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• Brining academics and researchers together from

• Communication Systems & Networks (CSN) Research Group

• High Performance Networks (HPN) Research Group

• Photonics Research Group

• Research Institutes

• Creating an Urban 5G Innovation Platform -

to address grand societal and industrial challenges, 

and to meet continuing cultural demand 

for improved technological infrastructure and performance.

Smart Internet Lab
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http://www.bristol.ac.uk/smart
http://www.bristol.ac.uk/engineering/research/csn/
http://www.bristol.ac.uk/engineering/research/hpn/
http://www.bristol.ac.uk/engineering/research/pho/
http://www.bristol.ac.uk/research/institutes/
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5G – An Introduction

Enhanced Mobile Broadband (eMBB)
Ultra Reliable Low Latency Communications (URLLC)
Massive Machine Type Communications (mMTC

• Radio and Hardware • Software and Virtualisation

http://www.bristol.ac.uk/smart
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Technology
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Massive MIMO

Edge computing

IoT

Compatible

Low power 
consumption

Beamforming

Full duplex Advanced coding Spectrum sharing Network slicing
mmWave

http://www.bristol.ac.uk/smart
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Heterogeneous Integration
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• 5G will be a multi-RAT solution

• All managed by the core network

• 2G, 3G, LTE, LTE-A
• 5G NR (massive MIMO & mmWave)
• Wi-Fi ac and ax, WiGig
• Fixed line, LiFi, etc

• Evolution from discrete and separately 

managed networks

• Big step to combine IEEE with 3GPP

• Flexible and adaptive core

5G NR
3.5 GHz

Li-Fi
6x1014Hz

Wi-Fi
2.4, 5, 
60GHz

M2M
700MHz

LTE-A
<6GHz

Fixed line
Fibre etc.

5G Core with support 
for multi-RAT IP Service 

Network
(Internet)

An intelligent core network is imperative

http://www.bristol.ac.uk/smart
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Enabling Technologies

Radio and Hardware
• mmWave
• Masive MIMO
• Beamforming

Software and Virtualisation
• Network Function Virtualisation
• Software Defined Networking
• Multi-Access Edge Computing

http://www.bristol.ac.uk/smart
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5G Smart Tourism Project
Radio

• 𝐶 ≈ 𝑊 ∙ 𝑛 ∙ log2(1 + 𝑆𝑁𝑅)

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑆𝑝𝑒𝑐𝑡𝑟𝑢𝑚 𝐴𝑛𝑡𝑒𝑛𝑛𝑎𝑠 𝑆𝑖𝑔𝑛𝑎𝑙 𝑄𝑢𝑎𝑙𝑖𝑡𝑦

Beamforming
Improved SNR

Massive MIMO
Exploit spacial diversity

mmWave
High bandwidths

http://www.bristol.ac.uk/smart
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Network Slicing

Yellow Customer
++++ URLLC
++ eMBB
+ MMTC

Red Customer
+ URLLC
++ eMBB
+++ MMTC

Green Customer
++ URLLC
++++ eMBB
++ MMTC

Energy Company Family Broadband
ISP

Emergency Wireless
CCTV

http://www.bristol.ac.uk/smart
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University of Bristol Test Network layers
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IT room

5G room

3.5GHz
M-MIMO

Gazebo-UE 
MIMO

Gazebo-UE 
MIMO

VR 
Performance 

Area

Millennium 
Constellations 

5G room

IT room

LTE-A 2.6GHz
26GHz Mesh
5G NR 3.5GHz (2018/11/01)

LTE-A 2.6GHz
26GHz Mesh
WiFi (Nokia)
WiFi (Ruckus)
EdgeCore Switch 

28GHz  5G NR FWA

Gazebo-UE 
MIMO

C-RAN (Nokia)
EdgeCore Switches
Politis Switches 

EdgeCore Switches
MEC Compute Node 

INDOOR 
LTE-A 2.6GHz Pico
WiFi (Nokia)   & LiFi

26GHz Mesh
WiFi (Nokia)
WiFi (Ruckus)
EdgeCore Switch 

Phase 0

http://www.bristol.ac.uk/smart
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Technology
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Ruckus T710
Corsa DP2100

Polatis 16x16

CCS Metnet

Massive MIMO

SM Fibre

Edgecore AS4610-30P

Dell T630

http://www.bristol.ac.uk/smart
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Massive MIMO (indoor radio propagation)
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Testing at Wills Memorial Building

• Evaluated the new Over The Air 

(OTA) sync method 

• Demonstrated 12 video streams in 

UL & DL

• Ensured Reliability of Service

• Outdoor radio propagation was 

also carried out before the public 

demonstration  
12 User Clients12 User Clients

M-MIMO 3.5GHz Physical Layer M-MIMO 3.5GHz Physical Layer 

http://www.bristol.ac.uk/smart
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BS EN 50385: 2017

• Product standard to demonstrate the compliance of base station 
equipment with radiofrequency electromagnetic field exposure 
limits (110 MHz - 100 GHz), when placed on the market for -
General public

IEC 60950-1/EN 60950-1/UL 60950-1/CSA C22.2 No. 60950-1: 

• Information technology equipment - Safety -Part 1: 
General requirements

IEC 60950-22/EN 60950 22: 

• Information technology equipment - Safety - Part 22:
Equipment installed outdoor

United Kingdom Public Health England’s (PHE’s):  

• Concerned citizen can contact PHE for health related enquiries:
https://www.phe-protectionservices.org.uk/nir/contact

Safety
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https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf

