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5G & 6G STANDARDS ROADMAP —=T
UNIVERSITY OF SURREY

PV 5G STUDY
SRS B FULL 5G, MEETS ITU REQUIREMENT
Rel-16 ENHANCED EMBB, URLLC

x Re -17 ENHANCED EMBB/URLLC, MMTC, MATURING VERTICALS

BN NEW USE CASE CATEGORIES
o Rel-19 and beyond 5G evolution

) International
Telecommunication
p— ITU 6G Tech Trend/Vision ITU 6G Evaluations

2
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5G RELEASE 15 Ve or So

eMBB-Broadband to address 4G capacity crunch (400MHz to 52.6GHz)

Large antenna ports

SPEED Numerology/slot/Frames/ Enhanced codebook
BWP

Wide BW/LF and HF/SUL

Fast access and feedback
Short frame duration and
Polar codes for control mini-slot
LDPC for data

MASS RELIABILITY

CONNECTIVITY &
Low LATENCY

Beam based control/data
Beam alignment and
tracking

Thursday, 29 April 2021
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SGNR RELEASE 1 6 (4OOMHZ to 52.6GHZ) UNIVERSITY OF SURREY

Completed 2020

Mobile Vertical

SPEED

RELIABILITY
&
Low LATENCY

MASS
CONNECTIVITY

Thursday, 29 April 202 »
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5G RELEASE 17: EXTENSION TO 71GHZz —=T
UNIVERSITY OF SURREY

Enhancements: ongoing

FD!).MIMO er'1hanc.ement . e e
Efficient multi-carrier Operation and DSS Outdoor coverage

SPEED

Reduced Capability Devices (REDCAP)
lloT/URLLC/Positioning enhancement Sidelink performance

NB-loT 16QAM DL/UL and RLF-based enhancement (V2X)
mobility Sidelink relaying

Broadcast/multicast

RELIABILITY Al/ML-enabled Net management

&
LATENCY

MASS
CONNECTIVITY

Thursday, 29 April 2021
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5G EVOLUTION —=T
UNIVERSITY OF SURREY

2025

People Centric

1.8B connections
worldwide [ref]

&
Machines Centric

2020

Q4

People Centric

234M connections

Worldwide [Ref]
Capacity & Reliability enhancements

&
[Ref]: GSMA Automation (AI/ML), Edge Computing

Thursday, 29 April 2021 6
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6G Vision-From 5G/6G Summit in Nov 2020 AT
Vision Theme Number of Speakers
(out of 7)

Fusion of Virtual and Physical Worlds 6

*  Sensing and actuation
Coverage as an explicit 6G goal 6 o

*  THz Communications
Spectrum Efficiency 6 *  Huge amount of computing and Processing + People generate

more contents
Al 5
«  Alternative to Von Neumann Architecture

6G to address the great societal 5 *  Collaborative ML/AI
challenges . .

*  Fibre slower than mega constellation sat
Energy efficiency 5 . . .

. Multi-lateral trust, more important in IoT
Comprehensive target KPIs 2 *  Sub-cm geo-location
Holography 1 »  High quality time for synchronisation
Intelligent Surfaces 5
Security and Trust 5

Thursday, 29 April 2021 7
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6G Vision from 5G/6G Summit T eryere

= CONSIDERING 5G EVOLUTION IN R17, 18 AND POSsIBLY 19 AND 20:

5G + Al # 6G

Thursday, 29 April 2021 8



NEwW APPROACH TO 6G
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6GIC vision

- START WITH CLEAR USE CASE WITH CLEAR BUSINESS CASE

- DON’T SET ANY KPIS E.G, SPEED ETC..

= CONSIDER 5G CAPABILITIES AND ITS FUTURE EVOLUTION

= FULLY CONSIDER SOCIAL AND INDUSTRY CHALLENGES

u PrRODUCTIVITY

" SUSTAINABILITY

u DIGITAL DIVIDE

LINKED TO THE GREAT ECONOMIC,
SOCIETAL AND GLOBAL CHALLENGES
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WIRELESS EVOLUTION- MEDIA PERSPECTIVE CENTRE

UNIVERSITY OF SURREY

Use case with Business Case

= 2G---PhysicaL WorLp- T EXT, RINGTONES

- 3G---PHYSICAL WORLD- IMAGE

= 5G- VIRTUAL AND PHysicaL WorLos - 3D VIDEO

- 6G- VIRTUAL AND PHYSICAL WORLDS INTERACTIONS 4D VIDEO J

&= r.tafazolli@surrey.ac.uk #Surrey5GIC
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FUSION OF VIRTUAL AND PHYSICAL WORLDS -
UNIVERSITY OF SURREY

