EpyaoTnpio HaOAuaTOC

» MéEpocg Tou BaBuou (30%) Ba TTpoKUWEl ATTO Hia ATOMIKN
epyaaoia

» H epyaoia Ba mrpETTel va gival uttd pop@n TTapouaciaong
diapkelac 15 Aetrtwyv (d1a@aveiec Kal Bivreo).

» EmmAoyn ammd Aiota BepdTwy ) kKai TTpoTtaocn aTtrd To
@oITNTH.

» To TTANB0C TWV dlaPavEIWY aPVETAl OTNV Kpion KABe
@oITNTN, apKei N dIAPKEIQ TNG TTapouUCiaong va pnv
utTEPPBaivel TO dIaBEaIUO 1DAETTTO.

» OAec ol epyaoieg Ba mrpétrel va uttoAnBouv yéow Tou
eclass €wg TEAOC lavouapiou.



1. Katnyoplomoinon acUppatwy SLKTUWV BACEL TNG TIEpLOXNG kaAuyng (Body Area
Network, Personal Area Network, Local Area Network, KTA.): TUTIOL SIKTUWV, TIPOKANOELG
OTNV UAOTIOLNOT) TOUG KAl TEXVOAOYLEG

2. MgBobol MoAAamAng MNpooBaong (Multiple Access) oe acUppata Slktua, YE Egpacn o€
Siktua 516 yeviag

3. MgBobol cupTtieong yla amootoAr) §edopevwy TTAvw amo acuppata Siktua
4. A\yopLBpoL evtoTilopou B€ong o€ acuppata Kwnta diktua

5. Evepyntikeg emBeoelg og acupuata Slktua: N eplmtwaon tTng ekovoLag TapePBOANG
(jamming) kal pEBOSOL AVTLUETWTILONG TNG

6. MaBntikeg emBeoeLg o€ acUppata siktua: n TepiMTwon tng AaBpakpoaong
(eavesdropping) kat peBoSoL AVTLUETWTILONG TNG

7. Nowotnta unnpeotag (Quality of Service (QoS)) kat tototnTag epmelpiag (Quality of
Experience (QoE)) og diktua 516 yeviag

8. Atktua IEEE 802.11 (Wi-Fi): pla emokominon otnv 61 yevia Wi-Fi (Wi-Fi 6) kaL otnv
7" yevia (Wi-Fi 7)

9. O pOAOG TWV S0PUPOPLKWV ETILKOLVWVLWVY oTa SlKtua 51¢ kat 61¢ yevidg

10. Atadiktuo twv Mpaypdtwy (Internet of Things (10T)) o€ un A8€LOSOTNUEVEC PUTTAVTEC
OUXVOTNTWV: TEXVOAOYLEG KAl EPAPUOYES



11. Emkowvwvieg Eyyuc Mediou (Near Field Communication (NFC)): TL elval, TtoLeg ot
TEXVOAOYLEC KaL TIOLEC OL TIPOKANCELC;

12. ETILOKOTINON TWV ETILKOWVWVLWVY Oxnuatoc-mipoc-OAa (Vehicle-to-Everything (V2X))

13. MPOKANOCELG 0TNV UAOTIOINCN ETILKOWVWVLWY Mn-emtavépwpevwy Evagplwyv Oxnuatwy
(Unattended Aerial Vehicle (UAV)) mavw amo KUPeAwTA Siktua

14. NMPOKANOCELC oTNV UAOTIOLNON @appoywyv EmavEnuevng Mpaypatikotntag
(Augmented Reality (AR)), Etkoviknc Mpaypatikotntag (Virtual Reality (VR)) kat Miktng
Mpaypatikotntag (Mixed Reality (MR)) mavw amo Siktua 576 yeviag

