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Introduction to Mobile Telecommunication and
GSM

— Chapter1 ——

This chapter is designed to provide the student with an
introduction to mobile telecommunications and an overview of
the GSM standard. It introduces the main system components,
the network structure and basic terminology used.

OBJECTIVES:
Upon completion of this chapter the student will be able to:
List 1 benefit of having a standard
Describe the history of GSM devel opment
List 3 network components
Describe the GSM geographical network structure
List the GSM-900 frequency bands
List 3 subscriberservices provided in the GSM network

\
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1 Introduction to Mobile Telecommunication and GSM
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1 Introduction to Mobile Telecommunication and GSM

MOBILE TELEPHONY

Mobile telecommunications is one of the fastest growing and
most demanding of all telecommunications technol ogies.
Currently, it represents an increasingly high percentage of all
new telephone subscriptions worldwide. In many cases, cellular
solutions successfully compete with traditional wireline
networks and cordless telephones. In the future, cellular systems
employing digital technology will become the universal method
of telecommunication.

HISTORY OF WIRELESS COMMUNICATION

The origins of mobile communications followed quickly behind
the invention of radio in the late 1800s. The first applications of
mobile radio were related to the navigation and safety of ships at
sea. Asradio concepts developed, so did it suse asa
communications tool. The major milestones in the devel opment
of wireless communications are summarized in the following
table:

Date

Activity

1906

Reginald Fesseden successfully transmits human
voice over radio. Up until that time, radio
communications consisted of transmissions of Morse
Code.

1915

J. A. Fleming invents the vacuum tube making it
possible to build mobile radios.

1921

The Detroit police department used a2 MHz
frequency in the department's first vehicular mobile
radio. The system was only one way and police had
to find a wireline phone to respond to radio

MesSages.

1930s

Amplitude Modulation (AM) two-way mobile
systems were in place in the U.S. that took
advantage of newly developed mobile transmitters
and utilized a "push-to-talk” or half-duplex
transmission. By the end of the decade channel
allocation grew from 11 to 40.

1935

Invention of Frequency Modulation (FM) improved
audio quality. FM eliminated the need for large AM
transmitters and resulted in radio equipment which

required less power to operate. This made the use of

transmitters in vehicles more practical.

EN/LZT 123 3321 R3B



GSM System Survey

ERICSSON 2

1940s

The Federal Communications Commission (FCC)
recognized a communication service it classified as
Domestic Public Land Mobile (DPLM) radio
service. The first DPLM system was established in
St. Louisin 1946 and it utilized the 150 MHz band.
The following year, a "highway" system was
developed along the New Y ork - Boston corridor
using the 35-40 MHz band.

1947

D.H. Ring, working at Bell Laboratories, envisions
the cellular concept.

1948

Shockley, Bardeen and Brittain, at Bell Laboratories,
invent the transistor which enables electronic
equipment, including the radio to be miniaturized.

1949

Radio Common Carriers (RCCs) were recognized.

1949,
1958

Bell Systems made broadband proposals.

1964

AT&T introduces Improved Mobile Telephone
System (IMTS).

1968

The FCC began to address issue of new US
spectrum requirements.

1969

Nordic countries of Denmark, Finland, Iceland,
Norway and Sweden agree to form a group to study
and recommend areas of cooperation in
telecommunication. This led to the standardization
of telecommunications for al members of the
Nordic Mobile Telephone (NMT) group, the first
comprehensive international standardization group.

1973

The NMT group specifies a feature allowing mobile
telephones to be located within and across networks.
This feature would become the basis for roaming.

1979

The FCC authorized the installation and testing of
the first developmental cellular system in the US
(IMinois Bell Telephone Company).

1981

Ericsson launches the world's first cellular system in
Saudi Arabia based on the analog NMT 450
standard.

1991

The first digital cellular standard (GSM) is launched.

1998

The number of mobile subscribers world-wide has
grown to over 200 million.

Table 1-1 Milestones in development of wireless
communications

EN/LZT 123 3321 R3B
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MOBILE STANDARDS

Standards play a major role in telecommunications by:
Allowing products from diverse suppliersto be
interconnected
Facilitating innovation by creating large markets for common
products

The standards-making process is one of co-operation at many
levels, both nationally and internationally and includes co-
operation between:

Industrial concerns within a country

These industrial concerns and their governments

National governments at an international level
The primary purpose of a standard for mobile communications

is to specify how mobile phone calls are to be handled by a

mobile network. For example, this includes specification of the
following:

The signals to be transmitted and received by the mobile
phone

The format of these signals

The interaction of network nodes

The basic network services which should be available to
mobile subscribers

The basic network structure (i.e. cells, etc.)

EN/LZT 123 3321 R3B -3-
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%~ Did you know?

The country with the
highest per capita
penetration of mobile
subscribersis
Finland, with over
65% of its population
owning a mobile

Since the development of NMT 450 in 1981, many standards for
mobile communication have been developed throughout the
world. Each mobile standard has been developed to meet the

particular requirements of the country or interest groups

involved in its specification. For this reason, although a standard

may be suitable for one country, it may not be suitable for

another. The main standards and the main markets in which they
are used are summarized in the following table.

phone.
Primary
Year | Standard Mobile Telephone System | Technolog | Markets
y
1981 | NMT 450 | Nordic Mobile Telephony Andogue | Europe,
Middle East
1983 | AMPS Advanced Mobile Phone Anaogue | North and
System South
America
1985 | TACS Total Access Anaogue | Europeand
Communication System China
1986 | NMT900 | Nordic Mobile Telephony Andogue | Europe,
Middle East
1991 | GSM Global System for Mobile Digital World-wide
communication
1991 | TDMA Time Division Multiple Digital North and
Access South
(D-AMPS) | (Digital-AMPS) America
(1S136)
1993 | CdmaOne | Codedivisionmultipleaccess | Digital N. America,
(1S95) One Korea
1992 | GSM 1800 | Global System for Mobile Digital Europe
communication
1994 | PDC Personal Digital Cellular Digitd Japan
1995 | PCS1900 | Personal Communication Digital North
Services America

Table 1-2 The main cellular standards

EN/LZT 123 3321 R3B
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ERICSSON IN MOBILE

Ericsson is one of the leading telecommunication companiesin
the world, with customers in more than 130 countries. Ericsson's
key product isthe AXE digital exchange which isin servicein
the most sophisticated public networks in Europe, the Americas,
Australia, Africaand Asia. One of the key reasons for the
success of AXE isthat it is modular in design which alowsiit to
adapt easily to awide variety of applications. The concept of
open systems and standardized interfaces is fundamental to the
development of all new telecommunication products within
Ericsson.

Ericsson has been designing cellular radio systems since the
1970's. It offers network products for all magjor standards, both
analogue and digital. The largest Ericsson markets, measured in
number of subscribers using an Ericsson system are North
America and Europe.

Ericsson is the world's most successful supplier of mobile
network infrastructure equipment and supplies 40% of the
world's mobile telephony market. Ericsson supplies 50% of the
world's digital telephony market. This means that half of al the
world's digital mobile telephone calls are switched through
Ericsson exchanges.

Mobile Standard Ericsson Product
NMT 450 CMS 45
AMPS CMS 8800
TACS CMS 8810
NMT 900 CMS 89
GSM CME 20
TDMA (D-AMPS) CMS 8800-D
GSM 1800 CME 20
PDC CMS 30
PCS 1900 (using GSM) CMS 40
PCS 1900 (using DAMPS) CMS 8800-D
CdmaOne CMS11

Table 1-3 Ericsson’s cellular systems
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GLOBAL SYSTEM FOR MOBILE COMMUNICATION (GSM)

HISTORY OF GSM

This history of GSM is outlined in the following table:

Date

Activity

1982-
1985

Conférence Européenne des Postes et
Télécommunications (CEPT) began specifying
a European digital telecommunications
standard in the 900 MHz frequency band. This
standard later became known as Global
System for Mobile communication (GSM).

1986

Field tests were held in Paris to select which
digital transmission technology to use. The
choice was Time Division Multiple Access
(TDMA) or Frequency Division Multiple
Access (FDMA).

1987

A combination of TDMA and FDMA was
selected as the transmission technology for
GSM.

Operators from 12 countries signed a
Memorandum of Understanding committing
themselves to introducing GSM by 1991.

1988

CEPT began producing GSM specifications
for a phased implementation.
Another five countries signed the MoU.

1989

European Telecommunication Standards
Ingtitute (ETSI) took over responsibility for
GSM specification.

1990

Phase 1 specifications were frozen to alow
manufacturers to develop network equipment.

1991

The GSM 1800 standard was rel eased.

An addendum was added to the MoU allowing
countries outside CEPT to sign.

EN/LZT 123 3321 R3B
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1992

Phase 1 specifications were completed.

First commercial Phase 1 GSM networks were
launched.

The first international roaming agreement was
established between Telecom Finland and
Vodafone in UK.

1993

Australia became the first non-European
country to sign the MoU.

The MoU now had atotal of 70 signatories.
GSM networks were launched in Norway,
Austria, Ireland, Hong Kong and Australia.
The number of GSM subscribers reached one
million.

The first commercial DCS 1800 system was
launched in the U.K.

1994

The MoU now had over 100 signatories
covering 60 countries.

More GSM networks were launched.
The total number of GSM subscribers
exceeded 3 million.

1995

The specification for the Personal
Communications Services (PCS) was
developed in the U.SA. This version of GSM
operates at 1900 MHz.

GSM growth trends continued steadily through
1995, with the number of GSM subscribers
increasing at the rate of 10,000 per day and
rising.

In April 1995, there were 188 members of the
MoU from 69 countries.

1996

The first GSM 1900 systems became
available. These comply with the PCS 1900
standard.

&~ Did you know?

The headquarters of
the GSM MoU arein
Dublin, Ireland.

1998

At the beginning of 1998 the MoU has atotal
of 253 membersin over 100 countries and
there are over 70 million GSM subscribers
world-wide. GSM subscribers account for
31% of the world's mobile market.

Table 1-4 GSM Milestones

EN/LZT 123 3321 R3B
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Figure 1-1 GSM worldwide (indicated by darker areas)

Because GSM provides a common standard, cellular subscribers

@ Didyou know? can use thelr tel ephon(_as over the entire GSM service area which
includes al the countries around the world where the GSM

The countries with the system is used.

highest numbers of

GSM subscribersare In addition, GSM provides user services such as high speed data

the United Kingdom communication, facsimile and a Short Message Service (SMS).

and ltaly. The GSM technical specifications are also designed to work

with other standards as it guarantees standard interfaces.

Finally, akey aspect of GSM is that the specifications are open-
ended and can be built upon to meet future requirements.

EN/LZT 123 3321 R3B 2
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GSM SPECIFICATIONS

GSM was designed to be platform-independent. The GSM
specifications do not specify the actual hardware requirements,
but instead specify the network functions and interfacesin
detail. This allows hardware designers to be creative in how
they provide the actual functionality, but at the same time makes
it possible for operators to buy equipment from different
suppliers.

The GSM recommendations consist of twelve series which are
listed in the table below. These series were written by different
working parties and a number of expert groups. A permanent
nucleus was established in order to coordinate the working
parties and to manage the editing of the recommendations. All
these groups were organized by ETSI.

Series Content

01 General

02 Service aspects

03 Network aspects

04 MS - BSSinterface and protocol
05 Physical layer on the radio path
06 Speech coding specification

07 Terminal adaptor for MS

08 BSS - MSC interface

09 Network interworking

10 Service interworking

11 Equipment and type approval specifications
12 Operation and maintenance

Table 1-5 GSM Recommendations

The GSM 1800 section is written as a delta part within the GSM
recommendations, describing only those differences between
GSM 900 and GSM 1800. GSM 1900 is based on GSM 1800
and has been adapted to meet the American National Standards
Institute (ANSI) standard.

EN/LZT 123 3321 R3B
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GSM PHASES

In the late 1980s, the groups involved in developing the GSM
standard realized that within the given time-frame they could
not complete the specifications for the entire range of GSM
services and features as originally planned. Because of this, it
was decided that GSM would be released in phases with phase 1
consisting of alimited set of services and features. Each new
phase builds on the services offered by existing phases.

Phase 2+

Phase 2

Phase 1

1989 1990 1991 1992 1993 1994 1995

|:| ldea
|:| Standardization

I:l Implementation/usage

Figure 1-2 GSM phases

Phase 1

Phase 1 contains the most common services including:

Voice telephony
International roaming
Basic fax/data services (up to 9.6 kbits/s)
Cdl forwarding
Call barring
Short Message Service (SMYS)
Phase 1 also incorporated features such as ciphering and

Subscriber Identity Module (SIM) cards. Phase 1 specifications
were then closed and cannot be modified.

EN/LZT 123 3321 R3B 2



ERICSSON =

1 Introduction to Mobile Telecommunication and GSM

Phase 2

Phase 2+

Additional features were introduced in GSM phase 2 including:

Advice of charge

Cadlling line identification

Call waiting

Cdl hold

Conference calling

Closed user groups

Additional data communications capabilities

The standardization groups have already begun to define the
next phase, 2+. The phase 2+ program will cover multiple
subscriber numbers and a variety of business oriented features.

Some of the enhancements offered by Phase 2+ include:

Multiple service profiles

Private numbering plans

Access to Centrex services

Interworking with GSM 1800, GSM 1900 and the Digital
Enhanced Cordless Telecommunications (DECT) standard

Priorities and time schedules for new features and functions
depend primarily on the interest shown by operating companies
and manufacturers and technical developments in related areas.

EN/LZT 123 3321 R3B
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GSM NETWORK COMPONENTS

The GSM network is divided into two systems. Each of these
systems are comprised of a number of functional units which are
individual components of the mobile network. The two systems
are:

Switching System (SS)
Base Station System (BSS)

In addition, as with al telecommunications networks, GSM
networks are operated, maintained and managed from
computerized centers.

Switching System SS
AUC
— 1
o \
7 AN
S~ < I ,‘4
PN - N
Other [ N
N
networks GMSC MSC ]
) y 7

I—
. / e e N
Base Station System | BSS /
/ NMC and OMC
BSC Ve
/
) /
| ’
|
______ Signaling transmission
. BTS
——Call connections and
signaling transmission
&
& S

Figure 1-3 System model
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Abbreviations:

AUC AUthentication Center
BSC Base Station Controller
BTS Base Transceiver Station
EIR Equipment Identity Register
HLR Home Location Register
MS Mobile Station
MSC Mobile services Switching Center
NMC Network Management Center
OoMC Operation and Maintenance Center
VLR Vigitor Location Register
The SSisresponsible for performing call processing and
subscriber related functions. It includes the following functional
units:
Mobile services Switching Center (MSC)
Home Location Register (HLR)
Visgitor Location Register (VLR)
AUthentication Center (AUC)
Equipment Identity Register (EIR)
The BSS performs dl the radio-related functions. The BSSis
comprised of the following functional units:
Base Station Controller (BSC)
Base Transceiver Station(BTS)
The OMC performs al the operation and maintenance tasks for

the network such as monitoring network traffic and network
alarms. The OMC has access to both the SS and the BSS.

M Ss do not belong to any of these systems.

EN/LZT 123 3321 R3B
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SWITCHING SYSTEM (SS) COMPONENTS

Mobile services Switching Center (MSC)

The MSC performs the telephony switching functions for the
mobile network. It controls calls to and from other telephony
and data systems, such as the Public Switched Telephone
Network (PSTN), Integrated Services Digital Network (ISDN),
public data networks, private networks and other mobile
networks.

Gateway Functionality

Gateway functionality enables an MSC to interrogate a
network's HLR in order to route a cal to a Mobile Station (MS).
Such an MSC is called a Gateway MSC (GMSC). For example,
if a person connected to the PSTN wants to make acall to a
GSM moabile subscriber, then the PSTN exchange will access
the GSM network by first connecting the call to a GMSC. The
sameistrue of acall from an MS to another MS.

Any MSC in the mobile network can function as a gateway by
integration of the appropriate software.

Home Location Register (HLR)

The HLR is a centralized network database that stores and
manages al mobile subscriptions belonging to a specific
operator. It acts as a permanent store for a person's subscription
information until that subscription is canceled. The information
stored includes:

Subscriber identity
Subscriber supplementary services
Subscriber location information
Subscriber authentication information
The HLR can be implemented in the same network node as the

MSC or as a stand-alone database. If the capacity of aHLR is

exceeded by the number of subscribers, additional HLRs may be
added.

EN/LZT 123 3321 R3B 2
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Visitor Location Register (VLR)

The VLR database contains information about all the mobile
subscribers currently located in an MSC service area. Thus,
thereisone VLR for each MSC in a network. The VLR
temporarily stores subscription information so that the MSC can
service al the subscribers currently visiting that MSC service
area. The VLR can be regarded as adistributed HLR as it holds
acopy of the HLR information stored about the subscriber.

When a subscriber roams into a new MSC service area, the VLR
connected to that M SC requests information about the
subscriber from the subscriber's HLR. The HLR sends a copy of
the information to the VLR and updates its own location
information. When the subscriber makes a cdl, the VLR will
already have the information required for call set-up.

AUthentication Center (AUC)

The main function of the AUC is to authenticate the subscribers
attempting to use a network. In this way, it is used to protect
network operators against fraud. The AUC is a database
connected to the HLR which provides it with the authentication
parameters and ciphering keys used to ensure network security.

Equipment Identity Register (EIR)

%~ Did you know?

Although useful, the
EIRisactually an
optional component of
a GSM network, and
istherefore, often not
used.

The EIR is a database containing mobile equipment identity
information which helps to block calls from stolen,
unauthorized, or defective MSs. It should be noted that due to
subscriber-equipment separation in GSM, the barring of MS
equipment does not result in automatic barring of a subscriber.

EN/LZT 123 3321 R3B
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BASE STATION SYSTEM (BSS) COMPONENTS

Base Station Controller (BSC)

The BSC manages all the radio-related functions of a GSM
network. It is a high capacity switch that provides functions
such as MS handover, radio channel assignment and the
collection of cell configuration data. A number of BSCs may be
controlled by each MSC.

Base Transceiver Station (BTS)

The BTS controls the radio interface to the MS. The BTS
comprises the radio equipment such as transceivers and antennas
which are needed to serve each cell in the network. A group of
BTSs are controlled by aBSC.

NETWORK MONITORING CENTERS

Operation and Maintenance Center (OMC)

An OMC is acomputerized monitoring center which is
connected to other network components such as MSCs and
BSCsvia X.25 data network links. In the OMC, staff are
presented with information about the status of the network and
can monitor and control a variety of system parameters. There
may be one or several OM Cs within a network depending on the
network size.

Network Management Center (NMC)

Centralized control of a network is done at a Network
Management Center (NMC). Only one NMC isrequired for a
network and this controls the subordinate OMCs. The advantage
of this hierarchical approach is that staff at the NMC can
concentrate on long term system-wide issues, whereas local
personnel at each OMC can concentrate on short term, regional
issues.

OMC and NMC functionality can be combined in the same
physical network node or implemented at different locations.

EN/LZT 123 3321 R3B 2
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MOBILE STATION (MS)

AnMS is used by a mobile subscriber to communicate with the
mobile network. Severa types of MSs exist, each allowing the
subscriber to make and receive calls. Manufacturers of MSs
offer avariety of designs and features to meet the needs of
different markets.

The range or coverage area of an M S depends on the output
power of the MS. Different types of MSs have different output
power capabilities and consequently different ranges. For
example, hand-held M Ss have a lower output power and shorter
range than car-installed M Ss with a roof mounted antenna.

Figure 1-4 Ranges for different types of MSs
GSM MSs consist of:

A mobile terminal
A Subscriber Identity Module (SIM)

Unlike other standards, in GSM the subscriber is separated from
the mobile terminal. Each subscriber's information is stored as a
"smart card" SIM. The SIM can be plugged into any GSM
mobile terminal. This brings the advantages of security and
portability for subscribers. For example, subscriber A's mobile
terminal may have been stolen. However, subscriber A's own
SIM can be used in another person's mobile terminal and the
calls will be charged to subscriber A.

EN/LZT 123 3321 R3B
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GSM GEOGRAPHICAL NETWORK STRUCTURE

Every telephone network needs a specific structure to route
incoming calls to the correct exchange and then on to the
subscriber. In a mobile network, this structure is very important
because the subscribers are mobile. As subscribers move
through the network, these structures are used to monitor their
location.

CELL

A cdll isthe basic unit of a cellular system and is defined as the
area of radio coverage given by one BS antenna system. Each
cell is assigned a unique number called Cell Global Identity
(CGI). In acomplete network covering an entire country, the
number of cells can be quite high.

Figure 1-5 A cell

LOCATION AREA (LA)

A Location Area (LA) is defined as a group of cells. Within the
network, a subscriber’ s location is known by the LA, which they
arein. Theidentity of the LA in which an MSis currently
located is stored in the VLR.

When an M S crosses the boundary between two cells belonging
to different LA’s, it must report its new Location Areato the
network?. If it crosses a cell boundary within a LA, it does not
report its new cdll location to the network. When there is a call
for an MS, a paging message is broadcast within al the cells
belonging to the relevant LA.

! Note: Thisonly occurs when the MSisidle. The location is not updated during acall, instead the updating takes
place after the release.

EN/LZT 123 3321 R3B 2
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MSC SERVICE AREA

AnMSC service area is made up of a number of LAs and
represents the geographical part of the network controlled by
one MSC. In order to be able to route acall to an MS, the
subscriber's MSC service areais also recorded and monitored.
The subscriber's MSC service areais stored in the HLR.

Figure 1-6 MSC service area

PLMN SERVICE AREA

A Public Land Mobile Network (PLMN) service areais the
entire set of cells served by one network operator and is defined
asthe area in which an operator offers radio coverage and
access to its network. In any one country there may be several
PLMN service areas, one for each mobile operator's network.

EN/LZT 123 3321 R3B
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GSM SERVICE AREA

The GSM service area is the entire geographical areain which a
subscriber can gain access to a GSM network. The GSM service
area increases as more operators sign contracts agreeing to work
together. Currently, the GSM service area spans dozens of
countries across the world from Ireland to Australia and South
Africa

International roaming is the term applied when an MS moves
from one PLMN to another when abroad.

MSC Service Area

Location Area

Figure 1-7 Relation between areas in GSM
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The figures below show alternative views of the same network:

The first figure shows the network nodes and their layout
across the network. For ssimplicity, this may be referred to as
the hardware view of the network.

The second figure shows the geographical network

configuration. For simplicity, this may be referred to as the
software view of the network.

MSC Service Areal @ o o
i VTN
L R - ‘O
<, ¢ o \
* N

I
\
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: \
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; \
E \
«," 1 2
Coom Dt e
..... ALIC H R
A onysc FIR
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MSCBoundary = == === —-
BSC Boundary
PCM Llnks ..........................
Rase Statinn O

Figure 1-8 “Hardware’ view of a sample network
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Figure 1-9 “Software” view of a sample network
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GSM FREQUENCY BANDS

As GSM has grown worldwide, it has expanded to operate at
three frequency bands: 900, 1800 and 1900.

GSM 900 GSM 1800 GSM 1900

L|_‘ | II|| I

GHz 0.8

GSM 900

GSM 1800

&~ Did you know?

Thiswas originally
named Digital
Cellular System
(DCS) 1800 MHz. In
1997 it was renamed
GSM 1800.

GSM 1900

0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Figure 1-10 GSM frequency bands

The origina frequency band specified for GSM was 900 MHz.
Most GSM networks worldwide use this band. In some
countries and extended version of GSM 900 can be used, which
provides extra network capacity. This extended version of GSM
is called E-GSM, while the primary version is called P-GSM.

In 1990, in order to increase competition between operators, the
United Kingdom requested the start of a new version of GSM
adapted to the 1800 MHz frequency band. Licenses have been
issued in several countries and networks are in full operation.

By granting licenses for GSM 1800 in addition to GSM 900, a
country can increase the number of operators. In this way, due
to increased competition, the service to subscribers is improved.

In 1995, the Personal Communications Services (PCS) concept
was specified in the United States. The basic ideais to enable
"person-to-person” communication rather than " station-to-
station". PCS does not require that such services be
implemented using cellular technology, but this has proven to be
the most effective method. The frequencies available for PCS
are around 1900 MHz. As GSM 900 could not be used in North
America due to prior alocation of the 900 MHz frequencies,
GSM 1900 MHz is seen as an opportunity to bridge this gap.
The main differences between the American GSM 1900
standard and GSM 900 is that it supports ANSI signaling.
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GSM 400

Ericsson and Nokia support the work of ETSI on a global
standard for GSM on the 450 MHz frequency band. Ericsson
and Nokia are aiming to make GSM 450 products available for
the market during 2001. The believe is that the introduction of
GSM in the 450 MHz frequency band will further leverage the
success of global GSM.

GSM 400 also providesNMT system operators alogical way to
introduce quality digital services and seamless international
roaming possibilities.

EN/LZT 123 3321 R3B
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KEY TERMS

During the development of mobile systems, many terms arose
which are used to describe the call cases and situations
involving MSs. The primary terms used are described below.

An MS can have one of the following states:

Idle: the MSis ON but acall isnot in progress
Active: the MSis ON and acal isin progress
Detached: the MSis OFF
The following table defines the key terms used to describe GSM

mobile traffic cases (there are no traffic cases in detached
mode):

Mode | Term Description

Idle Registration | Thisis the processin which an MS
informs a network that it is attached.

Roaming When an MS moves around a network in
idle mode, it is referred to as roaming.

International | When an MS moves into a network which
Roaming is not its home network, it is referred to as
international roaming. M Ss can only

roam into networks with which the home
network has a roaming agreement.

Location An MS roaming around the network must
Updating inform the network when it enters a new
LA. Thisis called location updating.

Paging This is the process whereby a network
attempts to contact a particular MS. This
is achieved by broadcasting a paging
message containing the identity of that
MS.

Active | Handover Thisis the process, where a call path is
switched from one physical ch. to
another, while the MS moves.

Table 1-6 Key terms
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MS Registration and Roaming

When an MS is powered off it is detached from the network.
When the subscriber switches power on, the M S scans the GSM
frequencies for special channels called control channels. When
it finds a control channel, the MS measures the signal strength it
receives on that channel and records it. When all control

channels have been measured, the M S tunes to the strongest one.

When the MS has just been powered on, the MS must register
with the network which will then update the MS's status to idle.
If the location of the MSis noticed to be different from the
currently stored location then a location update will also take
place.

As the MS moves through the network, it continues to scan the
control channels to ensure that it is tuned to the strongest
possible channdl. If the M S finds one which is stronger, then the
MS retunes to this new control channel®. If the new control
channel belongsto anew LA, the MS will aso inform the
network of its new location.

LA 1

MSC/VLR

LA 2

MSC/VLR

Figure 1-11 Roaming

2 Note: Inidle mode, it isthe M'S which decides which cell to move into. In active mode, the network makes this

decision.

EN/LZT 123 3321 R3B
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Overview of Ericsson’s GSM Systems

—— Chapter 2 ——

This chapter is desgned to provide the sudent with an overview of
Ericsson’'s GSM systems. CME 20 and CMS 40

OBJECTIVES:
Upon completion of this chapter the student will be able to:

List 3 network components, in Ericsson’'s GSM system, and
briefly describe their functiondity

\
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2 Overview of Ericsson’s GSM
Systems
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ERICSSON IN GSM

%~ Did you know?

Germany was the
location for the first
Ericsson GSM
network.

Ericsson has been involved in GSM since its inception and took an
active part in the GSM specification process.

Ericsson isthe largest supplier of GSM equipment in the world with a
market share of gpproximately 50%. Over 100 GSM networks
worldwide are supplied by Ericsson.

Ericsson is dso one of the world's largest suppliers of GSM mobile
phones and has an estimated 24% share of the world market.

Figure 2-1 Ericsson GSM worldwide (indicated by darker areas)

EN/LZT 123 3321 R3A
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ERICSSON'S GSM SYSTEM ARCHITECTURE

Ericsson provides two systems for GSM networks:

Cdlular Matra Ericsson (CME) 20: for GSM 900 and GSM

1800 networks
& Did you know? - Cdlular Mobile System (CMS) 40: for GSM 1900 networks
CME stands for Like the GSM system modd itself, Ericsson’'s GSM systems are it
Cellular Matra into two primary systems: the Switching System (SS) and the Base
Ericsson, because the . . .
TG ST Station System (BSS). However, depending on the requirements of a
Matra was involved in network operator, Ericsson’s GSM systems can incorporate other
theinitial functions and nodes, such as Maobile Intdligent Network (MIN)
devel opment of nodes and post processing systems.
Ericsson’s GSM
System. Note: Ericsson’s wide range of MSs are not considered to be part of
either the CME 20 or CM S 40 product, due to the fact that an MS
from any supplier can work with network equipment from any other
supplier.
Switching System MIN
S ~— S
i EIR 1| Auc ! spp !
msn s n. >
\ -l
\ ! 4
\ | HLR ILR | SCF; B oW
Y e— —— | ____!
Other / \\ ! //
PLMNs // \ t P 7 R
L Mc o
Public Data MSCIVLR :\\55\.: °o°
Networks PSTN GMSC 1~ i_s_s_FI ]
ISDN - 0SS
Base Station System
TRC
[
BSC
|
RBS

~~~~~~~~~~~~~~~~~~~~ Signaling Information

Speech and signaling information

Figure 2-2 Ericsson GSM network system model
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Basic or Abbrev. System | Full component name Platform
Additional
Badc MSC/VLR | SS Mobile services Switching Center/Vidtor AXE
Location Register
Basic GMSC SS Gateway MSC AXE
Basc HLR SS Home Location Register AXE
Basc ILR SS Interworking Location Register AXE
Badc AUC SS AUthentication Center Unix’AXE
Basc EIR SS Equipment Identity Register Unix
Basc DTI SS Data Transmisson Interface AXE
Badc TRC BSS TRanscoder Controller AXE
Badc BSC BSS Base Station Controller AXE
Badc BTS BSS Base Transceiver Station RBS
Basc OomMC 0SS Operation and Maintenance Center TMOS
Basc NMC 0SS Network Management Center TMOS
Additiond | MC SS Message Center MXE
Additiond | SSP SS Sarvice Switching Point AXE
Additiond | SCP SS Service Control Point AXE
Additiond | SDP SS Sarvice Data Point Unix
Additiond | SOG Service Order Gateway Unix
Additiond | BGW Billing GaeWay Unix

Table 2-1 Components of Ericsson network system

ERICSSON’S SS IMPLEMENTATION

Mobile services Switching Center/Visitor Location Register

(MSC/VLR)

The MSCsin al Ericsson GSM networks are AXE exchanges. In all
Ericsson GSM networks, the VLR is integrated into the MSC node.
This means that Sgnaling between the VLR and the MSC is done
internaly within the MSC/V LR network node and does not have to

be carried over the rest of the network. This has the benefit of

reducing the overal sgnaling load on the network.

Gateway Mobile services Switching Center (GMSC)

The GMSC isds0 implemented as an AXE exchange. In effect, it is
an MSC with some additiona software.

EN/LZT 123 3321 R3A
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Home Location Register (HLR)

Ericsson’ sHLR isdso based on AXE and can be implemented in
the same node as the MSC/VLR or as a stand-alone node.

Interworking Location Register (ILR)

The Interworking Location Register (ILR) existsin CMS 40
networks only. An ILR makes inter-system roaming possible,
meaning that a subscriber can roam from a GSM 1900 network to
an AMPS network. The ILR conssts of an AMPS HLR and a GSM
1900 VLR. In the near future the ILR will make intersystem roaming
possible in both directions between dl GSV/AMPSTDMA
networks.

Authentication Center (AUC) and Equipment Identity Register (EIR)

The AUC and EIR are implemented either as stand-aone nodes or
as acombined AUC/EIR node. The UNIX-based AUC and the EIR
are developed by Sema Group. The AUC may dternatively resde
on an AXE, possibly integrated with aHLR.

Data Transmission Interface (DTI)

The DTl is ahardware platform which implements the GSM-defined
InterWorking Function (IWF). It performs data handling functions
such as data rate converson. DTI isimplemented on an AXE
platform and isintegrated in the MSC/VLR. By being integrated into
the AXE platform, the DTI does not need separate operation and
maintenance facilities.

ERICSSON’S BSS IMPLEMENTATION

Ericsson’s BSS differs dightly from the GSM system mode!, in thet a
node called the Transcoder Controller (TRC) is added. However,
this does not provide extra functiondity - the functions of the TRC
are part of the GSM mode’s BSC.

Transcoder Controller (TRC)

The purpose of a TRC isto multiplex network traffic channels from
multiple BSCs onto one 64 Kbits's PCM channd which reduces
network transmisson costs. The TRC can be combined with the
BSC or exist as a stand-aone node.
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Base Station Controller (BSC)

The BSC in dl Ericsson GSM networks is based on AXE
technology. It can be implemented as a stand-a one node or
integrated with either an MSC/VLR or a TRC.

Base Transceiver Station (BTS)

In Ericsson's GSM systemsthe BTSisincluded as part of a product
cadled RBS. The RBS dso contains extra functiondity which engbles
the support of severa GSM-defined BTSs.

Ericsson offers awide range of RBSsfor usein GSM networks:
RBS 2101
RBS 2102
RBS 2103
RBS 2202
RBS 2301
RBS 2302
RBS 2302 MAXITE
RBS 2401

EN/LZT 123 3321 R3A
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ERICSSON’'S OMC AND NMC IMPLEMENTATION

Operation and Support System (OSS) is Ericsson’s product to
support the activities performed in an OMC and/or NMC. The
network operator monitors and controls the network through OSS
which offers cogt effective support for centralized, regiond and local
operations and maintenance activities. OSSis based on Ericsson's
Telecommuni cations Management and Operations Support (TMOS)
platform.

OSS is designed as a complete network management system which
can be used to control al the main network elements such as
MSC/VLRs, HLRs, ILRs, TRCs, BSCs, EIRs, AUCs and Mobile
Intelligent Network (MIN) nodes. OSS can aso control BTSs
through the BSCs

OSS uses a Gragphica User Interface (GUI) enabling easier system
use and network management.

Operation and
Support System

HLR

AUC/EIR

MSC

BSC
TRC

BTS

Figure 2-3 OSS provides central supervision of all network
elements
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Telecommunication Management Network (TMN)

OSS and TMOS are based on the international Telecommunication
Management Network (TMN) standard. TMN isamode for the
management of telecommunication networks. The most important
aress of network management identified by TMN are:

Configuration Management
Fault Management
Performance Management

Configuration Management

In OSS, the cdlular network can be displayed on screen using a
Graphica Cédl Configuration (GCC). GCC gives agraphica view of
the entire network and alows the operation and maintenance staff to
zoom in on specific regions of the network to get amore detailed
picture of particular cells.

(] CHA: Ceil Map

Miew T Propertias © ) Rabticas ©

Curser pos dlan

= ot Parammtor 7| AO Walue: [IRE
'[:9' ﬁﬂ cell; L1235
Lomgitede: 202523

q: n|1|2|a|4|5|3|?|§i| L

) By

atitude: 40315

Figure 2-4 Graphical Cell Configuration
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Fault Management

The operator can monitor the status of the network by using
Network Alarm Status Presentation. If afailure occursin the
network, one or more darms are activated and forwarded to the
OMC. Different icons are depicted on screen to indicate the severity
of theadarm. Oneicon is used to show critica Stuations while
another icon is used to show warnings.

= Network Status Presentation (NSP) -

OVERVIEW ‘

& NSP: Tool Properties
Category: =] Colours T—”J'/?“SL)% g/w\'
aé’: i\
critial.) B med /
e SEt A
Major) M pink AP Kt E: w::)
Minor. ) A Orange /\g< %
? (N
Warning..) W Khaki K/ v
BSC3A
Indaterminate, M Light Steel Blue WL _ \\/J /§
Apply ) SetDefault] Reset M A /,)\
SRR i
== =0
G
Br)} E388 \/‘> ”iﬁz
e feae]
N M/r\ M§C2/
i; / ARR
BSC2A

e

/J‘ﬁ[\\ )
Fiy AUCEIR
L= ) i

Figure 2-5 Network Alarm Status Presentation map showing
icons for different types of alarms

Performance Management

In order to plan for future use of the cdlular network, each operator
must check the performance of the network. With performance
management it is possible for an operator to collect and receive
satistics based on both short-term and long-term measurements.

—34_
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ADDITIONAL ERICSSON NETWORK COMPONENTS

Additional Nodes

A basic GSM network can be enhanced by the addition of some or
al of the fallowing functions.

Message Center (MC)

A Message Center (MC) may be added to a GSM network to
provide voiceffax mall and handling of the Short Message Service
(SMS) and SMS Cell Broadcast (SMSCB) text messages. These
services can generate consderable revenue for a network operator,
as they are becoming increasingly popular.

In the Ericsson GSM system the MC isimplemented by Ericsson's
MXE product. Like other network nodes, the MXE can also be
controlled by OSS.

Mobile Intelligent Network (MIN) nodes

%~ Did you know?

Examples of MIN

servicesinclude:

- freephone
premiumrate
personal number
televoting
cellular virtual
private network

Mobile Intelligent Network (MIN) nodes can be added to abasic
GSM network to provide value-added services to subscribers.

Ericsson’s MIN nodes include:

Service Switching Point (SSP): an SSP acts as an interface
between the call control functions of the mobile network and the
service control functions of a Service Control Point (SCP).
Ericsson's SSP is AXE-based and may be integrated within an
MSC/VLR (recommended) or stand-alone.

Service Control Point (SCP): an SCP contains the intelligence
of aMIN service or services. Thisinteligenceisredized in
software programs and data. Ericsson's SCP is also AXE-based
and the recommended configuration is as a stand-alone node,
accessible by al MSC/SSPs.

Service Data Point (SDP): an SDP manages the datawhichis
used by an MIN service. Ericsson’s SDP is a stand-alone node
based on UNIX.

EN/LZT 123 3321 R3A
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Post Processing Systems

Post processing systems are used by network operators to handle
and andyze the large amounts of information which is generated by
cdlsin the network.

Service Order Gateway (SOG)

A network operator requires adminidrative sysems to analyze and
manage network information such as customer subscriptions, billing
information and for fraud detection. An operator's adminigtrative
systems are normaly caled Customer Adminigration Systems
(CAS). They are complex systems which are often inflexible and
costly to adapt to the specific needs of individua network operators.

The Service Order Gateway (SOG) is an Ericsson product which
enables CASs to exchange information with network eements which
contain service information, such asthe HLR.

Customer
OSS/OMC Adm.
/ ‘ \ System
SOG
HLR AUC EIR MC ILR

Figure 2-6 Service Order Gateway (SOG)
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Billing GateWay (BGW)

A Billing GateWay (BGW) callects billing information or Cdl Data
Record (CDR) files from network e ements such as MSCs and
forwards them to post-processing systems that use the files asinput.
A BGW acts as a hilling interface to the network dementsin an
Ericsson network and its flexible interface supports adaptation to any
new types of network dements. Any internd BGW darms are
forwarded to OSS at an OMC.

A BGW isusudly connected to the customer administration and
billing systems and is handled by the adminigrative organization.

The figure below shows some of the possible billing information

required when analyzing a specific cdl.
Customer @ Provisioning = SOG, Service Order Gateway
Adm ﬁ Collection = BGW, Billing Gateway
System
BGW SOG
MSC MSC HLR AUC EIR

Figure 2-7 Billing information
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Wireless Concepts

—— Chapter 3 ——

This chapter is desgned to provide the sudent with an overview of
basic concepts of wireless communications.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

Briefly describe the Time Divison Multiple Access technique
(TDMA)

List 2 transmisson problems and the methods used to solve those.

\
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FREQUENCY CONCEPTS

The following table summarizes the frequency-rel ated specifications
of each of the GSM systems. The terms used in the teble are
explained in the remainder of this section.

System P-GSM 900 E-GSM 900 GSM 1800 GSM 1900
Frequencies.

Uplink 890-915 MHz | 880-915MHz | 1710-1785MHz | 1850-1910 MHz

Downlink 935-960 MHz | 925-960 MHz | 1805-1880 MHz | 1930-1990 MHz
Wavdength ~33cm ~33cm ~17cm ~16cm
Bandwidth 25 MHz 35 MHz 75 MHz 60 MHz
Duplex Digtance 45 MHz 45 MHz 95 MHz 80 MHz
Carrier Separation 200 kHz 200 kHz 200 kHz 200 kHz
Radio Channels® 125 175 375 300
Transmisson Rate 270 kbits's 270 kbits's 270 kbits's 270 kbits's

Table 3-1 Frequency-related specifications

! Note: Every GSM network uses one channel as a guard channel. This reduces the number of channels available for
traffic by one. Thisis used to separate GSM frequencies from the frequencies of neighboring applications, e.g. 889
MHz. In thisway extra protection (and quality) for GSM callsis ensured.
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FREQUENCY

&~ Did you know?

Dueto frequency, a
BTStransmitting
information at 1800
MHz with an output
power of 10 Watts (W)
will cover only half
the area of a similar
BTStransmitting at
900 MHz. To
counteract this, BTSs
using 1800 MHz may
use a higher output
power.

An MS communicates with aBTS by tranamitting or receiving radio
waves, which congst of eectromagnetic energy. The frequency of a
radio wave is the number of times that the wave oscillates per
second. Frequency is measured in Hertz (Hz), where 1 Hz indicates
one oscillation per second. Radio frequencies are used for many
gpplications in the world today. Some common uses include:

Tdevidon: 300 MHz approx.
FM Radio: 100 MHz approx.
Policeradios: Country dependent

Mobile networks: 300 - 2000 MHz approx.

The frequencies used by mobile networks varies according to the
standard being used?. An operator applies for the available
frequencies or, asin the United States, the operator bids for
frequency bands a an auction. The following diagram displays the
frequencies used by the mgor mobile standards:

MHz 0

»
»

450 800 900 1500 1800 1900

NMT 450 AMPS GSM 900
DAMPS 800 NMT 900
PDC 800 TACS

PDC 1500 GSM 1800 DAMPS 1900
GSM 1900

Figure 3-1 Frequencies for major mobile standards

% Asthese frequencies are used to carry information, they are often referred to as carrier frequencies.
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Wavelength

There are many different types of € ectromagnetic waves. These
electromagnetic waves can be described by a snusoida function,
which is characterized by wavelength. Wavelength (1 ) isthe length of
one complete oscillation and is measured in meters (m). Frequency
and wavdength are related via the speed of propagation, which for
radio wavesis the speed of light (3 x10° nvs).

The wavdength of a frequency can be determined by using the
following formula

Wavdength = Speed
Frequency
Thus, for GSM 900 the wavelength is:

Wavdength= 3 x 10%m/s
900 MHz

Wavelength = 300,000,000 m/s
900,000,000

Wavdength = 0.33 m (or 33 cm)

From thisformulait can be determined that the higher the frequency,
the shorter the wavelength. Lower frequencies, with longer
wavelengths, are better suited to transmission over large distances,
because they bounce on the surface of the earth and in the
atmosphere. Televison and FM radio are examples of gpplications,
which use lower frequencies.

Higher frequencies, with shorter wavelengths, are better suited to
transmission over smal distances, because they are sengtive to such
problems as obstacles in the line of the transmission path. Higher
frequencies are suited to small areas of coverage, where the receiver
isreldively closeto the tranamitter.

The frequencies used by mobile systems compromise between the
large-coverage advantages offered by lower frequencies and the
closenessto-the-receiver advantages offered by use of higher
frequencies.

EN/LZT 123 3321R3B
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Example of Frequency Allocation - United States

In 1994, the Federd Communications Commission (FCC) inthe
United States (US) auctioned licenses to prospective mobile network
operators. Each network operator owns the rightsto the license for
ten years. Further auctions will be held following thet period for the
same licenses. The FCC has specified sx blocks within the
frequency band: three duplex blocks A, B, and C (30 MHz each)
and three other duplex blocks D, E, and F (10 MHz each).

« 60 MHz > « 60 MHz >
A D B ENE € Unlicensed A D B = | IF c
1850 1910 1930 1990
MTASs MTASs
Uplink Downlink

A,B 2 x 15 MHz MTA
c 2 X 15 MHz BTA
D,E,F 2 x5 MHz BTA

Figure 3-2 Spectrum allocation for PCS 1900 in the United
States

For telecommunications purposes, the USis divided into 51 regions
or Mgor Trading Areas (MTA) and 493 Basic Trading Areas
(BTA). One MTA can be aslarge in geographical areaas a Sate,
whileaBTA can be about the Size of alarge city. The FCC issued
two PCS 1900 licenses for each MTA and four licensesfor each
BTA?Z. Thus if acity such as Los Angeles will be served by 6
operators. 2 MTA companies operating in Cdiforniaand 4 BTA
companies operating in Los Angeles.

® Note: The choice of technology to use with the 1900 MHz frequencies is made by the successful companies. Both
D-AMPS 1900 and GSM 1900 have been popular choices
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BANDWIDTH

CHANNELS

Bandwidth is the term used to describe the amount of frequency
range alocated to one gpplication. The bandwidth given to an
goplication depends on the amount of available frequency spectrum.
The amount of bandwidth available is an important factor in
determining the capacity of a mobile system, i.e. the number of cals,
which can be handled.

Another important factor in determining the cgpacity of amaobile
system isthe channd. A channdl isafrequency or set of frequencies
which can be dlocated for the transmission, and possibly the receipt,
of information. Communication channds of any form can be one of

the following types

Type Description Examples

Smplex Oneway only FM radio, television
Haf duplex | Two way, only oneat atime Policeradio

Full duplex | Two way, both at the sametime Mobile systems

&~ Did you know?

Becauseit requires
less power to transmit
a lower frequency
over a given distance,
uplink frequenciesin
mobile systems are
always the lower
band of frequencies -
this saves valuable
battery power of the
MSs.

A smplex channd, such asaFM radio music gation, usesasingle
frequency in asingle direction only. A duplex channd, such asthat
used during a mobile cal, uses two frequencies. one to the MS and
one from the MS. The direction from the MS to the network is
referred to as uplink. The direction from the network to the MSis
referred to as downlink.

-

Downlink

=
\M Uplink

Figure 3-3 Uplink and downlink on a radio channel

EN/LZT 123 3321R3B
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Duplex Distance

The use of full duplex requires that the uplink and downlink
transmissons must be separated in frequency by a minimum distance,
which is caled duplex disance. Without it, uplink and downlink
frequencies would interfere with each other.

Uplink Downlink

MHz 890 915 935 960

Duplex Distance (45 MHz) | 1

Bandwidth (2 x 25 MHz) | ] 1 ]

Figure 3-4 Duplex Distance

Carrier Separation

In addition to the duplex distance, every mobile sysem includes a
carrier separationt’. Thisis the distance on the frequency band
between channds being tranamitted in the same direction. Thisis
required in order to avoid the overlgpping of information in one
channd into an adjacent channd.

Thelength of separation between two channds is dependent on the
amount of information which isto be transmitted within the channdl.
The greater the amount of information to tranamit, the grester the

amount of separation required.
_______ . . -
] ]
| |
| |
I I
MHz 895.4 895.6
Carrier Separation (200 KHz) _

Figure 3-5 Carrier separation

From the figure above, it can be seen that the information to be sent
is modulated around the carrier frequency of 895.4 MHz. The same
istrue of the information to be sent on 895.6 MHz. To avoid
interference between the two sets of information, a separation
distance of 200 kHz isrequired. If less separation were used, they
would interfere and a caller on 895.4 MHz may experience crosstalk
or noise from the caler on 895.6 MHz.

“ Carrier separation is sometimes referred to as carrier bandwidth.
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Capacity and Frequency Re-use

It isthe number of frequenciesin acell that determinesthe cdl’s
capacity. Each company with alicense to operate a mobile network
isdlocated alimited number of frequencies. These are distributed
throughout the cellsin their network. Depending on the traffic load
and the availability of frequencies, a cdl may have one or more
frequencies dlocated to it.

It isimportant when dlocating frequencies that interference is
avoided. Interference can be caused by avariety of factors. A
common factor isthe use of smilar frequencies close to each other.
The higher interference, the lower cdl qudity.

To cover an entire country, for example, frequencies must be re-used
many times at different geographical locationsin order to provide a
network with sufficient capacity. The same frequencies can not be
re-used in neighboring cells as they would interfere with each other
S0 specia patterns of frequency usage are determined during the
planning of the network.

Figure 3-6 Neighboring cells cannot have the same frequency
(simplified)

These frequency re-use patterns ensure that any frequencies being
re-used are located at a sufficient distance apart to ensure that there
islittle interference between them. The term “frequency re-use
distance’ is used to describe the distance between two identical
frequencies in are-use pattern. The lower frequency re-use distance,
the more cgpacity will be avallable in the network.

EN/LZT 123 3321R3B
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TRANSMISSION RATE

The amount of information transmitted over aradio channd over a
period of timeis known asthe transmission rate. Transmisson rateis
expressed in bits per second or bit/s. In GSM the net bit rate over
the air interface is 270khbit/s

MODULATION METHOD

In GSM 900, the frequency that is used to transfer the information
over the ar interface is around 900 MHz. Since thisis not the
frequency a which the information is generated, modulation
techniques are used to trandate the information into the usable
frequency band. Frequency trandation isimplemented by modulating
the amplitude, frequency or phase of the so cdled carrier wave in
accordance with the waveform of the input sgnal (e.g. speech). Any
modulation scheme increases the carrier bandwidth and henceisa
limit on the cagpacity of the frequency band avalladle. In GSM, the
carrier bandwidth is 200 kHz.

The modulation technique used in GSM is Gaussan Minimum Shift
Keying (GMSK). GMSK enables the transmission of 270kbit/s
within a 200kHz channel. This gives abitrate of 1.3 bit/s per Hz. This
is rather low bitrate but acceptable as the channd used has high
interference levd in the air.

The channd capacity in GSM does not compare favorably with other
digital mobile standards, which can fit more bits/s onto a channd. In
this way the capacity of other mobile sandardsis higher. However,
GSM's GMSK offers more tolerance of interference. Thisin turn
enablestighter re-use of frequencies, which leadsto an overdl gainin
capacity, which out-performs that of other systems.
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ACCESS METHOD: TIME DIVISION MULTIPLE ACCESS (TDMA)

%~ Did you know?

TDMA is not the only
possible access
method for mobile
systems. Analog
systems use Frequency
DMA (FDMA) while
some systems use
Code DMA (CDMA).

Mo digitd cdlular sysems use the technique of Time Division
Multiple Access (TDMA) to transmit and receive speech Sgndls.
With TDMA, one carrier is used to carry anumber of cdls, each cdl
using that carrier at designated periods in time. These periods of time
aereferred to astime dots. Each MS on acdl isassgned onetime
dot on the uplink frequency and one on the downlink frequency.
Information sent during one time dot is caled aburst.

In GSM, aTDMA frame condsts of 8 time dots. This meansthat a
GSM radio carrier can carry 8 cdls.

Frequency 1

/

[N
N
w
IN
ol
o
~

Figure 3-7 TDMA

Note: Only the downlink direction isshown. Thereisdso a
corresponding frame in the uplink direction.
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ANALOG AND DIGITAL TRANSMISSION
INTRODUCTION TO ANALOG AND DIGITAL

Analog Information

Andog information is continuous and does not stop a discrete
vaues. An example of andog information istime. It is continuous and
does not stop at gpecific points. An andog watch may have a
second- hand which does not jump from one second to the next, but
continues around the watch face without stopping.

Analog Signals

An andog sgnd is a continuous waveform which changesin
accordance with the properties of the information being represented.

~hfie—

Figure 3-8 Analog Signal

Digital Information

Digitdl information isaset of discrete vaues. Time can dso be
represented digitaly. However, digita time would be represented by
awatch which jumps from one minute to the next without stopping at
the seconds. In effect, such adigita watch istaking a sample of time
at predefined intervals,

Digital Signals

For mobile systems, digital sgnals may be considered to be sets of
discrete waveforms.

Figure 3-9 Digital Signal
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ADVANTAGES OF USING DIGITAL

Human speech isaform of andog information. It is continuous and
changes in both frequency (higher and lower pitches) and amplitude
(whispering and shouting).

At firg, andog sgnas may appear to be a better medium for carrying
andog information such as speech. Anadog information is continuous
and if it were to be represented by discrete samples of the
information (digitd 9gnd), then some information would be missing
(like the seconds on the digitd watch). An andog sgna would not
miss any vaues, asit too is continuous.

All sgnds, andog and digital, become distorted over distances. In
andog, the only solution to thisisto amplify the sgnd. However, in
doing 0, the digortion is dso amplified. In digitd, the sgna can be
completely regenerated as new, without the distortion.

Transmitted

= 7 T =

Received

Figure 3-10 Regeneration of digital signal

Regenerated

The problem with using digitdl Sgndsto transfer andog information is
that some information will be missing due to the technique of taking
samples. However, the more often the samples are taken, the closer
the resulting digital vaues will be to a true representation of the
andog information.

Overdl, if samples are taken often enough, digital sgnas provide a
better qudity for transmission of anaog information than andog

sgnds.

EN/LZT 123 3321R3B
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TRANSMISSION PROBLEMS

Many problems may occur during the transmission of aradio sgnd.
Some of the most common problems are described below.

PATH LOSS

Peth loss occurs when the received signa becomes weaker and
weaker due to increasing distance between MS and BTS, even if
there are no obstacles between the transmitting (Tx) and receiving
(Rx) antenna. The path loss problem seldom leads to a dropped call
because before the problem becomes extreme, a new transmission
path is established via another BTS.

SHADOWING

Shadowing occurs when there are physicd obstaclesincluding hills
and buildings between the BTS and the MS. The obstacles create a
shadowing effect which can decrease the received sgnal strength.
When the MS moves, the Sgnd strength fluctuates depending on the
obstacles between the MSand BTS.

A dgnd influenced by fading variesin sgnd srength. Dropsin
strength are caled fading dips.

%

Figure 3-11 Shadowing
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MULTIPATH FADING

Rayleigh fading

Multipath fading occurs when there is more than one transmission
path to the MS or BTS, and therefore more than one sgnd is
arriving a the receiver. Thismay be due to buildings or mountains,
ather closeto or far from the receiving device.

Rayleigh fading and time disperson are forms of multipath fading.

This occurs when asignd takes more than one path between the MS
and BTS antennas. In this case, the Sgnd is not received on aline of
gght path directly from the Tx antenna. Rather, it is reflected off
buildings, for example, and is received from severd different indirect
paths. Rayleigh fading occurs when the obstacles are close to the
receiving antenna.

ol

Figure 3-12 Rayleigh fading

The received Sgnd is the sum of many identica dgnasthat differ
only in phase (and to some extent amplitude). A fading dip and the
time that & apses between two fading dips depends on both the
speed of the MS and the transmitting frequency. Asan
gpproximeation, the distance between two dips caused by Rayleigh
fading is about haf awaveength. Thus, for GSM 900 the distance
between dipsis about 17 cm.

EN/LZT 123 3321R3B
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Time Dispersion

Time disperson is another problem relating to multiple paths to the
Rx antenna of either an MS or BTS. However, in contrast to
Rayleigh fading, the reflected signa comes from an object far awvay
from the Rx antenna.

Time disperson causes Inter-Symbol Interference (1S) where
consecutive symbols (bits) interfere with each other making it difficult
for the recaiver to determine which symbol isthe correct one. An
example of thisis shown in the figure below where the sequence 1, 0
issent fromthe BTS.

Figure 3-13 Time dispersion
%~ Did you know? g P

. . If the reflected Sgnd arrives one bit time after the direct sgnd, then
One bit istransmitted

every 3.7 ns. Radio the receiver detects a 1 from the reflected wave a the same time it
waves travel at 3x10° detects a 0 from the direct wave. The symbol 1 interferes with the
nVs. Therefore, one bit symbol 0 and the M'S does not know which oneis correct.

travels approximately
1 kmwithin one bit
period.

Thus, if the direct path
is 1km and the
indirect pathis 3 km
long, the first bit
transmitted will
interfere with the 3rd
bit transmitted.
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TIME ALIGNMENT

Each MSon acdl isdlocated atime dot on a TDMA frame. Thisis
an amount of time during which the M'S tranamits information to the
BTS. Theinformation mugt aso arive a the BTS within thet time
dot. The time dignment problem occurs when part of the information
transmitted by an MS does not arrive within the alocated time dot.
Instead, that part may arrive during the next time dot, and may
interfere with information from another MS using that other time dot.

A large distance between the MS and the BTS causestime
dignment. Effectively, the 9gnd cannot trave over the large distance
within the given time.

=

B. Far away

A. from BTS

TDMA-frame | TSO | TS1 | TS2

BTS

Figure 3-14 The time alignment problem

For example, an MSiscloseto aBTS and has been dlocated time
dot 3 (TS 3). During the call, the MS moves away from the BTS
causing the information sent from the BTS to arrive a the M S later
and later. The answer from the MS dso arrives later at the BTS. If
nothing is done, the delay becomes so long that the transmission from
the MSin time dot 3 overlaps with the information which the BTS
receivesintimedot 4.

EN/LZT 123 3321R3B
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COMBINED SIGNAL LOSS

Each of the problems described above occurs independently of each
other. However, in most cals some of these problems may occur at
the same time. Anillugtration of what the sgnd srength may look
like a the MS Rx antennawhen moving away from the BTS Tx
antennais shown in Figure 3-15. The problems of path loss,
shadowing and Rayleigh fading are present for this transmission path.

The sgna strength as agloba mean vaue decreases with the
distance (path loss) and findly resultsin alost connection. Around
this globa mean, dow variations are present due to shadowing
effects and fast variations are present due to Rayleigh fading.

A
H"' 1
i
g i
';4 Path loss (— —— )
~ /
EE ~
© ( \\
g \ N o
: My o
- V Hl”wl T~
E i ”” ~ A““l"”'!‘ l‘l
2 H”‘ A I I Log normal
n “luy"‘,",'! I ~ 1 ’[ '1 fading (——
N ',1
\\ “f
/ \\\
Rayleigh fading (-) ""M"A‘
"’er“
~

log (distance)

Figure 3-15 Rx signal strength versus distance
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At any one point from the Tx antenna, the recaived sgnd can look
likethesgnd in Figure 3-16 below.

SS (dB)

A

Global mean value

Fading dip (Rayleigh)

Fading

margin . L
9 Receiver sensitivity

= Distance (meters)

Figure 3-16 Rx signal strength

The lowest Sgnal strength vaue required for a specified output is
caled receiver sengtivity leve. To detect the information sent from
Tx antenna, X watts must be received. If the signd falls below X, the
information will be logt and the cal may be dropped. To ensure that
no information islog, the globa mean vaue must be as many dB
above the receiver sengtivity leve as the strongest (deepest) fading
dip givesriseto. Thisfading margin is the difference between the
globa mean value and the receiver sengtivity.

EN/LZT 123 3321R3B - 55—



GSM System Survey ERICSSON 2

SOLUTIONS TO TRANSMISSION PROBLEMS

This section describes some solutions to the problems described in
previous sections. Although many of these do not entirely solve dl
problems on the radio transmission path, they do play an important
part in maintaining cal qudity for aslong as possble.

CHANNEL CODING

In digital transmission, the qudity of the transmitted Sgnd is often
expressed in terms of how many of the received bits are incorrect.
Thisis cdled Bit Error Rate (BER). BER defines the percentage of
the total number of recelved bits which are incorrectly detected.

Tranamittedbits 1 1 01 000110
Received bits 1001001010

Errors - - - 3/10 = 30% BER

This percentage should be aslow as possible. It is not possible to
reduce the percentage to zero because the transmisson path is
congantly changing. This means that there must be an alowance for
acertain amount of errors and a the same time an ability to restore
the information, or at least detect errors so the incorrect information
bits are not interpreted as correct. Thisis especialy important during
transmission of data, as opposed to speech, for which ahigher BER

is acceptable.

Channdl coding is used to detect and correct errorsin areceived bit
stream. It adds bits to a message. These bits enable a channel
decoder to determine whether the message has faulty bits, and to
potentialy correct the faulty bits.
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INTERLEAVING

%~ Did you know?

Interleaving could be

compared to sending
a group of important

peoplefromAto B on

different planes. By
doing so, the
likelihood of losing
theentiregroup is
mini mised.

In redlity, bit errors often occur in sequence, as caused by long
fading dips affecting severd consecutive bits. Channel coding is most
effective in detecting and correcting single errors and short error
sequences. It is not suitable for handling longer sequences of bit
errors.

For this reason, a process called interleaving is used to separate
consecutive bits of a message S0 that these are tranamitted in anon-
consecutive way.

For example, a message block may consist of four bits (1234). If
four message blocks must be tranamitted, and oneislost in
transmission, without interleaving there isa25% BER overdl, but a
100% BER for that lost message block. It is not possible to recover
from this.

1(213(|4(12|2(3|4|1(2|3|4|1|2]|3 |4 |messageblocks

interleaving

-l
il

interleaved

message blocks

Figure 3-17 Interleaving

If interleaving is usad, as shown in Figure 3-18, the bits of each
block may be sent in a non-consecutive manner. If one block islost
in transmisson, again thereisa 25% BER overdl. However, thistime
the 25% is Soread over the entire set of message blocks, giving a
25% BER for each. Thisis more manageable and there is a greater
possibility that the channel decoder can correct the errors.

1 (X341 |X|[3[4]1|X|3|4|1|X]|3]|4

Figure 3-18 Received interleaved message blocks
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ANTENNA DIVERSITY

Space Diversity

Antenna divergity increases the received Sgnd strength by taking
advantage of the natural properties of radio waves. There are two
primary diverstiy methods. space diverdty and polarization diversity.

An increased received sgnd strength at the BTS may be achieved by
mounting two recelver antennae instead of one. If the two Rx
antennae are physicaly separated, the probability that both of them
are affected by adeep fading dip at the sametimeislow. At 900
MHz, it is possible to gain about 3 dB with adistance of five to Sx
meters between the antennae. At 1800 MHz the distance can be
shortened because of its decreased wavelength.

By choosing the best of each Sgnd, the impact of fading can be
reduced. Space diversity offers dightly better antenna gain than
polarization diversity, but requires more space.

Tx Rx Received

Sl_izszll ‘\‘ '/ ‘ ;/ ‘\ {/“\ {/ \ {.’“\\ {f \‘\ / \f‘\' l’.’\n\ “/\‘
[V PR TR AT
Receiver .___I______i‘___l___l_ ___J__H;_.

. ) Sensivity
No Diversity
Level

N i PN
— - 7 Ay
RecelverA\ 7N\ AV / l/‘\’\ ’\\‘

I

Rx (A) Rx (B)

/' L\ ‘{\ 7N A / [‘\J‘\
( RecelverB ;
U l’ \L’ \1( L\

Diversity
Diversity —x/—\

System N \\ \ [ A N A
Output /A B:;omblne\:d/ / ’ ‘{ \/ \.l'\{—l L‘/ ]
\

Figure 3-19 Space diversity
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Polarization Diversity

With polarisation diversity the two space diversty antennae are
replaced by one dud polarized antenna. This antenna has normd size
but contains two differently polarized antenna arrays. The most
common types are vertical/horizontal arrays and arraysin £45
degree dant orientation. The two arrays are connected to the
respective Rx branchesin the BTS. The two arrays can aso be used
as combined Tx/Rx antennas. For most gpplications, the difference
between the diversity gain for space diversity and polarization
diversity is negligible, but polarization diversty reduces the space
required for antennae.
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ADAPTIVE EQUALIZATION

Probable transmitted

bit pattern:

Adaptive equdization is a solution specificadly designed to counteract
the problem of time disperson. It works as follows:

1. Eight sets of predefined known bit patterns exist, known as
training sequences. These are known to the BTS and the MS
(programmed a manufacture). The BTS ingtructsthe MSto
include one of thesein itstransmissonsto the BTS,

2. The MS and BTS includes the traning sequence (shown in the
figureas”S’) initstransmissons.

3. The other party recelves the transmisson and examinesthe
training sequence within it. The received training sequenceis
compared with the known training sequence that isused in this
cdl. It can be assumed that problemsin the radio path affected
these bits must dso have had asimilar affect on the speech data
bits sent in the same burst.

4. Therecelver begins a processin which it uses its knowledge of
what happened the training sequence to correct the speech data
bits of the trangmission.

Received burst
Data S’ Data

<

\ ] VITERBI
Choose
‘ Y
wmn
B Correlator giff.r so that
“diff.”
A .
Is
minimized
I
|
ﬁ I
| | Channel |
? ?
" S . I: model :
| A |
| ' I
b e e — L - - I

Figure 3-20 Adaptive equalization

Because some assumptions are made about the radio path, adaptive
equalization may not result in a 100% perfect solution every time,
However, a*“good enough” result will be achieved. A viterbi
equdizer is an example of an adaptive equaizer.
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FREQUENCY HOPPING

As mentioned previoudy, Rayleigh fading is frequency dependent.
This means that the fading dips occur at different places for different
frequencies. To benefit from thisfact, it is possble for the BTS and
MS to hop from frequency to frequency during a cal. The frequency
hopping of the BTS and MSis synchronized.

In GSM there are 64 patterns of frequency hopping, one of themisa
ample cyclic or sequentid pattern. The remaining 63 are known as
pseudo-random patterns, which an operator can choose from.

DownlinkC1|0|l 2|3|4|5|6|7|0|1|2|3|4|5|6|7|

L e -] ]

4 N — P N+1 ————

TDMA frame no.

Downlink C ,

O|l|2|3|4|5|6|7|0|123|4|5 6|7|

i1

i

Uplink C, |0|1|2|3|4|5|6|7|0|123|4|5|6|7|

-y —————P ] ————— P

TDMA frame no.
Figure 3-21 Frequency hopping

During TDMA frame N, C, isused and during TDMA frame N+1,
C, isused. The cdl usesthe sametime dot but changes frequencies
according to an identified pattern.
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TIMING ADVANCE

Timing advance is a solution specificaly designed to counteract the
problem of time adignment. It works by ingructing the mis-aigned
MSto tranamit its burst earlier or later than it normally would.

In GSM, the timing advance information relates to bittimes. Thus, an
MS may be ingtructed to do its transmission by a certain number of
bittimes earlier or later related to previous position, to reach its
timedot a the BTS in right time. Maximum 63 bittimes can be used
in GSM systems. Thislimits GSM normd cell Sze to 35km radius.
However with extended range equipment, distances up to 70Km or
even 121Km can be handled, using 2 timedots.

Start
Sending

'

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Time “Synchronization time”

Figure 3-22 Timing advance
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GSM TRANSMISSION PROCESS

STAGE 1: ANALOG TO DIGITAL (A/D) CONVERSION

One of the primary functions of an MSisto convert the analog
gpeech information into digita form for transmisson usng adigita
ggnd. Theandog to digital (A/D) converson process outputs a
collection of bits: binary ones and zeros which represent the speech

input.

Digital

L L

A/D Conversion

Figure 3-23 A/D conversion

The A/D conversion is performed by using a process cdled Pulse
Code Modulation (PCM). PCM involves three main steps.

Sampling

Quantization

Coding
Step 1: Sampling

Sampling involves measuring the andlog Signdl at specific time
intervals.

Analogue signal Sampling Sampled signal

Figure 3-24 Analog signal sampling

The accuracy of describing the andog sgnd in digital terms depends
on how often the anadlog signd is sampled. Thisis expressed asthe
sampling frequency. The sampling theory States that:
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To reproduce an analog signal without distortion, the signal
must be sampled with at least twice the frequency of the highest
frequency component in the analog signal.

Norma speech mainly contains frequency components lower than
3400 Hz. Higher components have low energy and may be omitted
without affecting the speech quadity much. Applying the sampling
theory to andog speech signdss, the sampling frequency, should be at
least 2 X 3.4 kHz = 6.8 kHz. Tdlecommunication sysems use a
sampling frequency of 8 kHz, which is acceptable based on the
sampling theory.

Step 2: Quantization

The next sep isto give each sample avaue. For this reason, the
amplitude of the sgnd at the time of sampling is measured and
goproximated to one of afinite st of vaues. The figure below shows
the principle of quantization gpplied to an andog sgnd. It can be
seen that adight error isintroduced in this process when the sgnd is
quantized or approximated. The degree of accuracy depends on the
number of quantization levels used. Within common telephony, 256
levels are used whilein GSM 8,192 |levels are used.

Quantized

Sampled value

value

}
de \ D = Quantized error
s —1—
/ \
f \\
d4 — [ { \
/ \
o |
| I R I -
4s [ 7 | | T 7
1.7 2f. sT. 4T, 5T, 6T, 7T é\ time
" S S S S S S S
a, L [ W

Figure 3-25 Quantization

- 64 - EN/LZT 123 3321 R3B



ERICSSON 2

3 Wireless Concepts

Step 3: Coding

Coding involves converting the quantized vauesinto binary. Every
vaueis represented by a binary code of 13 bits (2*2 = 8192). For
example, aquantized vaue of 2,157 would have a bit pattern of
0100001101101:

Bit

Set to

12111 10 [9]18|7]6 |5 4/3|2|1|0]| Total
0|1 O [0/0[OJ1 |1 |O

[EY
[EEY
o
[EY

Value

0 {20480 (0]0[{0[64 |32 [0[8[4|0]1|2157

Table 3-2 Coding of quantised value 2157

Summary of A/D Conversion

The result from the process of A/D conversion is 8,000 samples per
second of 13 hits each. Thisisabit rate of 104 kbits/s.

When it is considered that 8 subscribers use one radio channel, the
overdl bit rate would be 8 x 104 kbits/s = 832 kbits/s. Recalling the
generd rule of 1 bit per Hertz, this bit rate would not fit into the 200
kHz available for dl 8 subscribers. The bit rate must be reduced
somehow - thisis achieved using segmentation and speech coding.

EN/LZT 123 3321R3B
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STAGE 2: SEGMENTATION AND STAGE 3: SPEECH CODING

The key to reducing the bit rate is to send information about the
gpeech ingtead of the speech itsdf. This can be explained with the

&~ Did you know?

In his childhood, fallowing andogy:

Alexander Graham Bell

constructed an. Person A wishesto listen to a certain piece of music and they
IS SNy know that person B hasit on record. A rings B asking for the use
machine. It was an ; )
sreiaieE Tl G of the record for some time. Unfortunately, the record is

human voice tract, scratched and cannot be used. Instead, B sends A parameters of
complete with teeth, how the music is built up - the sheets of music - together with
Rl glipasts information about how fast it should be played - the frequency -

and tongue. )
9 and A reproduces the music.

By carefully positioning

these elements, while In GSM, the speech coding process analyzes speech samples and
simultaneously outputs parameters of what the speech consists of the tone, length of
ML e e EEeTe tone, pitch, etc. Thisis then transmitted through the network to
sourcein the throat, .

Bell was ableto another M S, which generates the speech based on these parameters.
articulate simple _ o ) )
Enalish words. The process of segmentation and speech coding is explained in more

detail asfollows;

The human speech process startsin the vocal chords or speech
organs, where atone is generated. The mouth, tongue, teeth, etc. act
as afilter, changing the nature of thistone. The am of speech coding
in GSM isto send only information about the origind toneitsdf and
about the filter.

Segmentation: Given that the gpeech organs are relatively dow in
adapting to changes, the filter parameters representing the speech
organs are gpproximately constant during 20 ms. For this reason,
when coding speech in GSM, a block of 20 msis coded into one set
of bits. In effect, it is Smilar to sampling speech at arate of 50 times
per second instead of the 8,000 used by A/D conversion.

Speech Signal

01100011000111110011100

Speech Code

Figure 3-26 Segmentation and speech coding
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Speech Coding’: Instead of using 13 bits per sample asin A/D
conversion, GSM speech coding uses 260 bits. This caculates as 50
x 260 = 13 kbits/s. This provides a speech quality whichis
acceptable for mobile telephony and comparable with wireline PSTN
phones.

Many types of speech coders are available. Some offer better
gpeech qudlity, at the expense of a higher bit rate (waveform coders).
Others use lower bit rates, at the expense of lower speech quality
(vocoders). The hybrid coder which GSM uses provides good
gpeech qudity with ardatively low bit rate, at the expense of speech
coder complexity.

Speech

quality

Excellent

Good

Average

Bad

Increasing complexity

A

Hybrid coders

Waveform coders

Vocoders

Bitrate
(kbit/s)

Figure 3-27 Speech quality vs. bit rate

Summary of Segmentation and Speech Coding

&~ Did you know?

The GSM speech coder produces a bit rate of 13 kbits/s per

The speech coding
process described here
isfor full rate speech
only. Alternatives are:

Half rate: 6.5 kbits/s
Enhanced Full Rate
(EFR): 13.0 kbits/s

subscriber. When it is consdered that 8 subscribers use oneradio
channd, the overdl hit rate would be 8 x 13 kbits/s = 104 kbitg/s.
This compares favorably with the 832 kbits's from A/D conversion.

However, speech coding does not consider the problems which may
be encountered on the radio transmission path. The next sagesin the
transmission process, channel coding and interleaving, help to
overcome these problems.

® Thefunction of converti

ng from PCM coded information to GSM speech coder information is called transcoding.
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STAGE 4: CHANNEL CODING

Channd coding in GSM uses the 260 bits from speech coding as
input to channd coding and outputs 456 encoded hits.

The 260 bits are split according to their relative importance:

Block 1: 50 very important bits
Block 2: 132 important bits and
Block 3: 78 not so important bits

The firg block of 50 bitsis sent through a block coder, which adds
three parity bitsthat will result in 53 bits. These three bits are used to
detect errorsin areceived message.

The 53 bits from first block, the 132 bits from the second block and
4 tall bits (total = 189) are sent to a 1:2 convolutional coder which
outputs 378 hits. Bits added by the convolutiona coder enable the
correction of errors when the message is received.

The bits of block 3 are not protected.

| - - Block -
50 Very important bits codar 378 bits

1:2 456
Convolutional

Coder

| 132 Important bits

4 Tail bits

78 Not so important bits

Figure 3-28 Channel coding
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STAGE 5: INTERLEAVING

First level of interleaving

The channd coder provides 456 bits for every 20 ms of gpeech.
These are interleaved, forming eight blocks of 57 bits each, as shown

in the figure below.
1 2 3 4 5 6 7 8
9 10 11 12 13 14 15 16
17 | | | | | | |
25 | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
| | | | | | | |
449 450 451 452 45 454 455 45
- 8 blocks >

Figure 3-29 Interleaving of 20 ms of encoded speech

57 bits

Inanormal burst there is space for two of these speech blocks of 57
bits, as can be seen in Figure 3-30. (The remaining bitsin the burst
are explained later in thisbook.) Thus, if one burgt transmissonis

logt, thereis a 25% BER for the entire 20 ms of gpeech (2/8 =

25%).

26

57

Figure 3-30 Normal burst
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Second level of interleaving

If only onelevd of interleaving is used, aloss of thisburg resultsina
total loss of 25%. Thisistoo much for the channel decoder to
correct. A second leve of interleaving can be introduced to further

reduce the possible BER to 12.5%.

Instead of sending two blocks of 57 bits from the same 20 ms of
gpeech within one burgt, a block from one 20 ms and a block from
next sample of 20 ms are sent together. A dday isintroduced in the
system when the MS must wait for the next 20 ms of speech.
However, the system can now afford to loose awhole burs, out of
eight, asthe lossisonly 12.5% of thetota bits from each 20ms
gpeech frame. 12,5% is the maximum loss level that channd decoder

can correct.

A

C

D

20 ms speech
456 bits = 8x57

20 ms speech
456 bits = 8x57

20 ms speech
456 bits = 8x57

Figure 3-31 Speech frame

A

Al8

Al8

Al8

Al8

Al8

Al8

A/8

Al8

C/8

C/8

C/8

C/8

D/8

C/8

D/8

C/8

AVAWANVANVANWANVANYANVANVANVANWANVAWAN

D/8

C/8

VVVVVVVVVVVVVVV

Figure 3-32 Second level of interleaving
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STAGE 6: CIPHERING/ENCRYPTION

The purpose of ciphering isto encode the burst so that it cannot be
interpreted by any other device than the intended receiver. The
ciphering dgorithm in GSM is cdled the A5 dgorithm. It does not
add hits to the burst, meaning that the input and outpuit to the
ciphering processis the same as the input: 456 bits per 20 ms.

STAGE 7: BURST FORMATTING

As previoudy explained, every tranamisson from an MSBTS must
include some extra information such as the 26 training sequence bits,
2 flag bits and 6 tail bits. The process of burst formatting is to add
these bits to the basic speech/data (57+57=114 bits) being sent.
Consequently thisincreasesthe burst from 114 to 148 bits, thus
increasing the transmisson rate on the air, but is necessary to
counteract problems encountered on the radio path.

In GSM, the input to burst formatting for 20ms speech isthe 456 bits
received from ciphering. Burst formatting adds 136 bitsto it, bringing
the sum total to 592.

However, each time dot on aTDMA frameis 0.577 mslong. This
provides enough time for 156.25 hits to be transmitted (each bit
takes 3.7 ns), but a burst only contains 148 bits. The rest of the
space, 8.25 hit times, isempty and is cdled the Guard Period (GP).
Thistimeis used to enable the MS/BTS “ramp up” and “ramp
down”. To ramp up means to get power from the battery/power
supply for transmisson. Ramping down is performed after each
transmission to ensure that the MSis not trangmitting during time
dots alocated to other MS's.

