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Abstract

promptly.

5G (fifth-generation mobile communication system) defines network slicing technology that virtually separates
the network layers. Network slicing makes it possible to provide use cases required for 5G — such as high speed
and high capacity (eMBB), multiple connections (mMTC), and ultra-reliability and low latency (URLLC) — on a
single network infrastructure. 5G is expected to solve a variety of social issues, and this paper introduces the
network slicing technology developed by NEC that enables communications service providers to provide services
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1. Introduction

Faced with social issues such as a declining birthrate,
an aging population, and depopulation, Japan is reach-
ing the limits of its traditional reliance on people to deal
with these issues. The use of ICT is indispensable to
solve social issues such as the decrease in the workforce
and public services, the continuation of store operations,
and the maintenance of functions required for daily life
and economic activities. 5G, characterized by its ability
to communicate large volumes of data with various de-
vices at low latency, is expected not only to solve these
problems as a means of digital transformation (DX)™in
society as a whole but also to serve as the foundation
for a more affluent lifestyle. This paper introduces the
network slicing of NEC as a technology that can be used
to solve these social issues.

2. Network Slicing Technology

2.1 Features of 5G networks and application of slicing technology

Since their introduction in the 1980’s, mobile commu-
nications systems have evolved over the course of each
decade and are presently so widespread globally that
the number of cellphone subscribers has exceeded the
number of people. Nevertheless, mobile communication
systems shared limited radio resources until4G, and mo-
bile communications providers had to provide services
using best-effort networks.

5G networks have three main features: 1) high speed
and high capacity; 2) multiple connections; as well as
3) ultra reliability and low latency. These features are
expected to be applied not only to cellphones but also
to industrial domains. For example, high speed and
high-capacity communications for use cases such as
high-definition video distribution and VR"?/AR", multiple

"* Changing the shape or style of business, society, and life through digital technology.
*2 Virtual reality: Technology that enables the user to simulate a seemingly real virtual space created by digital technology.
"3 Augmented reality: Technology that virtually enhances or augments an existing landscape by superimposing virtual visual information on it.
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connections for use cases such as logistics management
and smart cities, and ultra reliability and low latency for
applications such as remote control and autonomous
driving are requirements for networks (Table).

To achieve all this, 5G requires networks that can
respond to a variety of requirements. But building in-
dividual networks for each requirement is not realistic
because it leads to excessive plant investment and op-
erational burdens. In addition, 5G, which is expected to
be a means of digital transformation, requires a flexible
network that can quickly follow up on changes to help
solve whatever social issues emerge in the future.

In 5G, a technology called network slicing has been in-
troduced to form virtual logical networks (slices) on the
physical network. Network slicing can separate traffic
for different applications and services with different re-
quirements. For example, one service can be provided in
a high-speed, high-capacity slice while another service
can be provided in a highly reliable, low-latency slice.

Table Features of 5G and examples of use cases.

5G features Use case examples

High speed and large capacity High-definition (HD) video distribution, games,

(eMBB: enhanced mobile broadband) | VR/AR, ultra high-density traffic at stadium, etc.

Multiple connections Logistics management, Internet of

(mMTC: massive machine type Things (IoT), smart cities and homes,

communications) smart meters, sensing, wearable terminal, etc.

Ultra reliability and low latency Smart factories, remote control of

(URLLC: Ultra reliable and low robots and drones, smart agriculture,

latency communications) remote surgery, autonomous driving, etc.

W
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2.2 Overview of network slicing architecture

Network slicing logically divides configurations and re-
sources according to the requirements of a service. 5G
introduces this technology in core networks and radio
access networks (Fig. 1).

The standard technical specifications for network slic-
ing were established in the 3rd Generation Partnership
Project (3GPP) Release 15. A slice identifier called single
network slice selection assistance information (S-NSSAI)
is defined as signaling information, and slices are formed
by notifying the S-NSSAI from the terminal to the radio
access network (RAN) and core network. The S-NSSAI
also includes the following service types: high speed and
high capacity (eMBB), multiple connections (mMTC), as
well as ultra reliability and low latency (URLLC).