15. Mop@otoinon aktwvwv (Beamforming): Tt elval kat TtoLa TIAEOVEKTAATA TIPOCPEPEL;

16. Yrtootnptén acuppatwy SIKTUWV amo uttnpeciec YmoAoyLlotikng Negpouc (Cloud
Computing)

17. AvappuBuilopeveg Eupueic Emupaveleg (Reconfigurable Intelligent Surfaces (RIS)): T
elvat, TTwg VAOTIOLOUVTAL KAL TIOLA TIAEOVEKTIUATA TIPOCPEPOLV;

18. Xprjon acuppatwy emKkowwviwy otn Biopynyxavia 4.0 (Industry 4.0) kaL iepa amo
autn (Bropnxavia 5.0 (Industry 5.0))

19. Wneakol Atdupol (Digital Twins (DTs)): Tt elvat, Tiwg uAoTIoLOUVTAL KAt TL poAo Ba
Sltadpapaticouv ta diktua 57 kal 6NS yeviag otnv Tpayuatoroincn Ttoug;

20. Atavopun KBavtikwv KAelstwv (Quantum Key Distribution (QKD)): Tt elval kat tota n
£(appoyr tng ota Siktua 516 kat 61 yevlag;



The IEEE 802.11
family of standards
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» loyuel Tavra SIFS<DIFS

» [loAu onuavTtiki N evnuépwon Twv NAVs (Network Allocation Vectors) pe 1n xprion
Twv RTS/CTS/data MPDUS yia Tnv epapuoyr power saving unNxXaviopdwy Kal TV
QATTOPUYI OUYKPOUOEWV



MNapadeiypa Meradooncg pe DCF

S S S
) ] random I I I new random
station 1 nav backoff FlcTs F|ACK FIACK|  backoff
reset (7 slots) S S S (10 slots)
- D S S D
station 2 nav : RTS ||  DATA || DATA | station defers
reset r F F F
_ S S s . S
. random remaining I
station 3 nav back-off backoff FleTs
reset (9 slots) (2 slots) S
station 4 NAV D station defers, but keeps backoff counter (=2) D —
reset II: station sets NAV upon receiving RTS Fl__
|S S S
station 5 F |ACK station sets NAV upon receiving RTS
S
station 6 station sets MAV upon receiving CTS,
DATA this station is hidden to station 2 . >
time

To CW dirAacialetal Jeta atrd KABe cuykpouon

* Initial CW -> 3 (Tinég backoff 0-3)

« CW after Collision 1 > 7 (mipég backoff 0-7)

* CW after Collision 2 - 15 (TIuég
* CW after Collision 3 2> 31 (TIuéG
* CW after Collision 4 - 63 (TIuEG

backoff 0-15)
backoff 0-31)
backoff 0-63)




Baoika Meiovektipata DCF

» ATTPOBAETITOC APIBUOC OUYKPOUTEWY

» ATTPOBAETITEC KOBUOTEPNOTEIC ETTITUXOUC METAOOONG
» ATTPOBAETITN puBpatrodoaon (throughput)

» Mn eAeyxopevn €1mIAoyn oTaBuoU TTPOG METADOON

Kal Eva TTAEOVEKTNMA:

» XAauNAn kaBuoTtépnon NETAdOONC KAl KAAN
aATTO000N O€ XAUNAO POPTO



Point Coordination Function (l)

v Evepyotroigital atrd 10 AP O110TE QUTO KPiVEl OTI TTPETTEI va
TTEPAOEI
o€ contention-free period (11.x. étav diakpivel JEyaAo apiOuod
OUYKPOUOEWV)
v [evikd@, 6tav n kivnan eival xapnAn cupgépel 1o DCF, evw
otav gival upnAn cupépel To PCF
v' Zg auth Tn Asitoupyia to AP ovopddletan kai Point Coordinator
v ‘Exel rpotepaidTnTa o€ axéan ue tnv DCF yiaTi evepyoTrolgital
META ATTO aveVEPYO Xpovo PIFS<DIFS



