalini, TIM, Fulvio Risso, Politecnico di Torino, Ivano Cerrato, Politecnico di 
Torino  

 Presentation 

This demonstration represented a technique that enabled the live migration of a 5G service between 
different technological domains, such as a NAT running as an SDN application in the first domain, or 
running as a VM in a data centre in the second case. This was achieved by distilling the state of each 
application by means of a technology-independent data-model, whose run-time data was 
transferred from the first instance to the second. This technique (i) guarantees a faster migration 
process because of the smaller information footprint that has to be transferred; (ii) offers more 
flexibility to execute services in a telco infrastructure; (iii) can strengthen the robustness of the 
infrastructure, e.g. by keeping in “hot standby” multiple copies of the same service running in 
different domains; (iv) and provides a way to upgrade a service, e.g. with a new, feature-richer 
version, without any downtime of the service itself. 

Demonstration 
  

IC
N

 

https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Documents/Ulises-Olvera-Hernandez-Cost%20efficient%20and%20low%20latency%20delivery%20of%20IP-based%20services.pdf
https://www.youtube.com/watch?v=v2sYxQCSrrY&index=12&list=PLpoIPNlF8P2PMXAymXzdCLa-guIAJuFwV
https://www.youtube.com/watch?v=Qbq4ps_d_lA&list=PLpoIPNlF8P2PMXAymXzdCLa-guIAJuFwV&index=10
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Documents/L-Pesando-A-Manzalini-F-Risso-I-Cerrato-Live%20Migration%20of%205G%20Services%20between%20heteregeneous%20Infrastructure%20Domains.pdf
https://www.youtube.com/watch?v=G_7kFYf2vOA&list=PLpoIPNlF8P2PMXAymXzdCLa-guIAJuFwV&index=8
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1.7 Livecare real-time healthcare monitoring service  

 Heechang Chung, uLikeKorea 

 Presentation  

The livecare real-time healthcare monitoring service is the risk mitigation service based on networks. 
It provides monitoring of the risk event data. The big data, which relates in this approach to livestock 
disease risks such a foot-and-mouth disease, avian influenza, and rinderpest, are collected, analysed 
and stored in real time using the following devices/resources: 

 Bio-capsule of sugar cane with no harmful injections in the stomach of cattle, in operation 

up to 8 years 

 LoRa/3G/5G network 

 Smartphone and PC in live big data centre 

Demonstration 
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https://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Pages/biographies.aspx
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/Documents/Heechang-Chung-Livecare.pdf
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201707/PublishingImages/005-Livecare_Heechang-Chung?Web=1
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2 FG IMT-2020 Workshop and Demo Day: Wireline technology enablers for 
5G, 7 December 2016 

Video overview of the Demo Day, 7 December 2016  

2.1 Using ICN to simplify data delivery, mobility management and secure 
transmission over an heterogeneous network access 

 Giovanna Carofiglio, Cisco Systems 

 Presentation 

ICN provides a unified network and transport layer addressing content by name rather than by 
location. By disrupting traditional connection-oriented communication models, ICN simplifies data 
delivery, mobility management and secure transmission over a heterogeneous network access. In 
the demo, DASH video delivery was selected as the use case to show the benefits of ICN mobility 
management, in-network control (rate/loss) and network-assisted bitrate adaptation for a 
multi-homed user device. An illustration was given on how ICN can effectively reduce transport cost 
via native edge caching and multi-point/multi-source communications over the backhaul. To that aim, 
the demo orchestrated an ICN-enhanced virtualized network backhaul and showed its utilization 
over time. 

Demonstration 

2.2 Using ICN to meet the IMT-2020 goals 

 Phillip Brown, Fujitsu Labs 

 Presentation 

The PoC demonstrates features and abilities of ICN to deliver on IMT-2020 goals.  Specifically, the 
PoC addresses the following gaps from the Focus Group Gap Analysis Report: 

1 Gap E.1 Considering ICN as a protocol for IMT-2020; 

2 Gap E.8 ICN mobility and routing; 

3 Gap E.13 ICN security (authentication and encryption). 

Demonstration 

  

