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se!

 System - with a focus on their
the protocols which are used.

e course web page:
Maguire Welcome to the course!
maguire@it.kth.se 2002.03.14

Welcome to the cour
The course should befun.

We will dig deeper into Personal Communication
architectures, but we will also examine some of 

Information about the course is available from th
http://www.it.kth.se/edu/gru/NetArch

http://www.it.kth.se/edu/gru/Internet
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Course
Maguire Staff Associated with the Course
maguire@it.kth.se 2002.03.14

Staff Associated with the 
Instructor (Kursansvarig)

prof. Gerald Q. Maguire Jr.  <maguire@it.kth.se>

Assistants for Recitation Sessions (Övningar)

Dr. Johan Montelius <jm@it.kth.se>

Administrative Assistant: recording of grades, registration, etc.

Rita Johnsson <ritaj@it.kth.se>

http://www.it.kth.se/edu/gru/Internet
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thod

 Systems are and their

re.
development in this area.

t systems to understand
ct from these details

g a written report and
ject.
Maguire Goals, Scope and Method
maguire@it.kth.se 2002.03.14

Goals, Scope and Me
Goals of the Course

• To understand what Personal Communication
basic architectures.

• To be able to read and understand the literatu
• To provide a basis for your own research and 
Scope and Method

• We are going to examine a number of differen
both the details of the system(s) and to abstra
some architectural features.

• You will demonstrate your knowledge by writin
giving an oral presentation describing your pro
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ations (this requires
Maguire Prerequisites
maguire@it.kth.se 2002.03.14

Prerequisites
• Internetwork (2G1305) or
• Equivalent knowledge in Computer Communic

permission of the instructor)
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ation systems and their network
to space probes, but the emhasis
ttelites down to personal area

urs of recitations (övningar), and
Maguire Contents
maguire@it.kth.se 2002.03.14

Contents
The focus of the course is on personal communic
architecture. This spans the range from piconets
will be primarily focus on the range from LEO sa
networks.

The course consists of 10 hours of lectures, xx ho
a project of ~50 hours effort.
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doff, mobility, paging

rks
Maguire Topics
maguire@it.kth.se 2002.03.14

Topics
• Personal Communication Systems (PCS): han
• CDPD
• GSM, GPRS, SMS, International Roaming,

Operation/Administration/Maintainence
• Number portability, VoIP, Prepaid
• WAP
• Heterogeneous PCS
• Wireless Local Loop (WLL), Enterprise Netwo
• Bluetooth, Piconets, Scatternets
• Wireless Local Area Networks (WLANs)
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ents
Maguire Examination requirements
maguire@it.kth.se 2002.03.14

Examination requirem
• Written and Oral project reports

Grades: U, 3, 4, 5
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and to show that you have
ourage you to find a topic which

y understand the material)

med by yourself). Each
 oral reports.
e instructors before
Maguire Project
maguire@it.kth.se 2002.03.14

Project
Goals: to gain analytical or practical experience 
mastered some knowledge in this area and to enc
interests you (since this will motivate you to reall

• Can be done in a group of 1 to 3 students (for
student must contribute to the final written and

• Discuss your ideas about topics with one of th
starting.
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d Report
.se>

 5,000 words) for each student.
ith each paper suitable for

(in the case where the report is a
p can be explain in the overall

; 2) who did what; if you have
d describe the methods and tools
ur analysis.

l presentations scheduled

se>

ance of the deadlines!
Maguire Assignment Registration and Report
maguire@it.kth.se 2002.03.14

Assignment Registration an
• Registration: 5 April 2002, to <maguire@it.kth

• Group members, leader.
• Topic selected.

• Written report
• The length of the final report should be 10 pages (roughly
• The report may be in the form of a collections of papers, w

submission to a conference or journal
• Contribution by each member of the group - must be clear

collection of papers - the role of each member of the grou
introduction to the papers.

• The report should clearly describe: 1) what you have done
done some implementation and measurements you shoul
used, along with the test or implementation results, and yo

Final Report: written report duexx June 2002 + ora
xx June 2002
• Send email with URL link to <maguire@it.kth.
• Late assignments will not be accepted

Note that it is pemissible to start workingwell in adv
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ss and Mobile Network
, John Wiley & Sons, 2001,

es (since an introduction was
ts may want to do project which

ooks are useful sources:

 Charles E. Perkins,

. Solomon, Prentice Hall,

s necessary. A list of interesting
e.

rature in conjunction with your
e your sourcesin your report.
Maguire Literature
maguire@it.kth.se 2002.03.14

Literature
The course will mainly be based on the book:Wirele
Architectures, by Yi-Bing Lin and Imrich Chlamtac
ISBN 0-471-39492-0.

Although we will not focus onMobile IPin the lectur
given in the internetworking course), many studen
involve mobile, in this regard the following two b

• Mobile IP: Design Principles and Practices by
Addison-Wesley, 1998, ISDN 0-201-63469-4.

• Mobile IP: the Internet Unplugged by James D
1998, ISBN 0-13-856246-6.

We will refer to other books, articles, and RFCs a
literature will be available on the course web pag

In addition, you will be searching & reading the lite
projects. Please make sure that youproperly referenc
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y, paging (Chapters 1-4,22)

ing (13),

)

Maguire Lecture Plan
maguire@it.kth.se 2002.03.14

Lecture Plan
• Lecture 1

• Course arrangement
• Personal Communication Systems (PCS): handoff, mobilit

• Lecture 2 (Chapters 5-8)
• CDPD

• Lecture 3
• GSM (9,10,11), GPRS (18), SMS (12), International Roam

Operation/Administration/Maintainence (14)

• Lecture 4
• Number portability (15), VoIP (16), Prepaid (17)

• Lecture 5
• WAP (19), Heterogeneous PCS (20), 3G(21)

• Lecture 6
• Wireless Local Loop (WLL) (23), Enterprise Networks (24

• Lectures 7 & 8
• Bluetooth, Piconets, Scatternets

• Lecture 9 &10
• Wireless Local Area Networks (WLANs)
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se
en both increasing in
ome of these system

rs each month!

d third generation (3G)
e fees alone are many

lls πG systems.

h generation of cellular
onal architectures and
Maguire Context of the course
maguire@it.kth.se 2002.03.14

Context of the cour
Personal Communication Systems have be
number of users and in variety of systems. S
(such as GSM) have millions of new custome

Europe is in the process of introducing so-calle
cellular systems. In many countries the licens
thousand of euros per potential customer.

There are discussions of what Theo Kanter ca

There is even discussion of if there will be a 4t
systems or if we will see the end of generati
systems.
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22)
Maguire (Chapters 1-4, and 22)
maguire@it.kth.se 2002.03.14

(Chapters 1-4, and 
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rnetworked together

h

R
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Ad hoc

PAN
Maguire Internet Architecture
maguire@it.kth.se 2002.03.14

Internet Architectur

 Figure 1: Multiple network technologies - inte
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cture

 above figure, i.e.,
rks.

