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Introduction to wireless and mobile Internet
f S5STAYAY3I aY20AfS AyuSNYySiase
No single definition, but consists of several ideas
Locationindependent access
Wire-free access
Internet access
Seamless access
0 ISRindependent access
9 Evolution in telecommunications technologies
0 Telephonyg wired, wireless, cellular
o Internetc fixed, wreless, mobile
0 Anincrease in:
A Number of services
A Time/space accessibility
A Number of applications
o Network trafficg voice, text, data
I Trends
o Fixed to mobile accessfixed access for voice service nearing saturation
0o Voicetodatagi 2 RIF @ Qa A yré fatedfidfyifutudeamSbidinternet users
0 We see less and less time required to get the first 50 million users
A Service tariff and device price
A Accessibility and ease of use, and number of applications available
9 Future telecommunication systems

O O O O O

0 Support nev and existing applications

0 Horizontal communication between different access technology

o0 Connected through a common, flexible, seamlesbfi§ed?) core network

o Global roaming and inteworking between different access technologies with both horizontadgin

system) and vertical (intesystem) handover

Wireless cellular data networks
1 Mobile circuit vs packet switching

o Circuit switching
A Dedicates a channel to the data even when not in use
A Low system efficiency and low data rates
A Good realtime QoS, and budlon existing wireline CS networks

o0 Packet switching
A More suitable for burst data traffic
A Higher system efficiency and higher data rates
A Needs change to existing CS core networks
A More difficult in providing realime QoS to multimedia applications

2G cellular data services
9 Cellular digital packet data (CDPD)
0 Peer multiprotocol, connectionless network
0 Shares unused channels in existing AMPS (later PCS) to provide 19.2 kbps data
o Data transmission for mobi#mobile, mobilefixed, fixedmobile, fixedfixed users
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o Using mobility tunnel based on the connectionless network protocol (CLNP)

1 High speed circuit switched data (HSCSD)
Base
transcelver
siation (BT5) Base station Mobile switching

Alr A controlier center (MSC)
(BSC)

imerfa% I
&
A A-bis i
Mobile i Interface 8

Edmund Tse 2010

station
(MS)

- 4 \ y \
Muitipie Multiple
circuits circuits

0 Allows GSM system to usd timeslot per TDMA frameor up to & faster than the usual 9.6kbps
0 Supports either UL/DL symmetric or asymritetransmissiongcan be renegotiated)
0 No need to change air interface or access network

One circult

More recent cellular data services
1 Wireless application protocol (WAP)

[ Wireless Markup Language (WML) ] WML Script ]
1 |
I Wireless Application Environment (WAE) |
|
[ Wireless Session Protocol (WSP) ]
[ Wireless Transaction Protocol (WTP)
A
Wireless Transport Layer Security (WTLS)
1
TCP/UDP
IP ‘ Wireless Datagram Protocol (WDP) I
i I . | = .
GsM | | D-AMPS | [is95] [ DECT| | uMTS| |cdma2000 | | Biuetooth |

0 A universal, open standard designed to work with all technologies (GSM, CDMA, etc)
0 Based orexisting Interné standards (IP, XML, HTML, HTTP)
o Designed to deal with wireless limitations including:
A Processor power and memory capacity
A Battery life
A Small and limited display
0 Includes security capabilities
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0o WAP infrastructure translates HTML to WMPdaonverts WML to compact binary WML

. — A
over
m";.gv or E HITPICP/P HTML
Internet } WML over filter
WML-capabie ] HITPOCPAP
wWeb server WML over
- HTTRITCPIR
;
: binary WML
aver WAP :
e ’ ' WAP
mobk ' |
terminals Wireless Network - proxy
1 4 binary WML ‘
~—R - o over WAP l
NN

o WAP programming model
A Simplified architecture: Client, Gateway and Original Server
A HTTP used between Gateway and Original Server
A Gateway used as a proxy server for the wireless domain

i1 i-Mode service

source: NTT DoCoMo web site
hitp:Awww nitdocomo.comy Leasad Line Circuit

Introduced indJaparby NTT DoCoMim Feb1999 for mobile web access
Pricing is based on volume of data rather than connection time (as with WAP)
Access to public Internet and dedicated leatieé circuit for securityfe.g. mcommerce)
0 Wireless TCP (WTCP) to better Harttie wireless channglHTML used similar to WML
1 FOMA 3G service in Jap@iov2001)
0 An enhancement to themode to handle more multimedia content
0 Downlink/Uplink speeds of 384/64 kbps
o Uses WCDM#Apread spectrunand Rake receivers

