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Broadband Fixed
Broadband Mobile — BB on the move

Broadcast — passenger vehicles

INTERNET OF THINGS

VEHICLE COMMUNICATIONS

FUTURE INTERNET
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TESTBED: 4G & 5G MULTI-RADIO ACCESS NETWORK ENVIRONMENT COVERAGE
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OUTDOOR

* 4KM?2 COVERAGE OF DENSE CELLS

*  ULTRA DENSE C-RAN OF 44 4G-TDD SITES & 66 CELLS

* CELL CLUSTER OPERATED AS 1XMACRO & 15XSMALLCELL SITE/CLUSTER
* EMBB D-RAN OF 7 5G-TDD(3.5G) SITES & 9 CELLS

» URLLC RAN 0OF 1 5G-TDD(3.5G) SITE & SINGLE CELL

* 700MHZ 4G-FDD 1 SITE

* 60GHZ BACKHAUL SYSTEM

*  COMBINATION OF SDR & 60GHZ SUPPORTED ON A DRONE FOR
POPUP-NETWORK

* SATELLITE BACKHAULING

INDOOR — OVER 2 FLOORS

* C-RAN OF 4G-TDD 6 CELLS
* 4G-FDD FEMTOS CELLS
* 6 X WI-FI-A
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OUR MISSION

5GIC: World’s first 5G Centre

ART OF POSSIBLE
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0 RONAL o
ENGINEERING
WINNER OF ROYAL ACADEMY OF
ENGINEERING (RAENG) 2021

FOR BEST INDUSTRY-ACADEMIA
COLLABORATION
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6GIC VISION AND STRATEGY FOR 2030+

LINKED TO THE GREAT ECONOMIC,
SOCIETAL AND GLOBAL CHALLENGES

4D VIDEO ( TELEPORTATION)*

INTELLIGENT SURFACES

SENSING & SENSING NETWORK

EcoNOMY
NETWORK OF NETWORKS

* R. TAFAZOLLI, FUTURE WIRELESS WORLD, TEDX 2015

Monday, 14 November 2022 6
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MOBILE SYSTEM GENERATIONS EVOLUTION

ALWAYS REFLECTION OF DEMANDS
SOCIAL, ENVIRONMENT &

6G INDUSTRY

COMMUNICATIONS & SENSING MORE CAPACITY,

SOCIAL INCLUSION,
ENVIRONMENT SUSTAINABILITY,
INDUSTRY PRODUCTIVITY,

5G
COMMUNICATIONS & AUTOMATION

+ SOCIAL & INDUSTRY (VERTICAL)
=  START OF NEW ERA FOR WIRELESS CONNECTIVITY
= CAPACITY CRUNCH, LOW LATENCY, RELIABILITY, MASS CONNECTIVITY

4G
COMMUNICATIONS & INTERNET

3G
COMMUNICATIONS

2G
OMMUNICATIONS
. LEPHONY

SocCIAL NEEDS: FROM 2G TO 4G
More Capacity and gradually more emphasise on Broadband Data on the Move than

telephony services

Monday, 14 November 2022
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INTEGRATED COMMUNICATION AND SENSING (ICS)

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

COVERAGE

6G VISION _
4-D video
& (teleportation)

Making invisible

RESEARCH things visible
CHALLENGES Enhanced Edge to

User Environment

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

e Super fine time synchronisation * Aland Quantum

e Ultra high accuracy geolocation * Sensing (terahertz)
e Exceptionally low latency *  “Memoryful” networking

Multi-disciplinary research into key enabling technologies eg new materials, synthetic biology




6G SYSTEM ARCHITECTURE: 3D NETWORK
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INTEGRATED

COMMUNICATION
&
SENSING

Next
Generation - 6G HYPER CONNECTED
Al Core SPmsuz SERVICES

GENERATION
SATELLITES

WEARABLE IN BUILDING
NETWORKS SYSTEMS

DENSE

MACHINE SENSORS ) Massively Connected Network of Networks 4

Figure 2: 6G services supported by next generation Al and network of networks

AMBIENT SENSING

SAT COMMS CELLULAR PERSONAL

SUBURBAN & RURAL COVERAGE URBAN & INDOOR
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PRINCIPLE TECHNOLOGIES FOR 6G

