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Course Objectives:

Introducing the main 5G service scenarios, technical KPI, and the 
application directions of mobile Internet and the Internet of things. 
Analyzing the important problems and main innovations, and 
looking forward to the trend of 5G development.



Agenda：

1. 5G service requirements

2. Evolution trend of 5G network

3. Activities to promote the development of 5G industry 



Mobile communications have changed 
the way of life

Global mobile 
users

>7 billion

Global mobile 
terminal 
shipment
>1 billion

Global mobile 
market scale

>1.5 trillion USD

Global mobile 
base stations
>16 million

Browsing Shopping Social network Navigation

Mobile communications have created a huge industry

Phone & SMS



1980s 1990s 2000s 2010s 2020s

5G?1G 2G 4G3G

• OFDMA
• ~ 100 Mbps 

peak data rate
• Mobile 

Broadband 
services

• FDMA
• Analog 

voice

• TDMA
• Digital voice
• Low data-rate 

services

• CDMA
• ~ Mbps peak 

data rate
• Multimedia 

services

5G has been a R&D focus worldwide

5G 

standardization is 

started in early 

2016

5G concept and roadmap is clear



5G Use case



How to define 5G?

Vision and 
Requirements

Scenarios & 
challenges

Key 
technologies

5G Concept
5G Technology 

Roadmap



Mobile Data Traffic: Thousands of times growth Mobile Internet & IoT Connections: Up to 100 billion

5G Main drivers: Mobile Internet and IoT



Challenges and Requirements 

The three fundamental requirements for building 5G wireless networks are: 

• Capabilities for supporting massive capacity and massive connectivity 

• Support for an increasingly diverse set of services, application and users all with 

extremely diverging requirements for work and life 

• Flexible and efficient use of all available non-contiguous spectrum for wildly 

different network deployment scenarios 



Requirements on Operation

Integration

5GFlexibility

Scalability

Intelligent

Low Cost

Efficiency

• Integrate of existing 
networks with the 
new 5G

• Integrate of 3GPP 
and non-3GPP 
systems

• Flexible network 
architecture to fit for 
new coming and 
unexpected services

• Scalable network 
configuration with 
different users and 
services

• Intelligent to aware
of user and service
types

• Intelligent to provide 
differentiate services

• Low cost for network 
deploying and 
maintaining

• Unified network 
management

• Efficient to use 
limited spectrum

• Efficient to use 
existing network 
resource



Vision of 5G life

• Fiber-like access data rate

• “Zero” latency user experience

• Up to 100 billion connections

• Consistent experience under diverse 

scenarios 

• Smart optimization based on services 

and users sensing

• 100 times improvement in energy and 

cost per bit

5G Vision - “Information a finger away, everything in touch”



5G Key Capabilities: The 5G Flower

Performance Requirements

Efficiency Requirements



5G network evolution driven by 
Key Capabilities and Scenarios 

Key Capabilities

Latency

End to End ms-level latency:

• base station to server

• base station to base station

Experienced data rate

Stable user experienced data 

rate

• 100Mbps in wide-area

• 1Gbps in hot spot

Mobility

New Mobility management 

mechanism to satisfy the 

requirement of UDN scenario

QoS

• Backhaul with higher reliability 

and capacity

• Differential service experience 

Challenge to 5G network

Wide-area 

coverage

Wide-area 

coverage

Low power & 
massive 

connections

Low power & 
massive 

connections

Low latency & 

high reliability

Low latency & 

high reliability

Hot-spot 

coverage

Hot-spot 

coverage

Mobile InternetMobile Internet Mobile IoTMobile IoT

Typical 

Scenarios



Seamless wide-area coverage

• User experienced data rate: 1 Gbps
• Peak data rate: Tens of Gbps
• Traffic volume density: Tens of Tbps/km2

• User experienced data rate: 100 Mbps

Hot-spot high-capacity

5G Technical Scenarios and Challenges

Mainly for Mobile Internet



Low latency & high reliability Low power & massive connections

• Connection density: up to 106 - 107/km2

• Ultra-low energy consumption & cost 
efficiency

• Air interface latency: 1 ms
• End-to-end latency: ms level

5G Technical Scenarios and Challenges

Mainly for IoT (new scenarios)



