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Chapter 02 — Wireless Transmission



Frequency Spectrum

UtuHIKanuov wireless Ncilvo1N wired Ao N1ssundUu (interference) NMtHLAQ
transmission error

Figure 2.1 Twisted
Frequency spectrum pair - Coax cable - Optical transmission
£ -
:
1Mm 10km 100m m 10mm 100um Tum
300Hz 30kHz 3MHz 300MHz 30GHz 3THz 300THz
F
3 > }=-1‘.=|-1-—
VLF LF MF HF VHF UHF SHF EHF infrared . . . U
visible light
V = Very L =Low
U = Ultra M = Medium
S = Super H = High

v E =Extreme v



Frequencies for Radio Transmission

* A IWAREIULIY 300 Hz - 300 THz
* ADIWEIDAAU = ADIULSIUEY / ADIUA (AwiSouavidAus:uieu 3x108 m/s tudedeuInie)
* Wired transmission
* Twisted pair copper wires: several hundred kHz, some km
* Coaxial cable: several hundred MHz, some 100 m
* Fiber optics: several hundred THz
* Radio (wireless) transmission
* Very low frequency (VLF) N . N X
* Low frequency (LF) t@tuiSodiun adutdunivWiudiua:zidoiwwurdiania t6iu

anudnguivand
* Medium frequency (MF) ua: High frequency (HF)
« Amplitude modulation (AM) 520 - 16055 kHz i
* Short wave (SW) 59 - 26.1 MHz >

* Frequency modulation (FM) 875 — 108 MHz

Grundig Satellit 400 solid-state, &
digital shortwave receiver, c. 1986[1]



Frequencies for Radio Transmission

« Low frequency (LF) t3tuannddng AM

* High frequency (HF) tstuaanldng FM

¢ LduudvadIudDIvv:LaNcIVAUTUOIUARRUIgTtULGazUS:INA (Kuuigunsald
U210 IUIEUIUUS:LNA)

« Transmission power 919gvilv 500 kW (Jo9iol3 1 W - dUTHaalud)

e VHF (174 - 230 MHz), UHF (470 - 790 MHz) t8angnoadsdayieu analog TV

* 223 - 230 MHz ua: 1452 - 1472 MHz t5tu digital audio broadcasting (DAB)

¢ 470 - 862 MHz t3tu digital TV (unun analog TV)

* 450 - 456 MHz t8tulnsAwNofiDlluu analog

¢ 890 - 960 MHz, 1710-1880 MHz tstulnsAwnNiofiouuu digital GSM

* 1880 - 1900 MHz, Digital enhanced cordless telephone (DECT)

* 1900 - 1980 MHz, 2020 - 2025 MHz, 2110 — 2190 MHz, 3G cellular systems -
Universal Mobile Telecommunications System (UMTS) standard



Frequencies for Radio Transmission

« VHF Tagtawn: UHF t8taionniAa (antennas) tan a 1a Jvolkui=AuinsAwnNbaiio
* Super high frequency (SHF) t8aHsSuU directed microwave links (2 - 40 GHz)
a: fixed satellite services
 C-band (4 ua: 6 GHz),
* Ku-band (11 ua: 14 GHz)
 Ka-band (19 ua: 29 GHz)

+  Extremely high frequency (EHF) wutuuws:uutidu

* Infrared (IR) tGavUpyauuu directed links LU SzH319D1AS

* Visible light uuuasaﬂtunmuntuenuummuua: LAONISSUNDUJY M (eyes) AD
E)UﬂSfUSUHfoU‘IfU (receiver)

e = lHU:)‘lEJ\)FD‘lUﬂa\)U‘lﬂ mssun:una goundumuaidu mZFRuaouaualUus JF
moInaLnnIqu ummtumwunaoa dodoyalauinnd wu fiber optics uciciovdv
tuag WalovAunissundu



Frequencies for Radio Transmission

« Sgulad: LUuwaoassmmn WWTLTKIAQNISSUNDU (mterference) Llsu
German regulation Asaunay 9 kHz - 275 GHz (FD’\UﬂCT\lUUlaEJ\)WOUD\)
UUUEJ nmunamUuuaonmuamHu)