2.3 Network slicing in the core network

The basic configuration of a 5G core network (5GC) is
defined by 3GPP. The system configuration depends on
the mobile communications providers and vendors, but
in any configuration, the UPF™ is deployed on a slice-by-
slice basis (Fig. 2).

The 5G terminal (UE) uses the call processing signal
(on the C-plane) to send the slice identifier (S-NSSAI) to
the AMF™ when communication starts. The AMF selects
the SMF"® according to the slice identifier requested by
the terminal, and then the SMF selects the UPF to form a
slice in the core network.

The UPF is a function in the core network that enforces
quality of service (QoS) rules for user packets (on the
U-plane) and transmits or receives user packets to and

Core network

(1) Slice for high speeds &
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é High-speed & large-

- = capacity services
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e —— ¥ (AR, remote operations, etc.)

Fig. 1 Network slicing in 5G.

" User plane function: Function for processing user data that is transmitted or received.

** Access and mobility management function.
" Session management function.
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Fig. 2 Image of slices.

from the data network (DN). Assigning a UPF to every
slice guarantees the QoS of user packets required by
each slice.

Because 5GC accommodates networks with different
features and is a social infrastructure system, the QoS
of each slice is an important requirement.

3. Realization of Network Slicing

3.1 Issues in realizing network slicing

Terminals can select a slice for use in data communi-
cations according to the application and service type.
However, because the application is not aware of the
slice, user packets do not contain information for iden-
tifying the slices. Consequently, as described in section
2.3, the UPF must be deployed for each slice to process
user packets on a slice-by-slice basis. If slices are built
on a per-service basis, the UPF must be built every time
a service is added. In such cases, it is necessary not only
to build the UPF but also to add settings to the periph-
eral network devices (for example, the UPF IP address
to the SMF, slice information, etc.). This means that the
prompt, responsive provision of services required for
digital transformation cannot be attained (Fig. 3).

If the UPF can accommodate several slices, mobile
communications providers can provide services by
simply adding new slices to the UPF that has already
been built. This can simplify the work involved in add-
ing services and thus speed up the process of providing
services (Fig. 4). To make this possible, the physical re-
sources (e.g., CPU cores) of a UPF must be separated by
slices, and packets must be processed independently for
each slice in the UPF.

However, the UPF cannot identify slices from user
packets. When user packets from multiple slices are
mixed together when received, the UPF cannot process
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Fig. 4 Multiple slices in a single UPF.

the user packets by separating them by slice (Fig. 5).
3.2 NEC's network slicing technology

A tunneling protocol called General Packet Radio Ser-
vice Tunneling Protocol (GTP)" is used between the base
station (RAN) and the UPF. In the tunnels, user packets
are encapsulated into a GTP packet (a GTP header is
added to each of the user packets) and then sent and

7 A communication protocol for constructing virtual transmission paths on a network and sending or receiving data.
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received. The GTP header contains a tunnel identifier™®
that is unique to each terminal and assigned by the UPF
when the terminal connects to the core network.

The NEC UPF uses a tunnel protocol called the Generic
Routing Encapsulation (GRE) for forming the slices be-
tween the UPF and the DN. In the tunnels, user packets
are encapsulated into a GRE packet and then sent and
received. The GRE header also contains a tunnel identifier
that is unique to each terminal and assigned by the UPF.

To solve the challenges described in section 3.1, the
NEC UPF enables the user packet slice to be identified by
implementing the following functionality (Japanese un-
examined patent publication no. 2021-170729).

(1) Assignment of index information to tunnel
identifiers
The UPF assigns index information (a value asso-
ciated with the S-NSSAI to identify a slice) when
assigning GTP or GRE tunnel identifiers.

