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Capitulo 6: Redes Sem Fio e Mdveis

Background:

O # wireless (mobile) phone subscribers now
exceeds # wired phone subscribers!

O computer nets: laptops, palmtops, PDAs,
Internet-enabled phone promise anytime
untethered Internet access

3 two important (but different) challenges
O communication over wireless link

O handling mobile user who changes point of
attachment to network
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Chapter 6 outline

6.1 Introduction

Wireless

3 6.2 Wireless links,
characteristics
O CDMA

0 6.3 IEEE 802.11
wireless LANs ("wi-fi")

3 6.4 Cellular Internet
Access

O architecture
O standards (e.g., GSM)

Mobility
3 6.5 Principles:

addressing and routing
to mobile users

7 6.6 Mobile IP

3 6.7 Handling mobility in
cellular networks

7 6.8 Mobility and higher-
layer protocols

6.9 Summary
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Elementos de uma rede sem fio

Infra-estrutura
da rede significa mobilidade

@2

O Hosts sem fio
O laptop, PDA, IP phone
0 Rodam Aplicagoes
0 podem ser méveis ou
ndo
O “"sem fio" nem sempre

@2
€
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@

gy G
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Elementos de uma rede sem fio
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Infra-estrutura
da rede

- 0 estagdo base—‘

O Tipicamente
conectada a uma rede

c/ fio

OJ Responsdvel pela
comunicacado entre os
hosts modveis da sua
drea e os hosts das
redes infra-
estruturadas

J eg., cell fowers e
802.11 access points

6: Redes Sem Fio e Mdveis  6-5



Elementos de uma rede sem fio

€

g

&x

o

Y

)

{?\\

¢
@M

&

Infra-estrutura
da rede

3 enlace sem fio (C+¥7)

O usado para conectar
os disp. moéveis us
estacoes base

7 Usado como enlace de
backbone

3 Controlado por
protocolos de miltiplo
acesso

7 Vdrias taxas de
transmissdo e
distancias maximas
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Caracteristicas dos padroes de
\ enlaces sem fio

>4Mbps | _802.11fagt A—
5-11 Mbps | 802.11b .11 p-to-p link
1 Mbps A
802.15
+«—3G

384 Kbps UMTS/WCDMA, CDMA2000

| — 4_26
56 Kbps IS-95 CDMA, GSM

‘ Indoor Outdoor Mid range Long range j

outdoor outdoor
10 — 30m 50 — 200m 200m — 4Km 5Km — 20Km
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Elementos de uma rede sem fio
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Infra-estrutura
da rede

- Modo Infra-

estruturado

0 Estagdo base conecta
os disp. moveis na
rede com fio

3 handoff: disp. mével
muda de estacdo
base, se conectando a
hova rede com fio

« "i?
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Elementos de uma rede sem fio

Modo Ad hoc

ndo existem estacgoes
base

nds podem transmitir
para outros somente
dentro de uma
determinada cobertura

nds se organizam em
uma rede e o
roteamento s6 pode ser
feito entre eles
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Caracteristicas de enlaces sem fio

0 Diferencgas para os enlaces com fio:

O Decremento na poténcia do sinal: sinais de radio
se atenuam ao longo do caminho (path /oss)

o Interferéncia de outras fontes: freqiiéncias
padronizadas para redes sem fio (por ex. 2.4
GHz) sdo compartilhadas por outros disp. (por
eX., telefone); motores também interferem

O Propagagdo mu/tipath: sinal de rddio reflete em
obstaculos terrestres, chegando no destino com
pequenas diferengas de tempo

0 = Faz da comunicagdo sobre um enlace sem fio
(mesmo um ponto a ponto) muito mais dificil
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Caracteristicas das redes sem fio

7 A existéncia de multiplos transmissores e
receptores sem fio cria problemas adicionais,
que vdo além do multiplo acesso:

