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Forecasts

Mobile voice subscribers will considerably exceed fixeld
network subscribers (already happened in  sorjE!
countries)

600 x 10° computers connected worldwide by end
740[0]0)

120% growth in Internet anticipated by 2005

Business to business transactions will exceed %1.%
102by 2002

50% of world trade will be conducted over the Internis
by 2006

Radio Environment

Radio spectrum Is a finite resource and the amour(i
off spectrum available for mobile communications is
strictly limited

The radio environment IS subject to multipath
propagation, shadoew fading and interference and I
not therefore an ideal transmission medium

The subscriber is able to move and this movemer [is
must be accommodated by the communications
system
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Freguency reuse and
Interference

AIr Interfaces for 3G

ITU-DS for CDMA-DS or WCDMA
ITU-MC for CDMA-MC or cdma2000
ITU-TC for TC/CDMA or TDD/CDMA
ITU-SCfor 1S-136, UWC136, EDGE
ITC-FT for DECT

In addition, evolution of second generation systems<gk
occurring at a rapid rate.

Several contenders for the evolution mobif
communications networks towards 3G and beyond.
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Current Status

2G networkdl circuit-switched voice services, lerate
circuit-switched and “limited” packeswitched data
Services.

Coupled to the evolution of second generation systen s
the development of '3 generation interfaces (mainly
WCDMA and cdma2000).

Clear prediction that wireless systems and the inteijgisi
will merge in the near future.

Massive activity to offer Ithased wide area mobile

kb/s at pedestrian speeds, 144 kb/s at vehicular speXiEs

and up to 2 Mb/s in an indoor environment. .

Evolution of GSM

Introduction of higher guality veice services via lingk
adaptation (AMR).

Move towards packet based services.

» GPRS: architecture enhancements that allow mob[JEs
to connect to IP or X.25 based networks.

» Further evolution of GSM/GPRS to support highslg
data rates: Enhanced Data Rates for GSM Evoluiifsig
(EDGE), up to 384 kb/s.

WCDMA proposal provides a new air interface fij
GSM networks- supporting higher data rates that will
meet or exceed UMTS/IM-2000 specifications.
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Enhanced Speech Quality,
Operation of the AMIcodec

1 time slot

Voice bits E”Ogi‘tfgdi” NET RATELINK ADAPTATION

movable boundary.

1 time slot

E”O{)ifsc’di” GROSS RATELINK ADAPTATION

2 time slots

. .. | Error coding Additional error
coding hits

PDF of Mobile Channel Quality"

1000

Designed to ensure thais
a low number of users
are below the minimum
SIR.

This results in a high
number of users having
a high SIR from which

they cannot benefit.

Link Adaptation adapts
the channel coding te
even out quality.
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Typical Coder Performance
Characteristics
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The General Packet Radio
Senvice (GPRS)

Allows GSM mobile subscribers to connect to a:hdsed
or X.25-based network.

Two new network elements are introduced:

» the serving GPRS support node (SGSN): provic
authentication and mobility management.

 the gateway GPRS support node (GGSN): provides pists
interface between the mobile and the IP or X. 43

network and tunnels packets from the packet d

network using the GPRS tunnelling protocol.
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GPRS Channel Coding Optioné\y

The channel coding options are given below, in whicigiel
radio block is equivalent to 4 time slots with: a nomijggl
capacity of 4x< 114 = 456 hits.

Coding Scheme Code| USF| Payload | User Data
| CS2  (9dB-20dB)[ 2/3 | 6 | 268 | 13.4 |

| CS3  (9dB-20dB) [ 3/4 | 6 | 312 | 156 |

The mobile monitors the Uplink Status Flag (USF)
from which it identifies the2DCHswhich it may use to
transmit data.

17

Background to EDGE

EDGE will use the GSM 200 kHz carrier and nyslot
operation, which will allow service providers to deplsi
EDGE transceivers among existing GSM/GFH=s
transceivers.

In addition, EDGE raises the GSM/GPRS time S|}
structure.

One of the main differences between GSM and EDCl=mE
that EDGE will use $2°SK modulation, which encodesgs
bits per modulated symbaol (inf good SIR conditions), Eisl
GMSK (1 bit per symbol) in poor SIR conditions.
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Link Quality: Control
Mechanisms

Link Adaptation

» estimates the link quality and selects the msE
appropriate modulation/coding scheme to maxim Efs
the user bit rate.

Incremental Redundancy

 Information is first sent with very little coding|
yielding a high bit rate if decoding is successful.

» |[f decoding fails additional coded: bits (redundanciy
are sent until decoding succeeds.

» The more coding that has to be sent, the lower W
resulting bit rate and the higher the delay. =

Channel Coding ini EGPRS

The different initial code rates are obtained [
puncturing a different number of bits from a commisjg
conyvolutionalcode (rate 1/3).

The resulting coding schemes are listed in on the rEga
slide (schemes CHto CS4 are identical to GPRS).

Incremental redundancy operation Is enabled [y
puncturing; a different set of bits each time a block g
retransmitted, the codeate Is gradually decreasefd
towards 1/3 for every new transmission of the block.