& a@hunou nans.
|:|;|"|'n. ALUNoIUANU:NSSUMSDMsSNS:oEHISHY ﬁﬁmﬁlﬂﬁﬁﬂu I|H!ﬁﬂﬂ-|5‘|I'-'ISHLJU-IHLHMW.ﬂlﬁ

nany. WuosvAnsdas: nsasssuumq w.A. 2550 mHquHLnmHngumsaoassnaunmun (EE
mnuoua 3ng-InsnAU uazinsAuulAU ZHmomsUasUaa ADLSVANS:E manmmdumwaonaun:nun
mnnHu:)amumnsmmuunnansao Zr‘s‘(UauauaowUs nounsua:=us: muunHa"mHaw TagHuUDgvVIU
uaosanlUuwwaomu Advlanviinasovaduuvaumuanusdula:iiuizay sounvrvIuGIUNIS
WQUUNATUMWLLAS:UUNISANAUQUANULDVUDVRUS:NDUADAIS



Regulations

* The International Telecommunications Union (ITU)
Avagnnsolalnn UszinAa>atsosuaud )
* ITU Wu sub-organization uov UN Qual3av standardization uavnv wired ua:
wireless
* Region 1.
Europe, the Middle East, countries of the former Soviet Union,
and Africa
* Region 2
Greenland, North and South America
* Region 3:
Far East, Australia, and New Zealand .
« Harmonization S:K31uca:=us:=tNA d:=nN3AUEATY LDIEQ1DINYULUUIKL
low earth-orbiting satellites



Table 2.1 Example
systems and their
frequency allocations
(all values in MHz)

Europe us Japan
Mobile phones NMT AMPS, TDMA, PDC
CDMA
453-457 824-849 810-826
463-467 869-894 940-956
1429-1465
1477-1513
GSM GSM, TDMA,
CDMA
890-915 1850-1910
935-960 1930-1990
1710-1785
1805-1880
UMTS (FDD)/ FOMA/
W-CDMA W-CDMA
1920-1980 1920-1980
2110-2190 2110-2170

LAUINUAD wARTHQITULdazUs:INATUIKUDUNU

aunsainulgtulcazus:inAD19:NMvIUlbIatuds:zLnAdU




Cordless telephones

Wireless LANs

Others

UMTS (TDD)
1900-1920
2020-2025

CT1+
885887
930-932

cT2
864868

DECT
1880-1900

IEEE 802.11
2400-2483

HiperLAN2,
|EEE 802.11a
5150-5350
5470-5725

RF-Control
27,128, 418,
433, B68

PACS
1850-1910
1930-1990

PACS-UB
1910-1930

IEEE 802.11
902-928
2400-2483

HiperLAN2,
IEEE 802.113
5150-5350
bf25-hB25H

RF-Control
315, 915

PHS
1895-1918

JCT
254-380

IEEE 802.11
2400-2497

HiperLANZ2,
IEEE 802.11a
51505250

RF-Control
426, 868

Satellite (e.g., Iridium, Globalstar)

1610-1626, 2483-2500




Signals

daaua:zSguuivivouaiiudsi Data Comm |

Figure 2.2
Time domain
representation of

a signal

lduUs:Ad phase shift TU 270 avm



Figure 2.3
Frequency domain
representation of
a signal

Figure 2.4
Phase domain
representation of
a signal

Q=Msing

fHz]

Phi (W)

-

| =M cos o



Antennas

Isotropic radiator (Nqu1)

z Figure 2.5
y z Radiation pattern of an
isotropic radiator
T y X
X

Simple attennas (left: Marconi antenna, right: Hertzian dipole) A21wg1ddRgaAD A/2

True Move H uses 900 MHz, 1800 MHz and 2100 MHz

A Figure 2.6 Erm
f Simple antennas 1500 MHz ¥
Md Wawelength
e 1/1 v | 19.98616386666667 cm v

