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Course Obijectives:

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.
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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 CAICT
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Phone & SMS Browsing Shopping Social network Nawgatlon
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Mobile communications have created a huge industry

Global mobile

Global mobile Global mobile , Global mobile
] terminal
users base stations <hioment market scale
>7 billion >16 million X >1.5 trillion USD

>1 billion



5G has been a R&D focus worldwide CAICT
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1980s 1990s 2000s 2010s 2020s
FDMA * TDMA CDMA OFDMA
Analog » Digital voice * ~ Mbps peak « ~100 Mbps
voice * Low data-rate data rate peak data rate standardization is
services * Multimedia * Mobile started in early
services Broadband
) 2016
services

5G concept and roadmap is clear



5G Use case
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Broadbandaccess| |Broadbandaccess Higheruser Massive Internet
everywhere in dense areas mobility of Things
50+ MBPS PERVASIVE HIGH SPEED SENSOR
EVERYWHERE VIDEO TRAIN NETWORKS
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Extreme real-time
communications

TACTILE
INTERNET

Lifeline
communications

NATURAL
DISASTER

Ultra-reliable
communications

E-HEALTH
SERVICES
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Broadcast-like
services

BROADCAST
SERVICES




How to define 5G?

Vision and
Requirements

CAICT
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technologies

Scenarios &
chal lenges

5G Technology
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SG Main drivers: Mobile Internet and 1oT CAICT
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Mobile Data Tratfic: Thousands of times growth Mobile Internet & IoT Connections: Up to 100 billion
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2010-2030 Growth of Mobile Data Traffic 2010-2030 Growth of Mobile Device and loT Connection



Challenges and Requirements CAICT

PERRAETEAR

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

* Integrate of existing
networks with the
new 5G

* Integrate of 3GPP

and non-3GPP

systems

Intelligent to aware
of user and service
types

* Intelligent to provide

differentiate services

Flexibility

*  Flexible network
architecture to fit for

new coming and

unexpected services

Scalability

* Scalable network
configuration with
different users and
services

Low cost for network
deploying and
maintaining

* Unified network

management

Efficiency

* Efficient to use
limited spectrum

* Efficient to use
existing network
resource

CAICT
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Vision of 5G life CAICT
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Industry !'“ﬂ Aqnculturol : 1
ﬁd - * Fiber-like access data rate

e “Zero” latency user experience

Smart Home |

s
s,
.
-

Wedarable Devices

* Up to 100 billion connections

* (Consistent experience under diverse
scenarios

© Immersion
Entertainment

o

Q\t oo

“\\) _ Troffic

Cloud Office ig

Finance

* Smart optimization based on services
and users sensing

LR )
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Envronmem@

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

Augmented Realit 1 1 -
ug ty e 100 times improvement i energy and

cost per bit



Performance Requirements <

Etticiency Requirements <
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SG network evolution driven by
Key Capabilities and Scenarios

kol
Typical
Key Capab [ - }

Scenarios

A
4 A

{ Mobile Internet } [ Mobile IoT }

A
( A \ [ \

Wide-area Hot-spot Low latency & } LOVI;SSOS‘QG; &
coverage coverage high reliability connections
Challenge to 5G network v
Latency Experienced data rate Mobility QoS

End to End ms-level latency:
base station to server

base station to base station

Stable user experienced data
rate

100Mbps in wide-area
1Gbps in hot spot

New Mobility management
mechanism to satisfy the
requirement of UDN scenario

Backhaul with higher reliability
and capacity

Differential service experience




SG Technical Scenarios and Challenges CAICT
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Mainly for Mobile Internet

Seamless wide-area coverage

* User experienced data rate: 100 Mbps * User experienced data rate: 1 Gbps
e Peak data rate: Tens of Gbps
e Traffic volume density: Tens of Tbps/km?



SG Technical Scenarios and Challenges CAICT
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Mainly for loT (new scenarios)

Low power & massive connections

* Air interface latency: 1 ms * Connection density: up to 10° - 107/km?
* End-to-end latency: ms level * Ultra-low energy consumption & cost

etticiency
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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

ITU : IMT-2020 vision was completed

User experienced
data rate: 0.1~1 Gbps

Area traffic capacity:

10 Mbps/m? 10~20 Gbps

Network energy
efficiency: 100 x

e

Spectrum

Connection
density: 1M/km?