O O O
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Cellular mobile net works (GPRS, EGPRS, UMTS, cdma2000)

EGPRS
1 Enhanced general packet radio service (EGPRS)
o Defined by ETS
0 An evolution of GSM, using
A TDMAbased packet switched radio technology with 200kHz channels
A Atime frame structure similar to GSM
A An evolved packeswitched GPRS core network
o First implementation phase is GPRS
o EGPRS is enhanced in both the air interface (EDGE) and the core network (packet only)
1 GPRS
o Packetswitched core network for more efficient4hased services
o Consists of 2 types of routers:
A Serving BRS suppairig node (SGSN)connected to BSS as an access router to the network
A Gateway GPRS supporting node (GG3Jdteway router to other packet data networks
o Datafriendly protocol design to support the burst nature of data traffic
0 Reuses many exisig GSM infrastructure

MSC/VLR HLR

(BSS oy
8 EIR |
; \:l; . .ir:.\;hu".
o GGSN
to &LR
-»— Ge

coany—t—GGSN ——( PDN )
Gn Gi - 7

A Gateway between GRPS PLMN and other packet data networks (IRet¥)25,
A Message screeningpllectbilling data, relaying, routing, address translation, GTP, mobility
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o0 SGSN

to SMS-GMSC
SMS-IWMSC

‘J'—‘Gd HLR

o to
SGSN +
BSS Gb an GGSN

+TGn

Yo SGSN
{or GGSN In other PLMN)

A Authentication, admission control, relay, riing, encapsulation, tunnelling, mobility, cipher,
compression, subnetworllependent convergence protocol

1 EGPRS
o Continues to use GPRS core network
o New air interface; Enhanced data rate for GSM evolution (EDGE)
A Uses 8PSK to get 384kpbs and @ps/Hz/base

o First phase
MSC — —

\ EDGE ~Circult-switched ™ = psm”“\)
‘ s cellular network _ St

K_‘;\\ l' ,, ~ T ——Eate‘.-.-ay MSC  Switching
- Center
GS"" / *."
.-I\/")’ \\\_ ———— e
/ BSS AN m GPRS network M—'@?’ubhc Internet)
i SGSN GGSN  1p Router

A A path for traffic and another for data

0 Second phase
P ST
Media - SRR

\ EDGE -
é \ Gatey ay_- Switching
- TN Center
-'-A“\_ L 4/'/ ‘\

E-SGSN E-GGSN IP Router

I Eu_blic Imertvjé_t\/:

' ——

Eliminates the circuiswitched network
All IRbased GPRS
Improved network utilisation and integration
A Reduced operational cost
o Each SGSN is connected to a VLR
A VLR holds temporary ddtase of currently attached users
A VLR contacts permanent database in HLR for authentication
o Designed to operate in most current 2G spectrum allocations

L
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0 EGPRS protocol stack

Application
IP/X.25 P /%28
Relay
ikl snocP] TP GTP
LLC LLC UDP | —
Relay TCP TCP
BLE RLC | BSSGP BSSGP —p .
MAC MAC | Network Network L2 L2
Service Service
GSM RF GSMRF| Libis L1bis L1 L1
Um Gb Gn
MS BSS SGSN GGSN

1 GPRS new tunnelling protocol
GTP tunnels PDUs through the GPRS backbone netwiwkdretwo GSNs
Header contains tunnel end point ID (peiotpoint/multicast) or group ID (poinAto-multipoint)

(0]

O O O O O

IPv4 is used below GTP in GPRS backbone.

Handles mobility, registration and authentication

Encapsulated packets with an outer GTP/UDP/IP header

Adds 48 bytes in header, which is substantial for VolP applications

Standardisation
1 Evolution from 2G to 3G

TOMA

|

GSM

TOMA

|

POC ——————

CDFA

IS95-A |——T

2G

9 Standards organisations

(0]

(0]

International Telecommunication Union (ITU)
o0 European Telecommunications Standards Institute (ETSI)

{ GPRS/EDGE uMTS
FMode ———t W-CDMA
1S95-B |
cdmaOne \ CDP‘-M.{GOO‘
25G 1

Third Generation Pararship Project (3GPP)

A ETSI, ANSI T1, AR#pan Korea TTA, China WTS

A Working on 3@ased on evolved GSM core network
agaasSy 27
Third Generation Partnership Project 2 (3GPP2)

