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SIFS

i DIFS [ i P
RTS Data
Source
SIFS SIFS
oo
: \ ‘CTS ACK
Destination
— DIFS
NAVY (RTS CWwW
Other (RTS) / /
MAV (CTS)
MNAV (data)
Defer access Backoff started

» 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 Meradoonc 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 (I)

v Evepyotroigital atrd 10 AP O110TE QUTO KPivel OTI TTPETTEN va
TTEPAOEI
o€ contention-free period (11.x. étav diakpivel JEyaAo apiOuod
OUYKPOUOEWV)
v [evikd@, 6tav n kivnan eival xapunAn cup@épel 1o DCF, evw
otav gival upnAn cuppépel To PCF
v' Zg auth Tn Asitoupyia 1o AP ovopdletan 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 1o Q0S

v'Ta TepPaTIKA dev £XOUV TPOTTO VA HETABWAOOUV TIC ATTAITACEIC TOUC
oT1o AP

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

v To Poll dev kaBopilel xpdvo yia Tov oTToio diveTal TO KAVAAI PE
QATTOTEAEOUA €vaAC OTABUOC VA JTTOPEI va TO KPATHOEI 000 £XEl DEdOUEVA
P0G 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-ouyxpoVvI{OuEVO» (OTABPOI PTTaiVOUV Kal
Byaivouv gUKkoAa)

«XAUNAWV UTTOAOYIOTIKWYV AVAYKWYV
[1poaIpeTIKO OTNV UAOTTOINCN

[lepiAauBavel duo diIadikaaieg (KpUTTTOYPAPNaON Kal
MoTOoTT0INCN)

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



Kputrtoypagnon (Encryption)

*YAotrolgital JE Eva KpuPO KAEIOI unkoucg 40 bits
ATTOONKEUPEVO POVIUA OTOUC OTABUOUC

*To KA€I1Qi aQUTO TTEPVA ATTO MIA YEVVATEIA YIA va
TTapaxOei yia akoAoubia XapakThpwyv Baciopévn oTo
KoU@PO KAEIDI

*H akoAouBia kal Ta dedouéva TPoPOodOTOUV HId
ouvaptnon XOR

*To atrotéAeopa TpogodoTeiTal 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 ]



MoTtotmroinon (Authentication)

«XPNOIYOTTOIET TO D10 KPUPO KAEIDI PE TNV KpuTTTOYpAPnon (0XI Kal TOOO KaAd
atrd AtToYwn ac@PAAEIag)

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 mendl 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



Kauia puOuion yia Ta TTaOKETA TTOU O
X00ouv kata Tn didpkela 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
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54 to 790 MHz



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



TI onuaivel ecac@aAion TToIOTNTAC
UTTNPECIAC

* NoiotnTa Ytrnpeoiag (Quality of Service — Qo0S): H «atrodoTik» YETAd0ON
TTANPOPOPIAC TTOU £XEI AV ATTOTEAECUA TNV «IKAVOTTOINTIKA» AEITOUPYIA HIAS
QIKTUAKNC £QAPUOYNC £TOI OTTWC TNV AVTIAQUBAVETAI O XPNOTNS

*TI onpaivel «iIkavotroIiNTIKA» AgIToupyia; Eival guxva UTTOKEIMEVIKE Kal ECapTaTal
aT1Td TIC TTPOTIMACEIC TOU XPNOTN, AAAA KAl TIC OUYKEKPIMEVES AVAYKEC TOU

*Ti onpaivel «atrodoTik» peradoan; Eival n petddoon tng Kivnong tmou
IKOAVOTTOIEI CUYKEKPIMEVA XAPAKTNPIOTIKA (TTAPANETPOUC TTOIOTNTAC UTTNPETIAC),
TQ OTToIa £€AyovTal JE BACN TNV «IKAVOTTOINTIKA» AEITOUPYia TNS JIKTUAKNAC
€papuoyng
*TUTTIKEC TTAPAUETPOI TTOIOTNTAS UTTNPECIAG:

» uéon kaBuaoTtépnon ammd akpo og akpo (mean delay),

* MEYIOTN KABUOTEPNON aATTd AKPOo o€ akpo (maximum delay)