Wave Velocity

Lightiradio in vacuum/air ¥ | 299792458 mis v

UodounantdlaionnmAg1dUs:uied 10 cm
(1o wave length H1s 2)

https://www.omnicalculator.com/physics/dipole



Radiation Patterns

Omni-directional radiation pattern uov 1/2 dipole antenna

7 ‘ Figure 2.7
\ Radiation pattern of
. > a simple dipole
J '
Side view (xy-plane) Side view (zy-plane) Top view (xz-plane)

Gain_Tot[dB]

0.0
I-2.U
-4.0
-6.0
-8.0
-10.0
-12.0
-14.0
-16.0
-18.0
-20.0

USLTUNdrYEUITULSYNFA
V:DEYUNIA UDUUDN




Directional Antennas

= ¢ g




Antennas

JAntennalbands]

l31@1NAUDY iPhone sutm



Sectorized Antennas

Figure 2.9

* Z ‘ Z
Radiation patterns of
sectorized antennas
-
&_/ ' '
Top view, 3 sector Top view, 6 sector

dodoyauuu parallel tHwSounu
Ha1e a devices 10 anlulaogiu
sector LQgIAU




Signhal Propagation

« Transmission distance sudtyeuieula U error rate dwano:tddoaisia
* Detection distance msaosumsaaautomuafyfmm (transmitted power > background noise)
* Interference distance lFlSE)\)SUH’leUfU'lﬂJTUlOE)llED llCleUfU'lﬂJUIUSUﬂDUHNN'\ﬂJE)Uq a

Figure 2.11

Ranges for transmission,
detection, and
interference of signals

Distance

Interference



Path loss of radio signals

e Line of sight (LOS) AD LdUQSYS:HIIV sender ua: receiver
e Free space loss ciotRlbda0AQU0 uanwasyeuimA (vacuum) deusuleuno:souay
e Received power P WUsWuUasomu 1/d? (HEpuUswnWuAUSs:g:nvfidvany) tovoinaiu
LGunvaanMALKavALiadIsAULSILavLa:ASEDNTUNANANVLOUSU sphere AJgWavvIU
USuneuAvi WGWURDUDY sphere A 41d?
e UDNYINU received power goudsau wave length, gain of receiver (gain LA&UAU isotropic
antenna), transmitter antennas H§E)F1€Uﬂ1wua\)la‘la‘lﬂ‘1ﬂl"iZZB"STUlla:Eio
e uanmunmsaudsv (lutdaeyeuniA) O air, rain, snow, fog, dust particles, smog (fog + smoke)
D:IHIfiQ path loss H3D attenuation UINAFIWUAGA LAWUQABUWAVVIUAAUTAE (KaNSLA8IAU
LON microwave)
e wndnssuupvAduTUDEAUALA
o 87 kHz ahwp1mAavau (Earth Antenna) AZULAUMVTUMUWU/WUDEN :‘mqa% HeyPhone
o Ground wave (<2 MHz) A3utGunolumuwuiRdlan gnudng AM ua:igacth
o Sky wave (2 - 30 MHz) a:NduUSSENMABU ionosphere 18AU international broadcasting
wa:Sngauvnstau (amateur radio)
o Line-of-sight (>30 MHz) t3AUInsAwNbpdD a1dLAgy AdULGUNIVKIU straight line of
sight 14 Ta:NauBuUSSENNA ((3F0a1SS:HIIWUAUQIDLASL) UGHALH (refract) 18



Additional signal propagation effects

¢ Blocking (shadowing)

e Reflection ¥igtRdparsAuldlaellidovil line of sight (LOS) deuryitud=souav
pvoIndaqQaduwavviunduly

e Refraction oA3ULGUNIVHIUMINAWAKUILLUANGT LOS d:1389dnHIdnavdu
(douFvNauVIA)

e tUnSEUNFVNQUIVTUUNAINAIAYVAUADIUEIDAAU 1A scattering dtyryirunns:oNgoanTU:
ooumduav
e Diffraction AA9AU scattering LN (LNQAUFVAQUIIVUUNATHTI?)