Alasa

A ANSI

LI NJ £ £ S¢

A Working on 3G based on95 for cdma2000
Internet Engineering Task Force (IETF)
Universal Mobile Telecommunications System (UMTS) Forum
Mobile Wireless Internet Forum (MWIF)

WNBf S as

a

Q

g2
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UMTS

1 Evolution at all logical layers for higher bit rates, and nsmeices
o Appication voiceA dataA internet
0 Terminal singlemode A multi-modeA adaptivemode
o Core network circuitA packetA ISDNA IP

0 Access network GSMA GPRS/EDGE W-CDMA
1 UMTS network architecture

; é';>.

Feature
| Servers |

’ ATM

1 UMTS Context
o UMTS is the 3G evolution of the GSM/GPRS 2eh@ork
0 Serving network domain = core network (CN)
A Reuses GSM/GPRS network elements
A MSC performs voice transcoding and bridges cellular network to PSTN
A SGSN and GGSN provide packet data services
0 Access network domain = UMTS Terrestrial radio access nefWdRAN)
A Manages WCDMA access technology
A Radio network controller (RNC) provides data link layer services
A Physical radio channel provided by Node B (many ~300 Node B per RNC)
1 UTRA network architecture

UTMms
Core
Network

uTms
Terrestrial <
Radio Access
Network

CS Circuit Switched RNS Radio Network Subsystem
PS Packet Swatched BNC Radio Network Controller

0 UTRA FDD access mode
A Different carrier frequenciesf uplink and downlink

Page9 of 42
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A 2 x5 MHz spectrum minimum
A Purely CDMA system
A For public macreand micrecell up to 384 kb/s and high mobility applications
o UTRA TDD access mode
A Same carrier frequency for up and down link, time multiplexed
5 MHz spectrum minimum
Referred to as TBECDMA system
For public micreand picecell up to 2 Mb/s on licensed and unlicensed cordless WLL
applications. Best suited for indoor, asymmetric, high traffic.
o Having both TDD and FDD modes give flexible capacity allocations
0 Both modes us frequency band in 2 GHz region
o Basic system parameters (carrier spacing, chip rate, frame length) harmonised
9 Architectural improvementsver GSM
0 Wideband accesshigher bit rates for multimedia
0 Mobile-fixed-internet convergence uniform way to offer sevice portability across domains
o0 Flexible service architecturestandardised blocks that make up the services
M Virtual home environmenin 3GPP OSA

service

> v >

sefvice

service layer_- -
standardized

) service-network ‘
- . AN B UMTS interfaces

M " ~
J/ scF \ a7 scF £
o >

cal P ol
sarvers 1 / / SCF /A
home locabon '
regater
SEVerS

mobile g
exncution - o

network layer servers .

i

o] System concept for personalised service portability across netaatkterminalboundaries
0 Use of home atwork services even when roaming
0 Service capability server (SG®)e servers
A E.g.MSC
0 Service capability features (SCHhe software layer of interface classes on top of SCSs
A E.g. call control, location/positioning, notifications

cdma2000
1 cdma2000
o Evdved from cdmaOne, which usesd5 air interface and AN8IL core network
o 1X version to provide 144 kbps single carrier, cooperating with cdmaOne networks
0 3Xversion to become a 3G system at 2Mbps
o A more IP friendly architecture due to influence of moliteat core design
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9 Architecture

PSTN

[ Mscl—"
AR

4 1 HLR

BSC [l
BTS )
cdmaOne FoN
cdma2000 — '

pcr [ |POSN — HA ™=—__ Internet

5 AN ) AAA ¥
AAA
AN |
0 ¢dma2000 packet core network (PCN)
A Usespacket data serving nod®D3\) instead of SGSN
A Mobility management by mobile IP rather than HLR and signalling system 7 (SS7)
A PDSN aforeign agentEA of mobile IP, providingare-of address CoA to usersand
unwrappinglP packets tunnelled from theome agentdA

A Link from the PDSN to mobile users is provided by a point to point protocol (PPP)

9 Packet data services
0 2 general services provided to a mobile user
A Local and public rieork access
A Private network accessidentical to local network access and to public internet
A Service access providers (SAP) may offer services in its own private IP network
0 Simple IP access method
A User is assigned a dynamic IP from SAP
A IP is maintained ithin some networkin a geographical area
A P is not maintained outside of this area
0 Mobile IP access method
A Based on RFC 2002
A Uses either static or dynamic IP belonging to home network
A IP is maintained when moving in INPD00 or other networks
0 Reference mdel

