& RREY

Professor Rahim Tafazolli
Director Institute for Communication Systems (ICS), 5GIC




5G INNOVATION CENTRE

LARGESTpPEN INNOVATION CENTRE ON 5G




UNIVERSITY OF

University of Surrey, 5GIC ' SURREY

HIGHER EDUCATION
FUNDING COUNCIL FOR ENGLAND

FUjiTsu S\ & McLaren’ iowsischwan: RS
HUAWEI vodafone APPLIED TECHNOLOGIES
enterprise[) - e
catAPULT  NPLE 77 O, st & —— Mycomos]

oDt OFcom L~ T
. Research Institute
Chemring

Technology Solutions ©TEOC0 ascom @% (S){'?Ugyce @

Thursday, 19 April 2018 B r.tafazolli@surrey.ac.uk ¥ #5GIC



& UNIVERSITY OF

MISSION % SURREY

ART OF POSSIBILITIES?
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Spectrum

(700MHz, 2.6,3.5, 26 GHz)
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WIRELESS STANDARDS EVOLUTION — 5G

Next generation Global standard around 2020

Research & Std

Research & Std 4G — LTE/LTE-Advanced
Research & Std 3G — WCDMA/HSPA/HSPA +
Research & Std > 2G — GSM/GPRS/EDGE :

Timescale getting shorter between Research/Standardisation and Commercialisation
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NOT JUST MORE OF THE SAME
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5G is SURREY

Transformative Wireless connectivity

COMMUNICATIONS & AUTOMATION

Connectivity + Intelligence (Al and Machine Learning)

Data to information transformation

Automation

A Car or a Computer on Four Wheels?

Blurring boundaries between real and cyber worlds

Connected Devices of small and large sizes and capabilities
(robots, cars, sensors, actuators, smart phones .......... driverless cars)

b= r.tafazolli@surrey.ac.uk ¥ #5GIC
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Enabler of Connected Economy and Society

WIRELESS CONNECTIVITY
BETWEEN PEOPLE AND DEVICES
FOR THE PEOPLE
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COVERAGE AND CAPACITY
ONE SIZE DOES NOT FIT ALL!

Low+ MEDIUM+ HIGH DENSE CELLS
CAPACITY LIMITED
COVERAGE LIMITED

5G DEPLOYED WITH 4G AND WIFI

PIONEER FREQUENCY BANDS
700MHZ = COVERAGE
3.5 GHZ = CAPACITY AND COST

26 GHZ, MILLIMETRE BAND=> ULTRA HIGH CAPACITY
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5G INFRASTRUCTURE- CHALLENGES

ONE NETWORK INFRASTRUCTURE SERVING ALL INDUSTRY SECTORS

| 2 Programmable
A B B e < 5
Energy & e D e

Electricity Water — Food  ancnortation Resilient

Low delay, high reliability

Publichealth — = |

égéﬁ@ G i 1000x more capacity than 4G
" il
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mUNaONS:

One Million connections per km?
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5G MULTICAST AND BROADCAST
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Scope of Project

MANAGEMENT AND COORDINATION

-------------------------------------------------------------------------------------------------------------------------------

USE CASES, REQUIREMENTS AND KPIs

CORE NETWORK CONVERGED
RADIO ACCESS ARCHITECTURE CONTENT

) —— :
NETWORK AND DISTRIBUTION :
MANAGEMENT FRAMEWORK

@ TEST-BED INTEGRATION, VALIDATION AND DEMONSTRATION

DISSEMINATION, STANDARDISATION AND EXPLOITATION
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Use Cases, Requirements and KPIs
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PTM Vertical Sector

MEDIA & ENTERTAINMENT (M&E)
* HYBRID BROADCAST SERVICES
e VIRTUAL/AUGMENTED REALITY BROADCAST
* REMOTE LIVE PRODUCTION
* OBJECT BASED BROADCASTING
PuBLIC WARNING (PW)
e MULTIMEDIA PUBLIC WARNING ALERT
AUTOMOTIVE (AUTO)
* \/2X BROADCAST SERVICE
INTERNET OF THINGS (IOT)
e MASSIVE SOFTWARE AND FIRMWARE UPDATES

Thursday, 19 April 2018
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Hybrid Broadcast Service

TV Transmission

Mobile Network
Broadcast ((@ \
|

[ \

- D*D S@?{n!@ﬁ-ll i NION

|
DSL DSL

Figure 1 — Use case M&E 1: Hybrid broadcast service; combinations of networks and technologies
give a seamless experience as the user moves between different locations
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Virtual/Augmented Reality Broadcast

Broadcast Delivery
VR Content

O
J 5G VR User
Devices
Creation

@ 5G Base
Low Latency Station

Edge Cloud / Transport Link 7
Content Server T

VR Viewing Arena
Figure 2 — Use case M&E 2: Virtual/augmented reality broadcast
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REMOTE LIVE PRODUCTION

Camera Streams

Broadcast @
Commentry Field
Feed Presenter
@ el 5G Base

Station

Camera ;
I:jZ@ o Production ;
o0 N0
Z — Truck /
On-Site Studio Live Sports Event ‘Scanner’

Camera With Production Viewing
[ K camenquy [ AutoCue(UUDL]@ Monitor (DL) @ Talkback (DL)

Figure 3 — Use case M&E 3: Remote live production; multiple users often require the same feed,
making the use of point-to-multipoint more efficient than point-to-point
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TRADITIONAL BROADCASTING

1

RIS

(CICOGIIO)]

110010101

10NOOCO |

X 700 11OOIC0I0)

- % 30000
Vi :

%1000 oo

The programme is
made in the
traditional way.