Computing & Intelligence (Al)==============

Block Chain & Time Synchronisation (Heartbeat)

Semantics & Al (Inference & learning)==========

Monday, 14 November 2022



TIME SYNCHRONISATION
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INTERACTIVITY
BETWEEN AND WITHIN

VIRTUAL AND PHYSICAL WORLDS

Monday, 14 November 2022 11
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6G: VIRTUAL AND PHYSICAL WORLDS INTERACTIONS CENTRE
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Teleportation

Live and interactive teleportation of multiple objects
from different network locations
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ENABLED BY LOW LATENCY AND RELIABILITY ENABLED BY LOW LATENCY + TIME SYNCHRONISATION + SENSING INFORMATION

HIGH SPEED DRIVER-LESS AND COOPERATIVE DRIVING

CONNECTED VEHICLES
INTERACTIVE COOPERATIVE MIANUFACTURING

MANUFACTURING
INTERACTIVE AGRICULTURE

GAMES/ENTERTAINMENT
INTERACTIVE ENTERTAINMENT

HEeALTH
INTERACTIVE TELECARE

EDUCATION
INTERACTIVE TELE-EDUCATION

TELEPORTATION
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ENHANCES EFFICIENCY AT ALL LAYERS OF COMMUNICATIONS: PHY, MAC, NET,..& SYSTEM

IMPROVES ENERGY & SPECTRUM EFFICIENCY

ENABLE SMARTER APPLICATIONS

TWO BROAD CATEGORIES OF SENSING:

SYSTEM LEVEL
USER LEVEL (AMBIENT INFORMATION)

Monday, 14 November 2022 15




SYSTEM-LEVEL SENSING & COMMUNICATION: ENVIRONMENT CONTEXT INFORMATION mSSVATmN
CENTRE

SOME EXAMPLES UNIVERSITY OF SURREY

Traffic Sensi Earth Observation/Sensing . . .
ratie ens—ln_g Traffic Location and Mobility Sensing
ZZ
p B BN
] H
Camera . .
-
Various applications . .
Interference Management incl: SI;I;urity Resource Management, Beam Forming & Tracking

Change of Environment (Channel) Sensing

Camera

Intelligent Surfaces Radar/Lidar

with Metamaterial

Coverage Extension Channel Equalizatio

Monday, 14 November 2022
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IMAGE ESTIMATION & ACTIVITY DETECTION
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SENSING CHALLENGES

OPTIMUM RESOURCES BALANCING FOR SENSING AND COMMUNICATIONS

HOW MUCH FOR SENSING AND HOW MUCH FOR COMMUNICATIONS AND HOW MUCH FOR Al
HOW TO INTEGRATE SENSING INFORMATION WITH COMMUNICATIONS
HIGH QUALITY TIME/FREQUENCY SYNCHRONISATION
EDGE PROCESSING AND COMPUTING AND TASK OFFLOADING BETWEEN UE AND NETWORKS
SEMANTIC COMMUNICATION AND SENSING

PRIVACY PRESERVING AND BILATERAL (DISTRIBUTED) AUTHENTICATION PROTOCOLS BETWEEN SENSING NODES

Monday, 14 November 2022 18




COVERAGE & ENERGY EFFICIENCY
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Phase Control Unit

Engineered
Metasurface

... Scatterers
s _______ >
-,.-"‘,. ______ ’l
s ’l
pu= .- ’
> .
’
’
’

" Base-Station

= r.tafazolli@surrey.ac.uk

RECONFIGURABLE

REFLECTING/TRANSMITTING
SURFACES

ENERGY EFFICIENT COVERAGE:
OUTDOOR 2 OUTDOOR
OUTDOOR 2 INDOOR
INDOOR 2 INDOOR

)  #Surrey5GIC 19



5»6G
INNOVATION

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

UNIVERSITY OF SURREY

N>,




@ 5»6G
INNOVATION
REFLECTIVE INTELLIGENT SURFACES (RIS) CENTRE

UNIVERSITY OF SURREY

e

= THICKNESS: 3mm

iy - = [UNIT CELLS: 11000

y i o

) - - 4
y 4 y 4

f B i 4

\. 4 = BEAMS: 2 REFLECTED BEAMS TOWARDS + 45°

|

e i = MEASURED GAIN: 20 dB

\

i

= BANDWIDTH: 400MHZ (3.3 GHZ- 3.7 GHZ)

