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someone else. Notary is client-server based system that relies on TLS and digital signature 

for secure communication and verification of the software’s integrity.  

3 Telco Requirements 

ITU-R Recommendation M.2083-0 [4] has defined the following 5G Usage Scenarios for 

International Mobile Telecommunications (IMT) for 2020 and beyond, which are often depicted 

by the triangle shown in Figure 3 below: 

• eMBB – Enhanced Mobile Broadband: Mobile Broadband addresses the human-centric 

use cases for access to multi-media content, services and data. The demand for mobile 

broadband will continue to increase, leading to the need for enhanced Mobile Broadband 

connectivity. Such an enhanced Mobile Broadband will enable new applications which 

requires improved performance and increased seamless user experience on top of what is 

offered today. The eMBB usage scenarios cover a range of cases, including wide-area 

coverage and hotspots - each has its own requirements. For the hotspot case, i.e. an area 

with high user density, very high traffic capacity is needed, whereas the requirement for 

mobility is low. The user data rate in the hotspot case is higher than that of wide area 

coverage. For the wide area coverage case, seamless coverage and medium to high 

mobility are desired, with much improved user data rate compared to existing data rates. 

However, as stated above the data rate requirement may be relaxed compared to hotspot.  

• mMTC – Massive Machine Type Communications: This use case is characterized by a 

very large number of connected devices typically transmitting a relatively low volume of 

non-delay-sensitive data. Devices are required to be low cost, and have a very long battery 

life. 

• URLLC –Ultra-Reliable and Low Latency Communications: This use case has stringent 

requirements for capabilities such as throughput, latency and availability. Some examples 

include wireless control of industrial manufacturing or production processes, remote 

medical surgery, distribution automation in a smart grid, transportation safety, etc. 

Note that the term “5G Usage Scenarios” referring to eMBB, mMTC, URLLC corresponds to the 

terminology employed in the ITU-R Recommendation M.2083-0 [4] . This is different from the 

terminology employed in 3GPP TR 38.811 [5]  where eMBB, mMTC, URLLC are referred to as 

“5G Service Enablers”. Nevertheless, the IMT-2020 5G Triangle illustrated in   

 

Figure 3: Usage scenarios of IMT-2020 and beyond (Source: ITU-R [4]) 

Diverse requirements from different use cases 4G 
has trouble meeting these needs

Stringent requirements for 
throughput, latency, and 

availability

Human-centric use
cases: high data rates

(video)
Very large number of 
connected devices
• Small and non-delay-

sensitive tx
• Low cost devices
• Very long battery life



Source: GSMA Intelligence



How 5G will achieve this?

•New spectrum for 5G

•Advances in radio technology

•Many physical layer improvements for improved spectral efficiency

•Beamforming and Massive MIMO

•Cell densification

•Cloud RAN 

Evolution of radio access network

•Service-Based Architecture

•Network slicing

•Mobile edge computing

•In-network AI

Flexible core network



Key developments that are converging

Cloud computing: distributed clouds, 
general edge computing, DevOps

Cellular networks: cloud RAN, O-
RAN, network slicing, Mobile Edge 

Computing (MEC), private networks

AI: distributed techniques: federated 
learning, transfer learning, 

differential privacy, forthcoming 
regulation



Flexible Network Slices
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End-user Applications: AR and 
maps

Drones and other autonomous sensors

Services

Sensors and 
actuators 

Network and Slice 
Generation,

Orchestration

AIs and Data 
Analytics

Sensing and AI

Edge computing is a form of 
cloud computing and part of the
5G architecture

Edge computing facilitates
application and service logic
running on edge servers near
end-devices

Network slices support
programmability of the network
and enable flexible placement
and configuration of virtualized
network functions

Sensing and AI

Sensing and AI



Micro 

vehicle 

cloud

Cloud Data CenterCore NetworkEdge Server

Learning and privacy enhanced data sharing

Virtualization across the environment: virtual front haul, back 
haul, compute, storage, network slicing

Private 5G

Smart, digital and virtual factories and connected industries



MegaSense as an Edge and 5G Vertical Application

A 5G network slice for air pollution sensing platforms

• Sensing campaign configuration over slice and in-field calibration AI
• Connection density of more than 400 sensors per 𝑘𝑚2

• Large volume of data generated by Hyperspectral and LIDAR camera
• Accurate 3D location
• Energy efficient communication to optimize power consumption of 

sensors

High Connection Density

Air Quality Sensors

Location Information

Big Data Volume 

mMTC

Sensing as a Slice

5G Antennas

eMBB

Energy Efficient

Communications

Optimized Power 

Consumption

Requirements                     Solutions

Enabling Massive Air Pollution Sensing System 
Using 5G

Near real-time high-res
air quality map
Green path navigation

Builds on: Station for Measuring Earth Surface-Atmosphere Relations (SMEAR)

https://www.atm.helsinki.fi/SMEAR/

https://www.atm.helsinki.fi/SMEAR/
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Centralized cloud for AI Edge Intelligence

Xu, D., Li, T., Li, Y., Su, X., Tarkoma, S. and Hui, P., 2020. A Survey on Edge Intelligence. arXiv preprint
arXiv:2003.12172 



Inspired by Walid Saad, Mehdi Bennis, and Mingzhe Chen. A Vision of 6G Wireless Systems: 
Applications, Trends, Technologies, and Open Research Problems. IEEE Network Magazine

5G Anticipated for 6G

Applications/slices eMBB
URLLC
mMTC

New applications including XR/AR/VR, massive-scale sensing 
and IoT, autonomous robotics, combination of applications. 
Capability to generate slices with desired radio, network and 
application capabilities

Devices Smartphones, IoT, vehicles 
and drones

Versatile and more heterogeneous consumer and industrial 
equipment 

Spectral and energy
efficiency

10x 1000x

Data rate DL 20Gb/s
UL 10Gb/s

1Tb/s

End-to-end latency eMBB: 4ms
URLLC: 1ms

<1ms

Frequency bands Sub-6GHz
MmWave

Sub-6GHz
MmWave
THz band
Non-terrestrial communications

Architecture Early cloud cloud-native 
and cloud RAN, private 
networks

Fully distributed cloud native with orchestration of fine-grained 
functions and containers, continuous development and testing, 
sustainability a key consideration

AI Edge Intelligence Ubiquitous Intelligence
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