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1. Introduction

Data plane traffic in 5G mobile networks is expected 
to continue to increase rapidly in the future due to di-
versified use cases and richer content. Mobile commu-
nications providers are required to implement mobile 
networks compatible with large-capacity data traffic.

Meanwhile, mobile communications providers are also 
setting environmental goals for their business activities 
as activities to realize a carbon-neutral society gain mo-
mentum around the world.  

Against this social backdrop, mobile communications 
providers are required to deal with continually growing 
traffic and to contribute to the implementation of a car-
bon-neutral society through a reduction of facilities and 
equipment as well as a reduction of power consumption.

This paper describes the technologies used to achieve 
these requirements.

2. Software Requirements for Data Plane Equipment

In the past, data plane devices in mobile networks 
were generally implemented as dedicated equipment 

that integrated software and hardware, but recent ad-
vancements in virtualization technology and software 
openness are enabling data plane devices to be imple-
mented as a kind of software. As a result, it has become 
possible to create inexpensive, high-performance data 
plane devices using general-purpose hardware. On the 
other hand, for general-purpose equipment, a gener-
al-purpose operating system (OS) and general-purpose 
communication drivers are usually used. While these are 
easy to procure and have excellent cost performance 
and interoperability with various applications, they also 
have challenges such as operations using the gener-
al-purpose OS, inefficient hardware resource usage, and 
the need for highly difficult tuning to achieve power ef-
ficiency. The solutions to these challenges have become 
urgent tasks. 

As a result of this technological evolution and current 
trends, the requirements for data plane equipment have 
changed from dedicated hardware to general-purpose 
hardware, from cloud native to high capacity, as well as 
carbon neutral.

Data plane traffic in 5G mobile networks is expected to continue to grow rapidly in the future. Mobile communica-
tions providers face challenges in terms of location and power usage as they need to expand their facilities to ac-
commodate this traffic. NEC is contributing to solutions by applying a variety of technologies to mobile networks. 
To preserve the global environment and pass it on to future generations, NEC is continually promoting R&D into 
carbon-neutral technologies and contributing to their implementation in society. This paper introduces some of 
the main technologies in this field.
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2.1 Implementation of high-performance data plane software

NEC’s data plane software achieves high performance 
without the need for tuning each server by maximizing 
the efficiency of hardware resource usage while under-
standing the characteristics of each type of hardware 
technology that is used. Low costs and high throughput 
are attained thanks to the diversity of general-purpose 
server choices. Specifically, NEC has established a meth-
od for data plane packet processing that aims to max-
imize the processing efficiency by using a general-pur-
pose OS to achieve openness and by understanding the 
characteristics of CPU architecture, network devices 
such as the DPDK (Data Plane Development Kit), and 
functions provided by the general-purpose OS. We have 
established a method for data plane packet processing 
to maximize the processing efficiency (Fig. 1). Specific 
technologies for these aforementioned measures will be 
discussed in the following subsections.

2.1.1 Architectural transformation

(1)	Simplified,	more	efficient	processing
•	Faster	memory	access	

With the CPU, every CPU core has a cache mem-
ory*1 that serves a temporary storage of accessed 
data. To speed up the processing of an applica-
tion, the cache hit rate (probability that the refer-
enced data exists in the cache) can be increased 
to decrease the number of times that the physi-
cal memory is accessed. Because the size of the 
cache memory is very small, the data referenced 

by the application is designed with the cache size 
in mind. Cache prefetching before accessing the 
data is considered as a way to improve efficiency.
In addition, every CPU core has a cache called the 
translation look aside buffer (TLB) that stores the 
mapping between virtual and physical addresses. 
If access exceeds the cacheable limit, a TLB miss 
occurs and the memory access performance de-
creases. To prevent a TLB miss from occurring, 
data design is done so that the memory area 
referenced by the application running on the CPU 
core fits in the cache.
•	Faster	execution	of	instructions		

The CPU has a mechanism similar to a data cache 
that caches instructions. When the same pro-
cessing is performed several times, access to the 
physical memory occurs the first time, but from 
the second time onwards, the instructions in the 
cache can be loaded and processed to thereby 
reduce the CPU load. To increase the efficiency of 
instruction cache usage, multiple packets are pro-
cessed together (by bulking).

