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FUNDAMENTAL OF COMMUNICATION SYSTEM (2)




OSI| M ODEL (OPEN SYSTEM INTERCONNECTION )

A OSI model is a conceptual model that partitions a communication
system into abstraction layers. The original modelhiayers

Application Identification, authentication
Presentation Format conversion
Session Set-up coordinate conversation
Transport Ensures error -free transfer
Network Routing of data through network
Data Link Error control and synchronisation
Physical acing signals on the carrier

Logical Link Control
(LLC)

Medium Access Controll
(MAC)




PACKETS

E Transfer data are broken up into smaller units callgzhakets

DATA
<
DATA 1 DATA 2 DATA 3 DATA 4
H DATA 1 T

E At each layer of OSI model, Header (H) and Tail (T) are added to
each packed, encapsulation.
E The final encapsulation is called as a frame.



OSI| M ODEL VS. PACKETS

Device 1 Device 2

Layer 7 || Application data Application
Layer 6 || Presentation [Ag data [76 Presentation
Layer 5 Session H3 data6é T5 Session
Layer 4 Transport || [H4 datab T4 Transport
Layer 3 Network || [Hg data4 T3 Network
Layer 2 || DataLink || [R2 data3 T2 Data Link
Layer 1 [Physical (PHY)) R data?2 T1 Physical

]
=<
N

[ FRAME |
Destination Source .
Preamble Address Address Padding | CRC
\ J
Y

A Typical Frame



PHY AND MAC L AYERS (€ D)
MAC (Medium Access Control): 3R b

Consider the transmission among

Access

S | 7
all devices in network. , Point e
_ Wireless \\\
Control how the devices can access ¢ == A
the medium A avoid/reduce the o 4 A7
collision cd =
Authentication Wireless

Frame recognition, etc. Notebook

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

+« Modulator —-| Transmitter j

Signal to be
transmitted
(analog or

digital)
«— Demodulator F Receiver j

Received
signal




Modulator

M ODULATION

E Modulation: frequency shifting

Baseband RF Power
signal Amplifier

RF
V x(t): baseband signal [ ceclater J
. . Modulation Block Diagram
V Cosfwzt): carrier signal
V w,: carrier frequency

Modulated
signal

Modulating
signal

Carrier

x(t) X » y(r)=x(r)cos(a.t)
Baseband Modulated
sienal signal
e cos(@.t)
carrier signal
T T

@, : carrier frequency

C

0 f Frequency



Xa( ) Xo( ) Xa( )

M ODULATION /t\ /k A\
< >

How to transmit multiple

sighals over the channel Y0 )
Solution: modulate /\ /\
different signals to

different frequency bands Yy( )

Bandwidth: is the /\ /\

frequency range occupied
by a modulated carrier

signal /\ /\

A To transmit a baseband -
signal with bandwidth B, we Y( )

need channel bandwidth >B /\/\/\ ‘ /\/\/\




DEMODULATION

Get back the transmitted signal by multiplying
the received signal with the same carrier signal +
Low Pass Filter

y(1) {5

— x(1)




M ODULATION & D EMODULATION

H(w)
w(r) )
Modulation : Yo {? ' —
y(1) = x(1)cos(27f 1) oy |
Demodulation : LPE

w(t) = y(t)cos(2nf,.1) = x(t)cos” (27f.1)
Using the equality cos* (@) = %[1 +cos(26))

wit) = 15(1+cﬂ-5[4rg’r_j]lr(t) = %x[f} +%x[r}cﬂs[4:gﬂ_.r]

The LPF will retain the first term and remove the second term. @




MODULATION & D EMODULATION




Carrier

LllHnHIJnHIIJnLlllmlIIlmlIJmllellHi
T e e e e

Moadulating Signal

Modulated Signal

Amplitude Modulation

Carrier

LLATIPLIUIL TP PTUILTLA AP TLIPLIR A SR PTIR LA TR
TR PO EEE R TR

Modulating Signal

Modulated Signal

I‘IIJIl'Illlfl[Hi]I|jTI1I1.IJILIIII it Iljllqlllll[l!i 1| I1i|i|LIII| il Ilillllllrl[l!i]lljl[