» uEyI0TN EMTPETTTH dlagopd oTnv KabBuaoTtépnon (delay jitter)

* MEOOG PUBNOC aTTwAglag TTakETwV (mean packet error rate)



TI onuaivel ecac@aAion TToIOTNTAC
UTTNPECIAC

» AvaAoya e 1o €id0¢ TNE KivnoNng Kal TIG AVAYKEC I TIPOTIUNCEIC TOU XPNOTN
TTPOKUTITOUV Ol CUYKEKPIMEVEC TTAPAUETPOI TTOIOTNTAC UTINPETiag (QoS
parameters)

» Q1 EQapuOYEC TTPAYHATIKOU XpOVoU (Qwvh, BiVvTEQ) £XOUV ATTAITNON YIA MIKEN
MEon kal hEyioTn kaBuaTépnon (100-200msec end-to-end), aAAG €xouv KATTOIA
avoxn o€ atTrwAeleg TTakETwy (T1.X., 103)

» Q1 eQapuoyEC un TTpaypaTtikou Xpovou (email, file transfer) €xouv atraitnon
yia attoAUTWES owaTa dedouéva (PUuBUAOS aTTWAEIOC TTAKETWY OUCIACTIKA
MNOEV), aAAG £xouv pueyAAn avoxr oTtnv kaBuaoTtépnon (TT.X., APKETA
QEUTEPOAETTTA).

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

» 2TOX0C KAOE TTpWTOKOAAOU OTO £TTiTrE®0-2 (Data-Link) gival va ecaa@alilel TiC
TIMEC TWV TTAPAPETPWY AUTWYV YIa TN CEUEN TTOU AUTO EAEYXEL.

» Apa kal To MAC tTpwTtokoAAo Tou 802.11 Ba trpéTrel va e€ac@alilel TIC TINEC
TWV TTAPAUETPWYV TTOIOTNTAC UTTNPETIAC OTN PABIO-ETTAPI], Ol OTTOIEC £XOUV
TIPOKUWEI ATTO TA AVWTEPQA 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
|1 IP epapuoywy

Network pddressing, routing

\/ Bridge control
\

IP routing

Ethernet

TCP/IP

Ethernet



[1eplopiopoi Tou 802.11 oe QoS

» To DCF Bagiletal aTov aviaywviouo Kal yI' auto 10 AOyo dev  TTApPEXE!
dla@OPOTTIOINON TNS 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

« 210 PCF dgv 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 adeia petaddoong (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




ETrekTdoelc TTou eioayel 1o 802.11e

*To AP ovopadletal Hybrid Coordinator (HC) kai uAoTrolEi
Tnv Hybrid Coordination Function (HCF) n otroia
repIAauBavel dUo TPATTOUC AEITOUpYiag:

EDCA (Enhanced Distributed Coordination Access).
Eicaywyn d1a@opeTIKWY KAAoEwV Kivnong oto DCF pe
OIAPOPETIKA CUMUTTEPIPOPA Kal TTIBAVOTNTEC TTPOCBAONC
OTO MEOO

« HCCA (HCF Control Channel Access): BeAtiwon twv
aduvauiwv Tou PCF (dueon petadoon Tou beacon,
EAEYXOMEVOC XPOVOC OETUEUONC TOU KAVAAIOU QTTO TOUG
oTaduoucg)



EDCA

(Enhanced Distributed Coordination Access)

« CSMA/CA and Exponential Backoff
» Four Access Categories (ACs) within one station

Voice Video Best Effort Background
Backoff: Backoff: Backoff: Backoff:
AIFS[AC_VO] AIFS[AC_VI] AIFS[AC_BE] AIFS[AC_BK]
CWmin[AC_VO] CWmin[AC_VI] CWmin[AC_BE] CWmin[AC_BK]
CWmax[AC_VO] CWmax[AC_VI] CWmax[AC_BE] CWmax[AC_BK]

A 4 A 4 A 4 \ 4

Contention to transmit

v

Transmission



EDCA

(Enhanced Distributed Coordination Access)

Legacy 802.11 station
with

one backofF entity: IEEE 802.11e station with four backoff entities:

Eight priorities, 0-7 according to BD2.1D, are

mapped to four access categories (ACs)
T (5 5 4 3 i} 2 1
|

| - ] - a I >

- Y v v v
One Four access categories (ACs) representing four
pricrity ! priorities, with four independent backoff entities

Backoff 1 Higher priority Lowser priority
entity -———— .
AC VO AC VI AC_BE AC_BE
Backoff

v

v

v

v

entity

| | Backoff: || i Backoff: Backoff: Backoff: Backoff:
DIFs | | AIFS[AC_VO] AIFSTAC_WI) AIFS[AC_BE] AIFS[AC_BK]

'\\ 15 !." CWmin[AT_VO] CWmin[AT_VI] CWmin[AT_BE] CWmin[AT_BK]
1023 : CWmax[AC_VO] CWmax[AC_WI] CWmax[AC_BE] CWmax[AC_BK]

Upon parallel access at the same slot, the highes-priority AC
backoff entity transmits; the other backoff entityfentities act as
if a collision ocourred.

| ' n
| L AIFs = 2, 3, ... (for stations) %
‘ Transmission AIFS = SIFS + aSlotTime « AIFSN

* Transmission

M Figure 4. 3] Legacy 802 11 station and 802 1 Ie station with four ACs within one station.



Inter Frame Space ka1 Contention
Window

' AIFS[AC_BK] | [ TTTT]
4 > ‘ Ba?klgrlmlmld
|

| AIFS[AC_BE] TTTTT]

< > Best Effort

, NN

| ATFS[AC_VI] {1

weeo] |||

' AIFS[AC_VO] — T |
Ack il '

CTS



Aladikaoia Avraywviouou pe EDCA

AIFS[3] 3 glots AIFS[3] 2 slots

«—» Freeze counter, set NAV ) ‘ ‘

random random
backoff backoff
ATFs[0] 3 slots AIFs[0] 5 slots
=il - B o BRI -
Station A — i i i ______
AP — E . E .
! random ! ! ! ! Remaining
i backoff i i i i Backoff

Station B




HCCA
(HCF Control Channel Access)

5 802.11e periodic superframe
Contention Free Period, CFF (polling through HCF) Contention Period, CF (listen before talk AND polling through HCF)
{?GS CF-Poll . CF-end {?ms CF-Poll . t o
¢ ., ransmitte
_}1 l‘r H { ﬂ-d__---‘-L le_\-l [ J’ ----\Il |_| bv HC
Ill‘ - ---‘_ ------ . — -_--“-‘- - f . [ _. ] — = :
con T T . ", B B e e .
\ - “, . : tran Emé‘f_:_id by
N 1 5 ) (E) 5 y
“ “ Y e
ey R , ta
™. R TXOP ™
H“x \‘\\ '\\ RTSICTS!
TBTT “«H i N N \“\ fragmented DATAJ/ACK TBTT
) TXOP K TXOP © "TXOP" % (polled by HC)
RTSICTS/ RTS/ICTS/DATAIACK - ]
gmented DATA/ACK (after DIFS+backoff) time

olled by HC)

ITepéyet kou to ¥pdvo Yo T0 emduevo Beacon
Target Beacon Transmission Time (TBTT)

ITepéyet ko To ¥pOVO Yo TOV 0010 OIVETAL TO KOVAAL Transmission Opportunity



Awoowacio Aéopevong ue HCCA

[Teoto “Queue Size”

QoS QoS )
\ CF-POLL CF-PQLLE. CF-end,

AP

Station A

Station B e gg

Contention Period (CP) — — Contention Free Period (CFP) —— ‘




1.Katnyoplotroinon acupuaTtwy dIKTUWV BAcel TNG TTEPIOXNS KAAuwNcs (Body Area Network,
Personal Area Network, Local Area Network, KTA.): TUTTOI DIKTUWV, TTPOKANCEIC OTNV
UAOTTOINGT) TOUG KaI TEXVOAOYIEC

2.MéBodol INoANaTTAn¢ MNpdaoBaoncg (Multiple Access) o€ acupparta dikTua, ME EJPAOT O€
dikTUQ 5" yevIAg

3.MéBodol cupuTtieong yia atrooToAR O€OOUEVWYV TTAVW OTTO aoUPUATa diKTUO
4.ANyOpIBUOI EVTOTTIOPOU BE0NG o€ acupuaTta KivnTa dikTua