(2) Construction of a condition table for slice iden-
tification
The UPF constructs a table that maps index infor-
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Fig. 5 Issues when accommodating multiple slices.
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mation to the S-NSSAI.

(3) Matching of index information with the condi-
tion table
When a user packet is received, the UPF identi-
fies the slice by referencing the index information
contained in the tunnel identifier and matching it
against the condition table (Fig. 6).

When slice-specific processing is performed in the UPF,
the reception processing of the UPF needs to simultane-
ously process user packets in multiple slices. Because
this causes the load to be concentrated in the reception
processing, the overall system performance may be af-
fected if the UPF is implemented only as software. The
NEC UPF separates the slice identification processing
from the CPU and utilizes a SmartNIC™ to execute the
processing with the network interface card (NIC). By
identifying the slice on the SmartNIC, simultaneous pro-
cessing of user packets in more than one slice is possible
while the impact on performance is minimized.

This technology makes it possible to separate resourc-
es in the UPF for each slice and independently perform
processing with different characteristics in accordance
with the requirements of the slice in a single UPF. For ex-
ample, a high-speed, high-capacity slice performs pro-
cessing specialized for achieving a high bandwidth while
a high-reliability, low-latency slice performs processing
specialized for guaranteeing real-time performance.

This eliminates the need to construct a new UPF when
a new service is necessary, so new services can be pro-
vided promptly by simply adding a slice to an existing
UPF. NEC expects that this technology can quickly pro-
vide the networks required by users in the 5G era to
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Fig. 6 Slice identification process for user packets.

" Tunneling Endpoint Identifier (TEID) that can be set by the UPF with an arbitrary value for each user packet.
" An NIC that can reduce the CPU load by using a special processor (e.g., a field-programmable gate array (FPGA)) to execute CPU pro-
cessing on the NIC for IP user packet processing and other load-bearing processes that cause the processing capacity to drop.
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solve social issues and that this technology will be used
in various cases in the future.

4. Conclusion

In this paper, we describe NEC’s network slicing tech-
nology designed to solve various social issues. NEC is
determined to promote activities that emphasize collab-
oration with customers, to demonstrate the superiority
of NEC’S network slicing, and to realize its implementa-
tion in society.

5. Acknowledgement

The achievements reported herein are based on
results obtained from the “Research and Develop-
ment Project of Enhanced Infrastructures for Post-5G
Information and Communication Systems” (JPNP20017)
commissioned by the New Energy and Industrial Tech-
nology Development Organization (NEDO).

Authors’ Profiles

TAYAMA Youji

Assistant Manager
Mobile Core Department

AOYAGI Masato

Professional
Network Support Services Department

SAKUTA Sadayuki

Professional
Mobile Core Department

ISHIKURA Satoshi

Assistant Manager
Telecom Carrier Software Development Department

NAGATOMO Kengo

Assistant Manager
Mobile Core Department

The details about this paper can be seen at the following.

Related URL:

5GC (Japanese)
https://jpn.nec.com/tcs/5GC/index.html

NEC's Network Slicing Supports People’s Lives in the 5G Era

NEC Technical Journal /Vol.17 No.1/ Special Issue on Open Network Technologies 113



Information about the NEC Technical Journal

Thank you for reading the paper.

If you are interested in the NEC Technical Journal, you can also read other papers on our website.

Link to NEC Technical Journal website

Japanese

Vol.17 No.1 Special Issue on Open Network Technologies

— Network Technologies and Advanced Solutions at the Heart of an Open and Green Society

Remarks for Special Issue on Open Network Technologies
NEC’s Technological Developments and Solutions for Open Networks

Papers for Special Issue

Open RAN and Supporting Virtualization Technologies

Innovations Brought by Open RAN

Reducing Energy Consumption in Mobile Networks

Self-configuring Smart Surfaces

Nuberu: Reliable RAN Virtualization in Shared Platforms

vrAIn: Deep Learning based Orchestration for Computing and Radio Resources in VRANs

