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Introduction

1.1 About This Book

Someone who wants to get to know the customs of a country frequently
receives the advice to learn the language of that country. Why? Because the dif-
ferences that distinguish the people of one country from those of another are
reflected in the language. For example, the people of the islands of the Pacific
do not have a term for war in their language. Similarly, some native tribes in
the rain forests of the Amazon use up to 100 different terms for the color green.

The reflection of a culture in its language also applies to the area of com-
puters. A closer look reveals that a modern telecommunications system, like the
Global System for Mobile Communication (GSM), is nothing more than a
network of computers. Depending on the application, a language has to be
developed for such a communications network. That language is the signaling
system, which allows intersystem communication by defining a fixed protocol.
The study of the signaling system provides insight into the internal workings of
a communication system.

The main purpose of this book, after briefly describing the GSM subsys-
tems, is to lay the focus on the communications method—the signaling
between these subsystems— and to answer questions such as which message is
sent when, by whom, and why.

Because it is not always possible to answer all questions in a brief descrip-
tion or by analyzing signaling, details are covered in greater depth in the glos-
sary. Furthermore, most of the items in the glossary contain references to GSM
and International Telecommunication Union (ITU) Recommendations, which
in turn allow for further research.
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2 GSM Networks: Protocols, Terminology, and Implementation

For the engineer who deals with GSM or its related systems on a daily
basis, this book has advantages over other GSM texts in that it quickly gets to
the point and can be used as a reference source. I hope the readers of this book

find it helpful in filling in some of the gray areas on the GSM map.

1.2 Global System for Mobile Communication (GSM)

When the acronym GSM was used for the first time in 1982, it stood for
Groupe Spéciale Mobile, a committee under the umbrella of Conférence
Européenne des Postes et Télécommunications (CEPT), the European standardi-
zation organization.

The task of GSM was to define a new standard for mobile communica-
tions in the 900 MHz range. It was decided to use digital technology. In the
course of time, CEPT evolved into a new organization, the European Telecom-
munications Standard Institute (ETSI). That, however, did not change the task
of GSM. The goal of GSM was to replace the purely national, already over-
loaded, and thus expensive technologies of the member countries with an inter-
national standard.

In 1991, the first GSM systems were ready to be brought into so-called
friendly-user operation. The meaning of the acronym GSM was changed that
same year to stand for Global System for Mobile Communications. The year
1991 also saw the definition of the first derivative of GSM, the Digital Cellular
System 1800 (DCS 1800), which more or less translates the GSM system into
the 1800 MHz frequency range.

In the United States, DCS 1800 was adapted to the 1900 MHz band
(Personal Communication System 1900, or PCS 1900). The next phase, GSM
Phase 2, will provide even more end-user features than phase 1 of GSM did.
In 1991, only “insiders” believed such a success would be possible because
mobile communications could not be considered a mass market in most parts
of Europe.

By 1992, many European countries had operational networks, and GSM
started to attract interest worldwide. Time has brought substantial technologi-
cal progress to the GSM hardware. GSM has proved to be a major commercial
success for system manufacturers as well as for network operators.

How was such success possible? Particularly today, where Code Division
Multiple Access (CDMA), Personal Handy Phone System (PHS), Digital
Enhanced Cordless Telecommunications (DECT), and other systems try to
mimic the success of GSM, that question comes to mind and is also discussed
within the European standardization organizations.
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Introduction 3

The following factors were major contributors to the success of GSM:

e The liberalization of the monopoly of telecommunications in Europe
during the 1990s and the resulting competition, which consequently
lead to lower prices and more “market”;

e The knowledge-base and professional approach within the Groupe
Spéciale Mobile, together with the active cooperation of the industry;

e The lack of competition: For example, in the United States and Japan,
competitive standards for mobile services started being defined only

after GSM was already well established.

The future will show which system will prevail as the next generation of mobile
communications. ETST and the Special Mobile Group (SMG), renamed GSM,
are currently standardizing the Universal Mobile Telecommunication System
(UMTS). Japan is currently improving PHS.

