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Wireless Communication Systems
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How to transmit data from the source to the dest ?
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5G Fut= A0 (1/2)
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LTE Evolution
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Standards and Evolution

 ITU-R is responsible for radio communication.
« 3GPP, 3GPP2, IEEE : Collaboration between groups of telecommunication associations
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Cloud RAN
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How to increase data rate ? (1/3)
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How to increase data rate ? (2/3)
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How to increase data rate ? (3/3)

(4) Scheduling
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7|Z O] & (1/2)

Find x(f) from y(t) ?

Transmit signal Wireless channel Received sig
((««K»») X(t) 1 h) -y [

y(t) = h(t)’x(t) = Y(f) = H(OX()

STEP 1. BS transmits a known signal, X (t), to the MS.

MS estimates the channel, h(t), from H(f) = Y()X~! (/)
STEP 2. BS transmits a data, x(t), to the MS.
MS can find, x(t), from X(f) = H~Y()Y (f)
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Mathmatical Approaches

Scheduling
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To find, x(t), To convert the 2GHz
y(t) = h(t)*x(t) R(1 Ry(1)
Y(F) = H(NX() i) vs T (1)
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ML-based Approach

= Primary goal of ML is to allow the computers learn automatically
without human intervention and adjust actions accordingly to
achieve the goal.
— ML focuses on the development of programs that can access data
and use it learn for themselves
— In particular, deep learning (DL) has been very successful in many
field (vision, speech, game, ...)
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Machine Learning System

Feed Learner Align Appropriate Type Present Results
Various Data of Learning System

(e.g., structured and (e.g., supervised and (e.g., exploratory,

unstructured) unsupervised) predictive and
classification)
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Deep Neural Network Structure

= Neuron is a basic bulding block of deep neural network
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Neural Network vs. Human Brain

" Neurons are the fundamental units of the brain which contains
Dendrites, Axons, Synapses, etc.

— Dendrites act as a receiver
— AXxon acts as a transmitter of signals to and from other Neurons.

— Synapse are the weights assigned to each input neurons.
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Neural Network Learning

®" The human brain possesses about 1 quadrillion (1million billion)
neurons and the connection that wire them together is known as

Synapses.
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Synapses (neural connections) are created with
astonishing speed towards 7 years old, the “synaptic
growth spurts” become dense. By teenage years,
pruning occurs to remove excess connections in order
to make a more refined and efficient adult brain.
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ML Techniques

= | oosely speaking, there are three types of ML techniques
— Supervised learning (e.g., CNN, RNN, LSTM)
— Unsupervised learning (e.g., K-means clustering, autoencoder, ...)
— Reinforcement learning (e.g., Q-learning, Deep Q-Learning)
— New types of learning techniques (e.g., Generative Adversarial

NetWO rkS) Image
Structure Classification
Discovery Feature ® Customer
) o Elicitation  Fraud @® Retention
Meaningful Detection ® :

compression

DIMENSIONALLY . .
. REDUCTION ® Diagnostics
Big data P

Visualisation

@ Forecasting

SUPERVISED
LEARNING

Recommended
Systems

§ UNSUPERVISED

LEARNING @® Predictions

CLUSTERING

Targetted ® Process
Marketing MACHINE Optimization
LEARNING .
®
Customer New Insights
Segmentation

REINFORCEMNET I'
’ LEARNING

A

Real-Time Decisions @ \a‘ ® Robot Navigation

Game Al ® @ Skill Aquisition
o
Learning Tasks 21



Al Technolgies for Wireless Communications (1/2)
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Al Technolgies for Wireless Communications (2/2)
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