5.EvepynTIKEC €TTIBECEIC O€ aoUuppaTa diKTUA: N TTEPITITWON TNG EKOUCIAC TTAPEPBOANG
(jamming) kal JEBODOI AVTIMETWTTIONG TNG

6.MMadNTIKEC €MBECEIC 0 aoUpuaTa dikTua: N TTEPITITWON TNS AaBpakpoaonc (eavesdropping)
Kal JEBODOI AVTIMETWITTIONC TNG

7.MMoiétnTa uttnpeoiag (Quality of Service (QoS)) kai ToidTnNTOC euTTEIpiac (Quality of
Experience (QoE)) o€ diktua 3" yeviag

8.Aiktua IEEE 802.11 (Wi-Fi): pia emmiokotnon otnv 6" yevid Wi-Fi (Wi-Fi 6) kai 0 dpOuog
TTPOG TNV 7" yevia (Wi-Fi 7)

9.0 pbAOG TWV BOPUPOPIKWYV ETTIKOIVWVIWY OTA diKTUO 5NS KaI 6" yevIAg

10.AiadikTuo TwV lMNMpaypdatwyv (Internet of Things (10T)) o€ un ad€I0dOTNPEVEG UTTAVTES
OUXVOTNATWV: TEXVOAOYIEG KAl EQAPUOYES

11.Emkoivwvieg Eyyuc MNediou (Near Field Communication (NFC)): 11 €ival, TTo1EC Ol
TEXVOAOYIEG KAl TTOIEG Ol TTPOKANCEIG;



12. EmokoTTnoN TWV eTTIKOIVWVIWY OxnRuaTtog-rpog-OAa (Vehicle-to-Everything (V2X))

13.TMpokARoeIc oTnv uAoTroinon £TTIKOIVWVIWY Mn-eTTavopwuévwy Evagpiwv OxnuaTwy
(Unattended Aerial Vehicle (UAV)) TTavw a1rd KUPeAWTA dikTUO

14.TpokAnoeic otnv uAotroinon epapuoywv Etraugnuévng Mpayuatikotntag (Augmented
Reality (AR)), Eikovikng MNpayuaTtikdétnTag (Virtual Reality (VR)) kai Mkt MNpayuaTikdtnTag
(Mixed Reality (MR)) TTdvw atré dikTua 51 yevidag

15.MopepoTroinon akTivwy (Beamforming): 11 €ival Kai TTo10 TTAEOVEKTAMATA TTPOCPEPEI,
16.YT1r00TNPIEN acUpPaTwy OIKTUWV atrd uttnpeoieg YTrohoyioTikAS NEpoug (Cloud
Computing)

17.AvappuBuifoueves Eugueic Emoaveieg (Reconfigurable Intelligent Surfaces (RIS)): 11 €ival,
TTWG UAOTTOIOUVTAI KAl TTOIA TTAEOVEKTIHATA TTPOTPEPOUVY;

18.Xprion acuppatwy emmKovwviwy oTn Biounxavia 4.0 (Industry 4.0) kai Trépa a1roé auTh
(Biopnxavia 5.0 (Industry 5.0))

19.Wnoiakoi Aidupor (Digital Twins (DTs)): 11 €ival, TTwg UAOTTOIOUVTAI Kal TI pOAO Ba
dladpapartioouv Ta dikTUa SNS KAl 6" yeVIAG OTNV TTPAYHATOTIOINCT TOUG;

20.Alavopuny KBavtikwyv KAe1diwv (Quantum Key Distribution (QKD)): 11 givail kai TTo1a n
eQapuoyn NG oTa dikTUa SNS KAl B"S YeVIAG;

21.ATrokevTpwéva acUpuata dikTua: utropouv Ta Katavepnuéva KaBoAika (Distributed
Ledger) va uttooTnpi¢ouv TNV UAOTTOINGCT) TOUG;

22.HAkia Tn¢ MNMAnpogopiag (Age of Information (Aol)) o€ acupparta dikTua: TI €ival Kal aTTd
TTOIOUG TTAPAYOVTEG £TTNPEALETAI;