The various satellite communications systems that now push into the
market are another, possibly decisive, factor in providing mobile communica-
tions on a global basis.

1.2.1 The System Architecture of GSM: A Network of Cells

Like all modern mobile networks, GSM utilizes a cellular structure as illus-
trated in Figure 1.1.

The basic idea of a cellular network is to partition the available frequency
range, to assign only parts of that frequency spectrum to any base transceiver
station, and to reduce the range of a base station in order to reuse the scarce fre-
quencies as often as possible. One of the major goals of network planning is to
reduce interference between different base stations.

Anyone who starts thinking about possible alternatives should be
reminded that current mobile networks operate in frequency ranges where
attenuation is substantial. In particular, for mobile stations with low power
emission, only small distances (less than 5 km) to a base station are feasible.

Besides the advantage of reusing frequencies, a cellular network also
comes with the following disadvantages:

¢ An increasing number of base stations increases the cost of infrastruc-
ture and access lines.

o All cellular networks require that, as the mobile station moves, an active
call is handed over from one cell to another, a process known as handover.
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4 GSM Networks: Protocols, Terminology, and Implementation

Frequency 1

Figure 1.1 The radio coverage of an area by single cells.

e The network has to be kept informed of the approximate location of
the mobile station, even without a call in progress, to be able to deliver
an incoming call to that mobile station.

e The second and third items require extensive communication between
the mobile station and the network, as well as between the various net-
work elements. That communication is referred to as signaling and
goes far beyond the extent of signaling that fixed networks use. The
extension of communications requires a cellular network to be of
modular or hierarchical structure. A single central computer could not
process the amount of information involved.

1.2.2 An Overview on the GSM Subsystems

A GSM network comprises several elements: the mobile station (MS), the
subscriber identity module (SIM), the base transceiver station (BTS), the base
station controller (BSC), the transcoding rate and adaptation unit (TRAU), the
mobile services switching center (MSC), the home location register (HLR),
the visitor location register (VLR), and the equipment identity register (EIR).
Together, they form a public land mobile network (PLMN). Figure 1.2 pro-
vides an overview of the GSM subsystems.
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Introduction 5

MSC area

/
MSC area

Figure 1.2 The architecture of a PLMN.

1.2.2.1 Mobile Station

GSM-PLMN contains as many MSs as possible, available in various
styles and power classes. In particular, the handheld and portable sta-
tions need to be distinguished.

1.2.2.2 Subscriber Identity Module

= GSM distinguishes between the identity of the subscriber and that
of the mobile equipment. The SIM determines the directory
number and the calls billed to a subscriber. The SIM is a database

on the user side. Physically, it consists of a chip, which the user

must insert into the GSM telephone before it can be used. To make

its handling easier, the SIM has the format of a credit card or is

inserted as a plug-in SIM. The SIM communicates directly with
the VLR and indirectly with the HLR.

1.2.2.3 Base Transceiver Station

A large number of BTSs take care of the radio-related tasks and
provide the connectivity between the network and the mobile sta-
tion via the Air-interface.

1.2.2.4 Base Station Controller

¢ 1] LThe BTSs of an area (e.g., the size of a medium-size town) are con-
X nected to the BSC via an interface called the Abis-interface. The
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6 GSM Networks: Protocols, Terminology, and Implementation

BSC takes care of all the central functions and the control of the
subsystem, referred to as the base station subsystem (BSS). The BSS
comprises the BSC itself and the connected BTSs.

1.2.2.5 Transcoding Rate and Adaptation Unit
% One of the most important aspects of a mobile network is the effec-

tiveness with which it uses the available frequency resources. Effective-

TRAU ness addresses how many calls can be made by using a certain
bandwidth, which in turn translates into the necessity to compress
data, at least over the Air-interface. In a GSM system, data compres-
sion is performed in both the MS and the TRAU. From the architec-
ture perspective, the TRAU is part of the BSS. An appropriate
graphical representation of the TRAU is a black box or, more symboli-
cally, a clamp.