The output of burst formatting isaburst of 156.25 bits(one burst) or
625 bitg(four bursts) for 20 ms sample. The transmission bit rate for
GSM can be cdculated to be 270.9 kbits/s(156.25/.577).
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STAGE 8: MODULATION & TRANSMISSION

The bits must then be sent over the air using acarrier frequency. As
previoudy explained, GSM uses the GMSK modulation technique.
The bits are modulated onto a carrier frequency and transmitted (e.g.

Mobile equipment

912.2 MH2).

The following figure summarizes the GSM tranamisson process.

/

Transmitter

Modulator

Receiver

Demodulator

[33.8 kbit/s
Burst formatting

Ciphering

Interleaving

22.8 kbit/s
Channel coding

13 kbit/s
Speech coding

Segmentation
8 kHz
13 bits

A/D-conversion

GSM Network

Receiver
Demodulator

Transmitter
Modulator

Adaptive
Equalization

Adaptive
Equalization

De-ciphering

De-interleaving

De-ciphering

De-interleaving

|Channe| decoding |

Channel Decoding |

| Speech decoding |

-I D/A-conversion |

Receiving part

ransmitting part

Figure 3-33 GSM transmission process

Receiving part

Burst formatting

Ciphering

Interleaving

Channel coding

13 kbit/s

D/D-conversion

8 kHz
8 bits
64 kbit/s PCM

Transmitting part
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Channel Concepts

—— Chapter4 ——

This chapter is desgned to provide the sudent with an overview of
the air interface, including physica and logica channds. It addresses
ar interface components, their functions, festures, and required
specifications.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

List one important piece of information sent on each of 3
different logica channel

Briefly describe the idea of mapping

\
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INTRODUCTION TO PHYSICAL AND LOGICAL CHANNELS

Each timedot on a TDMA frameis caled aphysica channd.
Therefore, there are 8 physica channels per carrier frequency in

GSM.
Physica channels can be used to transmit speech, data or signaling
information.
MHz 890 915
4 _‘\—~_
4 Ss~o
U Ts<ao
/ ‘_‘~~
! “\
! _“‘~_
TDMA Frame n L |I | | | | I | |
TDMA Frame n+1 ———®= | [ | | | | [ [ B,
TDMA Frame n+2 —>/’ 0 1 2 3 4 5 6 77
e 7
/// ~ ‘_._—'M ;
, R ~ P Physical Channel 5
e
e
TDMA Frame n+x | 0 12 |3 |4 |5 |6 |7 |,
Physical Channel 5: 5 5 5 5 5 s e 5 5 I

>
s
x

TDMA Frame n n+l n+2
1 1 1
1 1 1
1 1 1
] ] ]
] ] ]
C

H TCH FACCH

O ------

—
I

Logical Channel: T
Figure 4-1 The TDMA channel concept

A physica channd may carry different messages, depending on the
information that is to be sent. These messages are called logical
channels. For example, on one of the physica channdls used for
traffic, the treffic itsdf is transmitted using a Traffic CHannd (TCH)
message, while a handover ingruction is transmitted using a Fast
Associated Control Channel (FACCH) message.
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LOGICAL CHANNELS

Many types of logical channels exists (see Figure 4-2), each designed

to carry adifferent message to or from an MS.

All information to and from an MS must be formatted correctly, so
that the receiving device can understand the meaning of different bits
in the message. For example, as seen previoudy, in the burst used to
carry traffic, some bits represent the speech or data itsdf, while

others are used as a training sequence.

There are severd types of burst. The relationship between bursts and

logicd channdsis shown in the figure below.

Logical Channels

Control Channels Traffic Channels

BCH and CCCH
Use TS0 on CO

SDCCH

RACH uses
TS 0of COon

uses timeslot 1 of Co
Full Rate
SACCH and FACCH are mapped
/ onDCCH and TCH in UL & DL

i i
Frequency Synchronization Normal : Dummy & Access ) "
i | - b Each Burst is 156.25 bit times
gg;rs?ctlon Burst Burst Burst Burst long and is carried in 1 timeslot
Figure 4-2 Logical channels and bursts
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CONTROL CHANNELS

When an MSis switched on, it searches for aBTS to connect to.
The M S scans the entire frequency band, or, optionaly, usesalist
containing the alocated carrier frequencies for this operator. When
the M S finds the strongest carrier, it must then determineif itisa
control channdl. It does so by searching for a particular logica
channdl called Broadcast Control CHannel (BCCH).

A frequency carrying BCCH contains important information for an
MS, including eg. the current LA identity, synchronization
information and network identity. Without such information, an MS
cannot work with anetwork. Thisinformation is broadcast at regular
intervas, leading to the term Broadcast CHannd (BCH) information.

Broadcast CHannels (BCH's)

Logical Channel | Direction BTS MS
Frequency Downlink, Transmitsacarrier Identifies BCCH carrier by the
Correction point to frequency. carier frequency and
CHannd (FCCH) | multipoint synchronizes with the frequency.
Synchronization Downlink, Tranamits information about Synchronizes with the frame
CHannd (SCH) point to the TDMA frame structurein | structure within a particular cell,
multipoint acdl (eg. frame number) and ensures that the chosen BTS
and iIsaGSM BTS- BSIC can only
the BTS identity (Base be decoded by an MSif the BTS
Station Identity Code belongsto a GSM network.
(BSIC)).
Broadcast Downlink, Broadcasts some generd cell | Recalves LAI and will signd to
Control CHannel point to information such as the network as part of the
(BCCH) multipoint L ocation Area I dentity Locatior! Updati ng procedure if
(LAI), the LAl is dlfferenjt to the one
dready stored onits SIM. MS
maximum output power sets its output power level based
dlowed in the cell and on the informeation received on the
for neighboring cdls BCCH carrier frequencies on
which Rx.lev.measurement is
done for Handover decison.

Table 4-1 Broadcast channels

When the M S has finished andlyzing the information on aBCH, it
then has dl the information required to work with a network.

EN/LZT 123 3321 R3B
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However, if the MS roams to another cell, it must repest the process
of reading FCCH, SCH and BCCH in the new cell.

If the mobile subscriber then wishes to make or receive acdl, the
Common Control CHannels (CCCH) must be used.

Common Control Channels (CCCH)

Logical Channel Direction BTS MS
Paging CHannd Downlink, Tranamits a paging message At certain timeintervasthe MS
(PCH) point to to indicate an incoming cal ligensto the PCH. If it identifies
point or short message. The paging | its own mobile subscriber identity
message contains theidentity | number on the PCH, it will
number of the mobile respond.
subscriber that the network
wishes to contact.
Random Access Uplink, Recelves access-request Answers paging message on the
CHannd (RACH) | pointto from MSfor cal setup/ loc. RACH by requesting asignding
point updatate/ SMS channd.
Access Grant Downlink, Assgnsasignding channd Recelves sgnding channd
CHanndl point to (SDCCH) to the MS. assignment (SDCCH).
(AGCH) point

Table 4-2 Common Control Channels

At this stage the MS and BSS are ready to begin cal set-up
procedures. For thisthe MS and BSS use Dedicated Control
CHannels (DCCH?'s).
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Dedicated Control Channels (DCCH)

Logical Channel | Direction BTS MS
Stand done Uplinkand | The BTS switchesto the The MS switchesto the assigned
Dedicated downlink, assigned SDCCH, used for SDCCH. Call st-upis
Control CHannel point to cdl set-up sgnding. TCH is performed. The MSreceivesa
(SDCCH) point assigned on here. (SDCCH TCH assgnment information
isaso used for SMS (carrier and time dot).
messagesto MS).
Cell Broadcast DL,pointto | Usesthislogica channd to MS receives cell broadcast
CHannd (CBCH) | multi point, | transmit short message messages.
mapped on | service cdll broadcast.
SDCCH
Sow Associated Uplink and | Ingructsthe MS on the Sends averaged measurements on
Control CHannel downlink, alowed transmitter power itsown BTS (sgnd srength and
(SACCH) point to and parametersfor time quality) and neighboring BTSs
point advance. (sgnd drength). The MS
SAACH is used for SMS continues to use SACCH for this
during acall, purpose during acall.
Fast Associated Uplink and | Transmits handover Transmits necessary handover
Control CHannel downlink, information. information in access burst
(FACCH) point to
point

Table 4-3 Dedicated Control Channels

TRAFFIC CHANNELS

Once cdl set-up procedures have been completed on the control
physical channd, the MStunesto atraffic physical channd. It uses
the Traffic CHannel (TCH) logica channel. There are two types of

%~ Did you know?

Enhanced Full Rate TCH:
(EFR) speech coders
improve the speech Full rate (TCH): transmits full rate speech (13 khits/s). A full rate

quality offered across
onefull rate TCH, but
still use a full rate TCH
logical channel.

TCH occupies one physica channd.

Half rate (TCH/2): tranamits haf rate speech (6.5 kbitg's). Two
haf rate TCH's can share one physical channd, thus doubling the

capacity of acdl.
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BURSTS
BURST TYPES
There arefive burst types. (Seein Table 4-4 and Figure 4-3.)
Burs Type Purpose Used by Contents
Normal Used to carry information on BCCH, Two blocks of 57 bits each for traffic
traffic and control channds Z%T;H Training sequence (26 bits)
SDCCH, Stedl flags (1 bit each) to indicate thet
CBCH, FACCH has temporarily stolen 57
SACCH, bits
FACCH, Tail bits (dlways 000)
TCH
Guard period: 8.25 hit durations
Frequency Used for frequency FCCH 142 frequency correction bits
Correction synchronization of the mobile Tail bits
Guard period: 8.25 hit durations
Synchronization | Used for frame synchronization | SCH Two blocks of 39 bitsfor TDMA
of the mobile frame gtructure information
64 synchronization bits
Tal bits
Guard period: 8.25 hit durations
Access Used for random and handover | RACH 41 synchronization bits
access FACCH 36 hits of access information
Tal bits
Guard period: 68.25 hit durations. A
longer GP is used becauseit’ sthe first
trangmisson from the maobile - no
timing advance information is available
Dummy Used when no other channel All free TS Pattern congsts of Training sequence
requiresaburstobesentand | on CO. (1- and amixed bits pattern.
carries no information 7)

Table 4-4 Burst types

—78—
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THE RELATIONSHIP BETWEEN BURSTS AND FRAMES

The relationship between burgts and framesis shown in the figure
below. There are two types of multiframe:

26 TDMA frame multiframe: used to carry TCH, SACCH
and FACCH

51 TDMA frame multiframe: used to carry BCCH, CCCH,
SDCCH and SACCH.

1 hyperframe = 2048 superframes = 2,715,648 TDMA frames (3 hours 28 minutes 53 seconds 760 milliseconds)

L

J2042|2043|2044|2045|2046|2047|

~ —

~
/ 1 superframe = 1326 TDMA fframes_( 6.12 seconds )
~

- - — -
v (= 51 (26 - frame) multiframes or 26 (51 - frame) mullt'h*am.es__)_\
o[«]-[:] | ar]as] o] 50
yZ 0 < 24 25
s e = ~
/ \\\ //// \\

1 (26- frame) multiframe = 26 TDMA frames QZO ms) 1 (51 - franre) multiframe = 51 TDMA frames T&S\ms)
- ———— > - — e
i [ T I R B A A il R0 KO )

~ —
s —~~_ N

7 _ g
A TDMATrame =8 timeslots (120/26 ~2615 ms)
-_— ~

—

|

b
R I N B R

S~

,J—t‘i‘iﬁgsflot =156.25 bit durations (15/26 ~ 0.577 rT1§)-~\

- — - - - = >
-7 (1 bit duration 48/13 ~ 3.69 micro sec) e
P -~
e~
NFTrm'aI bIUTStt(;VB) TB Encrypted bits flag Training sequence flag Encrypted bits B cp !
ag is relevant for
'IECHgonIy) 3 57 1 26 1 57 3 8.25)
Frequecy correction TB Fixed bits TB GP I
burst (FB) 3 142 3 8.25)
Synchronization TB Encrypted bits Synchronization sequence Encrypted bits TB GP I
burst (SB) 3 39 64 39 3 8.25)
______________________ X
B Synchronization sequence Encrypted bits B GP |
A AB
ccess burst (AB) s 41 36 3 68.25 }
Dummy burst (OB) TB Mixed bits Training sequence Mixed bits TB GP I
3 58 26 58 3 8.25)

Figure 4-3 Bursts and frames

TB: Tail bits
GP: Guard period
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40 44 49

DoDolDolPoP.P.|D:P.P,P,P,PPsPsPsPsPsP.P.P.
0 4 9 14 19
D5D5D5D5D6D6D6D6D7D7D7D7AOAOAOAOFIAIAIAI
20 24 29 34 39
ALlAL|A|ALIAGAG[AIAl |1 |1
40 44 49

Next 52 frames contain channels A4,A5,A6,A7 inplace of AO,A1,A2,A3

Figure 4-5 Multiplexing of SDCCH’s and SACCH’s on TS1

SDCCH isdivided into 8 groups DO-D7 so that it can serve 8 MS's
concurrently. AO-A7 are the corresponding SAACH channel groups
which are used for Tx. Power control, TA correction if necessary
while the MSislocated in SDCCH.
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MAPPING OF LOGICAL CHANNELS ONTO PHYSICAL
CHANNELS

Logica channels are transmitted on physica channds. The method of
placing logica channds on physicd channesis caled mapping.
While mogt logical channdls take only one time dot to transmit, some
take more. If S0, thelogica channe information is carried in the same
physicd channd time dot on consecutive TDMA frames.

Because logica channels are short, severd logica channds can share
the same physical channdl, making the use of time dots more
efficient.

DCCHonTS1lor TS2?

Over years TS-1 had been used for DCCH and even today most of
the operators are using TS-1. However some of the operators are
using Extended Cedls with diameter longer than 35km(up to 120km)
as described in chapter 3 under heading TIMING ADVANCE.
These extended cells require 2 time dots per channel otherwise the
adjacent TS will experience interference. This gppliesdso to BCH
and DCH, hence Ericsson recommend TS-2 for DCH(note: thisis
only arecommendation, even though TS—1 isused today al over
the world). Thiswould allow TS-0/-1 for BCH and TS-2/3 for BCH
in extended cdlls. In thisbook however TS-1 will be shown in
examples and figures. The radio channd and the time dots for
DCH are defined in the BSC data.

The figure below shows the carrier frequencies for asample cell,
including an additiond dlocation of atime dot for DCCH in C1 (due
to ahigh cal sst-up load in the cell).

Time slot
0 1 2 3 4 5 6 7

Carrier o [B.c| b T T T T T T
11 b T T T T T T T
Legend:
B: BCH 2| 7 T T[T T T | T T
C:CCCH
D: DCCH
3T T T T T T T T
T: TCH

Figure 4-6 Mapping of control and traffic logical channels to
physical channels
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CARRIER O, TIME SLOT O

Time dot 0 of thefirgt carrier frequency inacdl isdways reserved
for dgnding purposes. In thisway, when an MSis determining
whether a carrier frequency isa BCCH carrier, it knows whereto
look.

On the downlink, BCH and CCCH information is transmitted. The
only logica channe on the uplink is RACH. By having the uplink free
for RACH only, amobile subscriber can initiate acdl a any time.

CARRIER O, TIME SLOT 1

%~ Did you know?

SMStext messages are
transmitted on channels
assigned for DCCH. As
the use of SMS
increases, it is
important for operators
to dimension their
control physical
channels. Ericsson’s
system enables the
automatic
reconfiguration of
physical channelsin
the event of high text
message traffic.

Generdly, timedot 1 of the firgt carrier frequency inacdl isreserved
for agnding purposes. The only exceptionsto thisis cdlswith high or
low traffic load. As can be seenin Figure 4-6, if thereisahigh traffic
load inacdl, it is possble to assgn a second (or more) physicd
channd for the purpose of call set-up (using DCCH). This may be
any physica channd other than time dots 0 and 1 on carrier
frequency 0.

Smilaly, if thereisalow treffic load in acdl, it is possble to use
physica channe 0 on carrier frequency O for dl sgnding information:
BCH, CCCH and DCCH. By doing so, physica channdl 1 can be
pared for traffic.

Eight SDCCH's and 4 SACCH's can dl share the same physica
channel. This meansthat 8 calls can be sst-up smultaneoudy on one
physicd channd.

CARRIER O, TIME SLOT 2-7 AND ALL TIME SLOTS ON OTHER
CARRIERS IN THE SAME CELL

All time dotsin acdl other than those assgned for sgnding
information are used for traffic, i.e. goeech or data. Logicad channd
TCH isused.

In addition, at regular intervas during acal, an MS tranamitsto the
BTS measurements it has made about sgnad strength and qudity.
Logicd channd SACCH isused for this, replacing one TCH time
dot a atime.

—-82 -
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4 Channel Concepts

SAMPLE TRAFFIC CASE: CALL TO AN MS

The following traffic case decribes acal to an MS and highlights the
use of somelogica channds during the call.

MSCNLR

1
Y

[ire

Figure 4-7 Call to an MS

1.

The MSC/VLR knowswhich LA the MSislocated in. A paging
message is sent to the BSC's contralling the LA.

The BSC' s digtribute the paging message to the BTSsin the
desired LA. The BTSs tranamit the message over the air interface
usng PCH.

When the MS detects a PCH identifying itsdlf, it sends arequest
for asgnding channd usng RACH.

The BSC uses AGCH to inform the M S of the sgnding channd
(SDCCH and SACCH) to use.

SDCCH and SACCH areused for call set-up. A TCH is
dlocated and the SDCCH isreeased.

The MS and BTS switch to the identified TCH frequency and
time dot. The MS generates ring tone. If the subscriber answers,
the connection is established. During the call, sgnas can be sent
and received by the MSusing SACCH.

EN/LZT 123 3321 R3B
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Introduction to AXE

—— Chapter5 ——

This chapter is desgned to provide the sudent with an overview of
the AXE switching system. It describes basic AXE principles, ligsits
main components and outlines the main feetures of AXE.

OBJECTIVES:
Upon completion of this chapter the student will be able to:
Know that an AXE isdivided into APZ and APT

Know that modularity means that you, usng the AXE platform,
can implement different functions HLR MSC....

Know that a groupswitch, switches cdls
Ligt that a PCM-link (E1) has 32 timedots with 64 kb/s each

\
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INTRODUCTION

%~ Did you know?

AXE was introduced
to the market in 1975.

AXE isamulti-gpplication, open-ended digita switching product for
public telecommunications networks. It has redl-time processng
cgpacity and can handle high volumes of traffic. AXE isbased on a
modd inwhich al functiondity (Switching, subscriber and network
access, operation and maintenance, traffic control, charging control)
is handled by each node in the network.

AXE AS A MULTI-APPLICATION PLATFORM

When AXE was introduced into the market it supported only the
magor telecommunications gpplication, PSTN. Since then AXE has
been continuously developed in response to the demands of modern
telecommunications. AXE supports awide range of applicationsin
addition to PSTN:

ISDN
PLMN
Business Communications

Overlaying these networks are Intelligent Networks (IN) and
sgnaling networks, which AXE aso supports. AXE provides
functiondity at different levelsin these networks.

AXE in Ericsson's GSM Systems

Ericsson's GSM systems are based on AXE. This meansthat the
features and services built into AXE can be provided as sandard
within CME 20/CM S 40. It also means that Ericsson's GSM
systems will benefit from the future development of AXE. The AXE-
based nodes in Ericsson's GSM systems are’:

MSC/VLR
GMSC
HLR

ILR

SSP

SCP

TRC

BSC

! Each of these isreferred to as a Product Line.

EN/LZT 123 3321 R3B
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AXE SYSTEM ARCHITECTURE

&~ Did you know?

The modularity of
AXE is such that the
following node
configurationis
possible (though not
recommended):
GMSC/VLR/HLR/AUC
/DTI/BSC/TRC/SSP/S
CP.

The key to the success of AXE isits unique flexibility and modularity.
Modularity alows AXE to readily adapt to the changing
requirements of networks and of end-users. This modularity means
ease of handling which leads to reduced costs and the flexibility to
adapt to the changing world of telecommunications.

Modularity isimplemented in anumber of waysin AXE. These are
described below.

Functional Modularity

AXE isdesigned in such away that nodes with different functions
can be generated from the same system. For example, an AXE can
act asan MSC/VLR or asaHLR. This can be achieved due to
software and hardware modularity.

Software Modularity

AXE consigts of a set of independent building blocks (known as
function blocks), each performing a specific function and
communicating with each other by means of defined signds and
interfaces. Software modularity means that function blocks can be
added, deleted or modified without requiring changes or redesign of
other parts of the system.

Hardware Modularity

The physical packaging of AXE offers ahigh degree of flexibility and
is based on industry-standard specifications. The packaging system
contributes to ease of handling during design, manufacturing,
ingalation and operation and maintenance. The basic building blocks
of the packaging system are the plug-in units and the containers for
these units, subracks. Plug-in units can be replaced or removed
without disturbing other equipment.

Technological Modularity

AXE is an open-ended switching platform. This alows new
technol ogies and functions to be added, enabling the continuous
development of AXE. For example, AXE was not originaly
conceived for mobile applications, but when mobile was being
developed, AXE proved to be the most suitable platform.

EN/LZT 123 3321 R3B

87—



GSM System Survey ERICSSON 2

AXE STRUCTURE
There are currently two basic types of structure for AXE:
Non-Application Modularity based AXE systems (AXE 105)

Application modularity based AXE systems (AXE 106)

I
I
I
AXE I AXE
|
|
|
|
APT APZ | AM XSS RMP APZ
|
|
|
|
Subsystems
|
|
|
Set of Parts
I
I
|
Function Blocks
|
|
Non-Application Modularity AXE System I Application Modularity AXE System

Figure 5-3 AXE system structures

Non-Application Modularity based AXE Systems

An example of an AXE node, which isimplemented without using
Application Modularity, isthe BSC.

System Level 1

System Levd 1 isthe AXE 105 system itself and is a combination of
System Leve 2 systems.
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System Level 2
At System Leve 2, AXE 105 is divided into two:

APT: thisisthe switching and telecommunications gpplications
part of AXE

APZ: thisisthe control or operating system part of AXE

Subsystem Level

Every AXE isacombination of APT and APZ subsystems. Similar
functions (e.g. charging functions) are grouped together in one
Subsystem.

Set of Parts

If required, a set of parts can be used between the subsystem level
and function block levd. This groups a set of function blocks which
perform tasks relaing to asmilar function.

Function Block Level

The tasks dlocated to a certain subsystem are further divided into
individua function blocks. Each function block congtitutes awell-
defined unit with its own data and with sandardized sgnd
interworking.

Function Unit Level

Every function block congsts of function units. There are 3 types of
function units:
A hardware unit

A regiond software unit which deals with routine work such as
the scanning of hardware devices

A centrd software unit which isrespongble for the more
complex anadyss functions required, e.g. cal set-up

A function block may consist of al three together or central software
only.
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Application Modularity based AXE Systems

Application modularity is a set of well-defined principles for building
and implementing AXE software gpplications. An example of an
AXE node, which isimplemented usng Application Modulaity, isan
MSC/VLR.

The Application Modularity structure is based on the principles used
in telecommunications networks. For example, to provide servicesto
end-users, network nodes must be capable of interworking with each
other. Thisinterworking is achieved by usng common protocols and
interfaces. Smilarly, each Application Module (AM) isa sdlf-
contained product and is effectively decoupled from other AMs. For
communiceation between AMs there are well-defined protocols and
interfaces. AMs can be introduced, removed or upgraded without
affecting other associated gpplications.

AXE

System Modules

[ [
[ RMP XSS '

AM APZ

Figure 5-4 AXE 106 system structure

System Level 1

System Levd 1 isthe AXE 106 system itsdlf and is a combination of
System Modules.
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System Modules
AXE 106 contains the following System Modules:
APZ
eXigting Source System (XSS)
Resource Module Platform (RMP)

Application Modules (AMs)

APZ

APZ isthe control or operating system of AXE. It is responsible for
operating system functions, 1/0 functions, service functions, etc.

eXisting Source System (XSS)

The XSSisan APT adapted for use in an Application Modularity
based AXE. The XSSisdivided into two main parts.

Core APT (C/APT): this contains the functiondity which is
common to al mobile systems offered by Ericsson (i.e. CME 20,
CMS 40, CMS 30, CM S 8800).

VAPT: this contains the functiondity, which is specific to
Ericsson’s GSM systems (CME 20 and CM S 40).

Resource Module Platform (RMP)

This co-ordinates the system for the gpplication modules. All
hardware required by AMsis provided to them by the RMP. This
hardware may be located in either the RMP or in the XSS.

Application Modules (AMs)

An AM isused to modd and implement application oriented
functions. An exampleis the Service Control Function AM
(SCFAM) which implements MIN functions. AMs, which are
availablein Ericsson's GSM systems, are listed in the following teble.
An AM congsts of subsystemns and function blocks.
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Title Function Description

Home Location Register AM This AM isrespongble for the storage and handling of

(HLRAM) subscription datain the HLR

Formatting and Output AM FOAM isresponsble for the formatting and output of charging

(FOAM) information. The charging data is collected by the charging service
inthe RMP. FOAM retrieves this and formats it according to the
network operator’ s requirements. By separating the formatting
and output of charging information from the generation of charging
data, market-specific aspects of charging can be handled more
effectivdy

Service Switching Function AM This AM provides MIN service switching functiondity

(SSFAM)

Service Control Function AM
(SCFAM)

This AM provides MIN service control functiondity.

SY Stem Operation and
Maintenance AM (SY SOMAM)

Thisis respongble for system-wide operation and maintenance
functions

Digital Access ServicesAM
(DASAM)

This AM isresponsible for providing both Primary Rate Access
(PRA) and Basic rate Access (BA) in an MSC/VLR which
includes such ISDN services

ISDN User Services AM
(IUSAM)

I[USAM implements ISDN subscriber services

ISDN Operation and Maintenance
AM (ISOMAM)

This AM implements operation and maintenance activities for the
ISDN application withinan MSC/VLR

Direct Access Gateway AM
(DAGAM)

Provides direct access to Internet servicesin an MSC/VLR which
includes such capabilities

Table 5-1 Available Application Modules

—-92 -

EN/LZT 123 3321 R3B




ERICSSON 2 5 Introduction to AXE

Application Platform Services Interface (APSI)

The Application Platform Services Interface (APSl) isasystem
interface which offers client-server type services to other gpplications
(the clients). The services of the APS are ether implemented in the
RMP or XSS. The services of APS| are needed to co-ordinate the
use of common resources between the different AMs. One example
of such asarvice isthe centra switching part of AXE cdled the
Group Switch (GS).

AXE

XSS

r—— —— -

APZ

Figure 5-5 AXE system structure showing APSI
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CONTROL SYSTEM ARCHITECTURE

Another important factor behind the flexibility of AXE isthe control
system architecture. AXE is a Stored Program Control (SPC)
exchange. That is, software programs stored in the AXE computer
contral the operation of the AXE switching equipment. Thisisatwo
level system with both centra and distributed control. This approach
offersrdiability and call handling efficiency.

- Switchi Lines to/ from
. wienhing other exchanges
- - Equipment
A
Orders Data
Application Software
Camputer .| Operating System
d Software

Store Caontent
Figure 5-6 An SPC Exchange

The control system, APZ, isatwo-level system with centrdized and
digtributed logic. The centra processng level conssts of a duplicated
Centra Processor (CP) working in parald synchronous mode. At
the distributed level there are a number of Regiona Processors (RP)
working in pars.
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1Q3-System
Extensian
EM-0 EM-1 EM-15 Modules
| I N
| 1T EMB
LP-b!t,ls RP RP Regional
dptor Processors
| | | RPB
i &
CP-A CP-B Central Processor
with maintenance
MAU [ unit (MAU)

Figure 5-7 Hardware architecture, AXE

The RPs control hardware units called Extenson Modules (EM).
One RP-pair can control up to 16 EMs. The number of EMs
connected to one RP-pair depends on the complexity of the tasksto
be performed. The more RP capacity required, the fewer EMs can
be connected. Two RPsin apair shares the workload of controlling
the EMs.

The Input/Output (1/0) system provides connections with /O
devices such asterminds, printers, darm displays, datalinks, flexible
disks, hard disks and magnetic tapes. The 1/0 system performsdl
input/output functions and processes various maintenance,
adminigrative, performance and call-related data
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TELECOMMUNICATIONS APPLICATIONS SUBSYSTEMS

The following table provides a brief overview of some basic
telecommunications gpplications AXE subsystems, APT. Some of
these are described in more detail following the table.

Subsystem Name Function Product Line
CCS Common Channel signaling Handles SS7 signding All AXE nodes
Subsystem
CHS CHarging Subsystem Provides charging and accounting functions MSCNLR, GMSC
CHSS CHarging Services Subsystem Co-ordinates charging in an AXE 106 system. MSC/N/LR, GMSC
DTS Data Transmission Subsystem Provides packet mode services for ISDN basic MSCNVLR, GMSC
access D-channel traffic
ESS Extended Switching Subsystem Provides multiple connections and messages MSCN/LR, GMSC
GSS Group Switching Subsystem Sets up, supervises and clears connections MSCNLR, GMSC,
through the Group Switch. Provides TRC, BSC
synchronization
HRS Home location Register Subsystem Stores mobile subscriber subscriptions HLR
MDS Mobile Data Subsystem Administers VLR data MSCNVLR, GMSC
MMS Mobile Mobility and radio Subsystem | Handles the radio network and the connection MSCN/LR, GMSC
towards the MSs
MSS Mobile Switching Subsystem Handles traffic to and from mobile subscribers MSCNLR, GMSC
NMS Network Management Subsystem Assists management of the network by provision | MSC/VLR, GMSC
of statistics and controls traffic flow
OMS Operation & Maintenance Subsystem | Provides exchange maintenance and supervision MSCIVLR, GMSC,
HLR
RCS Radio Control Subsystem Controls the cell network including cell BSC, TRC
parameters
RMS Remote Measurement Subsystem Enables remote testing of trunks between MSC/VLR
exchanges
ROS Radio Operation and maintenance Responsible for transmission interfaces to BSC
Subsystem BTS/TRC
RTS Radio Transmission and transport Controls transmission functions to/within the BSC, TRC
Subsystem BSC
SHS Short message Handling Subsystem Handles all aspects of the SMS MSC/VLR
SOMS System-wide Operation and Provides maintenance and supervision functions | MSC/VLR, GMSC,
Maintenance Subsystem in an AXE 106 system HLR
SSS Subscriber Switching Subsystem Provides subscriber access switching functions MSC/VLR
STS Statistics and Traffic measurement Provides data collection and processing for all MSCIVLR, GMSC,

Subsystem

types of traffic handling

HLR

—-96 -
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TAS Transceiver Administration Responsible for BTS operation and maintenance | BSC, TRC
Subsystem
TCS Traffic Control Subsystem Responsible for call set-up, supervision and MSCN/LR, GMSC
clearing
TSS Trunk and Signaling Subsystem Provides trunk links to other exchanges and MSCNVLR, GMSC

signaling resources

Table 5-2 Application Subsystems

TRAFFIC CONTROL SUBSYSTEM (TCS)

The Traffic Control Subsystem (TCS) conssts of severa function
blocks and is comprised of software only. Its basic functions are:

Set-up, supervison and cdlearing of cdls

Andyss of incoming digits

Sdlection of outgoing routes

REgister function (RE): Thisblock stores the incoming digits and
co-ordinates the call set-up procedure.

CaL | supervison & Co-ordination Of Functions (CLCOF): This
block takes over from RE when the call has been set up. It
supervises and clearsthe call.

Digit Analysis (DA): Thisblock containstablesfor digit andysis.
The action of andlyzing digitsin DA is cdled B-number andyss.

Route Analysis (RA): Thisblock contains tables for sdecting
outgoing routes (including dternative routes).

EN/LZT 123 3321 R3B
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TCS TSS Route
RE

B-No.

CHS

Figure 5-8 TCS, example of operation
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An Example OF Interworking Involving Different Blocks in TCS

1. The received B-subscriber number will be stored in RE.

2. Thedigitswill be sent to DA, one by one, for andyss. DA will
ask for digits until the results below are obtained.

3. A Charging Case (CC) which will be sent to Charging Andysis
(CA) in the charging subsystem.

4. Routing information, which will be one of the following:
An outgoing call: The result will be a Routing Case (RC) which
will point out an outgoing routein TSS.

An internal call: The result will be a Terminated Cal (TE) which
will give areferenceto MSS for acdl to amobile subscriber.
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TRUNK AND SIGNALING SUBSYSTEM (TSS)

Trunk interfaces

The Trunk and Signaing Subsystem (TSS) comprises both software
and hardware. It handles signding and the supervison of connections

to other exchanges.

Trunk linesto other network nodes are handled by Exchange
Termind Circuits (ETCs), which provide hardware interfaces to the
group switch. Datarates on trunk lines can be ether 2.048Mbitg/s or
1.544Mbitg/s, each using different ETC types.

Transmission interface towards the Radio Base Stations

Echo Canceller in POOL (ECPOOL)

CCD

The transmission towards the base station uses either a2.048
Mbits/s or 1.544 Mbitg/s digita interface. The connection between
the MSC/VLR and the BSis described in later chapters.

In dl telephony networks there are different sources of echo. In fixed
networks, echo may be noticed if satdllite links are used to transfer
gpeech (due to the length of the transmission path to/from the
satelite). In digital cdlular sysems delay is introduced in the
gpeech/channel coding mechanisms. Echo cancdllers are used to
minimize echo. The echo-canceller used by Ericssonis cdled
ECPOOL and is placed inthe MSC/VLR.

ETC

ETC

AST

ETC

ECPOOL

Trunk line to MSC/VLR or
PSTN/PLMN

—100 -

EN/LZT 123 3321 R3B



ERICSSON 2 5 Introduction to AXE

Figure 5-9 TSS hardware

COMMON CHANNEL SIGNALING SUBSYSTEM (CCS)

The Common Channd Signding subsystem (CCS) congsts of both
software and hardware. It contains functions for sgnaling, routing,
supervison and correction of messages sent in accordance with
Signding System No. 7 (SS7).

Signaling terminals in CCS

Signding terminds (C7ST) for 9gnding according to SS7 are
connected directly to the sgnaing network link. The signding
termind isimplemented on one circuit board and each magazine

holds two boards.
ST7 . . .
Signaling data link
1 ST7
Signaling data link
|
] RP ||

o—

R RP-bus
~ 1
CP

Figure 5-10 Signaling terminals
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GROUP SWITCHING SUBSYSTEM (GSS)

Switching

ETC

The Group Switching Subsystem (GSS) conssts of a switching and
network synchronization functions. GSS is mainly responsible for
selection, connection and disconnection of speech or Signd paths
through the Group Switch (GS).

The digita group switch isa Time-Space-Time (T-S-T) switch. The
Time Switch Module (TSM) congsts of buffer memories and the
Space Switch Module (SPM) of digital cross-point matrices. For
reliability reasons, the switching network as awholeis duplicated in
two separate planes working synchronoudy.

Up to 16 Pulse Code Modulation (PCM) links, each one containing
32 time dots, can be connected to one TSM. A TSM is built up of
512 multiple positions (16x32=512).

I Group Switch (GS)
TSMo | [ ]
_ e
— [
TSM1 | [] ] spPm
- — L

Figure 5-11 Group switch hardware

If 24-channel PCM systems are used, specia ETCs adapt the rate
from 1544 kbitg/s to 2048 kbitg/s.

One PCM time dot is aways connected to the same memory
position (multiple point) in TSM. The incoming digital informetion,

-102 -
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that is, PCM time dot (8 bits), iswritten into the TSM. It isthen read
out from the TSM, switched in the SPM, written into another (or to
the same) TSM and sent out on the PCM time dot to the destination.

This procedure is repeated 8000 times/second for each time dot in
each direction. The internd clocking rate in TSM/SPM is higher than
that because there are 16 PCM systems to take care of in the same
time. This clocking rate amountsto 4.096 MHz (8 kHz X 16 PCM
gystems x 32 time dots = 4.096 MHz).

The sze of the group switch can be extended as necessary. Severd
SPM s can be interconnected to form alarge matrix. Thisgivesa
maximum switch capacity of 64 K multiple postions - the 64 K
Group Switch.

. 16,384 | 32768 | 48,152 | 65516 |
P f : \ A
multiple muliiple multipla multiple
System
po=zltlans | pozitlenz | pozitlans | pasltlans |
I B L. [ 1 t I
L] L) L]
[
: oMY =t sem (1|2 sem |11 sea |1 1 spm ]I
31 Al
I TEMA |, PP e o B pe | TR
! - - [ | |
I : Ry aPm pt] Al B a2
| ; ) 7 EPM O] 7 OBEFMO|| 4 SPmM ||
i : : :
;b il & - - |
' E B3
i ! | 0- - 151 Fe | R | Be... iar
: N ey S | |
I ! = sPm ¥l gpp Bl opm Hl apm
I : ] ' b3 '
I = | &= I
: pz. . A |5-.1.. .p.s I Igs... {12?| I
|
| spm | | =] spm | | ®[ sPm
I : 2 I
127 127
! };z F: |ﬁ4... 1-1-. |55 1:?'

TSM Time Switching Module

SPM Space Switching Module

Figure 5-12 A fully equipped group switch
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Network Synchronization (NS)

The Group Switch requires clocking. The clock rate determinesthe
rate & which samples are read from or written into the speech stores
in the TSMIs. Network synchronization contains Clock Modules
(CLM), triplicated for reliability, and reference clocks (not shown in

the figure below).

Group Switch (GS)

1 117

CLM &

SPM

CLM 1

Network Synchronization (NS)

CLM 2

Figure 5-13 Clock modules to synchronize the group switch
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CHARGING SUBSYSTEM (CHS)

The CHarging Subsystem (CHS), which consgts of software only, is
used for charging of the mobile subscribers. The charging function
makes it possible to collect and output data concerning cals,
supplementary services and invocation of such services.

The cdls are charged by means of Charging Data Recording (CDR).
This means that data about each call, such as cdling party number,
caled party number, date, time, call duration, etc., is recorded and
stored on magnetic disk or tape.

The collection and output of data can be performed in the originating
MSC/VLR, the GMSC or the terminating MSC/V LR depending on
the result of the charging andyss.

The datais stored in records known as Call Data Records (CDRS)
which are stored on the hard disk of the AXE. When the datais
needed at the billing center it is output through X.25 data links.

VMSC Billing Center
Magnetic Tape
MSS_ [ CHS FM5 | ‘bata Link

Computer

-

Call Data Record 10G 11

TCS

Figure 5-14 Charging in AXE
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OPERATION AND MAINTENANCE SUBSYSTEM (OMS)

Operation and maintenance functions common to various subsystems
in the switching system, APT, have been collected to form the
Operation and Maintenance Subsystem (OMYS).

An example of an OMS function is maintenance of trunk circuits,
involving supervison functions such as

Blocking supervison
Selzure supervison

Disturbance supervison

Among other functions, OMS s responsible for making sure that the
processor is not overloaded.

Operation and maintenance functions related to a specific subsystem,
eg. GSSor MSS, are implemented in the respective subsystem. A
verson of OMS adapted for use in the RMP is cdled the OMS-R.

NETWORK MANAGEMENT SUBSYSTEM (NMS)

The Network Management Subsystem (NMS) consists of software
only. The subsystem contains functions for supervisng the traffic flow
through the exchange, and for introducing temporary changesin that
flow. Thismay occur for example, if there was an overload of traffic
on aparticular route.

STATISTIC AND TRAFFIC MEASUREMENT SUBSYSTEM (STS)

The Statigtic and Traffic measurement Subsystem (STS) isa generd
system for collecting, storing, processing and presenting satistical
datafor al types of traffic handling and maintenance gpplicationsin
Ericsson's GSM systems. STS congists of software only.
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CONTROL SYSTEMS SUBSYSTEMS

APZ is composed of the subsystems in the following table. Some of

these subsystemns are now discussed in further detaill following the

table.
Subsyste Name Function Product
m Line
CPS Central Processor Includes the duplicated processor and | All
Subsystem performs the high level processing
functions and data handling
DBS DataBase management Provides a semi-relational database All
Subsystem system with extensions to support
real-time system requirements
DCS Data Communications Provides physical interfaces and data | All
Subsystem communication protocols for applications
communication with AXE requiring
1/0
functions
FMS File Management Manages the AXE mass storage All
Subsystem devices. The FMS stores files of applications
magnetic tape, flexible disks, hard requiring
disks and optical disks 1/0
functions
MAS MAintenance Subsystem | Supervises the operation of the CP All
and takes appropriate action if a
fault occurs
MCS Man-machine Provides functions for the All
Communication communication between the staff applications
Subsystem and the AXE by means of requiring
alphanumeric terminals and alarm 1/0
panels functions
oCs Open Communications Provides standard data All
Subsystem communications between
applicationsin AXE and external
computer systems
RPS Regional Processor Includes the Regional processors All
Subsystem which perform the basic routine
tasks for the CP or act as an
interface to the hardware
SPS Support Processor Includes the Support Processors for All
Subsystem 1/0 communication. SPS provides applications
the operating system with alarms requiring
and interfaces, internal 1/0
communication and supervisory functions

functions for SP

Table 5-3 APZ Subsystems

EN/LZT 123 3321 R3B
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CENTRAL PROCESSOR SUBSYSTEM (CPS)

The Centra Processor Subsystem (CPS) contains both software and
hardware and performs functions such as job adminigtration, store
handling, loading and changing of programs. For riability, CPS
contains 2 Central Processors (CPs) which operatein an
executive/stand-by relaionship. In the event of failure of the
executive CP, the stand-by CP will take control without loss of
sarvice.

MAINTENANCE SUBSYSTEM (MAS)

MAintenance Subsystem (MAS) contains both software and
hardware. MAS s function is to locate hardware faults and software
arrors, and to minimize the effects of such faultserrors.

REGIONAL PROCESSOR SUBSYSTEM (RPS)

The Regiona Processor Subsystem (RPS) contains both software
and hardware. The hardware isin the form of regional processors
(RPs), while the software conssts of adminidtrative programs located
in the RPs. RPs are controlled by the CP.

SUPPORT PROCESSOR SUBSYSTEM (SPS)

The Support Processor Subsystem (SPS) includes a Support
Processor (SP) for communication with al Input/Output (1/0)
devices. SPS has functions for blocking, deblocking and supervisng
of 1/0O devices. The SPis controlled by the CP.

FILE MANAGEMENT SUBSYSTEM (FMS)

The File Management Subsystem (FMS) handles dll types of files
used in AXE. Theterm "fil€" denotes al data stored on tape, floppy
disks and magnetic disks. The data blocks of the AXE must aways
consult FM S before information is stored in externa storage media
(output of charging data, etc.).

MAN-MACHINE COMMUNICATION SUBSYSTEM (MCS)

The Man-Machine Communication Subsystem (MCS) handles
communication between the 1/O devices and the rest of the system.
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The 1/O devices can be in the form of display units, printers, darm
panels, or the OSS system.

DATA COMMUNICATION SUBSYSTEM (DCS)

The Data Communication Subsystem (DCS) handles communication
between blocks in the CP and the SP. The subsystem structure isin
accordance with internationa standards for I/0 systems: Open
Systems Interconnection (OSl). DCS aso handles communication
over data links according to standardized data protocols X.25, X.75
and X.28. For example, charging data records are sent over adata
link from DCSto a billing center.

]
sp
Personal Computer
—, W
Data Link
=222 éj
Alarm Panel |2550 7
L J
O Floppy Disk
0
Magnetic Tape |
= 7
4@ Magnetic Disk
Optical Disk

Figure 5-15 I/O System hardware
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SUBSYSTEMS IN ERICSSON'S GSM PRODUCT LINES

The figures below summarize the subsystems particular to each
product line in Ericsson’s GSM systems.

TCS OMS SCS NMS SSS

C/APT

CHS DTS TSS ESS RMS

|
MSC/VLR/GMSC :HLR
SYSOMAM FOAM | HLRAM
AMs '
SoMS||sTs [ HRS
|
|
I
|
MSC/VLR/GMSC |
|
MSS MDS |
1/APT |
MMS SHS TSS |
XSS '
|
|
|
|
I

RMP GSS ESS-R| [COSS CCS SSS-R| |OMS-R| | CHSS COMS

APZ DCS CPS MAS FMS RPS MCS SPS

Figure 5-16 CME 20/CMS 40 Product Lines: Application
Modularity based Products (possible additional AMs are not
shown here)
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BSC/TRC ILR

TAS RCS RTS HRS
Node-specific APT subsystems

ROS LHS GSS MIS
Common APT subsystems OMS CCs STS

FMS RPS MCS| | SPS
APZ
DCS CPS MAS

Figure 5-17 CME 20/CMS 40 Product Lines: Non-Application
Modularity based Products

EN/LZT 123 3321 R3B

-111 -




GSM System Survey

ERICSSON 2

AXE HARDWARE

From itsinception, the AXE system was designed to accommodate
continuous change. Through the years, new gpplications have been
introduced, its array of functions has grown, and its hardware has
been steadily updated.

The latest advancesin hardware technology have been brought into
the system, thereby dramatically improving such characterigtics as
floor space, power consumption, system handling, and cost of
ownership.

Ericsson’s new cabinet based equipment practice is called BY B 501.
BY B 501 complies with the metric sandards for IEC (International
Electrotechnica Commission) and ETSl (European
Teecommunications Standards Ingtitute) and has excellent EMC
(Electromagnetic Competibility), offering important advantages
compared with other equipment practices. For example, the BY B
501 easily accommodates other standardized products. BY B 501
subrack can accommodate amix of full Sze and haf sze plug-in
units.

The Regiona Processor (RP2) has decreased to only 3 boards
(RP3) and was further reduce to one (RP4) when the Serid RP-Bus
(RPB-S) was redized. Since the EM isasingle board, thereisno
need to have a separate magazine for RP. These ideas have resulted
in anew Generic EM Magazine referred to as GEMM.

GEMM comes in two generations GEMM1 isfor BYB 202 (the

older AXE hardware structure) and GDM for BYB 501. GDM is
the target for HWM, it will bein two versons, GDM-H hdf height
and GDM-F full height.

A new regiona processor called RP4 has been introduced, and
accommodate the new Seria Regiond Processor bus (RPB-S).

BYB 202 will contain non-modernized products in either wide
1200mm or narrow verson 720mm. A compact verson of APT 212
20 will use anarrow BY B 202 cabinet.

The newly enhanced Group Switch subsystem requires only haf as
many plug-in unit types as its predecessor, its footprint is between
80% and 95% smdler in large configurations, and power has been
reduced by smilar amounts. This has been achieved by such
advances as combining al TSM functions on one plug-in unit.
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Switching System

—— Chapter6 ——

This chapter is desgned to provide the sudent with an overview of
the switching system, indluding its nodes and their functiondity.

OBJECTIVES:

Upon completion of this chapter the student will be able to:
List which 2 nodes are contacted for the security procedure in the
GSM system

Briefly explain the purpose of: Authentication, ciphering and
equipment check.
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INTRODUCTION

The Switching System in Ericsson’'s GSM systems contains the
following components.

Switching System Min,_ —-~--

- —_— ==

4 3

_——_———_—

Figure 6-1 Switching System

Type Abbrev. Full component name Platform
Basc MSC/VLR | Mobile services Switching AXE
Center/Vidtor Location Register
GMSC Gateway MSC AXE
HLR Home Location Register AXE
ILR Interworking Location Register AXE
AUC AUthentication Center Unix’AXE
EIR Equipment Identity Register Unix
DTI Data Transmission Interface AXE
Additiond | MC Message Center MXE
SSP Service Switching Function AXE
SCP Service Control Function AXE
SDP Service Data Point Unix

Table 6-1 Switching System components

Each network component is described in the remainder of this
chapter.
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MOBILE SERVICES SWITCHING CENTER/VISITOR LOCATION
REGISTER (MSC/VLR)

MSC FUNCTIONS

The primary nodein a GSM network isthe MSC. It isthe node,
which controls calls both to MS s and from MS's. The primary
functions of an MSC include the following:

Switching and call routing: A MSC controls call set-up,
supervision and release and may interact with other nodes to
successfully establish acdl. Thisincludes routing of calsfrom
MS sto other networks such asa PSTN.

Charging: an MSC contains functions for charging mobile cdls
and information about the particular charge rates to gpply to acal
a any given time or for agiven degtination. During a cdl it records
thisinformation and stores it after the cdll, e.g. for output to a
billing center.

Service provisioning: supplementary services are provided and
managed by aMSC. In addition, the SMS service is handled by
MSC's.

Communication with HLR: the primary occason on which an
MSC and HLR communicate is during the set-up of acal to an
MS, when the HLR requests some routing information from the
MSC".

Communication with the VLR: associated with eeach MSCisa
VLR, with which it communicates for subscription information,
especidly during call set-up and release.

Communication with other MSC’s: it may be necessary for
two MSC' s to communicate with each other during cal set-up or
handovers between cdlls belonging to different MSC's.

Control of connected BSC’s. asthe BSS acts as the interface
between the MS s and the SS, the MSC has the function of
controlling the primary BSS node: the BSC. Each MSC may
control many BSC's, depending on the volume of trafficin a
particular MSC service area. An MSC may communicate with its
BSC' s during, for example, cal set-up and handovers between

' An MSC may include gateway functionality, in which case there is more communication with HLR's.
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Direct accessto I nternet services:. traditiondly, an MSC
accessed the Internet nodes of an Internet Service Provider (1SP)
viaexigting networks such as the PSTN. However, this function
enables an MSC to communicate directly with Internet nodes,
thus reducing cal set-up time. Direct access can be provided by
using an access server caled Tigris (from Advanced Computer
Communications). This may be integrated in an MSC or stand-
alone connected to an MSC.

Modem Pool

&AAGSM

Figure 6-2 Internet access via GSM/PSTN (traditional method)

GSM

Access
E Server

Figure 6-3 Direct access to Internet

ISDN Primary Rate Access (PRA): thisfunction engblesan
MSC to provide PRA services to subscribers. One network
operator can offer PABX connection services, through the
PLMN. In thisway the operator can compete directly with PSTN
operators for ISDN business subscribers.
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VLR FUNCTIONS

Theroleof aVLR inaGSM network isto act as atemporary
storage location for subscription information for MSs which are
within aparticular MSC service area. Thus, thereisone VLR for
each MSC sarvice area. This means that the M SC does not have to
contact the HLR (which may be located in another country) every
time the subscriber uses a service or changes its satus.

Following occurs when MS s move into anew service area

1. The VLR checksits database to determine whether or not it has a
record for the M S (based on the subscriber’' s IMSI)

2. When the VLR finds no record for the MS, it sends arequest to
the subscriber’ sHLR for a copy of the MS's subscription

3. The HLR passestheinformation to the VLR and updates its
location information for the subscriber. The HLR ingtructs the old
VLR to ddete theinformation it hasonthe MS

4. The VLR goresits subscription information for the M S, including
the latest location and status (idle)

HLR

Delet
date

MSC/VLR MSC/VLR

Figure 6-4 VLR-HLR interaction

For the duration when the MS is within one MSC service area, then