Figure 2.12

Blocking (shadowing),
reflection and
refraction of waves

Reflection Refraction

Figure 2.13
Scattering and
diffraction of waves

Scattering Diffraction



Multi-path propagation

e 1AaDINMISARAUIGUNIVLNAVRSUTAKa18NY MTRIAQ delay spread

e Delay spread tutidovidAus:uleu 3 - 12 us

e Bandwidth §n910028 intersymbol interference (ISI) delay spread d:riKucia:
symbol sunduBvAuua:zau (1 impulse = 1 symbol) ea1§ channel characteristics
(pattern uav delay spread) :¥281RIASDVSUSIUTDYATAVNY TagunduadiAdovdvo:
dv training sequence undu lv‘\:IE)ZiiTUSllﬂSUC‘T:) equalizer

e Equalizer o: fvugndu mv'\l?u\)‘\umaaun Do channel characteristics
Wasuwsnautl equalizer NMvulunu

. msmaaunuaowusuHsawuaomtmﬂo Doppler shift ua:ntHAa random frequency
shift ucidiovindouni$ounn a wu adigy TagundUadundna bandwidth éo
multi-path propagatlon lntersymbol interference, varying channel
characteristics nlﬂomﬂmsmaaunuaowa\)ua NSU



Figure 2.14
Multi-path propagation
and intersymbol
interference

Multipath

LOS pulses  pulses

Signal at sender

Figure 2.15
Short-term and
long-term fading

LOS uhavnoau
MP UIAKav
deynuntuoou

-
Signal at receiver

Long-term
fading
f

Power

Y

f
."I t
Short-term fading

Equalizer Andvriiviu

10613 training sequence



Intersymbol Interference (ISI)

--------- By
""" A ... A
,,,,, 2
..ﬂ
- C ‘
)
~ c

4

S1 S2 /5% sS4
51 52 'S% s4

S1 5288 sS4

/3

A

B sender
receiver

*» Time

[
e

nADSudasuauau



Multiplexing

Multiplexing namsnmUHawq AULBSAINATY (medium) LQeonu laglisundunu
Asdoaiguuuidans (wire) 1§ switch ua: router tWorh multiplexing

tGBAdNavAD “o1NA” HSD
“DIAA” SJUAU

WoilAusgINAYAUHKANEE
= multiplex 2&101s?

Multiplexing gAWUUNTUIWDODUAUDVIIUDURISTNSAWATaiiaNtWuTunehvsIaIs



Space Division Multiplexing

Figure 2.16
Space division
multiplexing (SDM)

IKUpudusanua:zlau Lautastaudu KSos:uu
INSAWNA analog LUULAAIEaNe tulcazoonau
fiD interference range A310AD guard space
tuucia:ovijunu code (c), time (t), frequency
(f) TW519: multiplexing Adga:lsAndsD guard
space Ldud

(Dpg1vudv SDM Apanudngtuucia:us:LnAts
AAUADIWALGEIAUTA ud SDM GloidsnRdvuc
a:AuCDvVlUdEUdIVNaU (channel) QAU a1
WavHaeAutu channel WGgdAU ACDY
multiplex i2028 code (c) HSD time (t) HSD
frequency (f)

Channels ki

—h



Frequency Division Multiplexing (FDM)

¥

Figure 2.17

Frequency division
multiplexing (FDM)

tAvannidngAuuvAIUAAUZaLOU Aovil
guard space \WaUavAu adjacent channel
interference UG33UILIKU=AUTNSAWNRGDHADA
WIBIUDULIN uazicia:ASOISTLUIU (@nddng
9UdUUDY ua: broadcast 24 su. cipdu) a1l
9 1 1A3ovda 1 ANWATULae d:08g1undUATY
WD S:UU GSM A3 FDM ud allocate AWUATH
mobile station ¥7As1) Wdtdlasoudd (01w
ag) ndafu

i
v

mobile station 9 INsAWNALAZDUR (315aWS + BoWAWDS)



Time Division Multiplexing (TDM)

wdounuanduygov a iWandaAuld (IKdouwdaduyaia:Au tBwaaua: 1 uIfi)

Figure 2.18
Time division
multiplexing (TDM)

JEEE S

T

udrhuisigvidduldovaaununcdatiioo ???