Point Coordination Function (ll)

al Contention free period -
SIFS SlFS SlkS PIFS SlkS
—l o —el [ —= —e cp
| H D1-+Pall 2+ ALK -+ Poll D3+ ACK+Poll D4 +Poll CF-End
L1 +ACK L2+ ACK 4= ACK

o — - — - —

PIFS SIFS SIFS SIFS
MNAY

Synchronization beacon

Variable duration of
Contention Free Period



Point Coordination Function (llI)

If a Station wants to transmit to another station during a
CFP (contention-free period)

- CFP repetition interval -
-t Contention free period -
SIFS PIFS SIFS : ,
«— Contention period —m
— - —- - — -—
‘ B D1 +Poll D2 +Poll CF-End
J Statosta| | ACK || U2+ACK
— — = e e, o
PIFS SIFS SIFS SIFS
NAV

® When itis time to transmit, a STA ¢chooses to transmit to aniother STA in the same BSS
©  When the other STA receives data, replies with DCF Ack to the first STA

¢ AP waits for time equal to PIFS before continuing to the next STA (why?)



Baoika peiovektnuarta tou PCF, 6oov
apopd 10 Q0S

v'Ta TepPATIKA Oev £XOUV TPOTTO VA YETABWOOUV TIC ATTAITACEIC TOUC
oT1o AP

v'To AP dev €xel TpOTTO va dlakowel pia petddoon oe e€ENIEN yia va
OTEIAElI TO synchronization beacon *

v To Poll dev kaBopilel xpovo yia Tov oTToio diveTal TO KAVAAI PE
QATTOTEAEOUA €vAC OTABUOC VA PTTOPEI va TO KPATHOEI 000 £XEl DEdOUEVA
TTPOG¢ pJeTadoan *

* Maximum packet (MPDU) allowed 4095 bytes = 32760 bits = 32,76
msec (yia kavaAl 1Mbps)



Inter-Frame Spaces

(s v oo o~ DIFS DIFS DIFS - 34 usec
= o
PIFS - 25 usec
NapdBupo Tuykpoloewy SIFS - 16 usec
g

PIFS f
ATTOTY O MEVD ManiA Emouevo Nigioo
DIFS METD AvaBoc
2IF2 /Awrllrrrrﬁﬁnrnw
>

L Hpdvog BupiGog

ETnhoy Bupidos KTl eAGTTman

o ETTOvOETa0a0swWy Y10 000 ¥p0vo 10

MEOD ivOl ovevEpyo

4 AyTROAR NpooTTEATTNG >

* Inter frame spacing required for MAC protocol traffic
— SIFS = Short interframe space
— PIFS = PCF interframe space
— DIFS = DCF interframe space
« Back-off timer expressed in terms of number of time slots



AcpaAeia oto 802.11

Ort10U aTraitTeital KPUTTTOYPAPNON Kal TTiIoToTToinon 3
TTapAayovTeg AaupBavovtal uttown

- Ol AVAYKEC TOU XPNOTN YIQ ACPAAEIQ KOl TTOOO AUTEC
0a kooTioouv

- N EUKOAIO OTN XpPNon Tou pnxaviouou

- Ol KUPBEPVNTIKOI TTEPIOPICUOI OTIC UEBODOUC
KPUTITOYPA®PNONG, EI0IKA OO0V aPOopa TNV £Caywyrn TOUg



AcpaAeia oto 802.11

Ort10U aTraitTeital KPUTTTOYPAPNON Kal TTiIoToTToinon 3
TTapAayovTeg AaupBavovtal uttown

- Ol AVAYKEC TOU XPNOTN YIQ ACPAAEIQ KOl TTOOO AUTEC
0a kooTioouv

- N EUKOAIO OTN XpPNon Tou pnxaviouou

- Ol KUPBEPVNTIKOI TTEPIOPICUOI OTIC UEBODOUC
KPUTITOYPA®PNONG, EI0IKA OO0V aPOopa TNV £Caywyrn TOUg



Wired Equivalent Privacy (WEP) Protocol

*2 XETIKA ATTOQOTIKO, O OXEON UE TO KOOTOC KAl TIC
QAVAYKEC TTOU KAAUTTTE

*«AuTo-oUyXpPOoVI(OUEVOY (OTABPOI PTTaIVOUV Kal
Byaivouv gUKoAQ)