the VLR contains a complete copy of the necessary subscription
details, induding the fallowing informetion:

Identity numbers for the subscriber

Supplementary service information (e.g. whether the subscriber
has cdl forwarding on busy activated or not)

Activity of MS (eg. idle)

Current LA of MS
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MSC/VLR IMPLEMENTATION

In Ericsson’'s GSM systems, the MSC and VLR are integrated in the
same AXE-based node. The reason for thisisthat thereisan
extendve amount of information exchange between the two nodes for
every cdl, particularly during cdl set-up. The MSC-VLR interface is
completely internd within the AXE, but each istreated as a distinct

and separate function.

An MSC/VLR contains the common APZ and APT subsystems
described previoudy, dong with the subsystems in the following
table, each of which isimplemented in software only.

Subsystem Functions

Mobile Data Subsystem VLR functions

(MDS)

Mobile Mobility and radio Control of BSCs

Subsystem (MMYS) Control of handoversinvolving the MSC

Mohbile Switching Switching and cal routing

Subsystem (MSS) Communication with HLRs
Communication with other MSCs

Short message Handling
Subsystem (SHS)

Handling of SM S messages

Table 6-2 MSC/VLR Subsystems

MSC/VLR

_____

ETC
I TRC
ETC
GS |
|
|
|
|
|
| I
! |
I |
' 0
[Cee e ]
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i e I =
______ T——————————
cp |

Figure 6-5 MSC/VLR hardware
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GATEWAY MSC (GMSC)

GMSC FUNCTIONS

Gateway functiondity enables an MSC to interrogate a HLR in order
to route amobile terminating cdl. It isnot used in cdlsfrom MS'sto
any termind other than another MS.

For example, if aperson connected to the PSTN wantsto make a
cdl to aGSM mobile subscriber, then the PSTN exchange will
access the GSM network by first connecting the call to a GMSC.
The GMSC requests cdl routing information from the HLR that
provides information about which MSC/VLR to route the cdl to.
The sameistrue of acadl from an MSto another MS.

GMSC IMPLEMENTATION

Any MSC in the mobile network can function as a gateway by
integration of the appropriate software and definition of HLR
interrogation informetion. In effect it then becomesa GMSC/VLR.

In Ericsson’'s GSM systems, gateway functions are provided within
the subsystem MSS. The only additiona hardware required is
hardware to interface to the Sgnding link to the HLR.

Gateway Function:

1. Find and interrogate HLR for roaming number.
2. Routethe cal according to the interrogation.
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HOME LOCATION REGISTER (HLR)

HLR FUNCTIONS

The HLR is a centralized network database that stores and manages dl
mobile subscriptions belonging to a specific operator. It actsasa
permanent store for a person's subscription information until that
subscription is cancelled. The information stored includes:

Subscriber identity (i.e. IMSI, MSISDN)

Subscriber supplementary services

Subscriber location information (i.e. MSC service area)
Subscriber authentication information

The primary functions of the HLR include:

Subscription database management: as adatabase, the HLR
must be able to process data quickly in reponse to data retrieva
and update requests from other network nodes. For this reason it
acts as a database management system. Each subscriber record
contains a substantia amount of parameters.

Communication with MSC’s: when setting up callsto an MS it
is necessary for the HLR to contact the MSC serving the MS for
routing information. By andyzing the MSISDN, M SC knows which
HLR to contact worldwide for that MS's subscription.

Communication with GM SC'’s. during cal set-up to an MS, the
GM SC requests M S location information from the HLR, which
then provides thisin the form of routing informetion. Also, if the
subscriber is detached the HLR will inform the GMSC that thereis
no need to perform further routing of the call.

Communication with AUC’s. before any activity involving change
or use of subscription information takes place, the HLR must
retrieve new authentication parameters from an AUC.

Communication with VLR'YILR’s: when an MS movesinto a
new MSC service areathe VLR for that area requests information
about the M S from the HLR of the subscriber. The HLR provides
acopy of the subscription details, updatesits MS location
information and ingructs the old VLR to delete the information it
has about that MS. Asthe LR actsasa VLR for AMPS
subscribers, the HLR communicates with it in asimilar way.

EN/LZT 123 3321 R3B
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HLR IMPLEMENTATION

The HLR can be implemented in the same network node as the
MSC/VLR (i.e. MSC/VLR/HLR) or as a stand-a one database. An
MSC/VLR/HLR node is a suitable solution for a smdl start-up GSM
network as it saves hardware and signaling load on the links between
MSC/VLR and HLR.

A sland-done HLR is a suitable solution for large networks. It has
the following advantages:

There are no traffic disturbances creating better reiability

When the HLR is separate from the MSC/VLR, thereis more
cagpacity avalablefor cal handling in the MSC/VLR

If the number of subscribers exceeds the capacity of aHLR,
additiona HLR's may be added.

HLR Redundancy

In order to provide additiond network reliability, an additional
“mated” HLR isused to mirror the datain aHLR and can
automaticaly take over if required.

System Structure

In Ericsson's GSM systems the HLR is an AXE-based AM called
HLRAM. Along with the standard APZ and APT subsystems the
HLR includes the APT subsystem Home location Register
Subsystem (HRS) which performs the necessary subscription
management.
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INTERWORKING LOCATION REGISTER (ILR)

ILR FUNCTIONS

Ericsson’'s ILR offers roaming capabilities between mobile telephony
systems complying with different sandards. The ILR is specific to the
GSM 1900 product portfolio and enables AMPS network
subscribers to roam to a GSM 1900 network.

In the near future the ILR will make intersystem roaming possible
both directions between all GSM, AMPSTDMA networks.

For AMPS subscribers who wish to avail of this roaming
functiondity, their AMPS network subscriptions are copied into the
HLR sde of the ILR. When they roam into the GSM 1900 network,
the HLR copiesthisinformation into the VLR sde of the ILR, as
occurs for norma GSM roaming subscribers.

From the subscriber’ s point of view however, thereis only one
subscription.

In the near future, the ILR will make intersystem roaming possiblein
both directions between dl GSM, AMPS TDMA-networks

ILR IMPLEMENTATION

In Ericsson’s GSM systemsthe ILR is AXE-based. It includesthe
common APZ and APT subsystems outlined previoudy and the
following additiond subsystems:

Subsystem Functions
Home location Register - AMPS Subscriber database
Subsystem (HRS) management
Mobile Intersysem roaming | - Mapping and trandation of services and
Subsystem (MIS) protocols

- Communication with other nodes

Table 6-3 ILR subsystems

ILR hardware is Smilar to HLR hardware.

EN/LZT 123 3321 R3B
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AUTHENTICATION CENTER (AUC) AND EQUIPMENT IDENTITY
REGISTER (EIR)

PLMN's need a higher level of protection than traditional
telecommunication networks. Therefore, to protect GSM systems,
the following security functions have been defined:

Subscriber authentication: by performing authentication, the
network ensures that no unauthorized users can access the
network, including those that are attempting to impersonate
others.

Radio information ciphering: the information sent between the
network and an MSis ciphered. An MS can only decipher
information intended for itsdf.

M obile equipment identification: because the subscriber and
equipment are separate in GSM, it is necessary to have a
separate authentication process for the MS equipment. This
ensures, eg. that a mobile termind, which has been stolen, is not
able to access the network.

Subscriber identity confidentiality: during communication with
an MSover aradiolink, it is desrable that the redl identity
(IMS) of the MSis not dways transmitted. Instead atemporary
identity (TMSI) can be used. This helps to avoid subscription
fraud.

The AUC and EIR are involved in the first three of the above
features, while the lagt is handled by MSC/VLRs (and is described in
the “Traffic Cases’ chapter).
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AUC FUNCTIONS

The primary function of an AUC isto provide information, which is
then used by an MSC/VLR to perform subscriber authentication and
to, establish ciphering procedures on the radio link between the
network and MS's.

The information provided is caled atriplet and conssts of:

1. A non predictable RANDom number (RAND)

2. A Signed RESponse (SRES)

3. A ciphering Key (Kc)

Provision of Triplets

At subscription time, each subscriber is assigned a subscriber
authentication Key (Ki). Ki is stored in the AUC dong with the
subscriber’s IMSI. Both are used in the process of providing a
triplet. The same Kiand IMS are also stored inthe SIM. In an
AUC thefollowing steps are carried out to produce one triplet:

1. A non-predictable random number, RAND, is generated

2. RAND and Ki are used to caculate SRES and K¢, using two
different dgorithms, A3 and A8 respectively

3. RAND, SRES and Kc are delivered together tothe HLR asa

triplet
<:| Request for triplets
AUC fromHLR (IMSI)
RAND >
generator RAND
Database > A3

Authentication [ ™ SRES

Algarithm
IMS| ::> Triplet
Ki (or many per request)

- A8
. Ciphering T~ Kc
Algorithm

p/

RAND Random number
SRES Signed Response

Kc Ciphering key
Ki Subscriber authentication key
IMSI International Mohile Sihseriber [dentitv
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Figure 6-6 Provision of triplets

Authentication Procedure

1. The MSC/VLR tranamitsthe RAND to the MS.

2. The MS computes the Sgnature SRES using RAND and the
subscriber authentication key (Ki) through the A3 dgorithm.

3. The MS computesthe Kc by using Ki and RAND through A8
agorithm. Kc will theresfter be used for ciphering and
deciphering in MS.

4. Thesgnature SRES s sent back to MSC/VLR, which performs
authentication, by checking whether, the SRES from the MS and
the SRES from the AUC match. If s0, the subscriber is permitted
to use the network. If not, the subscriber is barred from network

aCCesS.
1. RAND
MSC/VLR
3. SRES
-
4. Compare SRES received from 2. MS calculates SRES using RAND + K;
MSwith SRESin triplet. If they (SIM-card) throug A3 and Kc using RAND+K,;
are equal accessis granted. through A8.

MSC/VLR  Mobhile service Switching Center
MS Mabile Station
RAND Random number
SRES Signed Response

Figure 6-7 Authentication procedure
Authentication can by operator’ s choice be performed during:

Each regidration
Each cdl setup attempt
L ocation updating
Before supplementary service activation and deactivation
There can be exceptions for subscribers belonging to other PLMN'’s.
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Ciphering Procedure

&~ Did you know?

Thereare actually 2
A5 algorithms. The
A51 algorithm was of
military grade and
could only beused in
NATO countries. This
has been replaced by
anon-military grade
general GSM

algorithm called A52.

Confidentidity meansthat user information and signaling exchanged
between BTS sand MS'sis not disclosed to unauthorized
individuals, entities or processes.

A ciphering sequenceis produced using Kc and the TDMA frame
number as inputsin the encryption dgorithm AS5. The purpose of this

IS to ensure privacy concerning user information (speech and data) as

well as user rlated 9gnding eements.

In order to test the ciphering procedure some sample of information
must be used. For this purpose the actua ciphering mode command
(M) isused.

1.
2.

3.

M and Kc are sent from the MSC/VLR to the BTS.
M isforwarded to the MS.

M is encrypted usng Kc (caculated earlier with SRESin the
authentication procedure) and the TDMA frame number which
are fed through the encryption dgorithm, A5.

4. The encrypted messageis sent to the BTS.

. Encrypted M isdecrypted in the BTS using Kc, the TDMA
frame number and the decryption agorithm, A5.

If the decryption of M was successful, the ciphering mode
completed message is sent to the MSC. All information over the
ar interface is ciphered from this point on.

1. M+ Kc 2. M
VLR > >
4. Encrypted
MSC
M'C
A
TDMA
frame no.
Kc
¢ D
6. Ciphering Y Encryption
mode complete Decryption process
process using using Ke
A5 A5
[—— TDMA
frame
no.
5. Decryption of M’ 3. Encrypt M
successful?
A5 Encryption and decryption algorithm
¢ M Ciphering Mode Command
P M’ Ciphering Mode Complete
Bl Ifyes M, Ciphering Mode Complete, ciphered
Kc Ciphering key

MSC
VLR

Mobile services Switching Center
Visitor Location Register
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EIR FUNCTIONS

Figure 6-8 Ciphering procedure

Equipment Identification Procedure

&~ Did you know?

Up to recently, many

The equipment identification procedure uses the identity of the
equipment itsdlf (IMEI) to ensure that the MS termind equipment is
vdid.

networks did not use 1. The MSC/VLR requests the IMEI from the MS.
an EIR. However, a
Centralised EIR 2. MSsendsIMEI to MSC.
(CEIR) has been set-
up in Europe (located 3. MSC/VLR sends IMEI to EIR.
inIreland) whichis : : ;
used by many 4. Onreception of IMEI, the EIR examinesthreeligs:
European network — A whitelist containing dl number series of dl equipment
operators. identities that have been dlocated in the different participating
GSM countries.
— A black list containing al equipment identities that has been
barred.
— A gray list (on operator leve) containing faulty or non -
approved mobile equipment.
5. Theresult issent to MSC/VLR, which then decides whether or
not to alow network access for the termina equipment.
- 3. Check IMEI 1. IMEI request > 3\
EIR MSC/VLR
4. Access/barring info g - 2. IMEI
MS
IMEI International Mobile station Equipment ldentity
EIR Equipment Identity Register
MSC/VLR Mobile services Switching Center
Figure 6-9 Equipment identification
The decison to identify equipment remains with individud operators.
GSM specifications recommend identification for each attempted call
Set-up.
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AUC AND EIR IMPLEMENTATION

InaGSM network the AUC is connected directly to aHLR. The
EIR is connected to an MSC/VLR.

In Ericsson’s GSM systems the AUC may be implemented on elther
AXE or Unix (from Sema Group). The EIR isimplemented on a
Unix platform from Sema Group.

If implemented on AXE, the most common configuration for an AUC
isintegrated with aHLR as an AUC/HLR node. This reduces the
sgnd processing requirements of both. The AUC isimplemented
using the AUC Application Module (AUCAM).

The most common implementation is a Unix-based AUC/EIR node,
which provides the following benefits to the operator:

AUC and EIR processing is physicaly separated from the
switching function in the MSC. This provides better network
planning flexibility when the network needs to be expanded.

The common platform is based on standard industry computer

hardware (HW) and software (SW).
—
SW Licensed AUC EIR
product Application (SW) Application (SW)

Common Platform (SW) Telecom processing

platform

—)

VAX Computer (HW & SW)

AUC Authentication Center

EIR Equipment Identity Register
HW Hardware

SW Software

Figure 6-10 AUC/EIR product structure
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DATA TRANSMISSION INTERFACE (DTI)

This section gives a brief introduction to the data handling capabilities
of Ericsson’'s GSM systems. For amore detailed survey of such
functions, please refer to the gppendix titled “ Data Services'.

DTI FUNCTIONS

& Did you know? The DTI implement_s the GsM Inter-Working Function (IWF). It
performs data handling functions such as data rate converson and

In previous versions of provides the functions necessary for datainterworking between

CME20/CMS40 the GSM networks and other networks, including:

functions of the DTI

nvgrnZ';nggmi - Data Traffic to/from PSTN: thisinvolves modem and fax cdls.

Working Unit (GIWU), For connections to the PSTN amodem is selected by the DTI to

separate fromthe perform the necessary rate and format conversions.

MSC/VLR.

Data Traffic to/from | SDN: the whole st of data

communications towards | SDN is available, snce the MSC/DTI
IS cgpable of Sgnaing and mapping basic service information
between the ISDN and the GSM network.

Data Traffic to/ffrom PDNs: the DTI handles data traffic to and
from Public Data Networks (PDNs) such as the Packet Switched
PDN (PSPDN) and Circuit Switched PDN (CSPDN).

Data Traffic between mobiles. the detatraffic ingde the
PLMN must pass through the DTI to handle the protocol used for
rate adaptation in the radio path.

HSCSD: this verson of High Speed Circuit Switched Data
(HSCSD) dlows the connection of 2, 3, or 4 time dots on one
radio channd each carrying 9.6 kbits's. The DTI handlesrate
conversion to PSTN or ISDN as appropriate.

DTI IMPLEMENTATION

The DTI isintegrated within an MSC/VLR. The DTI is managed by
the Data Transmisson Subsystem (DTS).

The DTI sub-rack contains eight plug-in units, each one supporting
four data channels. Therefore, each DTI sub-rack can support atotal
of 32 smultaneous data calls.
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MESSAGE CENTER (MC)

MC FUNCTIONS

Voice Mail

Fax Mail

An MC may be added to a GSM network to provide one or more
of the following messaging services:

Voice mall

Fax mail

Short Message Service (SMS) text messages
SMS Cell Broadcast (SMISCB) text messages

These services can generate considerable revenue for a network
operator, as they are becoming increasingly popular.

Voice mail ensuresthat al calsto aperson can be completed, even
when a person does not answer cdls. A caling party can record a
voice message for the subscriber they are cdling.

A subscriber can use their MS to select diversion to voice mail based
on aparticular event or status (e.g. busy, unreachable).

The subscriber isinformed that they have voice messages in their
mailbox by means of either a short text message or phone call from
the network at regular intervas. If their MSis detached, this
indication is sent when the subscriber next attaches to the network.

The subscriber can then retrieve their voice mail messages a a later
stage. Functions for storing voice messages over along period also
exig.

Fax mail operates smilarly to voice mail. For MS s that support fax,
asubscriber can st diversion for al or some fax calsto afax
mailbox. When the MSis next attached to the network, the network
will deliver the fax message to afax machine identified by the MS,

EN/LZT 123 3321 R3B
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SMS

A short text message congsts of up 160 aphanumeric characters,
entered at a Short Message Entity (SME) such asan MS (using the
keypad) or computer termind.

A short message dways originates or terminatesin a GSM network,
meaning that a short message can not be sent between two SMEs
resding outsde a GSM network.

The short message originator knows if the message ddlivery is
successful or unsuccessful via natification. When amessageis
submitted, the deferred ddlivery option can be requested. This option
makes it possible to specify the time the messageis to be ddlivered.

An MC, which handles SM'S messages is often referred to as an
SMS Center (SMS-C). When amessage is to be forwarded to an
MS, the system must first determine where the MSis Stuated. Asin
ordinary voice traffic, a gateway requests the routing information.
The gateway is caled the SMS GMSC.

Each short message is time stamped by the SMS-Center when it is
submitted. A message is deleted once the delivery is successful or
once the time specified in deferred delivery expires.

When amessage is buffered, the SMS-C regularly attemptsto
deliver the message, at intervals defined by the operator.

SMSCB

The SMSCB sarvice enables a message of up to 93 dphanumeric
characters to be ddlivered to al attached MS'sin one cdll. This may
be useful for identifying key phone numbersin the cdl’s area such as
that of a hospital or police Sation. Alternatively, it may be used for
advertiang serviceswithin the cdl (eg. “ Superfood Restaurant in this
area at the junction of M8 and 133").
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MC IMPLEMENTATION

One MC node may handle one or more messaging service. For
example, depending on the amount of SMStraffic, it may be more
efficient to have one MC acting as an SMS-C only, with other
messaging services handled by another separate MC.

It isaso possible to integrate SMS-C functions on an MSC, leading
to the term SM S InterWorking MSC (SMSTWMSC). Additionally,
the SMS GMSC functions may reside in the same node as the

GM SC functions used for voice cdls.

In Ericsson’'s GSM systemsthe MC isimplemented by Ericsson's
MXE product. The most important component of MXE isthe
message kernd. The message kernd is the central message store and
forward nucleus responsible for safe storage of messages, routing
and retry attempts.

e Ph——

SMS-C Application

MXE Platform

Figure 6-11 SMS-C on an MXE
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SERVICE SWITCHING FUNCTION (SSF), SERVICE CONTROL
FUNCTION (SCF) AND SERVICE DATA POINT (SDP)

This section gives a brief introduction to the Mobile Intelligent
Network (MIN) handling capabilities of Ericsson’s GSM systems.
For amore detailed survey of such functions, please refer to the
gppendix titled “Mobile Intelligent Network Services'.

Mobile Intelligent Network (MIN) nodes can be added to abasic
GSM network to provide value-added services such as Fregphone
and Personal Number to subscribers.

Ericsson’s MIN nodes include:

Service Switching Function (SSF): an SSP acts as an interface
between the call control functions of the mobile network and the
service control functions of a Service Control Point (SCP).
Ericsson's SSP isan AXE-based AM (SSFAM) and may be
integrated within an MSC/VLR (recommended) or stand-alone.

Service Control Function (SCF): a SCP contains the
intelligence of aMIN sarvice or services. Thisintdligenceis
redlized in software programs and data. Ericsson's SCPisdso an
AXE-based AM (SCFAM) and the recommended configuration
is as a stand-alone node, accessible by al MSC/SSPs.

Service Data Point (SDP): an SDP manages the datawhichis
used by aMIN service. Ericsson’s SDP is a stand-a one node
based on Unix.

-132 -
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Base Station System

—— Chapter 7 ——

This chapter is designed to provide the student with an overview
of the base station system. It addresses base station system
components, their functions, features, and required
specifications.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

» Explain that the Base Station Controller, BSC, controls the
radio resources for Radio Base Stations, RBS'’s.

« List that an RBS contains transmitter and receiver and is the
interface towards the Mobile Station, MS.

\
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INTRODUCTION

The Base Station System (BSS) is responsible for all the radio-
related functionsin the system, such as:

Radio communication with the mobile units
Handover of callsin progress between cells

Management of al radio network resources and cell
configuration data.

Ericsson’s BSS consists of three components:

Base Station Controller (BSC): the BSC is the central node
within a BSS and co-ordinates the actions of TRC’s and
RBS'’s.

Transcoder Controller (TRC): the TRC provides the BSS

with rate adaptation capabilities. This is necessary because the
rate used over the air interface and that used by MSC/VLRs
are different - 33.8 kbits/s and 64 kbits/s respectively. A
device, which performs rate adaptation is called a transcoder.

Radio Base Station (RBS): an RBS acts as the interface
between MS’s and the network, by providing radio coverage
functions from their antennae.

BSC/
TRC

MSC TRC BSC

SSI BSS

Figure 7-1 BSS in Ericsson’s GSM systems
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BASE STATION CONTROLLER AND TRANSCODER CONTROLLER

There two main options available for implementing the TRC and
BSC in Ericsson’s BSS:

* BSC/TRC: a combined BSC and TRC on the same AXE.
This is suitable for medium and high capacity applications,
e.g. urban and suburban area networks. The node can handle
up to 1,020 transceivers (TRXs). 15 remote BSC'’s can be
supported from one BSC/TRC.

» Stand-alone BSC and stand-alone TRC: the stand-alone
BSC (without transcoders) is optimized for low and medium
capacity applications and is a complement to the BSC/TRC,
especially in rural and suburban areas. It caters for up to 300
TRX'’s. The stand-alone TRC is located at the MSC/VLR to
increase transmission efficiency. A stand-alone TRC can
support 16 remote BSCs.

Ri RBS

BSC

RBS RBS 16 Kb/s
full-rate
RBS
RBS
MSC/ BSC/
VLR TRC 16 Kb/s
full-rate RBS RBS
- 64 kbits/s
per call /
RBS RBS BSC
16 Kb/s RBS RBS
MSC/ full-rate
— TRC
VLR \ 33.8 Kb/s per full-rate call
BSC | AR
64 kbits/s RBS el %
per call RBS 16 Kb/s

full-rate

Figure 7-2 TRC utilization and transmission rates in BSS
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RADIO BASE STATIONS

Ericsson’s Radio Base Station (RBS) 2000 series of base stations
implements the GSM-defined BTS. This includes the following
RBS’s:

RBS 2101
RBS 2102
RBS 2103
RBS 2202
RBS 2301
RBS 2302
RBS 2302 MAXITE

RBS 2401

OTHER ACCESS NETWORK EQUIPMENT

&~ Did you know?

In Swveden, all three of
the mobile network
operators are working
with the national rail
company to ensure
coverage for
travellers. This
involves placing an
antenna on top of the
train and a leaky
cable running within
the length of the train.

Many mobile networks include additional equipment to provide
improved coverage. Examples of such equipment includes:

Repeaters. these are placed in locations throughout the access
network to repeat the digital signal from the MS and BTS.

This helps to reduce the BER and thus provide better quality
calls to subscribers. A typical location for a repeater may be
on top of a building

L eaky cable: this is simply a cable carrying the
electromagnetic energy,which has “holes” in it to leak out this
radio signal at regular intervals. This may be suitable in
areas,which are difficult to cover using traditional base station
equipment. For example, a leaky cable could be used to
provide coverage within an underground train system

EN/LZT 123 3321 R3A
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TRANSCODER CONTROLLER (TRC)

TRC FUNCTIONS

The primary functions of a TRC are to perform transcoding and
to perform rate adaptation.

Transcoding

As previously explained, the function of converting from the
PCM coder information (following A/D conversion) to the GSM
speech coder information is called transcoding. Thisfunctionis
present in both the MS and the BSS.

Rate Adaptation

Rate adaptation involves the conversion of information arriving
from the MSC/VLR at arate of 64 kbits/sto arate of 16 kbits/s,
or transmission to a BSC (for afull rate call). These 16 kbits/s
contains 13 kbits/s of traffic and 3 kbits/s of inband signaling
information.

Thisisan important function. Without rate adaptation the links

to BSC’ would require four times the data rate capabilities. Such
transmission capabilities form an expensive part of the network.
By reducing the rate to 16 kbits/s, it is possible to use one quarter
of the transmission links and equipment.

In Ericsson’s GSM systems, the TRC contains units, which
perform transcoding and rate adaptation. These hardware units
are called Transcoder and Rate Adaptation Units (TRAUS).

All TRAUs are pooled, meaning that any BSC connected to the
TRC can request the use of one of the TRAUSs for a particular
call.

The TRC also supports discontinuous transmission. If pauses in
speech are detected, comfort noise is generated by the TRAU in
the direction of the MSC/VLR.
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TRC IMPLEMENTATION

The TRC isimplemented on the AXE platform consisting of

& Did you know? standard APZ and APT subsystems and the following APT

subsystems:

In previous versions
of Ericsson’s GSM Subsystem Functions
systems the TRC did
not exist. Its function
were included as part
of the BSC. This has
?:fu”cg}ﬂggdea‘]{;"rate RTS: Radio Transmission and TRAU Handling
between the MSC and transport Subsystem
BSC sites, thus
reducing transmission

2]

ROS: Radio Operation and Transmission network
mai ntenance Subsystem management

network costs. Table 7-1 BSC Subsystems
RALT RTLTT
ETC ETC
MSC/VLR | | BSC

ETC ETC
| Group |
| Switch |
| —{mray] |
| |
| T T ! |
| | | : |
| ———- |
| [ST7! SRS : :
| T I l |

. h h 0
RP RPD “ RP| “ RP| “ RP| “ RP|
TT TT TT TT TT TT
e St St Bt Aty Rl il Rtk T=
e I T~~~ """~~~ ~—~

SP| cﬂ

Figure 7-3 TRC hardware configuration
The hardware that is specific tothe TRC is:

» Transcoder and Rate Adapter Unit (TRAU)
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BASE STATION CONTROLLER (BSC)

BSC FUNCTIONS

%~ Did you know?

During the initial
specification of GSM,
the radio-related
functions were
intended to be
included in the MSC.
However, the
increasing complexity
of the GSM radio
system led to the
requirement for more
dedicated radio
intelligence.

The BSC controlsamajor part of the radio network. Its most
important task isto ensure the highest possible utilization of the
radio resources. The main functional areas of the BSC are:

» Radio Network Management

* RBS Management

 TRC Handling

» Transmission Network Management

* Internal BSC Operation and Maintenance

» Handling of MS connections

Radio Network Management

Radio network management includes the following tasks:

* Administration of radio network data including:

— Cél Description Data (e.g. cell identity, BCCH channdl
number, maximum and minimum output powersin the cell,
RBStype, €tc.)

— System information data (e.g. information about whether
or not the cell is barred from access, maximum output
power allowed in the cell, BCCH channdl identitiesin
neighboring cells)

— Locating data (e.g. cell rank used in HCS and high traffic
load situations)

— Cadl load sharing data, i.e. parameters for forcing early
handovers from congested cells

» Traffic and event measurements: (e.g. number of call

attempts, congestion, traffic levelsfor acell, traffic levelsfor
an MS, number of handovers, number of dropped
connections, etc.).

* |dle channd measurement: the RBS collects statistics from

the MS’s about signal strength and quality. These statistics are
then used during the channel allocation process, so that a
channel with low interference is allocated for a call.

—-138 -
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RBS Management

Ericsson’s RBS implementation is transcei ver-orientated,
ensuring good redundancy features. This meansthat aslittle as
possible of the equipment is common to several transceivers.

This philosophy inevitably leads to a master dave relationship
between the BSC and the transcelversin the RBS. A logical
modéd of the RBSis built up within the BSC and RBS equipment
can belogically defined, connected and disconnected.

The main tasks of RBS management are:

* RBSconfiguration: thisinvolves the allocation of
frequencies to channel combinations and power levelsfor
each cell according to available equipment. If equipment
becomes faulty causing the loss of important channels,
reconfiguration of the remaining equipment is activated,
sacrificing lessimportant channels.

* RBS software handling: thisinvolves the control of program
loads.

* RBSequipment maintenance: RBS faults and disturbances
are recorded and logged continuoudly.

TRC Handling

Although TRAUs are located in a TRC, the BSC, as controller of
the radio resources of a GSM network, actually co-ordinates the
sourcing of aTRAU for acall.

During call set-up, the BSC instructs the TRC to allocate a TRA
devicetothecall. If oneisavailable, the TRC confirmsthe
alocation of a TRA device. The TRA deviceis considered to be
under the control of the BSC for the duration of the call.

Transmission Network Management

The transmission network for a BSC includes the links to and
from MSC/VLRs and RBS’s. This involves the following tasks:

» Transmission interface handling: this provides functions
for administration, supervision, test and fault localization of
the links to RBS’s. The BSC configures, allocates and
supervises the 64 kbits/s circuits of the PCM links to the RBS.
It also directly controls a remote switch in the RBS that
enables efficient utilization of the 64 kbits/s circuits.
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Internal BSC Operation and Maintenance

Operation and maintenance tasks can be performed locally in the
BSC or remotely from the OSS. Internal BSC operation and
maintenance involves the following features:

TRH maintenance: administration, supervision and test of
the TRansceiver Handler (TRH) is carried out in the BSC.
The TRH consists of both hardware and software. A TRH is
located on a Regional Processor for the Group switch (RPG).
One RPG thus serves several transceivers. There can be
several RPGsin the BSC.

Processor load control in the BSC: this function ensures
that during processor overload situations, a large number of
calls can still be handled by the BSC. If too many calls are
accepted, real time requirements such as call set-up times can
not be fulfilled. To prevent this, some calls need to be rejected
in situations of high load. Calls already accepted by the
system are given full service and are not affected by the
overload situation.

Handling of MS Connections

Call Set Up

Call set up involves the following processes:

Paging: the BSC sends paging messages to the RBS’s defined
within the desired LA. The load situation in the BSC is
checked before the paging command is sent to the RBS.

Signaling set-up: during call set-up, the MS connection is
transferred to an SDCCH allocated by the BSC. If the MS
initiated the connection, the BSC checks its processor load
before the request is further processed.

Assignment of traffic channel: after SDCCH assignment,

the call set-up procedure continues with the assignment of a
TCH by the BSC. As this takes place, the radio channel
supervision functions in the BSC are informed that the MS
has been ordered to change channels. If all TCHSs in the cell
are occupied an attempt can be made to utilize a TCH in a
neighboring cell.

—140 -
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During a Call

Themain BSC functions during acall are:

Dynamic power control in MSand RBS: theBSC
calculates adequate MS and BTS output power based on the
received measurements of the uplink and downlink. Thisis
sent to the BTS and the M S every 480 ms to maintain good
connection quality.

L ocating: Thisfunction continuously evaluates the radio
connection to the MS, and, if necessary, suggests a handover
to another cdll. This suggestion includes alist of handover
candidate cells. The decision is based on measurement results
from the MS and BTS. The locating process is being executed
in the BSC.

Handover: if the locating function proposes that a handover
take place, the BSC then decides which cell to handover to
and begins the handover process.

If the cell belongs to another BSC, the MSC/VLR must be
involved in the handover. However, in a handover, the
MSC/VLR is controlled by the BSC. No decision making is
performed in the MSC because it has no real time information
about the connection.

Frequency Hopping: two types of hopping are supported by
the BSC:

— Baseband hopping: this involves hopping between
frequencies on different transceiversin acell

— Synthesizer hopping: thisinvolves hopping from frequency
to frequency on the same transceiver in a cell

EN/LZT 123 3321 R3A
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BSC IMPLEMENTATION

The BSC isimplemented on a non-AM-based AXE platform
consisting of standard APZ and APT subsystems and the
following APT subsystems:

Subsystem Functions

RCS: Radio Control Subsystem » Radio network management

e Handling of MS connections

ROS: Radio Operation and » Transmission network
mai ntenance Subsystem management
* Internal BSC operation and
maintenance
RTS: Radio Transmission and * TRC Handling
transport Subsystem
TAS: Transceiver Administration | ¢ RBS Management
Subsystem
LHS: Link Handling Subsystem » Transmission network
management
Table 7-2 BSC Subsystems
ETC ETC
TRC | | RBS
ETC ETC

I Group |

| Switch |

| - . |

| |

| |

e Lses ] | |

| |

[]

RP RPD RP RPG E
ey S T
_________ [ L

|_I SP | |_I CPI|

Figure 7-4 BSC hardware configuration

The hardware that is specific to the BSC is:

» Regiona Processor for the Group switch (RPG)/TRansceiver
Handler (TRH)
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BSC/TRC

It is possible to combine the functions of the TRC and BSC in
one AXE-based node.

The subsystemsin a BSC/TRC are the same asthose used in a

stand-alone BSC.
ETC ETC
MSC/VLR I I RBS
ETC ETC
| Group |
I Switch I
| ————————1HHH!| |
| . - | |
| |
| | : |
| aee- N |
| 1ST7; SRS TRHY[ | |
| T I T |
RP RPD RP RPG RP RP
' T ' T ' I'T
e e Bl el B Tl B Kt -
e IT—- """ T ———-
1] 1] .
[se]  L[cr]

Figure 7-5 BSC/TRC hardware configuration
The hardware that is specific to the BSC/TRC is:

 RPG/TRH
« TRAU
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RADIO BASE STATION (RBS)

RBS INTRODUCTION

An RBS includes al radio and transmission interface equipment
needed on site to provide radio transmission for one or several
cdls.

The RBS 2000 family is Ericsson’s second generation of RBS
offering products with alow total lifetime cost'. Thisis achieved
by functions including long Mean Time Between Failure
(MTBF) performance and short Mean Time To Repair (MTTR).
In addition, this product lineis quick and easy to install thus
giving the possibility to achieve arapid network roll out.

RBS 2000 provides products for both indoor and outdoor
installations and is available for GSM 900, GSM 1800 and GSM
1900.

RBS 2102

Maxite - - - /I
! 1 o i [ o o
! |

s ;
1 1 ir

RBS 2101 =
AAU ! ————

ERBS 2302

2202
PBC

RBS 2l401 /

oooooooo

Figure 7-6 Examples of the RBS 2000 series

! Ericsson’s first generation of RBS for GSM was called the RBS 200 series
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RBS FUNCTIONS
RBS functionality can be divided into the following aress:

* Radioresources

» Signal processing

» Signaling link management

* Synchronization

» Loca maintenance handling

* Functional supervision and testing

Radio Resources

An RBS's main function isto provide connection with the MSs
over the air interface. Thisincludes the following tasks:

» Configuration and system start: site configuration involves
loading of software from the BSC and setting parameters
prior to system startup, including:

— Transmitter and receiver frequencies
— Maximum output power
— Base Station Identity Code (BSIC)

* Radio transmission: to transmit several frequencies using the
same antenna, a combiner or a set of combiners are needed.
Transmission power is controlled from the BSC.

» Radio reception: in addition to reception of traffic on the
physical channels, a primary RBS function the detection of
channel requests from M Ss (e.g. when a call is being made).

Access Signal strength!
burst! Quality!
Timing!

RBS

Figure 7-7 The RBS listening for channel requests and
measuring the uplink on an established connection
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Signal Processing

An RBS isresponsiblefor the processing of signals before
transmission and after reception. Thisincludes:

» Ciphering using the ciphering key

» Channd coding and interleaving

» Adaptive equalization

* Redlization of diversity

* Demodulation

Signaling Link Management

Synchronization

An RBS manages the signaling link between the BSC and M S,
applying the appropriate protocols to the information being sent.

Timing information is extracted from the PCM-links from the
BSC and is sent to a timing module within the RBS. That enable
the RBS to synchronize with the correct frequency reference and
TDMA frame number.

Local Maintenance Handling

An RBS enables operation and maintenance functions to be
carried out locally at the RBS site, without BSC connection. In
thisway, field technicians can maintain RBS equipment and
software on site.

Functional Supervision and Testing

Supervision and testing of RBS functions is supported, using
either built-in tests during normal operation or tests executed by
command.

— 146 -
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RBS 2000 IMPLEMENTATION

Test
<>

Local
Terminal
Interface

-4

Transport
Network
Interface

-

External
Alarms

All types of RBS within the RBS 2000 series have the following
characteristics:

Support for user flexibility by providing modular hardware

and software designs.

Transceiver oriented design, which stresses using asllittle
common equipment as possi ble ensuring dependable

performance.

Design and use are aimed at keeping system life cycle costs

low.

The RBS 2000 seriesis based on standardized hardware units
called Replaceable Units (RU). The major RU’s are:

Distribution switch Unit (DXU)
TRansceiver Unit (TRU)

Combining and Distribution Unit (CDU)
Power Supply Unit (PSU)

Energy Control Unit (ECU)

DXU

Timing Bus

Antenna
Systems

CDhu

TRU

Interface

Test MS
< Interface »

Antenna
Systems

TRU

CDhuU

Interface

Test MS
Interface

P

PSU
Local Bus ECU

Mains Supply
-

External Battery

-
External AC/DC Supply

Figure 7-8 Replaceable units in RBS 2000

—>
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Distribution switch Unit (DXU)

The DXU performs the following tasks:

* Provides an interfaceto the BSC

* Managesthelink resources and connects the traffic time dots
from the BSC link to the TRU'’s

» Controls signaling to the BSC and performs concentration

» Extracts synchronization information from the link and
generates a timing reference for the RBS

In addition, the DXU has a database which stores information
about installed hardware.

TRansceiver Unit (TRU)

One TRU includes all functionality needed for handling one
radio carrier (i.e. the 8 time slots in one TDMA frame). It is
responsible for radio transmitting, radio receiving, power
amplification and signal processing.

The TRU contains a radio frequency test loop between the
transmitter and the receiver. This facilitates TRU testing by
generating signals and looping them back.

TRU'’s are connected by a bus to enable frequency hopping.
Some RBS products can contain up to 6 TRUS.

Combining and Distribution Unit (CDU)

The CDU is the interface between the TRUs and the 2-way
antenna system. The task of the CDU is to combine signals to be
transmitted from various transceivers and to distribute received
signals to the receivers. All signals are filtered before
transmission and after reception using bandpass filters.

A range of CDU types have been developed to support different
configurations within the RBS 2000 family. They consist of
different types of CDUs, including:

» Without combiners

*  With hybrid combiners

» With filter combiners to support large configurations

CDUs with duplex filters make it possible to transmit and receive
using the same antenna.

—148 -
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4 TX INTO TWO DIVERSE RECEIVE ANTENNAS

J N

A-antenna B-antenna

|/

Duplexor ’ Duplexor

IR AR

T T d

= =l

TX1 TX2 TX3 TX4

Figure 7-9 Example of a CDU type C

Power Supply Unit (PSU)

The PSU rectifies the power supply voltage to the +24 VDC
necessary for RBS operation.

Energy Control Unit (ECU)

The ECU controls and supervises the power equipment and
regulates the environmental conditions inside the cabinet.

The RBS 2000 is pre-assembled at the factory including program
load and parameter settings making a quick startup possible.

Assembly can also be carried out on site. The RBS softwareis
downloaded from the BSC and stored in a non-volatile (flash
memory) program store. In aworking RBS, this flash memory
keeps cell down time low because traffic does not need to be
interrupted. Power failure recovery can also be done quickly.
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RBS 2000 IN A NETWORK

The Transmission Drop and Insert (TDI) function makes it

possible to connect RBS’s together. This is an important cost
saving feature of Ericsson’s RBS'’s, as an RBS need not be
connected to the BSC directly via a dedicated link. Instead it may
be more economic to connect that RBS to another RBS in the
region, thus saving on expensive transmission costs. The
following network topologies are supported:

e Star: this is the traditional architecture, where each RBS is
connected directly to a BSC

e Cascade: a cascade architecture includes RBS’s connected to
each other without a loop, thus using transmission resources
efficiently

* Loop: this architecture includes RBSs connected to each other
with a loop, ensuring that even if one link fails, another path
is available

Figure 7-10 Ericsson’s RBS 2000 Network Configurations
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RBS 2000 SERIES DESCRIPTIONS

DC mains
switch

ACCU

TM'space

Figure 7-11 RBS 2101

ﬁ} T———rsu

T ——— IDM/BDM

[T ———bDC/DC T™

RBSType L ocation Ma | Céls | Coverage | Dimensions(h- | Temperature
X. Type w-d) (mm) Range (°C)
TR
U
RBS 2101 | Outdoor 2 1 Macro 1285-705-450 -33...+55
RBS 2102 | Outdoor 6 1-3 Macro 1605-1300-760 -33...+45
RBS 2103 | Outdoor 6 1-3 Macro 2300-900-795 -33...+35
(GSM 900 only)
RBS 2202 | Indoor 6 1-3 Macro 1775-600-400 +5...+40
RBS 2301 | Indoor/Outdoor 2 1 Micro 535-408-160 -33...+45
RBS 2302 | Indoor/Outdoor 2 1 Micro 535-408-170 -33...+45
Maxite Indoor/Outdoor 2 1 Macro 535-408-160 -33...+45
(GSM 900 only)
RBS 2401 | Indoor 2 1 Pico 387-510-126 +5...+40
Table 7-3 RBS 2000 Series
/
-
| |
|
—————
an uni f— | i -
Fan unit—_ [ //?:gr?;ub
PU— Ul | ECU
TRU —_— | ——— DXU
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PSU
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Figure 7-12 RBS 2102
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Figure 7-13 RBS 2103
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Cowl
(Optional)

IDM

TRU

Cbu

Base frame

i 7
—«%,I)

S, Y l

Figure 7-15 RBS 2301. RBS 2302 is almost identical

535 mm

408 mm
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Mobile Stations

—— Chapter 8 ——

This chapter is desgned to provide the sudent with an overview of
the mobile station. It addresses mobile station components, their
functions, features, required specifications.

Thereis dso ashort introduction to some accessories.

OBJECTIVES:
Upon completion of this chapter the student will be able to:
List 2 important pieces of information stored on the SIM-card

List one advantage of having a separation between telephony
equipment (ME) and subscription (SIM-card)

\
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8 Mobhile Stations
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INTRODUCTION

The MS s the equipment used to access the network. The MS

-
Did you know? consists of two independent parts:

In addition to being . .

mobile networ k . .
infrastructure, Mobile Equipment (M E)

Ericssonisone of the A SIM card is an eectronic smart card which stores information
largest suppliers of about the subscription. The ME is the actual telephone termindl.

mobile phones.
SIM

Subscriber
Identity

Module

ME
Mobile
Equipment

Figure 8-1 Mobile station
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MOBILE STATION FUNCTIONS

TRANSMISSION AND RECEIPT

Mobile equipment

Transmitter

Receiver

Speech coding

Segmentation
8 kHz
13 bits

A/D-conversion

Transmitting part

Modulator Demodulator
[33.8 kbit/s [
Burst formatting Adaptive
Ciphering Equalization
- I
Interleaving De-ciphering
22.8 kbit/s De-interleavin
-1 Vi
Channel coding | 9
13 kbit/s

|Channe| decoding |

|Speech decoding |

-I D/A-conversion |

Receiving part

G

Figure 8-2 Transmission and receipt in an MS

As described previoudy, the transmission and receipt process in an
MS includes the steps shown in Figure 8-2.
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MEASUREMENTS MADE BY THE MOBILE STATION

The measurements made by an MS are used in making decisons
about sgnd strength and handovers. Measurements are taken in both
idle and active mode.

Idle Mode
Cell sdlection ismade at “power on” of the mohile:

1. Themohile scansdl radio frequency channdsin the GSM
system and calculates average levels for each. The mobile tunes
to the strongest carrier and determinesif itisaBCCH carrier. If
30, the mobile reads the BCCH information to find out if the cell
islocked (e.g. chosen PLMN, barred cell, etc.). Otherwise the
mobile tunes to the second strongest carrier, and so on until a
vaid BCCH carrier isfound.

2. Themobile may optionaly include aBCCH carrier memory of
vaid BCCH carriersin the home PLMN. In this case it only
needs to search these carriers. If this ends unsuccessfully, the
mobile performsasin 1.

3. If novaid BCCH carrier isfound, but aBCCH carrier belonging
to another GSM network operator is found, the mobile will
display the message “ Emergency cdls only”. Every emergency
cal is permitted onto a GSM network, even if the subscriber has
not subscribed to the network the MS chooses.

Alternaivdy, if no valid BCCH carrier isfound, and no other
network can be found, the MS will display the message “No
network”. In this case no cdls (including emergency cdls) can be
made.

Once it hastuned to avadid BCCH carier, the mobile isinformed
which BCCH carriersit isto monitor for cell re-saection purposes.
These arethe BCCH cariersin neighboring cdls. A lis of the
strongest carriersis updated regularly by the MS as aresult of the
measurements.

EN/LZT 123 3321 R3B - 157 -



GSM System Survey

-
ERICSSON =

Active Mode

During acdl, the mohile continuoudy reports (via SACCH) to the
system how strong the received signd strength isfrom BTSs. Both
sggnd strength and quaity are measured onthe MS's“own” BTS.
These measurements are used by the BSC to make fast decisions
about target cells when a handover isrequired.

35
sIC

Signal Streng:h

Basc Sta:on ldentity Codo

Figure 8-3 Monitoring BCCH carriers

Measurements on neighboring cdlls during a cal takes place when
the mobileisidle, i.e when it isnot tranamitting or receiving.
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POWER SAVING FUNCTIONS

Discontinuous Transmission (DTX)

Discontinuous Transmisson (DTX) isamethod of saving beattery
power for the MS. An MSwith the DTX function detects the input
"voice' and turnsthe transmitter ON only while "voice' is present.
When thereis no voice input, the transmitter is turned OFF.

When the M S detects that speech is absent during the conversation,
it sendsout asignd cdled “Pogt” to report a transmission output
state OFF for the TCH. Conversely, when the M S detects that
gpeech is present again, it sends out asignd caled “Pre’ to report
the transmission output state ON for the TCH.

The Post sgnd incorporates background noise information from the
MS, which enables the TRAU to generate background noise. This
ensures that the other subscriber on the cal hears something and
does not think that the mobile subscriber has ended the cal.

The M S tranamits the Post signal periodicaly during a speech pause,
to enable the BTS to update the background noise.

Discontinuous Reception (DRX)

Another method used to conserve power a the MSis Discontinuous
Reception (DRX). The paging channel, used by the BTS to Signd an
incoming call, is structured into sub-channdls. Each MSis assigned
one of these sub-channels and needs to listen only to its own sub-
channd. In the time between successive paging sub-channdls, the
mobile can go into “degp mode’, when amost no power is used.

EN/LZT 123 3321 R3B
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MOBILE STATION CLASSES

Different types of M Ss have different output power capabilities and
therefore different ranges. Hand-held phones generdly have alower
output power and consequently a shorter range than a vehicle-
mounted phone. The output power varies according to the distance
from the BTS. The further away from the source, the wesker the
sgnd will be

According to GSM specifications, MSs are categorized into five
classes according to M S output power. These classes are listed in

the following table:
Class Type Maximum output power
GSM 900 | GSM 1800 | GSM 1900
1 Vehide& |Undefined |1 Watt 1 Watt
trangportable
2 Vehide& |8 Watts 0.25 Watts | 0.25 Watts
trangportable
3 Hand-held |5 Waitts Undefined | Undefined
4 Hand-hed |2 Watts Undefined | Undefined
5 Hand-hdd |0.8Watits |Undefined | Undefined

Table 8-1 MS Power Classes

The location of the M S aso affects the received power of the
transmitted sgnal. An MSlocated & the top of ahigh building hasa
greater range than onethat islocated at or below ground level.
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ERICSSON MOBILE PHONES

%~ Did you know?

In the film“ Tomorrow
Never Dies’ , James
Bond used various
Ericsson phones,
including a specially
developed concept
phone: JB 988

GSM 900 GSM 1800 | GSM 1900
GF 388 SH 888 CA 318
GA 318 T28s CH 337
GO 118 T10s CF 337