1.2.2.6 Mobile Services Switching Center

I A large number of BSCs are connected to the MSC via the
A-interface. The MSC is very similar to a regular digital telephone
exchange and is accessed by external networks exactly the same way.
The major tasks of an MSC are the routing of incoming and outgo-
ing calls and the assignment of user channels on the A-interface.

1.2.2.7 Home Location Register

¢ ) The MSC is only one subcenter of a GSM network. Another subcen-
HLR| is the HLR, a repository that stores the data of a large number of
subscribers. An HLR can be regarded as a large database that adminis-

ters the data of literally hundreds of thousands of subscribers. Every
PLMN requires at least one HLR.

1.2.2.8 Visitor Location Register

¢ ) The VLR was devised so that the HLR would not be overloaded with
VLR inquiries on data about its subscribers. Like the HLR, a VLR contains
subscriber data, but only part of the data in the HLR and only
while the particular subscriber roams in the area for which the VLR
is responsible. When the subscriber moves out of the VLR area,
the HLR requests removal of the data related to a subscriber from the
VLR. The geographic area of the VLR consists of the total area cov-
ered by those BTSs that are related to the MSCs for which the VLR

provides its services.
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Introduction 7

1.2.2.9 Equipment Identity Register

¢ ) The theft of GSM mobile telephones seems attractive, since the iden-
tities of subscribers and their mobile equipment are separate. Stolen
m equipment can be reused simply by using any valid SIM. Barring of a
subscriber by the operator does not bar the mobile equipment. To
prevent that kind of misuse, every GSM terminal equipment contains
a unique identifier, the international mobile equipment identity
(IMEI). It lies within the realm of responsibilities of a network opera-
tor to equip the PLNM with an additional database, the EIR, in which
stolen equipment is registered and so can be used to bar fraudulent

calls and even, theoretically, to track down a thief (by analyzing the
related SIM data).

1.3 The Focus of This Book

This book describes briefly the GSM subsystems, their structure, and their
tasks. However, the focus of this book lies not on the GSM network elements
themselves but on the interfaces between them.

Among others, the following issues will be addressed:

e What signaling standards and what protocols are used to serve connec-
tion requests by mobile subscribers?

e How are the various interfaces utilized?
o What happens in case of errors?

e Although GSM uses available signaling standards, where are the GSM

specific adaptations?

One has to remember that most of the signaling is necessary to support
the mobility of a subscriber. All messages of the area mobility management
(MM) and radio resource management (RR), in particular, serve only that
purpose. Only a fraction of the exchanged messages are used for the connec-
tion setup as such, and those are all the messages that are related to call
control (CC).

A presentation of the Open System Interconnection (OSI) Reference
Model is mandatory in a book in which the focus is on signaling.

Another focus of the text is on the application of the various protocols for
error analysis. Which error indication is sent by the system and when? How is
such an indication interpreted? What are the potential sources of errors?
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8 GSM Networks: Protocols, Terminology, and Implementation

A word on coding of parameters and messages should be added here:
Coding of message types and other essential parameters are always included.
However, because this book has no intention of being a copy of the GSM Rec-
ommendations, it deliberately refrains from providing a complete list of all
parameters of all interfaces.

The value of protocol test equipment for error analysis and routine testing
is indisputably high, but what help do programs for automatic analysis provide?
Those questions will be answered as well.

A large part of this book is taken up by a glossary, which provides descrip-
tions of all abbreviations, terms, and processes that a reader may confront dur-
ing work on GSM.

1.4 Signaling

The main focus of this book is on the signaling between the various network
elements of GSM. The questions arise of what signaling actually constitutes
and what it is used for. Although we do not want to go back to the basics of
telecommunications to answer those questions, a number of basic explanations
do seem necessary.

1.41 What s Signaling?

Signaling is the language of telecommunications that machines and computers
use to communicate with each other. In particular, the signals that a user enters
need to be converted to a format that is appropriate for machines and then
transmitted to a remote entity. The signals (e.g., the identity of a called party)
are not part of the communication as such, that is, they are not a payload or a
revenue-earning entity.