Standard GSM 13 FDM + TDM Wodvdoyas:H310 mobile phone ua: base station
(@aadmAwuQu)

Figure 2.19
Frequency and time
K, k, Ky division multiplexing
combined
c
i /
f
A
’

J31udu channels (Wuduain 6 tWu 36
nMsi multiplexing WWUREW

.-



Coding Division Multiplexing (CDM)

Figure 2.20

(2EIVLBUTUYIU party AuuAnnAuldAdIUD o
1 ode division k

LGg2iufAD 300 - 6,000 Hz (tdgvowa) tu multiplexing (COM) |
anunuazaIGeINU LadnudvAu wu

AMUITNg MUIDVNHUY NMBVIDU NMVISALEY

4a4 Aowid:suNIUAUUIY LAAGVWDWOLTITD
ucinINnAAUWAMUNILAYIAURUQDSUNIUAUDU

Foanslldias

CDM Uovnu interference (9onlLlUU code IR
HI0 a Au atdanua fixed MUIA) ua:
tapping (IU§ code) TAQ UolduADISU
deyrunududouunn power control d1Aty
uInaHSU CDM wwsa:annAuginda Auwad
a:lnuLdgvav CatRIBNIVGaIVAU (code
chonu) AWVTLISIEov thSpvsudtus:uu CDM
v:Cpvdsuniiavav (power) IHWDIHU:DE
cnaoawan

N

aWau f ua: t Aoy
2:14 216 channels



asu

Multiplexing U 4 35AD
* Space
* Frequency
* Time
* Code



Modulation

Modulation Aonistadoya analog K3o digital avlUuuwik: (AAU) tWatkUuLthdoyall

fMadvaduaia Aluddoya

e Digital modulation Zﬁlﬁaﬁaomsaioﬁauuauuu digital 15U 1 Mbit/s bit-stream
e Amplitude shift keying (ASK)

e Frequency shift keying (FSK)
e Phase shift keying (PSK)

e Analog modulation Zﬁlﬁaﬁaomsz-ioﬁauuauuu analog lquaﬁ:ILjEi\)éfmm’liu
analog TUQsv @ Ap 1) AoulBAIUAgY IWDTH antenna Juunalén 2) FDM W8Hae
A2WA 3) medium characteristics 191U ANWADU (ADWE1DAAUDU) IWDLADY
path loss, obstacles, reflection, scattering, diffraction ANSSUNDULKaTUUSOW
A2 IWE1DAAU

e Amplitude modulation (AM)
e Frequency modulation (FM)



.“\_?'?!P ||n Iﬂw f ,iéé.ii"lllum
W WM AATAVA




Figure 2.21
Modulation in
a transmitter

Digital
data
—_—

101101001

Analog
baseband

signal

Digital
modulation

%

s i
/ "'J'f \I"u’f

Analog

modulation

Ifl
|
|'-'| II Ilﬁ'| |II
II I'Il III
LAY III W
U

W

Radio T o
carrier |/ \/\//

u!

aolnai31dovn digital modulation fdu
wadAouNM analog modulation



Amplitude Shift Keying (ASK)

Uoldgnognsundulavigon multi-path propagation, noise, path loss
(Uryruov wireless Tiwulu wired) Flgure 2923

Amplitude shift
keying (ASK)

1




Frequency Shift Keying (FSK)

. Figure 2.24
| Frequency shift
| keying (FSK)

wunvendado Binary FSK 13
wA 2 AWALNUTOUDYA O ua: 1



Phase Shift Keying (PSK)

Wo data bit WAasuA shift phase W 180 () tusUiSen31 Binary PSK (BPSK)

! 1 Shift ©t g Shiftm 1 Figure 2.25
| | : Phase shift
; i i keying (PSK)
: . t

LNYUAU reference signal



Advanced Frequency Shift Keying (AFSK)

