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® A Short Overview on 5G and SONs
38 5G Use-Cases

Deep coverage
To reach challenging locations Strong security
Ultra-low energy ? e.g. Health/ government/financial trusted

10+ years of battery'life ,.
%assive

(T ~ Internetof =
Ultra-low complexity . y .-
10s of bits per second @\Thmgs y/

Ultra-low latency

Ultra-high density & Ne ¥ = As low as 1 millisecond
1 million nodes per Km? ‘ h

Ultra-high reliability
<1 out of 100 million packets lost

Extreme capacity

10 Tbps per Km?
* Extreme user mobility

Or no mobility at all

Extreme data rates Deep awareness
Multi-Gbps peak rates; Discovery and optimization
100+ Mbps user experienced rates
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® A Short Overview on 5G and SONSs
38 5G Enabling Technologies

©  Densification & Massive MIMO
©  Full Duplex Transmissions
°  mmWave Communications

°©  D2D Communications
° (Re)Programmable Infrastructure: SDN, NFV & Slicing

©  Self-Organized Networks




Learn to Satisfy ! LATECE Seminars

o Essaid Sabir

O

A Short Overview on 5G and SONs

a8 The need to decentralize decision-making

- Legacy networks are mostly centralized !
- A connection density of 1M/Km? is expected for 5G and beyond!

- Computer networks and Telecom networks convergence
= High number of heterogeneous technologies co-exist!

- Data Tsunami %
+ Social networks generate tremendous traffic
+ New content classes (mobile video is the 4G killer APP)
+ New services (AR/VR, loT, URLLC, ...) _—
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® A Short Overview on 5G and SONs

3t Some benefits of decentralizing decision-making

o

Fully intelligent networks could be built

Scalable systems

Seamless access and ubiquitous connectivity: plug-&-play fashion!
No more (heavy) signaling

Efficient spectrum/resource usage/sharing

Etc.
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® Wireless Al

3 Some Definitions

Intelligence is the to , understand, and make judgments or have

that are based on reason (Cambridge dictionary)

Artificial Intelligence is the of how to that have some
of the qualities that the human mind has, such as the ability to understand

language, pictures, solve problems, and learn (Cambridge dictionary)

Wireless Artificial Intelligence is a “new” paradigm suggesting to bring Al in

wireless networking
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b Gartner's Top 10 Strategic Technology Trends for 2020

People-Centric

Hyperautomation
Multiexperience
Democratization

Human Augmentation

Transparency and Traceability

Smart Spaces

Empowered Edge
Distributed Cloud
Autonomous Things
Practical Blockchain

Al Security

Courtesy: Gartner



Wireless Al
3B Gartner Hype Cycle for Al 2020

LATECE Seminars

Knowledge Graphs
Intelligent Applications Digital Ethics
Edge Al
Deep Neural Network ASICs
Data Labeling and Annotation Services
Smart Robots
Decision Intelligence
Al Developer and Teaching Kits
Al Governance
Augmented Intelligence Machine Learning o

Neuromorphic Hardware Accelerators
Things as Customers
Responsible Al

Al Marketplaces FPGA Accelerators
Generative Al
Composite Al Chatbots

Al Cloud Services
Deep Neural Networks (Deep Learning)
Natural Language Processing (NLP)

Small Data
Artificial General Intelligence
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Computer Vision Insight Engines

1 Cognitive Computing
Autonomous Vehicles

Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity

Time

Essaid Sabir

Courtesy: Gartner

Plateau will be reached:

=
=

() less than 2 years @ 2to5years @ 5 tc 10 years A. more than 10 years ) obsolete before plateau As of July 2020
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38 Al Foundation

Al Foundation: Al Has a Long History

Artificial Intelligence Timeline

Machine Learning General Al

Algorithms focused on a specific problem that Applies intelligence

provides insights. to any problem
(near-human-level

Al Research intelligence).

Initial Al concepts Supervised Unsupervised Reinforcement
Learning Learning Learning

Deep Learning

Narrow Al General Al

) "

1960's 1970's 1980's 1990's 2000's 2010's 2020's Unknown

#GartnerSYM Gartner

Courtesy: Gartner
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Wireless Al
38 Wireless Al: The Full Picture

o Drone Taxi

£ .
Drone network R e BBU Pool
Radar-assisted A

Mitola radio

Edge Al
(<)
1
(((Lu -,)) FAP ‘::»nﬁc » ((([ 1
Fog-RAN [=

Unauthorized user E-AP

{blocked)
=

F-AP

y Cellular BS

[,' »
'2‘(/6
Re //:qo

[ %
=== &y S

LS Remote surgery
C-UE A, e

Cellular BS ——

o Robo Taxi

"
[ )
\ﬁ

user equipment, C-UE: Cellular UE,

M.Imran, M.Bennis,

K. Wong,

M.R. A. Khandaker,
M.Debbah, "A Speculative Study on 6G". IEEE Commag, 2020

F. Tariq,
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dfE Wireless Al Key Enablers

Mobile Big
Data

o -

Intelligent
Algorithms

Intelligent
Architecture

-~ -
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® Wireless Al

at Design Considerations & Issues

© Issues related to the architecture : environment, target application, time scale,

federation/coordination (if any), etc.