Higher Layers to other packet

data networks

Network Layer

Aiinoag

Data Link Layer

Service Access
Provider

Access Layer

0 Access layer
A Mobile station supports in regard to provider
I Radio access technology
1 Signalling standards (supporting only a single packet data service)
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A Access network
1 Authentication and authorisation for MS to use the service
1 Establishes connectiow iMT-2000 network
1 Initialises a data link layer
o Datalink layer (2 types supported)
A PPP for version 1 and 2
1 PPP in compliance with RFC 1661
1 PPP compression control protocol (RFC 1962) for payload compression
A Simple data linkayer protocol for version 2
o Network layer (2 types of network access methods)
A Mobile IP
9 Local and public network accessiAin IMT-2000service provider network (SPN)
9 Private network accessHA in private network, authentication by private network
A Simple IP
9 Local and public networkccesg; IP dynamically assigned by serving network
9 Private network accesssame + VPN software in mobile station
0 Security (3 levels)
A Radio access security
9 Authentication of the mobile station
1 Support of air interface encryption
A 1P network security
1 MobileIP¢ FA challenge to authenticate MS
1 Simple IR; challenge handshake (CHAP) or password (PAP) authentication protocol
A User endto-end security (optional)
M A functional model

AAA
S
radio
/ controller PRCKM
/mobile / \N data
/ station B serving . —
a _ home
/ packet £ _ipice
e '

o Home agent

A Authenticate mobile IP registration from MS
Redirect packets to thEA
May manage secure communications to the PDSN (as Mobile IP FA)
Receivauserprovisioning info fromAuthentication, Authorisation and AccountingAA
May assign a dynamic home address

> > >

>

o PDSN

>

Manages PPP session to MS

Support FA functionality

Initiate AAAfunctions for MS data session

Simple IR, give IP address and map it with a unique layer 2 connection fasdCF
Mobile IP¢ map MS and HA addresses with unique link layer identifier used for PCF

> > > >
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A May manage secure communication to the HA or the mobiferign home auth extension
Receive user profiledifferentiated services, security inf(pm AAAfor MS
Record usage data, communicate accounting info from PCF to AAA
Route packets to IP network or reverse tunnel to HA
Manage layer 2 connection betwe®CF and PDSN
Maintain PPP connection
Tag and process packets as necessary for QoS profile
0 AAA(in service provider network)
A Pass autbrisationrequestsbetweenPDSNindhome IP nework
A Store accounting for MS from the PDSN
A For mobile IP, may support hand®between PDSNs that do not involve home IP net
A For mobile IP, dynamically identify a HA and assign a user to that HA
0 AAA (in home IP network)
A Authenticate and authorise the MS based on requests from local AAA
A Provide user profile and QoS information tD$N
A For mobile IP, dynamically identify a HA and assign a user to that HA
0 AAA (in a broker network)
A Forward requests and responses between service provider network and home IP network
without direct association
A Modes of operation

> > > > > >

1 Nontransparent¢ new requests created based on incoming requests
1 Transparent, broker AAA only relays
1 Redirectiong broker AAA refers service provider to another AAA
0 Packet control function (PCF)
A Manage layer 2 connection to PDSN
Interact with PDSN to support dormant handoff
Buffer incoming PDSN packets when radio resources are unavailable
Communicates with RRC to manage radio resources with MS
Forward serving PCF info to target PCF for hard handoff
o Radio resources control (RRC)
A Optional: authentication and authorisation of MS fadio access; air interface encryption
A Mange radio resources for communication between MS and PCF
A Monitor radio resource status
A Broadcast packet zone ID in the system overhead message
0 Mobile station (MS)
A Manage data link protocol to PDSN
A Request appropria radio resources from the network
A Buffer packets from applications when radio resources are unavailable
A Detect change in packet zone, system or network ID to initiate dormant handoff with RRC
M Architectural modeldor mobile IP
0 MS access to SPN usingimaierface to connect to radio networfRN)
A One service provider at a time (home or \@sinetwork)
0 Mobility management using air interface procedures including interaction between VLR and HLR
0 An open RP interface between RN and PDSN
o Interaction of PDSNbotlocal and viséd AAA and other servers using IP

> > > > P
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ELEC5509 Mobile Networks