« XAUNAWYV UTTOAOYIOTIKWYV AVAYKWV
[1poaipeTIKO OTNV UAOTTOINON

[lepiAauBavel duo diIadikaaoieg (KPUTTTOYpPAPNON Kal
MoTOoTToINCN)

KpuTtrtoypda@naon Kail TToToTroinon yivovral Jue Tov idlo
TPOTTO Kal TO id10 KAEIDI (OTTOI0C KAEWEI TO KAEIDI UTTOPEI
va KAVEl Ta TTavTQ)



Kputrtroypagnon (Encryption)

*YAotrolgital JE Eva KpuPO KAEIDi urkoucg 40 bits
ATTOONKEUPEVO POVIUA OTOUC OTABUOUC

*To KA€I1Qi aQuTO TTEPVA ATTO MIA YEVVATPIA YIA va
TTapaxOei yia akoAoubia XapakThpwyv Baciopévn oTo
KoUQPO KAEIDI

*H akoAouBia kal Ta dedouéva TPoPOodOTOUV HId
ouvaptnon XOR

*To atrotéAeopa Tpo@odoTEiTal yia HETAdOON



MNapadeiypa Kputrroypa@nong

"Eotm 611 T0 610016 2 (00000010) givon To KAEWDTL KPVTTOYPAPN GG,
Iepvaer omé puo XOR pe 1o keipevo mov OELovne vo HETO.OMGOVLE.
I'a T0o mapaostypnd pog to keipevo sivor 1o “HI”

H ]
01001000 01001001

XOR 00000010 00000010
01001010 01001011 Kpurtoypagnuévo keipevo

Otav Aappavetor 1o KporToypaPNUEVO Keipnevo tepva wair amo pua XOR
Me 10 1610 KAEWOL Y10 VO avOKTNOEL TO OPYIKO KEINEVO.

01001010 01001011 Kpuvntoypagnpévo keipevo
XOR 00000010 00O0OOQGOO1O0
01001000 01001001
H ]



MoTtotroinon (Authentication)

«XPNOIYOTTOIET TO D10 KPUPO KAEIDI PE TNV KpuTTTOYpAPpnon (6XI Kal TOoO KAAd
atrd AtToYwn acPAAEIag)

Station Access Point

Authentication

”
W

Challenge Response (Encrypted

Confirm

Success




Shared Key Authentication



Shared Key Authentication

[T — T



Shared Key Authentication

[T — T
+  Challenge Text




Shared Key Authentication

[T — T
+  Challenge Text

WEP Encryption of
Challenge Text



Shared Key Authentication

Node s pendl Access Point
WEP Encryption of
Challenge Text | CNCNSICHECRIS -




Shared Key Authentication

Node sam  geadl Access Point
WEP Encryption of
Challenge Text - |ENMEINSSEENESNSNESNE . WEP Decryption of

Encrypted Challenge
Text




Shared Key Authentication

WEP Encryption of
Challenge Text

WEP Decryption of
Encrypted Challenge
Text




Shared Key Authentication

WEP Encryption of
Challenge Text

WEP Decryption of
Encrypted Challenge
Text

Node Approval
based on Decision



WEP’s vulnerabilities

Short and static key : Actual keyspace is 40 bits or 104
bits.

No easy way to exchange and distribute keys. Key
change involves manually changing the key on each AP
and terminal.

Simple ASCII key strings are used as keys. Easy to
crack by hackers.