@& (@00 @M

o & G-

A's signal C's signal

strength strength
T Probl. terminal escondido space

7 Atenuagdo do sinal:

O B, A escutam um ao outro

O B, C escutam um ao outro

0 A, C ndo podem escutar um ao

3 B, A escutam um ao outro
3 B, C escutam um ao outro
3 A, C ndo podem escutar um ao

outro = A e C ndo podem
prever uma interf. em C J outro = interf.em C
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Particionamento do Canal com CDMA

O

a 4a

a u

CDMA (Mdltiplo Acesso por Divisdo por Codigo): explora
esquema de codificagdo de espectro espalhado - DS (Direct
Sequence) ou FH (Freguency Hopping)

“cadigo” Unico associado a cada canal; ié, particionamento do
conjunto de codigos

Mais usado em canais de radiodifusdo (celular, satélite, etc)
Todos usudrios compartilham a mesma freqiiéncia, mas cada
canal fem sua propria seqiiéncia de “chipping” (i€, cédigo)
Seqiiencia de chipping funciona como mdscara: usado para
codificar o sinal

sinal codificado = (sinal original) X (seqiiencia de chipping)

decodificagdo: produto interno do sinal codificado e a
seqiiéncia de chipping (observa-se que o produto interno é a
soma dos produtos componente-por-componente)

Para fazer CDMA funcionar, as seqiiéncias de chipping devem

ser mutuamente ortogonais entre si (i.€., produto interno = 0)
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CDMA: Codificacdo/Decodificacdo

sender

channel output Z. _

= o ()= [T ...
b'tsg / Al [ EREEE
:111|1_ 1|1]1] [ : slot 1 slot O
COdeé EREEE j|—1 [ channel  channel
5 5 output output
slot1 —slot 0—
o M
d = Zzl,m Cm
| m=1
M

slot 1 slot O
received i received

nput - Input receiver

code I [f] 11]1] [1]
EREEE EREEE

6: Redes Sem Fio e Mdveis 6-13



CDMA: interferéncia entre dois remetentes

senders |
data 4= ] Z =dlc

1
bits <=7 ?\O’m o
oo [TTLF TR /, channeI,Zi,m
] plf ] il \ H 2|2}2 HH

datal _of=1 dg =1 / H

bits >O
COdeE1_111_1|1§1 1f1]1] |1f4 - >

*
-------------------------------------------------------------------------------------------------------------------------------
*

—>
slot 1 slot O
. received | received :
:  input input .
N receiver 1

code1|ﬂ1 1 1[1]1] [1

M [l ZREEE
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Propriedades do CDMA

7 protege usudrios de interferéncia (inclusive a
proposital)
(usado desde a Segunda Guerra Mundial)

7 protege usudrios do “mu/tipath fading'
(interferéncia entre 2 trajetorias do mesmo sinal,
p.ex. o direto e por reflexdo) em radio

O permite a "coexisténcia” de mdltiplos usudrios e
suas transmissées simultdneas com um minimo de
interferéncia (se os cddigos deles forem
“ortogonais”)
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Chapter 6 outline

6.1 Introduction

Wireless

3 6.2 Wireless links,
characteristics
o CDMA

1 6.3 IEEE 802.11
wireless LANs ("wi-fi")

3 6.4 Cellular Internet
Access
O architecture
O standards (e.g., GSM)

Mobility
3 6.5 Principles:

addressing and routing
to mobile users

7 6.6 Mobile IP

3 6.7 Handling mobility in
cellular networks

7 6.8 Mobility and higher-
layer protocols

6.9 Summary
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TEEE 802.11 Wireless LAN

0 802.11b 0 802.11a
O 2.4-5 GHz unlicensed o B-6 GHz range
radio spectrum o up to 54 Mbps
O up to 11 Mbps 7 802.11g
O direct sequence spread 5 2.4-5 GHz range

spectrum (DSSS) in
physical layer © up o 54 Mbps

chipping code multiple access
O widely deployed, using 7 All have base-station

base stations and ad-hoc network
versions
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TEEE 802.11 LAN - arquitetura