Ring

MH

Ad hoc

AN

U
PSTN
Maguire More complete Architecture
maguire@it.kth.se 2002.03.14

More complete Archite

• We will focus on the parts marked in red in the
Cellular, WLAN,  and PAN (and Ad hoc) netwo

 Figure 2: Internet and PSTN
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 of multiple networks
echnologies by providing
 and makes them

tbook are interconnected to the
there is generally an adaptation
. Increasingly these systems are
tures we will discuss the effects
Maguire Internetworking
maguire@it.kth.se 2002.03.14

Internetworking
Internetworking is

• based on the interconnection (concatenation)
• accommodates multiple underlying hardware t

a way to interconnect heterogeneous networks
inter-operate.

Most of the systems discussed in the course tex
Public Switched Telephony System (PSTN) - thus
to 64 kbps voice coding (for the course services)
also interconnected to the the Internet. In the lec
of these interconnections.
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tems (PCS)
h voice, data, and multimedia at

coverage or it has to include
 Thus fall attempts at providing
ave failed (for various technical,

: wide area coverage (especially
ng and on campus), and homes
”). However, we have seen that
 rather than further diverging.

ted to the Public Switched
ony standards (and at the rate of
stems are increasingly connected
ds & change at internet speeds.
Maguire Personal Communication Systems (PCS
maguire@it.kth.se 2002.03.14

Personal Communication Sys
The goals of PCS are to provide a mobile user wit
any place,  at any time, and in any format.

Thus the system has to either provide universal 
interworking with other communication systems.
univeral coverage by a globally standard system h
historic, economic, and political reasons).

The market has often been fragmented based on
for business users), enterprise (focused in-buildi
(often equated with “personal or free-time usage
his market separation is increasingly converging

Traditionally, various PCS systems were connec
Telephony System (PSTN) and drived by teleph
change of telephony standards). Today, these sy
to the internet and driven by the internet standar
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and Cordless
 these three classes:

Cordless

00m) small (10-20m)

00km/h) low (<=50km/h)

low

W) low (5-10mW)

) high (32kbps)

) low (<=10ms)

low (often flat rate)

 DECT, PHS, PACS
Maguire High Tier and Low Tier Cellular, and Cordl
maguire@it.kth.se 2002.03.14

High Tier and Low Tier Cellular, 
Generally the PCS market has been divided into

System High Tier Cellular Low Tier Cellular

Cell size large (0.25-38km) medium (10-1

User speed high (<= 260 km/h) medium (<=1

Handset complexity high1 low

Handset power consumption high (100-800mW) low (5-20m

Speech coding rate low (8-13kbps) high (32kbps

Delay or latency high (<=600ms) low (<=10 ms

Costs high medium

Examples GSM, D-AMPS, PDC,
cdmaOne, …

CT2,
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y

)

Maguire Cellular Telephony
maguire@it.kth.se 2002.03.14

Cellular Telephon
• Frequency Division Multiple Access (FDMA)

• Advanced Mobile Phone Service (AMPS)

• Time Division Multiple Access (TDMA)
• D-AMPS, Global System for Mobile Communications (GSM

• Code Division Multiple Access (CDMA)
• IS-95 (developed by Qualcomm)



y Introduction:21 of 94
Mobile and Wireless Network Architectures

s Telephony
40 FDMA channles, in each the
ate using time division duplexing

t-going calls (incoming calls ate

igital European Cordless
n using TDMA with 24 time
i.e., TDD) per one frequency
ynamic channel allocation based
ve from one time slot in one
r channel - supporting seamless

 TDMA TDD system also
en used in Japan to for a public
Maguire Low Tier Cellular and Cordless Telephon
maguire@it.kth.se 2002.03.14

 Low Tier Cellular and Cordles
Cordless Telephony, second generation (CT2) - 
basestation to user and user to base station oper
(TDD).

Does not support handoffs, primarily supports ou
hard as there is no defined mobility database).

Digital Enhance Cordless Telephony (formerly D
Telephony) (DECT) - utilizes a picocellular desig
slots (generally 12 voice down and 12 voice up, 
channel and 12 frequency channels, automatic d
on signal strength measurements, a call can mo
frequency channel to another time slot in anothe
handoffs.

Personal Handy Phone System (PHS) - another
supporting dynamic channel allocation - it has be



y Introduction:22 of 94
Mobile and Wireless Network Architectures

STDMA system supporting
it utilized mobile-controlled
d and packet switched access
Maguire Low Tier Cellular and Cordless Telephon
maguire@it.kth.se 2002.03.14

low tier cellular system.

Personal Access Communications System (PAC) - a
both TDD and frequency division duplex (FDD); 
handoff (MCHO). It supports both circuit switche
protocols.
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system), Advanced Radio Data
’s customer engineers},
o provide data as an overlay on

ge than even the analog cellular

s that operated by Telia) and
ort).
Maguire Mobile Data
maguire@it.kth.se 2002.03.14

Mobile Data
RAM Mobile Data (based on the swedish Mobitex
Information System (ARDIS) {developed for IBM
Cellular Digital Packet Data (CDPD) {developed t
analog cellular systems; based on Mobile IP}

Generally low rate systems 2.4 - 8 kbps

Interestingly Mobitex had greater national covera
system, because the swedish military used it.

There were both public Mobitex systems (such a
private systems (such as the one at Arlanda Airp
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sleeping most of the time.

i.e., the paging system can both

 two way paging languished in
Maguire Paging
maguire@it.kth.se 2002.03.14

Paging
Within local paging areas or via satellite.

The key to paging device’s high performance is 

North America utilizes two way paging systems (
send and receive traffic).

Due to the lack of allocation for a return channel
Europe.
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 (SMR)

em by Motorola to operate over
ught.
Maguire Specialized Mobile Radio (SMR)
maguire@it.kth.se 2002.03.14

Specialized Mobile Radio
Taxis dispatching, fleet dispatching, …

The basis for Nextel - using a handset built for th
the wide variety of SMR channels which they bo
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rous attempt to field systems -
s are over regions with few
 for ~10 minutes or so - so there

 satellite - generally cover too
to the distance of these satellites
r both their wide coverage area
s (often broadcast or spot
Maguire Satellite
maguire@it.kth.se 2002.03.14

Satellite
Especially Low Earth Orbit Satellie (LEO) - nume
one problem is that most of the time the satellite
possible customers. Also most only are in range
are frequent handoffs.