Authentication and encryption with the same key

WEP replaced in 2004 with WiFi Protected Access
(WPA) and WPA2



KivnTiKoTNTA
A STA associated with a BSS

Poor connection quality ?
l Yes

Scan the medium <

Find a better connection ?

l Yes e

Reassociation request to new AP

Reassosiation response

| ves No

STA has roamed to a new AP
Old AP is notified through DS



Kapia puBuion yia Ta TTaOKETA TTOU O
X00ouv kata Tn d1dpkKela Tou handover




The 802.11 family

Standard FeUeRcY gangwigth Modulation  CRannel  Maximum  gange Tf:tnsﬁ:n
80211 | 246H: 20MHz | BPSK10256-QAM | DSSSFHSS | 2Mbps | 20m | 100mW
b 2.4 GHz 21MHz | BPSK10256.QAM | CCK.DSSS | 11Mbps | 35m | 100mw

o 5 GHz 22MHz | BPSK102560AM | OFDM | 54Mbps | 35m | 100mW

g 2.4GHz 23MHz | BPSK10256-QAM | DSSS,OFDM| 54Mbps | 70m | 100mW

2.4 GHz, 24 MHz and

n 5 GHz 40 MHz BPSK fo 256-QAM OFDM 600 Mbps 70m | 100mW
20,40, 80,
ac 5 GHz 80+80= BPSK to 256-QAM OFDM 693Gbps | 35m | 160mW
160 MHz
ad 60 GHz 2.16 GHz BPSKto 64-QAM | SC,OFDM | 6.76 Gbps 10m 10mW

af 54-790MHz | 6,7, and 8 MHz| BPSKto 256-QAM | SC,OFDM | 26.7Mbps | >1km? | 100 mW

ah 900 MHz ‘-ﬁ-:ﬁ;;“" BPSK10256-0AM | SC.OFDM | 40Mbps | 1km | 100mw




The 802.11 family

802.11af

— ———

/” s\\
-~ -~
pr - ~
7’ 802.11ah
/ PN
, ,’ \\
/ ’ ~
/ ,/ \\
/ / 802.11b/g/n
/ / P
/ / < 802.110/ac
/ ! - " .
' “ 80211ad
I /’ ‘ : |
v
¢
\
\
\ .
\§~ ----—-—--"

54 to 790 MHz



Wi-Fi generations

Wi-Fi 7 (expected)

Launch date 2013 2019 2021 2024
IEEE standard 802.11n 802.11ac 802.11ax 802.11be
Max data rate 1.2 Gbps 3.5 Gbps 9.6 Gbps 46 Gbps
Bands 1-7.25 GHz (including 2.4

24 GHz and 5 GHz 5 GHz 24 GHz and 5 GHz 6 GHz GHz, 5 GHz, 6 GHz bands)
Security WPA 2 WPA 2 WPA 3 WPA3
Channel size 20, 40, 80, 80+80, 160 20, 40, 80, 80+80, 160 20, 40, 80, 80+80, 160

20, 40 MHz MHz MHz MUz Up to 320 MHz
Modulation 64-QAM 256-QAM 1024-QAM 4096-QAM
OFDM OFDM OFDMA OFDMA (with extensions)

MIMO 4x4 MIMO 4x4 MIMO, DL MU-MIMO 8x8 UL/DL MU-MIMO 16x16 MU-MIMO

Source: IEEE, Intel Corporation, Wi-Fi Alliance

x11.5 x1.3 x4.8
7 TN -~ B S
Wi-Fi 4 Wi-Fi5  Wi-Fi 6/6E Wi-Fi 7

Standard 802.11n 802.11ac B02.11ax 802.11be
Max Speed with 150 Mbps 866.7 Mbps 1.2 Gbps 2.9 Gbps
1 Spatial Stream
Max Speed with 300 Mbps 1.73 Gbps 2.5 Gbps 5.8 Gbps
2 Spatial Streams
Max Speed 600 Mbps 6.92 Gbps 9.6 Gbps 46.4 Gbps

with Max #
Spatial Streams



IEEE 802.11e
E¢aocpaAion lNoiotnTtac
YTrnpeoiac ota AcUuppuara
Tommika AiKTud



TI onuaivel ecac@AAion TToIOTNTAC
UTTNPECIAC

* MNoiétnTa Ytrnpeoiag (Quality of Service — QoS): H «atrodoTik» JETAd0ON
TTANPOPOPIAC TTOU £XEI AV ATTOTEAECUA TNV «IKAVOTTOINTIKA» AEITOUPYIA MIAG
QIKTUAKNC £QAPUOYNC £TOI OTTWCE TNV AVTIAAQUBAVETAI O XPHOTNS