Agenda：

1. 5G service requirements

2. Evolution trend of 5G network

3. Activities to promote the development of 5G industry 



5G – From Research to Standardization

3GPP : 5G study items started ITU : IMT-2020 vision was completed 

RAN

• Requirements

• Channel model

• Technology

SA2

• NextGen (Architecture 

for Next Generation 

System)

SA1
• SMARTER (New 

services: mIoT, 

eMBB, CRIC, NEO)
eMBB

M-MTC URLLC

Network energy 
efficiency: 100 x

Peak data rate: 
10~20 Gbps

Area traffic capacity: 
10 Mbps/m2

Latency: 1 ms (AI)

Mobility: 500km/h

Spectrum 
efficiency: 3~5x

Connection 
density: 1M/km2

User experienced 
data rate: 0.1~1 Gbps



Challenges From 5G extreme KPI

5G extreme KPI

Gateway throughput from 10Gbps to 

100Gbps

Single MME supports twenty million 

contexts and thirty thousand 

connections simultaneously；

Latency from eNB to PGW is up to 

10ms level

4G network capability

✓

✓

✓

There is  a wide（10 times to 100 times） gap between 4G  and  5G  KPI

eMBB

M-MTC URLLC

Network energy 
efficiency: 100 x

Peak data rate: 
10~20 Gbps

Area traffic capacity: 
10 Mbps/m2

Latency: 1 ms (AI)

Mobility: 500km/h

Spectrum 
efficiency: 3~5x

Connection 
density: 1M/km2

User experienced 
data rate: 0.1~1 Gbps



The limitations of 4G network architecture

Control functions and status information are too dispersed and fragmented 

Complexity, many interfaces, location too high

CONTROL
PLANE

USER
PLANE

4G architecture is complicated and inflexible , difficult to  meet diversified 5G demands perfectly 



Opportunities by  network and service convergence

Self ServiceUsage Status
Scalable and 

Elastic Resource Pooling Management

Network-service convergence and on-demand service provision will bring new 
opportunities



The insight into 5G network design

Logical
Architecture

Function
Model

New
Platform

Networking
Deployment

5G

1 network 2 designs 4 diagrams 5  typical capabilities

Network 
slicing

MEC

User-centered 
RAN

Network 
capability 

exposure

Network 
function 

reconstruction

The 5G network architecture design should involve the following two aspects. 

• System Design：Based on modularized functions and three-cloud logical architecture , 5G system will be more 

adaptive to diverse, extreme service requirements ;

• Networking Design： Based on SDN/NFV, 5G networking will be more flexible to enhance deployment and 

operation efficiency



5G network driven by new infrastructure

Infrastructure

5G

① IT and virtualization 

technology 

② unified standard 

hardware 

③ low cost and short time 

to market

Architecture

① C/U separation

② Control function re-

construction

③ High-performance 

access, flexible and 

intelligent 

One unified infrastructure  +  One flexible logical architecture

5G



System Design presents 
the network functions and E2E logical architecture

Access Forward

Control  

Three-layers network function diagram :
• Network control layer is the core
• Network resources layer provides data access, forwarding, 

traffic optimization
• The top layer provides the orchestration and capabilities 

exposure function to the 3rd party.

Network Functions Model Logical Architecture
• Access Plane：Multi-RATs, Centralized vs 

distributed
• Control Plane：centralized control , on-demand 

reconstruction and orchestration 
• User Plane： distributed, simplified 

and programmable



Networking Design  presents
hardware platform and networking deployment

• Using standardized data centers with universal 
hardware architecture. The platform should support 
high performance forwarding and carrier level 
management.

• 5G infrastructure platform take network slice as the 
customized mobile network instance.

