Bezdrotové siete
(siete LAN a MAN podla standardov IEEE 802)

EEE 802.11
EEE 802.15
EEE 802.16




Bezdrotové siete

Kategorie bezdrbétovych sieti

m prepojenie systémov - Bluetooth, IEEE 802.15
= bezdrbtove LAN, IEEE 802.11

Base | To wired network

station

L (a)
= bezdrbotovée WAN ]

0 mobilné siete (nizkorychlostné)
1.gen.: analogova, hlas
2.gen.: digitalna, hlas
3.gen.: digitalna, hlas a data
0 vysokorychlostny bezdrétovy pristup, IEEE 802.16
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IEEE 802.11

WiFI



Bezdrotové LAN podrPa 802.11

Base | To wired network
station

(a) Bezdrétova siet so zakladnovou stanicou (b) Ad hoc siet

= WiFi - slangovy nazov
= zakladrnova stanica sa v 802.11 vola pristupovy bod (access point)
= vo fyzickej a linkovej vrstve su vocCi Ethernetu rozdiely
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‘ 802.11 - rozdiely vo tyzickej a link. vrstve voci Ethernetu

= radiovy dosah uzla nemusi pokryt celu siet

N ?draz% radiového signalu - jeho viacnasobny prijem (multipath
ading

= vacsSina softvéru nepodporuje mobilitu (zoznam tlaCiarni pre textovy
procesor pocitacov)

= premiestnenie notebooku do dosahu iného pristupoveho bodu
(podobne ako mobilné siete)
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‘ Bezdrotové 1LAN

= Multibunkova siet 802.11, zakladnové stanice pospajané Ethernetom,
spojenie 802.11 smerom von sa nazyva portal

Base station

Portal

= 802.11 pbvodne (1997) 1 al. 2 Mbit/s
= 802.11a - 54 Mbit/s (1999, SirSie frekv. pasmo)

= 802.11b - 11 Mbit/s (1999, psychologicka hranica, viac ako Ethernet,
rovnake frekv. pasmo ako 802.11, ale ina modulacia)

= 802.119g - 54 Mbit/s, modulacia ako 802.11a, frekv. pasmo ako 802.11b
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‘ Bezdrotové 1LAN

= drot: vsetky signaly sa Siria vSetkym uzlom, v urCitom okamihu je mozné len
jedno vysielanie

= bez drétu (radiove viny s kratkym dosahom): v urCitom okamihu je mozné
viachasobné vysielanie, ak ciel je rozlicny a ciele nie su v spoloChom
dosahu
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o Range of A's transmitter Range of B's transmitter

Protokol MACA (Multiple Access with Collision Avoidance)
(a) A posiela ramec RTS (Ready to Send) do B

(b) B odpoveda ramcom CTS (Clear to Send) do A

Kolizie mézu nastat:
B aj C vyslu RTS do A suCasne - kolizia, RTS sa stratia
neuspesny vysielac (ten, o nepocCuje CTS) Caka nahodny Cas a skusi znovu,
algoritmus binary exponential backoff - ako v Ethernete
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MACAW

Protokol MACAW (MACA for Wireless), 1994

zavedenie ramca ACK po uspesnom datovom ramci

pridanie carrier sensing - vyuzitie aj CSMA - zamedzenie
vyslania RTS sucCasne s inou stanicou do identicke;
destinacie

algoritmus backoff robit samostatne pre kazdy par vysielac -
prijimac, nie pre kazdy uzol

mechanizmy pre vymenu informacie o pretazeni
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‘ The 802.11 Protocol Stack

MAC
sublayer

|

Logical link control

802.11
Infrared

802.11
FHSS

802.11
DSSS

802.11a
OFDM

802.11b
HR-DSSS

802.11g
OFDM

LLC - ako pre Ethernet
1997 - infraCervené pasmo, FHSSS, DSSS; 1 al. 2 Mbit/s

FHSS, DSSS - pasmo 2,4 GHz, nevyzaduje licencie, ISM (Industrial, Scientific,

Medical)

1999 - pridanie OFDM 54 Mbit/s a HR-DSSS 11 Mbit/s
2001 - dalSia OFDM, ale v inom frekv. pasme

AN

L Upper
layers

. Data link
layer

Physical
layer
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‘ Fyzicka vrstva