The selection of the initiall modulation and code rate s
use is based on regular measurements of link quality.
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Channel Coding Schemes for
EGPRS

Codng Code Modulation Radio Interface Rate
Scheme Rate per timeslotkb/s)
CS1 0.49 GMSK 11.2

CS2 0.64 GMSK 14.5

CS3 0.73 GMSK 16.7

CS4 1 GMSK 22.8
PCS&1 0.33 8-PSK 22.8
PCS2 0.5 8-PSK 34.3
PCS3 0.6 8-PSK 41.25
PC&4 0.75 8-PSK 51.6
PCS5 0.83 8-PSK 57.35
PCS6 1 8-PSK 69.2

User bit rates for 8 slot GPRS $é
and EGPRS >
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Wideband CDMA

WCDMA introduces a new air interface based on a 5 Mgk
channel bandwidth and a chip rate ofi 3.84 Mc/s.

WCDMA will alse utilise a 10 ms, 15 slot/frame structui
and perform clesed power contrel on both the forward gl
reverse link at a rate of 1,600 times per second.

The interest in 3G has been intense as witnessed byJEists
recent spectrum auctions in the UK which netted gl
income of £22.4& 1.0°.

o

3G spectrum allecation, UK hOS
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3G Operator Licences UK

Licence A(2 x 14.6 MHz + 5 MHzZ)TIW (£4.3847x 10°)
Licence B(2 % 14.8 MHz)Vodafone(£5.964x 10°)
Licence C(2 x 10/ MHz + 5 MHz)BT Cellnet(£4.03x 10°)
Licence D(2 x 10/ MHz + 5 MHz)One20ne (£4.00% 10°)
Licence E(2 x 10 MHz + 5 MHZz)Orange (£4.09% 10°)

Potential of WCDMA

N

WCDMA has the capacity to offer user bit rates up tc
Mb/s, in/limited environments.

Recent predictions suggest that, in the wider cont«¥4s
WCDMA will offer increased bit rates which are onl)
twice as high as those offered by second generajilsy
systems and will require a higher number of bzt
stations than enhanced GSM owing to the higlgss
frequencies allocated.

A significant competitive advantage to be gained (s
offering 3G services over enhanced 2G systems
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Wireless Applications Protocol s~
(WAP) o

WAP is a standard that defines the way in which el
mobile network communicates directly with the Interngis
or Intranets.

WAP has been designed essentially to be independegilis)
the air interface and is thus applicable to both 2G and i€
Systems.

It Is estimated that several hundred million WAP: enab |
mobile telephones will be in use by the end of 2000.

Wireless Applications
Environment (WAE)

WAP is part of the Wireless Applications Environme g
which has adopted a model that closely follows tiE!
WWW model.

The essence of the WAE is the existence of a gate'ey
functionality. which Is responsible for encoding ars!
decoding the data transferred from and tanebile
client.

J.dunlop@eee.strath.ac.uk 14



WWW: Logical Medel

Reguest (niform - esource! ocator . .

e ) Origin Server
Client CGl
User

Scripts;
etc.
Agent Response (Content)

COREnt

WAE Logical Model

Mobile Encoded Reguest

Gateway Request Origin Server
Client

C_GI
WAE ficods; e
User '
Agent T

Corfi=s
Encoded Response Response

(Content)

J.dunlop@eee.strath.ac.uk

15



Bluetooth

Bluetootheliminates the need for wires, cables, and i

corresponding connectors between cordless or mosjiE
phones, modems, headsets, PDAS, computers, pringigs
projectors, etc., and paves the way for new gl

completely different devices and applications.

The technology enables the design of-loewer, smal
sized, lowcost radios that can be embedded in exist il
(portable) devices.

This will lead toward ubiquitous connectivity: withoLl
any explicit user interaction.

Allecated spectrum

The first applications are targeted at the business usergigi
thus requires a global radio allocation.

An unlicensedband centred around 2.45 GHz has befElg
allocated worldwide for commercial use.

Ini moest countries of the world, free spectrum is availagji
from 2400 MHz to 2483.5 MHz.

(There are some regional variations e.g. France, Spainj
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BluetoothTechnolegy.

Bluetoothis based on FXCDMA.

In the 2.45 GHz ISM band, a set of 79 hop carriers |k
been defined at a 1 MHz spacing with: a nominal hs]s)
dwell time of 625.s.

A large number of pseud@andom hopping sequenceg
have been defined.

The hop carriers are orthogonal but the hop sequer
will net be erthogonal

Q
®
1

short interruptions in the communications, which can st
overcome with measures at higtlayer protocols. s

n _u
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=
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Cellular IP.

This is a development of the Internet Engineering T k34
Force (IETE) to provide local mobility and handovis
support in 3G systems.

It can interwork with Mobile IP to provide wide areel
mobility support.

Mobile IP is suited to slow infrequent movement (macigs
mobility).

Cellular IP is being designed for frequent mobile hokp
migration (micro mobility).