Mid-earth orbit (MEO) and Geostationary (GEO)
large an area and do so with very long delays (due
from the earth). However, they are widely used fo
(for example for paging) and for one way service
coverage).
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s

Maguire Wideband systems
maguire@it.kth.se 2002.03.14

Wideband system
cdma200, WCDMA, SCDMA
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rks (LMDS)
links - some operators have
in aggregate) in a given market
Maguire Local Metropolitan Area Networks (LMDS
maguire@it.kth.se 2002.03.14

Local Metropolitan Area Netwo
Point to point or multipoint (generally wideband) 
more than 700MHz worth of bandwidth available (
(geographic) area.
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inks
 very high speeds for such
Maguire Point-to-Point Optical links
maguire@it.kth.se 2002.03.14

Point-to-Point Optical l
Using laser light sources it is possible to achieve
point-to-point links.
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s (WLANs)
)

FDM)

ntation, Scientific, and Medical
(NII) bands, or the HiperLAN

 Mbps.
Maguire Wireless Local Area Networks (WLANs
maguire@it.kth.se 2002.03.14

Wireless Local Area Network
• Frequency Hopping Spread Spectrum (FH-SS
• Direct Sequence Spread Spectrum (DS-SS)
• Orthogonal Frequency Division Multiplexing (O
• IR links

Most of the radios have either used the Instrume
(ISM) bands, National Information Infrastructure 
band.

Data rates have ranged from 100s of kbps to 54
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nsors, RF ID tags, ...)

erally be relatively low data rate
).

2
bps
 meters dropping to
Maguire Short range radio
maguire@it.kth.se 2002.03.14

Short range radio
low speed wireless links (door locks, wireless se

Personal Area Networks (PANs) - these have gen
systems, such as Bluetooth (1Mbps in aggregate

Ultrawideband

• US FCC gave regulatory approval 14 Feb. 200
• Intel demo’d  transmitter and receiver at 100M
• they expect to be able to get 500Mbps at a few

10Mbps at 10m.
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tes

a higher aggregate rate

in a packet oriented manner

 Mbps
N) ~1Mbps
oadband Wireless (10 ..
Maguire Increasing Data Rates
maguire@it.kth.se 2002.03.14

Increasing Data Ra
GSM

• 14.4kbps per channel
HSCSD

• combining multiple GSM channels to achieve 
for a single user

GPRS

hundreds of kbps - by using the GSM time slots 
Wireless LAN

• 802.11 Wireless LAN - 11Mbps headed for 54
• 802.15 Wireless Personal Area Network (WPA
• 802.16 Metropolitan Area Networks - Fixed Br

66 GHz) 10s to 100s of Mbps/channel
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tecture

itecture

g Center

PSTN

Mobile Station

ansport Network
Maguire Basic PCS network architecture
maguire@it.kth.se 2002.03.14

Basic PCS network archi

 Figure 3: Basic PCS network arch
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cture

 Station Controller, MSC =
er/Visitor Location Register
vides the wireline transport

tworks

TN

BS

Mobile Station

Cell

Cordless
Maguire Example of PCS Architecture
maguire@it.kth.se 2002.03.14

Example of PCS Archite

B(T)S = Base (Transceiver) Station, BSC = Base
Mobile Switching Center, Home Location Regist
provides a Mobility Database, and the PSTN pro
network.

 Figure 4: Cellular and Cordless ne

R
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BSCBS
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IWU

Cellular networks

… …

PS

Cell
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rting Mobility

itecture

PSTN
HLR

Database

witching Center VLR
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MS

Database

2

Maguire PCS network architecture supporting Mob
maguire@it.kth.se 2002.03.14

PCS network architecture suppo

 Figure 5: Basic PCS network arch
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nt
to know where the mobile is

cide if you will give it service.

inated traffic), then someone
ne can be:

ser is)
rent from where the user

ect to thestatic decision of
mmunication despite change
n conjunction with mobility
 as a component of other
Maguire Mobility Management
maguire@it.kth.se 2002.03.14

Mobility Manageme
If mobile only originate traffic, then you don’t have
to send traffic to it - but rather you only have to de

If a mobile is toreceive traffic (without having orig
must know where to send this traffic. This someo

• a server in  the network (where the user is)
• a server attached  to the network (where the u
• a server attached to another network   (diffe

is right now)
Coming attractions:

We will examine mobility management with resp
where to send traffic, thedynamicsof maintaining co
in access points (Handoff), and the usepaging (both i
management, as an alternative architecture, and
architectures).
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tocols

1)
SM) Mobile Application
Maguire Mobility Management Protocols
maguire@it.kth.se 2002.03.14

Mobility Management Pro
Include:

• Mobile IP
• EIA/TIA Interim Standard 41 (IS-41 or ANSI-4
• Global System for Mobile Communications (G

Part (MAP)
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ility

entities outside of the current
moves with in the domain, while

e moves, even within a domain.

single administrative entity)
Maguire Macro- vs. Micro-mobility
maguire@it.kth.se 2002.03.14

Macro- vs. Micro-mob

Another way of looking at it is that in micro-mobility
domain can not see any changes when the mobile
with macro-mobility others can see when a mobil

Macro-mobility == Inter-domain mobility
(a domain is {as usual} a 

Micro-mobility == Intra-domain mobility
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s mobile get service?

d accounting (AAA) for mobile
o Bayerri and Daniel Malmkvist,
 for a public WLAN access

ss Control
Maguire Getting Service
maguire@it.kth.se 2002.03.14

Getting Service
Once a mobile’s identity is know, thepolicy question is: Should thi

The policy question and its answer may involve:
• roaming agreements (generally reciprocal agreements),

• current traffic loads,

• anticipated traffic loads,

• mobile user’s priority/class/… ,

•  … .

The question of authentication, authorization, an
users are topics of a recent thesis: Juan Caballer
Experimental Study of a Network Access Server
network, M.S. Thesis, KTH/IMIT, Jan. 2002.

See also IEEE 802.1x Port Based Network Acce
http://www.ieee802.org/1/pages/802.1x.html

http://www.ieee802.org/1/pages/802.1x.html


Introduction:40 of 94
Mobile and Wireless Network Architectures

t saw them and then

 on their patterns of

(e.g., every one minute tell the

heck in (for example a page) or to
Maguire Locating the user
maguire@it.kth.se 2002.03.14

Locating the user
• we can track  the user continuously, or
• we can start looking for the user where we las

expand our search , or
• we can guess  where the user might be based

movement (past behavior)
• the user tells us  where they are

• based on a schedule  the user can tell us where they are 
system where you are now) or

• the user can listen for something which causes them to c
report their location

http://www.ieee802.org/1/pages/802.1x.html
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ssignment
Maguire Handoff Mgmt: Detection & Assignmen
maguire@it.kth.se 2002.03.14

Handoff Mgmt: Detection & A
• Who initiates handoff?
• How do you detect that you should handoff?
• Handover (Europe) ≡ handoff (North America)
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ink Transfer
le is “handed over” from one
ich the mobile is using changes.

 new APa

ion is particularily important.

 other

handoff (i.e., there isno effect on content of data
e)(includes both smooth and fast handoffs)

anabhan.

