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IoTopIkO

= 1970: MavemoTnuio Xapanc = ALOHAnet

= TO NpWTO ACUPUATO BIKTUO ENIKOIVWVIAC
unoAoyioTwV (Kal To NpwTOo OIKTUO PETAYWYNG
NakeTwv!)
= 1979: EpeuvnTIKEC NPOONABEIEC YIa Xpnon
spread spectrum yia dnuioupyia acupuaTwv
TOMKWV OIKTUWV.

= 1991: Anpioupyia IEEE 802.11 working group
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AvaykaioTnTa

= ZNTNON YIa Jeyaio eupoc wvng
= AMNO KIVOUPEVOUC XPNOTEC

= OE PEPN XWPIC KaAwdlakn unodoun OIKTUOU
UNOAOYIOTWV
= OMNITI
= Unaiépiol xwpol
= YPAPEIO
= XWPOI avayuyxnc, E0TIATOPIA, KAPETEPIEC
= aEPOOPONIA, OTABUOI AEWPOpPEIWY, TPAIVWV
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>UYKpPION ME aA\a aoupuarta
‘ OUOTNUATA NPOCRAoNG

S02.11ac
802.11ad
802.11n

High BW

Medium BW

Low BW

Short Range Medium Range Long Range
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KaTtnyoplec

= Baoi{opeva og oTabepr unodopn
(infrastructure-based)

= Anuioupyoupeva kaTta nepintwon (ad-
hoc)

s MIKTG
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Infrastructure-based

= H diIkTUGKn NpocBaon napexeral ano
unodoun oTabepou OIKTUO
= O O'raeuoq Baonc (access point) gival

unsueuvoq V14 TIC KPIOILUOTEPEC
OIKTUAKEC AEITOUPYIEC.
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= O1 aoUppaTol KOPPBoI auTo-opyavwvovTal o€
OIKTUO

= Aev unapyouv €€ apxnc pubUIOTEC TOU
dIkTUOU (Nn.X. access points). AuToi unopei va
ekAeyouv/dnuioupynBouv oTnv NOpEid.
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MIKTG

= H apxITekTovikn Tou Tonikou OIKTUOU
napexel Tn OuvaToTNTA va AEITOUPYEI TO
OIKTUO
= UOVO O€ KaTaoTaon oTtabepnc unodounc
= HOVO O€ kaTtaoTaon ad-hoc
= Kal OoTIC OUO KATACTACEIC

= MNapadeiypa: oikoyevela npotunwyv IEEE
802.11

>apavtng MaokaAng 8




Mn adglodoTnUEVO (paAcua

Electromagnetic Spectrum

Detailed Plat (S0MHz-6.4GHz)
S0MHz
MRadw.
— 1008Hz
— J00MHz
Pocket Wizard
A0 Hz MESFRS JHE Telewdl 1 .3.“-"""" — Tam
& |
BO0MH2 4 GEM/CDMA B50/900 o
o e e, GPSL2 GPSLY
! 1 XMy
: 157 58hr ] H
GGHZ . f:“ffﬂﬂ-ﬂ Iﬂﬂﬂﬂ‘ﬂ.m B02.11b/g & Blwetooth m— e
T2F0Mh i L P FEE TR 3. 2GHz
BO3.11a/1-5 802.11a (%12
SABOMHE STI0MHE STASMU 6AGHz

= Ta acupuara Tonika dikTua AEIToupyouv o€
NEPIOXEC UN adEI0dOTNUEVOU (pACHATOC
= 2,45 GHz (ISM band 2400-2500 MHz)
= 5GHz (diapopec ava xwpa/nNneipo)
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Mn adeslodoTnuevo pacua 5 GHz

5150 | 5.250 !
Japan !

\

5.150 . 5350 5725 5.825

USA

Indoor 250mW | Outdoor | WEIRP | Outdoor 4 W EIRP‘

5.150 | ‘ | 5.350 § 5.4701 i . b.725
Europe : :

Indoor 200 MW EIRP ' Outdoor tW EIRP

\ 4

5.100 5.200 | 5.300 5400 5500 5.600 5.70p 5.800 5.900

DFS & TPC required in
Europe
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[poTuna

Global Wireless Standards

WAN
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TonoAoyiec - IBSS

= Independent Basic Service Set
= Ad-hoc mode
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TonoAoyiec - BSS

Distribution System

s Infrastructure Basic Service Set
s Infrastructure mode

= 'OAa Ta TEPUATIKA ENIKOIVWVOUV HE TO
oTabuo Paonc (access point)
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TonoAoyiec - ESS

Distribution System

s Extended Service Set

= O1 oTaBpoi Baonc enikoivwvouv PETAEU TouC
yia va €EUNNPETNOOUV KIVOUUEVA TEPUATIKA

s To ESS «kpUBEI» TNV KIVNTIKOTNTA Ano
OIKTUAKEC OUOKEUEC eKTOC ESS
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802.11 PHY

= 2,4 &5 GHz
= Baseband IR, 1 & 2 Mbps, 16-PPM & 4-PPM

u 2,4 GH
u 2,4 GH

u 2,4 GH

Z
Z
Z

-requency Hoping Spread Spectrum
Direct Sequence Spread Spectrum

High Rate DSSS (802.11b)