Cellular IP’ Architecture

Base Stations periodically emit beacon signals.

Mobile hosts use these beacon signals to locate g
nearest Base Station.

A mobile host can transmit a packet by relaying it to tige
nearest Base Station.

All'IP packets transmitted by a mobile host are rouiEls!
from the Base Station to the Gateway by Hhyshop
shortest path routing, regardless of the destinaifsjg
address.
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Cellular IP. Networks

Internet Backbone
with Mobile IP

Cellular IP Gateway:
(careof address)

Mabile IP routing BS4 Mobile
IP tunnelling N Host

> Cellular IP routing

Principles of Cellular IP

Cellular IP. nedes maintain a Route Cache.

Packets transmitted by the mobile host create and upeERE
entries in each node’s Cache, which maps the mosjEl
host’s IP address to the neighbour from whichi the paj€Eis
arrived.

The chain of cached mappings referring to a singjE
mobile host constitutes a reverse path for downlijghs
packets addressed to the same mobile host.

As the mobile hest migrates, the chain of mappirl¥s
always points to its current location because its upl gk
packets create new and change old mappings.

38

J.dunlop@eee.strath.ac.uk 19



Handover in Cellular IP.

To Cellular IP
Gateway Packets on old route
— > Routeupdate packets
T Packets on new route

Crossover BS

. Mohile
Host X

__ Mobile movement

Inactive Mobile Hosts

IP packets addressed to a mobile host are routed byiste!
chain of cached mappings associated with the <gildl
mobile host.

Inactive mobile hosts let their Route Cache mappirisE
time out but maintain Paging Cache mappings.

IP' packets  addressed to these mobile hosts will gsE
routed by Paging Caches.

Paging Caches have a longer timeout value than R
Caches and are not necessarily maintained in e\Eig
node.

J.dunlop@eee.strath.ac.uk

20



Mobile Access Networks

Large numbers d¥licrocellsenvisaged for 3G services
Signalling explesion to be avoided

VIRTUAL BUS hierarchical systems minimise
signalling by using a bus broadcast mode.

DCA, macrodiversity and soft handovers easil
implemented

Compatible with, Cellular IP
Can handle a mixture of air interfaces

Virtual Bus Mobile Access Netword

PSTN

Virtual Backbone

|

CSS

Virtual Bus \

|

CSS

\ Virtual Bus

CSS
L=
U Virtual Bus \

. Micro
Micro i BS B ] Micro
BS [} BS

Macro™

iicro 5 MElicer Micro
BS Micro o BS

BS . Micro

Macro - BS

. . i BS Micro

CSS = Cell Site Switch Micro BS

LE = Local Exchange BS

Micro cell cluster with; macro umbrella cell
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Multi-provider Environments

A€

J

3G

Requirements to support this evolution

 Integration of service provision platforms ovel
heterogeneous networks

» Management of QoS in a Muefirovider environment

Digital Market Place Concept

Dissociation of service provider and network operaisig
roles will result in Mobile Virtual Network Operator:s
(MVNO).

Service providers will exploiQoS and associated cosj
parameters to allow an objective comparison of wigEl
can be delivered by competing technologies.

Service providers will' select, dynamically, the serviigs
network operator according to the users’ price zXgs
guality requirements, so adding an explicit competiti sig
In the digitallmarketplace.

44
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Digital Market Place
Framework

Based on 4 layers (lowest layer Is -mterface
dependent)

The Logical Market Channel (LMC) is introduced is]
cope with the fact that service providers do not owrfiel
network or control channel.

The LMC is physically supported by one or mo
network operators.

The market provider links LMC contracts to netwo g
operators into its own digital marketplace, at systlgg
initialisation.

Q8

Generic Quality of Service
Management Architecture

APPLICATIONS 5 oo e Application layer, user
applications (service
provider domain).

Bearer layer a generic
interface representing th
NETWORKS ~ Resource QoS management domain.

Manager
Network/IMAC layers air
interface specific (network
operator domain)

BEARERS () ;. ve°

ification Negotiation EHH¢

Attached Unattached
Terminal Terminal
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Scope of Digital Market Place <>

The primary result of the digital market place concejsis
in mobile communications systems is the scope gVl
for contract negotiatiom at the point of serviis
provision.

This is regarded by many as the essence of Ei&
mobile communications systems.

Bearer Contracts (TETRA) for ;3
BER = 16*

1-
0.8
0.6

0.4

Normalised Commitment

0.2

0) ‘ ‘ ‘
(0)500) (0)%0) 0.20 0.30 0)210) (0)§510) 0.60 0.70

Degradation Allowance

Each Bearer Service can achieve a Contract
Commitment at a specific Resource Cost.
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Conclusions

It is clear that routes to UMTS will' be provided by El
combination of evelving 2G and standard 3G system:s

In all cases the major developments will be in tgE
services which are offered by these systems and RisE
concepts of contracts between users and seryss
providers with guaranteed guality of service.

There is now intense interest in this area and the dic/jizl
market place will become a central feature in the furtigils
development communications networks and serviges
which offer mobility (in the general sense) .
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