© Issues related to the learning algorithm : convergence, accuracy,

recoverability, scalability, robustness against uncertainty, etc.

© Issues related to Data : availability, heterogeneity, quality/correctness,

freshness, etc.

© Issues related to learning automata : role, rationality, Human Vs Machine (AV),

selfishness, incentive, cheating, etc.
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® Wireless Al : ¢
38 Side Effects |

<> ©  Loss of control over machines

EAD § ALIVE

WP "SI SCHRODINGER'S CAT
© Aggressive behaviour (e.g., transmit rate, transmit power, etc.)

©  Abuse of power/hierarchy
© Information manipulation
©  Loss of efficiency (how much ?)

© Paradoxical situations (desirable ?!) al

°© Etc.

WHICH CAME FIRST?

1
CHICKEN OR EGG 1=0,3333--

3x%=3x0,3333---

1=0,9999--- QED !!
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a8 Routing Game (example)

<> Travel time: 1,5 H

Route 1
A
X =n/100 y
100 cars

= i

1 1-x End
;N CD M

Start
What is the equilibrium traffic flow on each route?
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® Wireless Al

df Routing Game: Braess Paradox

%’ A free Highway as a present for Thanksgiving!

GCityA Travel time: 2 H !!
X 1
TN
=S N 4
o ~

Start 1 J AN y = End

ﬁ City B

What is the new equilibrium traffic flow on each route?
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® Wireless Al

a8 Braess Paradox: True Story

Introduced by Pr. Dietrich Braess (1968)
New York (New York Times, December 25, 1990)

HOME PAGE | TODAY'S PAPER | VIDEO | MOST POPULAR U.S.

Ehe New YJork Times

WORLD @ US. N.Y./REGION BUSINESS

Search Health

Similar observation in Boston, London, Stuttgart, Seoul, San Diego, etc.
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df Braess Paradox: Some ldentified Examples in Networking

©  Random access
©  Power control
© Information game (e.g., Fake News)

©  Social Networking: More is Less!

©  The removal of one player can sometimes improve a team’s performance:

Less is Better!

° etc.




e Satisfaction Equilibrium
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@ Satisfaction Equilibrium

d8 Non-Cooperative Game

A non-cooperative game is defined by the following:

> Asetof players N=/{1,...n}

A set of actions 4; = {a; ;, a;,, ..., a;,,; } for each player i
The decision-making sequence

A utility function U, (function of made decisions) for each player i

v V V V

The information available to each player. It can be

perfect/imperfect and/or complete/incomplete \

&
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@ Satisfaction Equilibrium

38 Non-Cooperative Game: Nash Equilibrium

<> A a Nash equilibrium is a strategy profile where no player has

incentive to unilaterally change his strategy.

Theorem 1 (John F. Nash). Every finite game has a mixed strateqy Nash
equilibrium.

Theorem 2 (Debreu, Glicksberg, Fan). Consider a strategic form game such
that for each player

(1) the strategy space is compact and convex;

(2) the utility function Ugs, s.) is continuous in s;;

() Ufs; s.) is continuous and quasi-concave in s,
Then a pure strategy Nash equilibrium exists.




Learn to Satisfy ! LATECE Seminars

Essaid Sabir

N
S

® Satisfaction Equilibrium

d8 Non-Cooperative Game: Satisfaction Equilibrium

Consider thegame G = {U,{P'}icu, {Uiticu,{0}icu}

A strategy profile P* is a satisfaction equilibrium of the game g, if

Vi € U, Pz'+ c fz(Pi_z), le., Uz(Pj—,Pi—Z) > 0;.

Where f(.) is a correspondence function providing a subset of strategies

yielding a utility higher than the demand.
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® Satisfaction Equilibrium

d8 Non-Cooperative Game: Satisfaction Equilibrium

O

Consider the following prisoners dilemma game:

Bob Bob
C D OK if arrested a C D
C | -5-5|0,-10 duration less than or cl| 1,1 1,0
equal 5 years !