= 5 GHz OFDM (802.11a)

>apavTng NMaokaAng 15




Frequency Hopping Spread Spectrum

f3
f4
f3IFREQUENCY

f2

f1

1 . I 4 3 & 7 a8 9 11 12
TIME

= Zwvn €upouc 83,5 MHz
= Xwpiletal o€ 75 kavahia < 1 MHz

= O1 nopynodektec aAalouv kavaAl opadika We
WeudOTUXAIo TPOMO

s Ioyxuc @IATpaperal o —20db otnv akpn {wvng
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Direct Sequense Spread Spectrum

RF Energy is Spread by XOR of Data with PRN Sequence

[+ 1%  pata
&« ot pencars] |

04
11 Bit Barker Code {(PRN*) o Out ]
101101110007 EI 10111000 i L

PUTLITTLE UL F‘— tetips—ie— 11—

}"_1'-:1!::5—3"2 { PRN

* PEN: Pseudorandom Humber

Signal
m Spectrum

o B

- - -

I -

e
E

Transmitter baseband signal before spreading  Receiver baseband signal before matched filter {Correlator]

Transmitter baseband signal after spreading Receiver baseband signal after matched filter [De-spread)
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DSSS kal kavaAia

Transmil

T Urfiiterzd
Efai?rm 0 a8t Sl
\ .30 d /,-
IF -50 &5r
%22 MHz  fo-11 MKz = o111 MHZ  fo+22 MNZ
Canns LS ETSE Jupan
1 2412 MHz 244 Mz m
ki 1T MHz M Mz A
3 22 MHz 22 Mk N/A
q 27 MHz T Mz N/
5 2432 Mz 23 M m
g 37 MHz 3 Mz m
] 2443 MHz 204 Mz S/A
§ 2447 Mz 2447 Mz m
5 2452 MHz 5 Mz N/
10 57 Mz 245! M m
1 B2 MHz HE Mz N/
12 NIl HE M A
13 N 4% Mt m
;L | M S a4 MHz
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OFDM PHY

= Data rates: 6, 12, 18, 24, 36, 48, 54Mbps
s 48 sub-carriers

s Sub-carrier modulation: BPSK, QPSK,
16QAM, 64QAM

= Bit interleaved convolutional coding, K=7,
R=1/2, 2/3, 3/4

= OFDM frame duration: 4us guard interval:
0.8ms

= 18MHz channel spacing, 9-10 channels in
200MHz bandwidth
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IEEE 802.11g

= YNOXPEWTIKA:
= CCK pe npoloyo (802.11b)
= OFDM ota (802.11a ota 2,4 GHz)
= [poalpeTIKa:
=« PBCC (Texas Instruments, 22 Mbps)
= CCK-OFDM (Intersil, 54 Mbps)

~ ra Range vs. throughput rate
; ey comparison of
. B CCK (802_11b)
' |
£ duvemenenerns, | - Ly W PBCC,
Ee o TERRRE N m CCK-OFDM
W\. (Batra, Shoemake;
‘ o Texas Instruments;
] - T N ‘._‘::"3 3 Doc: 11-01-286r2)
»/7;5* 1 v
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802.11h

= Alaxeipion pAcuaToc Kal 1I0XUoC EKMOUNNG
= [TPC (Transmission Power Control)
= Ynootnpilel peiwon napePBoAwy, Heiwon KaTavaAwong
EVEPYEIAC, EAEYXO KAAUWNG kal eupwaTia (eUENC
= O1 oTaBpoi Baonc opifouv kar aAAnAosvnuepwvovTal yid
TOUC NEPIOPIOHOUC I0XUOC (TOMIKOUC Kal KaVOVIOTIKOUG)
= O1 oTaBpoi emAEyouv TN BEATIOTN I0XU EKMOUMNNC Via KABE
nAQioclo CUPPWVA PE TOUC NEPIOPIOHOUC
= DFS (Dynamic Frequency Selection)
= O1 oTaBpoi Baonc eniAeyouv
= Ta TEPUATIKA NAPEXOUV aVAPOPEC
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802.11 MAC

Baoika xapakTnpioTIKG

= Distributed Coordination Function (DCF)
CSMA/CA

Xpnoiponoiei Clear Channel Assessment (CCA) anod To (puaoIko
eninedo yia Carrier Sense

= AvTipeTwnilel NapePBOAEC
CSMA/CA + ACK yia unicast
CSMA vyia broadcast

= [apapeTrponoinoiun xprnon RTS/CTS yia npooTtacia ano 1o
NPOBANMA «KPUPHEVWV TEPHATIKWV

= [MepIAauBavel kKaTaTPnNon yia va AEIToUupyei Je d1apopeTIKA
(PUOIKA €nineda

= Point Coordination Function (PCF)
= O oTaBpoc Baonc cuvTtovilel Ta TEPUATIKA
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802.11 Multiple Access

= AnoPuyr CuykpoUuoewVv: >2 KOPPBoI peTadidouv TauToxpova

= 802.11: CSMA - sense before transmitting
= ano@uyrn ouykpouonc UE TEPUATIKO Nou PETAdIOE

= 802.11: no collision detection!