2

The programme is
turned into a piece
of linear media.

N

This is broadcast
to everyone.

The same content is played back on all
devices, resulting in compromises on
some devices.

OBJECT BASED BROADCASTING
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« 1000 %000

The programme is
made in the
traditional way.

2

The programme is
turned into a collection
of media objects along
with some metadata to
describe how it should
be assembled. All of
this data is broadcast
to everyone.

The device inside
the viewer's home
re-assembles the
media objects
according to the
metadata.

The objects can be assembled differently
(based on the original metadata).
optimising the experience depending on
local factors relating to the device,
environment and viewer.
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MULTIMEDIA PUBLIC WARNING ALERT
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Message Gontents Message Contents
Broadcast in Area = Text [1or More]

o) Audio [10r More]
B« Video [1or More]

?  Other Data Types

User Devices

Minimal Set Includes

Audio Content for
Visually Impaired

; Z) Video With
E Sign Language

Alert
: Originator

.........................................................................

Figure 4 — Use case PW 1: Multimedia public warning alert



V2X BROADCAST SERVICE
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@ﬂm U Signage
f‘{ iy Information - /—Q—-\
\ Mapping Data
Local Area /
Broadcast L Autonomous
@ 8y Driving Information
5G Base (E.g. Traffic Restrictions,

~ Station Local Laws)
S o - - - / ---------- i \
] - ] ags
. Alerting : Local Road Conditions %: A
; m m : / Safety Information b3
E Broadcast area S
v specific hazard alert | Car alerts hazard to
]
]
]

/" Road Side Unit (RSU)

[ S ———

Figure 5 — Use case Auto 1: V2X broadcast service
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; -Firmware
g™ -Configuration
1:1 519 ¢ 0 -Updates
§>T * WHo
— ~ Utilities
Low Cost loT Devices Metering

Broadcast Delivery

—

Scheduled
Delivery

e 210000
]K&rtﬁ Devices

1Km
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Figure 6 — Use case loT 1: Massive software and firmware updates
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BANDWIDTH FOR 72 MB/S, INDOOR PORTABLE AND MOBILE

SPECTRAL EFFICIENCY @ CELL EDGE:
 ISD: 2 -TO-10 KM

« SE: 2.7-10-0.5B/S/Hz

« BW: 80-T0-1200 MHZ
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WHAT IS FLAT DISTRIBUTED CLOUD (FDC) ARCHITECTURE?

FDC VIRTUALISED , SCALABLE, SECURE AND SUPPORTS CELL-LESS RAN

- FLATTER THAN PREVIOUS GENERATIONS

— REDUCING THE NUMBER OF NETWORK LAYERS FROM THREE IN THE LTE TO ONE FOR 70% OF THE USE CASES AND TWO FOR THE REMAINING 30%.

DISTRIBUTED CLOUD-BASED —> SCALABLE AND NOT SOLELY RELIANT ON LOCAL PHYSICAL RESOURCES
SMOOTH M IG RATION FROM NON-STAND-ALONE TO STAND-ALONE ARCHITECTURE

OMC(Nwk)
Orchestration
Control

Radio

[

Key
Control Plane ———————

Data Plane —

-

sGW-U | sow-u Internet Control &Data =+=+=+=+=

5gD(01) 5gD(02) Management  =====s-=-=mn

3GPP, Evolved LTE-A CUPS Architecture FDC CUPS Architecture
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Fully Programmable Network Architecture

END TO END NFV
IMPLEMENTED AND TESTED, IN 5GIC FLAT DISTRIBUTED
CLouD ARCHITECTURE (SEP 2016)

NETWORK SLICING
NFV/MANO DEPLOYMENT TIME < 2 MINUTES PER VNF
OR NSD (<3GBYTE IMAGES)
(c.F MIONTHS FOR CONVENTIONAL DEPLOYMENT)
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5GIC EXPERIENCE BUILDING THE VIRTUALISED FDC

CHALLENGE

= OPENSTACK NFV PLATFORM IS IN ITS EARLY DAYS FOR TELECOMS
CAPABILITY AND INTRODUCES LATENCY AND USER PLANE
THROUGHPUT LIMITATIONS



UNIVERSITY OF

SURREY

5GIC ADVANCES

TRANSMISSION OF 4K ( ULTRA HIGH
DEFINITION) VIDEO ON A MOBILE NETWORK

1t in the world, Sep 2015

NoOVEL SCMA TECHNIQUE OF FOR SUPPORT OF
massive connectivity OF |OT DEVICES

300% more connectivity than 4G

15t in the world, Sep 2015
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= Demonstrated

5b/s/Hz/Antenna

4x4 8x8 128 x128 1024x1024

Size of MU-MIMO
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SUMMARY

5G Network

SPECIAL GENERATION

ONE NETWORK TECHNOLOGY FOR ANY SERVICE AND ANY CAST (XCAST)

TOO COMPLEX TO BE MANAGED BY HUMAN OPERATORS

THANKS TO VIRTUALISATION, DYNAMIC NETWORK SLICING CAN SET UP ANY

SERVICE/NETWORKS FOR LESS 2 MINUTES

Thursday, 19 April 2018 30
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THANK YOU

HAVE A GREAT DAY
BEFORE THAT

HAVE AN EARLY EXPERIENCE OF 5G

31