GH 337 T18s CF 688
GF 337 R250sPRO | | 888
GH 218 A1018s T18z

TH 337 T28world
S 868

SH 888

| 888

T28s

T10s

T18s

R250sPRO

A1018s

T28world

Table 8-2 Ericsson's range of GSM phones

Ericsson offers awide range of mobile phonesfor mgor cdlular
standards. For GSM done, Ericsson has over thirty models.

Figure 8-4 James Bond’s mobile phone, designed by Ericsson
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EXAMPLE OF ERICSSON'’'S GSM PHONES

T28s

Ericsson T28sis the smdlest and most innovative mobile phone
produced by Ericsson to date. Based on new technology and a
unique design platform the phone’s exterior festures a new, arched
design, which creates a series of findy balanced contours lending it
al the clarity and sophidtication traditionaly associated with
Scandinavian design. T28sisfinished in arange of didinctive colours
and houses the most up-to-date technology including a new menu
system that is easily navigated. T28sisfor GSM 900 and

GSM 1800.

Figure 8-5 Ericsson's T28s
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SUBSCRIBER IDENTITY MODULE (SIM)

A key feature of the GSM standard is the Subscriber 1dentity
Module (SIM) card. A SIM card contains information about the
subscriber and must be plugged into the ME to enable the subscriber
to use the network. With the exception of emergency cals, MSs can
only be operated if avaid SIM is present.

The SIM stores three types of subscriber related information:
Fixed data stored before the subscriptionis sold: eg. IMSI,
authentication key and security agorithms

Temporary network data: e.g. the location area of the subscriber
and forbidden PLMNs

Service data e.g. language preference, advice of charge

GSM phase 1 SIMs contain all necessary network control
information, while phase 2 SIMs include a large number of extra
features such as alanguage identifier and a preferred language
option.

TYPES OF SIM CARD

ID-1 SIM

Two physical types of SIMs are specified. These arethe ”ID-1
SIM” and the "Plug-in SIM”. The logical and dectricad interfaces are
identical for both types of SIM.

The format and layout of the ID-1 SIM comply with |SO standards
for Integrated Circuit (IC) cards (i.e. credit card Sze).

SIM CARD

1' Ericsson
J Training

Figure 8-6 ID-1 SIM card
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Plug-in SIM

The plug-in SIM issmdler than the ID-1 SIM. It isintended for
semi-permanent inddlation in the ME.

SIM CARD

|E I== Ericsson
= = Training

Figure 8-7 Plug-in SIM card

SECURITY FEATURES

GSM defines a number of security festures to be supported by
SIMs. These are:

Authentication dgorithm, A3

Subscriber authentication key, Ki

Ciphering key generation agorithm, A8

Ciphering key, Kc

Control of access to data stored and functions performed in SIM

SIM INFORMATION STORAGE REQUIREMENTS

A SIM contains information for GSM network operations. This
information can be related to the mobile subscriber, GSM services or
PLMN.

The data storage requirements of a SIM are divided into two
categories. mandatory and optiond.
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Mandatory storage
A SIM mugt provide storage capability for the following:
Adminigrative information: describes the SIM’ s mode of

operation, e.g. normd or type gpproval

|C card identification: unique information identifying the SM and
the card issuer

SIM sarvice table: indicates which optiond services are provided
by the SIM (eg. last numbers didled, cdl length indication,
PLMN selection, etc.)

International Mobile Subscriber Identity (IMS)): an identity-
number used by the network to identify the subscription

Location information: comprising LAI, current vaue of periodic
location updating timer and location update Status

Ciphering key (Kc) and ciphering key sequence number
List of carrier frequencies to be used for cdl selection
Forbidden PLMNs
Language preference: subscriber's preferred languages
The location information, K¢ and the K¢ sequence number may be
updated at each call termination.

In addition the SIM must be able to manage and provide storagein
accordance with the security requirements:

Personal |dentification Number (PIN)

PIN enabled / disabled indicator

PIN error counter

PIN Unlock Key (PUK)

PUK error counter

Subscriber authenticetion key (Ki)
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SUBSCRIBER DATA STORED IN THE MOBILE EQUIPMENT

All subscriber related information transferred to the ME during
operation must be deleted after the removal of the SIM or
deectivation of the MS. Examples of such information are the PIN
and the PUK codes.

PIN MANAGEMENT

A SIM isrequired to have aPIN function even if it is deactivated by
auser. The PIN consgts of 4 to 8 digits.

Aninitia PIN isloaded by the network operator at subscription time.
Afterwards the PIN, including the length, can be changed by the
user. In addition, the user can decide whether to use the PIN
function or not by activating an appropriate SIM-ME function caled
the PIN disabling function. The PIN is disabled until the user changes
the status of the function. This PIN disabling function can be blocked
at subscription time by a person authorized to do so.

If an incorrect PIN is entered, the user isinformed. After three
consecutive incorrect entries the SIM is blocked, even if between
attempts the SIM has been removed or the MS has been switched
off.

BLOCKING/UNBLOCKING OF SIM

When a SIM is blocked GSM network operations are forbidden.
To unblock the SIM, the user must enter the PIN Unblocking Key,
PUK.

The PUK isan 8 digit numerical code. If the PUK is entered
incorrectly the user isinformed. The user can make 10 attemptsto
enter the PUK before the system blocks entry, in which case the
subscriber must contact their network operator.
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MOBILE STATION FEATURES

An MSfesture is defined as a piece of equipment or a function which
relates directly to the operation of the MS.

TYPES OF MS FEATURES

MS features are defined as mandatory or optional. Mandatory
features mugt be implemented as long as they pertain to the MStype.
The choice of implementing optiond festuresis left up to the
manufacturers. Manufacturers are responsible for ensuring that the
MS features neither conflict with the air interface nor interfere with
the network, any other MS, or the MS itsdlf.

Standardization of aminimum set of features is desrable to make a
smple and uniform set of M S features independent of the MS
manufacturer and type. This minimum st includes dl the mandatory
features.

There are three categories of M S features.

Basic: Basc MSfeatures are directly related to the operation of
basi ¢ telecommunication services. Each feature is classed as being
mandatory or optional.

Supplementary: A supplementary M S fegture is directly related
to the operation of the supplementary service (e.g. display of
cdling line number). All supplementary M S features are optiond.

Additional: Additiond features are neither basic nor
supplementary. All additional M S festures are optiond.

EN/LZT 123 3321 R3B
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BASIC MOBILE STATION FEATURES

Mandatory

Display of called number: Thisfeature enablesthe cdler to check
that the selected number is correct before call set-up.

Dual Tone Multi Frequency function (DTMF): The MS must be
ableto send DTMF tones. Thereis specid functionin MSC to
generate DTMF tones. MS just sends adigital sgnd to this function
in MSC.

Indication of call progress signals: Indications are given such as
tones, recorded messages or avisud display based on signding
information returned from the PLMN. On data cdlls, thisinformation
may be sgnded to the Data Terminating Equipment (DTE).

Country/PLMN indication: The country/PLMN indicator showsin
which GSM/PLMN the MSis currently registered. Thisindicator is
necessary 0 that the user knows when roaming is taking place and
that the choice of PLMN is correct. Both the country and PLMN

are indicated. When more than one GSM/PLMN isavalableina
given areathisinformation is indicated.

Country/PLMN selection: If more than one GSM/PLMN is
available, the user must have the ability to sdect their preferred
choice.

Serviceindicator: The user isinformed that there is adequate sgna
srength (asfar as can be judged from the received sgnd) to dlow a
cal to be made and that the M S has successfully registered on the
selected PLMN. This can be combined with the Country/PLMN
Sdection.

Subscription identity management: The IMSl is part of the SIM
card and is physicaly secured and standardized in the GSM system.
If the user can remove the SIM, its remova detaches the MS from
the network causing acal in progress to be terminated, and
preventing the initiation of further cals (except emergency cdls).

International M obile station Equipment Identity (IMEI): Each
MS must have a unique identity and must tranamit this if requested by
the PLMN. The IMEI isincorporated into a module which is built
into the MS and is physicdly secured. The implementation of each
individua module isto be carried out by the manufacturer.
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Support of A5/1 and A5/2: Provisons are made for support of up
to seven dgorithms as well asthe support of ‘no encryption’. Itis
mandatory for A5/1 and A5/2 and non encrypted mode to be
implemented, but other algorithms are optiond.

Short message indication and acknowledgment: Thisfegture
dlows ddivery of short messagesto aMS from a service center.
Such messages are submitted to the service center by a
telecommuni cations network user who can aso request information
on the message status from the service center. The service center
then transmits the message to the active MS user.

The MS must therefore provide an indication to the user that a
message has been received from the service center and must dso
send an acknowledgment signal to the PLMN, to show that this
indication has been activated. The PLMN then returns this
acknowledgment to the service center.

Short message over flow indication: An MS user usng the short
message service will be informed when an incoming message cannot
be recelved due to insufficient memory.

Emergency call capabilities: It must be possible to make an
emergency cdl even without avaid SIM.

EN/LZT 123 3321 R3B
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Optional

On/Off switch: The MS can be equipped with the means of
switching its power supply on and off. Switch-off is generdly “soft”,
so that the M'S compl etes housekeeping functions, such as
deregidration, before actualy switching off.

Keypad: A physcd means of entering numbers, generdly in
accordance with the layout below:

abc def

Figure 8-8 Keypad

DTE/DCE interface: Thisisastandard connector for attaching
Data Terminating Equipment (DTE)/Data Communication Equipment
(DCE) to an MS and is used with data services.

ISDN 'S terminal interface: A standard connector for attaching
equipment to ISDN.

Inter national accessfunction (‘+ key): Thisenadbles adirect,
gtandard method of gaining internationa access. For this purpose, the
MS may have akey whose primary or secondary function is marked
“+”. This has the effect of generating the Internationa Access Code
(IAC) in the network. Thisis useful because the IAC varies from
country to country and may be unknown by a subscriber who is
roaming internationdly.

Short Message Service Cell Broadcast (SM SCB) screening:
This feature enables the user of the MS to receive only those
broadcast messages that are of interest to the user and in this way
save on consumption of battery power. This may be useful inthe
future to ignore advertisements sent as short messages.

- 170 -

EN/LZT 123 3321 R3B



ERICSSON 2

8 Mobile S

tations

SUPPLEMENTARY MOBILE STATION FEATURES

Chargeindication: Thisfeature endbles the display of charging
information provided by the PLMN on a per cdl basis.

Control of Supplementary Services. It is mandatory that
Supplementary Services can be controlled from the MS.

ADDITIONAL MOBILE STATION FEATURES

Abbreviated dialing: The feature stores afull directory number or
part of adirectory number in the MS with the abbreviated address.
After retrievd, the directory number may appear on the display. An
incomplete directory number must be supplemented by means of the
keypad function or a second stored number. The full directory
number is then transmitted on the radio path.

Fixed number dialing: Usng thisfeature in conjunction with an
electronic lock makes it possible to place abar on caling any
numbers other than those pre-programmed into the MS. There are
two sub-categories to this service:

All cdls are made to only one predetermined number.

Cadlls can be made to severd predetermined numbers. The
required number is selected by means of an abbreviated address
code.

Sub-addresses may be added to the predetermined number.

In both cases, the actud directory number is transmitted on the radio
path.

Barring of outgoing calls. Thisfeature dlows outgoing calsto be
blocked with the exception of emergency cdls. The barring condition
may be activated/deactivated by using a key word.

The barring may be sdective, that is, gpplied to individua services,
individua cal types (eg. long distance, internationa calls) or
supplementary services. No network signding is involved.

DTMF control digits separator: This enables subscribers to enter
DTMF digits with a telephone number. When the cdled party
answers, the ME automaticaly sends the DTMF digitsto the
network after adelay of three seconds. This may be useful for

ng a voice mailbox, when the subscriber knows the actions
which they wish to perform. For example, the sequence 087

EN/LZT 123 3321 R3B
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5551234#31 may did the mailbox (087 5551234) access menu 3
and delete message 1.

Call charge units meter: The MS may incorporate a cal charge
unitsindicator. Thiscal charge indicator gives information about the
actud call charge units consumed during the last conversation or
information about accumulated cal charge units for eech PLMN.

Selection of directory number in short messages: The short
message (point-to-point mobile-terminated or mobile-originated, or
cell broadcast) can be used to convey adirectory number which the
receiver wishesto cal. This can beindicated by enclosing the
directory number in apair of inverted commas

!

If the displayed message contains these characters enclosing a
directory number then acall can be set up. The message can contain
more than one directory number, in which case the receiver selects
the desred one. This sarvice is useful for giving someone atelephone
number viaSMS.

Last numbersdialed (LND): The MS can storethe last ‘N’
numbers dided in the SIM and/or the ME. ‘N’ can take the value up
to 10 in the SIM but there is a greater number Storage capacity inthe
ME.

-172 - EN/LZT 123 3321 R3B



=
ERICSSON = 8 Mobile Stations

EXAMPLES OF ERICSSON’S ACCESSORIES

CHA-01
The chatboard is a snap-on keyboard, which together with a mohbile
phone makes rapid messaging over SMS and e-mail possble, as
well as editing a persond Ste on the Internet. This innovative tool is
the firgt product of its kind on the market.
Figure 8-9 Ericsson’s chatboard CHA-01

MC 218

The Ericsson Mobile Companion MC 218 incorporates a broad set
of features specificdly relaed to mobile life incduding WAP-
functiondity and the EPOC operating system. Designed for Stuations
when requirements go beyond voice communication, this advanced
mobile companion ensures that multi-form business communications
are aways at hand. Supplied with an Ericsson Infrared Modem for
ultimate wireless connectivity, the MC 218 works together with most
Ericsson GSM mobile phones.

Figure 8-10 Ericsson MC 218
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MP3 HANDSFREE HPM-10

No more need to unplug your music and plug in your portable
handsfree. Just put the two earpieces in your ears, sart the high
qudity audio player and listen to your favorite musc in the stereo
earpieces. Incoming cals are channeled through both earpieces and
the cord features a microphone to speak into and a button to answer
cdls with. If you ligen to the music when you receive an incoming
cdl, the sound from the player will automaticaly be mued and you
may answer the cdl with the button on the cord. The high qudity
audio player is completely controlled and powered by the mobile
phone- no extra batteries or pace consuming buttons or display.

BLUETOOTH

Bluetooth is alow power radio technology being developed with the
objective of replacing the wires currently used to connect dectronic
devices such as personad computers, printers and a wide variety of
handheld devices such as pam top computers and mobile phones.

Bluetooth operates in the 2.4 GHz band and devices equipped with
bluetooth should be capable of exchanging data at speed up to 720
kbit/s a ranges up to 10 meters. Thisis achieved using a transmisson
power of ImW and the incorporation of frequency hopping to avoid
interference. If the receiving device detects that the transmitting
device is doser than 10 meters it will automaticdly modify its
transmitting power to suit the range. The device should aso shift to a
low-power mode as soon as traffic volume becomes low or ceases
atogether.

Figure 8-11 Ericsson'’s first Bluetooth product, a Bluetooth(TM)
Headset
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WAP-WIRELESS APPLICATIONS PROTOCOL

WP is a technology design to provide users of mobile terminas with
ragpid and efficient access to the Internet. WAP is a protocol
optimized, not only for the use on the narrow band radio channds
used by second generation digitd wirdess systems, but dso for the
limited display capabilities and functiondity of the display sysems
used today’s mohbile terminds. WAP integrates telephony services
with microbrowsing and enables easy-to-use interactive Internet
access from the transactions, on line banking, information
provisoning and messaging. WAP will enable operators to develop
innovative services to provide differentiation in competitive market
environments.

MOBILE PHONE R320

The R320 is Ericsson’s firg phone featuring a WAP browser.
Developed as an advanced business tool, it offers the very best in
cutting-edge technology and contains dl the advanced
communication hardware required to stay connected while on the
move. The R320 is aso equipped with a new and improves user
interface that makes it Smpleto use,

Figure 8-12 Ericsson R320
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Traffic Cases

—— Chapter9 ——

This chapter is desgned to provide the sudent with an overview of
traffic cases. It describes the interaction between network e ements
in different traffic cases.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

List 1 purpose per GSM ID-number (MSISDN, IMSI, TMSI,
MSRN and LAI) and why we use these.

Briefly explain the meaning of handover, locating and location
updating.

Briefly explain how atraffic case works: Mention 3 nodes, their
role and in what order they areinvolved

\
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GSM NETWORK IDENTITIES

Network identities are numbers that a GSM network usesto locate a
mobile subscriber when it is establishing a cdl to that subscriber. As
the network relies on these identities to route cdls to subscribers, it is
important that each identity is unique and correct.

Numbering plans are used to identify different networks as specified
by the International Telecommunications Union -
Tdecommunications (ITU-T). For atelephone number in the
PSTN/ISDN network, ITU-T's numbering plan E.164 is used.
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SUBSCRIBER-RELATED IDENTITIES

Mobile Station ISDN number (MSISDN)

The Mobile Station ISDN number (MSISDN) uniquely identifiesa
mobile telephone subscription in the PSTN numbering plan. Thisis
the number dided when cdling amobile subscriber. Asthe
MSISDN isthe actud telephone number of the mobile subscriber, it
isthe only network identity that subscribers are aware of. All other
network identities discussed in this chapter are for interna network
use and subscribers do not need to be aware of them.

CME 20 MSISDN

In CME 20, the MSISDN conssts of the following:

cC NDC SN

< »
- Ll
National mobile number

»
>

A

International Mobile Station
ISDN number

Figure 9-1 CME 20 MSISDN

CcC Country Code
NDC Nationa Destination Code
SN Subscriber Number

An NDC is dlocated to each PLMN. For example, in Ireland the
NDC's 086 and 087 indicate the PLMN's of two different network
operators. In some countries, more than one NDC may be required
for eech PLMN. The international MSISDN number may be of
variadle length. The maximum length is 15 digits, prefixes not
included. A German subscriber caling an Irish GSM subscriber
would did the following number:

Internationa prefix in Germany CC [ NDC | SN
00 353 | 87 1234567
Table 9-1 CME 20 MSISDN
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CMS 40 MSISDN

In CMS 40, the MSISDN congsts of the following:

cC NPA SN

\/

<
<«

National mobile number

A
\/

International Mobile Station
ISDN number

Figure 9-2 CMS 40 MSISDN

CcC Country Code
NPA Number Planning Area
SN Subscriber Number

The NPA isdlocated to each GSM 1900 PLMN. The length of
MSISDN is determined by the structure and operating plan for each
operator. The maximum length is 15 digits, prefixes not included. A
Swedish subscriber caling a Canadian GSM 1900 subscriber would
did the following number:

Internationd prefix in Sveden CC | NDC | SN

00 1 514 555 1234

Table 9-2 CMS 40 MSISDN
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International Mobile Subscriber Identity (IMSI)

The Internationad Mobile Subscriber Identity (IMS) isaunique
identity alocated to each subscriber that facilitates correct subscriber
identification over the radio path and through the network. It is used
for dl Sgnding in the PLMN. All network related subscriber
information is connected to an IMSI. The IMS| is stored in the SIM,
the HLR and in the sarving VLR.

The IMS congsts of three different parts:

Maximum 15 digits

<
<

\

3 digits 2-3 digits
B e <>
MCC MNC MSIN
National MSI
IMS|
Figure 9-3 IMSI

MCC Mobile Country Code
MNC Mobile Network Code
MSIN Mobile Station Identification Number

According to the GSM specifications, the IMS has a maximum
length of 15 digits.

Temporary Mobile Subscriber Identity (TMSI)

The Temporary Mobile Subscriber Identity (TMS]) is atemporary
IMSI number made known to an MS at registration. It isused to
protect the subscriber's identity on the air interface. The TM S has
locad sgnificance only (thet is, within the MSC/VLR ared) and is
changed at time intervas or when certain events occur such as
location updating. Every operator can chose TMS! structure, but
should not consist of more than 8 digits.
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EQUIPMENT-RELATED IDENTITIES

International Mobile Equipment Identity (IMEI)

The Internationd Mobile Equipment Identity (IMEI) is used to
uniquely identify MS equipment to the network. The IMEI is used for
security procedures such as identifying stolen equipment and
preventing unauthorized access to the network. According to the
GSM gspecifications, IMEI has atotd length of 15 digits, and conssts

of the following:
6 digits 2 digits 6 digits 1 digit
TAC FAC SNR Spare
= IMEI >
Figure 9-4 IMEI
TAC Type Approva Code, determined by acentrd GSM
body
FAC Find Assembly Code, identifies the manufacturer

SNR Serid Number, an individua serid number of S digits
uniquely identifies dl equipment within eech TAC and
FAC

spare A spare digit for future use. When tranamitted by the
MS this digit should dways be zero
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International Mobile Equipment Identity and Software Version
number (IMEISV)

The International Mobile Equipment Identity and Software Verson
number (IMEISV) provides a unique identity for every MS and aso
refersto the verson of softwarewhich isingaled inthe MS. The
version of software isimportant asit may affect the services offered
by the MS or its speech coding capabilities.

For example, mobile networks need to know the M'S speech coding
cgpabilitieswhen acdl isbeing made (i.e. haf rateffull rate, etc). This
will be indicated by the IMEISV.

The IMEISV congsts of the following:

6 digits 2 digits 6 digits 2 digits
<+—> <“—> <> —>
TAC ’ FAC ’ SNR SVN
IMEISV .
Figu
re 9-5 IMEISV
SVN Software Verson Number alows the mobile

equipment manufacturer to identify different software
versons of agiven type gpproved mobile. SVN vaue
99 isreserved for future use
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LOCATION-RELATED IDENTITIES

Mobile Station Roaming Number (MSRN)

The Mobile Station Roaming Number (MSRN) is atemporary
network identity which is assgned during the establishment of acall
to arocaming subscriber. More information about the use of MSRN
can befound in the "Traffic Cases' section later in the book. The
MSRN consists of three parts.

CccC NDC SN

A
v

MSRN
Figure 9-6 MSRN

Note: Inthiscase, SN isthe address to servicing MSC/VLR. SN=
Servicing Node

Location Area Identity (LAI)

The Location Area ldentity (LAI) isatemporary network identity,
which is aso required for routing. The two main purposes of the LAI
are

1. Paging, which isused to inform the MSC of the LA in which the
MSis currently Stuated

2. Location updating of mobile subscribers

The LAI contains the following:

3 digits 2-3 digits Max. 16 bits
MCC MNC LAC
< N >
Figure 9-7 LAI
LAC Location Area Code, the maximum length of LAC is

16 bits, enabling 65,536 different location areas to be
defined in one PLMN
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Cell Global Identity (CGl)

The Cell Globdl Identity (CGl) is used for identifying individual cells

& Did you know? within aLA. Cdl identification is achieved by adding a Cell 1dentity
() to the LAI components. The CI has amaximum length of 16
The maximum number bits.
of cell identitiesin
one operator's The CGI consists of:
network is
approximately 4.3 o o _ _
billion (65,536X 3 digits 2-3 digits Max. 16 bits Max. 16 bits
65,536)
MCC ’ MNC ’ LAC ’ (o] ’

> »
« >

Location Area ldentity

<
<

\4

Cell Global Identity Fig
ure 9-8 CGl
Base Station Identity Code (BSIC)

The Base Station Identity Code (BSIC) enables MSsto distinguish
between different base stations sending on the same frequency.

The BSIC condgts of:

NCC BCC

A
A

BSIC
Figure 9-9 BSIC

NCC Network Color Code (3 bits) identifies the PLMN.
Note that it does not uniquely identify the operator.
NCC isprimarily used to distinguish between
operators on each side of a border

BCC Base Station Color Code (3 hits) identifies the Base

Station to help distinguish between RBS using the
same control frequencies
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Location Number (LN)

The Location Number (LN) isanumber related to a certain
geographical area, which the network operator specifies by “tying”
the location numbersto cells, location areas, or MSC/VLR sarvice
areas.

The LN is used to implement features like regional/loca subscription
and geographica differentiated charging.

The LN conggts of the following:

CccC NDC LSP

A
A\

LN

Figure 9-10 LN
LSP Locdly Significant Part
Regional Subscription Zone Identity (RSZI)
For each regional subscription, zones/regions need to be defined.
Thisis achieved by using the Regiona Subscription Zone Identity
(RZ1).

The RXZI congg of the following:

CccC ’ NDC ’ zZC

A
\/

RSZI
Figure 9-11 RSZI

ZC The length of the Zone Code, istwo octets
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SUBSCRIBER IDENTITY CONFIDENTIALITY

Subscriber identity confidentidity meansthat the IMS is hot
disclosed to unauthorized individuals, entities or processes.

This function protects a subscriber’ s identity when the subscriber is
using PLMN resources. It also prevents tracing the mobile
subscriber’ s location by listening to the signaling exchanges on the
radio path.

Subscriber Identity Confidentiality Procedure

Each time amobile station requests a system procedure (e.g. location
updating, call attempt or service activation), the MSC/VLR can
dlocate anew TMSl to an IMSI. The MSC/VLR transmits the
TMSI to MSthat soresit on the SIM card. Signding between
MSC//LR and MS utilizes only the TMS from this point on. Thus,
the real subscriber identity, IMS, is not transmitted over theradio

path again.

TMS ishdf thelength of IMS; thus alowing twice as many MSsto
be paged in the same paging message.

IMSI isonly used in cases when location updating fails or when the
MS has no alocated TMSI.
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TRAFFIC CASES: MS IN IDLE MODE

MSC/VLR-B
(LA3)

IMS1 attach
Location updating, type IMSI| attach
Changing cells within an LA

Location updating, same MSC/VLR
Location updating, new MSC/VLR

Location updating type periodic registration
IMSI| detach

Implicit detach

0 N O O b~ W NP

Figure 9-12 Traffic cases when MS is in idle mode
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ATTACHING TO THE NETWORK

IMSI attach

When an MSis switched on, the IMS| attach procedure is executed.

Thisinvolves the following steps

1. TheMS sendsan IMS attach message to the network indicating

that it has changed state to idle.

2. The VLR determines whether there is arecord for the subscriber
aready present. If not, the VLR contacts the subscriber’ sHLR

for acopy of the subscription informeation.
3. The VLR updatesthe MS atustoidle.

4. Acknowledgement is sent to the MS.

BSC/TRC

MSC/VLR

A

Figure 9-13 IMSI attach

Location Updating, type IMSI Attach

If the MS has changed LA while powered off, the IMS| attach

procedure may lead to an update to the location of the MS.

During IMS attach, the VLR may determine that the current LAI of
the MSis different from the LAl stored in the MS's subscription
information. If o, the VLR updates the LAI of the MS.

— 188 -
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ROAMING IN THE NETWORK

Changing Cells within an LA

MS s are congtantly moving around in the cdllular network. The MS
location information stored in the VLR isthe LA. If an MS changes
cdlswithinaLA, the network is not updated.

The MS knows that the new cell belongsto the same LA by listening
to the BCCH in the new cdll. The BCCH broadcaststhe cell’s LAI.
The MS comparesthe last LAI received with the new LALI. If they
are the same, it means that the M S has not changed LA's and does
not need to inform the network.

Location Updating, Same MSC/VLR

1.

A\

2/3////* 3

b X
=\ L VLR
‘ ﬁ BSC/TRC MSC
o=

If an MS detects a change in LAl on the BCCH, it informsthe
network. When the M S sends the Location Updating message, the
MSC/VLR determines whether itisan MS, which is dready
registered, or if it isan MSvigting from another MSC/VLR.

A AA

.YVV

Figure 9-14 Location updating, same MSC/VLR

1. TheMSligensto BCCH inthe new cdl to determine the LAI.
The received LAI information is compared to the old one. If they
differ, alocation update is necessary.

2. The MS egtablishes a connection with the network via SDCCH.
Authenticetion is performed.

3. If authentication is successful, the MS sends a L ocation Updating
Request to the system.

4. The sysem acknowledges L ocation Updating and requests RBS
and M S to release the sgnding channdl.

EN/LZT 123 3321R3B
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Location Updating, New MSC/VLR

When an MSroamsinto anew LA, location updating is performed.
However, unknown to the MS, the LA may belong to anew
MSC/VLR. When the Location Update Request is received by the
new VLR, it executes the procedure below.

\_‘J

% BSC/TRC

Figure 9-15 Location updating, new MSC/VLR

A

1. Authentication is performed. If authentication is successful, the
VLR checks its database to determine whether or not it has a
record for this M S-subscription.

2. When the VLR finds no record for the M S, it sends arequest to
the subscriber’ sHLR for a copy of the M S-subscription.

3. The HLR passesthe information to the VLR and updates its
location information for the subscriber. The HLR ingtructs the old
VLR to ddete the information it has about the M S-subscription.

4. The VLR goresits subscription informetion for the MS including
the latest location and status (idle). The VLR sends
acknowledgement to the MS.

Location Updating, type Periodic Registration

Periodic regigration is a festure which forcesMS sto send a
registration message to the network a predefined intervds. If an MS
should miss such aregigration, the network will mark the MS as
detached. This may occur if an MSisout of the area of coverage
and ensures that needless paging is not performed.

If the network uses periodic registration, the MS will be informed, on
the BCCH of how often periodic registration must be performed.
Periodic regigtration has an acknowledgment message. The MStries
to register until it receives this message.
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DETACHING FROM THE NETWORK

IMSI Detach

Implicit Detach

MS Purging

IMSl detach enables the MSto indicate to the network that it is
switched off. At power off, the MS sends an IMSl detach message
to the network. On reception, the VLR marks the corresponding
IMS| as detached. The HLR is not informed. No acknowledgement
issent to the M S,

If the MS sends an IMS detach message to the system and the
radio link qudity is poor, the syssem might not be able to decode the
information. Because no acknowledgment is sent to the MS, no
further attempt is made. In this case, the system ill regardsthe MS
as attached. If periodic regidtration isin use, the system will soon
determine that the MS is detached. The VLR then performs an
implicit detach, marking the M'S as detached.

MS purging is used to inform the HLR that the VLR is about to
remove a subscriber record from the VLR. The HLR then setsthe
MS purged flag and treets the subscriber as unreachable. This saves
unnecessary network signaling and database lookup.

For example, an UK MStravelsto Audraia and performs alocation
updatein an MSC/VLR in Augrdia Later, the subscriber travels
back to the UK, which takes some time. During this period, the
subscriber is not active.

If MS purging is not used, when a caler makes acdl to the MS, the
HLR identifiesthe MS as registered in the Australian MSC/VLR and
routes the cdl to it. The MSC/VLR then informs the HLR that the
subscriber is unreachable.

If MS purging is used; the UK subscriber’s record will have been
purged from the Audtrdian MSC/VLR. When acal ismade to the
subscriber, the HLR identifies the M S as unreachable and does not
contact the Austrdian MSC/VLR.

EN/LZT 123 3321R3B
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An MSisin active mode when thereisa call (speech, fax or data),

or acall set up procedure taking place.

MSC/VLR-B
<BSC/TRC
BSC/TRC
.\
2.
BSC/TRC

a B W N P

GMSC

MSC/VLR-A

Call from MS (speech, fax, data, short message)
Call to MS (speech, fax, data, short message, cell broadcast)
Handover - intra - BSC
Handover - inter - BSC, intra - MSC
Handover - inter - MSC

Figure 9-16 Cases which activate an MS and cases when MS is
in active mode
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CALL FROM AN MS

ar

—
BSC/TRC MSC/VLR 5. »> TE

This section describes what happens when a mobile subscriber wants

to set up avoice cdl to a subscriber in the PSTN. Data and text
message calls are described separately.

GSM/PLMN PSTN

[

TN

w

I

il

Figure 9-17 Call set-up MS to PSTN

1. TheMSuses RACH to ask for asgnding channdl.
2. The BSC/TRC dlocates asgnding channel, usng AGCH.

3. TheMS sendsacal set-up request via SDCCH to the
MSC/VLR. Over SDCCH dl sgnding preceding a call takes
place. Thisincludes:

Marking the MS as“active’ inthe VLR

The authentication procedure

Start ciphering

Equipment identification

Sending the B-subscriber’ s number to the network

Checking if the subscriber has the service “Barring of
outgoing calls’ activated

4. The MSC/VLR ingtructsthe BSC/TRC to dlocate an idle TCH.

The RBS and M S are told to tune to the TCH.

5. The MSC/VLR forwards the B-number to an exchangein the
PSTN, which establishes a connection to the subscriber.

6. If the B-subscriber answers, the connection is established.

EN/LZT 123 3321R3B
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CALL TO AN MS

The mgor difference between acal to an MSand acal froman MS
isthat inacdl to an MSthe exact location of the mobile subscriber is
unknown. Therefore, the MS must be located using paging before a
connection can be established.

Below is the description of the cal set-up procedure for acal from a
PSTN subscriber to amobile subscriber. A cdl froman MSto a
mobile subscriber operates according to the same process, the only
difference being that the GM SC is contacted by another MSC/VLR
instead of by a PSTN node.

GSM/PLM PSTN
3.
5.
1. Local 1 SN
GMsc | ocal |4 DX
exchange |

\/

MSC/VLR

|

|

|

|

|

I

|

|

|

|

|

|

A I
11. |
\A I
|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

Ay 2t

Figure 9-18 Call to MS from PSTN
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. The PSTN subscriber keysin the MS s telephone number

(MSISDN). The MSISDN isanadyzed in the PSTN, which
identifies that thisis acall to a mobile network subscriber. A
connection is established to the MS s home GM SC.

. The GMSC andyzes the MSISDN to find out which HLR the

MSisregigered in, and queries the HLR for information about
how to route the cdl to the serving MSC/VLR.

. TheHLR trandates MSISDN into IMS, and determines which

MSC/VLR iscurrently serving the MS. The HLR aso checksiif
the service, “Cdl forwarding to C-number” is activated, if so,
the cdll isrerouted by the GMSC to that number.

4. TheHLR requestsan MSRN from the serving MSC/VLR.
5. The MSC/VLR returnsan MSRN viaHLR to the GMSC.
6. The GMSC analysesthe MSRN and routes the call to the

MSC/VLR.

. The MSC/VLR knowswhich LA the MSislocated in. A paging

message is sent to the BSC' s controlling the LA.

. The BSC' s didtribute the paging message to the RBSsin the

desred LA. The RBS stranamit the message over the air
interface using PCH. To page the MS, the network usesan IMSI
or TMS vdid only in the current MSC/VLR service area.

. When the M S detects the paging message, it sends arequest on

RACH for a SDCCH.

10. The BSC provides a SDCCH, usng AGCH.
11. SDCCH isused for the call set-up procedures. Over SDCCH

al sgnding preceding a cdl takes place. Thisincludes:
Marking the MS as“active’ inthe VLR
The authentication procedure
Start ciphering
Equipment identification

12. The MSC/VLR ingructs the BSC/TRC to dlocate an idle TCH.

The RBS and MS are told to tune to the TCH. The mobile
phone rings. If the subscriber answers, the connection is
established.

EN/LZT 123 3321R3B
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Handover

The process of changing cellsduring acdl is caled handover in
GSM terminology. To choose the best target cell, the MS and the
RBS perform measurements. Because the MS contributes to the
handover decison, thistype of handover is often caled Mobile
Assisted HandOver (MAHO).

Locating

An MS continuoudy measures sgnd strength and qudity on it'sown
cell and sgnd srength on the BCCH carriers of the neighboring
cdls. The measurements are carried out on the downlink while MSis
in active mode. The measurement results are sent to the RBS on
SACCH a regular intervas.

The sarving RBS measures signd strength and qudity on the uplink.

MSC/TRC

Evaluation

BSC/TRC

and decision
about handover

RBS measures:
Signal strength and
transmission quality
on TCH, uplink

Measurement
reports from MS

are sent to RBS

1Y%
P =&

-

Measurements from RBS and MS

MS measures:

Signal strength and Signal strength
transmission quality from neighboring
on TCH, downlink BTS

Figure 9-19 Measurements sent to BSC

The measurements from the RBS and M S are sent to the BSC in the
form of measurement reports. Based on these reports, the BSC
decidesif ahandover is necessary and to which cdll. Thisiscaled

locating.

As soon as aneighboring cdl is considered to be better than the
serving cell, ahandover is attempted.

- 196 -
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Another reason for attempting a handover, apart from signa strength
and qudity, iswhen the Timing Advance (TA) used by M S exceeds
athreshold vaue set by the operator. This usudly happens when the
MS is moving over the cdll border to another cell.

When the MS has changed cdlls, the new RBS informsthe MS
about the new neighboring BCCH carriers so measurements can be
taken again. If the MS has dso switched to anew LA, alocation
updating type normd takes place after the cal hasfinished.

Handover can be used for load balancing between cdlls. During a call
setup in acongested cdll, the MS can be transferred to a cell with
lesstraffic if an acceptable connection qudity islikely to be obtained.
Ancther areawhere forced handover is a useful tool is maintenance,
Channels can be released from treffic if necessary, eg. for RBS

mai ntenance reasons.

There are severd types of handover, including:
Intra-cell handover
Handover between cdlls controlled by the same BSC

Handover between cells controlled by different BSC's, but the
same MSC/VLR

Handover between cells controlled by different MSC/VLRs

Each of these traffic cases is described in greater detall below. In
each case, the decision to perform a handover has dready been
made and atarget cell has been identified.

Intra-Cell Handover

A specid type of handover istheintra-cell handover. It is performed
when the BSC consders the quality of the connection too low, but
receives no indication from the measurements that another cell would
be better. In that case the BSC identifies another channel® in the
same cdl which may offer a better qudity, and the MSis ordered to
retuneto it.

! Note: the BSC will attempt to handover first to achannel on another frequency. If none are available, it will perform a

handover

EN/LZT 123 3321R3B
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Handover between Cells Controlled by the Same BSC

When performing a handover between two cdlls controlled by the
same BSC, the MSC/VLR is not involved. However, the MSC/VLR
will be informed when a handover has taken place. If the handover
involves different LA’s, location updating is performed once the cdll
isfinished.

old

BSC

new

Figure 9-20 Handover: cells controlled by the same BSC

1. TheBSC ordersthe new RBS to activate a TCH.

2. The BSC sends a message to the MS, viathe old RBS,
containing information about the frequency and time dot to
change to and aso the output power to use. Thisinformation is
sent to the MS using FACCH.

3. The MStunesto the new frequency, and transmits handover
access burgts in the correct time dot. Since the MS has no
information yet on TA, the handover burgts are very short (only 8
bits of informetion).

4. When the new RBS detects the handover burdts, it sends
information about TA. Thisisaso sent viaFACCH.

5. The MS sends a Handover Complete message to the BSC via
the new RBS.

6. TheBSC tdlsthe old RBSto release the old TCH.
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Handover between Cells Controlled by Different BSC’s but the
Same MSC/VLR

When another BSC isinvolved in a handover, the MSC/VLR must
adso be involved to establish the connection between the two BSC's.

l_l_l

old

4.
BSC/TRC
4. 1.
- _—
9 4.
. -~ B — MScC
\. N 8.
R -+
5.
T -
-
6. 2.
7. B —————
7. _— 4.
_
7.
_
new

BSC/TRC

Figure 9-21 Handover: different BSC’s but the same MSC/VLR
1. Theserving (old) BSC sends a Handover Required message to
the M SC containing the identity of the target cell.

2. The MSC knows which BSC controls this cdl and sends a
Handover Request to this BSC.

The new BSC orders the target RBS to activate a TCH.

The new BSC sends a message to the M S viathe MSC and the
old RBS.

> W

5. MStunesto the new frequency and transmits handover access
burgtsin the correct time dot.

When the new RBS sends informeation about TA.

MS sends a Handover Complete message to MSC viathe new
BSC.

M SC sends the old BSC an order to release the old TCH.
9. Theold BSC tdlsthe old RBS to release the TCH.

N o

©
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Handover between Cells Controlled by Different MSC/VLRs

Handover between cdlls controlled by different MSC/VLRs can only
be performed within one PLMN and not between two PLMN’s.
Cdls controlled by different MSC/VLRs dso meansthat they are
controlled by different BSC's.

GSM PLM | PsTN

11.

old
BSC/TRC

MSC-A

7.
-l
]

7
N
e

?i‘
4. 3.
-————— -
9. 5.
10.
10.
| -
P [ msc-B

new |
BSC/TRC

N
o

\i

Figure 9-22 Handover: cells controlled by different MSC'’s
1. Theserving (old) BSC sends a Handover Required message to
the serving MSC (MSC-A), with the identity of the target cell.

2. MSC-A identifies that this cell belongs to another MSC, (MSC—-
B), and requests help.

3. MSC-B dlocates a handover number to reroute the call. A
Handover Request is then sent to the new BSC.

4. Thenew BSC ordersthe target RBS to activate a TCH.

. MSC-B receives the information, and passesit on to MSC-A
together with the handover number.

6. Alinkisset up to MSC-B, possbly via PSTN.

7. MSC-A sends ahandover command to the M S, viathe old
BSC.

8. The MStunesto the new frequency and transmits handover
access burgts in the correct time dot.
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9. When the new RBS detects the handover burstsit sends
information about TA.

10. The M S sends Handover Complete message to the old MSC via
the new BSC and the new MSC/VLR.

11. A new path in the group switch in MSC-A is established, and
the cdll is switched through.

12. The old TCH is deectivated by the old BSC (not shown in the
picture).

Theold MSC, MSC-A, retains main control of the cdl until the cal
iscleared. Thisis because it contains the informeation about the
subscriber and call details such as charging.

After cdl release, the MS must perform location updating because a
LA never belongs to more than one MSC/VLR service area. The
HLR is updated by the VLR-B, and will inturn tel VLR-A to delete
al information about the mobile subscriber.

EN/LZT 123 3321R3B
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INTERNATIONAL TRAFFIC CASES

One of the primary features of GSM isthe ability to perform
international roaming and to handle internationd call cases. In order
for amobile subscriber to be able to make calswhileroaming in a
different GSM network, there must be an agreement between the
subscriber’ s home network operator and the visited network
operator. This aso gppliesto internationa roaming.

Although there are less significant affects on other traffic cases, the
two traffic cases that are affected most are outlined here.

IMSI ATTACH

When an MSisroaming internationdly, the following occurs:

1. TheMSisswitched on and scansal GSM frequencies within one
frequency band (e.g. GSM 900). It is searching for aBCCH
carrier. The MStunesto the BCCH carrier that has the strongest
ggnd srength and reads its sysem information. Thisincludes the
identity of the network operator.

2. The MS compares this network identity with the list of forbidden
PLMN'’sin the SSIM memory. Thisligt contains al network
identities, which the subscriber’ s home operator does not have an
internationa roaming agreement with. If the network, which the
MS has tuned to, is aforbidden network, the MS continues to
scan for a permitted network.

3. If the MS does not find a permitted network, but has identified a
forbidden network, it displays the message “Emergency Cdls
Only”. If the MSfinds a permitted network, it tunesto it and
sendsan IMS| attach message.

4. Theremainder of thistraffic caseisidenticd to that of the norma
IMS attach case, with the only difference being thet the
subscriber’ SHLR is located in another country.

CALL TO AN MS

When an MSisroaming internationdly and acal ismadetoit, the
procedure used isidentical to when the MSisin their home network.
The only mgor difference is that the GMSC and HLR used are in the
home network, while the MSC/VLR isin a network in another
country.
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DROPBACK FUNCTIONALITY

The following traffic case demondrates the advantages of usng
dropback functiondity. It involves two subscribers:

Subscriber A isfrom France and is located in France under the
control of the MSC/VLR-A.

Subscriber B isfrom Sweden but is currently roaming
internationdly in France under the control of the same
MSC/VLR-A.

1. Subscriber A cdls subscriber B. The call is routed internationaly
from France to Sweden.

2. The Swedish network then identifies that B is in under the control
of MSC/VLR-A in France and routes the call back to France.
The subscribers are connected to each other and continue their
cal.

Without dropback: the speech on the call goes through the
GMSC in Sweden.

With dropback: the speech on the cal is switched within
MSC/VLR-A, thus saving on processing and transmission cogs.

MSC/VLR (France) GMSC (Sweden) MSC/VLR (France) GMSC (Sweden)

-
>
-l
-t

TS
“%

Case 2: With dropback

Case 1: Without dropback

Figure 9-23 Traffic case showing the advantage of using
dropback
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SHORT MESSAGE SERVICE TRAFFIC CASES

The Short Message Service (SMS) provides a means of sending text
messages containing up to 160 aphanumerica charactersto and
from MS's. SMS makes use of a SMS Center (SMS-C), which acts
as astore and forward center for short messages.

SMS consigts of two basic sarvices,

Mobile terminated SMS: from an SMS-C to an MS
Mobile originated SMS: from an MSto an SMS-C

In the two cases described below, the MSisinidle mode. If theMS
isin active mode, short message is transmitted on the SACCH. No
paging, cal set-up, authentication, etc. needs to be performed in that
case.

MOBILE ORIGINATED SMS

Mobile originated SM S transfers a short message submitted by the
MSto an SMS-C. It also provides information about the delivery of
the short message, either by a ddivery report or failure report.

2.

SMS-C

Y

MSC/VLR

Figure 9-24 Mobile originating short message

1. AnMS establishes a connection to the network, asin the case of
anormd cal set-up. Thisstep is not performed if the MSisin
active mode, since the connection aready exigs.

2. If authentication is successful, the M'S sends the short message
using SDCCH to the SMS-C viathe MSC/VLR. The SMS-C
in turn forwards the short message to its destination. This could
be an MS or atermind in the fixed network, such asa PC.
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MOBILE TERMINATED SMS

Mobile terminated SM S has the capability to transfer a short
message from the SMS-C to an MS.

4. 3.

> SMS - GMSC —» MSC/VLR

Figure 9-25 Mobile terminating short message

© g A~ W DN P

A user sends amessageto aSMS-C.

The SM S-C sends the message to the SMS-GM SC.

The SMS-GM SC queries the HLR for routing information.
The HLR returns routing information to the SMS-GM SC.
The SMS-GM SC re-routes the message to the MSC/VLR.

The MSis paged and a connection is set up between the MS
and the network, asin the normal call set-up case.

If authentication is successful, the MSC/VLR ddiversthe
message to the MS. Short messages are transmitted on the
dlocated Sgnding channd, SDCCH.

If the delivery was successful, areport is sent from the
MSC/VLR to the SMS-C, if not, the HLR isinformed by the
MSC/VLR, and afailure report is sent to SMS-C.

In the case of an unsuccessful ddivery, the SMS-C informsthe HLR
and VLR that there is a message waiting to be delivered to the MS.
The HLR then informs the SMS-C when the MS becomes available.

Mobile terminated SM S can be input to the SMS-C viaavariety of
sources, eg. speech, telex, facamile or internet.

EN/LZT 123 3321R3B
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Cell Planning

—— Chapter 10 ——

This chapter is desgned to provide the sudent with an overview of
cdl planning. It describes basic cdll planning concepts and outlines
the cell planning process.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

Describe why cdl planning isimportant, capacity and coverage

\
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INTRODUCTION

Cdl planning can be described as dl the activitiesinvolved in:
Sdecting the stes for the radio equipment
Sdecting the radio equipment
Configuring the radio equipment

Every cdlular network requires cdll planning in order to provide
adequate coverage and cdl qudlity.

EN/LZT 123 3321 R3B
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CELLS

%~ Did you know?

Although the concept
of mobile telephony
originated in the
1920s, it wasonly in
1947 that the cellular
network structure was
devised. Up to then,
no solution enabled
an MSto roam far
from the antenna

system.

A cell may be defined as an area of radio coverage from one BTS
antenna system’. It is the smallest building block in amobile network
and is the reason why mobile networks are often referred to as
cdlular networks. Typicadly, cdls are represented graphicaly by
hexagons.

There are two main types of cdl:

Omni directional cell: An omni-directiond cdl (or omnicel) is
served by a BTS with an antenna which transmits equdly in dl
directions (360 degrees).

