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LECTURE I NFORMATION

º Lecturer

· Assistant Prof. Tran Thi Hong, Computing 
Architecture Lab

ºSlide

· I will upload lecture slides here: 
http://arch.naist.jp/~hong /

ºScore

ºContact

· Room: B405

· Email: hong@is.naist.jp
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Pass ( Attend at least 3 classes

Not Pass Attend less than 3 classes

http://arch.naist.jp/~hong/


LECTURE CONTENTS

ü Lecture 1+2: Fundamental of Communication System

ü Lecture 3+4: Research Trends on High Throughput 

communication systems
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FUNDAMENTAL OF COMMUNICATION SYSTEM (2)
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OSI M ODEL (OPEN SYSTEM I NTERCONNECTION )
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Application

Presentation

Session

Transport

Network

Data Link

Physical

·Identification, authentication

·Format conversion

·Set-up coordinate conversation

·Ensures error -free transfer

·Routing of data through network

·Error control and synchronisation

·Placing signals on the carrier

Logical Link Control 

(LLC)

Medium Access Control 

(MAC)

ÅOSI model is a conceptual model that partitions a communication 

system into abstraction layers. The original model has 7 layers.



PACKETS
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DATA

DATA 1 DATA 2 DATA 3 DATA 4

ÉAt each layer of OSI model, Header (H) and Tail (T) are added to 

each packet Ą encapsulation.

ÉThe final encapsulation is called as a frame. 

DATA 1H T

ÉTransfer data are broken up into smaller units called as packets



OSI M ODEL VS. PACKETS
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Device 1 Device 2

dataH6 T6

data6H5 T5

data5H4 T4

H3 data4 T3

H2 data3 T2

H1 data2 T1

Channel FRAME
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FRAME FRAME FRAME

Preamble
Destination 

Address

Source 

Address
Data Padding CRC

A Typical Frame

Layer 7

Layer 6

Layer 5

Layer 4

Layer 3

Layer 2

Layer 1



PHY AND MAC L AYERS
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º MAC (Medium Access Control): 

· Consider the transmission among 

all devices in network.

· Control how the devices can access 

the medium Ą avoid/reduce the 

collision 

· Authentication

· Frame recognition, etc.  

º PHY (Physical):

· Consider the transmission between 2 devices only .

·Make sure that data is able to transferred and 
transferred correctly between 2 devices via wireless 
environment. 



BASIC COMPONENTS OF PHY LAYER
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MODULATION
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ÉModulation: frequency shifting

V x(t): baseband signal

V Cos(wct): carrier signal

V wc : carrier frequency



MODULATION

ºHow to transmit multiple 

signals over the channel

ºSolution: modulate 

different signals to 

different frequency bands 

ºBandwidth: is the 

frequency range occupied 

by a modulated carrier 

signal

Ą To transmit a baseband 

signal with bandwidth B, we 

need  channel bandwidth >= B 11

X1( ) X2( ) X3( )

Y1( )

Y2( )

Y3( )

Y( )



DEMODULATION

ºGet back the transmitted signal by multiplying 

the received signal with the same carrier signal + 

Low Pass Filter
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MODULATION & D EMODULATION
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MODULATION & D EMODULATION
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ANALOG MODULATION
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DIGITAL MODULATION
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EXAMPLE : MODULATION IN WIFI
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EXAMPLE : MODULATION IN WIFI
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Modulation Type Factor (1/K) 

Mapper

Factor (K) 

Demapper

BPSK 1 1

QPSK 1/sqrt(2) sqrt(2)

16-QAM 1/sqrt(10) sqrt(10)

64-QAM 1/sqrt(42) sqrt(42)

256-QAM 1/sqrt(170) sqrt(170)

EXAMPLE : MODULATION IN WIFI



WHY DO WE NEED (DE)MODULATION ?
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VTo reduce the size of antenna



WHY DO WE NEED (DE)MODULATION ?
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VTo increase the transfer distance

VFrequency characteristic of antenna

VFrequency assignment of standards

VBandwidth limitation of equipment, etc.



CARRIER FREQUENCY , RADIO FREQUENCY

ºRadio Frequency (RF): electromagnetic waves 

with frequency from 3 KHz to 300 GHz  

ºRF energy plays a critical role on wireless 

communication.

ºRF is a limited resource! Ą It needs to be 

managed for using efficiently. 
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É To prevent interference between different users, the generation and 

transmission of radio waves is strictly regulated by national laws , 

coordinated by an international body, the International Telecommunication 

Union (ITU )

É Parts of the radio spectrum are sold or licensed to operators of private 

radio transmission services. Ex: cellular telephone operators, broadcast 

television stations. Parts are free used, ex: WiFi frequency bands, etc. 

CARRIER FREQUENCY , RADIO FREQUENCY
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Technologies Frequency

WiFi 2.4 GHz, 5 GHz

Zigbee 784(China), 868(Europe), 915(USA, 

Australia), 950(Japan), etc.

Bluetooth 2.4 GHz

Mobile Around 900 MHz

WiMax 2 Ą 11 GHz

Satellite several

Radar Several 

TV broadcast several

CARRIER FREQUENCY , RADIO FREQUENCY



SATELLITE FREQUENCY BANDS
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RADAR FREQUENCY BANDS
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RADAR FREQUENCY BANDS



MOBILE COMMUNICATION

GSM F REQUENCY
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MOBILE COMMUNICATION

LTE F REQUENCY



TV B ROADCAST FREQUENCY

JAPAN
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Unit: MHz
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TV B ROADCAST FREQUENCY
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TV B ROADCAST FREQUENCY
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TV B ROADCAST FREQUENCY

ÉThere are several channels for TV Broadcasting. Frequency 

bands are different from countries
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WIFI CARRIER FREQUENCY : 5 GHZ BANDS