Internet
@M
-

€M \‘. hUb, switch
g AP ou roteador

BSS 1 <€

(@@ AP @
(@ a2
BSS 2

3 Um hostsem fio se
comunica com a estagdo
base

O estacgdo base = access
point (AP)
O Basic Service Set (BSS)

\)) /

célula"):

O ho modo infra-estruturado
contém:

+ Hosts sem fio

- access point (AP):
estacdo base

O no modo ad hoc: somente
hosts sem fio
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802.11: Canais, associacao

J 802.11b: o espectro 2.4GHz-2.4856Hz é dividido em 11 canais de
diferentes freqiiéncias

o O administrador da rede escolhe um nimero de canal para o AP
O Possivel interferéncia: canal pode ser o mesmo que o escolhido
por um AP vizinho!
O host: deve ser associado com um AP

o Varre os canais, escuta quadros de sinalizagdo que contém a
identificacdo do AP (SSID) e o endereco MAC

O Seleciona um AP para se associar
O Pode realizar autenticagdo [capitulo 8]

O vai rodar, tipicamente, o protocolo DHCP para obter o enderego
IP na sub-rede do AP
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TEEE 802.11: mdltiplo acesso

3 Evita colisées (CSMA/CA): dois ou mais nds transmitindo ao
mesmo tempo
0 802.11: CSMA - "escuta” o meio antes de transmitir
O para ndo colidir com outras transmissdes em andamento
0 802.11: ndo realiza detecgdo de colisaol

o Dificuldade de receber ("escutar” colisées) quando estd transmitindo
devido a fraqueza dos sinais recebidos (fading)

o Ndo pode escutar todas as colisdes: terminal escondido, fading
O objetivo: evitar colisoes: CSMA/C(ollision)A(voidance)

@M @ @M

B & c
R —
forca do forga do
sinal de A sinal de C

espago
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Protocolo MAC do TEEE 802.11 : CSMA/CA

Emissor 802.11

1 se o canal estiver livre, espera um pequeno

tempo (DIFS) e entdo transmite todo o sender receiver
quadro (ndo ha detecgdo de colisdo)
2 se o canal estiver ocupado entdo pIFS{
inicia um tempo de backoff aleatorio

faz contagem regressiva enquanto o canal
estiver livre

transmite qdo o tempo expirar

se ndo chegar um ACK, aumenta o
intervalo de backoff e repete o passo 2

Receptor 802.11

- se o0 quadro recebido estiver OK

envia ACK depois de esperar um SIFS (o
ACK é necessario devido ao problema do
terminal escondido)

}FstFs

p—
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TEEE 802.11: Evitando colisoes

/déia: permitir ao emissor reservar o canal ao invés de realizar um
acesso aleatorio dos quadros, evitando colisoes de quadros longos

0 Emissor primeiramente envia pequenos pacotes de controle request-
to-send (RTS) para o AP usando o CSMA, mas que é ouvido por
todas as estacgoes ao seu alcance (inclusive o AP)

O Obs: os pacotes RTS podem ainda colidir uns com os outros, mas
como eles sdo pequenos, ndo causam longos atrasos

O AP envia um pct clear-to-send (CTS) para todas as estagoes que
estdo ao seu alcance, em resposta ao RTS

Emissor transmite o quadro de dados
Outras estagoes bloqueiam suas transmissoes

a d

Evita completamente as colisoes de quadros
de dados usando pequenos pcts de reserval
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Evitando Colisoes: troca de RTS-CTS

@M A (@ ,\\%j 2 @&?
AAP

"~ RTs(a) ztgiz —
olisao de RTSs

CTS(A) CTS(A)

bloqueio

tempo ACK(A) ACK(A)
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Quadro 802.11: enderecamento