Oodd Even 0Odd Even

1 o] 1 1 0] 1 0]

Data >
Even bits =

Y X
Odd bits
Low >
frequency
High
frequency

Avoid sudden phase shifts 10 data rate

MSK > ' o : = ~
signal t UINND1 FSK (I symbol duration au a Q)
Even and odd bits = 0, 0 high frequency (inverted, phase shift 180)
Even and odd bits = 1, 0 low frequency (inverted, phase shift 180)
Even and odd bits = 0, 1 low frequency
Even and odd bits = 1, 1 high frequency

FSK Und o1 fix ADWA f, f, 13 ud’aa symbol duration dryturcudud:liiciollo



Advanced Phase Shift Keying (APSK)

Quadrature/quaternary PSK (QPSK) wWhsHana: 2 bits (1Wu bit rate 14 2 tntRgUAU PSK)

Data bits =0, O phase shift 225 LNYUANU reference signal
Data bits =1, O phase shift 135 LNYUAU reference signal
Data bits = O, 1 phase shift 315 LNOUAU reference signal
Data bits = 1, 1 phase shift 45 LNUNU reference signal

Urukuov QPSK agiin1sasv reference signal AtA$ovsuU 1ASovdvIa:iA$ovSUD1D9:CDv
synchronize Auunga 10ul3 special synchronization pattern HSD pilot frequency LWoo10Dv

A

Q 10 Q 11 A
* Q.-.l\:.-----l-----:l:l-.[:} ﬂ A A
—O0———0> | B S

1 D I-II_.-" .""-.__. 1 \/ \/ \/ \/
0o 01
Flgure 2.27 Figure 2.28
BPSK and QPSK in QPSK In the
the phase domain time domain

Reference signal Ad sine wave (8710 WS1:WdVRSUGODVD reference signal NAsvu)



Waldsvnistd reference signal 15 Differential QPSK 380 phase shift = relative AU
phase uovUiOnNDUKU

Data

Va\VAVAVAVIANVAVE™

11 00 01 10

1 | | i : i : | > Tirme
0 7, 2T, 3T, 4T, 5T, 6T, T, 8T,
0 180 90 270

\ J
|

Relative Phase Shift

DB = differential binary PSK
DQ = differential quadratic PSK



16 Quadrature Amplitude Modulation (16-QAM)

PSK 9190:10NsHana: 2, 3, KSo 4 UaATA ua=td PSK sounu ASK 1a tusUuBgfo 16 Quadrature
Amplitude Modulation (16-QAM) d1HSU standard 9,600 bit/s modems 13 3 amplitudes ua: 12
angles sUUD1AD 64-QAM LWuuasguuavadAan3 Digital Video Broadcasting - Terrestrial
(DVB-T)

Figure 2.29

16 quadrature Q A Q)
amplitude modulation L O OO0 O O OO0 O
and hierarchical - L 0001 O O O O O O O O
64 QAM /://O » 0000 | 00O0O
| o011 N ) 10 O0O0O OO0O0O0
[ o L0 D“?DU
|I |I |Ill — P I| | | - F‘E-I
I| Il, \ — ] .l |
Ill' G bﬁ-%_—/{ja l,l'l OOD O OO D O
\ 000 O OO0 O O OO O
\o\ e /o/ » 0000 | 0OpOO
— . 00 y,o O 0/0 O O
T /
/

J amplitude 3 A1 25%, 50%, 75% 000010 000010
([3{Vplalal (V]



1011 o011
1010 D1

5% T5%h
1101 0110
1111 1110 0101 0111

Amp Phase Data

25%n

225° 1104

Wiki



asu

Analog Modulation
- AM
- FM

Digital Modulation unu O, 1 Q¥
* Amplitude
* Frequency
* Phase
* Amplitude + Phase

Analog
. . baseband .
Digital N1 DM Aou signal N1 AM NHav ﬁ |'ﬁ'; o
data Digital Analog JATATAY
— . o : v
101101001 | mMedulation j,’\,uf\._u,f modulation

