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INSTITUTE FOR COMMUNICATION SYSTEMS
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� WELL KNOWN RESEARCH INSTITUTE IN

COMMUNICATIONS INTERNATIONALLY, 

PARTICULARLY IN EUROPE

� GOOD NETWORKING WITH INDUSTRY AND

ACADEMIA

� GOOD AWARENESS OF STRATEGIC AND HOT

RESEARCH AREAS –

� TO SOME EXTENT WE ARE THE DRIVERS



COMMUNICATION AND INFORMATION SYSTEMS

� MOBILE CELLULAR

� 4G, 5G AND….BEYOND

� WIFI

� .11g, n, ac, ax..

� NON-TERRESTRIAL NETWORKS

� SATELLITE COMMUNICATIONS &  BROADCAST

� Broadband Fixed

� Broadband Mobile- on the move

� Broadcast- passenger vehicles

� DRONE COMMUNICATIONS

� INTERNET OF THINGS

� VEHICLE COMMUNICATIONS

� FUTURE INTERNET
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LARGEST OPEN INNOVATION CENTRE ON 5G

5G INNOVATION CENTRE



University of Surrey, 5GIC
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5G is 

COMMUNICATIONS & AUTOMATION

Connectivity + Intelligence (AI and Machine Learning)

6

Transformative Wireless connectivity

r.tafazolli@surrey.ac.uk #5GIC

Data to information transformation Blurring boundaries between real and cyber worldsAutomation

Connected Devices of small and large sizes and capabilities
(robots, cars, sensors, actuators, smart phones ………. driverless cars)
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5G INFRASTRUCTURE- CHALLENGES
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ONE NETWORK INFRASTRUCTURE SERVING ALL INDUSTRY SECTORS

� Programmable

� Resilient

� Low delay, high reliability

� 1000x more capacity than 4G

� One Million connections per km2

VR/AR/4K/8K

Immersive Reality



Operations
& Maintenance

C-RAN Baseband Units

5GIC COMM’S
ROOM

Ultra-Dense Cluster(2)

5GIC TEST-BED: ULTRA-DENSE CAMPUS TEST-BED

Umbrella Cell

Small Cell

Ultra-Dense Cluster(1)

Macro BS

RRH

Ultra-Dense 
Cluster(3)ATI

FAP

AP

5G SOFT-FDC CORE

LTE SOFT-CORE

LTE Core (H/W)

VODAFONE NEWBURY TEST CENTRE

VPN Tunnel

Femto  Radios (x6, LTE FDD)

picoRRH’s (x6, pico-LTE TDD)

Access Points (x6, 802.11ac )

INDOOR DEPLOYMENT

OUTDOOR DEPLOYMENT

Tuesday, 19 February 2019 8#5GIC



WORLD’S FIRST VIRTUALISED 5G CORE WITH DYNAMIC NETWORK SLICING

FLAT DISTRIBUTED CLOUD (FDC) CONTEXT-AWARE NETWORK ARCHITECTURE

FDC IS EFFICIENT, FLEXIBLE, SCALABLE, AGILE AND DYNAMIC FOR ALL PURPOSES

�FLATTER THAN 4G CORE: REDUCING THE NUMBER OF NETWORK LAYERS FROM THREE IN LTE TO

ONE FOR 70% OF THE USE CASES, AND TWO FOR THE REMAINING 30%. 

�DISTRIBUTED: PHYSICALLY DISTRIBUTED IN DIFFERENT RESOURCES ACCORDING TO MOBILE DEMANDS, 

AND INTELLIGENTLY DISTRIBUTED TO KEEP USER DATA CLOSE TO WHERE IT IS NEEDED. 

�CLOUD-BASED: SCALABLE AND NOT SOLELY RELIANT ON LOCAL PHYSICAL RESOURCES

�CONTEXT-AWARE: META-DATA PROTOCOL (MDP), ENABLING AI DECISIONS BASED ON USER/NETWORK

CONTEXTS
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3GPP compliant
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FDC-DYNAMIC NETWORK SLICING
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HIGH CONNECTIVITY AND RELIABILITY

• MASSIVE CONNECTIVITY

• >500% more connectivity than 4G

• 1st in the world, Nov 2018

• NOVEL EDGE COMPUTING FOR QOE
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SOLUTIONS FORHIGH CAPACITY

Size of MU-MIMO
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4x4       8x8                                                                128 x128                                        1024x1024

LTE

10th Feb 2017, 
Demonstrated 
5b/s/Hz/Antenna

5G Base station
Plan with Airspan
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WHAT IS NEXT ?