Fregquency Modulation

ANALOG MODULATION

Carrier

LULLA A ATOELA ALV LI TR TR LR TR
T U U o g

Modulating Signal

e~ T~ o~

~— 7 N~ S~ -

Modulated Signal

]l il|.|lh“||||]]l “I.Ill“llll;ll “I.Ill
AR L

Phase Modulation




DIGITAL M ODULATION

Carrier

Modulating Signal

Modulated Signal

Carrier

Modulating Signal

Modulated Signal

LU TR VIR JTELILE T UL LT T
TR T T

Phase Shift Key

LU LI LA (N

VTV e e e
Amplitude shift Key

Carrier

Modulating Signal

Modulated Signal

0L AR RAANY IV FOARMARAA RART VT FOARMARAANARL AL A ARAARL

e e e e

Frequency Shift Key




EXAMPLE : MODULATION IN WIFI

— | Dbk cos(2ngl)
formation -0
BPSK Q) X 16-QAM QA bbby by
1 0
l 00 10 0110 11 10 10 10
]. L] L ] +3-- L] [ ]
=t >
I
-if 00 11 0111 1111 10 11
. * +T ) M
! _|i +1 +3 .'f
QPSK 0 bb 00.01 01.01 1 11.01 10.01
‘ 0%l -1
01 11
L +|-_ L ]
00 00 0100 1 1.00 10.00
L 1 L] ] L
0 o .I"’ -
00 10
M T ]




EXAMPLE : MODULATION

IN WIFI

64-QAM Q A bobbsbs bybs
000 100 001 100 011100 010100 |110100 111100 101100 100 100
L L] L] L] + L] L] L L
000 101 001 101 011101 010101 | 110101 111101 101101 100 101
L L] L L +5T L L] L] L]
000111 001111 O11111 O1O0111 j110111 111111 101111 100111
L . L L +1 - L] L] L]
000 110 o001 110 011110 010110 110110 111110 101110 100110
L L] . . +il - L L] L
— 3 = i i 3 3 7 -"I
000 010 001010 011010 010010 (110010 111010 101010 100010
L L L] L _ir L] L] L] L]
000011 001011 011011 oO10011 (110011 111011 101011 100011
L . L L _4r L L] L] -
000 001 001001 011001 010001 (110001 111001 101001 100001
] . L] . _£r . L] . .
000 000 001 000 011000 010000 (110000 111000 101000 100000
L] L L] L] 1 L] L] L L

—7




EXAMPLE : MODULATION IN WIFI

Mapper Dema ner
1
1/sqrt(2) sqrt(z)
1/sqrt(10)  sqrt(10)
sqrt(42)  sqrt(42)
1/sqrt(170)  sqri(170)




WHY DO WE NEED (DE)MODULATION ?

V To reduce the size of antenna *~ | s
Voice imm— —_.'I/IIII".
Electric signal, Antenna:
20 Hz - 20 Size requirement
KHz > 1/10 wavelength
8 ) Antenna too large!
At 3 KHz .;L = ¢ = 3 X 101 = ].O'J = 100;@” : Use modulation to
‘ [ 3x10 | J transfer
— 1A =10km information to a

higher frequency



WHY DO WE NEED (DE)MODULATION ?

V To increase the transfer distance
V Frequency characteristic of antenna
V Frequency assignment of standards

V Bandwidth limitation of equipment, etc.



CARRIER FREQUENCY , RADIO FREQUENCY

Radio Frequency (RF): electromagnetic waves
with frequency from 3 KHz to 300 GHz

RF energy plays a critical role on wireless
communication.

RF is a limited resource! A It needs to be
managed for using efficiently.

< Increasing Frequency (v)

0 10" [V 1 KR [ L 1% TR 10* 10° 10 10° 10" v (Hz)
| | | | | | | | | | | |

uv |

¥ rays X rays IR Microwave (FM AM Long radio waves
Radio waves
[ [ [ [ [ oy [ | | F I I |
w' ™ o™ o™ ot et et o 10" 10° 10 10° 10 kim)

Increasing Wavelength (1) —



CARRIER FREQUENCY , RADIO FREQUENCY

E 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 )

E 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.