302.11

Name | Method | Medium Rate Coding
802.11 Infrared | 0.85 micron 1 Mbit/s | 4 bits in 16 bits codewords
802.11 Infrared | 0.95 micron 2 Mbit/s 2 bits in 4 bits codewords
802.11 FHSS 2.4 GHz ISM 1 Mbit/s pseudorandom hopping using 79 1MHz
band bands
2.4 GHz ISM 1-2 : . .
802.11 DSSS band Mbit/s CDMA like with 11 chips
802.11a |oFpm | 2 GHZISM o 236 bits in 288 bits codewords
band Mbit/s
HR 2.4 GHz ISM up to 11 :
802.11b DSSS band Mbit/s 8 bits, 1.375 Mbaud
2.4 GHz ISM up to 54
802.11g | OFDM band Mbit/s
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Preco nie CSMA/CD

A wants to send to B B wants to send to C
but cannot hear that but mistakenly thinks
B is busy the transmission will fail

B C /

/I
\ Cis /
transmitti ng.~

T

————

(a) (b)

(a) The hidden station problem (b) The exposed station problem
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‘ Protokoly podvrstvy MAC pre 802.11
802.11 - 2 mody Cinnosti:

= DCF (Distributed Coordination Function)

bez centralneho riadenia, sutaz o kanal ako v Ethernete
vyuziva CSMA/CA (CSMA with Collision Avoidance)

2 metody:

o pocuvanie fyzického kanala

o MACAW - pocCuvanie virtualneho kanala

= PCF (Point Coordination Function)
vysielanie riadi pristupovy bod, bez kolizii
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‘ DCF (Distributed Coordination Function)

vyuziva CSMA/CA (CSMA with Collision Avoidance)
0 pocuvanie fyzického kanala

uzol pocCuva kanal

ak je ticho, zaCne vysielat

ked vysiela, nepoCuva kanal (vysle cely ramec, aj ked
ten méze byt v prijimaci zniCeny kvoéli interferencii)

ak je kanal obsadeny, Caka az bude ticho a znovu sa
pokusi vysielat

v pripade kolizie kolidujuce uzly cakaju nahodny Cas
podla alg. binary exponential backoff
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‘ DCF (Distributed Coordination Function)
vyuziva CSMA/CA (CSMA with Collision Avoidance)

a

o MACAW - pocCuvanie virtualneho kanala

C - uzol v dosahu A

D - uzol v dosahu B, nie v dosahu A
NAV = Network Allocation Vector

A RTS Data

B CTS ACK%
|

C NAV

D NAV

Time —— =
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‘ PCF (Point Coordination Function)

= pristupovy bod vyzyva k vysielaniu (poll)
= bez kolizii

= Standard nepredpisuje frekvenciu pre polling, ani poradie uzlov, ani
Ci maju byt uzly rovhocenné

= pristup. bod periodicky (10-100 krat za s) vysiela ramec beacon -
obsahuje systémové parametre (hopping sekvencie a dobu
zotrvania na jednej frekv. (dwell time) pre FHSS, synchronizaciu,... ),
vyzyva nove uzly k prihlaseniu

= prihlasené uzly maju garantovanu Cast pasma - QoS
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Struktira ramecoy 802.11

3 typy ramcov:
= datovy
Bytes

Bits

= riadiaci
=  manazmentovy

Bytes

Bits
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802,11 - Sluzby

Distribucné sluzby - distribution services (5)
Vnutrobunkové sluzby - intracell services, station services (4)

Distribution Services Intracell Services
Association Authentication
Disassociation L

. Deauthentication
Reassociation _
Distribution - Privacy

Integration - Data Delivery
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IEEE 802.11n ?

= 802.11n Standard by mal definovat' maximalnu rychlost minimalne
100 MBit/s, isté technické navrhy hovoria o0 maximalnej rychlosti az
na urovni 315 Mbit/s
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IEEE 802.16

2002: Air Interface for Fixed Broadband Wireless Access Systems

wireless MAN, wireless local loop

WIMAX (Worldwide Interoperability for Microwave Access )
802.16a, c, d, najnovsSie 802.16e



1802.16

= problém ,poslednej mile”
= deregulacia v telekom. sektore

= Sirokopasmovy bezdrotovy pristup namiesto opt. vlakien, koax.
kablov, symetrickych parov... do kazdej domacnosti
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'802.16 - Protokol MAC podvrstvy