IN 5 YEARS TIME



AUTOMATION
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LIFE BEYOND MOBILE BROADBAND

ARTIFICIAL INTELLIGENCE

&

ULTRA RELIABLE AND LOW LATENCY COMMUNICATION

&

MASS CONNECTIVITY

#5GIC



AUTOMATION

5G CONNECTIVITY + INTELLIGENCE (AI AND MACHINE LEARNING)

• LOGISTICS/TRANSPORT

• MANUFACTURING

• GAMES/ENTERTAINMENT

• UTILITIES

• HEALTH

#5GICTuesday, 19 February 2019



AUTOMATION

First use case

• ZERO-TOUCH NETWORK MANAGEMENT AND OPERATION

• FUTURE NETWORKS WILL BE TOO COMPLEX FOR HUMAN OPERATOR

• AI + CONNECTIVITY + DATA

#5GICTuesday, 19 February 2019



AUTONOMOUS NETWORKING

Small Cell 
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Small Cell 

(A.1)

Macro Cluster (A) Small Cell 

(B.1)

Macro Cluster (B) Small Cell 
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AMF

Monitoring

Processing &  decision 

making (AI)

Monitoring

Processing &  decision 

making (AI)

Monitoring

Processing &  decision 

making (AI)
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WHAT IS NEXT ?

IN 10 YEARS TIME



WHAT IS NOT POSSIBLE?

ALL SCIENCE FICTION FILMS AND BOOKS PUBLISHED SO FAR ARE TECHNICALLY

IMPLEMENTABLE

ONE COULD SAY;  HOW ABOUT TELEPORTATION?

#5GICTuesday, 19 February 2019



WHAT MAKES US US?

OUR PHYSICAL BODY OR OUR CONSCIOUS?

ANSWER: IT IS OUR CONSCIOUS

WE ARE OUR 5 SENSES

Ref [1] : Rahim Tafazolli, first presented in TEDx in 2015, Cyprus 

Ref [2] : Rahim Tafazolli, Keynote NEAT Workshop, SIGCOMM 2018, Budapest
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10YEARHORIZON

21

Holoportation + Sensual Information = Teleportation
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TELEPORTATION

DO NOT NEED TO TRANSMIT OUR PHYSICAL BODIES

ALL NEEDED IS TO HAVE MULTI-SENSORY INFORMATION TRANSMITTED FROM: 

PLACE B  TO PLACE A ( CONTRARY TO CURRENT THINKING)

#5GICTuesday, 19 February 2019



SIMPLEST FORM OF TELEPORTATION
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TELE-INTERACTIONS
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REAL-TIME TELE-INTERACTIONS
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REAL-TIME INTERACTIONS VIAHOLOPORTATION
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REAL-TIME INTERACTIONS IN CYBER SPACE
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SOCIALNETWORKING IN CYBER SPACE

INTERACTIONS BETWEEN PEOPLE IN CYBER SPACE

#5GICTuesday, 19 February 2019



HIGH QUALITYHOLOPORTATION REQUIREMENTS

Dimension Bit Rate

Tile 4x4 inches 30 Gbps

Human 77x20 inches 4.62 Tbps

20” wide

6
’4

” 
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t

Colour, FP (full parallax), 30fps

Ref: N.Peyghambarian, University of Arizona
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OTHER SENSES

TOUCH

� PER INCH2 ~ 20 TO 50 MBPS ���� FOR ONE AVERAGE SIZE HAND: ~ 1GBPS

� LATENCY <100 MS,

– FOR NATURAL DELAY WITH THE BRAIN TOUCH FUNCTION

TASTE

� CHEMICAL REACTIONS

� BIT RATE AND LATENCY ?

SMELL

� SMELL AND TASTE ARE INTER-RELATED

#5GICTuesday, 19 February 2019



OVERALL TECHNICAL REQUIREMENTS

� BIT RATES AL LEAST SEVERAL TBPS/PERSON

� LATENCY <1MS (GUARANTEED) BETWEEN SENSING AND ACTUATION

� GEO-LOCATION ACCURACY BETTER THAN 1CM AND UPDATE RATE < 1MS

� SYNCHRONISATION WITHIN 10MS, FOR NATURAL FEEL

#5GICTuesday, 19 February 2019



NETWORK 2030

NO REASON FOR INTERNET AND MOBILE NETWORKS BEING DIFFERENT:

� WHAT SHOULD BE THE STARTING POINT- 5G CORE OR CURRENT INTERNET?

