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1 of 19 Welcome
Welcome to this session, an introduction to 5G technologies. 
In this session we will:
· Introduce 5G technologies
· Explore 5G use cases and their benefits
2 of 19 Some helpful terms
Before we look at 5G technologies, we will first look at some definitions associated with radio networks:
· Electromagnetic spectrum
· Base stations
· Cells
3 of 19 – The electromagnetic spectrum
Electromagnetic radiation covers a range of frequencies (spectrum) and associated wavelengths, commonly referred to as the electromagnetic spectrum.
Radio waves have lower frequencies and longer wavelengths than visible light. Look through the table below to learn about electromagnetic spectrum.
	Type of wave
	Typical source
	Approximate wavelength
	Typical uses

	Radio: LW
	electronic circuits, stars and space
	1 km
	communications, radio, TV

	Radio: MW
	electronic circuits, stars and space
	100 m
	communications, radio, TV

	Radio: VHF
	electronic circuits, stars and space
	1 m
	communications, radio, TV

	Microwaves
	electronic circuits, cool objects
	1cm (10-2 m)
	communications satellites, telephony, heating water and food

	Infra-red (IR)
	electronic devices, warm objects, sun
	0.1mm (10-4 m)
	magic eyes in security lighting, remote control (eg TV)

	Light
	electronic devices (LED), hot objects, sun
	0.001mm (10-6 m)
	seeing, photography, worldwide communication using optical fibres

	Ultraviolet (UV)
	gas discharge, very hot objects, UV lamps, sun
	0.00001mm (10-8 m)
	sun-tan lamp, making ions, making vitamin D, water purification plants to kill bacteria

	X-rays
	very fast electrons hitting a metal target
	10-10 m
	imaging defects in bones, hidden devices

	Gamma rays(γ)
	radioactive nuclei decaying
	10-12 m
	medical tracers, killing cancerous cells, sterilisation



Click here for source.
Note: energy increases as wavelength becomes shorter.
4 of 19 – Base stations
Base Stations are wireless communication stations installed at a fixed location.
They are always connected to the wired network and provide wireless communications.
Base stations act as a relay between the wired network and the wireless host.
Base stations are found at the centre of a cell.
5 of 19 – Cells
[bookmark: _Hlk28769814]The term cellular in cellular networks refers to the network edge.
In cellular networks, the local area is divided into multiple cells.
Each cell has a base station at its centre.
The base station supports a number of radio frequencies and devices connect to the strongest signal that is available in a cell.
6 of 19 – 5G technologies
There are a number of new technologies that come with 5G.
We will be looking at:
· Millimetre Wave (mmWave)
· Small Cell
· Massive Multiple Input Multiple Output (mMIMO)
· Beam Forming
· Full Duplex
8 of 19 – mmWave – An Introduction
Millimetre wave (mmWave) sits between microwave and infrared waves on the electromagnetic spectrum.
mmWave can be used for high-speed wireless communications.
It is considered to be the main facilitator for 5G.
mmWave is the band between 30 GHz and 300GHz on the electromagnetic spectrum.
9 of 19 – Small cells
Small cells are low power, short range wireless base stations.
They cover a small geographical area.
They have all the same characteristics of conventional base stations.
Small cells play a significant part in efficiently delivering:
· High speed mobile broadband
· Other low latency applications
Small cells work similar to normal cells using the following means of transmission:
· MIMO
· Beamforming
· Millimetre Wave
10 of 19 – Multiple Input Multiple Output (MIMO) cells
MIMO stands for Multiple Input Multiple Output.
MIMO at its simplest:
· A wireless network that allows the transmitting and receiving of more than one data signal simultaneously over the same radio channel
MIMO is used throughout wireless and 4G standards and can multiply the capacity of a wireless connection without the need for additional spectrum. Standard MIMO typically uses two or four antennas.
11 of 19 – Massive MIMO
Massive MIMO is the name given to a MIMO system with high numbers of antennas.
This description is applied to systems with tens or hundreds of antennas.
The high number of antennas make mMIMO more resistant to interference.
mMIMO will use beamforming technology to enable targeted use of the spectrum.
Massive MIMO is seen as a key enabler for 5G due to the higher data transfer available.
12 of 19 – Keeping connected - beamforming
Beamforming uses advanced antenna technologies to focus a wireless signal in a specific direction.
Combined with Massive MIMO beamforming is transformed into 3D Beamforming:
· This creates horizontal and vertical beams
· This in turn increases data rates and capacity for all users
Communication between devices and the network allows the network’s beam to find any point and allows a mobile user to always be served by a focussed beam to their device.
13 of 19 – Full duplex
In 4G, transmitters take turns between transmitting and receiving data. If a user wants to transmit and receive at the same time, it can only be done over different frequencies. With 5G, transmitters will be able to transmit and receive data on the same frequency at the same time This is called Full Duplex. A “Full Duplex” can double the capacity of wireless networks
14 of 19 – 5G use cases
· Enhanced Mobile Broadband (eMBB)
· Ultra-Reliable Low Latency Communications (UTLLC)
· Massive Machine Type Communications (mMTC)
15 of 19 – Enhanced Mobile Broadband
eMBB is an evolution to existing 4G networks to provide faster data rates. eMBB aims to support a number of different uses including:
· Remote workers needing to communicate with a back office while in the field
· Fully immersive VR and AR scenarios including onsite training and remote meetings
· Higher data rates for multimedia uses including streaming
16 of 19 – Ultra Reliable Low Latency Communications
Latency is the delay before a transfer of data begins, following an instruction for its transfer.
URLLC guarantees latency of 1ms. URLLC allows a network to process high volumes of data with minimal delay.
This in turn allows 5G to support revolutionary developments including:
· Self-driving vehicles
· Autonomous factories – this in turn enables Industry 4.0
· Remote healthcare and monitoring
17 of 19 – Massive Machine Type Communications
Massive Machine Type Communications (mMTC) is the communications between machines across wireless networks.
· mMTC requires the need for networks to support a large number of devices in a small area
· These devices will intermittently transmit small amounts of data
mMTC is advantageous in developing:
· Retail – inventory updates and product security
· Healthcare – compare data from patient records and other sources to improve diagnosis
· Smart Cities – help congestion management, transit and public safety
18 of 19 – mMTC and 5G
To facilitate the communication between devices, mMTC needs support for:
· High amount of devices in a small area
· Low data rate
· Internet-of-Things endpoints with long life battery
5G supports all of these requirements with the improved network provided by new technologies seen earlier in this session.
19 of 19 – Summary
Well done. You have completed this introduction to 5G technologies.
In this session we have:
· Looked at 5G technologies
· Discussed 5G use cases