= [NPUT POWER: ZERO

Eay oy N




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

BANDWIDTH:700MHz (3.1 GHz- 3.8 GHz)
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* INTERROGATES 3.3~3.7 GHz FROM

OUTDOOR

* POLARIZATION INSENSITIVE

= ' i
Single glazing : =
»  WIDE INCIDENT ANGLE INSENSITIVE Double glazing

* PASSIVE AND SMALL (~154 X ~1524)

* EASY TO IMPLEMENT

Monday, 14 November 2022 23




- 506G
INNOVATION
CENTRE

SATELLITE ROLE: APPLICATIONS & USE CASES T
RURAL LAND, SEA AND AIR

MoBILE BROADBAND

INTERNET OF THING 5G (Communications & Automation)
NARROW-MEDIUM-BROADBAND APPLICATIONS

CONNECTED TRANSPORTATION, E-AGRI, E-MANUFACTURING,....
PNT
QUANTUM KEY DISTRIBUTION
BEYOND LOS FOR UAV
DIRECT SAT-TO- UE

6G (Communications & Sensing)

EARTH OBSERVATION
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WIRELESS Al

Al/ML FOR WIRELESS NETWORKS
Deep NEURAL NETWORK (DNN)s FOR JOINT SOURCE CHANNEL CODING (JSCC)
MIMO CHANNEL ESTIMATION AND FEEDBACK
NEURAL MMWAVE BEAM MANAGEMENT FOR SENSING-AIDED COMMUNICATIONS
MODEL-BASED LEARNING FOR COMMUNICATIONS
DNN-BASED SEMANTIC AND EFFECTIVE COMMUNICATIONS

NETWORK AUTOMATION E.G, 6GANA

Thursday, 02 December 2021 25
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MIMO, mMIMO or umMIMO are important components of 5G, 6G,.....
Why there is so much gap between theoretical and practical performances?

—

N nféfgodic

" Channel Spatial Non-Stationarity in MIMO with an extremely large aperture

array

" Non-Linear distortions (analog-to-digital conversion, power amplifier, etc.)

= Non-Gaussian noise and interferences due to device nonlinearities

= Non-Ergodic communication due to shot finite-length transmissions

24 March 2021
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END-TO-END DEEP LEARNING FOR MULTIUSER-MIMO JOINT TX-RX DESIGN

N =

" Transmitter 1 R ,’ Channel y L, Non-Coherent DNN Receiver B
{ < 2| on N | w N .
H SN R A ' ¥ ‘ 8x8 MU-MIMO in the Correlated MIMO ch |
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A WELL-DESIGNED MULTIUSER CODEBOOK CAN HELP SHORT BLOCK-LENGTH MU-

Average BER
3

MIMO UPLINK TO HAVE A NON-COHERENT MULTIUSER DETECTION PERFORMANCE

——MMSE-CE + MMSE
F—+—MMSE-CE + MLSD E
—o—JTRD-Net
—£--MMSE-CE + MMSE
[|-+-MMSE-CE + MLSD
END-TO-END DEEP LEARNING IS AN EFFECTIVE WAY TO DESIGN SUCH A —o-- JTRD-Net
—2 bits/codeword/user
—-—-4 bits/codeword/user

I

WHICH IS MUCH BETTER THAN THAT OF COHERENT DETECTIONS.

CODEBOOK [3, 4]. 102

1] 3 6 9 12 15 18
SNR (dB)

USE CONTINUOUS LEARNING TO IMPROVE THE SYSTEM ADAPTABILITY [5].

