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Requirements of Different Services3GPP Standardization Targets for 5G NR

Source: 3GPP TR 38.913

3x

Control Plane: 10ms

User Plane eMBB: 4ms

User Plane uRLLC: 0.5ms1M devices/km2

100X(ITU)

Peak Data Rate

DL: 20Gbps
UL: 10Gbps

User Experienced

Data Rate

DL: 100Mbps

UL: 50Mbps

Spectrum 

Efficiency

Mobility

(500km/h)

LatencyConnection 

Density

Area Traffic 

Capacity

10Mbps/m2

Network 

Energy 

Efficiency

uRLLCmMTC

Peak Data Rate User Experienced

Data Rate

Spectrum 

Efficiency

Mobility

LatencyConnection 

Density

Area Traffic 

Capacity

Network

Energy

Efficiency

eMBB

LTE-A

5G NR

5G Capability Requirements Defined by 3GPP



2015 2016 2018 20192017 2020

2018.06.14

R15 frozen

R15：eMBB
R16：All ITU Scenarios
(eMBB, uRLLC, mMTC)

R15 
NSA

R15
SA

R16

X 10
User Experience

X 20~30
Cell Capacity 

5G Bandwidth

C band：~100MHz
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Global 5G Spectrum Auction Plan

2017 2018 2019 2020 expected

1GHz 6GHz 100GHz3GHz 24GHz 40GHz

C-BandSub 3GHz mmWave

Ireland  
3.5GHz  May.2017

Czech  
3.6-3.8GHz  Jul.2017

Latvia  
3.6-3.8GHz  Jul.2017

Korea:
3.5GHz/28GHz   Jun.2018

Italy 
700M/3.6-3.8GHz/26GHz   
Sep.2018

Spain 
3.6-3.8GHz  Jul.2018

UK
3.5GHz  Apr.2018

Australia 
3.6GHz  Dec.2018

US: 
28GHz  Nov.2018

China:
2.6/3.5/4.9GHz  Nov.2018

Finland: 
3.5GHz  Oct.2018

Hong Kong:
26/28GHz  Dec,2018

Sweden:
700MHz  Dec,2018

Mexico
(2.5GHz)  Aug.2018

Japan:
26/28GHz  2019

Germany  
3.6GHz   H1 2019

UK :
700MHz 2019

Hong Kong:
3.3/3.5/4.9GHz  July.2019

Switzerland: 
2.6/3.4-3.8GHz  H1 2019

Thailand: 
700M  2019

Belgium: 
700MHz/1.4/3.6GHz  H1 2019

Norway: 
700MHz/2.1GHz  Q1 2019

Netherlands: 
700MHz/1.4/2.1GHz  Q1 2019

Qatar: 
700MHz/3.5/26GHz  2019

Philippines:
3.3-3.6GHz  2019

……

France:  
3.4-3.8/26GHz  2020

Canada:
3.5/3.8GHz  2020

Japan:
3.4-3.7GHz  2020

Singapore: 2020

Malaysia: 2020

New Zealand: 2020

C-Band Becomes Globally Harmonized 5G Spectrum

5G Spectrum Release is Speeding Up 



Commercial Smartphone Launched Scale Commercial

Mobile

CPE

Chipset

Q22017.Q3 Q4 2018.Q1 2019.Q1Q3 Q4 Q2 Q3 Q4 2020.Q1 Q2

CPE 1.0
C-band

Samsung (V5G)
SFG-D0100 (mmW)

X55 (CS) 
NSA/SA (mmW & Sub6) 

B5G01 NSA (ES)

NSA (CS)
( mmW & 2.6 &C-band )

SA Trials
（Sub6）

B5000 NSA/SA (ES)

Exynos 5G 
NSA/SA（ES）

Exynos 5G NSA/SA（CS）

Z3 Mod ( mmW )

CPE 2.0
( Sub6 )

CPE 5G01
C-band

Samsung Outdoor CPE
(V5G) (mmW)

NETGEAR 
NightHawk 
CPE (mmW)

WNC
CPE (sub-6)

HTC MiFi 
(2.6Ghz)

Samsung
MiFi (sub6)

D-Link CPE
DWR-2010 (sub-

6/mmW)

XMM 8160 
NSA/SA

(mmW&Sub6)

XMM 8060
NSA

(mmW&Sub6)

Kirin990
NSA/SA

Ecosystem Drive 1st Wave 5G Commercial launch in 2019
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Units: Trillion US$

2025: Tapping into the Opportunities of Digital Economy 

Valued at US$23 Trillion
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Better Perception

More Information, Better Service & Experience

COMPUTER 
VISION

NLPLOCAL
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Convergence of Wireless Transmissions and Sensing

4D City Sensing reconstruction
(Traffic control)