D |-10,0 | -1,-1 — D 0,1 1, 1
A unique NE! Two SE(NE) !
= (C, C) with payoffs (-5, -5) = (C, C) with payoffs (-5, -5)

&

= (D, D) with payoffs (-1, -1)




° Satisfaction Games in Wireless Networks
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® Some Satisfaction Games in Wireless Networks

db Satisfactory Slotted Aloha for loT standard (LoRa, Sigfox, etc.)

r@=a||(1-q)

J#L

Average Normalized Throughput (packet/slot)

E. Sabir, Rachid EL-Azouzi, Kavitha Verraruna, Yezekael Hayel, EI-Houssine Bouyakhf, ““Constrained Nash Equilibrium Throughput in Non-
Saturated Wireless Collision Channel’’. ACM Valuetools 2009.
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® Some Satisfaction Games in Wireless Networks
db Satisfactory Slotted Aloha for loT standard (LoRa, Sigfox, etc.)

Algorithm 1 : Fully Distributed Throughput Predicting Algorithm (FDTPA)
1: Initialization:
2. Each node i picks randomly an initial value r?
3: Learning pattern:
4: for each node 1 € 1,2,...,m do
5: T?t,+l = ’]": + e’f (:[]'E’U,CCGSS _ T’f)
6
7

Gt =g+l (riH =)
- end for

E. Sabir, Rachid EL-Azouzi, Kavitha Verraruna, Yezekael Hayel, EI-Houssine Bouyakhf, “‘Constrained Nash Equilibrium Throughput in Non-
Saturated Wireless Collision Channel’’. ACM Valuetools 2009.
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Transmit rate

db Satisfactory Slotted Aloha for loT standard (LoRa, Sigfox, etc.)

Transmit rate

o
w
a

o
w

o
)
a

o
S

o
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o
a

o
Y]
a

o
S

©
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Normalized CNE throughput

Time (in slots)

o
o )
S o

Normalized CNE throughput

ERRE A L P R i R o T RN SR |

—7»1=0.01
-=-- k2=0.05

..o

1 1 1

4 5 6
Time (in slots)
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Some Satisfaction Games in Wireless Networks
db Satisfactory Slotted Aloha for loT standard (LoRa, Sigfox, etc.)

Re-convergence of FDTPA

T

~——r.=0.01 -+ 0.02 +0 — 0.01 — 0.05

1
— r2=0.02 -+ 0.01 -+ 0.03 — 0.2

©
N

3 »0.04 —+0.06 »"wrv.w.\..sﬂ,/\,»'\«www.,"v‘
,=0.1 007 0.1 [
Py | — 15017 04001 02

1
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Normalized throughput (packets/slot)

Time (in slots) ; Time (in slots)

E. Sabir, Rachid EL-Azouzi, Kavitha Verraruna, Yezekael Hayel, EI-Houssine Bouyakhf, ““Constrained Nash Equilibrium Throughput in Non-
Saturated Wireless Collision Channel’’. ACM Valuetools 2009.
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® Some Satisfaction Games in Wireless Networks

db Turning Power onto QoS in 5G Networks

Smart Health

*@

Unmanned Areal Vehicle
Communications

Vehicle-type

communications .
Smart agriculture

o )
. AR
” , 7\ > sensors
devices

H. El Hammouti, E. Sabir, H. Tembine, "A fully distributed satisfactory power control for QoS self-provisioning in 5G networks''. IEEE CCNC 2017

H. El Hammouti, E. Sabir, H. Tembine, “A Satisfactory Power Control for 5G Self-Organizing Networks”. arXiv:1606.07904v1
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® Some Satisfaction Games in Wireless Networks
3B Turning Power onto QoS in 5G and loT

Throughput
A
Maximum
throughput -
Throughput -
requirement Di - h;
O;(P)=log |1+ =
A= 0%+ > pjhy
J#i

Satisfaction region : Power

min max
F; F;

H. El Hammouti, E. Sabir, H. Tembine, "A fully distributed satisfactory power control for QoS self-provisioning in 5G networks''. IEEE CCNC 2017
H. El Hammouti, E. Sabir, H. Tembine, “A Satisfactory Power Control for 5G Self-Organizing Networks”. arXiv:1606.07904v1
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® Some Satisfaction Games in Wireless Networks

g% Turning Power onto QoS in 5G and loT 0,750 Kops, nband D2D

S?Vi;nf‘? ;;(cj)n communication
6,=300 Kbps, Online gaming

O

Algorithm 1 Banach-Picard algorithm

Gamepad
switched off

-
=
Qo

<
=]
=)
s}
=4

F=-

=
@
=)
©
o
[

>
<<

1: Parameters initialization
Each node picks randomly a transmit power with initial
probabilities pY