ﬁl;-----—“‘__.\
UHF television, astronomy,
maritime radio, mobile phones, satellite com-
navigation shortwave radio GPS, Wi-Fi, 4G munications
100 km 10km 100m 10cm 1mm
-+ increasing wavelength » Jincre *_ g fraquency )
3 kHz 30 kHz 300 kHz 3 MHz 30 MHz 300 MHz 3GHz 30GHz  300GHz

© 20132 Encyclopaedia Britannica, Inc.




CARRIER FREQUENCY , RADIO FREQUENCY

WiFi
Zigbee

Bluetooth
Mobile
WiMax
Satellite
Radar

TV broadcast

2.4 GHz, 5 GHz

7/84(China), 868(Europe), 915(US
Australia), 950 Japan), etc.

2.4 GHz

Around 900 MHz
2A 11 GHz
several

Several

several



SATELLITE FREQUENCY BANDS

Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,
navigation aids maritime radio, FM radio, cell phones, microwave radar landing
signals (e.g. loran-C) radio radiotelephony navigation GPS telecommunications  systems

SATELLITE FREQUENCY

|25 GHz




RADAR FREQUENCY BANDS

Table 7.1-2 - Worldwide Police Radar Frequencies

Band Frequency Wavelength Notes
4827 In
S 2455 GHz 12961 cm obsolete
1.254in
X 9.41 GHz 3186 cm Europe
1.192in
X 9.90 GHz 3028 cm Europe
1.1211n
X 10.525 GHz 2848 cm USA
0.878in Europe
Ku 13450 GHz 2229 cm Middle East
04892 in :
K 24,125 GHz 1243 cm USA, Australia, Europe
K 24150 GHz | 048370 USA
1.241 cm
0.353-0.3281in .
Ka 33.4 - 36.0 GHz 3 076 - 8378 mm USA, Australia, Europe
IR —Infrared] 3316 THz 904 nm Laser Radar




RADAR FREQUENCY BANDS

Table 7.1-3 — Military Radar Bands

Radar Band| Frequency Notes

HF 3 -30 MHz High Frequency

VHFE 30 - 300 MHz |Very High Frequency

UHF 300 - 1000 MHz|Ultra High Frequency

L 1-2GHz
S 2 -4 GHz
C 4 -8 GHz
X 6-12 GHz
KL 12-18 GHz
K 18 - 27 GHz
Ka 27 -40 GHz

mim 40 - 300 GHz [millimeter wavelength




MOBILE COMMUNICATION

GSM FREQUENCY

GSM band = f (MHz)

T-GSM-380
T-GSM-410
GSM-450
GSM-480
GSM-710
GSM-750
T-GSM-810
GSM-850
P-GSM-900
E-GSM-900
R-G5M-900
T-GSM-900
DCS5-1800
PCS-1900

380
410
450
480
710
750
810
890
900
900
900
900
1800
1900

Uplink (MHz)
(Mobile to Base)

380.2 — 3608
4102 - 4198
4506 — 4576
479.0 — 486.0
6982 -T16.2
7772-7922
806.2 —821.2
8242 -8402
890.0-9150
880.0-9150
876.0 -915.0
870.4-876.0

1710.2 -1784.8 18052 - 18798
1850.2 —1909.8 | 19302 — 195898

Downlink (MHz)

(Base to Maobile)
390.2 — 3008
4202 - 4208
4606 — 467 6
489.0 — 496.0
7282-T46.2
7472 -TB2.2
891.2 —866.2
869.2 —893.8
935.0-960.0
925.0-960.0
921.0-960.0
9154-921.0

Channel number

dynamic
dynamic
259 — 203
306 — 340
dynamic
438 — 511
dynamic
128 - 251
1-124
975 -1023,0-124
955 -1023,0-124
dynamic
912 — 885
212 — 810

Equivalent
LTE band

|

12

27



E-UTRA _ Duplex-

Band

10
11

MOBILE COMMUNICATION
LTE F REQUENCY

Mode

FDD

FDD

FDD

f .
(MHz) ~

2100

1900
1800

1700

850
£50
2600
800
1600
1700
1500

Common hame

T

PCS blocks A-F

DCS

AWS blocks A-F (AWS-1)

CLR

LIS T OO S F
U =i A

IMT-E
E-GSM
Japan UMTS 1700 / Japan DCS
Extended AWS blocks Al
Lower PDC

i

Uplink (UL)