Sector cell: A sector cdl isthe area of coverage from an
antenna, which tranamits, in agiven direction only. For example,
thismay be equa to 120 degrees or 180 degrees of an equivaent
omni- directional cell. One BTS can serve one of these sector
cdlswith acollection of BTS s a a Ste serving more than one,
leading to terms such as two-sectored sites and more commonly,
three-sectored sites.

Figure 10-1 Omni directional and sector cells

Typicdly, omni-directiond cells are used to gain coverage, whereas
sector cells are used to gain capacity.

! Note: In some cases, such as pico cells, asingle cell can be served by 2 antenna systems. Although there are two
distinct areas of coverage, both areas can be associated with the same set of cell parameters.

— 208 -
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The border between the coverage area of two cellsisthe set of
points a which the sgnd strength from both antennas is the same. In
redity, the environment will determine thisline, but for amplicity, itis
represented as astraight line.

If Sx BTS sare placed around an origind BTS, the coverage area -
that is, the cdll - takes on a hexagond shape.

Figure 10-2 Border between omni directional cells
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CELL PLANNING PROCESS

Themgor activitiesinvolved in the cdll planning process are shown
below.

System Growth Initial Planning

v
saie
ﬁ Start: Traffic & M

Coverage analysis

Nominal
h System tuning cell plan
<) \/&/

Implementation
& System design 2

Figure 10-3 Cell planning process
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STEP 1: TRAFFIC AND COVERAGE ANALYSIS

Cdl planning begins with traffic and coverage andyss. The andyss
should produce information about the geographica areaand the
expected capacity (traffic load). The types of data collected are:

Cost

Capacity

Coverage

Grade Of Service (GOS)

Avallable frequencies

Speech qudity

System growth capability
The bassfor dl cdl planning is the traffic demand, i.e. how many
subscribers use the network and how much traffic they generate. The

Erlang (E) isaunit of measurement of traffic intengty. It can be
caculated with the following formula:

A =nxT /3600 Erlang

Where,

A = offered traffic from one or more usersin the system
n = number of calls per hour

T = average cdl time in seconds

The geographica distribution of traffic demand can be caculated by
the use of demographic data such as.

Population digtribution

Car usage digtribution

Income levd digribution

Land usage data

Telephone usage Satistics

Other factors, like subscription/cal charge and price of MSs

EN/LZT 123 3321 R3B
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Calculation of required number of BTS’s

%~ Did you know?

Based on experience,
Ericsson recommends
between 25mE and
33mE when planning
GSM networks.

To determine the number and layout of BTS s the number of
subscribers and the Grade Of Service (GOS) have to be known.
The GOS is the percentage of adlowed congested calls and defines
the quality of the service.

If n=1 and T=90 seconds then the traffic per subscriber is.
A =1x90/3600=25mE
If the following data exists for a network:

Number of subscribers. 10,000
Avallable frequencies. 24
Cdl pattern: 4/12

GOs: 2%

Traffic per subscriber: 25mE

this leeds to the following cdculations:

Frequenciesper cdl =24/12=2

Traffic channds per cdl =2 x 8 - 2 (control channels) = 14
TCH

Traffic per cel = 14 TCH with a 2% GOS implies 8.2
Erlangs per cell (see Table 10-1)

The number of subscribers per cdl = 8.2E / 25mE = 328
subscribers per cell

If there are 10,000 subscribers then the number of cdls
needed is 10,000/ 328 = 30 cdlls.

Therefore, the number of three sector sitesneeded is30/ 3
=10

-212 -
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GoS
n | .007 .008 .009 01 02 .03 .05 1 2 4 n
1 | .00705 00806 .00908 .01010 .02041 03093 .05263 .11111 .25000 .66667 1
2 | 12600 13532 14416 15259 22347 28155 38132 59543 10000  2.0000 2
3 | 39664 41757 43711 45549 60221 71513 89940 12708 19299 34798 3
4 | 77729 81029 84085 86942 10923 12589 15246 20454 29452 50210 4
5 | 12362 12810 13223 13608 16571 18752 22185 28811 40104 6595 5
6 | 17531 18093 18610 19090 22759 25431 29603 37584 51086 81907 6
7 | 23149 23820 24437 25009 29354 32497 37378 46662 62302 9.7998 7
8 | 29125 29902 30615 31276 36271 39865 45430 55971 7.3692 11419 8
9 | 35395 36274 37080 37825 43447 47479 53702 65464 85217 13045 9
10 | 41911 42889 43784 44612 50840 55204 62157 75106 96850 14677 | 10
11 | 48637 49709 50691 51599 58415 63280 70764 84871 10857 16314 | 11
12 | 55543 56708 57774 58760 66147 71410 79501 94740 12036 17954 | 12
13 | 62607 6383 65011 66072 74015 7.9667 88349 10470 13222 19598 | 13
14 | 69811 71154 72382 73517 82003 88035 97295 11473 14413 21243 | 14
15 | 77139 78568 79874 81080 90096 96500 10633 12484 15608 22891 | 15
16 | 84579 86092 87474 88750 98284 10505 11544 13500 16807 24541 | 16
17 | 92119 93714 96171 96516 10656 11368 12461 1452 18010 26192 | 17
18 | 99751 10143 10296 10437 11491 12238 13385 15548 19216 27844 | 18
19 | 10747 10922 11082 11230 12333 13115 14315 16579 20424 29498 | 19
20 | 11526 11709 11876 12031 13182 13997 15249 17613 21635 31152 | 20
21 | 12312 12503 12677 12838 14036 14885 16189 18651 22848 32808 | 21
22 | 13105 13303 13484 13651 14896 15778 17132 19692 24064 34464 | 22
23 | 13904 14110 14297 14470 15761 16675 18080 20737 25281 36121 | 23
24 | 14709 14922 15116 15295 16631 17577 19031 21784 26499 37779 | 24
25 | 15519 15739 15939 16125 17505 18483 19985 22833 27.720 30437 | 25
26 | 16334 16561 16768 16959 18383 19392 20943 23885 28941 410% | 26
27 | 17153 17387 17601 17797 19265 20305 21904 24939 30164 42755 | 27
28 | 17977 18218 18438 18640 20150 21221 22867 25995 31388 44414 | 28
29 | 18805 19053 19279 19487 21039 22140 23833 27053 32614 46074 | 29
30 | 19637 19891 20123 20337 21932 23062 24802 28113 33840 47735 | 30
31 | 20473 20734 20972 21191 22827 23987 25773 29174 35067 493% | 31
32 | 21312 21580 21823 22048 23725 24914 26746 30237 36295 51056 | 32
Table 10-1 Erlang table
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STEP 2: NOMINAL CELL PLAN

A nomind cell plan can be produced from the data compiled from
traffic and coverage anadyss. The nomind cell plan isagraphica
representation of the network and looks like a cell pattern on a map.
Nomind cell plans are the firgt cdll plans and form the bass for
further planning.

S

and from the Singapore

|
A Approach
N

N
fioos
SWAR N

N

77 easteRn. pETR

ANCHOF

Map published with permission from the Singapore Ministry of Defense, Mapping Unit

Figure 10-4 Nominal cell plan

Successive planning must take into account the radio propagation
properties of the actua environment. Such planning needs
measurement techniques and computer-aided andysis tools for radio
propagation studies. Ericsson’s planning tool, TESt Mobile System
(TEMS) CdlPlanner, includes a prediction package which provides:

Coverage predictions

Composite coverage synthesis

Co-channdl interference predictions

Adjacent channel interference predictions
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TEMS cdl planner is a software package designed to smplify the
process of planning and optimizing acelular network. It isbased on
ASSET by Airtouch.

With TEMS CdlPlanner, traffic can be spread around on amap to
determine capacity planning. The traffic can be displayed using
different colors for different amounts of Erlangskn®? or the user can
highlight the cells that do not meet the specified GOS.

It is possible to import data from atest MS and display it on the
map. TEMS CdlPanner can dso import radio survey files, which
can be used to tune the prediction model for the area where the
network is to be planned. Data can aso be imported from and
exported to OSS.

For example, if there are doubts about the risks of time dispersion at
apaticular Ste the following steps could be taken:

The gte location could be changed
The site could be measured with respect to time dispersion

The dte could be analyzed with a carrier—to—eflection ratio (C/R)
prediction tool

EN/LZT 123 3321 R3B
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Radio Propagation

In redity, hexagons are extremdy smplified modes of radio
coverage patterns because radio propagation is highly dependent on

terrain and other factors. The problems of path loss, shadowing and

%" Didyouknow? multipath fading al affect the coverage of an area. For example, time
The antennae of some di spersionisa problem caused by the reception of_ radi osgnd;,

base stationsin Hong which are reflected off far away objects. The carrier-to-reflection
Kong are positioned (CIR) ratio is defined as the ratio between the direct signd (C) and
on top of tall the reflected signd (R).

buildings, with the
:2"?223 f‘;:bt?r din Also, due to the problem of time aignment the maximum distance an
to gnsurestreet . MS can be from aBTSis 35 km. Thisis the maximum radius of a

coverage. GSM cdl. In areas where large coverage with small capecity is

required, it is possible to alocate two consecutive TDMA time dots
to one subscriber on acdl. This enables a maximum distance from
the BTS of 70km.

Frequency Re—use

Modern cdlular networks are planned using the technique of
frequency re-use. Within acdlular network, the number of cals that
the network can support is limited by the amount of radio frequencies
alocated to that network. However, acdlular network can
overcome this congtraint and maximize the number of subscribers
that it can service by using frequency re-use.

Frequency re-use means that two radio channds within the same
network can use exactly the same pair of frequencies, provided that
there is a sufficient geographica distance (the frequency re-use
distance) between them so they will not interfere with each other.
The tighter frequency re-use plan, the greeter the capacity potentia
of the network.

Based on the traffic caculations, the cell pattern and frequency re-
use plan are worked out not only for the initia network, but so that
future demands can be met.
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Interference

Co-channel Interference (C/I)

Cdlular networks are more often limited by problems caused by
interference rather than by signal strength problems. Co-channel
interference is caused by the use of afrequency close to the exact
same frequency. The former will interfere with the latter, leading to
the termsinterfering frequency (1) and carrier frequency (C).

The GSM specification recommends that the carrier-to-interference
(C) ratio is greater than 9 decibels (dB). However, Ericsson
recommends that 12 dB be used as planning criterion.

This C/l retio isinfluenced by the following factors:
The location of the MS
Loca geography and type of locd scatters

BTS antennatype, Site devation and postion

Carrier f;

Interference f
A A 1

dB

-y

i I

Figure 10-5 Co-channel interference
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Adjacent channel interference (C/A)

Adjacent frequencies (A), that is frequencies shifted 200kHz from
the carrier frequency (C), must be avoided in the same cell and
preferably in neighboring cells dso. Although adjacent frequencies
are a different frequenciesto the carrier frequency they can lill
cause interference and quaity problems.

The GSM specification states that the carrier-to-adjacent ratio (C/A)
must be larger than -9dB. Ericsson recommends that higher than 3

dB be usad as planning criterion.
Carrier f, Adjacent f,
B f,=f +200kHz
C A
paca

-9 dB|
3dB

i I

Figure 10-6 Adjacent channel interference

By planning frequency re-use in accordance with well established cell
patterns, neither co-channd interference nor adjacent channe
interference will cause problems, provided the cdlls have
homogenous propagation properties for the radio waves. However,
in redity cdlsvary in 9ze depending on the amount of traffic they are
expected to carry. Therefore, red cdl plans must be verified by
means of predictions or radio measurements to ensure that
interference does not become a problem. Nevertheless, the first cell
plan based on hexagons, the nomind cell plan, provides agood
picture of system planning.
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Clusters

&~ Did you know?

Other frequency re-
use patterns such as
7/21, withalong
freguency re-uses
distance, are
recommended for
networks, which are
sensitive to
interference, for
example analogue
networks.

Groups of frequencies can be placed together into patterns of cells
cdled dugers. A cduger isagroup of cdlsin which dl avalable
frequencies have been used once and only once.

Since the same frequencies can be used in neighboring clugters,
interference may become a problem. Therefore, the frequency re-use
distance must be kept as large as possible. However, to maximize
capacity the frequency re-use distance should be kept aslow as

possible.

The re-use patterns recommended for GSM are the 4/12 and the 3/9
pattern. 4/12 means that there are four three-sector sites supporting
tweve cdls usng twelve frequency groups.

Figure 10-7 4/12 cell pattern

The 4/12 cdll pattern isin common use by GSM network operators.

EN/LZT 123 3321 R3B
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%~ Did you know?

Mobile networks
based on non-GSM
standards may find it
difficult to use the 3/9
pattern dueto itstight
frequency re-use. The
modulation technique
in GSM enables
greater tolerance of
such interference.

Below is an example of how anetwork operator could divide 24
available frequencies (1-24) into a 3/9 cdll pattern:

Frequencygroup |A1 [B1|Cl1|A2|B2|C2|A3|B3|C3
12| 3|4|5|6]|7|8]09
Channdls 10|11 (12| 13| 24| 15| 16| 17| 18
19|20 21 (22| 23| 24

Table 10-2 24 frequencies in a 3/9 cell pattern

In the 3/9 cell paitern there are dways 9 channels separating each
frequency in a cdll. However, when compared with the 4/12 pattern,
cels Al and C3 are neighbors and use adjacent frequencies (10 and
9 respectively). Therefore, the C/A interference will increase. In this
case, an operator may use frequency hopping which, if planned
correctly, could reduce the possibility of such adjacent channel

interference..

Figure 10-8 3/9 cell pattern

In ared network the dlocation of channdsto cdlswill not be as
uniform asin table 10-2 above, as some cdls will require more
channdls and some will require less. In this case, achannd may be
taken from a cdl with low traffic load and moved to onewith a
higher traffic load. However, in doing 0, it isimportant to ensure that
interference is ill minimized.

- 220 -
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STEP 3: SURVEYS

Site Surveys

&~ Did you know?

One of the most
expensive aspects of
cellular network
operation is payment of
rent for sites, e.g. hotel
rooms. Great careis
often taken to ensure
public support for sites.
(E.g. in California some
BTS sare hidden within
fiber glass palmtrees.)

Once anomind cdl plan has been completed and basic coverage
and interference predictions are available, Site surveys and radio
measurements can be performed.

Site surveys are performed for al proposed site locations. The
following must be checked for each ste:

Exact location

Space for equipment, including antennas
Cableruns

Power facilities

Contract with site owner

In addition, the radio environment must be checked to ensure that
there is no other radio equipment on Site that causes problems.

Radio Measurements

Radio measurements are performed to adjust the parameters used in
the planning tool to redity. That is, adjustments are made to meet the
specific Ste climate and terrain requirements. For example,
parameters used in a cold climate will differ from thoseused in a
tropicd climate.

A test transmitter is mounted on avehicle, and Sgna drength is
measured while driving around the Ste area. Afterwards, the results
from these measurements can be compared to the vaues the planning
tool produces when smulating the same type of tranamitter. The
planning parameters can then be adjusted to match the actua
measurements.

EN/LZT 123 3321 R3B
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STEP 4: SYSTEM DESIGN

Once the planning parameters have been adjusted to match the
actud measurements, dimensioning of the BSC, TRC and
MSC/VLR can be adjusted and the fina cell plan produced. Asthe
nameimplies, this plan can then be used for system ingtdlation.

New coverage and interference predictions are run at this stage,
resulting in Cell Design Data (CDD) documents containing cell
parameters for each cell.
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STEP 5 AND 6: SYSTEM IMPLEMENTATION AND TUNING

Once the system has been ingtdled, it is continuousy monitored to
determine how well it meets demand. Thisis cdled system tuning. It
involves

Checking that the find cdl plan was implemented successfully

Evauaing cusomer complaints

Checking that the network performance is acceptable

Changing parameters and taking other measurements, if
necessary

TEst Mobile Systems (TEMS)

TEst Mohbile Systems (TEMS) is atesting tool used to read and
control the information sent over the air interface between the BTS
and the MS. It can be used for radio coverage measurements. In
addition, TEMS can be used both for field measurements and post
processing.

TEMS consists of an MSwith specid software, a portable Persona
Computer (PC) and optiondly a Globa Postioning System (GPS)
receiver.

Figure 10-9 TEMS Hardware

The MS can be usad in active and idle mode. The PC is used for
presentation, control and measurements storage.

The GPS recelver provides the exact position of the measurements
by utilizing satellites. When satdlite sgnds are shadowed by

EN/LZT 123 3321 R3B
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obstacles, the GPS system switches to dead reckoning. Dead
reckoning consists of a speed sensor and agyro. This providesthe
postion if the satellite Sgnds are lost temporarily.

TEMS measurements can be imported to TEMS CdlPlanner. This
means that measurements can be displayed on amap. For example,
this enables measured handovers to be compared with the predicted
cdll boundaries. Measurements can aso be downloaded to
spreadsheet and word processing packages.

= TEMS Application, R3 |-
File Externals Monitor Log Mobile Control Help

=-| Serving and neighbouring cells

Cell RxLev BSIC ARFCN
52 37 61

5
13 37 65
9
3 =% (9
5
1

3 =x 19

= Graphical presentation

Sampledata— |
FRxlLev 60 {Lm not valid

Lon: not valid
RxlLewv: 50

RxQual: 0
ARFCN: 61

RxLev 40

RxLev 20

From: 11:27:16.79
Length: 00:00:00.48

"Selecliun range

Figure 10-10 TEMS graphical user interface

STEP 7: SYSTEM GROWTH/CHANGE

Cdl planning is an ongoing process. If the network needsto be
expanded because of an increase in traffic or because of achangein
the environment (e.g. anew building), then the operator must
perform the cell planning process again, sarting with anew treffic
and coverage andysis.
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HIERARCHICAL CELL STRUCTURES (HCS)

%~ Did you know?

It may not be feasible
for fast moving MSsto
use the lowest layer,
as many handovers
will occur. Inthis
case, Ericsson’s GSM
systems will handover
the call to a higher
layer, resulting in less
handovers.

The feature Hierarchica Cdl Structures (HCS) dividesthe cell
network into up to 8 layers. The higher layers are used for large cdlls
and the lower layersfor small cells. For example, large cdls are
added to a cdlular network to provide coverage at coverage gaps.
The large cdls then act as umbrdla cdlls for medium Szed cdlls.
Additiondly, micro cdlls can be added to acdlular network in order
to provide hot spot capacity. The medium sized cdlls then act as
umbrdlacdlsfor the micro cdls.

The different cell layers can be seen as a priority designation with the
lower layer as the highest priority. Thus, when sdecting a BCCH
carrier, an MSwill choose an acceptable signd in aslow alayer as
possible. HCS makesit possible to pass between cdl layersina
controlled way, fadilitating dimengoning and cdl planning in cell
gructures where large and small cells are mixed.

O Band 8: 900 MHz Macro or micro cell
L ..;::Z‘ Band 4: 1800 MHz Macro or micro cell
) Band 2: 1800 indoor cell with dedicated sub band

Layer 7 cells

Layer 4 cells

Layer 2 cells

WAN Layer 6 cells
Layer 3 cells

Figure 10-11 Hierarchical Cell Structures (HCS) divides the cell
network into up to 8 layers

EN/LZT 123 3321 R3B
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OVERLAID/UNDERLAID SUBCELLS

The overlaid/underlaid subcdlls feature provides away to increase
the traffic capacity in acdlular network without building new stes.

A st of channelsin aBTSis assgned to transmit at a certain power
level. These are the underlaid subcedll channdls. Another set of
channdsin the same BTS are assgned to tranamit at alower power
level. These are the overlaid subcell channels.

The feature makesit possible to use two different frequency re-use
patterns. one pattern for overlaid subcells and another pattern for
underlaid subcells. Each overlaid subcedll serves asmaller areathan
the corresponding underlaid subcell and the frequency re-use
distance for the overlaid subcells can therefore be made shorter.
Consequently, the number of frequencies per cell can be increased
providing an increased traffic capacity in the cdlular network.

Underlaid

Overlaid

Figure 10-12 Overlaid/underlaid subcells
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OSS and TMOS

—— Chapter 11 ——

This chapter is desgned to provide the sudent with an overview of
the operation and maintenance systems used in Ericsson GSM
networks. The chapter describes the functions and features of OSS,
TMOS, SOG and BGW.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

Describe the Teecommunications Management and Operations
Support philosophy

Describe the functions of Operations and Support System
Describe the architecture of Operations and Support System
Describe the implementation of the Service Order Gateway
Describe the implementation of the Billing Gateway

\
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INTRODUCTION

Mobile networks require an efficient and easy-to-use operation and
maintenance (O& M) system because:

Mobile networks are extremely complex

The structure of amobile network is often atered to dlow for
extenson and optimization of the network

Mobile network operators demand the reduction of O&M costs

Ericsson’s Operation and Support System (OSS) provides an
efficient and easy-to-use O&M system.

OSSis an gpplication within the Telecommuni cations Management
and Operations Support (TMOS) product family.

The object of the GSM OSS s to offer the customer cost-effective support
for centrdized, regiona, and loca operationd and maintenance activities
required for a cellular network. The main purposes of the GSM OSS are to
provide a network overview and support the maintenance activities of
different operation and maintenance organizations
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TMOS

TELECOMMUNICATIONS MANAGEMENT NETWORK (TMN)

TMOS is defined as the Ericsson management and operations
support solution for public telecommunications networks.

TMOS has been developed in accordance with Telecommunications
Network Management (TMN) standards. The TMN standardization
effort involves saverd organizations, such asthe Internationd
Teecommunications Union (ITU), ANSI, ETS and the Internationa
Standards Organization (1SO). TMN specifies an O&M network
whichis

Centraized

Separate from the telecommunications network

Connected to the telecommunications network via standardized

interfaces

One of the basic principles of the TMN system architecture is the
network mode concept. This means that the physical network
elements (NE’'s) such as MSC's are represented in amodd of the
network. Databases are used to store data about NE’s.
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TMOS STRUCTURE AND FUNCTIONS

TMOS consigts of a“family” of management gpplication systems for
different telecom networks. For example,

Service Management Application System (SMAYS) for Inteligent
Networks (IN)

eX change Management system (XM) for switched networks

Cdlular Management Application System (CMAYS) for cdllular
mobile networks

All TMOS application systems are built on the TMOS PlatForm
(TPF). The TPF comprises dl hardware and software for interaction
with a telecommunications network. The platform is a multi-computer
system based on industrid standards, such as UNIX and SQL.

The TMOS Development Platform (TDP) makes it possible for the
operator to create market specific functions using the C++
Application Programming Interface (AF1).

Service Support Mobile Transport
Network Management
Management Network || Network

BGS - FMAS
XM SS7 NTM SMAS SM CMAS

TMOS Platform
TDP
TPF

Figure 11-1 The structure of TMOS

Typicaly, TMOS resides in severa independent computers thet are
connected over aLoca Area Network (LAN) or Wide Area
Network (WAN).

TMOS communication with the NE' s is based on the Open System
Interconnection (OSl) modd. OSS is connected directly, or viathe
PSTN, totheMSC's, HLR's, BSC'sand AUC/EIR's.
Communication with BTSsis provided viaBSC's. Additionaly,
other Ericsson certified nodes are supported. These include the
MXE, MIN nodes and the DXX.
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TMOS performsthefollowing functionsin linewith TMN
recommendations:

Configuration management
Fault management
Performance management
Security management
Acoounting management

ADVANTAGES OF TMOS

Input to the development of TMOS has largely conssted of demands
from operators for a network maintenance system, which will give
lower maintenance and personnel costs. The most Sgnificant
advantages of TMOS are:

It gives the user the ability to remotely and centraly control
NE's, subscribers, traffic, etc.

In alarge network, optima performance isimpossible to achieve
without a support system like TMOS

TMOS s easy to use, employing menus, forms and graphicsto
interact with the operators

New TMOS functions are continuoudy being developed which
means that the system adapts to new and changing conditions
and requirements

The XM platform consists of the following applications:

Command Handling and WinFiol
Fle Handling

Externa Access

Information Moddl Handler
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XM-SOFTWARE, CHA AND WINFIOL

Command Handling (CHA)

Command Files

Command HANndling (CHA) enables an OSS user to send Man-
Machine Language (MML) commands one by one or asablock to a
NE.

It isaso possble to store several commands in a command file and
execute the file or parts of it whenever needed.

All executed commands are logged and can be retrieved and
displayed from the command log mainly for security and
troubleshooting. The results of the commands can be routed to al
connected user interfaces or to afile.

CHA alows OSS to be connected directly to severa NE's a the
same time usng multiple windows. CHA windows are used with
other fault management applications to act directly on incoming
darms.

There are two types of command files:

The "Command file" which has limited functions and can be crested
by any user.

The"System command fil€" which can include more sophisticated
statements and can be created by the system administrator for
execution by authorized users.

In addition to the usual commands included in the badic file function,
the system command file may aso contain procedura control
gatements, wait satements, and error-handling functions.
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Command and Response Log

All commands that are sent to aNE and dl received responses and
spontaneous reports are logged in the command and response log.

CHA provides afunction for searching for and retrieving information
from the command and response log. The following search criteria
can be used:

NE name

Host name

User ID

NE command (part of a command can aso be used)

Application information (for example command file name)

Search gtring for text, matching responses or spontaneous reports

Start and stop date and time

WinFIOL

WinFIOL (new from 8.1) (File transfer and on-line program for
Windows) is a man-machine communications program designed for
operation and maintenance, ingtalation, testing of customer
exchanges. WinFiol is now dso avallable asa PC client in OSS.

WinFOL includes a powerful editor for command files and log files,
a sript language and a macro language.

Scheduler for command and script files

Support for dangerous commands
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SEVERAL LOGGING FUNCTIONS FOR COMMANDS AND

PRINTOUTSOSS

OSS STRUCTURE AND FUNCTIONS

OSS (Operation Support System) isthe product name for Ericsson’s
O&M (Operation and Maintenance) system for cdlular networks.
OSS congsts of Exchange Management System (XM ) features and
Cdlular Management Application System (CMAS) features built on
top of the TMOS Platform (TPF).

OSS Product

Mobile
Specific
Features

TMOS Platform

Figure 11-2 Structure of OSS

The GSM network contains many NE's, that may be spread
over alarge geographica area

OSS enables centralized, remote controlled O&M of dl NE's
in auniform and user-friendly manner.

OSSisphyscaly implemented on aLAN conssting of servers
and workstations.

The functions provided by the graphical user interfaces of OSS
are trandated into commands, which are then sent to one or
saverad NE's.

OSSis not onetool, rather 50 different applications used by
different staff for operating the network.

Although the GSM network is complex, OSSis easy to use. OSS
consgts of about 50 gpplications that can be used to solve different
tasks. It offers menus, windows and graphics with which the
operators can interact. No long, complicated commands are needed
to operate the system.
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NMC AND OMC

According to GSM specifications, a system such as OSS can be
seen as atwo level management function that provides centraized
control of the network. The levels are:

Network Management Center (NMC)
NMC staff can concentrate on long-term system-wide i ssues,

Operation and Maintenance Center (OMC)

OMC’ s concentrate on short-term regional issues.

0SS

Network
Management

Network Management
Center (NMC)

@ &=

OMCA OMCB

Network

& A

Figure 11-3 NMC and OMC

Network
Element

Management

In OSS, the OMC and NMC functions can be combined in the same
physicd ingdlation or implemented at different Stes.
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OSS APPLICATIONS

Command Fault Integrated
Handli File Handling M t Document Tool
andlin . anagemen
9 Utility (FMU) 9
Application (CHA) (FM) (IDT)
Operation .
Electronic Log Procedure Specified Alarm DXX Alarm

Book (ELB)

Support (OPS)

Interface (SPAI)

Interface (DAI)

Cellular Network

Cellular Network

Cellular Network

Network

Administration Administration Activity Manager Statistics
(CNA) Interface (CNAI) (CNAM) (PSA)

BTS Configuration BTS Software BTS Hardware BTS Alarm

Management

Management

Management

Management

(BCM) (BSw) (BHW) (BAM)
Statistical . . Performance
Neighboring Frequency Measurement M ¢
anagemen
Measgrement Cell Support Allocation Result 9 X
Initiation and Traffic

Administration(SMIA)

(NCS)

Support (FAS)

Recording (MRR)

Recording (PMR)

Network Statistics
Analyzer
(NWS)

AXE 10 Software
Management
(AXS)

AXE Software
Support (AXA)

Geographical

and Logical Network
Information Presentation

(GNIP)

Figure 11-4 OSS applications

RS O e

Management Group
(MG)

TMOS, symbol for the
whole system

TMOS equipment,
for example a server

Mobile services
Switching Center
(MscC)

MSC/HLR

Home Location
Register (HLR)

Figure 11-5 OSS symbols
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Base Station
Controller (BSC)

Authentication
Center (AUC)

Equipment Identity
Register (EIR)

AUC/EIR

Base Transceiver
Station site (BTS)

Message System
(MXE)
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Radio Network Management main features are:

Centrd adminigration to optimize the use of skilled personne
Supervison of network operation for planning purposes
Network performance measurement

Traffic recording and andysis of measurement and event data
Cdlular network configuration

OSS maximizes sarvice qudity in cdllular networks by providing
a centrdized facility for network configuration, administration,
performance measurement, and maintenance of the network
components.

Radio Network Management is achieved through the following different applications
listed below:

Basic OSS-Node Administration (BOA)

Celular Network Administration (CNA)

Cdlular Network Adminigtration Interface (CNAI)

CNA / Move BSC

Work Task Package (WTP)

Radio Network Recording Functions (RNR)

Network Statistics, Analyzer

Network Statigtics, Statistical Measurement Initiator and
Adminidration (SMIA)

Network Statigtics, Statistica Gateway (SGw)
Network Statigtics, Satistica Data Mart (SDM)
Network Statistics, Performance Alarms

BTS Configuration Management (BCM)

BTS Hardware Management (BHW)

BTS Alarm Management (BAM)

BTS Software Management (BSW)

Fregquency Allocation Support (FAS)

Frequency Optimization Expert (FOX)
Neighboring Cell Support (NCS)

Neighboring Cdll Ligt Optimization Expert (NOX)
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Measurement Result Recording (MRR)
Traffic Edimation Tool (TET)

THE AXE MANAGEMENT

The AXE Management provides functions to manage al AXE based
Network Elements. Thisis done by:

AXE Software Management (AXS)

AXE Software Activation Support (AXA)

Fault Management (FM)

AST Manager

AXE Number Anadyss Manager (NAM)

Non-AXE Management

Support for non-AXE Network Elements, typically alarm handling
functions, is provided by the following gpplications

Multivendor Support (MVS)

Sema AUC/EIR Alarm Handling (AEH)

MXE Alarm and Command Interface (MAC)

DXX Alarm Interface (DAL)

Specified Alarm Interface (SPAI) (no longer sold)

SPAI Veification Program (VERP) (no longer sold)

Q3 Access

Basic Network Surveillance Interface (BNSI)
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Tools

The following gpplications are provided to make the daily operation
of the network essier:

The following applications are provided to make the daly
operation of the network easier:

Cdlular Network Activity Manager (CNAM)
Operations Procedure Support (OPS)

AXE Library Explorer (ALEX)

Geographica and Logica Network Information Presentation
(GNIP)

OMC Flashboard (OFB)

CONFIGURATION MANAGEMENT APPLICATIONS

Cellular Network Administration (CNA)

Cdlular Network Adminigtration (CNA) is an gpplication within
OSSthat is used to:

Plan and operate the cdlular part of the GSM network

Plan mgor future changes off-line

Implement new cdlls or new parameter vaues in the network

CNA isone of the most powerful OSS gpplications. It registers new
cdlsand maintains cdl parametersin an efficient and controlled

&~ Did you know? manner.

0SS can support In large PLMN's the amount of network datais huge. CNA provides
networks that have up an efficient tool for handling cdll data congisting of gpproximately 200

to 5,000 cells. Each . .
cell has approx, 200 parameters per cell. Mogt of these parameters identify the cell and

parameters. Therefore, control the cdll behavior.

OSScan handle up to

1 million cell The operator can edit cell parameters and cell related parameters
parameters. through a table mode, a menu mode and a geographica mode that

displays cdll shapes and cell parameters on top of map layers.
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CNA Network Model Structure and Areas

Network structure and parameters change over time. Operators are
not just interested in the current set-up, but aso interested in
information about previous set-ups and possible future ones.
Therefore, OSS provides the following three different views of the
network:

Thevalid ar ea represents the current cdllular network. That is, it
provides current information about the cell parametersin the
network. There is only one vaid area corresponding to each
cdlular network. The vaid areais used when retrieving
information about current network parameter valuesand asa
basis when creating a new planned area.

A planned ar ea represents planned changes in the cellular
network. This areais used for off line planning of large network
changes. It islocked and connected to one user a atime.

A fallback areaisasngpshot of the vdid areaat a specific
moment and reflects an historica view of the network. A falback
area can be created for back-up purposes before an update to
the network takes place. It is also possible to create a new
planned area from afallback area.

033 A e
Update
CNA

(<)
2 -
= A il
0
= - .
- \ Adjust

Consistency Checking

Planned Areas Valid Area Physical Network

Figure 11-6 CNA area concept
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Consistency check

The CNA consstency check automatically performs separate vaidity
checks on the network’ s parameters. It ensures that the values of
parameters are vaid and that they are within predefined intervals. All
parameters are checked against parameter consistency rules. The
consistency check can be performed on:

Arealeve (Vdid and Planned Areq)
MSC

BSC

Cdl leved

A consistency report generates warnings but does not prevent a
faulty vaue from being entered. Consstency checks can be
performed on dl parameters or only on new parameters.
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CNA Interface (CNAI)

The Cdlular Network Administration Interface (CNAL) tool serves
as an import and export interface to the CNA application. It
provides easy exchange of information between the OSS and an
externd system. For example, CNAI could be used to transfer afile
of cdl parameter data from the externd cell planning gpplication,
TEMS, into the OSS. Otherwise, the cell parameter data from
TEMS would have to be manudly entered using CNA.

Geographical and Logical Network Information Presentation (GNIP)

GNIP isacommon geographical and logica presentation tool, which
can be utilized by severa applications. It provides the possibility to
show network information from severd gpplicationsin one user
interface smultaneoudy.

Alarm Status Viewer (ASV) is an information gateway from Fault
Management (FM) to GNIP. Geographica Cell Configuration
(GCC) isan information gateway from CNA to GNIP.

It isaso possible to present recording results from FAS, NCS and
MRR on the GNIP map.

The network information is displayed by means of dynamic red time
symbols on top of maps or in logical views. GNIP together with
ASV, GCC, FAS, NCS, MRR provides a clear and accurate view
of the managed network.

<:2:§:> umbrella cells

1 sites
i

cells

% o

Figure 11-7 Map layer structure in GCC
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BTS Management Family

The BTS Management Family application supports an operator’s
daily BTS-related operations in the network. It can be distinguished
by itsuse of agraphica browser which shows the internal base
station structure. The concept is based on a*“plug-in” approach,
whereby new features can be added to the family and used in the
same manner as al other features.

The graphica browser enables the operator to navigate through the
BTSTransceiver Remote Interface (TRI) managed object structure
in acondgtent and efficient way.

The BTS Management Family congds of:

BCM: BTS Configuration management
BSW: BTS SoftWare management
BHW: BTS HardWare management
BAM: BTS Alarm Management

BTS Hardware

BTS Software Management (BHW)
BTS Configuration [ [Management (BSW
Management (BCM) i

v Y

e BTS Alarm

Management (BAM)

0SS
BTS Management Family

Mobile services
Switching Center (MSC)

Figure 11-8 BTS Management Family
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BASE STATION CONFIGURATION MANAGEMENT

The BCM application provides the network operator with an
goplication to handle the BTS configuration. It combines functiondity
for the configuration of BTS parameters with support for introduction
and modification of BTS.

By usng the Planning Wizard the user gets support in changing BTS
configurations. It makes sure that the user creates complete
configurations and ensures consstency for the data planned with the
Panning Wizard.

The effort to change the state of base stations can be reduced by
using the state changing functionsin BCM. The functions work on
different Managed Objects (MO) levels and include commands and
scripts for blocking/deblocking aswell asfor in service/out of service
operations.

BASE STATION HARDWARE MANAGEMENT

The BHW application provides the operator with a hardware register
of the ingtaled BTS Replacement Units (RU).

By usng the BHW gpplication, the user can eadly identify RU's, their
revisons and serid numbersingdled on adte.

BASE STATION ALARM MANAGEMENT

The BAM gpplication provides the user with a functiondity to restrict
the amount of darms and to define which kind of darmsto be
presented. This feature is enables the user to filter dlarms according
to certain criteria, which depend on the current Situation, and makes
it eesier to concentrate on important darms. BAM offersthe
possihility of viewing the complete suppressed darm informetion.

Furthermore, BAM provides the user with amore efficient
faultfinding process by presenting interpreted fault and status
information on the BTS managed objects.

Externd Alarm Objects for RBS can be configured as well asre-
configured. The user can retrieve as well as reset the BSC's Error
Log for the Managed Objects (MOs).
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BASE STATION SOFTWARE MANAGEMENT

The BSW gpplication contains functions to handle BTS software
(Centra function software (CF) or Transceiver software (TRX),
depending on the type of BTYS) in acentrdized way. It includes
functions to show an overview of the software satusin the CHTRX,
to copy CHTRX software packages into OSS storage, to view the
stored software packages and to |oad stored packages down to the
CHTRX.

Base Transceiver Stations
New revisions (BTS)
of the BTS software

Base Station Controller
(BSC)

O0Sss
BTS Software —_— éé —_—
Management

BTS SwW Network
Storage Model

Figure 11-9 BTS Software Management
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AXE Software management (AXS)

The AXE Software management (AXYS) application providesthe
operator with a set of adminidrative tools for loading and handling
software revisons in Ericsson’s AXE based NE's (HLR, MSC,
TRC and BSC) in a centraized manner. AXS uses a browser smilar
to the BTS family browser to present different NE's. A database
used for goring information about software gives the operator a
good overview of the software revisonsin the NE's.

The mgor functions of AXS are to:

Review the software revisonsin order to maintain consstency
between NE's

Download new or updated software to different exchanges

Upload software units and program corrections
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FAULT MANAGEMENT APPLICATIONS

Fault Management is collecting darms, and is connected dl NE's
that it is necessary to supervise and where to take action on aarms.
Avallable tools within OSS fault management are described below.

Network Alarm Status Presentation or Alarm Status Viewer

A common operator task isto supervise the network alarm status
and to act upon incoming darms. All darms, from OSSitsdf, AXE
nodes, RBS s aswell as externd fire-, water- or intruder alarm can
be routed to OSS. Alarms from NE' swill be forwarded to OSS if
the darmsin the NE are defined to be routed to the OSS and if the
adarms are defined in the OSS as expected output from the NE.

Depending on darm severity and operator defined parameters, an
dam bl can be activated. It isdso possible to filter darms so that
only certain darms are presented. The darms are presented on a
graphica map of the operating area, cdled Network Status
Presentation (NSP). The darms are displayed next to the affected
NE. Different symbols are used to depict different darm-categories.

Alarm severity When to take action

Criticd Action must be taken immediately

Major Action must be taken as soon as possible

Minor Action should be taken when thereistime, or the
Stuation should be observed

Warning Take corrective action during routine maintenance

Indeterminate An darm has been generated for which thereisno darm
Severity defined in the system
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Fault Management

Fault Management is the dl-inclusve name of the different darm-
handling functions (Alarm Handling). The figure below illudrates the
primary features of Alarm Handling. Events reported from NE's
(Network Elements), as well as datdink faults, external darms and
OSS internd errors are processed and distributed to the following
end-user services:

Alarm Viewer
Alarm Status Viewer

The user can view the darms with the Alarm Viewer, which conssts
of three applications with grgphical user interfaces. the Alarm List
Viewer, the Alarm Log Browser and the Alarm Status Matrix.
Commands for searching darms are dso available.

With Alarm List Viewer, the user can view details of the current
dams, and aso handle these darms.

With the Alarm Log Browser, the user can search for specific
darmsin thedarm log and view details and gatistics of these darms.

With the Alarm Satus Matrix, the user can overview the current
adarm gtuation in the network in a compressed view. Alam Status
Viewer

The Alarm Status Viewer presentsthe current darm in the
Geographica and Logical Network Information Presentation (GNIP)
framework, which provides both maps showing each supervised
object at its geographicd postion and views showing the logica
relation between supervised objects.

The Alarm Viewer and the Alarm Status Viewer can dso be
displayed by a Windows NT workstation, but the main processis
dill executed in the Unix server.

Therouting of dlarm messages to different output devicesis dso
provided.

An important feeture of Alarm Handling is the capatiility of other
Operations Support Systems to subscribe to specific dlarms handled
by OSS.
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Alarm Handling has features for:

Mapping of AXE darmsto anormaized alarm-record format
Indication of equipment within the NE
Surveillance of the AXE heartbeat sgna

Surveillance of the datdinks used for communication with the
NE's
When recovery has been achieved from a heartbesat or dataink
falure, it is possble to perform aarm synchronization by updating the
Alarm Ligt through a new collection of darm lists from the affected
NE's.

Alarm Handling uses the Network Modd in OSS, in which each NE
and itsrelated alarm status is regarded as a managed object with
associated atributes. For practica reasonsin facilitating network
survelllance, it is possible to form logica groups of NE' s into so-
caled MGs (Management Groups).

Alarm Handling is designed according to the ANSI draft standards,
which means that NE' s following applicable parts of these sandards
can be supervised.

For AXE this means that the darm classes are converted into five
perceived severity vaues. Critical, Mgor, Minor, Warning, and
Indeterminate. The AXE darm categories are converted to probable
cause values, for example, Processor, Subscriber lines, Power etc.

It should be noted that no darm information islost regardless of
whether there has been a conversion of darms before they are
presented to the user. The complete origind darm information can
adways be found in the Alarm Ligt and the Alarm Log.

It is possible to define criteriafor sending darms to one of the
following output devices; printers, mall, file, or aworkstation console
window.
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PERFORMANCE MANAGEMENT APPLICATIONS

Some performance management functions within OSS;

Network Statistics, Statistical Measurement Initiator and
Adminigration (SMIA)

Network Statistics Analyzer (NWS)

Radio Network Recording Functions (RNR) (Performance
Management traffic Recording (PMR))

Measurement Results Recording (MRR)
Frequency Allocation Support (FAS)

Neghboring Cell Sdection and handling (NCS)

Network Statistics, Statistical Measurement Initiator and
Administration (SMIA)

The SMIA gpplication is used to adminigter, create, modify and
delete satistical measurementsin different AXE-NE' s supported by
the GSM OSS. The application will support the statistical
measurement functions for al Object Typesin Statistic and Traffic
measurement Subsystem (STS) and the following measurementsin
Operation and Maintenance Subsystem (OMS)

Traffic Measurement on Routes (TRAR)
Traffic Measurement on Traffic Types (TRART)
Traffic Digperson Messurement (TRDIP)

The SMIA provides Gragphicd User Interface (GUI) for the
adminigtration of the STS and the OM S measurements. The GUI
runs on a Java enabled Web browser.

OMS collects gatistics about traffic on routes, distinguishes between
traffic types and checks the dispersion of traffic between different
routes.

STS collects gatigtics concerning the network capacity using
different types of counters. These results are used for early detection
of needs and planning for future improvements. All object types
within STS are supported for measurement.
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Network Statistics Analyzer (NWS)

NWS isaset of reports developed with Ericsson’s expertise in
network planning and engineering. The reports focus on collecting
and presenting data used for managing, planning, and engineering a
cdllular network. The reports are divided into three categories, giving
different target groups reports especialy designed for their needs.

Management reports
Panning and engineering reports
Operation reports

Radio Network Recording Functions (RNR)

The application unit RNR consgts of Performance Management -
Traffic Recording (PMR). PMR provides atool for detailed
performance analysis of radio network. The observed performanceis
related to traffic behavior, such as setup of connections, handovers,
and increased rate of dropped calls

PMR supports traffic recording of three types.

Mabile Traffic Recording (M TR): This provides measurement
reports for identified mobiles (up to 64). This gives the operator
the possibility to trace certain mobiles to identify the causes of
problems. It can aso be used to study network behavior in
different Stuations by tracing measurements from test mobiles.

PMR takes short-term measurements on individua IMSls.

Cdl Traffic Recording (CTR): This gives the operator the
possibility to study the network behavior in certain cdlls by tracing
measurements from up to 16 cdls a the sametime.

Channel Event Recording (CER): The performance of channel
dlocation functionsin the BSC can be studied, and improvements
can beidentified to increase the capacity and qudlity of the
network.
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Mobile Results Recording (MRR)

Mobile Results Recording (MRR) is agraphica tool which supports
the supervison of network performance and trouble shooting by
enabling the recording of radio characteristics such as:

Uplink/downlink sgnal srength
Uplink/downlink path loss

Power level used by MS

Frequency Allocation Support (FAS)

The interference level in GSM networks has to be kept to aminimum
in order to achieve a high speech qudlity. Due to increased network
complexity, it is difficult to perform frequency planning to increase the
cagpacity without increasing interference levels. Frequency Allocation
Support (FAS) isatool that supports the operator in performing
efficient frequency planning so that tighter frequency re-use and less
interference levels in the network can be achieved.

The operator can order FAS to perform recordings of the
interference levels on up to 150 frequenciesin up to 2,000 cdls
handled by one OSS. Once the recording is complete, the result
values are reported to OSS where they are processed and presented
to the operator in tabular form or graphically on amap.

EN/LZT 123 3321 R3A
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Neighboring Cell Support (NCS)

Handover between cells have to be based on rdliable and accurate
measurements to keep speech qudity high, even near cell borders.

For each cdll the operator has to define alist of neighboring cells
(BA-ligt). The MS will measure on these defined neighboring cdlls
and deliver the measurements to the BSC, where an evduation of the
measurements can be made in order to make handover decisions.

Dueto the increased complexity of the radio network, it is more
difficult to define an optimd ligt that includes dl possible handover
cell candidates. Neighboring Cell Support (NCS) supports the
operator with this task.
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NETWORK MANAGEMENT SOLUTION (NMS)

sub-network
element
management

Ericsson
0SS

Ericsson’'sNMS s an open solution based on existing standards and
is designed for flexibility and scalability. It will serve as afundamenta
platform for future expansion in network size, capacity and services.
The solution will efficiently support the organization outlined and at
the same time provide the flexibility needed to handle organizationa
demands or new service demands.

The NMS solution is based on Ericsson Telecom Management