Core Cloud

Edge Cloud

Edge Cloud

Hidden object sensing Calorie：283Kcal
Fresh：

Food spectral 
Sensing and analysis 

Sensing Vehicles

Terminal Sensing Infrastructure Sensing Analytics

Spatial Dimension Chemistry Biology Medical



Sensing Assisted Transmission
Sensing Assisted PHY 

Sensing Assisted Network

2. Infrastructure and 
traffic reconstruction

1. Environment  sensing
3. Network planning 
and traffic steering 

1. Air Interface 
Relative sensing

2. Reality mapping and Judging 3. Beam Forming tracking 

LOS Blockage

Reflection



Sensing and Spectrum

Tera-THz Extend the Scope of Sensing  

Ultra Bandwidth Molecular Vibration Non-ionized Small Size

╂

━ ━

Safety

Accuracy

Penetration

Efficiency

Integration

Size

TECHNOLOGY

MM-wave radar Lidar CT MRI Thermal imager THz
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The Rise of AI: 1989-2019

2019 Turing Award



The Cost of Understanding



The Limits of Modelling



New Paradigms for Data 
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Why now?

Massive amounts of data that can be used to train Machine Learning models

are being generated, for example through daily creation of billions of images,

online click streams, voice and video, mobile locations, and sensors embedded

in the Internet of Things devices.

Computing capacity has become available to train larger and more complex

models much faster. Graphics processing units (GPUs), originally designed to render

the computer graphics in video games, have been repurposed to execute the data

and algorithm crunching required for machine learning at speeds many times faster

than traditional processor chips. Key Trend Emerging: Specially design chips and Hardware for Machine Learning workloads

(Tensor Units).

Machine-learning algorithms have progressed in recent years, especially

through the development of deep learning and reinforcement-learning techniques

based on neural networks.



New Paradigms for Algorithms

Spectral-
Methods
(FFT)

Graph-
Algorithms

Map-
Reduce

Dense / 
Sparse-Linear-

Algebra

C-A GEMM/ SPMV

Graphical-
Models
(Tree)

C-A BFS/DFS

Finite-State-
Machines

NFA/DFA

Circuits Monte-Carlo Structured/
Unstructured-

Grids

N-Body
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Dynamic 
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& Bound

N-Queens

(Artificial Intelligence)

Network 
Packet Data 
Forward

Network
Protocol/
Data Aware

Software 
Radio

Network 
Data 

Security

Data 
Storage

Data 
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Searching

Machine 
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media 
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Computer 
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New Paradigms for Computing

Device Edge  Cloud

Earphone Always-on Smartphone Laptop IPC Edge Server Data Center

Compute
20 MOPS 100 GOPS 1-10 TOPS 10-20 TOPS

10-20 
TOPS

10-100 
TOPS

200+ TOPS

Power budget
1 mW 10 mW 1-2 W 3-10 W 3-10 W 10-100 W 200+ W

Model size 10 KB 100 KB 10 MB 10-100 MB 10-100 MB 100+ MB 300+ MB

Latency? < 10 ms ~10 ms 10-100 ms 10-500 ms 10-500 ms ms ~ s ms ~ s

Inference? Y Y Y Y Y Y Y

Training N N Y Y Y Y Y

Chip
Ascend-Nano Ascend-Tiny Ascend-Lite Ascend 310 Multi Ascend

Ascend 910



Mobile AI: What is the right architecture?

Big Data

通用知识模型

个人
数据

个人知识
模型

Training

Update

Personal 
data

Common
knowledge model

Personal 
knowledge model

New Paradigms for Networks
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New Paradigms for Networks

Current Cloud and AI Integrated Cloud, Network & AI

AI in Cloud

Cloud AI

Edge AI

Site AI

Terminal AI

Core Network

Cloud Core Cloud

Edge Cloud

Centralized AI
L5 Full Scenario

（Intent-Driven）

L3 Single-Scenario

（Conditional Automation）

L2 Task

（Partial Automation）

L4 Service Scenario

（Autonomy）

L1 Functionality
（Expertise Based）
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Better Connection

Autonomous / 
Flying 

Transportation
(4T/day)

Digital Industry 
and Robotics

(<<1ms)

Holoportation & 
Edge 

Intelligence
(4.62Tbps)

Information Everywhere



Shannon 1.0 

1948 2028

Smart  Communications

Shannon 2.0 



Smart Channels



Smart Channels



The Central Role of Antennas



Beyond 5G
Standardization Timetable

Rel-14 Rel-15 Rel-16

5G 
Phase 1

5G
Phase 2

Accelerating 
Plan

Previous Plan

Phase 1.1 Phase 1.2
Full IMT-2020

NR

Global Launch 

Rel-17 Rel-18/19/20/21

B5G
6G  

Phase 
1.1

Phase 
1.2

Full
IMT-2020

NR

5G  
extension

20302025202120202017



From Connected Things to Connected Intelligence

2020 2030



Beyond 5G

2020

6G
2028-2030

2030

Peak data rate: 

1Tbps

eMBB

mMTC URLLC

Jitter:

0.1ms(+/-10ns)

Position:

Δ10cm

Link Budget:

+40dB

Connection
density:

10/m2

5G+

2020-2024

5G++

2024-2028
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