2 2 6

{L

Address 1. enderegco MAC
host sem fio ou do AP
Que vai receber o quadro

6

6 2 6 0-2312 4

\ Address 4: usado
somente no modo ad

hoc

Address 3: endereco MAC
da interface do rot. ao
qual o AP esta conectado

Address 2: enderego MAC

do host sem fio ou do AP

transmitindo o quadro
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Quadro 802.11 : enderecamento

@&

o

Internet

d

55 55
[ R1 MAC addr | AP MAC addr ]

55 55
dest. address source address
Quadro 802.3
53 $ (ethernet)
| AP MAC addr| H1 MAC addr|R1 MAC addr ;| Obs: uma das principais
address 1 address 2 address 3 funcdes de um AP é converter

um quadro 802.11 para um
quadro ethernet e vice-versa
6: Redes Sem Fio e Mdveis 6-25
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uadro 802.11 (cont.

/de‘GQ&'o do tempo de transmissdo Num. de seq do quadro

reservado (RTS/CTS) (para tx confidvel com ARQ)

0-2312 4

1 1 1 1 1 1 1

\/Definem o significado dos campos address,
Tipo do quadro que mudam conforme o modo de uso e
(associacdo, RTS, Se quem envia € um Aostou um AP

CTS, ACK, dados)
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802.11: mobilidade dentro da mesma sub-rede

0 HI1 permanece na mesma
sub-rede: endereco IP
pode permanecer o
mesmo (hub ou switch)

3 switch: qual AP esta
associado com H1?

OJ “self-learning”: switches
montam suas tabelas
automaticamente, as nao
estdo aptos a manusear
mobilidade excessiva.
Existe um par entre o
end. de sua interface e H1
Solugdo: AP2 broadcasts
um quadro ethernet com o
enderecgo fonte de H1 logo
depois da associagdo

router
hub or
switch
BBS 1 \ (C 75
D)
CN e 1
c@ V) <C N
H1 BBS 2

6: Redes Sem Fio e Méveis 6-27



802.15: wireless personal area network

a d

(Piconet)

Dispositivos separados por, no
maximo, 10 m de diametro

substitui dispositivos com fio por
disp sem fio (mouses, teclados,
headphones)
ad hoc: sem infra-estrutura
Mestre-escravo:

o Escravos solicitam permissdo

para transmitir para o mestre

O Mestre fornece permissdo
Dispositivos parked: ndo podem
transmitir até que seu estado seja
trocado para ativo pelo mestre
802.15: baseado na especificagdo
Bluetooth

O 2.4-2.5 GHz espectro de radio

O Taxa de tx de até 721 kbps

w @ radius of
coverage

@ Master device
@ Slave device

P Parked device (inactive)
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Chapter 6 outline

6.1 Introduction

Wireless

3 6.2 Wireless links,
characteristics
o CDMA

0 6.3 IEEE 802.11
wireless LANs ("wi-fi")

3 6.4 Cellular Internet
Access

O architecture
O standards (e.g., GSM)

Mobility
3 6.5 Principles:

addressing and routing
to mobile users

7 6.6 Mobile IP

3 6.7 Handling mobility in
cellular networks

7 6.8 Mobility and higher-
layer protocols

6.9 Summary
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Components of cellular network architecture
— MSC

0 connects cells to wide area net
0 manages call setup (more later!)
Q handles mobility (more later!)

— cell
a covers geographical \

region

Q base station (BS)
analogous to 802.11 AP
Q mobile users attach
to network through BS
Q air-interface:
physical and link layer
protocol between
mobile and BS

Public telephone
network, and
Internet

wired network

6: Redes Sem Fio e Mdveis 6-30



Cellular networks: the first hop

Two techniques for sharing oy
mobile-to-BS radio >4 ‘é‘
spectrum >4

7 combined FDMA/TDMA: =
divide spectrum in time slots

e

)
J

frequency channels, divide
each channel into time
slots frequency

7 CDMA: code division "%
multiple access

9
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Cellular standards: brief survey