= OUOKOAO va avTIANgOEi ocuykpoUaEIC kaTa Tn PeTadoon, eEaiTiac
aduvapwv onUaTwy
= OtV |..II'IOp€I va GVTl)\n(pesl ouprouoslq 0€ OAEC TIC NEPINTWOEIC
(KPUMMEVO TEPUATIKO, €€acBevnon)
= OTOXOC: anopuyn ouykpouoewv: CSMA/C(ollision)A(voidance)
@0 @2 @2
P e

—

@ ' \
A’s signal
B strength \

space
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802.11 CSMA/CA

802.11 sender

1 if sense channel idle for DIFS then
transmit entire frame (no CD)

2 if sense channel busy then DIFS{
start random backoff time
timer counts down while channel idle
transmit when timer expires

if no ACK, increase random backoff interval,
repeat 2

802.11 receiver

- if frame received OK

return ACK after SIFS (ACK needed due to hidden
terminal problem)

sender receiver

}stFs
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RTS-CTS

€D & ) €2
\
& AAr B
B
RTS(4) RTS(B)
reservation collision
RTS(A)
CTS(A) CTS(A) R
DATA (A) def
efer
time,
ACK(A) — ACK(A) |
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Point Coordination Function (PCF)

CFP repetition interval | -
Contention Free Period

ontention Pering

Access
Point |

Stations

= [apexeral Xpovikn nepiodoC XwpIic avTaywvioHo Kal XPOVIKI)
nepiodoC UE AVTAywWVIOUO Uno Tov EAeyX0 Tou oTabuou Baonc

= O oTaBuoc Baonc pwTAEl TA TEPUATIKA KATA TN JIAPKEIA TNC
NePIOOOU XWPIC avTaywviouo

= To NAV (Network Allocation Vector) napangunel Tnv Kivnon uno
aVTAywVIOUO OTO TEAOC

= O1 PCF kai DCF napangpnouv n pia otnv aAAn
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Mop®n nAaiciou

= 802.11 MAC Head =
Bytes: : W eader

2 2 & 6 ¥ 2 & 0-2312 4

Frame [Duration| aqqr 1 |Addr2 |Addr3 | Sequenceladgr4 | Frame | cpe
Control D Control Body

Bits: 2 2 4 1 1 1 1 1 1 1 1

Protocol FJo o From More Pwr More
Type SubType Reir WEPFP | Rswvd
Version P P 08 1 D8 Frag y Mot Data

= [MAaioia eAeyyou
= [MAaioia diaxeipionc
= [MAaioia dedopevwv
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‘ Oikoyevelia 802.11

WiFi Mix )
2000 2015 2020

UHF/VHF

(Whitespace)

MU-MIMO

915Mhz
ax

SISO MIMOC
2.4GHz
54 Mbps 600 Mbps 10 Ghps
MIMO VIIMC U-M T
5GHZ aAC (wave 1) QC (wave 2)
600 Mhps 1.3 Gbps 3.5 - 7 Gbhps

60GHz
(mmWave)
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Oikoyeveia 802.11

60 GHz

6 GHz

L 8
160 MHz channels enable
next-level user experiences

For extremely high definition or
virtual reality applications

5 GHz

Great for daily use and functionality;
supports multiple users

2.4 and 5 GHz

High capacity and speed for most
advanced applications

2.4and 5 GHz

Good coverage for every day, light
bandwidth connectivity needs

Sub-1 GHz

L &
Best for [oT; long range, low power

connectivity, penetration through walls
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802.11n — WiFi 4 (2009)

= Mexpr 600 Mbps, 2.4/5 GHz.
= Xpnon noAAanAwv kepaiwv (MIMO)
= HEXPI 4 OIAPOPETIKEC POEC OEOOUEVWV

= pEXp! 150 Mbps ava pon
= HEXP! 600 Mbps n peyioTn anodoon

= Kavahia 40 MHz
= WC 4 OIAPOPETIKEC POEC OEDOUEVWV
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802.11ac — WiFi 5 (2014)

= Up to 6.9 Gbps, 5 GHz only, common in
modern devices.

= wider channels (80 or even 160 MHz)
= Up to 8 MIMO streams

= Downlink Multi User MIMO

= Better modulation scheme
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802.11ax — WiFi 6 (2019)

= Up to 9.6 Gbps, 2.4/5/6 GHz, improved
efficiency in crowded areas

= Operation in all ISM bands

= OFDMA

= Multi user MIMO (downlink + uplink)
= Spatial frequency reuse

= 2 NAVs
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802.11be — WiFi 7 (2024)

= Up to 46 Gbps, 2.4/5/6 GHz, designed for 8K
video and VR.

4K-QAM
Channels 320MHz wide
Multi-Link Operation

16 spatial streams and Multiﬁle Input Multiple
Output (MIMO) protocols enhancements

Flexible Channel Utilization
= Multiple Resource Units
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c02.11bn — Wikl o (In
progress)
= Focus on Ultra-High-Reliability
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TeAoc

= EpwTnosic ;
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