/eliminated from the data stream

ess of changing from one AP to another is

ffering associated with the (former) access points.

 at the old AP and connection to the new AP

 microcell to macro cell)

icrocell to micro cell)
Maguire Handoff/Handover/Automatic Link Transf
maguire@it.kth.se 2002.03.14

Handoff/Handover/Automatic L
Handoff is the process that occurs when  a mobi
access point to another, i.e., the access point wh
This is generally one of several types:

soft handoff the mobile can communicate with both the old and the

a. Generally I will refer to such devices as access points, except when their being a Base Stat

hard handoff the mobile can only communicate with one AP or the

seamless handoff If neither the user nor running applications notice the
streams coming arriving to or departing from the mobilb 

b.  For seamless and glitchless handoffs see for example, work by R. Cáceres and V.N. Padm

glitchless handoff in this case the delays due to the handoff are hidden

smooth handoff buffering of traffic to the mobile when it is in the proc
buffered and then delivered to the new APc

c. See C. Perkins and K-Y. Wang’s scheme for buffering with Mobile IP, requires per mobile bu

fast handoff only a short interruption time between disconnection

vertical handoff when the new cell is larger than the current cell (i.e.,

horizontal handoff when the new cell is similar to the current cell (i.e., m
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eliver data via the link

 traffic

wledge of general radio signal
owledge (based on our earlier
s have reported and which we

reality is much more complex):

 new AP

old to stay with AP1
andoff is not completed
Maguire Handoff Criteria
maguire@it.kth.se 2002.03.14

Handoff Criteria
Signal quality - due to its effect on the ability to d

Data quality - the effect of errors on the delivered

With respect to signal quality we can exploit kno
properties or we can exploit specific situation kn
experience or the experience which other mobile
have learned).

A simplified view with respect to signal strength (

Signal
Strength start looking for a

time to switch

AP1 AP2

minimum thresh
call terminated if h
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t the “right” time
y - the new and old cells
le bandwidth, … - the

ed effciency (in terms of
nce, …) - this, of course,
ry to minimize the

 in using an AP which
elay, low delay variance,

 set of APs (which may
 coding, … or changing
a better system optima,
m optima
Maguire Handoff Goals
maguire@it.kth.se 2002.03.14

Handoff Goals
• minimal impact on traffic - making a handoff a
• tolerance/adaption for congestion and capacit

may have different levels of utilization, availab
handoff has to deal with this

• efficiency - the handoff should result in improv
traffic, energy consumption, reduced interfere
means that the handoff process itself should t
resources it consumes

• improve availability - the handoff should result
provides better bandwidth, lower cost, lower d
…

• the mobile should be able to use the maximum
involve changing spreading code, modulation,
to a different radio module) in order to achieve
rather than be restricted to a local single syste
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sion?
 there is time to make a

or Handoff

r a new AP

rent velocity you
timate when you will
shold.
Maguire When to make the decision?
maguire@it.kth.se 2002.03.14

When to make the deci
By starting to look for a new APbefore you need it,
decision:

TL - Threshold for Looking around, TH - threshold f

Signal
Strength start looking fo

time to switch

AP1 AP2

Based on your cur
might be able to es
reach the 2nd thre

TL

TH
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lex
nel which varies- due to user
, diffractions, … :

alled Multipath fading)
tion is Rician

eiver being able to

measure of the received

interference & noise ratio

 measurements takes time -
Maguire Reality is more complex
maguire@it.kth.se 2002.03.14

Reality is more comp
The MS and the Base Station experience a chan
movement, movement of other users, reflections

• Rapid-fading
• Rayleigh-distributed evelope of the signal strength (often c
• If there is also a light of sight component, then the distribu

• Slower fading
• Shadow fading - a lognormal distribution

Three common measuremets of the channel:

• Word Error Indicator (WEI) - based on the rec
decode the received signal correctly

• Received Signal Strength Indication (RSSI) - a
signal strength (in units of dB)

• Quality Indicator (QI) - related to the signal to
(S/I) (in units of dB)

As the channel is varying in time and making the
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d QI measurements:

 measurements
w-pass filter

problems:

iple receivers, multiple
ntennas, …)
 convolutional coding,

see:

tions: Analog and Digital
9-9

ications: Networking Video,
01-63394-9.

ion Systems, Addison-Wesley,
Maguire Reality is more complex
maguire@it.kth.se 2002.03.14

various techniques are used to filter the RSSI an

• window averaging - simply average the last w
• leaky-bucket integration - a simple one-pole lo

Various schemes exist to try to combat channel 

• diversity techniques (frequency hopping, mult
correlators with variable delay lines, multiple a

• signal processing technqiues (bit interleaving,
equalizers, …)

For further information about these techniques - 

William C.Y. Lee,Mobile Cellular Telecommunica
Systems, Second Edition, 1995, ISBN 0-07-03808

Ellen Kayata Wesel,Wireless Multimedia Commun
Voice, and Data, Addison-Wesley, 1998, ISBN 0-2

David J. Goodman,Wireless Personal Communicat
1997, ISBN 0-201-63470-8.
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ecision?
ork makes the decision;

provides data which the
SM and IS-95 CDMA
e decides for itself (used

quest to the new  AP
 request to the old  AP
Maguire Who makes the handoff decision?
maguire@it.kth.se 2002.03.14

Who makes the handoff d
• Network controlled handoff (NCHO) - the netw

used in CT-2 Plus and AMPS
• Mobile assisted handoff (MAHO) - the mobile 

network uses to make the decision; used in G
• Mobile controlled handoff (MCHO) - the mobil

in DECT, PACS, Mobile IP)
• forward handoff - mobile initiates handoff and sends the re
• backward handoff - mobile initiates handoff and sends the
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ll handoff)
the MN can signal that it is going
the MSC sets up the correct
affic to the MN’s new cell. In
“bridge” to copy traffic to both
Maguire Inter-BS Handoff (aka inter-cell handoff
maguire@it.kth.se 2002.03.14

Inter-BS Handoff (aka inter-ce
When both cells are connected to the same MSC
to change cells and identifies the new cell, then 
resources in the new cell, and can now deliver tr
telephony systems this often involves setting up a
the new and the old channels.
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SC (via BSC) and AP1; MN signals via AP2,

 and (D)

channel D.