Wireless Technologies for 5G/Beyond 5G

NEC'’s Energy Efficient Technologies Development for 5G and Beyond Base Stations toward Green Society
Millimeter-wave Beamforming IC and Antenna Modules with Bi-directional Transceiver Architecture
Radio-over-Fiber Systems with 1-bit Outphasing Modulation for 5G/6G Indoor Wireless Communication
28 GHz Multi-User Massive Distributed-MIMO with Spatial Division Multiplexing

28 GHz Over-the-Air Measurements Using an OTFS Multi-User Distributed MIMO System

Comprehensive Digital Predistortion for improving Nonlinear Affection and Transceivers Calibration to Maximize
Spatial Multiplexing Performance in Massive MIMO with Sub6 GHz Band Active Antenna System

Black-Box Doherty Amplifier Design Method Without using Transistor Models

39 GHz 256 Element Hybrid Beam-forming Massive MIMO for 8 Multi-users Multiplexing

Initiatives in Open APN (Open Optical/All Optical)

NEC’s Approach to APN Realization — Towards the Creation of Open Optical Networks

NEC’s Approach to APN Realization — Features of APN Devices (WX Series)

NEC’s Approach to APN Realization — Field Trials

Wavelength Conversion Technology Using Laser Sources with Silicon Photonics for All Photonics Network
Optical Device Technology Supporting NEC Open Networks — Optical Transmission Technology for 800G and Beyond

Initiatives in Core & Value Networks

Technologies Supporting Data Plane Control for a Carbon-Neutral Society

NEC’s Network Slicing Supports People’s Lives in the 5G Era

Application-Aware ICT Control Technology to Support DX Promotion with Active Use of Beyond 5G, 1oT, and Al
Using Public Cloud for 5G Core Networks for Telecom Operators

Enhancing Network Services through Initiatives in Network Automation and Security
NEC’s Approach to Full Automation of Network Operations in OSS

Autonomous Network Operation Based on User Requirements and Security Response Initiatives
Enhancing Information and Communications Networks Safety through Security Transparency Assurance Technology
Enhancing Supply Chain Management for Network Equipment and Its Operation

Network Utilization Solutions and Supporting Technologies

Positioning Solutions for Communication Service Providers

The Key to Unlocking the Full Potential of 5G with the Traffic Management Solution (TMS)

Introducing the UNIVERGE RV1200, All-in-one Integrated Compact Base Station, and Managed Services for Private 5G
Vertical Services Leveraging Private 5G to Support Industrial DX

Integrated Solution Combining Private 5G and LAN/RAN

Global 5G xHaul Transport Solutions

xHaul Solution Suite for Advanced Transport Networks

xHaul Transformation Services

xHaul Transport Automation Solutions

Fixed Wireless Transport Technologies in the 5G and Beyond 5G Eras

SDN/Automation for Beyond 5G

OAM Mode-Multiplexing Transmission System for High-Efficiency and High-Capacity Wireless Transmission

Toward Beyond 5G/6G
NEC'’s Vision and Initiatives towards the Beyond 5G Era

NEC Information

2022 C&C Prize Ceremony

[rrem—————— N | = o

NEC
Technical

Yol 17 s
e

b
VVol.17 No.1

September 2023

Special Issue TOP



https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230101.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230102.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230103.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230104.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230105.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230106.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230107.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230108.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230109.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230110.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230111.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230112.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230113.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230113.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230114.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230115.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230116.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230117.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230118.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230119.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230120.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230121.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230122.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230123.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230124.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230125.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230126.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230127.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230128.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230129.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230130.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230131.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230132.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230133.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230134.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230135.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230136.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230137.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230138.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230139.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230140.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/pdf/230141.pdf?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/g2301pa.html?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/g23/n01/g2301pa.html?fromPDF_E7501
https://jpn.nec.com/techrep/journal/index.html?fromPDF_E7501
https://www.nec.com/en/global/techrep/journal/index.html?fromPDF_E7501

