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Ti1 gival n TrTapepBoAn

Tautoxpovn UETAdOON TOUAAXIOTOV EVOC aKOUA
NAEKTPONAYVNTIKOU OAUATOC OTNYV id1a N
YEITOVIKN OUXVOTNTO UE TN METAOOON TTOU HAC
EVOIQPEPEI

AvattoQeukTn AOyw EAAEIPNC DIABECIUWY
OUXVOTNTWYV

Aucnon Tou apiBuou Twv AaBwv Kal heiwon TNG
aATTO000NG



HAeKTpOMOAYVNTIKO pACUA
Chart of the Electromagnetic Spoctrum
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Nnyéc NMNapeuBoAwyv

AANO aouUpuaATa CUCTAMOTO

doupvol pikpokupdTwy, Bluetooth,
aouppaTta TNAEQwva, baby monitors

HAEKTPIKEC OUOKEUEC

AAAOI XpNOTEC TOU IDIOU CUCTHMATOC



MNapepBoAn oto WiFI
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'Wifi Analyzer
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MapepPBOAEC ATTO POUPVOUG NIKPOKUMATWYV

mw Microwave Oven Power Leakage
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EKTTOUTTEC aTTO (POUPVOUG
MIKPOKUMATWYV
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AANO OCUPHOATO CUCTAMOTO

4NS yeviag ouoTnuara
ACUPHATEC OUOKEUEC
UE PEYAAN 10XU
Acupuata AiKTua
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HAEKTPIKEG CUOKEUEG

EocwTepIKOU XWPOU:
KivntApeg AVEAKUCTAPWYV
2 UOKEUEC NAEKTPOCOUYKOAANCONC

E€¢wTtepIKOU XWpPOU:
[papuec AEH
HAEKTPIKOG 010NPOOPOUOG
EpyooTtdoia Trapaywyng nA. eVEPYEIQC



MeyaAuTepo TO TTPORANMA 600 HEYOAUTEPN N
Ol1auopPWOoN

e QPSK (Quadrature Phase Shift Keying) = 4 phase shifts, 1
amplitude level, 2 bits/symbol

e 16-QAM = 4 phase shifts, 4 amplitude levels, 4 bits/symbol
e 64-QAM = 4 phase shifts, 16 amplitude levels, 6 bits/symbol
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Alapopoowuévo onpa 16-QAM

Waveform of the received signal after modulation using first 16-QA M.
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OyXpOoVva CUCTAMNATA PTAVOUV MEXPI KO

Ta o
256-QAM

4 phase shifts, 64 amplitude levels, 8 bits/symbol




MapeuBOAEC ATTO AAAEC
OUOKEUEG TOU I0I0U CUOTAMATOG

Co-channel interference (2uykavaAikr TTapePBoAN)

2NUATa OTTO KUWEAEG TTOU XPNGIKOTTOIOUV TIG iOIEG
OUXVOTNTEC TTPOKAAOUV OUYKAVOAIKN TTAPEUBOAN

YTTapxel HETACU oTaOuwWY BAcng aAAd Kal KivnTwy
TEPUATIKWV.

Adjacent channel interference (INapeuBoAn
YEITOVIKOU KaVaAIoU)

2NUATA OTTO YEITOVIKEG KUWEAEG KAl YEITOVIKEG OUXVOTNTEG
TTPOKAAOUV TETOIOU €idOUG TTAPEMNBOAN.

EAatTwveTal e TN Xprion QiATpwyv

Intermodulation Interference (INapguBoAn
evVOODIAUOPPWONC)



Code Division Multiple Access (CDMA)
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Code Division Multiple Access (CDMA)
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2UYKOVOAIKN TTOPEMBOAN

H ouykavaAikn TrapeppoAn (Co-channel Interference) TpokUTITEl
OTaV OUO TTOUTTOOEKTEG AEITOUPYOUV OTIC iDIEG OUXVOTNTEG.