= downstream kanal:
= zakl. stanica rozhoduje o vysielani ramcov

= upstream kanal:
= alokacia zavisi od pozadovanej kvality sluzby
= 4 triedy sluzieb (vSetky spojovo orientovane):

Sluzba s konst. prenos. rychlostou (Constant bit rate service)

Sluzba s premenlivou prenos. rychl. v realnom Case (Real-
time variable bit rate service)

Sluzba s premenlivou prenos. rychl. nie v realnom Case
(Non-real-time variable bit rate service)

Sluzba ,best effort” (Best efforts service)
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‘ Struktira ramca 802.16

Bits1 1 6 112 1 11 16 8 4

(a) |0 £ Type EK Length Connection ID Header CRC
C CRC

Bits1 1 6 16 16 8

(b)[1[0] Type Bytes needed Connection ID Hggc(i;er

(a) genericky ramec

(b) ramec na vyziadanie pasma

m zaverecné CRC - volitelné (kontrola chybovosti je vo fyz. vrstve)
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‘ Prenosové rychlostt

B 0z [iomHz  [7MHz [35MHz
64-QAM |72 Mbits |36 Mbit's |26 Mbit's | 13 Mbitis
16-0AM |48 Mbit's |24 Mbitls |18 Mbitis | 9 Mbitis
QPSK___ [24Mbits |12 Mbi's |9 Mbits |45 Mbit's
BPSK 12 Mbit's |6 Mbit's | 4,5 Mbit's | 2.2 Mbitis
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Bluetooth

IEEE 802.15 (iba fyz. a link. vrstva)
Bluetooth SIG



‘ Bluetooth

= bezdrétovy Standard pre prepojenie vypoctovych a komunikacnych
zariadeni vyuzivajuci lacnu bezdrétovd komunikaciu kratkeho
dosahu a nizkeho vykonu

= Bluetooth SIG (od fyzickej az po aplikacnu vrstvu)

= |EEE 802.15 (iba fyz. a link. vrstva), prvy PAN standard od IEEE bol
IEEE 802.15.1 v r. 2002
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‘ Bluetooth - architektiara

pikosiet’ (piconet) - 1 master uzol plus max. 7 slave uzlov do 10 m (plus
zaparkované uzly - max. 255)

pikosiet - centralizovany TDM system, master riadi synchronizaciu, urcuje, ktory
uzol bude komunikovat' v ktorej Casovej polohe (komunikacia ide cez mastra,
priama komunikacia slave-slave nie je mozna)

v 1 velkej miestnosti méze byt viacero pikosieti, daju sa prepojit mostom ->

scatternet
Piconet 1 Piconet 2
S :
S
S |
Active o S ~_Parked

slave

slave °




‘ Bluetooth - aplikacie

Bluetooth profily

genericke

(maju ich vSetky Bluetooth

zariadenia)

Name

Description

Generic access

Procedures for link management

Service discovery

Protocol for discovering offered services

g’:a\éebné | Serial port Replacement for a serial port cable

0 re iné

Drofﬁ/\lp Generic object exchange | Defines client-server relationship for object movement

siete LAN access Protocol between a mobile computer and a fixed LAN
Dial-up networking Allows a notebook computer to call via a mobile phone
Fax Allows a mobile fax machine to talk to a mobile phone

telefonia Cordless telephony Connects a handset and its local base station
Intercom Digital walkie-talkie
Headset Intended for hands-free voice communication

vymena Object push Provides a way to exchange simple objects

OPJ?ktOV File transfer Provides a more general file transfer facility

Q’gfg'z‘ﬁy Synchronization Permits a PDA to synchronize with another computer

datové

subory) medzi

2 bezdrot.

zariadeniami
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Bluetooth - protokolovy zasobnik

Verzia protokolovej architektury Bluetooth podla IEEE 802.15:

Applications/Profiles

Application
layer

Audio

Other

LLC

RFcomm | Telephony

Service
discovery

Logical link control adaptation protocol

Link manager

Control

Middleware
layer

Data
> link

Baseband

layer
) y

Physical radio

| Physical
layer
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‘ Bluetooth - struktiara ramca

Bits

Bits

72 54 0-2((744
)
Access code Header Data
()()
3774 111 8
Addr| Type |FIAlS| Checksum The 18-bit header is repeated three

times for a total of 54 bits
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