24 March 2021 27
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DEEP LEARNING FOR POWER AMPLIFIER LINEARISATION 'CNE%?\F@T'ON
UNIVERSITY OF SURREY
NEW DEEP LEARNING ARCHITECTURE FOR PA LINEARISATION
. o} 7 ‘m‘ —y
4k/8k modulations matters
64 QAM Compressed 64 QAM
Baseband Signal RF Signal =15}
 wiw  w n s _ ¥ No DPD |
SEH 85 o 8 ol LA
sontlines Ew onsalseon 2 ILC-DPD
ki @4 : |
Poor EVM
M;J DLAT
—60 AWy VT LA
-12.5 =7.5 -2.5 25 7.5 12.5
Baseband Frequency (MHz)
UsSING ITERATIVE LEARNING CONTROL (ILC) PRINCIPLE IN DEEP LEARNING FOR DPD CAN SIGNIFICANTLY IMPROVE THE PA
LINEARIZATION PERFORMANCE (10 — 15 dB GAIN IN PSD)
28

24 March 2021
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H 0.9
Base station ‘ ..........
U
0.8
e EKlwi ! 096 L A A~ e
* o9 =1
Global FL model « S350 —» g=" o7l 094 BT T
e e ” K \ A R The e Plafie 1) ey
® > » hel A LU v In 4
+: b g £ 06 - I e Gl
I ~ 3 |
! * . 3 0.9 v
Wz G---Wy~ < I
f} \"' %05 0'88—‘\-'\—_\/‘_—/.,..,"4,"
LY
. ~
0.86 - : - :
Local : : : ™ : : : * 0.4 900 920 940 960 980 1000
FL model seee TTTTTC s e
. bl 03 Fixed Device Selection, IID
i Random Device Selection, 11D
@ Aol-based Device Selection, IID
0.2 = = Fixed Device Selection, non-11D
Data = = Random Device Selection, non-IID
= = Aol-based Device Selection, non-IID

0. 1 1 | | 1
0 100 200 300 400 500 600 700 800 900 1000

Communication Rounds

AGE OF INFORMATION (AO|) AWARE DEVICE SELECTION CAN OFFER FASTER CONVERGENCE AND HIGHER TEST ACCURACY IN
FEDERATED LEARNING BECAUSE AGED INFORMATION IS MORE CRITICAL PARTICULARLY FOR NON-1ID DATA.

24 March 2021 29
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USER SCHEDULING

SCENARIO & PROBLEM

*  SCENARIO: A SET OF BASE STATIONS WHICH CAN CHOOSE A PARTICULAR SCHEDULING SCHEME TO OPERATE
*  QUESTION: WHAT COMBINATION OF SCHEDULERS WILL DELIVER THE USER EXPERIENCE?

IEEE Transactions on Cognitive Communications and
:I: :I: Networking (2020)

IEEE TRANSACTIONS ON COGNITIVE COMMUNICATIONS AND NETWORKING. VOL. 6, NO. 2, JUNE 2020 575

:I: :I: :I: Dynamic Scheduler Management
Using Deep Learning

James Hall ™, Klaus Moessner ., Senior Member, IEEE, Richard MacKenzie,
Francois Carrez, and Chuan Heng Foh™ . Senior Member, IEEE

Abstract—The ability to manage the distributed functionality
of large multi-vendor networks will be an important step towards
ultra-dense 5G networks. M: ing distributed scheduling func-
tionality is particularly important, due to its influence over
inter-cell interference and the lack of standardization for sched-
ulers. In this paper, we formulate 2 method of managing
distributed scheduling methods across a small cluster of cells
by dy ically selecti hedulers to be impl d at each
cell. We use deep reinforcement learning methods to identify
suitable joint scheduling policies, based on the current state of

influences the high level performance metrics used to assess
the network, including throughput, fairness and latency. These
indicators are monitored because of their influence on the
quality of service provided to users in the network.

A large body of literature exists around scheduling methods
for the LTE network architecture. These methods are evaluated
by a number of surveys of the most commonly used scheduling
methods for LTE networks, highlighting the key themes and

the limitations imposed by the network architecture [1]. [2].