Hardware Platform Networking & Deployment

• Four levels networking & deployment based on DC;
• Four levels deployments need not  be strictly 

binding with the geographic location



Network slicing is considered as 
the key characteristic of 5G network

Unified 
Infrastructure

Slice 1
Critical Connectivity

Slicing 2
Massive Connectivity

Control plane 
function

User plane 
function

Virtualized Infrastructure

Slicing Slicing Slicing

According to different scenarios and based on the common network platform ,network slicing deploy 

different modularized network functions, flexibly schedule network architecture

One Unified Infrastructure,  Multiple Service Slices

Different slices select function 

modules on-demand.
The network slice is the end to end logical network function set, 

including access network function, core network function, back haul 

function etc.  Slices management and selection are key issues.



Slice Management & Slice Selection

Slice management function set integrate business 

operation, virtualized resources platform and 

network management system together for slice 

user to provide safely isolated and highly self-

controlled dedicated logical network. 

Slice selection implement the mapping between user 

terminals and network slices:

• there are two options for slice selection , one is 

slices are completely isolated, and the other one is 

Multiple slices can share certain of network 

functions.

• A user terminal can access to one or multiple 

slices at the same time.



MEC will be powerful booster  
for network and service convergence

Control  Plane

Network Assistant 
Function

Service Chain
Control

MEC

Remote
Network

Service and 
cache

MEC sinks the service platform down to the edge of the network which offer mobile users with 
service computing and data caching capabilities locally, and changes  mobile network from single 
pipeline to the integrated information services enabling platform.

MEC and GW co-deployment. Service 
and cache embed in network pipeline . 

MEC flexibly selects data forwarding 
paths among multi-distributed 
application nodes 
MEC can optimize its service 
capabilities (i.e. MM and SM) via tight 
interaction with network control 
function 

✓

✓

✓



On-demand network function reconstruction

RAN Signaling

UP Signaling

External Network Signaling

Policy
UDB

NF A

C
P

IM
F

NF 

Repository

NF B

NF C NF D

Core network control plane

Subscriber Provisioning
 Control and user plane separation 

is the basis for the network 

function reconstruction. 

 the control plane could be 

modularized and reconstructed, 

which is easy to realize the 

network function combination. 

 The user plane function could be 

more simplified, and could be 

deployed in the network on 

demand.

On demand
SM

On demand
MM

On demand
Security



User-centered RAN

5G RAN will change its “base 
station-centered” conventional 
design to the new “User Centric” 
pattern.

Flexible RAN Control
realizes flexible radio processes and simple 

radio managements

Context Aware Service Delivery
introduce mutual awareness between RAN and 

application servers, optimize and match RAN 

resource allocation and application quality control 

Customized Access Network
adapt network configuration and differentiate data 

processing, according to diverse service requirements



Network capability exposure

Offering unified exposure of 

control functions via 5G network 

centralized control plane 

Optimizing infrastructure 
resources management

using MEC platform,
enable 3rd  party application 
execution inside operator 
network

Provides various network information and capabilities to the 3rd parties to improve user experience
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5G – a global topic

USA EUROPE

CHINA

JAPAN

KOREA

• NGMN

• ITU-R

• 3GPP



IMT-2020 PG Activities —— International 
Cooperation

Vision Technology Standard Spectrum

• 5G PPP: Completed the draft MOU which will be 

signed soon.

• 5G Forum: Hold two joint meetings per year, and 

launched two research projects in early 2015.

• NGMN: Established the liaison mechanism, and 

share the research progress of 5G 

• 5G PPP: Completed the draft MOU which will be 

signed soon.

• 5G Forum: Hold two joint meetings per year, and 

launched two research projects in early 2015.

• NGMN: Established the liaison mechanism, and 

share the research progress of 5G 

IMT-2020 PG will be more positive and open to co-work with the global industry.



Main 5G Development Plans in China

• “Made in China 2025“ Plan pointed out that 

China should break through the Fifth 

generation mobile communication technology 

comprehensively.

• It is proposed in “the 13th Five-Year Plan” 

that China should promote the 

development of 5G actively, and launch 5G 

in 2020.



5G Research Projects in China

National Science and Technology Major Project

National 863 Program

2014 2015

2015 2016

Overall & 

Component

• 5G Standardization

• AD/DA for Base 

Station 

• High-Freq PA for 

Base Station

• High-Freq Filter for 

Base Station

Wireless 

Technology

• Wide-Area 
Coverage

• Low-Power 
Massive-
Connections

• High-Freq. Comm.