T

o Protocol reference model with mobile IP

o For mobile IP:

Private Home
ISP Network
Home 1P Network y 4
y_ HA
- Home Network
A . /"' HLR
AAA /
& 38 /33
Broker Network /

 Visited Network
For simple IP, HA is not required but interaction with AAA servers might be used in roaming case

Protocol reference model

Aobile Radic Packet Data End
Station Network Senving Node Host

P P P
PPP PPP

‘ LLC LLC

LLC e | oo o

MAC| | MAC

PHY ™[ PHY | PHY }—- PHY | PHY — PHY |

Mobse Rada Packet Data Home End
Staton Network Senvng Node Agent Host
P e | P i L P
1Psec IPsec
PPP | PPP
‘ LLC LLC | LLC LLC

LLe LC | o AP

MAC MAC

PHY ™| PHY | PHY m— PHY | PHY —— PHY | PHY _‘1 PHY

Interfaces
0 Peerto-peer interfaces between network home and visited HJOO (intrafamily)

A HAto PDSN Mobile IP
A AAAto AAA  AAA protocol (peeto-peer)

A HLRtoVLR ANS#1

o Intra-service provider interfaces
A PDSN to AAA AAA protocol (clienserver)
A HAto AAA  AAA protocol (clienserver)

A RN to PDSN RP interface
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1 Accounting

RRC/PCF

nterface supporting a
Y ocol Local AAA’
e, o] | 1
Server ' ptionally send accounting

must allow for home network t
regequeastire.poll preavious

normation
o0 Accounting information exchanged between visited AAA servers and home AAA servers using
standardisedaccounting data interchange format (ADIF)
9 Cellular nobility management
0 Location management (LM) technique
A Find the real location of a MT from time to time and find its nearest point of attachment to
the network
o Handoff management (HM) technique
A Need efficient, reliable and quick handoff scheme to maintain afguge an ongoing
session while MT moves betweeoverage areas
0 Mobility management = LM + HM
1 Wireless IP mobility management
o PCF to PCF handoff
A Linklayer mobility management function used to manage the changeP&Rachment
A May happen for an active or dormant MS
A Involves
1 PDSN selection
1 New RP sessin setup
9 Tear down of previous-R session
A Each PCF is uniquely identified by:
1 System ID (SID)
1 Network ID (NID)
1 Packet Zone ID (PZID)
o PDSN to PDSN handoff
A Mobile IP provides Hayer mobility management across PDSNs
A MS performs this handoff by registeringtivits HA as per RFC 2002 with some extensions
A Requires active MS, and involves:
1 Establish new PPP session
1 Detect new FA via agent advertisement message
1 Authentication via remote authentication dial in user service (RADIUS)
1 Register with HA
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Mobile netw orks of the future

Beyond third generation systems
1 Global 3G goals and modes of operations
o DSCDMA based on UTRA FDD of 3GPP
0 MGCDMA based on cmda2000 using FDD of 3GPP2
o CDMA TDD based on UTRA TDD of 3GPP
0 Goalg a generic protocol stack
A Simplify global roming
A Connectivity to EGSM and AMSIcore networks
A Eventually connection of UTRA to anlRllcore network
M 3G harmonisation

= - 4
simpiified IMT-2000
radio access family $C-LOMA DS-COMA MC-COMA TD-COMA
S | ! //
Nt + A

Flexible radio access-to-core
__ network connectivity

— B

e — o g
simplified IMT-2000 A evolved
core network family evolved ANSI-41

GSM-MAP

4 g

P e Vo

=" network-to- i
network
Interface
core network

inter-family

roaming

0 Operators
A Minimises risk in 3G investment
A Ensures compatibility and smooth evolution from existing infrastructure
A Interworking ketween 3G core network and GSM/ANSI
o0 Manufacturers
A Reduced development cost and R&D efforts
0 Users
A Simplifies roaming between regions and systems
A Reduced device and service cost
0 Mobile wireless internet forum defined a functional network architecture,sisting of application,
service control and transport layers, with security across all layers
1 Systems byond 3G
0 Horizontal communication between different access technology
o hy 02YY2y LI GF2N)Y (G2 O2YLX SYSyid SIOK 2iKSNID:
o Common, flexible, HBased ore network
A Efficient support of internet services
A GSM evolution with IP overlay is still circuit switched
0 Global roaming with intra and inter system handowaeross different technologies
0 Seamless service negotiation including mobility, security, QoS
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