2G systems: voice channels

0 IS-136 TDMA: combined FDMA/TDMA (north
america)

7 GSM (global system for mobile communications):
combined FDMA/TDMA

O most widely deployed
0 IS-95 CDMA: code division multiple access

CDMA-2000 TDMA/FDMA

Don’t drown in a bowl
of alphabet soup: use this
for reference only

RS E
IS-136 GsMm 1S-95
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Cellular standards: brief survey

2.5 G systems: voice and data channels
3 for those who can't wait for 3G service: 26 extensions

O general packet radio service (GPRS)
O evolved from GSM
o data sent on multiple channels (if available)

7 enhanced data rates for global evolution (EDGE)
O also evolved from GSM, using enhanced modulation
O Date rates up to 384K

3 CDMA-2000 (phase 1)
O data rates up to 144K
O evolved from IS-95
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Cellular standards: brief survey

3G systems: voice/data

3 Universal Mobile Telecommunications Service (UMTS)
O 6SM next step, but using COMA

7 CDMA-2000

..... more (and more interesting) cellular topics due to
mobility (stay tuned for details)
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Chapter 6 outline
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3 6.2 Wireless links,
characteristics
o CDMA

J 6.3 IEEE 802.11
wireless LANs ("wi-fi")
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7 6.6 Mobile IP
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cellular networks
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layer protocols

6.9 Summary
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What is mobility?

3 spectrum of mobility, from the network perspective:

no mobility high mobility
\

mobile wireless user, mobile user, mobile user, passing

using same access connecting/ through multiple

point disconnecting access point while
from network maintaining ongoing
using DHCP. connections (like cell

phone)
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Mobility: Vocabulary

‘{mme {'73 twork permanent home agent: entity that will
home" of mobile perform mobility functions on
(e.g., 128.119.40/24) behalf of mobile, when mobile

\ IS remote

wide area
network

Permanent address:
address in home

network, can always be
used to reach mobile
e.g., 128.119.40.186
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Mobility: more vocabulary

visited network: network

Permanent address: remains  in which mobile currently
constant (e.g., 128.119.40.186) resides (e.g., 79.129.13/24)

Care-of-address: address

visited network.
9,129.13.2)

wide area
network

home agent: entity in
visited network that
» pertforms mobility
correspondent: wants functions on behalf
to communicate with of mobile.
mobile 6: Redes Sem Fio e Mdveis 6-38



How do you contact a mobile friend:

Consider friend frequently changing
addresses, how do you find her?

0 search all phone
books?

3 call her parents?

0 expect her to let you
know where he/she is?
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Mobility: approaches

O Let routing handle it: routers advertise permanent
address of mobile-nodes-in-residence via usual
routing table exchange.

O routing tables indicate where each mobile located
O no changes to end-systems
O Let end-systems handle it:

O /ndirect routing: communication from
correspondent to mobile goes through home
agent, then forwarded to remote

O direct routing: correspondent gets foreign
address of mobile, sends directly o mobile

6: Redes Sem Fio e Mdveis 6-40



Mobility: approaches

O

O /et end-systems handle it:

O /ndirect routing: communication from
correspondent to mobile goes through home
agent, then forwarded to remote

O direct routing: correspondent gets foreign
address of mobile, sends directly o mobile
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Mobility: registration

visited network

rome hetwork

wkﬁgarea

network

mobile contacts

foreign agent contacts home foreign agent on
agent home: "this mobile is entering visited
resident in my network” network

End result:
0 Foreign agent knows about mobile

0 Home agent knows location of mobile
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Mobility via Tndirect Routing

foreign agent
receives packets,

home agent intercepts forwards to mobile
packets, forwards to

foreign agent

visited

home
network

wide area

netwgak
(2)

addresses packets
using home address
of mobile

mobile replies
directly to
correspondent
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Indirect Routing: comments