BS receive

UE transmit
(MHz)

1920 — 1980

1850 — 1910

1710 — 1785

1710 — 1755

824 — 849

2500 - 2570
880 - 915
17499 — 17849
1710 — 1770

14279 — 1447 .9

Downlink (DL}
BS transmit

F
b

UE receive
(MHz)

2110 — 2170

1930 — 1990

1805 — 1880

2110 — 2155

869 — 894

Q7E Qo5

2620 — 2690
925 — 960
168449 - 18799
2110 - 2170
14759 - 14959

Duplex

spacing ¢
(MHz)

100

80

95

400

Channel
bandwidths
(MHz)

5,10, 15, 20

14,3, 5,10, 15,
20

14,3, 510, 15,
20

14,3, 510, 15,
20

14,3, 5 10
5,10, 15, 20
14,3, 5 10
5,10, 15, 20
5,10, 15, 20
5,10



TV B ROADCAST FREQUENCY
JAPAN VHF low-band

Channel Lower edge Video carrier Audio carrier Upper edge

1 90 91.25 95.75 96
Un|t MHZ 2 96 a7.25 101.75 102
3 102 103.25 107.75 108

VHF high-band

Channel Lower edge Video carrier Audio carrier Upper edge

4 170 171.25 179.75 176

176 177.25 181.75 182
B 182 183.25 187.75 188
[ 188 189.25 193.75 194
8 192 193.25 197.75 198
9 198 199.25 203.75 204
10 204 205.25 209.75 210
1 210 211.25 215.75 216

12 216 217.25 221.75 222



TV B ROADCAST FREQUENCY

System M 525 lines (most countries in the Americas and Caribbean,

South Korea, Taiwan and the Philippines)
System N 625 lines (some South American countries)

Channel Lower edge | Video carrier ATSC carrier Audio carrier Upper edge

14 470 471.25 470.31 ATD.73 476
15 476 ATT7.25 476.31 481.75 482
16 452 483.25 482.31 48775 488
17 488 489.25 488.31 493.75 494
18 494 495.25 494 31 49975 200

500 MHz band

19 200 201.25 200.31 205.75 206
20 206 207 25 506.31 911.75 912
21 912 913.25 912.31 217.75 918
22 918 919.25 518.31 923.75 524
23 924 92525 524 31 929.75 530
24 230 231.25 530.31 935.75 536
29 236 23725 236.31 241.75 o242
26 242 243.25 242 31 247 .75 248

27 248 249 25 248 31 253.75 254



TV B ROADCAST FREQUENCY

System M 525 lines (most countries in the Americas and Caribbean,

South Korea, Taiwan and the Philippines)
System N 625 lines (some South American countries)

Channel Lower edge | Video carrier ATSC carrier Audio carrier Upper edge

14 470 471.25 470.31 ATD.73 476
15 476 ATT7.25 476.31 481.75 482
16 452 483.25 482.31 48775 488
17 488 489.25 488.31 493.75 494
18 494 495.25 494 31 49975 200

500 MHz band

19 200 201.25 200.31 205.75 206
20 206 207 25 506.31 911.75 912
21 912 913.25 912.31 217.75 918
22 918 919.25 518.31 923.75 524
23 924 92525 524 31 929.75 530
24 230 231.25 530.31 935.75 536
29 236 23725 236.31 241.75 o242
26 242 243.25 242 31 247 .75 248

27 248 249 25 248 31 253.75 254



TV B ROADCAST FREQUENCY

E There are several channels for TV Broadcasting. Frequency
bands are different from countries

800 MHz band

70 806 807.25 - 811.72 812
7 812 813.25 - 817.75 618
72 818 81925 - 823.75 624
73 624 82525 - 829.75 &30
74 830 831.25 - 835.75 836
] 836 837.25 - 841.75 642
76 a42 84325 - a847.75 648
77 848 84925 - 893.75 ao4
78 854 85525 - 899.75 a0
79 a60 861.25 - 865.75 G666
a0 abb 867 .25 - 871.75 a7z
a1 arz 87325 - 87775 &678
82 a878 87925 - 883.75 684

83 684 88525 - 889.75 a90



WIFI CARRIER FREQUENCY : 5 GHz BANDS