Mobility: 500km/h

Peak data rate:

efficiency: 3~5x

Latency: 1 ms (Al)

CAICT

> v BT

3GPP : 5G study items started

« SMARTER (New
services: mloT,
eMBB, CRIC, NEO)

* NextGen (Architecture
for Next Generation
System)

» Requirements
 Channel model

« Technology




Challenges From 5G extreme KPI CAICT
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Thra b s d e e

5G extreme KPI

User experienced

data rate: 0.1~1 Gbps

Peak data rate:
10~20 Gbps

Area traffic capacity:
10 Mbps/m?

Network energy
efficiency: 100 x

Spectrum
efficiency: 3~5x

Connection

density: 1M/km? Latency: 1 ms (Al

Mobility: 500km/h

There is a wide ( 10 times to 100 times ) gap between 4G and 5G KPI
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Opportunities by network and service convergence ﬁ‘%
1Ryl CAICT
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Scalable and
Usage Status Self Service Elastic Resource Pooling Management

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



The insight into SG network design
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The 5G network architecture design should involve the following two aspects.
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T be more

System Design : Based on modularized functions and three-cloud logical architecture , 5
adaptive to diverse, extreme service requirements ;

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

operation efficiency )

+0
4200
-- ...

Logical Function
Architecture Model

||

- 40
Networking El El F’ E’
Design B sl SR O

INTLVVVI NI Iy

Deployment




S5G network driven by new infrastructure

| 1 CAICT
7
Infrastructure Architecture

(D) IT and virtualization (1) C/U separation

technology (2) Control function re-
(2) unified standard construction
hardware (3) High-performance

(3) low cost and short time access, flexible and

intelligent



System Design presents

the network functions and E2E logical architecture |
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Man ag ement
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Networking Design presents
hardware platform and networking deployment

Edge Layer DC

slicing WHFM

management

tEC GW o
Virtualization La Vind

Univarsal hardware

network slice 3

SN Comtraliar

network slice 2

network slice 1

NFVO SDNO

User
Plane

Control Service

Plane

VINF

VINF VMNF

basic infrastructure platform
vComputing vStorage viNetwork

Virtualization layer

Core Layer DC ( including

Access Convergence Unit (€U )
MAMNO platform )

VRFM

3 REM ath
Physical Network and DC w— -~ g—— e —
. Data Py Wik x
Univarsal | hardwara S0# Contrallar T

Hardware Platform i
« Using standardized data centers with universal e e

hardware architecture. The platform should support * Four levels networking & deployment based on DC;
high performance forwarding and carrier level - Four levels deployments need not be strictly
management. binding with the geographic location

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



Network slicing is considered as
the key characteristic of 5G network
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One Unified Infrastructure, Multiple Service Slices
According to different scenarios and based on the common network platform ,network slicing deploy

different modularized network functions, flexibly schedule network architecture

=)
C

- Control plane o User plane

Slice 1
Critical Connectivit

Slicing 2
Massive Connectivi y

Unified
Infrastructure

‘ Virtualized Infrastructure ’

Different slices select function The network slice is the end to end logical network function set,
modules on-demand. including access network function, core network function, back haul
function etc. Slices management and selection are key issues.



Slice Management & Slice Selection

CAICT

hEEREEHRR

Sie—en e

. Slice management function set integrate business -

. operation, virtualized resources platform and 2 [EIg) TR E
. network management system together for slice m

. user to provide safely isolated and highly self-

. controlled dedicated logical network.
' Shared Slice

VNF1 VNF2
Sllce selection implement the mapping between user I Smﬁd I :
. terminals and network slices: | Shared Slice
g  there are two options for slice selection, one is VNFb
. slices are completely isolated, and the other oneis , I :
Multiple slices can share certain of network lsolated Slice
functions

; o . VNF VNF VNF
. » A user terminal can access to one or multiple - - -

slices at the same time.




MEC will be powerful booster
for network and service convergence
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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 .