4D Video enables Interactive VR

3D Video+ Ambient Information=4D Video

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

S #Surrey5GIC
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FUSION OF VIRTUAL AND PHYSICAL WORLDS U

Holoportation + Sensual Information = Teleportation

1

2




WHAT NEXT IN MEDIA?

v
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1G TO 5G ENABLED TRANSMISSION/RECEPTION:

ONLY TWO OF HUMAN SENSES
HEARING: AuDpIO (2D, 3D)
*  SEEING: VIDEO (3D)

WHAT IS MISSING FROM HOLOPORTATION:

e  INTERACTIVITY
*  OTHER 3 HUMAN SENSES (TOUCH, SMELL, TASTE)

ENABLING TECHNOLOGIES FOR TELEPORTATION:

° TIME SYNCHRONISATON,
° HIGH ACCURACY MOVEMENT,
° AMBIENT INFORMATION INCLUDING TOUCH AND ...

Thursday, 29 April 2021
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CENTRE

UNIVERSITY OF SURREY

SIMPLEST FORM OF TELEPORTATION

u w‘z.w-w
© RXer  TXer

Sensual Info
&

Thursday, 29 April 2021 S #5GIC
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TELE-INTERACTIONS

¥ #5GIC

Thursday, 29 April 2021
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REAL-TIME INTERACTIONS BETWEEN REAL AND VIRTUAL WORLDS

¥ #5GIC
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REAL-TIME INTERACTIONS IN VIRTUAL WORLD -
UNIVERSITY OF SURREY

® ©®
RXer
® @ TXer
—

¥ #5GIC

Thursday, 29 April 2021
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FUSION OF VIRTUAL AND PHYSICAL WORLDS -
UNIVERSITY OF SURREY

ENABLED BY HIGH ACCURACY TIME SYNCHRONISATION

MULTI-PARTY PHYSICAL AND VIRTUAL INTERACTIONS

INTERACTIONS BETWEEN PEOPLE IN VIRTUAL WORLD

S #Surrey5GIC



HIGH QUALITY HOLOPORTATION REQUIREMENTS

£ 5606
?%S INNOVATION
CENTRE

UNIVERSITY OF SURREY

Bit Rate

Tile 4x4 inches 30 Gbps

Human 77x20 inches 4.62 Thps

Colour, FP (full parallax), 30fps
Ref: N.Peyghambarian, University of Arizona

6’4” Height

¥ #5GIC

Thursday, 29 April 2021
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OTHER SENSES %
TOUCH
= PERINCH?2 ~ 20 TO 50 MBPS = FOR ONE AVERAGE SIZE HAND: ~ 1GBPS
= LATENCY <100 MS,
— FOR NATURAL DELAY WITH THE BRAIN TOUCH FUNCTION
Taste Smell

TASTE
» CHEMICAL REACTIONS

* BIT RATE AND LATENCY ?

Bitter

Retronasal . ®
olfaction
Odorants

SMELL
= SMELL AND TASTE ARE INTER-RELATED

¥ #5GIC

Thursday, 29 April 2021



LATENCY VS SYNCHRONISATION
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»5G CAPABLE OF WIRELESS LATENCY <1MS FOR A SINGLE FLOW (SESSION)

*SYNCHRONISATION IS TIME DIFFERENCE BETWEEN DIFFERENT FLOWS GENERATED BY DIFFERENT OBJECTS

THAT NEED INTERACTION WITH EACH OTHER IN REAL TIME

= EXAMPLE:

- OBJECTS: TWO/MORE ROBOTS IN A FACTORY THAT NEED TO WORK COLLABORATIVELY ( IN PHYSICAL WORLD)

- INTERACTIONS BETWEEN VIRTUAL AND PHYSICAL WORLDS (MANY APPLICATIONS)

*5G WAS NOT DESIGNED WITH GUARANTEED TIME SYNCHRONISATION IN MIND

Thursday, 29 April 2021

21



& 5»6G

INNOVATION
DIGITAL TRANSFORMATION: SOCIETY AND INDUSTRY CENTRE
UNIVERSITY OF SURREY
5G 6G
ENABLED BY LOW LATENCY AND RELIABILITY ENABLED BY LOW LATENCY AND TIME SYNCHRONISATION