• UDN

• Novel Multiple 
Access

Network & 

Service

• RAN 
Architecture 

• 5G Indoor 
Positioning

• Key Technology 
for Self-Driving 
Cars

Overall

• Network Architecture 

• Standard Evaluation 

Platform

• Analysis and Evaluation 

on Candidate Bands 

Technology

• mmWave Key 

Technologies

• Low-Latency High-

Reliability Solution

• Next Generation WLAN

•Network Architecture & Key Tech. 

•Evaluation & Test Methodologies

•RAN and System Security
•Advanced Modulation and 

Coding

•General Technology

•Wireless Key Tech.

•Soft Base Station Test Bed
•mmWave Indoor Access
•Wireless Network Virtualization

2015

• Open to all the companies registered in China, including domestic & international ones



Introduction to China 5G Trials

2016 2017 20202015

Key tech trialKey tech trial

5G system trial

2018 2019

Technology R&D Trial

Product R&D Trial

5G commercial 
deployment

Tech scheme trial

• 2 Phases of 5G Trial

 Phase 1: Technology R&D trial (2015~2018)

 Phase 2: Product R&D trial (2018~2020)

• 3 Steps of Technology R&D trial

 Step 1: Key technology trial (2015.9~2016.9)

 Step 2: Technology scheme trial (2016.6~2017.9)

 Step 3: System trial (2017.6~2018.10)



Progress of China 5G Technology R&D Trial

• Promote the development of 

5G key technologies

• Verify and improve 5G 

technical schemes

• Support the global unified 5G 

standardization

Objectives

Infrastructure Chipset InstrumentResearch Operator

Main domestic and international participants

The Results of Step 1 were 
released on Sept. 22，2016



International Cooperation

China has built 5G cooperation mechanism

with EU, US, Japan, and Korea on the levels 

of governments and industrial associations

Both domestic and international 

companies have joined the 5G 

Technology R&D Trials of China

Ericsson, Samsung, Qualcomm

and NTT Docomo have joined

IMT-2020 (5G) Promotion



Promotion of 5G technology

Accelerating the promotion of 5G technology, 
standards and product development.

Accelerating
technological 
innovation 

High-rise 

coverage

Distributed 

antenna

Macro 

coverage

Wireless backhaul

Pico coverage

(HetNet)
Wired 

backhaul

SCMA/PDMA/MUSA/NOMA
f-OFDM/UF-OFDM/FB-

OFDM/FBMC

Conventional Voice/Data traffic Frequency 

(subcarrier)

Tim
e (TTI)

High mobility 

traffic

Other traffic MTC traffic

Build a 
international 
communicative  
platform for 5G 
R&D tails

Strengthening information sharing and cooperation 

between countries and regions in the 5G R&D Tails



International cooperation

• International cooperation should be further enhanced to 
build a globally unified 5G standard and industry 
ecosystem

Government

Organization Enterprise

 Under the framework of ITU 

and 3GPP , the global unified 

5G international standard is 

actively promoted

 strengthening the equivalent 

openness in 5G between 

other  countries and China



Harmonized 5G spectrum 

• Improve communications and cooperation  between 
regional groups, administrations and industries

• Promote global coordination on 5G spectrum actively 
in ITU, for the frequency bands blow and above 
6GHz

• Identify global/regional harmonized spectrum for 
IMT to enable economies of scale of 5G
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Integration of 5G and vertical industry

• Strengthen the integration of 5G and vertical industry 
development

Vertical industries

 Based on the industry 

development demands to 

research and design 5G 

new network architecture.

 Industrial internet and car 

internet will be 5G Key 

industry applications.
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Trainer: Li Xiayu

E-mail: lixiayu@caict.ac.cn

Department: Institute of Technology and Standard Research, CAICT

Address: No.52 Huayuan Bei Road, Haidian District, Beijing, P.R.China
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Thanks for your attention

http://www.caict.ac.cn