Control Plane

capabilities (i.e. MM and SM) via tight

NetWFOTk ‘t\,SSiSta“t MEC ! interaction with network control
unction ! T




NF
l Repository

Core network control plane

~

P e R e e e e e
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® 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 Y 0On demand On demand
SM MM Security

S e e e e e e e e o e e e e e e e e e e e e e e e = = = = = =

-

e o e e e e e e e e e = e e e e e e e e e e m m m m m m = -



User-centered RAN

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

CAICT
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Rich Appglication
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Network capability exposure

Provides various network information and capabilities to the 3rd parties to improjg.u

[ Applications & Services with various requirements

>

[ Network Capability Exposure } :

i ] i i ]
Network Function \ / MANO \ / Application \ / Data \

- - Network Service Management Management
Charging outing APP

Function Spoymen

Mobility RAT Select SliErerteeEr

APP Register Service Data
Congestion Net NErroare T Gy
Control Select /

o /
Offering unified exposure of

Network

APP Install

using
Optimizing infrastructure Jenable 3rd party application
resources management execution inside operator

control functions via 5G network
centralized control plane
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Agenda:

1. 5G service requirements

2. Evolution trend of 5G network

3. Activities to promote the development of 5G industry



SG — a global topic CAICT
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IMT-2020 PG Activities CAICT

Cooperation 2o
-

S » 4 ¢

2020 G (S5, SChn BCumr "
\_

e 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. Vision Technology || Standard Spectrum

* NGMN: Established the liaison mechanism, and
share the research progress of 5G I8 I8

-

N y
IMT-2020 PG will be more positive and open to co-work with the global industry.
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MADE IN ph 3t China should break through the Fifth

\ i generation mobile communication technology
'1025 ' comprehensively. i

{ e A B M e LA A e D M
WA= hiEenper)

E e .

* Itis proposed in “the 13th Five-Year Plan”
that China should promote the
development of 5G actively, and launch 5G
in 2020.




CAICT

SECTT LT

e General Technology e Network Architecture & Key Tech. * Soft Base Station Test Bed *RAN and System Security
* Wireless Key Tech. e Evaluation & Test Methodologies emmWave Indoor Access e Advanced Modulation and
e Wireless Network Virtualization Coding

— .

EXMEEATH National Science and Technology Major Project
— Hatlonal Selenes and Technology Majer Frje
2015 2016
Overall Technology Overall & Wireless Network &
« Network Architecture - mmWave Key  5G g‘:;}g:::;;;tion ) Wi;:jbt]rre“a)logy ) RAI\?emce
» Standard Evaluation Technologies _ « AD/DA for Base Coverage Architecture
Platform * Low-Latency High- Station « Low-Power «5G Indoor
« Analysis and Evaluation Reliability Solution « High-Freq PA for Massive- Positioning
on Candidate Bands - Next Generation WLAN Base Station ﬁ?f;]nﬁctloné y FeyST?fCBnlol_ogy
» High-Freq. Comm. || for Self-Drivin
* High-Freq Filter for ||, UIgN g Cars 9
Base Station - Novel Multiple
Access

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



Introduction to China 5G Trials CAICT
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2015 | 2016 \ 4 | 2017 | 2018 | 2019 |

| : : | / : 5G commdfercial
Key tech trial > . Technology R&D Trial | ; deployment
| | : ' | l

EProduct R&D: Trial

I
Tech scheme trial>

1 |
: 5G system 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:
» Step 2:
» Step 3:
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Promote the development of
5G key technologies

Verify and improve 5G
technical schemes

Support the global unified 5G
standardization

Main domestic and international participants

Research Operator Infrastructure Ch|pset Instrument
CAICT g-‘rl-c % w - zte Q (inteD) %CETC )ﬁ:ﬁnﬁ
J - e 'f 5 LA SPREADTRUM
[T TR ‘e jﬂ Ejﬁ Emnm:ign AMEREESENE w KEXsIohT

R R ETE HE-AEER NDKIALIlﬂk MEDIHTEK



International Cooperation
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BT,

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

and NTT Docomo have joined

) L RS 2 Forum
IMT-2020 (5G) Promotion =



Promotion of SG technology CAICT
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Accelerating
technological
innovation

FOEOM/UF-GFDIM/
OFDM/FBMC

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

v Under the framework of ITU
and 3GPP, the global unified
5G international standard is

‘ actively promoted
v strengthening the equivalent
openness in 5G between

other countries and China

Organization




Harmonized 5G spectrum
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 Improve communications and cooperation betWeer

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

C-Band

4 5 30 40 50 70 80 GHz



Integration of 5G and vertical industry
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* Strengthen the integration of 5G and vertical industry
development

v’ Based on the industry
development demands to
research and design 5G
new network architecture.

v" Industrial internet and car
internet will be 5G Key
industry applications.

Vertical industries
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(Trainer information)

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

Photo: -
i




PEERAEHRR

Thanks for your attention

http://www.caict.ac.cn