Step 4

SC (not showing the BSC)

E

C

AP1

MN

D

MSC MSC

MS

D

AP2 MN
Maguire Inter-BS Handoff (aka inter-cell handoff
maguire@it.kth.se 2002.03.14

1.Mobile (MN) is using AP1, all traffic is going via a channel (A) between M
its intention for upcoming handoff (via B)

2.MSC creates a bridge (C) and traffic is now sent via both channels (A)

3.MN signals (via E) that it is ready to use channel D

4.MSC eliminates bridge C and frees channel A, the MN now uses only 

Step 1 Step 2 Step 3

 Figure 6: steps in handoff within the control of one M

Mobile Switching Center

MN

A
B

AP1

AP2

A

C

AP1

AP2
MN

D

MSC

AP2

E
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sufficient
P?
s new calls)

annel until either:

ompletion”:

rces available for

(called a “handover area”
 waiting for handover

ll in the new cell and split
(⇒ the call being handed
involved changing from a

f customer is vs. current customers being
 of other customers to be terminated.
Maguire What happens if there are insufficient resources a
maguire@it.kth.se 2002.03.14

What happens if there are in
resources at new A

Nonprioritized scheme (handoffs are the same a

• handover is block - keep using the existing ch
• call is over or
• link fails (or forced termination)

To reduce forced termination and improve “call c

• Reserved channel scheme - keep some resou
handovers (i.e., under commit)

• Queuing priority scheme - exploit cell over lap
if it exists) to buffer a wiating queue of mobiles

• Subrating scheme - downgrade an existing ca
the resources with the call being handed over
over is also downgraded). Downgrading often
full-rate to a half-rate CODEC.

Some operators base their decision on what to do on howvaluable the handof
served in the new cell, i.e., high value customers can cause existing calls
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SC handoff)
s the situation is more complex.

MSCs

PSTN

Base Station Controller

MSC2
Maguire Inter-system Handoff (aka inter-MSC hand
maguire@it.kth.se 2002.03.14

Inter-system Handoff (aka inter-M
When the two cells are connected to different MSC

 Figure 7: Handoffs between two 

Base Station Controller

MS

Cell

MSC1

Cell

MS

Trunk
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oves gain?

le MSCs

C1 MSC2

S

kward handoff

MSC2

MS

h minimization

MSC3
Maguire What happens if the mobile moves gain
maguire@it.kth.se 2002.03.14

What happens if the mobile m

 Figure 8: Handoffs between multip

MSC1 MSC2

MS

a. Forward handoff

MS

M

b. Bac

MSC1 MSC2

MS

c. Handoff to a third MSC

MSC3

MSC1

c. Pat
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nchor MSC (in this case MSC1).
 the PSTN knows nothing about
all is still in existance (i.e., there
 from the fixed phone).

trunks between MSCs could
bile keeps moving to new
lly rather limited - but with data
me. Hence we will need to use
ddress later in the lectures).
Maguire What happens if the mobile moves gain
maguire@it.kth.se 2002.03.14

Note that the call always goes via the so-called A
This is of course because the phone attached to
mobility and the originating exchange thinks the c
was no termination and set up of a new call to or

Note that without path minimization the chain of 
continue to growas long as the call lastsand themo
MSCs. With voice calls, the call duration is genera
communication it could continue for a very long ti
another model for dealing with data (this will be a
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imultaneous

 allows the Mobile Node to
gent (before a handoff). Home
 for the time of the handoff and
he MN performs the handoff by
enerally do within a very short
MN physically connects to the
for it are already arriving there!
Maguire Fast Mobile IPv4 handoff via Simultaneous Bi
maguire@it.kth.se 2002.03.14

Fast Mobile IPv4 handoff via S
Bindings

The Simultaneous Binding option in Mobile IPv4
establish a binding for the new AP with its home a
Agent duplicates all packets destined for the MN
relays all data to the old and the new APs. Thus t
simply reconfiguring its interface -- which it can g
interruption time, i.e. less than 10ms. When the 
new network, it will find that the packets destined
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ine

le.nec.de/Hand-

Time

nsmission
 new AP

receive
data

receive
data

<10ms
Time

t connect

Interruption

Interruption
Maguire Fast handover timeline
maguire@it.kth.se 2002.03.14

Fast handover timel
a

a. Figure adapted from http://www.ccrle.nec.de/Figure3.gif which is part ofhttp://www.ccr
off.html

Traditional Mobile IP: “break before make”

Enhanced Mobile IP: “make before break”

disconnect connect get new
address

inform
home agent

tra
via

get new
address

inform
home agent

transmission
via new AP

>300ms or more

disconnec

http://www.ccrle.nec.de/Handoff.html
http://www.ccrle.nec.de/Handoff.html
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g the services ofanother PCS.

ents” between the operators of
e operator agrees to pay the other
ic.

not a specific device, thus a
PCS network. This of course may
 accounting (AAA) processes.

ing the user to access the new
ed to reflect the fact that this user
for this user can (should?) be
n. Clearly this raises both policy
? Shouldall traffic be
and accounting questions (Who
e charge for roaming? …)
Maguire Roaming
maguire@it.kth.se 2002.03.14

Roaming
Roaming occurs when a user of one PCS is usin

Roaming is generally based on “roaming agreem
the involved PCS systems; basing the user’s hom
PCS operator(s) for carrying thismobile user’s traff

Note that the agreement is generally about theuser -
user is free to change devices to access the new
complicate the authentication, authorization, and

As a side of effect of authenticating and authoriz
PCS, the home PCS’s mobility database is updat
in located in the other PCS - thus traffic arriving 
forwarded/redirected to the user’s current locatio
decisions (Shouldthis specific traffic be redirected
redirected? Should this location be reported? …)
pays for carrying the redirected traffic? Is there abas
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pdated, theHLR is updated,

 PCS2

PSTN
HLR

Database

witching Center VLR

Base Station Controller

Database
Maguire Roaming
maguire@it.kth.se 2002.03.14

When the mobile moves to PCS2 the local VLR is u
and theformer VLR is also updated.

 Figure 9: Mobile roams from PCS1 to

Mobile Switching Center VLR

Base Station Controller

MS

Cell

Database
PCS1

Mobile S

Cell

PCS2

MS



Introduction:59 of 94
Mobile and Wireless Network Architectures

ent

y MS informs the system

user to deliver a call

nd Global System for Mobile
(MAP) both define a two-level

e user’s home system

y record at the visited
Maguire Roaming Management
maguire@it.kth.se 2002.03.14

Roaming Managem
Two parts:

• registration (location update) - process whereb
of its current  location

• location tracking - the process of locating the 

EIA/TIA Interim Standard 41 (IS-41 or ANSI-41) a
Communications (GSM) Mobile Application Part
strategy - which uses two tiers of databases:

• home location register (HLR) - this exists at th

visitor location register (VLR) - this is a temporar
system
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, they arrive in Stockholm.

ter with the VLR for PCS2.

at the HLR should point to the VLR in PCS2).

.