Radio # ~ AdwaAnOuwiK:
carrier | /\/\/\/ (Us:yadnsy)



Spread Spectrum




A User NS channel UlsA31e Figure 2.33
Marrowband interference

= \ without spread
g 4 spectrum
=)
2
g 1 ° 5 6
o 3
7
4
— —— - >
Narrow band Guard space requency
signal

©1NSULE FDM (6 channels) 1Aa narrowband interference (channel 3, 4 U
dansa reconstruct transmitted data 10) misdoanslaetd narrowband U3V
£1n AJSY:8 broadband ua: users nnAUtESOUAU TagluuuvAIUD

Broadband tund Hu1ediv WBnnguAIUD
Broadband internet HUN899vY high-speed internet (A WKLNETUTDBEUN)




58uAUfYHEDY narrowband 1nterference ADLY spread spectrum dodoyanonlulay
Zunﬂ a channel (frequency) o channel Zounfumwmao Av:100oyauu channel

—l—l—l T B

duia udlaesiu: Iosuuauanﬂmao Zunsmnuwsuaouauamnﬂ:n 1 n AGDVlG
multiplexing LuUdU a uEdY

Figure 2.34 A
Spread spectrum to
avoid narrowband - \/Iﬂ\ /1"'\\

interference % | \ d N
= | \ NS \
T I \ /
= | \ / .
£ \/ nn channel @nnA> WA

| 1 channel = 1 gaunun
Spr;a d Frequency

spectrum



Cellular Systems (2G)

1 cell cid 1 base station SATUDY cell D199:1D0VHANYSDULLAS TUDENUI base station degtu
21ANISHSDNTEY SUSIUDY cell THdunaukSaUUKNIKAYU LATUDEAUANMWIIQADU daMWINA

Figure 2.41

Cellular system

with three and seven
cell clusters

GO0

Qoo

iJ base station agiasvnaiv
yovuca: cell

1G 18 base station cdLQed
AAUWUNNOLbDY MIRLASDVED
GovidwavviuuIn

1G Wu analog
2G Wu digital




UoQuov cellular system

* Higher capacity \{Jot3 space division multiplexing (SDM) fi9: thA>wdnauLUS
F11G ANWARSIAGUDY iU 1 cell dAaunulasnna Zuwaonunuamaaa
Kuludugudaulwududu cell ua:zm cell tRuualan a

e Less transmission power {Gwavoiutunisdavdoyauny s0s1MSIBWAvVIU (Watt)
WtBUsyRd1HSU base station ucitdudsur1aiKSu mobile device

e Local interference only Tgnsunauvn cell T LWV INEUTUITULTLGY HSD
deytytuoou

e Robustness 9199:iJ base station UTMILEY MVILTLIG cell UuAaUTU uciszuu
Tagsounguniviucatula

Uoldoyuov cellular system

e Infrastructure needed davavnuaunsaindsiAmMuwy Waasvo base station uas
\¥oU base station NVHUQWNAEAU

e Handover needed Govn1 handover atda1dRguAliGovn handover

e Frequency planning dovdaassAnUNEG WiKLAQ interference HEDIRIAQUDY
Nnaa



13 sectorized antenna lWoaan1ssUNJU WUVRLSTU 1 cell Wu 3 dou ununo:td
omni-directional antenna dulQeaaHSUNIGNAAULU 1 cell

Figure 2.42
< i N \f /; LN— ‘» y Cellular system with
- /\ - /\ \/f / three cell clusters and

three sectors per cell

Channel allocation schemes n1sJaassA>UA

e Fixed channel allocation (FCA) fix aAxwanGunda: cell

e Borrowing channel allocation (BCA) §iundiuaionn cell dun traffic Upsgutdriou
tstu GSM

o Dynamlc channel allocation (DCA) SaassAnudifucda: cell wuu dynamic
WagulUidosa Ijongdd W6u DECT