Reference levels for exposure 
to time varying electric fields 

http://www.bristol.ac.uk/smart
https://www.phe-protectionservices.org.uk/nir/contact
https://twitter.com/bristol_smart
https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf
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3.5GHz M-MIMO
Macro Base Station
e.g. total 200W RF power

General Population / 
Uncontrolled

Exposures

Occupational / 
Controlled 
Exposures

Maximum Permissible 
Exposure (Power density)
Ref: ICNIRP Guidelines

10 W/m² 50 W/m²

Distance in front 
(D f ) 

~ 15m ~ 7m

Distance to the side 
(D s ) 

~ 9m ~ 4m

Distance below and above 
(D a,d  and  Da,u )

~ 3.5m ~ 1.5m

Safety – Example 
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RF exposure 
compliance 
boundary 
around the 
antenna

http://www.bristol.ac.uk/smart
https://twitter.com/bristol_smart
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Spectrum
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    LTE Band 7 (FDD Uplink) LTE Band 7  (FDD Downlink)LTE Band 38 (TDD)

Vodafone BT EE Vodafone BT EEVodafone BT

2500

2520

25702535 2595 26402620 2655 2690

2525 2530 2535

2520

BT BT BT

2640 2645 2650 2655

BT BT BT
3 x 5MHz FDD 

Channels

3 x 5MHz FDD 

Channels

Frequency (MHz)

3500 3520

3.5GHz 5G  Pioneer  Band 42

Frequency (MHz)

2607.5

4 x 5MHz TDD 

Channels

BT

2597.5 2617.5

3540

Telefonica 

Telefonica

2350 23902370

TDD

2.3GHz  -  Band 40

40MHz

Total

2750024250 25875

University of Bristol Test and Development License

Frequency (MHz)

26GHz Band 5G  Pioneer  band

http://www.bristol.ac.uk/smart
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Architecture
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Phase 0

http://www.bristol.ac.uk/smart
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Public Engagement
BBC News Channel - Click, OM5G

https://www.youtube.com/watch?v=5hfZxsGcWB4

Phase 0

http://www.bristol.ac.uk/smart
https://twitter.com/bristol_smart
https://www.bbc.co.uk/programmes/b09y2b9x
https://www.youtube.com/watch?v=5hfZxsGcWB4
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5G Smart Tourism - Concept
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Phase 1

http://www.bristol.ac.uk/smart
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5GUK Network Expanded
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Phase 1

http://www.bristol.ac.uk/smart
https://twitter.com/bristol_smart
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Network Coverage
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Phase 1

University of Bristol
5GUK Access Points

VV U- HPN Lab.
S- Millennium Sq.
V- VR Lab
W- Watershed 
M- M-shed
B- Roman Bath

U- HPN Lab.
S- Millennium Sq.
V- VR Lab
W- Watershed 
M- M-shed
B- Roman Bath

WW

UU

SS

MM
UU

http://www.bristol.ac.uk/smart
https://twitter.com/bristol_smart
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University of Bristol

Control Plane Architecture
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SDN 
Contr
oller Nokia VIMSDN Controller

Optical Circuit 
Switch

Packet Switch Wi-Fi 4G LTE-A 5G NR WiFi

NetAct M
onitorOpenstack

CloudBand

Services 
Play Ground

MOOSE

Orchestration

Media 
Service

SF Endpoint 
Mgmt & Control

Service Function 
Routing

MANO

VNC Configuration 
Manager

VNF Monitor 
Manager

Resource 
Orchestrator

OSM Client

Service 
Orchestrator

User Interface

Compute

Nokia VIM

Multi-access 
Edge 

Computing

University of Bristol 5GUK Test Network

Experimentor user access

Northbound interface integration

http://www.bristol.ac.uk/smart
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5GUK Exchange (5GUKEX)5GUK Exchange (5GUKEX)

User and Management Interface (UMI)

Inter-island infrastructureInter-island infrastructure

Virtual 
Infrastructure 

Manager (VIM)

Virtual 
Infrastructure 

Manager (VIM)

Physical infrastructurePhysical infrastructure

SDN ControlSDN Control

NFV MANONFV MANO

VNF SDN: Sx

OSM APIOSM API

Island 5GIC

Virtual 
Infrastructure 

Manager (VIM)

Virtual 
Infrastructure 

Manager (VIM)

Physical infrastructurePhysical infrastructure

SDN ControlSDN Control

NFV MANONFV MANO

VNF SDN: Sx

OSM APIOSM API

Island UoB

Virtual 
Infrastructure 

Manager (VIM)

Virtual 
Infrastructure 

Manager (VIM)

Physical infrastructurePhysical infrastructure

SDN ControlSDN Control

NFV MANONFV MANO

VNF SDN: Sx

OSM APIOSM API

Island KCL

Further test 
networks

Connecting Across the 5GUK Test-Networks
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Example of Network Slicing (1/2)
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5GUKex

Island 1

Island 2

http://www.bristol.ac.uk/smart
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Example of Network Slicing (2/2)
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Inter-domain service provisioning through the 5GUKex

• Brokering inter-domain NS requests through 5GUKex to 

Islands’ OSM

• VNF (VM) deployment by Island OSM (OpenStack)

• Inter-island service interconnection through 5GUKex ODL

• Security use case deployed in two islands

• Media and Proxy server, IDS, FW, 

media client as VNFs

VLC
Server

VLC
Client

Island-1 Island-2

5GUKex

http://www.bristol.ac.uk/smart
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Thanks You

&

Question Time

http://www.bristol.ac.uk/smart