 PCS2

ng Center VLR
Database

a

ckholm

3

Maguire Roaming example
maguire@it.kth.se 2002.03.14

Roaming example
A user from Kiruna has been visiting in Göteborg

1.When the user (and their MS) arrives in Stockholm, then have to regis

2.PCS2’s VLR informs the user’s HLR of the user’s current location (i.e. th
HLR send the user’s profile to PCS2’s VLR.

3.PCS2’s VLR informs the mobile (MS) that is has successfully registered

4.HLR informs PCS1’s VLR to remove their entry for the user.

 Figure 10: Mobile roams from PCS1 to

PSTN

Mobile Switchi

PCS2

MS

Mobile Switching Center VLR
Database

PCS1

MS

Kirun

Göteborg Sto

1

2
4

HLR
Database
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 simple!
PCS (i.e., details of channel
 the base station & base station
also left out all the interactions
ent under SS7” describes some
istration one can utilize a

rom VLR to VLR, enter a
er than notifying the HLR

es to the home system,

m the VLR when you

gisters with the VLR, if
iod - the record is deleted
Maguire Of course it couldn’t be this simple!
maguire@it.kth.se 2002.03.14

Of course it couldn’t be this
Discussion left out all the interactions within the 
assignment & signaling within the cells, between
controller, and between the BSC & the MSC) -- it
with the PSTN. Section 2.3 “Roaming Managem
of the details of the later. Toreduce the cost of reg
forwarding pointer scheme:
• Move operation (registration) - when moving f

forwarding pointer into the previous VLR, rath
• Find operation (call delivery) - when a call com

walk the chain and then update the HLR.

Reducing the cost of deregistration:

• implicit deregistration - only delete records fro
need the space

• periodic reregistration - the MS periodically re
there is no reregistration within a time out per
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ively a Signal Transfer Point
tion Number (MIN) and the

 three outcomes:
nslation (GTT)

al Title Translation (GTT)

rrent is generally done with
Maguire Call delivery
maguire@it.kth.se 2002.03.14

Call delivery
An originating Switching Point (SSP) (or alternat
(STP)) maintains a cache of the Mobile Identifica
current VLR) - it examines this cache - there are
1.Cache entry not found⇒ do the lookup of MIN’s HLR via Global Title Tra

2.Cache entry exists and is current⇒ do a lookup in the VLR

3.Cache entry exists but isobsolete⇒ do the lookup of MIN’s HLR via Glob

Determining that the cache entry is (probably) cu
heuristics.
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ing only system didn’t need
:

all in

o callers together
Maguire CT2
maguire@it.kth.se 2002.03.14

CT2
Section 2.4 describes how CT2 as a call originat
location services, but that it could be extened via

1. sending a page to a user and then have the c

2. calling into a meeting point - which patches tw
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ff decision?
Maguire Back to: Who makes the handoff decision
maguire@it.kth.se 2002.03.14

Back to: Who makes the hando
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 (NCHO)
k makes the decision

m the MS
g) BSs to supervise the
easurements of RSSI
effect the handoff
io resources at BSs
g links ⇒ long handoff
Maguire Network controlled handoff (NCHO)
maguire@it.kth.se 2002.03.14

Network controlled handoff
Network controlled handoff (HCHO) - the networ

• BS monitors the signal strength and quality fro
• Network uses multiple (current and surroundin

quality of all current connections by making m
• MSC makes the decision when and where to 
• Heavy network signaling traffic and limited rad

prevent frequent measurements of neighborin
times.

Handoff times : upto 10sec or more
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MAHO)
vides data which the network

nt of network controlled handoff
s can be reduced.

ments twice a second.

an’t tell the mobile about the
ality has decayed too far the call
Maguire Mobile assisted handoff (MAHO)
maguire@it.kth.se 2002.03.14

Mobile assisted handoff (
Mobile assisted handoff (MAHO) - the mobile pro
uses to make the decision; essentially it is a varia
- but by using the mobile to help the handoff time

For example, in GSM the MS transmits measure

GSM handoff execution time ~ 1sec

Note in both NCHO and MAHO - if the network c
new channel/time slot/… to use before the link qu
may be terminated.



Introduction:67 of 94
Mobile and Wireless Network Architectures

(MCHO)
l strength and quality from the
a “better” candidate it initiates a

he mobile (as it knows who it
en consider its battery level, etc.)

n two base stations
nnels of a single BS
Maguire Mobile controlled handoff (MCHO)
maguire@it.kth.se 2002.03.14

Mobile controlled handoff 
The mobile decides for itself by monitoring signa
current and candidate base stations; when it finds
handoff. In MCHO  most of the work is done by t
can hear, how well it can hear them, and can ev

Two common handoffs:

• automatic link transfer (ALT) - transfer betwee
• time slot transfer (TST) - transfer between cha
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e measurement process. For
sures the RSSI of all channels
nt of other channels is done when

s.

processing

Execute
ALT or TST
Maguire Mobile controlled handoff (MCHO)
maguire@it.kth.se 2002.03.14

Different systems use different approaches to th
example, some DECT implementations can mea
simulatneously. In other systems, the measureme
the device is itself not transmitting or receiving.

Handoff times: DECT 100-500ms, PACS 20-50m

 Figure 11: MS-quality maintenance 

Measurement
process

Select new carrier
or channel

Link quality
acceptable?

Yes No
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s
BS

twork  (for example, no
 example, none
ing}
 new link
Maguire Handover Failures
maguire@it.kth.se 2002.03.14

Handover Failure
• No available channel/link resources in the new
• Insufficient resources as determined by the ne

available bridge, no suitable channel card {for
supporting the voice CODEC or radio link cod

• It takes too long  for the network to set up the
• Target link fails  during handoff
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nt

ps

!

ed terminations
Maguire Channel Assignment
maguire@it.kth.se 2002.03.14

Channel Assignme
Goals:

• achieve high spectrum utilization
• maintain a give servce quality
• use a simple algorithm
• require a minimium number of database looku

Unfortunately it is hard to do all of these at once

If there is no available channel, then

• new calls are blocked
• existing calls that can’t be handed over ⇒ forc
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ocess

nt (QSAFA)

 the number of forced
creased efficiency:

ated the same as a new

ome resources for

ver lap (handoff area)
one or more calls to free
Maguire Channel Assignment Process
maguire@it.kth.se 2002.03.14

Channel Assignment Pr
• Fixed Channel Assignment (FCA)
• Dynamic Channel Assignment (DCA)
• Quasi-static autonomous frequency assignme
• …

Lots of schemes have been introduced to reduce
terminations, at the cost of increased block or de

• Nonprioritized scheme (NPS) - handoff call tre
call

• Reserved Channel scheme (RCS)- reserves s
handoffs

• Queuing Priority scheme (QPS) - exploit the o
• Subrating scheme (SRS) - switching codes of

resources
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ink Transfer
 will examine some key ideas.

bile have to figure out how to
ations (in the up and down links

e

ltaneously
Maguire Handoff Management: Radio Link Transf
maguire@it.kth.se 2002.03.14

Handoff Management: Radio L
We will not cover the details of the radio link, but

In soft handoff, the network and perhaps the mo
combine the information from the multiple basest
respectively).