Styling HTML with CSS

Inline CSS

| <hl style="color:blue;">This is a Blue Heading</hl>

U attribute ddlQedwWD Ad style
color AD property
blue Ao value



Styling HTML with CSS

Internal CSS
<!DOCTYPE html>
<html>
<head>
<style>
body {background-color: powderblue;} Wid8uld attribute tu tag udd
hi {color: blue;} TUAKUQ property U style unu
p {color: red;} .
</style> Uoq 18 style AuNoKUN TudovlUunna: tag
</head:>
<body>
<h1>This 1s a heading</hl>
<p>*This is a paragraph.</p>
</body>
</html>




Styling HTML with CSS

attribute Ao bgcolor (HTML5 gnlanuad)

E}(terﬂal CSS property Ao background-color
|
zrllg[}{i:f'PE html > body {
<h md} background-color:
ea
<link rel="stylesheet" hret="styles.css"> El {
r _ 1
</head> U@ 135 styles.css AUAVIBUTBA color: blue:
<body> WdovlluA html Aa:Iwa ’
}
¢h1>This is a heading</h1> P 1 . )
color: red;
<p»This is a paragraph.</p> )

</body>
</html>

powderblue;



CSS Fonts

The CSS color property defines the text color to be used.
The CSS font-family property defines the font to be used.

The CSS font-size property defines the text size to be used.

Example

<!DOCTYPE html>

<html>

<head>

<style>

hl {
color: blue;
font-family: verdana;
font-size: 300%;

}

p {
color: red;
font-family: courier;
font-size: 168%;

}

</style>

</head?>



CSS Border

The CSS border property defines a border around an HTML element:

Example

p 1
border: 1px solid powderblue;

Try it Yourself »

The quick brown fox
jumped over the lazy dog.




CSS Padding

The CSS padding property defines a padding (space) between the text and the border:

Example

p{

border: 1px solid powderblue;

padding: 3@px;

Try it Yourself »

The quick brown fox
jumped over the lazy dog.




CSS Margin

The CSS margin property defines a margin (space) outside the border:

Example

p{

border: 1lpx solid powderblue;
margin: 58px;

Try it Yourself »

The quick brown fox
jumped over the lazy dog.




The id Attribute

To define a specific style for one special element, add an id attribute to the element:
| <p 1d="p@1">I am different</p>

then define a style for the element with the specific id:

Example

#po1 {

color: blue;

Try it Yourself »



The class Attribute

To define a style for a special type of elements, add a class attribute to the element:
| <p class="error">I am different</p>

then define a style for the elements with the specific class:

Example

p.error {

color: red;

Try it Yourself »



External References

External style sheets can be referenced with a full URL or with a path relative to the current web page.

This example uses a full URL to link to a style sheet:

Example

| <link rel="stylesheet" href="http://wuw.w3schools.com/html/styles.css">

18 URL 14 ussSu1ondulsdsu
Try it Yourself »



@ CSS Template X

< > C 0O O W& | C/users/chatc/Documents/99%20-%20Temp/Mobi... @ Y (i % e i

Cities

London London
Paris London is the capital city of England. It is the most
Tokyo populous city inthe United Kingdom, with a

metropolitan area of over 13 million inhabitants.
Standing on the River Thames, London has been a
major settlement for two millennia, its history going
back to its founding by the Romans,who named it
Londinium.

<style> tlaoniwa css wWuuvIdaKSauuua (twawqed)

" eimport url (./Blackihite.css) ;

@import url(./Color.css);
*///Z}style>

@ <SS Template X
|

< > C 0O @ Wd| C/Users/chatc/Documents/99%20-%20Temp/Mobi.. @ ¥ (i % e H

import AotlAatuiwa css uud:asvuu
2:15 <link ..> AlAKbpUAU

London London

Paris London is the capital city of England. It is the most <head>»

Tokyo populous city inthe United Kingdom, with a
metropolitan area of over 13 million inhabitants. 3 =" " — " "
Standing on the River Thames, London has been a <11nk FE]' St}l"lEShEEt hFE‘F styles -C55° >
major settlement for two millennia, its history going
back to its founding by the Romans,who named it < -l"" h e Eld by
Londinium.




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58