7 Mobile uses two addresses:

O permanent address: used by correspondent (hence
mobile location is fransparent to correspondent)

O care-of-address: used by home agent to forward
datagrams to mobile

3 foreigh agent functions may be done by mobile itself

3 triangle routing: correspondent-home-network-
mobile

o inefficient when &5
correspondent, mobile

i)
are in same network
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Indirect Routing: moving between networks

7 suppose mobile user moves to another
network
O registers with new foreign agent
O new foreigh agent registers with home agent
O home agent update care-of-address for mobile
O packets continue to be forwarded to mobile (but
with new care-of-address)
O mobility, changing foreign networks
transparent: on going connections can be
maintained/
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Mobility via Direct Routing

foreign agent

receives packets,
correspondent forwards  forwards to mobile

to foreignh agent visited

etwork
home
network
wide area
network
correspondent

requests, receives
foreign address of
mobile

mobile replies
directly to
correspondent
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Mobility via Direct Routing: comments

7 overcome triangle routing problem

0 non-transparent to correspondent:
correspondent must get care-of-address
from home agent

o what if mobile changes visited network?
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Accommodating mobility with direct routing

3 anchor foreign agent: FA in first visited network
7 data always routed first to anchor FA

7 when mobile moves: new FA arranges to have data
forwarded from old FA (chaining)

foreign net visited
at session start

wide area

network
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Mobile IP

O RFC 3220

3 has many features we've seen:

O home agents, foreign agents, foreign-agent
registration, care-of-addresses, encapsulation
(packet-within-a-packet)

3 three components to standard:

O indirect routing of datagrams

O agent discovery

O registration with home agent

6: Redes Sem Fio e Mdveis 6-50



Mobile TIP: indirect routing

foreign-agent-to-mobile packet
dest: 128.119.40.186 |

packet sent by home agent to foreign
agent: a packet within a packet

7/

dest: 79.129.13.2 dest: 128.119.40.186

Permanent address:
128.119.40.186

Care-of address:
79.129.13.2

dest: 128.119.40.186 |

packet sent by
correspondent
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Mobile IP: agent discovery

O agent advertisement: foreign/home agents advertise
service by broadcasting ICMP messages (typefield = 9)

H,F bits: home

and/or foreign agent _|

R bit: registration —

required

0

8 16 24

type=9 | code=0 checksum

router address

m sequence #

RBHFMGV

bits reservec

registration lifetime

&

O or more care-of- __
addresses ‘

6: Redes Sem Fio e Méveis
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extension
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Mobile IP: registration example

home agent
HA: 128.119.40.7

time

=3

~—

foreign agent

COA: 79.129.13.2

registration req.

—

COA: 79.129.13.2
HA: 128.119.40.7

«— | MA: 128.119.40.186

Lifetime: 9999
identification: 714
encapsulation format

registration reply

HA: 128.119.40.7
MA: 128.119.40.186
Lifetime: 4999
Identification: 714
encapsulation format

@ ICMP agent adv.

COA: 79.129.13.2

registration req.

| COA:79.129.13.2

HA: 128.119.40.7
MA: 128.119.40.186
Lifetime: 9999
identification:714

registration reply

HA: 128.119.40.7
MA: 128.119.40.186
Lifetime: 4999
Identification: 714

visited network: 79.129.13/24

Mobile agent
MA: 128.119.40.186
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Components of cellular network architecture

recall:

correspondent

wired public E%
telephone !

network E % %

different cellular networks,
operated by different providers
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Handling mobility in cellular networks

O home network: network of cellular provider you
subscribe to (e.g., Sprint PCS, Verizon)

O home location register (HLR): database in home
network containing permanent cell phone #,
profile information (services, preferences,
billing), information about current location
(could be in another network)