Link transfers:
1. Intracell

2. Intercell or inter-BS

3. Inter-BSC

4. Intersystem or inter-MSC

5. Intersystem between two PCS networks

hard handoff connects only to a single base station at a tim

soft handoff receives/transmits from/to multiple BSs simu
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d then on to PCS2

Cell

ching Center

Cell

obile Switching Center

Intersystem

PCS2
Maguire Handoff Management: Radio Link Transf
maguire@it.kth.se 2002.03.14

 Figure 12: Handoffs, mobile moves within PCS1 an

PSTN

Mobile Switching Center

Base Station Controller

Base Station Controller

MS

Mobile Swit

Inter-BS(intercell)

Inter-BSC

Inter-MSC

M

Intracell
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Maguire Handoff frequency
maguire@it.kth.se 2002.03.14

Handoff frequency
With a cellular voice call of 1 minute duration:

Type of handoff Probability

inter-BS 0.5

inter-BSC 0.1

inter-MSC 0.05
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forms

iming to enable the signals from
us leading to a physically

uire that the mobile be able to
 codes, frequencies, … .

MSCs Between systems

AP1

MN

MSC

MSC

AP2
MN

MSC

AP1
Maguire Soft handoff in multiple forms
maguire@it.kth.se 2002.03.14

Soft handoff in multiple 

Some CDMA systems use very precise link level t
mutiple BSs to arrive additively at the mobile - th
stronger signal.

Soft handoffs between systems generally will req
receive multiple signals - which will use different

From onw BSC With Two BSCs With Two 

 Figure 13: Soft handoffs

MN AP1

AP2

BSC

AP1

AP2
MN

BS BS

AP2

MSC
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g system invented by Charles
the voice paging over the public

essages. Pages listen for their

toc.html

ss is received by the pager.

short voice message.

tered by the sender, which then appears on
Maguire Paging
maguire@it.kth.se 2002.03.14

Paging
Originally a one-way personal altering/messagin
Neergard in 1949 (annoyed when hospitalized by
address system).

A transmitter sends a stream of addresses and m
address (also called a cap code).

http://www.motorola.com/MIMS/MSPG/Special/explain_paging/p

Cap Code beep (one of ~4 tones) when the pager’s addre

Tone voice 1970’s, allows the sender to record and send a 

Digital display early 1980’s, a call back number (or code) is en
the pager’s display

Alphanumeric late 1980’s, display a text message

http://www.motorola.com/MIMS/MSPG/Special/explain_paging/ptoc.html
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e

ager number, types of msgs, …;
rs); store in mailbox for pager;
nt Base Station Controller(s)

Base
Station

Operations
d Maintance
Center

Base
Station

Controller

Base
StationBase
StationBase
StationBase
StationBase
Station

or

Pager
Maguire Paging Architecture
maguire@it.kth.se 2002.03.14

Paging Architectur

Paging terminal has DB of customers, cap code, p
convert voice msg to text (for alphanumeric page
forward to other paging terminals; send to releva

User
Terminal
Equipment

PSTN or
PSDN Paging

Terminal

an

Pager

PSDN
connection
to other
paging terminals

User Access Interface

Internetwork
Interface

(Input Device)

http://www.motorola.com/MIMS/MSPG/Special/explain_paging/ptoc.html
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a
nternational

or if the signal could not reach
technology, a two-way paging
til the user’s pager sends a
Maguire Paging Service area
maguire@it.kth.se 2002.03.14

Paging Service are
Service areas: site, local area, region, national, i

If the user temporarily left the paging service area
them, then they would miss it. Motorola’s ReFLEX
system, keeps transmitting a paging message un
confirmation that it has been received.
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s

s paging company,company
call - perhaps they (also) convey
and told by the operator at the
twork. [i.e., make a temporary

tor B

ange
..

+cc ffff

+cc ffff d124

erator X
Maguire Paging Service area
maguire@it.kth.se 2002.03.14

Introduction of paging system

Upon a page, user moves to nearest phone, call
operator tells the user what telephone number to
a short message. Themobile usercan be contacted
paging company toconnectto thefixedtelephone ne
connection to the (voice) network.]

exchange paging company

Exchange
...

Operator A Opera

User1

Exch
.

+cc eeee

+cc eeee d123 +cc ffff d123+cc eeee d124

Op

pager
2. user moves to a phone

+cc xxxx
+cc pppp

1. page

3.
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s

a number based on the content of
me the short message they
d by a message to connect to a

tor B

ange
..

+cc ffff

+cc ffff d124

perator X

rhaps with telephone# in it)

e

Maguire Paging Service area
maguire@it.kth.se 2002.03.14

Alphanumeric paging system

Upon a page, user moves to nearest phone, calls
the (page) message; or  perhaps they just consu
received. Themobile usercan be contacted and tol
given number on thefixed telephone network.

exchange
paging company

Exchange
...

Operator A Opera

User1

Exch
.

+cc eeee

+cc eeee d123 +cc ffff d123+cc eeee d124

O

pager
2. user moves to a phone

message (pe

+cc xxxx
+cc pppp

1. pag

3.
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ugh themobile telephone

.

), and PCS are cellular radio systems.

tor B

ange
..

+cc ffff

+cc ffff d124

, NMT, GSM, …
Maguire Paging Service area
maguire@it.kth.se 2002.03.14

Mobile telephone systems

Themobile user is directly reached by the call thro
network.

SMR (Specialized Mobile Radio) is a non-cellular radio system

NMT (Nordic Mobile Telephone), GSM (Groupe System Mobile

exchange
mobile telephone

Exchange
...

Operator A Opera

User1

Exch
.

+cc eeee

+cc eeee d123 +cc ffff d123+cc eeee d124

Operator X

pager

mobile call

 company
+cc mmmm

+cc xxxx

+cc mmmm d125

SMR



Introduction:82 of 94
Mobile and Wireless Network Architectures

less

d telephone network.
 actual location of the user) or

 into +cc eeee d123

B

 +1 700 xxx xxxx, …)

e +cc ffff

+cc ffff d124

mm yyyy⇒ +cc eeee d123
Maguire Paging Service area
maguire@it.kth.se 2002.03.14

Mobile but not necessarily wire

Themobile user is indirectly reached through thefixe
• The connection can be viathe “mobile” company (hiding the

• via redirect directly to the current location of the user.

Thus the mobile operator turns +cc mmmm yyyy
 [dynamic address translation].

exchange
“mobile” telephone

Exchange
...