*TI onpaivel «iIkavotroIiNTIKA» AgIToupyia; Eival guxva UTTOKEIMEVIKE Kal ECapTATal
aTtTd TIC TTPOTIMACEIC TOU XPNOTN, AAAQ KAl TIC OUYKEKPIMEVES AVAYKEC TOU

*Ti onpaivel «atrodoTik» peradoaon; Eival n petddoon tn¢ Kivnong trou
IKOAVOTTOIEI CUYKEKPIMEVA XAPAKTNPIOTIKA (TTAPAUETPOUC TTOIOTNTAC UTTNPETIAC),
Ta OTToIa £€AyovTal JE BACN TNV «IKAVOTTOINTIKA» AEITOUPYia TNS JIKTUAKNC
£QAPUOYNG
*TUTTIKEC TTAPAUETPOI TTOIOTNTAS UTTNPECIAG:

» u€on KaBuaoTépnon atrd akpo og akpo (mean delay),

* MEYIOTN KABUOTEPNON aATTd AKPO o€ Akpo (maximum delay)

» uEYIOTN EMTPETTTH dlagopd oTnv KabBuoTtépnon (delay jitter)

* MEOOG PUBNOC atTwAglag TTakETWV (mean packet error rate)



TI onuaivel ecac@aAion TToIOTNTAC
UTTNPECIAC

» AvaAoya e 1o €id00¢ TNE KivnoNng Kal TIG AVAYKEC I TIPOTIUNCEIC TOU XPNOTN
TTPOKUTITOUV Ol CUYKEKPIMEVEC TTAPAUETPOI TTOIOTNTAC UTTNPETiag (QoS
parameters)

» Q1 EQapuoYEC TTPAYHATIKOU XPOVoU (Pwvh, BiVTEQ) £XOUV ATTAITNON YIA KIKEN
MEon kal hEyioTn kaBuaTépnon (100-200msec end-to-end), aAAG €xouv KATTOIN
avoxn o€ atrwAeleg TTakETwy (TT1.X., 103)

» Q1 eQapuoyEC un TTpaypaTtikou Xpovou (email, file transfer) €xouv atraitnon
yia atroAUTWE owaTa dedopéva (pPuBUAOS aTTWAEIOC TTAKETWY OUCIACTIKA
MNOEV), aAAG £xouv ueyaAn avoxr oTtnv kaBuaTtépnon (TT.X., APKETA
QEUTEPOAETTTA).

* O1I TINEC TWV TTAPAUETPWY «OlapolpadovTal» aTrd Ta avwTePA ETTITTEdQ O€
TIHEG ava Ceucn (link)

» 2TOX0C KABE TTPWTOKOAAOU OTO £TTiTTEQ0-2 (Data-Link) gival va ecaa@alilel TiC
TIMEC TWV TTAPAPETPWY AUTWY YIa TN CEUCN TTOU AUTO EAEYXEL.