O visited network: network in which mobile currently
resides

O visitor location register (VLR): database with
entry for each user currently in network

o could be home network
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GSM: indirect routing to mobile

home
network correspondent

I

/

home MSC consults HLR,
gets roaming number of
mobile in visited network

— __—call routed

: to home network
Public

switched
telephone
network

home MSC sets up 2" leg of call

to MSC in visited network

mobile

user MSC in visited network completes

call through base station to mobile

visited
network
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GSM: handoff with common MSC

O Handoff goal: route call via
hew base station (without
interruption)

A reasons for handoff:

o stronger signal to/from new
BSS (continuing connectivity,
/ less battery drain)

O load balance: free up channel
in current BSS

~ wXepge | WSS O GSM doesn't mandate why to
perform handoff (policy), only
how (mechanism)

3 handoff initiated by old BSS

old new” S
routing routing N
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GSM: handoff with common MSC

1.

old BSS informs MSC of impending
handoff, provides list of 1* new BSSs

. MSC sets up path (allocates resources)

to new BSS

. hew BSS allocates radio channel for

use by mobile

. hew BSS signals MSC, old BSS: ready
. old BSS tells mobile: perform handoff to

new BSS

. mobile, new BSS signal to activate new

channel

. mobile signals via new BSS to MSC.:

handoff complete. MSC reroutes call

8 MSC-0ld-BSS resources released
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GSM: handoff between MSCs

A anchor MSC: first MSC
visited during cal

correspondent o call remains routed
through anchor MSC

7 new MSCs add on to end
of MSC chain as mobile
moves to new MSC

@) O I5-41 allows optional

3 path minimization step
to shorten multi-MSC
chain

home network

anchor MSC

(a) before handoff
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GSM: handoff between MSCs

A anchor MSC: first MSC
visited during cal

correspondent o call remains routed
through anchor MSC

7 new MSCs add on to end
of MSC chain as mobile
moves to new MSC

7 IS-41 allows optional
path minimization step
to shorten multi-MSC
chain

home network

anchor MSC

(b) after handoff
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Mobility: GSM versus Mobile TP

GSM element
Home system

Comment on GSM element

Network to which the mobile user’s permanent
phone number belongs

Mobile IP element

Home network

Gateway Mobile
Switching Center, or
“home MSC”. Home
Location Register
(HLR)

Home MSC: point of contact to obtain routable
address of mobile user. HLR: database in
home system containing permanent phone
number, profile information, current location of
mobile user, subscription information

Home agent

Visited System

Network other than home system where
mobile user is currently residing

Visited network

Visited Mobile
services Switching
Center.

Visitor Location
Record (VLR)

Visited MSC: responsible for setting up calls
to/from mobile nodes in cells associated with
MSC. VLR: temporary database entry in
visited system, containing subscription
information for each visiting mobile user

Foreign agent

Mobile Station
Roaming Number
(MSRN), or “roaming
number”

Routable address for telephone call segment
between home MSC and visited MSC, visible
to neither the mobile nor the correspondent.

Care-of-
address
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Wireless, mobility: impact on higher layer protocols

3 logically, impact shou/d be minimal ...

O best effort service model remains unchanged

O TCP and UDP can (and do) run over wireless, mobile
J ... but performance-wise:

O packet loss/delay due to bit-errors (discarded
packets, delays for link-layer retransmissions), and

handoff

O TCP interprets loss as congestion, will decrease
congestion window un-necessarily

O delay impairments for real-time traffic
O limited bandwidth of wireless links

6: Redes Sem Fio e Mdveis 6-62



Chapter 6 Summary

Wireless Mobility
O wireless links: O principles: addressing,
O capacity, distance routing to mobile users
O channel impairments O home, visited networks
O CDMA O direct, indirect routing
7 TEEE 802.11 ("wi-fi") O care-of-addresses
O CSMA/CA reflects 7 case studies
wireless channel o mobile IP
characteristics 5 mobility in GSM

3 cellular access 7 impact on higher-layer
o architecture pr‘O'I'OCO|S

O standards (e.g., GSM,
CDMA-2000, UMTS)
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