2: repeat : 15
. Learning pattern Elpsed e
4. fOI‘ EaCh nOde ? dO —— (:31=200Kbps, Camera surveillance
- - Gamepad 6,=500 Kbps, Inband D2D
Observes the value of its instantaneous throughput s} | ¥ switched on commurication
t t 0,= 00 Kbps, Online gaming
T'i. (p 79 P—'i) _
Updates its power as follows: 2
P; < Diyt g
. E Gamepad

switched
off

5: until The stopping criterion

Elapsed time

H. El Hammouti, E. Sabir, H. Tembine, A fully distributed satisfactory power control for QoS self-provisioning in 5G networks''. IEEE CCNC 2017
H. El Hammouti, E. Sabir, H. Tembine, “A Satisfactory Power Control for 5G Self-Organizing Networks”. arXiv:1606.07904v1
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Average throughput

3B Turning Power onto QoS in 5G and loT

<

The smart vaccum
is active

91:200Kbps, Camera surveillance

92:500 Kbps, Inband D2D communication
93=100 Kbps, Smart vacuum cleaner

® 0,=200Kbps, Camera surveillance

] 62=500 Kbps, Inband D2D communication
< 93=1OO Kbps, Smart vacuum cleaner

Transmit power
o

6,=200 Kbps, Camera surveillance ) 300
6,=500 Kbps, Inband D2D communication Elapsed time
93:100 Kbps, Smart vacuum cleaner

300
Elapsed time

300
Elapsed time

The iSsrT:i:c\tI:/Zuum H. El Hammouti, E. Sabir, H. Tembine, A fully distributed satisfactory power

control for QoS self-provisioning in 5G networks'. IEEE CCNC 2017, Las Vegas,
NV, USA

H. El Hammouti, E. Sabir, H. Tembine, ~A Satisfactory Power Control for 5G
200 Self-Organizing Networks” . arXiv:1606.07904v1
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Some Satisfaction Games in Wireless Networks

3:€ Ca paCIty DiSCOVG ryl Final demand 6,=1050 Kbps, Inband D2D communication

with channel gain=2.5e-05
Final demand 62=910 Kbps, Online gaming with channel

> gain=9.6074e-06.

Rejected additional
demands

-
=
o

L
[=2]
>
o
=

e

=
()
o)
©
=
)
>

<

Final demand 61=1050 Kbps, Inband D2D communication
with channel gain=2.5e-05

Final demand 62=910 Kbps, Online gaming with channel
gain=9.6074e-06.

20 30 40 50 60 70 80
Elapsed time

s
[}
2
o
o8

=
£
[2]
c
IS
L

'_

H. El Hammouti, E. Sabir, H. Tembine, ~A fully distributed

satisfactory power control for QoS self-provisioning in 5G
networks"'. IEEE CCNC 2017, Las Vegas, NV, USA

H. El Hammouiti, E. Sabir, H. Tembine, A Satisfactory Power Control

20 30 40 50 60 70 80 for 5G Self-Organizing Networks”. arXiv:1606.07904v1

Elapsed time
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® Some Satisfaction Games in Wireless Networks
df RAT Assignment for loT

Unmanned Areal Vehicle g

Communications Smart agriculture

sensors

Smart Health

N

Smart wearable
devices

S. Arabi, H. El Hammouti, E. Sabir, H. Elbiaze, M. Sadik, "RAT Association for Autonomic loT Systems''. IEEE Network,
Volume: 33, Issue: 6 , Nov.-Dec. 2019
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b RAT Assignment for loT

I Matching game approach
B iax SINR approach

°
©

°
3

o
3

o
o)

o
o

o
IS
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£
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o
o

o

3 4 5
Number of access

S. Arabi, H. El Hammouti, E. Sabir, H. Elbiaze, M. Sadik, "RAT
Association for Autonomic loT Systems''. IEEE Network,
Volume: 33, Issue: 6 , Nov.-Dec. 2019

Satisfaction ratio

o
)

I
»

I Matching game approach [l Max SINR approach

4 5 .
Number of access points



e Summary
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® Summary
38 Concluding Remarks

° AI/ML/DL is quite attractive to enable ambient intelligence

=>» Scalability and convergence are still to be solved

° Need to consider cross-layer optimization for efficient SE

=» Hardware and software co-design is a must
° Al is speculated to be the next big game changer

° One thing is almeost sure, 6G is likely to be Al-driven
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® A Short Overview on 5G and SONs

38 Some Use-Cases where SE might be useful

© Ultra Reliable Low Latency Communications
© Haptic communications, VR/AR and Tactile Internet

©  Cognitive Radio, Flexible Radio & SDN

© Industrial Internet of Things (lloT)

°© Etc.

©  Nomadic Infrastructure (e.g., UAV, Under-Water Networks, ...
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