EXAMPLES: DRIVER-LESS AND COOPERATIVE DRIVING

CONNECTED VEHICLES

COOPERATIVE MANUFACTURING
MANUFACTURING

GAMES/ENTERTAINMENT NEW GENERATION OF ENTERTAINMENT

HEALTH INTERACTIVE TELECARE

TELEPORTATION

Thursday, 29 April 2021



TIME SYNCHRONISATION: FUSION BETWEEN VIRTUAL & PHYSICAL WORLDS
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Time Synchronisation

Thursday, 29 April 2021

LOW TIME JITTER ESSENTIAL

23



SYNCHRONISATION IMPACTS ON CAPACITY & COVERAGE ...SOME EXAMPLES

Vil

<

506G
INNOVATION
CENTRE
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MULTI-CELL SYNCHRONISATION FOR TDD (5G) AT TIME SLOT LEVEL

(SUB-MS)

®  BETTER INTERFERENCE MANAGEMENT UP & DOWN LINKS FROM DIFFERENT CELLS AND BETWEEN DIFFERENT NETWORKS

(MINIMISE GUARD-BANDS)

e DISTRIBUTED MMIMO (FUTURE NETWORK)

® |N CELL-FREE ARCHITECTURES ALL DISTRIBUTED MMIMOQO SHOULD APPEAR AS ONE PHYSICALLY CO-LOCATED UMMIMO

(TIME AND FREQUENCY SYNCH)

* FAST SPECTRUM SHARING AT PACKET LEVEL

Thursday, 29 April 2021
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CAPACITY & COVERAGE & ENERGY EFFICIENCY =

RECONFIGURABLE
REFLECTING SURFACE

SOME USE CASES:
OUTDOOR 2 OUTDOOR
OUTDOOR 2 INDOOR
INDOOR 2 INDOOR

= r.tafazolli@surrey.ac.uk Sy  #Surrey5GIC
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RECONFIGURABLE REFLECTING SURFACE -HOLOGRAPHY CENTRE

UNIVERSITY OF SURREY

Phase Control Unit @O»

| |
anu
an
1}
[}
1)
1}
1}
L)

Engineered
Metasurface

User

*  METASURFACE CONSISTS OF SEVERAL CONDUCTIVE PRINTED PATCHES

(SCATTERERS)

e SIZE OF EACH SCATTERER IS A SMALL PROPORTION OF THE WAVELENGTH OF

THE OPERATING FREQUENCY.

* MACROSCOPIC EFFECT OF THESE SCATTERERS DEFINES A SPECIFIC SURFACE
IMPEDANCE AND BY CONTROLLING THIS SURFACE IMPEDANCE, REFLECTED WAVE

FROM THE METASURFACE SHEET CAN BE MANIPULATED.

e EACH INDIVIDUAL SCATTERER OR A CLUSTER OF THEM CAN BE TUNED IN SUCH A

WAY THAT THE WHOLE SURFACE CAN RECONSTRUCT EM WAVES.

*  TUNABILITY MAY BE PERFORMED BY USING LIQUID CRYSTALS, GRAPHENE,

VARACTORS, MICROELECTROMECHANICAL SYSTEMS (MEMS) oR PIN DIODES.

26



6GIC- WORLD’S FIRST WORKING RRS BASED ON HOLOGRAPHY PRINCIPLE

&
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STATIC RRS - GENTRE

UNIVERSITY OF SURREY

= THICKNESS: 3MM

3 W = UNIT CELLS: 11000
\ ::EZ: o = BEAMS: 2 REFLECTED BEAMS TOWARDS +45°
- * = MEASURED GAIN: 20 DB

L = BANDWIDTH: 400MHZ (3.3 GHZ- 3.7 GHZ)
A
% o ! = ]INPUT POWER: ZERO
4 § f

; % A



DYNAMIC RRS

< 506G
INNOVATION
CENTRE

UNIVERSITY OF SURREY

SUBSTRATE THICKNESS: 1.524mm
UNIT CELLS: 3000
MEASURED GAIN: 17dB

BANDWIDTH:700MHz (3.1 GHz- 3.8 GHz)




RRS-Demo
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Thursday, 29 April 2021
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NON-TERRESTRIAL NETWORKS: OVERCOMING DIGITAL DIVIDE CERTRE

COMPLEMENTARY ROLE

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

Thursday, 29 April 2021
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6G FOR 2030+ NVERSITY OF SUREY