IC
N

 

https://www.youtube.com/watch?v=04W1YI0ZxCs&list=PLpoIPNlF8P2NPFldoAGvSmBijxXSaL5ei&index=1
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201612/Documents/slides/43-Cisco-ICN_mobile_video.pdf
https://www.youtube.com/watch?v=3BcG8F4Lcec&index=6&list=PLpoIPNlF8P2NPFldoAGvSmBijxXSaL5ei
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201612/Documents/slides/51-Fujitsu_Labs-ICN_IMT-2020.pdf
http://www.itu.int/en/ITU-T/focusgroups/imt-2020/Documents/T13-SG13-151130-TD-PLEN-0208!!MSW-E.docx
https://www.youtube.com/watch?v=GBd9G3RgNGI&index=3&list=PLpoIPNlF8P2NPFldoAGvSmBijxXSaL5ei
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2.3 Radio over Ethernet (ROE) and common public radio interface (CPRI) 

 Bomin Li, Comcores 

 Presentation 

This is a demo for both next generation fronthaul interface (NGFI) native radio over Ethernet (RoE) 
with intra PHY split implemented in it, and CPRI over Ethernet encapsulated in the structure agnostic 
mode. Compared to CPRI, the NGFI native RoE implementation significantly improves bandwidth 
usage, which better supports 5G applications demanding higher bandwidth. More information is 
provided here. In the CPRI over Ethernet demonstration, bidirectional CPRI flows are recovered 
without error, which enables centralized radio access network (C-RAN) architecture by using 
Ethernet as a transport network. 

Demonstration 
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http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201612/Documents/slides/16-Comcores-NGFI.pdf
http://sites.ieee.org/sagroups-1914/files/2016/08/tf1_1608_al-obaidi_l1-offload_1.pdf
https://www.youtube.com/watch?v=VE08zW3f8hE
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2.4 Softwarized LTE in FLARE network slices - how to slice eNodeB (eNB) and 
Evolved Packet Core (EPC) on a FLARE node 

 Akihiro Nakao, Ping Du, The University of Tokyo; 

 Masayuki Kashima, Yoshihiro Nakahira, Oki Electric Industry Co., Ltd. 

 Presentation 

The demo showed how to slice eNodeB (eNB) and Evolved Packet Core (EPC) on the FLARE node, 
highly programmable network node, as Proof-of-Concept (PoC) of network softwarization and 
network slicing for IMT-2020. In this PoC demo, engineers softwarized both eNB and EPC using 
modified OpenAirInterface, and implemented an LTE network in a slice on top of a FLARE node, 
where signalling-related EPC entities (e.g. MME) and eNB are implemented in a control plane, while 
user data forwarding and processing (e.g. SGW and PGW) are implemented in a data plane. In the 
data plane, EPC is divided into function elements and parallelize packet processing across many 
on-chip core processors. FLARE enables rapid deployment of data-plane network functions with Click 
network-programming framework. In the control plane, demo runs signalling-related EPC, eNB and 
HSS in Docker instances within the same FLARE slice. Each LTE network slice is Dockerized 
(implemented in Docker), i.e. in a minimal resource environment. LTE network slice instances are 
isolated without interfering each other. Showcase demonstrates playback of YouTube videos on a 
smartphone (Nexus 5) connected to an OAI slice on FLARE. 

Demonstration 

2.5 5G operating platform: Infrastructure-agnostic orchestration 

 Antonio Manzalini, TIM; Fulvio Risso, Politecnico di Torino 

 Presentation  

This demo showed an overarching orchestration software architecture that was based on a 
continuous advertisement of capabilities and resources from underlying infrastructure-layer 
domains, allowing the orchestration to adapt its service logic to exploit the most up-to-date 
capabilities. The demo showed how to set up a complex NFV service across multiple domains, such 
as two OpenStack instances connected by an SDN network, where all the service functions (e.g. NAT, 
firewall, etc.) are launched in the data centre and the intermediate SDN network is used only to 
connect all the different components together. However, when the SDN network also advertises the 
capability to host a given set of network applications (e.g. a NAT), the orchestrator adapts its service 
logic and it instantiates part of the service in the data centre (e.g. as virtual machines), part in the 
SDN domain (e.g. as ONOS applications), hence enabling more aggressive optimization strategies in 
the overarching orchestrator. 

Demonstration 

 

So
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http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201612/Documents/slides/21-5GMF-LTE_FLARE.pdf
https://www.youtube.com/watch?v=r9kMHEq4evY&index=5&list=PLpoIPNlF8P2NPFldoAGvSmBijxXSaL5ei
http://www.itu.int/en/ITU-T/Workshops-and-Seminars/201612/Documents/slides/24-TIM-5G_Operating_Platform.pptx
https://www.youtube.com/watch?v=N6SBo2f6Lyc&t=52s
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