To dikTuo TTPOPRAETTEI OTI O1I DUO QUTOI TTOPTTOOEKTEC Ba BpioKovTal O€
MIa JEyaAn atroéoTaon d TTou ovopadeTal atréoTaoN
gTavaxpnoiuotroinong (Reuse distance)

2.€ EVA KUPEAWTO oUOTNNa PE opdada etTavaxpnaoiyotroinong K=7 Ba
EXOUME 6 TTapeUPOAEIC TTpwTOoU TTITTEOOU (15t tier)

2.TO PAIVOUEVO CUMMETEXOUV KAl TTIO ATTOUOKPUOMEVO! TTOUTTODEKTEC
(2nd tier, 3" tier) n oCUVIOTWOO TWV OTTOIWY OPWCS BewpeiTal apeAnTéa.






2UYKOVOAIKN TTOPEMBOAN

Self-interference =+ » » @

Desired FD Link: Frequency (Fl) ey
Desired Link: Frequency (F2) =i

Inter-cell CCl at SBS  ww we v

Inter-tier/cell CCl at DL USErs o= == ==



Near — Far @aIvOuEVO

O1 dUO TTOUTTOOEKTEG
BpiokovTal 0€ KOVTIVA
ATTO0TAON KAl HOKPIA aTTO
TOUG OTOBOPOUC BAong

‘Evrovo TTpOBANua 6Tav €Xxouv
TNV idla ouxvoTnTa

Access Point A Sigign B d2
2.TIC K’IVF]Tég £:ITIKOIV(UVI'£§ Ol a1 3 o
OUXVOTNTEG €ival
OIAPOPETIKEG, AAAG Station A

ETTAVAXPNOCIYOTTOIOUVTAl.



Near — Far evrovotepo oto CDMA

Near-far problem
COMA
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AvTIMETWTTICETAI JE EAEYXO I0XUOC WOTE N AapBavopevn I0XUG
TwV OUO ONUATWY va gival TTapaTTAnoia



2UYKAVOAIKK TTapEMBOAN

ATTOOKPUOHEVO KEAi TTOU
XPnoipoTrolEi TNV idia guxvoTnTa
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MNapeuBoAn NeITovikou KavaAiou

H tTapepBoAn yeirovikou kavaAiou (Adjacent channel
Interference) TTPOKUTITEI OTAV OUO TTOUTTOOEKTEC TTOU
AEITOUPYOUV OE YEITOVIKEGC OUXVOTNTEC
aAAnAogtTnpeadovTtal AOyw un 1I0AVIKNC EKTTOUTING.

To QiKTUO TTPOOTATEUETAI ATTO AUTOU TOU €i00OUG TNV
TTAapeUPOARN UE TN XPAON AUCTNPWY PIATPWV



MapeuBoAn MNEIToviIKoU KavaAiou

Channel 1 Channel 2

Center Center
Frequency 1 Frequency 2

—




MapeuBoAn MNeITovikou KavaAiou

Response

Signal on adjacent
channel

Signal on adjacent
channel

Desired Signal

Interference

N

Desired Signal




DiATpa

e 2TOUC oTaBpoUC Baong
xpnoiuonoiouvtal QiATpa pe
auoTnPN CUKNEPIPOPA YIa
KAGBE ouyXvOTNTA EKMOUMNC

e >TA KIVNTA
xpnoiponolouvTal SAW
(Surface Acoustic Wave)
QPIATPa




NMNapeuoAn Evoodiauopewong

H 1rapepfSoAn evoodiapopewong (Intermodulation Interference)
TTPOKUTITEI OTAV OUO ONUATA DIAPOPETIKAG CUXVOTNTAG DIOTTEPVOUV
MIO N YPAUUIKA OIATOEN OTTOTE KAl TIPOKUTITOUV TTAPAYWYEG
OUXVOTNTEG TTOU TUXOV Va €ival onuata TTopeUBoANG yia katola GAAN
ETTIKOIVWVIQ.