(2)	More	efficient	CPU	usage	
•	Maximizing	CPU	usage	efficiency

The CPU mounted in universal hardware has a 
multicore configuration. To maximize the efficien-
cy of CPU resource usage without being affected 
by the number of CPU cores, processing indepen-
dence is increased for each CPU core in conjunc-
tion with the aforementioned simplified software 
processing. Also, the system is designed so that 
the need for exclusive control between CPU cores 
is eliminated. Specifically, each CPU core is allo-
cated an independent memory area and each user 
is assigned to a specific CPU core for processing. 
The number of CPU cores assigned for packet 
processing can be varied to maximize the perfor-
mance per CPU core regardless of increases or 
decreases in the number of CPU cores.

2.2 Power savings

In general, the performance of an application is im-
proved by adding advanced application processing. This 
results in an increase in CPU processing and tends to 
increase power consumption.

To achieve both high performance and power savings, 
NEC is promoting the following technological research 
(Fig. 2).

*1 High-speed, small-capacity memory used by the CPU to retrieve or update information including data and instructions.

Fig. 1 Implementation of high-performance data plane 
software.
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*2 Computer system built by combining different types of processors.

2.2.1 Processing offload to NIC

By replacing (offloading) some of the application func-
tions with those provided by the network interface card 
(NIC) and by optimizing the software processing, the 
amount of CPU processing and the power consumption 
are reduced. Also, by minimizing the number of condition-
al branches in software processing, the entire process is 
simplified to achieve an even more efficient processing.

2.2.2 Power control technology

When processing packets using the DPUK, to achieve 
high performance, polling monitoring of the NIC is con-
stantly performed, so the usage rate of the CPU core is 
always 100%. Usually, mobile communications providers 
design their facilities for peak periods, which are several 
hours a day. As a result, the operation rate is low most 
of the day, consuming more power than necessary. To 
solve this challenge, NEC is working on verifying the 
power optimization of server control in accordance with 
traffic volumes.

The power optimization of server control optimization 
enables a significant reduction of the power consumption 
in off-hours by dynamically controlling and optimizing the 
server CPU status in accordance with the volume of traffic.

3. Conclusion

As we move toward the Beyond 5G/6G era, gener-
al-purpose technologies such as the CPU and the NIC 
will also evolve. We believe that one day we will live in 
a world where heterogeneous computing*2 is realized by 
combining the advantages of each and every vendor.

NEC continues to contribute to the advancement of 
mobile networks and the resolution of social issues by 
quickly adopting cutting-edge technologies that take ad-
vantage of the characteristics of general-purpose hard-
ware.
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Fig. 2 How to attain power savings.

HOST OS（Linux Kernel）

UPF

CPU

DPDK

P-State

NIC

Determination 
of traffic 
volume

Power 
control

Power 
control

(Core frequency)

Hardware

Authors’ Profiles

KUROSAWA	Yusuke
Director
Telecom Carrier Software Development Department

ISHIKURA	Satoshi
Assistant Manager
Telecom Carrier Software Development Department

NAKAZAWA	Tatsuya
Assistant Manager
Telecom Carrier Software Development Department

BABA	Shohei	
Assistant Manager
BSS/OSS Department 

OMORI	Kazuteru	
Professional
Telecom Carrier Software Development Department

MIYAGAKI	Takayuki	
Professional
Telecom Carrier Software Development Department

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

Related URL:
5GC	(Japanese)

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

Initiatives in Core & Value Networks

Technologies Supporting Data Plane Control for a Carbon-Neutral Society

NEC Technical Journal／Vol.17 No.1／Special Issue on Open Network Technologies108



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

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, IoT, and AI
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

Vol.17 No.1
September 2023         

Special Issue TOP

Information about the NEC Technical Journal

Japanese English

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