Operator A Operator 

User1≡ +cc mmmm yyyy (a personal phone number, e.g.,

Exchang
...

+cc eeee

+cc eeee d123 +cc ffff d127+cc eeee d124

Operator X
 company

+cc mmmm
+cc xxxx

…

…
+cc mm
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irects)

ich may utilize local wireless
etwork.

ing the actual location of the user).
 associated with a list of them

always at +cc eeee d123, which
the time of the call).

perator B

eee d123

Exchange
...

+cc ffff

+cc ffff d124123
)

Maguire Paging Service area
maguire@it.kth.se 2002.03.14

Local mobility via wireless (or red

Themobile useris reached by local redirection (wh
links) of the call coming from  thefixed telephone n
• The local exchange is playing the role of the “mobile” company (hid
• There are multiple instruments (terminals) and user is currently
• Could involve a non-local redirect

To the external world the user looks like they are
the local PBX maps into a specific extension (at 

Exchange
...

Operator A O

User1≡ +cc e

+cc eeee

+cc eeee d123 +cc ffff d

+cc eeee d123

radio

cordless wireless (DECT, PCS, …

+cc eeee d123

wired
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ystems

 of digital messages.
arate data network, but GSM supports
ng via the same infrastructure.

otebook/…)

 or a (public) data network

tor B

ange
..

+cc ffff

+cc ffff d124

fff d123

sager

router

uter
data network
Maguire Paging Service area
maguire@it.kth.se 2002.03.14

Two-way paging and messaging s

Two-way paging or messaging allows exchange
• Traditionally the paging or messaging system was a sep

Short Message Servicewhich provides alphanumeric pagi

• The messaging device is likely to be a computer (PDA/n

• Connection between the two users can be via the PSTN

exchange

paging or messaging

Exchange
...

Operator A Opera

User1

Exch
.

+cc eeee

+cc eeee d123

+cc f
+cc eeee d124

Operator X

pager or mes
message

+cc xxxx
+cc pppp

 company

ro
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put/output, vibrator, … .

g overwritten)
reen)

ol Logic

I/O
Maguire Pager
maguire@it.kth.se 2002.03.14

Pager

I/O can be a display, a beeper, keypad, audio in

Control logic supports:

• duplicate message detection
• message locking (to keep message from bein
• message freezing (to keep message on the sc
• altering modes (beep, vibrate, …)
• power management

Receiver
(Transmitter) Decoder Contr
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g
nown as IXO or PET,
be sent to paging
nd an effective message

al superset of TAP was
) protocol - the inputer
ing, deferred paging,
ssage deletion.
ed to create networks of
 (over comes the
 - such as Glenayre Link
Maguire Paging Interworking
maguire@it.kth.se 2002.03.14

Paging Interworkin
• Telocator Alphanumeric Protocol (TAP), also k

defines a 7-bit alphanumeric text message to 
receivers, with a block size of 256 characters a
length of 1,000 characters

• Telocator Data Protocol (TDP) suite a function
adopted 1995; Telocator Message Entry (TME
protocol for TDP: two-way paging, priority pag
periodic paging, message forwarding, and me

• Telocator Network Paging Protocol (TNPP) us
paging terminals from different manufacturers
proprietary protocols to/from paring terminals
Module, Spectrum Data Link Handler)

Software:

ftp://ftp.cs.unm.edu/pub/chris/paging/ixo.txt

http://www.linuxdoc.org/HOWTO/mini/Pager/

ftp://ftp.cs.unm.edu/pub/chris/paging/ixo.txt
http://www.linuxdoc.org/HOWTO/mini/Pager/
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l
rds Advisory Group

ble then multiple 544 bit batches

MES)

d into 5 subsequences, each

s Code (APOC)
ide)

ates accurate to one hundredth of

programming, encryption and
Maguire Paging - link level
maguire@it.kth.se 2002.03.14

Paging - link leve
• Older format: British Post Office Code Standa

(POCSAG)
• single operator, single frequency
• maximum of 2 million users
• two separate tones and then a burst of data; 576 bit pream

• ETSI’s European Radio Message System (ER
• 35 bit radio identity code
• effective transmission rate of 3750 bps
• each hour is partitions into 60 cycles, each cycle partitione

subsequence is partitioned into 16 batches

• Philips Telecom’s Advanced Paging Operation
• Motorola’s FLEX (further described on next sl

• signals have only a single tone preceding the data burst.
• Interestingly FLEX paging data is _not_ encrypted.

• Motorola’s Generation II FLEX
• FLEX G1.9 protocol supports full roaming, time of day upd

a second, and dynamic group messaging
• Motorola’s FLEXsuite™ applications, such as over the air 

compression utilize FLEX G1.9.
• 1600 and 3200 symbols-per-second

http://www.linuxdoc.org/HOWTO/mini/Pager/
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tocol
tml

d up to 600,000 numeric pagers
ps as needed by operator.

ol
 store voice messages,

essaging unit, therefore sends

 the use of a ReFLEX two-way
ntent.

rcial operation in 36 countries,
er base -
Maguire Motorola’s FLEX™ protocol
maguire@it.kth.se 2002.03.14

Motorola’s FLEX™ pro
http://www.motorola.com/MIMS/MSPG/FLEX/protocol/solution.h

Supports upto five billion individual addresses an
per channel. Channel can run at 1600 to 6400 b

• FLEXion™  an advanced voice paging protoc
• Motorola’s Portable Answering Machine - can receive and
• digitally compresses voice messages
• system is aware of the general location of the recipient’s m

the message from the closest paging transmitter

• ReFLEX™ a two-way messaging protocol
• Motorola’s Advanced Messaging Group has demonstrated

pager to access Hyper Text Markup Language (HTML) co

160 FLEX technology-based systems in comme
representing 93% of the world’s paging subscrib
http://www.nasco.com.sa/products/motorola/pager_flex.html

http://www.motorola.com/MIMS/MSPG/FLEX/protocol/solution.html
http://www.nasco.com.sa/products/motorola/pager_flex.html
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ings
 is to enable the pager to spend

ess and in the case of Motorola
match than the error correction

ly.

coder unless the page may be for
ay be awakened separately).
Maguire Sleeping for power savings
maguire@it.kth.se 2002.03.14

Sleeping for power sav
A major aspect of the link level paging protocols
most of its time sleeping.

It does this by knowing when to listen for its addr
if as the address is being received more bits fail to
could possibly correct it goes to sleep immediate

Some paging receivers don’t even wake up the de
this device (thus the different parts of the page m

http://www.nasco.com.sa/products/motorola/pager_flex.html
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References and Further R
See the summary in section 2.5 for more pointer
careful note that some of the things which the au
aresimply their proposals and not (yet) implemen;
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