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Wireless Communication Systems
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무인자전거 (현재 서비스)

원격 검침/리포팅

어린이 안전

LPWA (LoRa)

Cellular IoT
(LTE-M, NB-IoT)

10MHz X 3

200KHz

free @900MHz



How to transmit data from the source to the dest ?
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4G 주파수 경매 2016/05
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5G 주파수 경매 (1/2)

5



5G 주파수 경매 (2/2) – 2018/06
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LTE Evolution
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Standards and Evolution
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3GPP

3GPP2

. 

. 

FL: 153Kbps
RL: 153Kbps

FL: 2.4Mbps
RL: 153 Kbps

FL: 3.1Mbps
RL: 1.8Mbps

DL: 236Kbps
UL: 118Kbps

DL: 384Kbps
UL: 384Kbps

DL: 14Mbps
UL: 5.76Mbps

DL: 100Mbps
UL:   50Mbps

Fixed ]
DL: 75Mbps
Mobile ]
DL: 20Mbps

DL: 1.3Mbps
UL: 653Kbps

FL: ~73Mbps
RL: ~27Mbps

FL: 288Mbps
RL: 75Mbps

IEEE

CDMA2000CDMA2000
1x

1x EV DO1x EV-DO
Rev.0

1x EV DO1x EV-DO
Rev.A

1x EV DO1x EV-DO
Rev.B

UMB*

LTE

GRPS/
EDGE

EnhancedEnhanced
EDGE

WCDMA HSPA

HSPA+

802.16e 
(WiMAX)

New Entrants

DL: 42Mbps
UL: 12Mbps

Clearwire
Yota
UQ
India

LTE
Advanced

802.16m

DL:  ~1G
UL:  ~500 Mbps

DL: ~300Mbps

• ITU-R is responsible for radio communication.
• 3GPP, 3GPP2, IEEE : Collaboration between groups of telecommunication associations

2000

LTE-A
Pro

5G

2009 2011 2016 2019

DL: ~10G33% 개선

CDMA



Cloud RAN
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RRH: Remote Radio Head
BBU: Baseband Unit
D-RoF: Digital-Radio over Fiber



RRH
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How to increase data rate ? (1/3)
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(1) Frequency Band
10MHz X 3

(2) Modulation
LTE:             64QAM (신호 26  6비트)

LTE-A Pro: 256QAM (신호 28  8비트)

속도 8/6 = 1.33 배 개선



How to increase data rate ? (2/3)
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 SISO: Single Input Single Output

 MIMO: Multiple Input Multiple Output

(3) Multiple Antennas



How to increase data rate ? (3/3)
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Data
feedback

t t+1 t+2 t+3

Power

slot

user A

user B

(4) Scheduling

Power control



기초 이론 (1/2)
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Wireless channel

h(t)
Transmit signal

x(t)
Received signal

y(t)

Find x(t) from y(t) ?



기초 이론 (2/2)

<디지털통신>

<데이터통신>   
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변조
(Modulation)
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Data

Who first ?  Scheduling
Multiple access, retransmission

Handoff

<이동통신공학>



Mathmatical Approaches
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Who first ?  Scheduling

Scheduling

Fair allocation ?

Power allocation

Maximize the rate

Rk(t): k번째 단말 순간 전송률
Tk(t): k번째 단말 평균 전송률

pk: k번째 단말 할당 power

hk: k번째 단말 채널 상태



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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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

– Axon acts as a transmitter of signals to and from other Neurons.

– Synapse are the weights assigned to each input neurons.
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ReLU



Neural Network Learning
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 The human brain possesses about 1 quadrillion (1million billion) 
neurons and the connection that wire them together is known as 
synapses.



ML Techniques

 Loosely 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 
Networks)

21



AI Technolgies for Wireless Communications (1/2)
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RNN-based Solution for 5G MIMO

Reconfigurable Deep Learning Framework for AI-aided 5G BS systems



AI Technolgies for Wireless Communications (2/2)
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