To QiKTUO TTPOCTATEUETAI ATTO AUTOU TOU €i0OUC TNV TTAPEPBOAN HE
N XPNon auoTnpwy QIATPWY OTOV TTOUTTO.
[TpoidvTa evOodIauOPPWONG UTTOPEI VO ENPAVIOTOUV KAl OTOV OEKTN

KABWG O€ £va TNAETTIKOIVWVIOKO oUCTNMA, MN YPAUMIKOTNTEG UTTOPEI
vVa EUPAVICTOUV Kal OTTO JIa YuxXpr] KOAANon,.

How does Intermodulation distortion occur




AVTIMETWTTION TTAPEUROAWY

AdEI000TNON

[ToWTOKOAAQ TTOAAQTTANG UETADOONC
‘EAeyx0C 10XUOC HETAdOONCG

DiATpa

ATTO0TAON ETTAVAXPNOCIMOTIOINCNG CUXVOTATWY



MpwTOKOAAQ TTOAAATTANG TTPOORAONG

frequency frequency frequency

‘ : time
FDMA ime T TOMA time ~ cpma



Frequency Division Multiplexing (FDM)

» Separation of the whole spectrum into smaller frequency bands

» A channel gets a certain band of the spectrum for the whole time
Advantages:

» no dynamic coordination
necessary

» works also for analog signals

» cheaper j ' ' ’ '
» Disadvantages: 5 Ka|) | Ks

» waste of bandwidth
if the traffic is
distributed unevenly

» inflexible




Frequency Division Multiplexing (FDM)

Channel 2

—H—

Input
lines

c =<

Output
lines

D
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Time Division Multiplexing (TDM)

A channel gets the whole spectrum for a certain amount of time

Advantages:

only one carrier in the
medium at any time

throughput high - supports bursts
flexible — multiple slots

Disadvantages: ' ’ '
Precise synchronization Ky ' Ky ) | Ks

necessary
high bit rates C
at each
Tx/RX

-



Hybrid TDM/FDM

» Combination of both methods
» A channel gets a certain frequency band for a certain amount of time
(slot).
» Advantages:
»~ better protection against

interference and tapping j ' ' ’ '
» Disadvantages: Ky Ka|) | Ks

»~ Better synchronization required
» More expensive

\f—l-



Sub Channels Logical Number

FDM/TDM structure in 4G
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OFDM: Orthogonal Frequency Division Multiplexing

Channel

Divides spectrum into ———
many small, partially
overlapping subcarriers

Subcarrier frequencies JMMM—L—»

f1 fz fa Frequency

“‘orthogonal” to each other (a Normal frequency division multiplexing

Traditional FDM does not et
allow overlapping

—

Specirum saved

Frequency

(b) OFDM
36



OFDM: Orthogonal Frequency Division Multiplexing

Guard Band Suo(ame«}\
\ \ \ Frequency
: Division
CALLA T \ <> : - ) Multiplexing
' ' Frequency

Channel

>
L

Bandwidth

OFDM

(8) Spectrum for FDM signal

Amplitude

Frequency

Amplitude




OFDM: Orthogonal Frequency Division Multiplexing

Amplitude (volts)

< e >
< 1/(2f;) >

Period =T= 1/f,

(a) Three subcarriers in time domain

S

(c) Three carriers using traditional FDM


http://goo.gl/79G5QX

OFDM: Orthogonal Frequency Division Multiplexing

Orthogonally spaced overlapping subcarriers

Subcarrier Peaks___ /\

Sinc function
side lobes

N

* Closely spaced subcarriers overlap

* Mote that subcarrier nulls correspond
to peaks of adjacent subcarriers for
Zero Inter-Carrier-Interference.

Frequency

AN

subcarrier Mulls

OFDM Signal Frequency Spectra
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