—_— (66 DATA TEL%F’ORT

b

INTEGRATED

Next \_
Generation

COMMUNICATION

6G HYPER CONNECTED

J A SERVICES
& Al Core - : Edge )
_ Compute Clusters
- B (B
SENSING - CDQ;
= - <
‘,’ '-~~. ................ NEXT
= ’ Mg, = GENERATION
. ’ ~a — SATELLITES
- ’ LS
~~ [0ha0
Ics WEARABLE IN BUILDING
NETWORKS SYSTEMS REGIONAL
: HUBS
DENSE
CLUSTERS

INA
NETWORK-OF-NETWORKS
INFRASTRUCTURE

—_———
-
-
-
-
o

) Massively Connected Network of Networks

MACHINE SENSORS

Figure 2: 6G services supported by next generation Al and network of networks
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INTEGRATED COMMUNICATION AND SENSING (ICS)

Figure 1: 6G vision supported by new cross-functional research and development programme

&
// \\ COVERAGE
N

6G ViISION LN

/ 4-D video

& /" (teleportation) \\
/" Making invisible
RESEARCH // things visible \\\
CHALLENGES // Enhanced Edge to N\
User Environment \\

New service possibilities through extending human
senses in a fusion of the virtual and physical worlds

y ! SYNCHRONISATION

GEO-LOCATION

// ~ Direct satellite-to-user Large Intelligent Surfaces
// through beam forming Ultra (massive) Antenna arrays
satellite MiMo for distributed (hybrid) MiMo \

Infrastructureresearch to deliver coverage ubiquity for the new services

/ * Super fine time synchronisation * Al and Quantum \
/ * Ultra high accuracy geolocation * Sensing (terahertz) \
/ * Exceptionally low latency *  “Memoryful” networking .

Multi-disciplinary research into key enabling technologies eg new materials, synthetic biology
N,
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WHAT NEXT? TR
SPEED COVERAGE
MASS CONNECTIVITY RELIABILITY
& SYNCHRONISATION GEO-LOCATION
LOow LATENCY
34

&= r.tafazolli@surrey.ac.uk #Surrey5GIC



UK LEADERSHIP IN INNOVATION
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LESSON LEARNT FROM THE PAST

FiX FREQUENCY BAND(S)

NEW FREQUENCY BANDS: CONSIDER MOVING DOWNWARDS IN SPECTRUM RATHER THAN ALWAYS UPWARDS
6GHZz 1S IMPORTANT AS 5G EXTENSION BAND

DEVELOP CHANNEL MODELS (THz, SPECIALLY 0.1-10THz)

CHANNEL MODEL FOR UMASSIVE DISTRIBUTED MIMO

STANDARDISATION

MAXIMUM IMPACT

START WITH A USE CASE WITH CLEAR BUSINESS CASE

DON’T SET TARGET KPIs

(NETWORK OF NETWORKS)-NOT ONLY WIDE AREA CELLULAR BUT COMBINATION OF SHORT-RANGE AND WIDE AREA WITH INTELLIGENT SURFACES INTEGRATION OF AMBIENT
INFORMATION INTO COMMUNICATION

GEO-LOCATION

TIME/FREQUENCY SYNCHRONISATION, TIME DISTRIBUTION

AI-ENABLED PHY LAYER, Al-ENABLED NETWORKING

TELECOM ECO-SYSTEM DIVERSIFICATION; FOCUS ON TECHNOLOGY INNOVATION

ESTABLISH A UK 6G ALLIANCE: INDUSTRY, ACADEMIA BRING NATIONAL, INTERNATIONAL PROJECTS AND RESULTS AND SHARE FINDINGS
JOINT COLLABORATIVE RESEARCH BETWEEN INDUSTRY-ACADEMIA AT LOW TRL

OPPORTUNITY IN 6G : 6GHz AS NEW MID-BAND. INNOVATION IN THZ COMMUNICATIONS AND COMPONENTS

ADOPT SERIOUSLY MULTIDISCIPLINARY RESEARCH FOR 6G FROM START

Thursday, 29 April 2021 35
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UNIVERSITY OF
‘& SURREY

6'G WIRELESSSE

THANK YOU

5GIC Strategy Advisory Board

https://lwww.surrey.ac.uk/sites/default/files/2020-11/6g-wireless-a-new-strategic-vision-paper.pdf

= r.tafazolli@surrey.ac.uk #Surrey5GIC