Application Framework. An important strategic concept isto build
management solutions of modular components that in themselves are
world-class and best-of-breed product applications. Solutions built
from pre-integrated components to a verified working management
solution will sgnificantly decrease the implementation time in the
operator's network.

PM « MMIS integration

NS-T « PM integration

: NS-T« MMIS Integration
:NS-T« MMIS« IGW Integration

Customer Care
Application

D XX Mini-link Other
Manager Netman NEM

Figure 11-10 NMS Structure
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MULTI-VENDOR SUPPORT

The NMS is designed for managing network components supplied
by both Ericsson and other vendors. This is made possible through
the implementation of Integration Reference Points, dlowing
interoperability with OSS or other externa application systems and
access to other vendors' infrastructure components.

NM S makes use of open and standard interfaces and protocols
ensuring compdtibility with current and future gpplication systems
supplied by other vendors. It gives to the operator asingle point of
access to al components included in the network. NMSisaso
flexible when it comes to adaptation to network elements and other
management systems and changes in the network model

At the Network Leve, the solution congsts of the Ericsson NMS
goplication family. The solution cons s of generic gpplications for
handling management issues on a network level. These applications
are integrated technicaly and adminigratively, which dlows for
centralizing tasks where they need to be centrdized
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MAIN APPLICATIONS IN THE NMS:

Network Survelllance

NS-T (Network Surveillance TeMIP, with added-value and
integration products)

Performance Manager
PM (MetricalNPR, with added vaue and integration products)

Maintenance management

MMIS (Remedy/ARS, with trouble ticketing and work-order
management applications, added-vaue and integration products)

Asset Manager

IGW (Information Gateway)
Network Traffic Manager
Service Manager

Decison support

The Network Surveillance architecture is fully consstent with the
TMN functional architecture and provides an open and distributed
implementation.

EN/LZT 123 3321 R3A
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SERVICE ORDER GATEWAY (SOG)

SOG FUNCTIONS

&~ Did you know?

A network operator requires adminigtrative systems to andyze and

One of Ericsson’s
SOGs s capable of
handling networks
with up to 750,000
subscribers and can
add up to 100,000
new subscriptions
each day.

manage network information such as customer subscriptions, billing
information and for fraud detection. An operator's adminidretive
systems are normaly called Customer Adminigtration Systems
(CAS). They are often complex systemsthat are inflexible and costly
to adapt to the specific needs of individual network operators.

The Service Order Gateway (SOG) is an Ericsson product that

SOG IMPLEMENTATION

enables CASs to exchange information with network eements such
asthe HLR, which contain service informetion.

0Oss/oMC

/1A

SOG

Customer
Adm.
System

EIR

Figure 11-11 Service Order Gateway (SOG)

In Ericsson’s GSM systems the SOG is Unix-based. It contains a
user-friendly GUI to enable access to the required network nodes
and CASs. It can be connected to amaximum of 8 different CASs.
For operation and maintenance of the SOG, it can be connected to

OSS.
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BILLING GATEWAY (BGW)

BGW FUNCTIONS

A Billing GateWay (BGW) callects billing information or Call Data
Record (CDR) files from network elements such asMSC's and
forwards them to post-processing systems that use the files asinput.
A BGW acts as a hilling interface to the network dementsin an
Ericsson network and its flexible interface supports adaptation to any
new types of network eements.

A BGW isusudly connected to the customer administration and
billing sysems and is handled by the adminidtrative organization. The
figure below shows some of the possible hilling information required

when analyzing a specific cal.

1 ‘b%
/ Non-Roaming
Non-Roaming

Tle e

/ isBillable
—~ e
Roaming

Unbillable

Figure 11-12 Billing information

BGW IMPLEMENTATION

In Ericsson’'s GSM systems the BGW isimplemented using Unix.
Like the SOG, it contains a GUI enabling smple management of the
billing information. It can aso be connected to OSS for operation
and maintenance purposes.
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Subscriber Services

—— Chapter 12 ——

This chapter is desgned to provide the sudent with an overview of
subscriber services. It introduces the main types of subscriber
sarvices and describes thelr functions, features, and specifications.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

List some types of services available in the network
Identify one of the teleservices in the network

Identify one of the bearer servicesin the network
Identify one of the supplementary services in the network

Identify one of the Ericsson innovative servicesin the network

\
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INTRODUCTION

The primary objective of amobile telephony systemisto alow
mobile subscribers to communicate effectively. Ericsson's GSM
systems provide this by offering a number of different basic
telecommunication services.

The service functiondity of Ericsson's GSM system improves with
each system release. Technical specifications are continuoudy being
developed in order to incorporate new and improved functions into
the system.

SERVICE CATEGORIES

There are two main types of telecommunications services.

Basic services. These are availableto dl subscribersto a
mobile network. For example, the ability to make voice
telephone cdlsisabasc service.

Supplementary services: These are additiona servicesthat are
available by subscription only. Cdl forwarding is an example of a
supplementary service.

In addition, bas ¢ tdecommunication sarvices can be divided into two
main categories.

Teleservices: A telesarvice dlows the subscriber to
communicate (usudly viavoice, fax, dataor SMS) with another
subscriber. It is acomplete system including necessary termina
equipment.

Bearer services: A bearer service transports speech and data
asdigitd information within the network between user interfaces.
A bearer sarviceis the capability to transfer information and does
not include the end-user equipment. Every tdesarviceis
associated with a bearer service. For example, a bearer service
associated with the speech telephony teleservice isthe timedot
assgned to acal on aTDMA frame over the air interface.

The basic telecommunication services of Ericsson's CME 20 and
CMS 40 systems are complemented by a variety of supplementary
services such as cal barring. Ericsson's GSM systems are dso
designed to enable operators to differentiate their services from their
competitor’s services using atechnique based on Ericsson’s Mobile
Intelligent Network (MIN) solutions. For more information on MIN,
refer to the gppendix titled “Mobile Intelligent Network Services'.
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BEARER SERVICES

Ericsson's GSM systems offer awide range of bearer services. The
DTI supports data services offered by the system. Rates up to 48
kbity/s are possible.

Traffic to PSTN: for data traffic externa to PLMN such as
internetworking with ISDN or directly to PSTN, the system sdlectsa
auitable modem in the DTI.

Trafficto | SDN: an entire set of data communication serviceswith
ISDN termindsis available. Unredtricted digita information is
transferred and no modem is necessary.

Traffic to Packet Switched Public Data Networ ks (PSPDN):
Packet service supports synchronous data transfers with the PSPDN
with rates from 1.2 to 48 kbitg/s. With synchronous data transfers a
packet mode terminal can be directly connected to the MS.
Synchronous data communication between an MS and a packet
switched network is possible via the Packet Assembler-
Disassembler (PAD) facility. Rates between 300 and 9600 bits/s are

supported.

PAD

BSC MSCVLR @
PAD

Figure 12-1 Data call in GSM to PSPDN

Traffic to Circuit Switched Public Data Networks (CSPDN):
Data communications with a CSPDN is possible viathe PSTN or
ISDN, depending on the CSPDN-transit network interface.

Trafficto Internet: traditionally, an MSC accessed Internet nodes
via existing networks such as the PSTN. However, the direct access

— 260 -
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function enables an MSC to communicate directly with Internet
nodes, thus reducing call set-up time,

ISDN Primary Rate Access (PRA): thisfunction enablesan MSC
to provide PRA services to subscribers. For example, a network
operator can offer PABX connection services through the PLMN. In
thisway the operator can compete directly with PSTN operators for
ISDN business subscribers. PRA provides a data rate of up to 2
Mbits/s.

MSC/VLR

‘g/ ISDN PRA |SDN PRA

—

PABX PABX

Figure 12-2 ISDN Primary rate access provided by an MSC

EN/LZT 123 3321 R3A — 261 -



=
GSM System Survey ERICSSON =

TELESERVICES

This section describes the mgor teleservices supported by Ericsson's
GSM systems.

Speech: Thisisnormd telephony (two-way voice communication)
with the ability to make and receive calls to/from fixed and mobile
subscribers worldwide. Thisis the most fundamental service offered.

Emergency calls. The emergency cdl function enables a subscriber
to make an emergency cal by pressng a predefined button or by
using the emergency number. With an emergency area origin
identifier, the cal is automatically routed to the emergency center
nearest to the subscriber. Emergency calls can be made with the
phoneitsef, without avaid SIM-card, overriding locked phone and
pin codes. The emergency number in GSM 900 & 1800is 112 and
in GSM 1900t is911.

Facamile group 3: GSM supports Internationa
Tdecommunications Union (ITU) group 3 facsmile. Standard fax
machines are designed to be connected to a telephone using analog
ggnas, agpecid fax converter is connected to the exchange. This
enables a connected fax to communicate with any andog fax in the
fixed network.

Dual Tone Multi Frequency (DTMF): Thisisatone sgnding
facility which is often used for various control purposes, such as
remote control of answering machines and interacting with automated
telephone services.

Alternative Speech/Fax: This service alows the subscriber to
aternate between speech and fax within one call setup. The
subscriber can start the call either with speech or fax and then
aternate between the two cal types. The subscriber can switch
severd timeswithin the same call.
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Short Message Services (SMS): Thissarvice dlows smple text
messages conggting of amaximum of 160 aphanumeric characters
to be sent to or from an MS.

If the MSis switched off, or has |eft the coverage area, the message
is stored in a Short Message Service Center (SMS-C). When the
mobile is switched on again or has re-entered the network coverage
areq, the subscriber isinformed that there is amessage. This function
guarantees that messages are ddlivered.

SMS-C

Delivery Submission

Figure 12-3 SMS-C

SM S Cell Broadcast (SM SCB): The cell broadcast facility isa
variation of the short message service. A text message with a
maximum length of 93 characters can be broadcast to dl mobiles
within a certain geographic area. Typical applications are traffic
congestion warnings and accident reports, and in the future, possibly
advertisements.

Voice mail: Thissarvice is an answering machine within the network
that is controlled by the subscriber. Calls can be forwarded (see
supplementary services, cal forwarding) to the subscriber’ s voice
mailbox. The subscriber accesses the mailbox using a persond
security code.

Fax mail: This service dlows the subscriber to receive fax messages
a any fax machineviathe MS. Fax messages are stored ina
network service center. The subscriber accessesthe fax mail viaa
personal security code and the fax isthen sent to the desired fax
number.

EN/LZT 123 3321 R3A
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SUPPLEMENTARY SERVICES

This section describes the main supplementary services supported by
Ericsson's GSM systems.

Call forwarding: This service provides the subscriber with the
ability to forward incoming cals to another telephone number in the
following Stugtions

Cdl forwarding on M S not reachable

Cdl forwarding on MS busy

Cdl forwarding on no reply

Cdl forwarding, unconditiona
Barring of outgoing calls. The subscriber can activate or
desctivete this service from the MS with a variety of options for
barring outgoing cadls. For example, the subscriber can:

Bar dl outgoing cdls

Bar dl outgoing internationd cals

Bar dl outgoing international calls except those directed to the

home PLMN

Barring of incoming calls: With this function, the subscriber can
prevent incoming calls. Thisis desirable because in some cases the
called mobile subscriber is charged for parts of anincoming call (e.g.
during internationa roaming).

There are two incoming cal barring options:

Barring of dl incoming cdls
Barring of incoming calls when outside home PLMN

Advice of Charge: The Advice of Charge (AoC) service provides
the MS with information needed to caculate the charge of acdl. This
informetion is provided at cal set-up.

Charges are indicated for the call in progress when mobile originated.
For amohile terminated cdl, AoC only offersinformation on the

roaming leg.

Account Codes: This service enables a subscriber, e.g. abusiness,
to identify an account number, which isto be charged for particular
cal components. Account codes can be identified on a per call basis.
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Call waiting: This service notifies the mobile subscriber, usudly by
an audible tone, for incoming cal. The cal can then be answered,
rgjected or ignored. The incoming call can be any type of basic
service including speech, data or fax. Thereis no notification in the
case of an emergency cdl or SMS.

Call hold: This supplementary service enables the subscriber to put
the basic norma telephony service on hold in order to set up anew
cdl or accept awaiting cal. Communication with the origind cal can
then be re-established.

Multiparty service: The multiparty service enables amobile
subscriber to establish a multiparty conversation, thet is, a
smultaneous conversation between up to six subscribers. This
sarvice can only be used with basic speech telephony.

Figure 12-4 Multiparty service

Calling lineidentification services. These supplementary services
cover both the presentation and restriction of the cdling line identity.
The presentation part of the service suppliesthe caled party with the
ISDN or MSISDN number of the cdling party. The restriction
service enables cdling parties to redrict the presentation of their
numbers on the MSs of caled parties. Redtriction overrides
presentation.

EN/LZT 123 3321 R3A
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Connected lineidentification presentation/restriction: These
supplementary services supply the caling party with the ISDN
number of the connected (caled) party. The restriction enables the
connected party to redtrict the presentation. Restriction overrides
presentation.

This sarvice is ussful when the cdl is forwarded or wheniit is
connected via a switchboard.

Closed User Group (CUG): The CUG service enables subscribers
connected to the PLMN/ISDN and possibly other networks, to form
groupsin which accessis redtricted. For example, members of a
gpecific CUG can communicate with each other, but generdly not
with users outside the group.
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ERICSSON'S INNOVATIVE FEATURES

Ericsson’ sinnovative features offer aleve of service beyond the
basic network standards. New features are developed on an ongoing
basis as customer demands and competition increase. Some features
are described in this section.

Single personal number: The single persona number service
alows a subscriber to arrange cal forwarding to other networks
when the mobile is not reached in the subscriber’ s primary network.
With this feature, one directory number can reach the subscriber
even though the subscriber may have subscriptionsin severd
different networks.

Dual numbering: This festure alows the subscriber to have two
different directory numbers connected to the same subscription and
the same mobile equipment. In thisway different accounts can be
connected to the different directory numbers. For example, the
subscriber may want one business account and one private account
connected to the same subscription. Support for this featureis
required in the MS,

Immediate call itemization: Thisfeatureisadso cdled ‘Hot hilling'.
It is used when it is necessary to have immediate call charging data
output (e.g. to bill athird party for use of atelephone, whichis

rented).

Regional and local subscription: These features alow subscribers
to subscribe to a service in a specified geographica area. Requests
for service outsde the area are rejected with the exception of
emergency calsand SMS. For local subscriptions, the geographical
area conssts of anumber of cdls, and for regiona subscriptions, the
areaconssts of LAs. The cdls or LAs do not need to be adjacent
but can be spread out over the PLMN. For regional subscriptions,
LAsin other PLMNsin other countries may be included. Handovers
are not influenced.

Geogr aphically differentiated charging: This feature enables the
GSM PLMN areato be divided into different tariff regions. A tariff
region is defined asa set of cdls. A subscriber may be offered
chegper calswithin certain areas. This feature can be combined with
the service regiona subscription.

EN/LZT 123 3321 R3A
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Charging and Accounting

—— Chapter 13 ——

This chapter is desgned to provide the sudent with an overview of
charging and accounting. It addresses charging and accounting
components, their functions, features, and required specifications.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

Understand the charging principles
List 3 cdl-components

\
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PRINCIPLES OF CHARGING

The basic principles for charging in aGSM network are the same as
for charging in a PSTN-network. Thereis one mgjor difference. Ina
mobile network, the only thing known by the calling subscriber (A-
subscriber) about the caled subscriber (B-subscriber) is the country
in which B's subscription islocated. The calling subscriber (A-
subscriber) paysfor the call to the homecountry of the mobile
subscription.

B-subscriber usudly pays for those parts of the call associated with
internationa roaming in another network.

In GSM 1900, charging is done differently than in other GSM
versons. Traditiondly in North America the mobile user pays for
both incoming and outgoing calls. The reason for thisisthat the A-
subscriber can not tell if the B-subscriber is amobile subscriber
because of the American integrated numbering plan.

It should be noted that the GSM specifications do not govern
charging tariffs or packages. Each operator decidesthis. It does
however ded with the charging mechanisms related to GSM mohile
originated cdls and with the "forwarded-to" ement (when the
mobile subscriber is roaming) of acal to a GSM subscriber (mobile
terminated cdls).

EN/LZT 123 3321 R3A
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STRUCTURES FOR TARIFFS AND CHARGING

NETWORK TARIFF COMPONENTS
The network tariff structure is based on two main components:

The network access component
The network utilization component

Network Access Component
Network access charges for each subscription consst of:

An once-off initid fee

A subscription charge (paid monthly or quarterly, e.g. until the
subscription is terminated)

The access charges vary according to subscription privileges and the
number of basic and supplementary services subscribed to.

The network access charges are based on data registered in the
subscription handling procedures and are collected by the home
PLMN operator from subscribers.

Network Utilization Component

The network utilization component is registered on a per cal bass.
The badic principleisto start charging the moment the B-subscriber
(or the C-subscriber if cal forwarding is activated) answers, or on
connection to an answering machine interndly in the network. The
main issuesinvolved in the cdculaion of charging are:

Use of GSM PLMNs

Use of nationd/international PSTNs

Use of connection between different networks

Use of Sgnding System no.7 (SS7)
Network utilization charges vary according to, eg. which
country/regiona areathe cdl is originated, its destination, day and

time, use of supplementary services, if the cdling party isroaming
internationdly and the service used.

- 270 - EN/LZT 123 3321 R3A



=
ERICSSON = 13 Charging and Accounting

CALL COMPONENTS

Each cdl isdivided into anumber of components that are used in
determining charges. This facilitates the charging of the A-subscriber
and B-subscriber separately for different parts of acal. The main call
components are described bel ow.

Originating Call Component

The originating call component is the part of amobile originated call
from the MSC/VLR to the network entity pointed to by the
MSISDN. The A-subscriber pays for this component.

Roaming Call Forwarding Component

The roaming cal forwarding component charges for the part of acal
to a mobile subscriber from the home PLMN to the MSC/VLR
pointed to by the MSRN. Depending on the operator, the A-
subscriber or the B-subscriber can be charged for this.

Call Forwarding Component

The cal forwarding component is the part of acal from the GMSC
or MSC/VLR to the Network Entity (NE) pointed to by a
"forwarded-to" number. The A- or B-subscriber paysfor this,
depending on the operator.

Terminating Call Component

Thisisthe part of the cal from the serving MSC/VLR to the mohile
subscriber. Depending on the operator, either the A-subscriber or
the B-subscriber pays for this component.

Transiting Call Component

The originating, roaming and/or cdl forwarding cal component may
include atrangting component using the PSTN. This depends on the
network structure between the serving MSC/VLR and GMSC for
the A-subscriber and the B-subscriber respectively.
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home PLMN
-
/\/ <
—| RB S H BSC H MSC HGMSCl

A-subscriber ‘ f

Originating Component

Roaming or
Call Forwarding
component

MSC H BSC H RBS I_
Network of PLMN where G&

B is roaming or has call A B-subscriber
forwarding to

Terminating Call Component

BSC = Base Station Controller

GMSC = Gateway Mobile services Switching Center
HLR = Home Location Register

MSC = Mobile services Switching Center

RBS = Radio Base Station

VLR = Visitor Location Register

Figure 13-1 Originating, Roaming, Call Forwarding and
Terminating Components

i

/
6% —|RBS HBSC HMSC

Figure 13-2 Transiting Call Component

Transiting Components
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RECEPTION AND PROCESSING OF CHARGING DATA

To charge a subscriber, the system requests the necessary data from
the relevant network components. In Ericsson's GSM systemsthe
subsystems CHS and CHSS in the MSC/VLR or GMSC handle
charging functions. The AM Formatting and Ouput AM (FOAM)
a0 processes the output of charging functionsin an MSC/VLR for
use by, for example, abilling center.

TOLL TICKETING

All charging withinaPLMN is performed by means of Toll Ticketing
(TT). TT isacharging method that provides detailed output
information for al, or certain types of cdls, as defined by the
charging andlysis function. When acadl is charged usng TT, the data
which is needed to caculate the charge and bill the customer is
collected, formatted into a Cal Data Record (CDR) and transferred
to an output medium.

Post

Processing
Center

MSC

Figure 13-3 Billing procedure

The CDRs are transferred to a hard disk in the MSC/VLR or
GMSC. From the hard disk, the TT records can be sent to a data
link for trandfer directly to abilling center or to magnetic tapes, which
can then be sent to the billing center. When adatalink is used, data
can ether be sent automatically when a pre-defined amount has been
registered or can be polled from the billing center.

Thetypes of cal records that can be output correspond to the types
of cal components such asthe originating cal component etc.
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WHEN IS DATA TRANSFORMED INTO A RECORD?

Datafrom acal is generated when one of the following conditionsis
fulfilled:

The cdll is disconnected

Thetime limit for partia generation is reached

The limit for call related events has been reached
The charging andyss function is the basis of toll ticketing. This
andysisis performed by the exchange to determine whether or not

TT isto beused. It ispossbleto chargeusng TT for outgoing,
incoming, internd and trangt cals.

The TT function collects output data into a detailed output record.
Thus, the subscriber is provided with adetailed bill. A detailed bill
decreases the number of subscriber inquiries by providing clear,
itemized hilling information.

An example of toll ticketing is shown in the fallowing figure:

=
R T NETAY

| VLR
MS A

MSC Il

HLR

MsC I f— N

First TT-record: MS A - MSC Il (output in MSC I1)
Second TT-record: MSC Il - MSC Il (output in MSC I1)
Third TT-record: MSC IIl - MS B (output in MSC II1)

Figure 13-4 MS A calls MS B
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BILLING GATEWAY (BGW)

The Billing GateéWay (BGW) collects CDRs in files from the network
elements and immediately forwards these to post-processing systems
that use CDR files asinput. The Billing Gateway (BGW) actsasa
billing interface to dl network dementsin a GSM network.

The functions of the BGW include:

Collection of hilling informeation from network e ements of
different types and releases

Processing of hilling informetion

Didribution of billing information to post-processing systems of
different types

Graphicd configuration and supervison of the gateway
Alarm handling

network elements

MSC

Network Element

interface

post-processing systems
interface

/=
=

Billing System

Figure 13-5 The interfaces in a Billing Gateway
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A Graphica User Interface (GUI) is connected to esch BGW. The
GUI makesiit possible to visudize the network structure through a
directed graph, corresponding to the different data streamsin the

sysem.
[ =] Configuration
Window  Edit Help
Load...l Save | Formats...l Watchdog..| Preferences.. Coppright ® 1935 Ericssen Software Technology AE, Sweden.
Mode name: ‘ Corfiguration:
Tools Y
DYd -
Node Link. E Statistics System
M5 C-CME0RSA AT
Modes \
~ =
=2 v -\
ME PPS I3 5Uspicious IVt Suspicious FraucDetector
Alarm Audit
Processing — £
% E‘E Formatter
=
Fiter  Format E
M3C2-CME20R4 Eilling System
7
=] =

Figure 13-6 Graphical User Interface (GUI)

The BGW has an interna darm system. Abnorma Stuations, such as
unexpectedly high levels of hard disk usage (a shortage of disk space
could interfere with charging cdculations) are diolayed on the GUI.
Serious errors are a'so sent (with an darm status) to the OSS and

the application called Fault Management.

Thereisno system limit on the number of network dement
connections and post-processing systems that the BGW can handle.
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A TRAFFIC CASE

This section describes an example of charging in which severd
subscribers are involved. Many of the subscribers are not in their
home PLMNs and the networks must determine which subscriber is
responsible for paying each call component.

Note: The MSCs and call case arefictitious.
There are four mobile subscribers;
Fowler: asubscriber who's home network isin Audrdiaand

who is currently located in China

L ee: a subscriber who's home network isin South Korea, but
who is currently on business in the United States

Walker: asubscriber to a South African network who ison
vacation in Brazil

Rush: asubscriber who's home network isin the United
Kingdom, but who is on businessin Saudi Arabia

<
"é':? . & g @2
"
L}

o R
RN
e
T
WG ;'%\4'5\%) W
® Fowler: Australia ";s?", ’\.ﬁ.-éji\‘!’jky |
@ Lee: South Korea ", ” \
@ Walker: South Africa ‘hﬁ #.i"‘? ' ’

® Rush: United Kingdom ( S ﬁe e j
v

Fowler: China i

Lee: United States N

Walker: Brazil

|E| Rush: Saudi Arabia O Where the subscriber has their subscription

I:l Where the subscriber is currently located

Figure 13-7 Charging case
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Rush calls Waker. The Saudi Arabian network identifies from
Wake’'s MSISDN that it must contact the South African
network.

Walker has the service "Cal Forwarding on no reply" activated,
to Leein South Korea. The South African network initiates
contact with the South Korean network.

Leeisin the United States (roaming internationaly) and istalking
on the phone. Rush activates the service "Completion of cdlsto
busy subscribers' (the network will automaticaly set up the cal
when Lee disconnects from the phone call).

Leefinaly hangs up after his conversation. Rush's MStriesto
place the call again, Sarting with the another attempt to connect to
Walker.

. Thecall isforwarded to South Korea

6. Thecdl isforwarded to the United States.

8.

. During the cdll Lee hasto consult Fowler from Audrdia He

activates "Three-party-cal” service.
Fowler isin China, so Australian network routes the call to China.

Fowler, Rush and Lee finish talking, and hang up.

Question: Who pays for which part of the call?

Rush - Saudi Arabiato South Africa (originating component)

Activation of the service "Call completion to busy
subscriber”

Walker - South Africato South Korea (cal forwarding component)

Activation of the service "Call forwarding” (if not included in
the subscription)

Lee - South Koreato the United States (roaming component)

United States to Audtrdia (originating component)
Activation of the service "Three-party cal"

Fowler - Audrdiato China (roaming component)
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ACCOUNTING BETWEEN OPERATORS

Agreements for international charging are drawn up between
network operators. Operator A bills operator B when avisiting
subscriber from B uses operator A’s PLMN. Subscribers are only
billed for their own operator's administration costs.

Every operator who has aroaming agreement with other PLMNs
must be able to support the "transferred account™ procedures which
alow the visted PLMN to be paid by the subscriber's home PLMN.

When cdculating internationd charges, the accounting analysi's
covers.

Dedtination informetion

Outgoing route

Incoming route

Calling subscriber number

If the result of the andlysis indicates that accounting between
operatorsis to be performed, a suitable accounting classis selected
which will be used for the cdll.

Accounting data collection starts when acal is connected. Examples
of collected datainclude:

Number of cdls

Cdl duration

Number of sent meter pulses, if used

All these are stored in counters per accounting class.

The time of the day and the interva between output of dl, or part of
the accounting classes, may aso be ordered and performed directly
as an answer to acommand.

EN/LZT 123 3321 R3A
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NEW TARIFFING SCHEMES

Due to the deregulation of telecommunications markets around the
world, mobile celular markets in particular have become increasingly
competitive. This competition has led to areduction in the charging
rates for mobile telephony and to the introduction of atractive
subscription deals, which include free or grestly subsdized MSs,

Many network operators also offer subscriptions that include a
certain amount of free calls per month. Many of these schemes are
amed at business users and other people who typicaly make a high
number of cals. When a subscriber exceeds the quota of free calls,
any extracals are charged a rates, which vary, depending on the
subscription and the times set for peak rates.

A common practice for operators is to market one subscription type
for business users and another for personal users. For example, a
business package may have reduced charges for cals during business
hours but expensive charges outsde of those hours.

PRE-PAID SIM

The concept of apre-paid SIM card is an idea that has become a
success. With apre-paid SIM the subscriber does not enter into a
standard contract and pay a monthly or quarterly fee, instead the
subscriber gets a pecia subscription which is aready connected to
the network. The pre-paid SIM-card alows the user to make calls

A version of pre-paid until pre-paid fee has been used. Then the subscriber will have to buy

SIM wasreleased in arefill-card and enter a code from the refill-card to make more
Italy in 1997. Within 3 cdls..
months, 600,000 extra

;Jitric(: 't?gig :rit or's People without income and people who only need to use amobile

network. phone occasiondly often use this method of payment and those who
do not want to pay monthly rates for a phone they rarely use. It
could dso be used to assign an individud limit of cdl credit with the
knowledge that the limit cannot be exceeded.

%~ Did you know?
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Mobile Intelligent Network Services

OBJECTIVES:

— Appendix A —

This appendix is designed to provide the student with an

overview of the mobile intelligent network services available

with Ericsson’s GSM systems. It includes the network nodes and
functions used to provide these services, along with a sample
traffic case.

Upon completion of this chapter the student will be able to:

» Briefly describe the concept of mobile intelligent network services

» Briefly describe the mobile intelligent network services available
with Ericsson’s GSM systems

» Briefly describe the mobile intelligent network nodes

» Briefly describe a sample mobile intelligent network traffic case

\

ERICSSON 2



\

GSM System Survey ERICSSON =2

EN/LZT 123 3321 R3A



ERICSSON

\

>

A Mobile Intelligent Network Services

A: Mobile Intelligent Network Services

Table of Contents

Topic Page
MOBILE IN (MIN) SERVICES ......cooiiiiiieeee e 281
INTRODUCGTION ..ot e et e e e e e e e e e e aeen 281
PERSONAL NUMBER.........o i a e e e aaa s 282
PRE-PAID SIM CARD ...oeeie e 282
CELLULAR VIRTUAL PRIVATE NETWORK (CVPN) ....coovviiiiiiiiii 283
MIN INTERESTED PARTIES ...coni et 283
SERVICE ARCHITECTURE ... e e e e e 284
MIN NETWORK ARCHITECTURE .....c.ooioiiiee et 285
THE SERVICE SWITCHING FUNCTION (SSF)...ccoiiiiiiiiiiiieeieeeieeeeeeeeeeeeee 286
THE SERVICE CONTROL FUNCTION (SCF)..ccoiii ittt 287
THE SERVICE DATA FUNCTION (SDF) oeoiiiiiee e 288
THE SPECIAL RESOURCE FUNCTION (SRF) oot 289
SERVICE MANAGEMENT ENVIRONMENT (SME) ....coooiiiiiiii e 289
SERVICE CREATION ENVIRONMENT (SCE)....cccoiiiiiiiiiiii i 289
MIN CALLS (GENERAL DESCRIPTION).....ccocoieiieiiiieeeeceeie s 290

EN/LZT 123 3321 R3A —i-



GSM System Survey

\

ERICSSON 2

EN/LZT 123 3321 R3A



\

ERICSSON =2 A Mobile Intelligent Network Services

MOBILE IN (MIN) SERVICES

INTRODUCTION

A Mobile Inteligent Network (MIN) is a telecommunications
concept that meets the market demand for advanced services
within the existing telephony network, from both the network
operator’s and service provider’s perspective.

In recent years, Intelligent Networks (IN) has become an
established concept in the PSTN. With the increasing use of
cellular systems, the Public Land Mobile Network (PLMN) has
begun to adapt the MIN functionality to meet requirements of
mobile network providers, service providers and mobile
subscribers. The “intelligence" in the MIN is realized in
computer software and data. The ultimate objective of MIN is to
increase revenue for the network operator and the service
provider.

MIN offers a number of advantages to a GSM network operator:

Increased subscriber numbers due to more attractive services
* Increased revenue due to use of services

» Increased subscriber loyalty

* Increased flexibility in deploying services in a network

» Decreased development time for services

* Reusability of service modules

The following MIN services are available for Ericsson’s GSM
system§

Personal Number

Pre-Paid SIM Card

Cellular Virtual Private Network (CVPN)

Information and business (1&B)

! This is a list of services that have been designed specifically for Ericsson’s GSM systems. It should be noted that a
mobile subscriber is not restricted from making calls to PSTN-based IN services such as Freephone, Premium Rate
and Universal Access Number.
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PERSONAL NUMBER

This MIN service assigns a single number to a subscriber. This
personal number is used to contact that subscriber at defined
connections, using a time-based routing profile for that

subscriber. For example, if the personal number isdialed

between 9am and 5pm the call may be routed to the subscriber’s
work number. However, if the personal number is dialed between
5pm and 9am the next morning, the call may be routed to the
subscriber’'s mobile phone.

The target market for this service is mobile subscribers with high
existing mobile communication expenditures. The service can be
used to keep, attract, and possibly migrate customers from
different networks. Increased profitability will come from long
term effects such as customer loyalties, as well as short term
effects such as increased airtime, call completion, and new
service charges.

PRE-PAID SIM CARD

This service enables a subscriber to pay in advance for an agreed
amount of call charges. This amount is stored on the subscriber’s
SIM card or in SCF in the network. When the limit of call

charges is exceeded, the subscriber will no longer be able to
make calls, but may purchase more call charges as desired.

In addition, there is no fixed term of subscription, meaning that a
subscriber is not bound to a contract of subscription and its
associated fees. Advantages for an operator include:

* Increased number of subscribers

* Increased number of calls

» Payment in advance for calls

—282 - EN/LZT 123 3321 R3A



\

ERICSSON =2 A Mobile Intelligent Network Services

CELLULAR VIRTUAL PRIVATE NETWORK (CVPN)

The Cdlular Virtual Private Network (CVPN) service allows
groups of users to define a common short numbering plan to
simplify communication within the group. In the CVPN service,
both mobile and fixed- subscribers can be integrated as well as
PABX users. Subscribersin the cellular private network are able
to make calls outside the network by dialing an escape code.

Within this serviceit is possible to design a personal profile for
each subscriber by combining call barring and terminating
screening functions. Subscribers can aso have a personal routing
of their calls based on conditions (e.g.'No reply’).

Information and business

The freephone service allows subscribers to call for free. (In
Sweden 020-numbers, in USA 800-numbers)

The Universal access service: A company can have one single
number on which it can be reached. The MIN takes care of
routing the call to an open office nearby, based upon from where
you call.

The Premium rate service gives the subscribers possibilities to
get special types of information (ex weather forecasts or advice
from a doctor.) In Sweden these number starts with 071.

MIN INTERESTED PARTIES
There are four interested parties in a MIN service:
» Service User: the party which makes a call to a MIN service

» Service Subscriber: the party which offers the MIN service
to the marketplace

» Service Provider: the party which operates the network and
designs the MIN services

» Service Equipment Supplier: the party which supplies the
hardware and software platforms for MIN services
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SERVICE ARCHITECTURE

MIN service intelligence consists of modular software blocks
called service scripts. Each script is designed to perform a
particular function. For example, there may be a script that
reguests the user to enter a security code and checksthat it isthe
correct code for their account. This could be one of many scripts
used as part of acredit card calling service.

Service scripts are collections of smaller blocks of logic, each
designed to perform a particular task.

4

INFO-1
OFFICE-A|

Al

\ A

AREA

2 9-17 A 5 7

»| INFO-2
OFFICE-B

\/

TIME

1 Mon-Fri 17-9

RESP

\i

»

DAYINW o
Sat-Sun

INFO-3
ANNC-11

Y

Figure A-1 Example of logic in a script for a time-based routing
service
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MIN NETWORK ARCHITECTURE

The Mobile Inteligent Network (MIN) provides architecture for
the introduction of new services throughout the network, with a
minimum impact on the switching elements and the signaling
systems.

Tointroduce MIN into an Ericsson-based GSM network requires
the introduction of the following functions and environments:

» Service Switching Function (SSF)

» Service Control Function (SCF)

» Service Data Function (SDF)

» Specia Resource Function (SRF)

» Service Management Environment (SME)

» Service Creation Environment (SCE)

Figure A-2 MIN network functions
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THE SERVICE SWITCHING FUNCTION (SSF)

The Service Switching Function (SSF) acts as an interface
between the normal mobile call control functions of an
MSC/VLR and the functions that control aMIN service. The
node in which an SSF is located is termed the Service Switching
Point (SSP). The SSP performs the necessary switching,
signaling and charging to implement aMIN service, in response
to the instructions it receives from the Service Control Function

(SCF).

An SSF includes functions for:

* Initiating a MIN service (triggering)

» Call handling and switching

 Activation of resources such as announcement machines
» Charging

» Communication with the MSC/VLR and with the SCF

In Ericsson’s GSM systems, SSF functions are implemented
using the Service Switching Function Application Module
(SSFAM), which uses function blocks from the SErvice
provisioning Subsystem (SES). The SSFAM is integrated within
an MSC/VLR.
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THE SERVICE CONTROL FUNCTION (SCF)

A node in which the SCF isimplemented is termed a Service
Control Point (SCP). Thelogic and data required to execute a
MIN serviceislocated in a SCP. The SCP isthe platform for the
execution of MIN services.

An SCF contains functions for:

» Service script interpretation

» Service script storage

* Error handling

» Communication with the SSF and SDF

In Ericsson’s GSM systems, SCF functions are implemented
using the Service Control Function Application Module

(SCFAM), which uses function blocks from SES. The SCFAM

is located stand-alone on a dedicated AXE node. Alternatively,
the SCF and SSF functions can be located together on one node
termed the Service Switching and Control Point (SSCP).
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THE SERVICE DATA FUNCTION (SDF)

InaMIN with more complex services or alarger number of
services, it is often more efficient to store the data used by a
service in a dedicated database. This nodeis called the Service
Data Point (SDP). The function that administers the datais
called the Service Data Function (SDF). Depending on the
amount of datato be handled, this database may be a stand-alone
or it may beintegrated within the SCP node.

Each item of datais stored in a data module (DM), which may
include 100s of parameters about, e.g. a particular subscriber to a
service.

SCP SDP

LM LM N
LM

l———>
LM N
CDM

INPUT REGISTERS
IR1 : Current - Date

IR2 : A-Number w

DATA

Figure A-3 Data modules are stored in the SDP

In addition, for some services there may be large amounts of
data, which already exists on a database which is not part of a
MIN. One example may be a bank that has data about credit card
accounts. It is neither secure nor economical to copy all these
details into a node in atelecommunications network (i.e. an
SDP) on a regular basis. Instead, using the SDP’s External
Gateway Function (EGF), it is possible to contact such an
external database for data during a MIN call.

In Ericsson’s GSM systems, the SDP is implemented in a
Hewlett Packard UNIX-based computer. Communication
between operator staff and the SDP takes place by the use of the
Service Management Application System (SMAS).

— 288 -
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THE SPECIAL RESOURCE FUNCTION (SRF)

In order to complete some MIN services, interaction is required

between call party and network devices. For example, for

authorization purposes aMIN service may request a call party to

enter a sequence of digits, which is the call party’s Personal
Identity Number. Such an announcement is handled by a Special
Resource Function (SRF). A machine, which implements the
SRF, is termed an Intelligent Peripheral (IP). In Ericsson’s GSM
systems there are several platforms that can act as IPs, including,
e.g. the AST-DR as supplied by the ESS in AXE.

SERVICE MANAGEMENT ENVIRONMENT (SME)

In order to ensure that the MIN services operate correctly, it is
necessary to use a Service Management Environment (SME).
The SME supports installation and management of the MIN
services and their data. In Ericsson’s GSM systems, the SME is
implemented using the application Service Management
Application System (SMAS) on the TMOS platform.

SERVICE CREATION ENVIRONMENT (SCE)

The Service Creation Environment (SCE) is used to define the
logic and data which MIN services consist of. In Ericsson’s
GSM systems, the SCE is implemented using the application
Service Management Application System (SMAS) on the TMOS
platform.

EN/LZT 123 3321 R3A
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MIN CALLS (GENERAL DESCRIPTION)

For every MIN call the following procedures are followed:

1.

MSC/VLR functions identify that the call requiresaMIN
service and contacts the SSF.

The SSF determines which SCF must be contacted for the
service and identifies the call data, which must be sent to that
SCF. The SSF requests instructions from the SCF about how
to implement the MIN service.

The SCF executes the logic for the requested service and
retrieves the necessary data from the SDF.

. The SCF sends instructions to the SSF about the processing of

the service.

The SSF performs actions to process the service, interacting
with the MSC/VLR'’s call control functions where necessary.

scp -—

SCF | SDF

MSCIVLR/SSP A

< (],

T

Figure A-4 Inter-working of MIN nodes in a call
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— Appendix B —

This appendix is designed to provide the student with an
overview of the data transmission capabilities and services of
Ericsson’s GSM systems.

OBJECTIVES:

Upon completion of this chapter the student will be able to:

» Describe the data transmission services which GSM offers

» Describe a GSM data traffic case
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INTRODUCTION

As competition for subscribers increases worldwide, thereis
increasing pressure on mobile network operators to offer services
at least equal to those which subscribers can find on aPSTN
network. In the past this has led to the development of improved
call handling capabilities, such as voicemail and call forwarding.

With the use of data communications, and the internet in
particular, there has been an increasing demand for improved
data handling capabilities. In recent years the data rates of fixed
modems has increased from 9.6kbits/s to 56kbits/s, and the
recommended minimum speed is now 28.8kbits/s. GSM phones
have been capable of only 9.6kbits/s, and have not been able to
effectively compete with fixed networks for data communication
purposes.

With Ericsson’s GSM systems, a data rate of 48kbits/s is now
possible. This gives GSM network operators the possibility to
offer new competitive data applications that attract and maintain
new end-users.

It is possible to sent and receive data to and from many network
types, including:

» Public Switched Telephony Network (PSTN)
* Integrated Services Digital Network (ISDN)
» Circuit Switched Public Data Network (CSPDN)

» Packet Switched Public Data Network (PSPDN)
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DATA CONNECTION TYPES

The two basic types of telecommunications connection are:

» Circuit switched: thecircuit is set-up fromendtoend and is
maintained for the duration of the call, regardless of whether
it isbeing used or not. Thisis suitable for speech calls.

» Packet switched: thecircuit is set-up from end to end when it
is necessary to transmit or receive information. With each new
packet of information, a different connection may be used.
Thisis better suited to applications that have bursty type of
transmissions. For example, Internet browsing involves
downloading information, reading it and then downloading
more.

Data can be sent with either of above methods.

For callsusing amodem, DTI will be used for data speed
conversion.

High-Speed Circuit Switched Data (HSCSD) enables up to four
time dots for one user connection. Timeslots does not need to be
in consecutive order. Mobile phone must be prepared for
HSCSD.

In the near future, it will be possible to send packet switched data
using GPRS functionality.

HSCSD supports the following types of data transmission
connections:

» Transparent: by adding error correction bitsto the basic
data, amore rdiable connection is ensured. However, the
basic datarateisrestricted to a maximum of 38.4kbits/s.

» Non-transparent: in contrast with transparent connections,
this form does not add information to the basic dataand is
therefore less reliable. However, higher basic data rates are
possible - up to 48kbits/s.
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The following tables identify the exact data rates capable with
each of these connections:

Time Slots | End-user Data Rate (kbitg/s)
1 4.8
2 9.6
3 144
4 19.2

Table B-1 Transparent data using half-rate channel

Time Slots | End-user Data Rate (kbits/s)
1 9.6
2 19.2
3 28.8
4 384

Table B-2 Transparent data using full-rate chann

el

Time Slots | End-user Data Rate (kbitg/s)
1 12
2 24
3 36
4 48

Table B-3 Non-transparent data using full-rate channel

Within standard GSM network all connections are circuit
switched. In order to access a PSPDN, a connection to Packet
Assembler/Disassembler (PAD) is needed. The PAD transforms
the bit stream from an asynchronous terminal to data packages.
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IMPLEMENTATION IN ERICSSON’'S GSM SYSTEMS

The DTI implements the GSM Inter-Working Function (IWF)
for data communications. It performs data handling functions
such as data rate conversion and provides the functions necessary
for data interworking between the GSM network and other
networks, including the following:

» Trafficto/from PSTN: thisinvolves modem and fax calls.
For connectionsto the PSTN a modem is selected by the DTI
to perform the necessary rate and format conversions.

» Trafficto/from ISDN: the whole set of data communications
towards ISDN is available, since the MSC is capable of
signaling and mapping basic service information between the
ISDN and the GSM network.

» Trafficto/from PSPDN: the packet services use the bit-
oriented synchronous service in GSM. Supported user data
rates are 2.4, 4.8, and 9.6 kbitg/s. This service consists of two
establishment phases. The MSC/VLR establishesthe call to a
Packet Handler (PH) or to an Access Unit (AU), whilethe
second phase establishes the call to the X.25 terminal in-band

» Traffic Between Mobiles: the data traffic inside the PLMN
has to pass through the DTI to handle the protocol used for
rate adaptation in the radio path.

» HSCSD: thisversion of High Speed Circuit Switched Data
(HSCSD) allows the connection of 2, 3, or 4 timeslots on one
radio channel each carrying 9.6 kbits/s. PSTN connections
supporting V.34 modems (up to 28.8 kbits/s) and ISDN
connections using rate adaptation are possible.

» HDLC Encapsulation on ISDN: the Interworking Function
(IWF) supports High level Data Link Control (HDLC)
encapsulation in order to handle Point to Point Protocol (PPP)
and X.75 protocol links viathe ISDN networks. This will
allow a maximum data rate of 9.6 kbits/s (38.4 kbits/s using
HSCSD) excluding start and stop bits which areincluded in
UDI callsusing V.110 protocol.
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» Bearer Services: with abearer service, the GSM network
provides atransmission path for data between two access
points and also a user-network interface. The network will be
responsible for delivering in one interface what was received
in the other. Interworking attributes may be defined for
supporting bearer services over transit networks.

These Bearer Services will enable a subscriber to run
applicationslike:
- E-mail
— Database access
- Filetransfer
— Digital communication with an ISDN terminal

— Accessto aPacket Assembly/Disassembly (PAD) port in
PSPDN, providing accessto X.25 services

DT/ IMPLEMENTATION

Data services in Ericsson’s GSM systems are provided by the
hardware device Data Transmission Interface (DTI) and the