» Apa kal To MAC tTpwTtOKoAAo Tou 802.11 Ba tTTpéTrel va e€aoc@alilel TIC TINEC
TWV TTAPAUETPWYV TTOIOTNTAC UTTNPETIAC OTN PABIO-ETTAPI), Ol OTTOIEC £XOUV
TTPOKUWEI ATTO TA AVWTEPA ETTITTEDA



[MToioTnTa gpTrEIpiag - QoE

Signal
input

TECHNICAL ' HUMAN

Mobile networks Degraded | IR ARG AR Cognitive Psychology &
o Transeatlonar signal & Physiology science Sociology
<< connectivity asa S o Demographic
(handovers) stimulus ‘ R;::_‘:‘:t'tci):n& Cognition & profile
¢ Session establishment R P Judgment '
delay ‘@ < @
e Accessibility & Coverage @ w )) i Psyc.hology &
* Device battery ‘ — ’ Emotional state
consumption = g @
Decision :
science lEfoe"etr}cesél
ormation
‘ CONTEXT ;
Interpretation, Expectations
Expression & E
Social & «
Suiwrel Description
Location context Role & social factor
Spatial '
c‘(‘::l's‘;el';‘g’;;’ Communication ' Bes m
; task -
Surrounding Busiass i

environment

Customer

Content

charcteristics 2
Service nature (VoIP call/ nerg; friendly
voicemail etc.) savings

2uoTtiuata Kivntwy Kai MNpoowTrikwy ETTIKoIVwVIwY



MoioTnTa gutreipiag - Qok

m Quality Influence Factors

. Vertical and horizontal handovers Accessibility
Mobile _
Battery consumption Coverage
networks Session establishment delay
Call setup success ratio Call cut-off ratio
Blocking probability Availability & Reliability
Call setup time
Round trip / one-way delay Loss burstiness distribution
Transport / Jitter Bottleneck bandwidth
Network Packet loss ratio Congestion period

Delay burstiness distribution

SNR / SIR / SINR
Bit rate
BLER
Outage probability
Packet / Symbol / Bit Error Probability
Outage capacity

Ergodic capacity / rate
Throughput

Diversity order / coding gain

Physical

Area spectral efficiency
Energy efficiency

2uoTnuarta Kivntwy kai MNpoowtrikwy ETTIKoIVwVIwyY



Ecaoc@aAion MNoidétnTacg Yrnpeoiag o€
KaBe (sun

TCP/IP
stack

AN

Application Level Data

~
Ald@avn UTTOOTAPIEN
| IP epapuoywyv

Network pddressing, routing

\/ Bridge control
\

IP routing

Ethernet

TCP/IP

Ethernet



[1eplopiopoi Tou 802.11 oe QoS

» To DCF Bagiletal aTov avtaywviouo Kail yI' auto 10 AOyo dev  TTAPEXE!
dla@OPOTTIOINON TNE KivnOoNng Kal EYYUNUEVES KABUOTEPNOEIC ] ATTWAEIEC TTAKETWV.

station 1 nav

station 2 nav

station 3 nav

station 4 nav

)

|

station 5 r
S

station 6

S S S
] random I I I new random
backoff F|CTS F|ACK FIACK| backoff
reset (7 slots) S S S (10 slots)
D S S D _
| RTS | DATA || DATA I station defers
reset F E F F
_ S S S S S
random remaining I
back-off backoff F|ACK
reset (9 slots) (2 slots) S
D station defers, but keeps backoff counter (=2) D
| - — | DATA
reset . station sets NAV upon receiving RTS .
S S
ACK station sets NAV upon receiving RTS
station sets NAV upon receiving CTS,
DATA this station is hidden to station 1 >

time




[1eplopiopoi Tou 802.11 oe QoS

e 210 PCF 0ev uttdpxel yvwon TwV ATTAITACEWY TWV TEPHATIKWY WOTE TO
KavaAl va diveTal aTa TTIO ETTEIYOVTA.

« 210 PCF gival dyvwaoTn n TePiodog HETADOONE EVOC TEPUATIKOU OTO
otroio divetal n adela peraddoong (polling).

g Contantion free period >
slFS slFS SlkFS PIFS SIFS
gt g —IJ o —f |<— Fr S —e CP
| B D7 +Paol D2+ ACK = Poll |D3—AI2H: +Poll Dd+Poll CF-End
U1 +ACK L2+ ACK LI~ ACK
— — - — - |
PIFS SIFS SIFS SIFS

NAN
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