the network observed from data already available in the RAN.
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Results Used Deep Reinforcement Learning to deal

with scheduler selection problem

WE Use DEEP NN AS A FUNCTION APPROXIMATOR W

DISTRIBUTED SCHEDULER SELECTION (DSS): N etwo rk Agen t
. DeeP RL & GENETIC ALGORITHM (GA) (simulator)
TESTED AGAINST TWO CASES:
® GO: ALL PROPORTIONAL FAIR CASE Input Hz(zidﬁen Laye;l ngsdse: Laye:’Z Output
° . 1)) 0v0
O0127. ALL MARGIN ADAPTIVE CASE > 5 %@%&%’0“\ > o
= % B4 NN S8 o8
= — "”4,7/;, i\‘t 7 yi) 45 Q [e] .9
o < iy A LE LS '_‘r—i 45
Deep RL g ; 203 .5
eep g 2 =y 5 932
DSS better th 924%  87.2% ST e P A
etter than o 4% 2% S 9 PIASSAS NIIRAS SR = o 9
0 0 b y> \N/ (> \W
DSS better than 0,7  83.5% 84.2% \\\0///\\\@
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RAN-AIl SCHEDULER SUMMARY

FOR USER SCHEDULING, WE APPLIED DRL TO LEARN THE BEST SCHEDULER SELECTION MEETING USER SATISFACTION.

BY DEVELOPING A PARALLEL MODEL, WE CAN EXPLAIN OUR RNN MODEL AND BETTER INTERPRET THE OUTCOMES.

HUGE OPPORTUNITIES IN NETWORK AUTOMATION FOR RAN USING IMIL ALGORITHMS
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TECHNICAL CHALLENGES AND FUTURE DIRECTIONS

TECHNICAL CHALLENGES:

= DATA COLLECTION AND TRAINING (MOSTLY OFFLINE) OVERHEAD

»  RUNNING RESOURCE-HUNGRY Al/ML MODELS ON HANDHELD DEVICES

»  RUNTIME LATENCY OF Al/ML MODELS

»  SITUATION OR LOCATION/... SPECIFIC Al/ML MODELS, E.G., EACH BS NEEDS TO TRAIN ITS OWN NN
»  ADAPTABILITY CHALLENGE

»  MODEL-BASED LEARNING FOR COMMUNICATIONS

MODEL-BASED INFERENCE = ANALYTICALLY UNDERSTANDABLE BUT REQUIRES SIMPLIFYING CHANNEL ASSUMPTIONS

DATA-DRIVEN INFERENCE = MODEL-AGNOSTIC BUT NEEDS DATASET COLLECTION AND TRAINING

BEST OF BOTH WORLDS: MODEL-BASED LEARNING FOR COMMUNICATIONS

FUTURE DIRECTIONS:

=  ONLINE TRAINING/ADAPTATION OF Al/ML MODELS DURING NORMAL OPERATION OF THE WIRELESS NETWORK (META-
LEARNING, FEW-SHOT LEARNING, NN SIMPLIFICATION TECHNIQUES)

=  SPECTRUM, ENERGY EFFICIENT, AND GREEN DISTRIBUTED AI/ML (OTA LEARNING, KNOWLEDGE DISTILLATION)
=  WIRELESS NETWORKS FOR Al/ML

COLLABORATIVE LEARNING (CL) OVER WIRELESS NETWORKS

OVER-THE-AIR COMPUTATION (OTAC) FOR DISTRIBUTED LEARNING OVER WIRELESS NETWORKS

Thursday, 02 December 2021 33
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COVERAGE

*  DIGITAL INCLUSION,

*  EE COVERAGE EXTENSION
NETWORK OF NETWORKS

SYNCHRONISATION
* 4D VIDEO, PHYSICAL & VIRTUAL WORLDS

INTERACTIVITY DRIVERLESS TRANSPORTATION

*  ENVIRONMENT SUSTAINABILITY,

T

SENSING & GEO-LOCATION

(HUMAN AND ENVIRONMENT AND NETWORK SENSING)

. ENVIRONMENTAL INFORMATION

* INTERACTIVE E-HEALTH,....
* INTERACTIVE ROBOTICS

ez TS . MANY NEW SMART SERVICES,

<7 ,#7 siHr&Focus
,

f 1
/" Nors
{ s
Iy
e
\

"~ TELEPORTATION:

. NATURAL INTERACTIVITY BETWEEN PHYSICAL & VIRTUAL WORLDS
. RESOURCES EFFICIENCY ]

* VR + SYNCHRONISATION+ USER LEVEL SENSING
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