software of the subsystem Data Transmission Subsystem (DTS).
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DATA CALL TRAFFIC CASE

HSCSD DURING A CALL

Each MSisassigned amultisot class which, when sent to the
network, identifies the number of time dots which the MS can
handle simultaneously.

During call set-up, by default, the network chooses the maximum
rate possible, limited by the MS’s multislot class and by a user-
set maximum number of time slots.

The number of time slots in use during a call is dynamic and can
be changed by any of the following events:

» User action: the user may choose to decrease or increase the
number of simultaneous time slots that they are using. The
user may wish to reduce their bandwidth due to costs or
because they do not need it for some time during a call (e.g.
when browsing a directory) and may wish to increase
bandwidth later in the call (e.g. for file transfer).

» Handover: the network attempts to assign the same number
of time slots in the new cell. If this is not available, the
network reduces the number being used and informs the MS
to do so also.

» Cdll congestion: the network may choose either to prioritize
incoming calls or reduce the number of time slots, which the
HSCSD user is using.

The network reduces number of time slots, in the handover or
cell congestion cases, if a time slot becomes available at a later
stage, the network may assign it to the HSCSD user.
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EXAMPLE: DATA CALL TO PSPDN

As explained previoudly, each MSC/VLR must have a dedicated
DTI to handle data calls. The MSC/VLR is alwaysin control of
the data call and can execute changes in the resources despite the
MS mobility.

\j

6 PAD
BSC/TRC MSC/VLR %
3. A 5.
y PAD
4, DTI 6.

Figure B-1 Data call

1. AnMSinitiatesadatacall. In the call set-up message, the
MS’s multislot class is included along with the Bearer
Capability (BC) requested. The BC includes the bearer
service type (fax, data) and the requested transmission rate.

2. A connection between the MS and the network is set-up, as
in a normal call, and authentication is performed.

3. The MSC/VLR analyzes the BC. The B—number and the BC
are transferred to the DTI.

4. The DTI is configured to perform the required service (i.e.
rate adaptation, fax or modem service).

5. The DTI re-routes the call to the MSC/VLR.

6. The MSC/VLR routes the call to the destination network.
(PSPDN is used as an example in the figure above.) The
connection to this network may be via an existing network
such as the PSTN or ISDN.
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Case Study: New Telerica’s GSM networks

— Appendix C ——

This appendix is designed to provide the student with an
overview of asample network: New Teerica. It shows the
network set-up and growth over a number of years.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

» Describe the basic development of a fictional operator’s
network from initial set-up to maturity
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C. Case Study: New Telerica’s GSM
networks
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C Case Study: New Telerica’s GSM networks

INTRODUCTION TO NEW TELERICA

New Tdericaislocated on the shores of the Blue Sea. The
western and southern borders are coastlines and mountains and
forests cover the northern and eastern borders. New Teerica has
ahigh GDP per person according to World Bank statistics. The
currency isthe Telerican Dollar (TED).

Gross Domestic Product (GDP) | 92,100 TED/person
Area 507,500 km?
Population 31,253,000
Population Density 61.6 inhabitants/km®

Table C-1 Statistics of New Telerica

B -1 000 000 inhabitants
@ 250000 -1 000000 -
® 5000G- 250000

Railway
Major road

: Coniferous forest
! “ Deciduous forest
I:] Arable land

D Grassland pasture
Marshland
m Mountains

ulf of Telerica : Scale 1: 5000 000

Figure C-1 New Telerica
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Industry and business development have a high priority in New
Telerica.

The petroleum, petrochemical, mining and el ectronic industries
operate at a high level of technology. Foodstuffs, textiles,
clothing, plastic goods, cements, building materials and plywood
are produced in somewhat less advanced facilities. These sorts of
activities are till mainly concentrated in the cities, especialy
Secondia and Mildos, but the process is ongoing to relocate them
to minor places and rural areas. The west coast of I1slade Felipe
isthe main center of the fishing industry and there are many
small and medium fishing-related companies.

New Telerica has many large companies covering a wide range
of businessesincluding building, food production, chemicals,
medical products, electronics, computers and communications.

The country is served by the following transport systems:

» Shipping: Port, in the south-western edge of New Tdlerica, is
the largest port, followed by Piscor

» Airports: New Telericahas five main commercial airports, in
Independencia, Secondia, Middleton, Port and Savorne. The
airportsin Independencia, Secondia and Savorne are the
international airports for passenger traffic

» Railways: Therailway systemin New Telericais operated by
Ericorail and was modernized recently to enable high-speed
passenger traffic and carriage of heavy goods traffic

» Highways: The country’s highways, which are of good
standard, cover atotal of 19,750 km. The highway and
railway carry the mgjor part of all transport in New Telerica

New Telericaisacountry with strong economic growth. The
targets for continuing growth have been set forthin a
comprehensive ten-year plan covering the period 1995 to 2005.
The plan focuses on the following areas, anong others:
education, industrialization, communications, agriculture and
urbanization.

—300 -
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TELECOMMUNICATIONS IN NEW TELERICA

THE NEW TELERICAN TELECOM ADMINISTRATION (NTTA)

The Ministry of Communications governs telecommunicationsin
New Tderica. Thisisdivided into four departments, including
one for telecommunications. The Department of
Telecommunications has legal supervision of the New Telerica
Telecom Administration (NTTA), even though they are, strictly
speaking, two different organizations.

NTTA isamember of ITU and takes part in the work carried out
by several work groups and committees of the standardization
sector of ITU. All solutions and equipment introduced in the
NTTA network shall comply with the recommendations of ITU.

The corporate goalsfor NTTA are

» Toapply, at the lowest possible cost, the facility of
telecommunication services of all typesto subscribers over the
whole country of New Telerica

» To extend and develop the New Telerica telecommunications
network with the highest possible degree of sdlf-financing

» To operate and maintain the network as efficiently as possible

A retrospective study of the telecommunications devel opment
during the last 15-year period was performed. According to the
figures of main lines and telephone sets, the development has
been progressive with an average yearly increase of 9-10%.
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CURRENT CELLULAR TELECOMMUNICATIONS

Six years ago the Ministry of Communicationsin conjunction to
the Ministry of Commerceissued an operating license for a
PLMN based upon GSM cdlular technology. The network
license was granted to Telcell, half-owned by NTTA.

Following the trends ongoing in several countries concerning
liberalization of the market for telecommunication services, the
license was based on an open market principle and competition
at a convenient timein the future.

Sincethe start of the cdlular network, demand for mobile
services has been growing and so has the number of mobile
subscribers.

One explanation for this, which isworth closer consideration, is
the fact that less than 5% of the cellular subscribers are private.
Business peoplein New Telericavery soon discovered that the
mobile telephone is a powerful tool with a short pay-off time.

The number of subscribersin the cellular network today is
730,000, a penetration of 2.68%. The celular network isaso
used to meet demands for sophisticated servicesin the rural
areas, so called "fixed mobile" subscribers. About 40,000
subscribers are connected to the telecommunication network this

way.
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Overview of Telcell

Overview of Peertel

C Case Study: New Telerica’s GSM networks

The operating company, Telcell, wasformed by NTTA (50%),
Independent Insurance Company (25%) and private investment
(25%). Telcell hasto meet the following conditions:

» The operator isobliged to provide coverage to at least 90% of
the population by the seventh year of operation. Thiswill be
donein four phases

» The operator shall retail the service to subscribers, but
terminals are supplied in unrestricted competition by
manufacturers. Any manufacturer may supply subscriber
equipment subject to approval from Telcell

* Subscription and usage fees must be submitted to the Ministry
of Communications for approval

» Thedesign of the cellular network must not necessitate any
significant changesin the existing telephone networks. As
much as possible, the same facilities that exists for fixed
telephone subscribers should be available to mobile
subscribers

Telcdl cdl planning was performed by the NTTA. The goal of
90% population coverage was fulfilled after five years due to the
unexpected growth of demand.

In order to boost progress in industry, commerce and transport, it
isnow timeto introduce a second GSM cdllular network
operator. Peertel was formed by Middlemedia (25%), NormData
(25%), Ericorail (25%) and private investment (25%).

At the licensing contest, Peertel bound itself to the ambition of
building a hierarchical digital cellular network for personal
communications based on compatibility between macrocells,
microcells and picocells. Peertel is expected to create high
capacity and coverage in ashort time and at low cost. The
fulfillment of these requirements and the competition between
Telcel and Peertel are expected to give lower cellular subscriber
costs.

The supplier of the network elements performed Peertd cell
planning. The goa of 70% population coverage was fulfilled
after four years.

EN/LZT 123 3321 R3A
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SETUP OF PEERTEL’S NETWORK

Market Strategy

When Peertel won the license to operate the second GSM
network, they immediately set about analyzing the marketplace
to determine what their market strategy would be.

The results of this analysis showed that most Telerican’s did not
have a favorable image of NTTA (PSTN). Among potential
business users NTTA scored 55% satisfaction. Among potential
residential users the figure was 30%. However, NTTA has
changed its business practices and image considerably, and can
no longer be discounted as a significant competitor.

Peertel's initial strategy was thus to sell itself as an aggressive
market-driven operator and to establish a niche market. Their
aim was to get both business and residential subscribers as a
primary goal, with increasing subscriber traffic as a secondary
goal. In the start-up phase, Peertel did not wish to compete
directly with other network operators, as it would be very
difficulty to win a price war with either Telcell and/or NTTA.

In particular Peertel saw scope for attracting residential
subscribers - only 5% of Telcell's subscribers were residential.
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Phase 1: From Network set-up to Network Operation

As part of their network setup, Peertel drew up interface
agreements, started negotiations for transmission services,
invited tenders for equipment, developed initial tariff plans, etc.

Interface Agreements

Peertdl formed an agreement with NTTA to enable subscribersto
both networks to make and receive calls across the networks.
(NTTA has a separate deal with Telcell - in thisway subscribers
from Peertd can call thosein Telcell.) They agreed that the
charges applied for use of the other network would be 55% of
the normal price of acall.

Transmission Services

Following difficult negotiations, Peertel agreed to use NTTA’s
network for transmission services. Basically, NTTA will provide
30 voice channels (2Mbits/s PCM link) to Peertel at a price of
approximately 150,000 TED per year. This agreement is to be re-
evaluated every two years.

Initial Tariff Plans

Peertel have decided that their tariff scheme must be lower than
their competitor’s. Peertel’s initial tariffs were as follows:

Business Usage TED
Connection 500
Monthly subscription 500
Call charges:
 8.00-18.00 4
* Other times 2
« Between Peertel mobiles 1

Residential Usage
Connection 300
Monthly subscription 500
Call charges:

» 8.00 - 18.00

» Other times

» Between Peertel mobiles
Free local calls (<15km) 19.00 to 24.00

Table C-2 Tariff Plans

PN

EN/LZT 123 3321 R3A - 305 -



\

GSM System Survey ERICSSON =2

Phase 2: Network Roll-out

Board Decisions

Since the population is largely concentrated in the towns and
along main roads, Peertel management made an early decision
that initial network coverage was to be of main roads only. The
intention was that this would achieve the following benefits:

» Provide coverage of business-people travelling between
business centers

* Provide coverage for residents near the main roads

» Provide a strong sales argument by offering security to
travelersin the case of vehicle breakdown

During the rollout phase a decision was made to offer free local
calls (<15 km) after 18.00 hoursfor all subscribers. It was
decided that the sales benefit from such an offer would outweigh
the decrease in potential income.

Also at this stage, Ericorail expressed dissatisfaction with the
transmission services agreement with NTTA, largely because
Ericorail itself could offer some limited transmission capacity

using itsrail network as the basic infrastructure. To appease
Ericorail a decision was made to ask plannersto develop

estimates and plans for aternative transmission systems (e.g.

fiber optic cable from Indepedencia and Secondia), including
Ericorail's network. In this it was recognized that very often the
shortest feasible route between two towns was along the rail
tracks.
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Contingency Plans

C Case Study: New Telerica’s GSM networks

The marketing department of Peertel provided their best estimate
of expected subscriber growth. However, the inevitable
uncertainty involved, called for maximum flexibility in terms of
network support and expansion priorities.

In the radio access network, the initial problems of network
structure were the number of installed transceiversfor individual
BTSs and the capacity of the attached BSCs. The transmission
capacity was ample in the beginning since the star network had
30 channels (per BTS) and 1 transceiver uses only 3 of these. For
flexibility the number of BTSs per link to the BSC was limited to
4 (using drop and insert). On average this allowed 2 transceivers

per BTS.

Telearic
Islands

Suthon

B 1000000 inhabitants |

@ 250000 -1 000 000 -
e 5000G- 250000 -

Railway
Major road

m Conilerous forest

= Deciduous forest

Arable land
i:l Grassland, pasture

== | Marshiand

ew Telérica

o 100 200 ki

Guld of Telerica Scale 1: 5000 000

Figure C-2 Network layout
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With flexibility in mind, ample physical space was planned in
BTSsfor expansion. In addition, planning permission was
requested for additional strategic sites. This decision was made
with the knowledge that, traditionally, the use of additional
transmission capacity takes 9 months from initial request to
actual service. These measures would enable quick expansion in
the event of higher than expected cell traffic requirements.

BSC and MSC sites were located together at the center of
Independencia, thus eliminating BSC-MSC transmission costs
and enabling easier operation and maintenance (as both were at
the same site). Peertel accepted that high traffic demands might
have required remote BSCs at a later stage.

With regard to staff, Peertel recognized that its expert switching-
related staff should be located in an OMC at the same location as
the MSC and BSC. Itsradio engineers were based in various
remote locations, each supplied with the necessary transport and
equipment to perform their BTS repairs'. Peertel also put in
place the necessary training programs for its staff.

! Note: For simplification, it may be considered that one radio engineer has responsibility for approximately 35 BTSs.
Thisis dependent on the geographical spread of the sites however

— 308 -
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Planning Information

C Case Study: New Telerica’s GSM networks

Financial data

Depreciation period

Buildings 20 years
Equipment 10 years
Cars 5 years
Car costs 200,000 TED
Depreciation interest 15%
Average annual interest 12 %
Taxation 17 %
VAT 15 %
Average annual inflation 4%
Annual premium 2%
Table C-3 Financial data

Call Projections

Y ear 2 |4 |6 |8 10
Incoming Calls (%)

Low 20 |20 |20 |20 |20
High 26 |28 |33 |40 |50
Expected |24 |26 |28 |33 |40
Outgoing Calls (%)

Low 76 |74 |72 |70 |65
High 64 |60 |52 |43 |30
Expected |69 |65 |60 |53 |44
Mobileto M obile Calls (%)

Low 4 6 8 10 | 15
High 10 |12 |15 |17 |20
Expected |7 |9 12 |14 | 16

Table C-4 Call Projections
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Roll-out phases

Population Subscribers (1,000s)
Year | Town (1,000s) |Low | High | Expected
1 Independencia 2,312 20 57 48
Secondia 3,237 32 90 73
Total 5,549 52 147 121
3 Independencia 2,312 39 84 73
Secondia 3,237 61 133 116
Middleton 1,467 12 18 18
Piscor 1,353 11 16 16
Highton 443 3 5 5
Oton 714 5 9 9
Railton 343 3 5 5
Suthon 692 3 4 4
Port 620 2 4 4
Mooton 394 1 2 2
lvorne 573 2 3 3
Meridien 84 0 0 0
Village 272 1 2 2
North Bay 213 1 1 1
Samar 355 1 2 2
Mineville 437 2 3 3
Total 13,509 | 147 291 263
5 Independencia 2,312 54 116 102
Secondia 3,237 85 183 182
Middleton 1,467 22 39 38
Piscor 1,353 20 35 34
Highton 443 8 11 10
Oton 714 10 19 18
Railton 343 8 11 10
Suthon 692 8 14 13
Port 620 7 14 13
Mooton 394 4 5 7
lvorne 573 7 11 11
Meridien 84 0 2 2
Village 272 3 6 6
North Bay 213 3 5 4
Samar 355 4 8 7
Mineville 437 5 9 9
Riverton 208 2 4 3
Clatonia 108 0 2 2
Mildos 299 2 2 2
Pueblo 156 0 2 2
Gondor 180 0 2 2
Ivarton 299 1 2 2
St. Josephine 239 1 2 2
Ferryville 143 0 2 2
Weton 479 3 8 7
Port Felipe 81 0 1 0
Newton 201 1 1 1
Norton 83 0 1 1
Capton 167 1 1 1
Roadville 107 0 1 1
St. John 72 0 1 1
Azinah 60 0 0 0
St.Justine 107 0 1 1
Total 16,498 | 759 | 1,520 1,096

Table C-5 Subscriber Projections
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C Case Study: New Telerica’s GSM networks

Low High Expected

Figure C-3 Expected subscriber growth

S 2 3 4 5 6 78 90

Years

Low High Expected

Figure C-4 Expected traffic
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High traffic

Expected traffic

Figure C-5 Expected revenue

Figure C-6 Expected profit
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Cell Planning Information

Peertel performed detailed cell planning for their network, as it
was vital that it could successfully compete with Telcell's

existing network.

C Case Study: New Telerica’s GSM networks

A requirement of the license was that the network coverage in
towns must allow for indoor coverage. This fact, among others,
limited the cell sizes that they could use in some cases (e.g.
concrete buildings and windows with heat-reflecting layers).
Peertel calculated the average cell sizes listed in the following

table.
Town and road: City Urban | Suburban
Cdl Size: Radius | Radius | Radius
(km) (km) (km)

Independencia 0.5 2 4
Weton 1 3 5
Highton 2 3 6
Mildos 2 3 6
Clatonia 2 3 6
St. Josephine 3 5 8
Gondor 3 5 8
Ivarton 3 5 8
Pueblo 3 5 8
Middleton 15 3 6
Piscor 0.5 3 6
Port Felipe 15 3 6
Savorne 1 3 6
Riverton 2 4 8
Oton 2 3 5
Secondia 0.5 2 4
Railton 0.15 2 4
Village 3 5 8
Newton 1 3 5
Mineville 1 3 6
Samar 1 3 6
North Bay 1 3 6
Norton 3 5 8
Suton 15 3 6
Port 15 3 6
Ivorne 15 3 6
Moton 3 5 8
Capton 15 3 6
Ferryville 15 3 6
Roadville 2 4 6
Meridien 3 5 8
St. John 2 4 8
Azinah 3 5 8
St. Justine 2 4 6

Table C-6 Cell sizes
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In addition to the above, the number of needed cells at end of
year one was calculated as:

e Number of subscribers; 121,000

» Avallablefrequencies: 438

o Cdl pattern: 4/12
+ GOS: 2%

o Traffic per subscriber: 25mE
Therefore:

* Frequenciespercel =48/12=4

o Traffic channels per cell =4 x 8 - 2 (control channels) = 30
TCH

» Traffic per cel = 30 TCH with a 2% GOS implies 21.932
Erlangs per cell (seetable 6-1)

* Thenumber of subscribers per cell = 21.932E / 25mE = 877
subscribers per cell

o |f thereare 121,000 subscribers then the number of cdls
needed is 121,000/ 877 = 138 cdlls.

g(g Port Felipe

Figure C-7 Example of cellular network in Isla de Felipe
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— Appendix D —

This appendix is designed to provide the student with an
overview of the possible future functionality of GSM-based
systems.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

» Describe the possible future functionality available with
GSM systems
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D: The Future of GSM
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INTRODUCTION

The future for GSM includes more subscribers, more networks
and more services. The primary concept, which isdriving this
future, isthat of the third generation of mobile systems. Other
developments that are taking place are also outlined here.
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THE THIRD GENERATION OF MOBILE SYSTEMS

INTRODUCTION

Analog mobile networks are considered to be the first generation
of mobile systems. Digital mobile network is considered to be the
second generation of mobile systems. The third generation of
mobile systemsis currently being defined in various
standardization groups around the world.

One characteristic of true third-generation services and

applications will be the infrastructure’s capabilities to deliver
several services in parallel to each individual end user/terminal.
This means subscribers to services can carry on a voice
conversation in parallel to accessing an intranet or extranet to
obtain important information or participate in a videoconference
and at the same time exchanging e-mails and/or multimedia
mails.

Predictions for the future of such a system include statistics such
as “Mobile multimedia will account for 16% of mobile
subscribers, 25% of operator revenues and 60% of network
traffic in the year 2005”.

User Applications

Corporate LAN Access .
h Audio
« File transfer .
* Music
* Groupware

* E-mail « High-quality voice
« Corporate info
A\

Internet applications ))) é é i

iy

« WWW Browsing
« Video Telephone

« E-malil XIVCDMﬁ ISPNPSTN ]
* News push etwor Video terminal
« Networked games

Internet

R
Corporate %
Video Conference LAN m

Wireless Post Card and
Electronic Business Card
« Multimedia electronic mail
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D The Future of GSM

The general concepts for third generation systems are grouped
under the concept of the International Mobile
Telecommunications 2000 (IMT-2000) system, as being defined
by ITU-T. Thisis complemented by development of Universal
Mobile Telecommunications System (UMTS) by ETSI. UMTS
aimsto deliver wide-area’high-mobility data rates of 384 kbits/s
and up to 2 Mbits/s for local-area/low-mobility coverage.

Frequency spectrum has already been allocated for these third-
generation servicesin the 2 GHz frequency band.

Some basic planned UMTS services include:

* Voice/high-quality audio

» High-speed data transmission including still photographs
» E-postcard in combination with digital cameras

* Video conferencing and multimedia

Some future wireless scenarios for wideband wireless
multimedia can comprise the following services:

 Interactive news ddlivery (voice, video, e-mail, graphics)
* Multimediae-mail (text, graphics, video clips)
 Interactive audio (CD-quality voice, video, graphics)

» Video conferencing, largefile transfer

»  Web browsing (dynamic Internet-based games, etc)

» Downloading large files from intranets

» Position/location-dependant "push” info

* Electronic commerce

» Telemetry for traffic and security systems

EN/LZT 123 3321 R3A
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IMPLEMENTATION

Ericsson is currently working on supplying a solution for UMTS
using Wideband Code Division Multiple Access (WCDMA) and
GSM.

Wideband Code Division Multiple Access (WCDMA)

As an access method, Code Division Multiple Access (CDMA) is
an aternativeto TDMA. However, there are several key
differences in implementation between TDMA and CDMA.

The basic concept of CDMA isto simultaneously handle several
users M Ss without dividing the radio carrier by time dots.
Instead, each MSis given a decoding key. Then the information
for several MSsis transmitted downlink at the same time.
Functionsin each M S can then be used to analyze the
information and to decode only that information which is
relevant to itsdlf. Security is ensured as each M S does not have
the decoding key for other MSs and will therefor not be able to
decode any other MS’s information.

The problem of interference is avoided using such intelligent
functions, but as the number of users of the same carrier
increases, the more difficult it becomes for an MS to decode its
own information. For this reason, it is desirable to have a wide
bandwidth when using CDMA solutions. This leads to the term
WCDMA.

The services proposed within UMTS involve transferring large
amounts of data to and from MSs. Ericsson is developing the
new WCDMA concept operating with a 5 MHz carrier
separation to fully use the inherent benefits of code division
multiple access techruy.

Given the large bandwidth, each WCDMA terminal connection
may access several services simultaneously. Each service can be
optimized at the required data rate and quality.
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Evolution of GSM to UMTS

Going forward, GSM will continue to evolve to meet demands
for high-data rates through two complementary developments.

First, the existing MS-network interface has evolved to include
high bit rates for wide-area coverage, through HSCSD and
packet-switched data through General Packet Radio Services
(GPRYS) that will provide atheoretical datarates up to 160
kbits/s.

Second, GSM will evolve to meet with third generation
reguirements by offering data rates up to 384 kbits/sin all
existing GSM frequencies. A high-level modulation method,
EDGE (Enhanced Datarates for Global Evolution), will be used
to support both packet-switched and circuit-switched data.

To reach thisleve of throughput, two air interfaces will co-exist:
the evolved GSM (TDMA) and the new UMTS interface
(WCDMA).

Using dual-mode GSM/UMTS global handsets - with GSM
providing coverage and UMTS déelivering new functionality -
operators will be able to fully leverage additional wideband
servicesin their GSM networks with full service transparency
across the enormous GSM worldwide presence.

The radio access network will be a distinct overlay network for
the two types of air interfaces. For the UMTS radio access
network, some of the existing GSM concepts will be reused but
many principles and structures will be new. The core network for
UMTS will be an evolution of today’s GSM circuit and packet
switching networks.

Asaresult the GSM MSC will be evolved to support circuit-
switched accesses from the M S towards either

telecommuni cations-based networks (e.g. PSTN, PLMN) or data
communications-based networks (e.g. Internet), thus becoming a
GSM-UMTS MSC. This meansthat in the future the same MSC
will be handling both TDMA and WCDMA accesses. Thiswill
likely include roaming and handover between these two radio
access networks for the same MS.

EN/LZT 123 3321 R3A
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Evolution to UMTS/IMT-2000 in GSM Environment
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Figure D-2 Evolution of GSM to UMTS
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OTHER DEVELOPMENTS

GSM as a second generation mobile system continues to evolve.
Some of the key areasfor GSM in the future that are not third
generation-related are outlined here.

ENHANCED MOBILE INTELLIGENT NETWORK (MIN) SERVICES

The integration of Mobile Intelligent Network (MIN) concepts
with GSM is being currently defined in ETSI. It centers around
the concept of Customized Application for Mobile Enhanced
Logic (CAMEL).

The primary focus of CAMEL-related developmentsisto
provide a system in which it is possible to use MIN services
while roaming internationally. Thisis currently not possible. It is
intended that treating a SCP similarly to aHLR will enable this,
where interrogation for service intelligence from other networks
ispossible.

MULTI-BAND MOBILE STATIONS

It is expected that a GSM M S will become available which can
operate with all GSM frequency bands. Thiswill require
operation not only according to signaling protocols for GSM 900
and GSM 1800, but also for GSM 1900, which is based on ANSI
signaling.
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GSM IN CORDLESS APPLICATIONS

Theterm cordless refers to a phone which replacesa PSTN
wireline phone and which has limited mobility, such asawithin
home or office, GSM indoor.

PSTN operators are increasingly looking for access solutions,
which involve lower infrastructure costs than those associated
with traditional copper wire-based phones.

One possible solution isto use anorma GSM phone as both a
cellular phone and a cordless. When the user isin the area of
their home, the services they use can be provided by the PSTN
viathe GSM network.

This could be implemented by a small home base station and new
software in the MS, which automatically registers with the home
base station when within its area of coverage. All services used
by the subscriber can then be charged at PSTN prices instead of
PLMN prices.

GSM Pro provides the end-user with professional mobile radio
functionality without building a special network.

GSM Pro offers strong advantages for GSM network operators.
By supporting the specialized functions of professional mobile
users, the operator serves awhole new group of heavy callers.
Professional mobile radio users are typically employeesin

organi zations such as construction or utility companies who need
wireless communications to do their jobs. Their work puts
specia demands on their mobile communications, including such
key functions as group calls, special emergency calls, passive
monitoring and push-to-talk (PTT) mode.

The rugged terminal will function exactly like the push-to-talk
radios they are used to and support the full functionality of GSM,
including datacom, text messaging and other services.

The GSM-based alternative to private radio has already won
important supporters. Railway companies in Europe, for
example, have agreed on a GSM-based solution, GSM-R, as the
most efficient way to meet their highly demanding
communications needs.
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— Appendix E —

This appendix is designed to provide the student with an
overview of the customer services which Ericsson offersfor
cellular network operators.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

» ldentify and describe Ericsson’s customer services
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INTRODUCTION

Ericsson’s services for network operators enable operators to
maximize the benefit of their investments in technology and to
increase long-term cost-efficiency and competitiveness. Together
with the operator, Ericsson analyze the operator's activities,
processes and expertise, and plan programmes that complement
and enhance overall operations. The scope of the analysis is
adapted to the status of the operator organization.

New operators, as well as established operators who are taking

on new roles or branching into new markets, are supported by
solutions that speed up roll-out and minimize financial risks. For
these operators, a complete business analysis might be necessary.
Established operators might require help in optimising and fine-
tuning specific parts of their organizations and networks.

The customer services offering is a concept for integrated service
solutions that are tailored to fit the needs of individual operators.
Service solutions cover every phase of network development,
from initial planning to ongoing operations. By means of the
customer services program, Ericsson ensures that the complete
network - not just traffic-carrying functions, but also billing and
customer care - are up and running from the very start, thereby
facilitating a rapid flow of revenue.

The services, which apply to all major digital and analog
technologies and standards, include advice on network
performance and planning, and hands-on operation and
maintenance.

The long-term objective of the service commitment is to make
operators more successful by:

* Reducing time to market

» Cutting overall cost

» Improving service order activation

» Ensuring more efficient customer care
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CUSTOMER SERVICES

The Ericsson service portfolio for network operators comprises
four service areas.

» Professional services: for helping operators to plan network
and business operations

* Implementation and integration services. for helping
operators to implement and install nodes or networks

* Maintenance and support services. for helping operatorsto
operate and maintain networks and end-user services

* Customer training: for helping operators to establish and
develop necessary competencies

SERVICE EXAMPLES

Business Consulting

Network Design

For operators tackling new market sectors, Ericsson assists with
the development of business plans and marketing strategies.
Output can include recommendations on processes,
organizational structures, and business support systems.

Network design involves planning a network that will support the
operator’s business plan. The output is a complete technical
solution and network design plan.

Network Implementation and Integration

This service involves building a new network or enhancing an
existing network, integrating multi-vendor equipment and
systems, including installation and commissioning. The output is
the handover of a fully-operational, fully-tested network.

Competence Development

Within this service, based on training needs analysis, training
and certification is undertaken to meet agreed competence goals.
The result is staff which are competent to handle the network.

—324 -
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Network Support

Network support offers day-to-day operational support, with
backup from global response centers, to ensure continuous,
smooth, profitable network operation. The result is a network
that meets key network performance parameters agreed at the
outset.

Network Performance Improvement

With this service, Ericsson offersto analyze the performance of
an existing network, leading to improvement recommendations
and implementation. Result isimproved coverage, capacity,
efficiency and reliability.

Network Management

Network management offers a network management solution that
is tailored to the operator’s business plan, general strategies and
available resources. It can combine Ericsson resources with the
operator’s in-house organization, or Ericsson can undertake
complete operation of the network on behalf of the operator.
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—— Appendix F —

This chapter is designed to provide the student with an overview
of the GPRS network.

OBJECTIVES:
Upon completion of this chapter the student will be able to:

» List the GPRS nodes
» Briefly draw the stepsinvolved in PDP context activation
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INTRODUCTION

General Packet Radio Services (GPRY) is a standardized packet-
switched data service for GSM enabling mobile use of internet.
The GPRS system provides a basic solution for Internet Protocol
(IP) communication between Mobile Stations (MS) and Internet
Service Providers (ISP) or acorporate LAN (Local Area
Network). GPRS establishes an end-to-end | P connection from
the mobile terminal to the servers at the ISP. The packet data
transmission isthus carried out on an end-to-end basis,
including the air interface.

GPRS users can remain on-line without continuously occupying
a specific radio channel. GPRS will use the common pool of
physical resources across the radio interface in co-existence with
the existing circuit switched GSM. The same physical channels
will be used but in a more efficient way since several GPRS
userswill be able to share one channel. Thus giving a better
channel utilization. In addition, GPRS channels are all ocated
only when datais sent or received.
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GPRS SYSTEM OVERVIEW

GPRS is an extension of the GSM architecture, seefigure
Figure F-1, packet data traffic runs on a new backbone IP
network and is separate from the existing GSM core network
that isused for circuit switched traffic (mainly speech). Two
new nodes form the cornerstones of the GPRS backbone. The
Serving GPRS Support Node (SGSN) handles packet data
traffic of usersin a geographical area. The Gateway GPRS
Support Node (GGSN) connects to outside data networks.
SGSN and GGSN arerouters that support mobility of terminals.

GPRS uses the existing GSM radio network. The transmission
links between BT Ss and BSCs are reused, which reduces the
overall cost for GPRS.

GPRS also reuses other existing GSM network elements such as
the HLR and the MSC/VLR.

An overview of the system componentsin the GPRS system
(shaded partsin Figure), integrated with the circuit-switched
part of the Ericsson GSM System (white partsin figure) is
shown in Figure F-1.

Traffic and signaling

Signaling

External

TE Terminal Equipment IP Networ

MT Mobile Terminal

MS Mobile Station

BSS Base Station System

BTS Base Transceiver Station

BSC Base Station Controller

GMSC Gateway Mobile Services Switching
Center

MSC  Mobile services Switching Center

VLR Visitor Location Register

HLR Home Location Register

AUC Authentication Center

EIR Equipment Identity Register

SGSN Serving GPRS Support Node

GGSN Gateway GPRS Support Node

IP-Backbone

GGSN

External
IP Network

External
X.25 Netwark

um Air Interface
A, Abis Interfaces (GSM)
Gx Interfaces (GPRS)

Figure F-1 GPRS logical architecture
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Therole of each network element in the GPRS system and the
new functionality required in the GSM network elementsis
briefly described below.

TERMINAL EQUIPMENT (TE)

TE isthe computer terminal on which the end-user works. This
is the component used for the GPRS system to transmit and
receive end-user packet data. For example, the TE could bea
laptop computer. The GPRS system provides IP connectivity
between the TE and an ISP or Corporate LAN connected to the
GPRS system. From the TE point of view, you could compare
the Mobile Terminal to a modem, connecting the TE to the
GPRS system.

MOBILE TERMINAL (MT)

MS

The MT communicateswith a TE, and over theair withaBTS.
The MT must be equipped with software for GPRS functionality
when used in conjunction with the GPRS system. The MT is
associated with a subscriber in the GSM system. The MT
establishes a connection to an SGSN. Channel reselection is
provided at the radio connection between the MT and the
SGSN. The IP connection is static from the TE point of view;
that is, the TE does not know it is mobile and retains its
assigned IP address until the MT detaches.

The combination of aTE and an MT isan MS. Often in this
document asinthe ETSI GSM standard for GPRS, theterm MS
is used when discussing the GPRS features. It can be concluded
from the context which components would relate tothe MT or
the TE parts. Note that the MT and TE components could
actually be in the same piece of equipment.

Depending on the MS and the network capabilities, GPRS M Ss
can operatein three different modes:

» Class A mode of operation allows an MS to have a circuit-
switched connection at the sametimethat it isinvolved in a
packet transfer.

» Class B mode of operation allows an MSto be attached to
both circuit switched and GPRS but it can not use both
services at the sametime. However, MSthat isinvolved in a
packet transfer can receive a page for circuit-switched
traffic. The MS can then suspend the packet transfer for the
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BSS

MSC

duration of the circuit-switched connection and afterwards
resume the packet transfer.

» Class C mode of operation allowsan MS only to be attached
to one service at thetime. An MS that only supports GPRS
and not circuit-switched traffic will alwayswork in class C
mode of operation.

Ericsson’s BSS requires new software and hardware to support
GPRS. The new hardware, the Packet Control Unit (PCU) needs
to be added in the BSC. The BSC may be a combined BSC/TRC
or a stand-alone BSC. The PCU can only serve one BSC and
there will only be one PCU per BSC.

The BSC can set up, supervise and disconnect circuit-switched
and packet-switched calls. One or several BSCs are served by a
MSC, and a number of BSCs are served by a SGSN.

The BTS separates the MS-originated circuit-switched calls
from packet data communication, then the BSC forwards circuit
switched calls to the MSC/VLR, and GPRS data calls to the
SGSN.

Standard GSM protocols are used with the BSC to achieve the
desired compatibility.

There can be several MSCs corresponding to one SGSN. One
MSC can also be connected to several SGSNs. The
configuration is a matter of dimensioning for the actual traffic.

The MSC service area is divided into a number of Location
Areas (LAs) for the circuit switched network and into a number
of Routing Areas (RAS) for the GPRS network. The RA is
smaller than or equal to the LA.

SERVING GPRS SUPPORT NODE (SGSN)

The SGSN is a primary component in the GSM network using
GPRS, and is a new component in GSM. The SGSN forwards
incoming and outgoing IP packets addressed to/from a MS that
is attached within the SGSN service area. The SGSN provides
packet routing and transfer to and from the SGSN service area.
SGSN serves all GPRS subscribers that are physically located
within the geographical SGSN service area. A GPRS subscriber
may be served by any SGSN in the network, all depending on
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the location. Thetraffic is routed from the SGSN to the BSC,
viathe BTStothe MS.

SGSN also provides:

» Ciphering and authentication

»  Session management

* Mobility management

» Logical link management toward the MS

» Connectionto HLR, MSC, BSC, GGSN and other nodes
* OQutput of billing data

The SGSN collects billing information for each MSrelated to
the radio network usage. Both the SGSN and the GGSN collect
billing information on usage of the GPRS network resources.

GATEWAY GPRS SUPPORT NODE (GGSN)

Like the SGSN, the Gateway GPRS Support Node (GGSN) isa
primary component in the GSM network using GPRS and is a
new component. The GGSN provides

* Theinterface toward the external IP packet networks. The
GGSN therefore contains access functionality that interfaces
with external ISP functions like routers and RADIUS
(Remote Access Dial-In User Service) servers, which are
used for security purposes. From the external |P network’s
point of view, the GGSN acts as a router for the |P addresses
of all subscribers served by the GPRS network. The GGSN
thus exchanges routing information with the external
network.

* GPRS session management, communication setup toward
external network.

* Functionality for associating the subscribers with the right
SGSN.

* Output of billing data. The GGSN collects billing
information for each MS, related to the external data
network usage. Both the GGSN and the SGSN collect
billing information on usage of the GPRS network
resources.

SGSN and GGSN can be located in different PLMNSs. The two
PLMNswill then be connected via border gateways for security
and interoperability reasons. The border gateways are part of the
GGSNSs.
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HLR

VLR

The HLR isthe database that holds subscription information for
every person who has bought a subscription from the
GSM/GPRS operator. The HLR stores information for circuit
switched and for GPRS communication. Information found in
the HLR includes, for example, supplementary services,
authentication parameters, Access Point Name (APN) such as
the subscribers ISP, and whether a static IP addressis allocated
tothe MS.

In addition, the HLR includes information about the location of
the MS. For GPRS, subscriber information is exchanged
between HLR and SGSN. Note that the authentication triplets
for GPRS areretrieved directly from the HLR to the SGSN, i.e.
it does not passthe MSC/VLR like asit doesfor circuit
switched GSM.

Theinformation going from HLR to SGSN has been set up by
the operator for the subscriber. This information transfer is done
when the operator changes the subscriber information, or when a
new SGSN needsto have datafor a subscriber after attach or
change of RA. The old SGSN is also informed. The information
going from SGSN to HLR istherouting information that is
transferred upon MS action, e.g. attach or RA update. For a
roaming mobile, the HLR may bein adifferent PLMN than the
SGSN serving the mobile.

The SGSN contains the VLR functionality for packet-switched
communication in the same way asthe VLR for circuit switched
GSM s co-located with the MSC (alwaysin the Ericsson
implementation).

The VLR contains information about all MSsthat are currently
located in the MSC LA or SGSN RA respectively. The VLR
contains temporary subscriber information needed by the MSC
or SGSN to provide services for the visiting subscribers.

When an MS roamsinto a new MSC location area or SGSN

routing area, the VLR of that MSC or SGSN requests and stores
data about the MS from the HLR. Mobiles supporting both

GPRS and GSM can be combined-attached, i.e. both GPRS- and
IMSI —attached. Then both the SGSN and the MSC will obtain
location information from the HLR.

The SGSN can receive and execute circuit-switched system
paging requests from the MSC/VLR.

—-332-
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The MSC/VLR is connected to the SGSN directly using the Gs
interface, and indirectly viathe BSS using the A and the Gb
interfaces.

THE CO-LOCATED SGSN AND GGSN

The SGSN and GGSN functionality may in the Ericsson
implementation be combined in the same physical node, a
combined GPRS Support Node, CGSN

EN/LZT 123 3321 R3A - 333 -



\

GSM System Survey ERICSSON =

TRAFFIC CASES

The traffic cases described in the following sections are:
* GPRS attach/detach
» PDP context activation/deactivation

» Update procedures

IMSIATTACH, GPRS ATTACH AND PDP CONTEXT ACTIVATION

IMSI Attach

In order to make or receive calls, a GSM MS needs to perform
one procedure, IMSI attach (or location update). The IMSI
attachisillustrated in Figure F-2. At IMSI attach a connection
between MS and the GSM network is established.

()

Figure F-2 IMSI attach

The end user does not need to specify which fixed networks he
wants to use because all fixed networks are following the same
numbering plan (E 164). Note: the MSISDN (M S phone
number) is always the same no matter to which country and to
whomiit calls.
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GPRS Attach

In order to receive or transmit data the end user needsto
perform atwo step procedure, GPRS attach (step 1 in Figure F-
3) and PDP context activation (step 2 in Figure F-3).

5“9 d‘m

5

Figure F-3 GPRS attach (1) and PDP context activation (2)

At GPRS attach alogical link is established between MS and
SGSN. The GPRS attachment procedureisillustrated in
Figure F-4. Each step is explained in the list below.

MSCNVLR AUC
6 é
1,34,7 HLR
~_
\ﬁ“ é 4,5
BC Ses)
2
KGN
(old’)

Figure F-4 GPRS attach

1) MS sends message to SGSN: “attach request” (including P-
TMSI (packet TMISI) or IMSI, old RAI, and type of attach)

2) If the MS (TMSI) is not known by the SGSN it requests the
old SGSN for IMSI and triplets.
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3) If the MSisnot known by the old SGSN it sends an error
message to the new SGSN and the new SGSN asks MS
about IMS].

4) SGSN authenticates MS (by using triplets).
5) Update HLR (if new SGSN service area).
6) Update MSC/VLR (only necessary if new LA).

7) SGSN tellsMS about new TLLI (Temporary Location Link
[d).

Combined GPRS/IMSI Attach

In acombined GPRS/IMSI attach, both procedures are
proceeded simultaneously, whichisillustrated in Figure F-5.

=

Figure F-5 Combined GPRS/IMSI attach

GPRS Detach

The M S can be detached from the GPRS network by the MS or
by the network. The detach procedures includes communication
between MS, BSS, SGSN and GGSN in al cases. The
procedures will not be described further here.
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PDP Context Activation and Deactivation

General

In order to send and receive GPRS data the MS performs PDP
context activation after the GPRS attach, asillustrated in

Figure F-3. The PDP context activation makesthe MS known in
the appropriate GGSN and communication to external networks
is made possible.

The PDP context activation corresponds from the end users
perspective to “logging in” to an external network, i.e. his
corporate LAN, his ISP or to the Service LAN provided by the
GPRS operator.

The difference from using a dial-up connection over circuit
switched is that in GPRS the end user can have several PDP
contexts activated simultaneously if the terminal supports
several IP-addresses.

At MS detach all PDP contexts for the MS are deactivated.

PDP Context Activation

When a link between MS and SGSN is established through the
GPRS attach the PDP context activation makes it possible to
reach an external network (LAN). Figure F-6 illustrates the steps
in the procedure of PDP context activation. Each step is
explained in the following list.

®

LAN
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Figure F-6 PDP context activation
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1) MS sends PDP context activation request to SGSN
(including Access Point Name (APN, logical namereferring
to the external packet data network that the subscriber wants
to connect to), static or dynamic IP address,).

2) Security functions may be executed between MS and SGSN.
3) SGSN validates request.
4) SGSN will

* Check subscription

» Check quality of service (needed for charging)
¢ Send APN to GGSN

e CreateaTID, Tunnel IDentity by using IMSI

* Createalogical link to the GGSN, aGTP (GPRS
Tunneling Protocol) tunnel

5) GGSN contacts the external network (LAN) identified by
APN and asks for [P-number

6) The server in the external network sends IP-number to
GGSN

7) GGSN sends IP-number back to MS

After step 1-8 an IP connection between MS and an external
network is established.

PDP Context Deactivation

MS, SGSN or GGSN can initiate the PDP context deactivation.
The procedure involves four steps: Delete PDP Context
Request, Delete PDP Context Response, Deactivate PDP
Context Request and Deactivate PDP Context Response.
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F GPRS

UPDATE PROCEDURES

Cell Update

A RA isasubset of the LA, see Figure F-7.

LA

RA2

Figure F-7 Location area (LA) and routing area (RA)

Three different scenarios can appear when the MS enters a new
cell and possibly anew routing area. They are

» Cdl update

* Routing area update

» Combined routing area and location area update
In all three scenarios the M S stores the cell identity.

A cell update takes place when the MS entersanew cell inside

the current RA, if the MS is in “ready state”. If the RA is

changed also, a RA update takes place instead of the cell update.
MS performs the cell update by sending an uplink LLC frame of
any type to the SGSN containing the MS identity. SGSN records
the MS change of cell and the following traffic to the MS will

be conveyed over the new cell.

Routing Area Update

A routing area update takes place when the MS has entered a
new routing area, or when the periodic RA update timer has
expired, or when a suspended MS is not resumed by the BSS.
The procedure is initiated by a Routing Area Update Request
from MS to SGSN. The update can either be an Intra SGSN
Routing Area Update (when the SGSN has the required
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information about the MS) or an Inter SGSN Routing Area

Update (when the new SGSN gets information about MS from
the old SGSN).

Combined RA/LA Update Procedure

A combined RA/LA update may take placein a network when
the MS entersanew RA or when a GPRS attached M S performs
IMSI attach. The procedureisinitiated by a Routing Area
Update Request indicating that a LA update also must be
conducted. The SGSN forwardsthe LA update to the VLR.
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