� IF 5G CORE, NO TUNNELLING AFTER TUNNELLING OF PROTOCOLS

FUTURE NETWORK MUST BE DESIGNED (ARCHITECTURE AND PROTOCOLS) BY DEFAULT WITH:

� MOBILITY

� WIRELESS CONNECTIVITY

AND

� STATEFUL AND MEMORYFUL

� CONTEXT AWARE

� NEW SIGNALLING ARCHITECTURE

� MULTIPLE AND SYNCHRONISED ROUTING PROTOCOLS

� DISTRIBUTED PROTOCOLS/COMPUTING/STORAGE

#5GICTuesday, 19 February 2019



DISTRIBUTED SYNCHRONISATION

DISTRIBUTED LEDGER TECHNOLOGY

� BITCOIN, CRYPTOCOIN,…BUT NOT LIMITED TO THESE

� DIFFERENT ACYCLIC GRAPHS FOR DIFFERENT APPLICATIONS AND NETWORK

FUNCTIONS

� ENABLES SYNCHRONISATION BETWEEN CONTENTS UPDATES. DISTRIBUTED

CLOUD PLATFORMS, SECURITY, RESILIENCE

� COMBINED WITH HIGHLY ACCURATE DISTRIBUTED TIME MECHANISMS (E.G
NPL), FOR REAL TIME COMPUTING/SIGNAL PROCESSING
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MEMORYFULNETWORKING

� CURRENT NETWORKS DON’T KEEP HISTORY OF PREVIOUS TRANSACTIONS, SPECIALLY IN SIGNALLING

� SIGNALLING IS ALWAYS REPEATED OVER AND OVER

� SIGNALLING IS MAJOR SOURCE OF DELAY, BANDWIDTH & ENERGY CONSUMPTION

RETHINK:

� RADIO RESOURCE CONTROL

� MOBILITY MANAGEMENT

� AUTHENTICATION PROCEDURES

� DEVICE/USER CONTEXTS

#5GICTuesday, 19 February 2019



NEW INFRASTRUCTURE
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NETWORK 2030 INFRASTRUCTURE

FIXED/MOBILE/INTERNET/DRONES/SATELLITE

Space-Terrestrial Seamless converged infrastructure
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NON-TERRESTRIAL NETWORKS

OPPORTUNITY:
ECONOMY OF SPACE COMMUNICATIONS NOW COMPARABLE TO TERRESTRIAL

CHALLENGE:
DIRECT COMMUNICATIONS BETWEEN UE TO SATELLITE AND/OR TERRESTRIAL

#5GICTuesday, 19 February 2019



CURRENTMASSIVE CONSTELLATIONS PLANS

38

ONEWEB SPACEX LEOSAT

sats 640 4000 80-100

Alt(km) 1200 1100 1400

Tbps 5-10 8-10 0.5-1

$B 2 10 3

User speed 50 Mbps ? 1-2Gbps

Lat(mS) 20-30 20-30 50

Service BB/Mobility BB/Backhaul, ?? Mob/Backhaul/enterprise

#5GICTuesday, 19 February 2019



SOME OF THE PROPOSED MEGA CONSTELLATIONS PROJECTS

39

OPERATOR ORBIT NUMBER OF SATELLITES

SPACEX KU-BAND LEO 4,425

BOEING Q/V-BAND LEO 2,956

ONEWEB KU-BAND LEO 648

KEPLER LEO 140

TELESAT KA-BAND LEO 117

THEIA LEO 112

LEOSAT LEO 108

O3B MEO 60

BOEING KA-BAND LEO 60

VIASAT KA-BAND MEO 24
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MEGA-CONSTELLATION-NETWORK 2030

40

� OVERALL COST HAS TO BE SAME AS TERRESTRIAL FOR SAME (COVERAGE AND CAPACITY)

TECHNICAL CHALLENGE :
Direct Communications between UE to satellite and/or Terrestrial

� NEED NEW SATELLITE TECHNOLOGIES

� ANTENNA TECHNOLOGIES

� NEW CONSTELLATION DESIGN

� SEAMLESS INTEGRATION WITH TERRESTRIAL NETWORKS
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WHAT IS NEXT?

4G
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Video
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Network 2030??
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NEXT
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Network 2030

CPS

Communications between people 

+ 

with Internet

+

Automation (communications 

between Things)

Mobility

Speed/capacity

EE, SE, AE

Guaranteed Low latency

Guaranteed High Reliability

Mass Connectivity
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GeoLocation

All senses

(4D, Realtime CPS)
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THANK YOU