Signaling is comparable to the pilots and the flight attendants on an
airplane. The crew members are no “payload,” but they are necessary to carry
the payload. Another, perhaps more appropriate, illustration is to consider the
now almost extinct telephone operator, whose function it was to carry out the
signaling function and switching of a telecommunications system by connect-
ing cables between the appropriate incoming and outgoing lines.

1.42 How is Signaling Performed?

When calls were set up manually, signaling consisted mostly of direct current
impulses, which allowed a central office to determine the dialed digits. Some
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Introduction 9

readers may still remember the rotary telephone sets, in which the impulses
were created mechanically by the spin of the rotor. The situation changed com-
pletely with the entry of computer technology into telecommunications. The
microchip utilized by telecommunications opens today, at the end of the
twentieth century, a multitude of new signaling functionality, which were
unthinkable even 20 years ago. Computers are the backbone of modern tele-
communications systems.

This new technology makes mobile communications possible in the first
place. The signaling requirements of modern mobile systems are so vast that the
former technology would not have been able to manage them. Computeriza-
tion, however, did not change much of the principle. As in the old days, electri-
cal or optical signals are sent, over an appropriate medium (typically serially)
and interpreted by the receiver. What did change is the speed of the transmis-
sion. The progress in this area has been exponential.

The smallest unit of a signal is called a 477 and can, for example, be repre-
sented by an electric voltage, which a receiver can measure during a specified
period of time. If the receiver measures the voltage as “low” over the specified
time period, it interprets the value as a 0. If the voltage is “high,” the receiver
interprets the value as a 1. It does not matter which level represents which
value, so long as both the sender and the receiver agree on which is which.

A sequence of bits allows the coding and sending of complex messages,
which, in turn, allows a process to be controlled or information to be conveyed.
The result is a bit stream, as shown in Figure 1.3.

Pulse code modulation (PCM) is the worldwide process for transmission
of digital signals. PCM is used to transmit both signaling data and payload.
PCM is categorized into hierarchies, depending on the transmission rate. The
PCM link of 2 megabits per second (Mbps) (one that is referred to frequently
in this book) is only one variant of many. By utilizing a time-division

A

........... .+ ... ... bitvalue=1

J o . . : : : : U(high) > U(low)

: . bitvalue=0
U(low) < U(high)

hex Chex

Figure 1.3 Decoding of a bit stream.
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10 GSM Networks: Protocols, Terminology, and Implementation

multiplexing technique, such a 2-Mbps PCM link can, among others, be parti-
tioned into 32 independent channels, each capable of carrying 64 kilobits per
second (Kbps).

Another aspect of the change that the digital technology has enabled
reveals its advantage only after a second look. Almost all signaling standards,
like Signaling System Number 7 (S§7) and Link Access Protocol for the
D-channel (LAPD) separate the traffic channel from the signaling or control
channel. This is referred to as outband signaling, in contrast to inband signal-
ing. In the case of inband signaling, all the control information is carried within
the traffic channel. Although outband signaling requires the reservation of
a traffic channel, it makes a more efficient use of resources overall. The
reason for that lies in the reduced occupation time of the traffic channel,
which is not needed during call setup. Both call setup and call release can be
carried out for many connections via one control channel, since signaling
data use the resources more economically. One 64-Kbps time slot out of a
2-Mbps PCM link typically is used for signaling data; a call setup consumes
about 1 to 2 Kbps.

1.4.3 What is Signaling Used For?

The main task of signaling is still to set up and to clear a connection between
end users or machines. Today, constantly new applications are added. Among
them are automated database accesses, in which telecommunications systems
call each other and which are fairly transparent to a caller, or the wide area of
supplementary services, of which only call forwarding is mentioned here as an
example. The glossary provides a list of all GSM supplementary services.

1.5 Representation of Messages

When working with protocol test equipment and in practical work, message
names usually are abbreviated. Most GSM and ITU Telecommunication
Standardization Sector (ITU-T) Recommendations list the well-defined
abbreviations and acronyms, which this book also uses to a large extent. The
complete message names and explanations can be found in the respective
chapters.

Since a picture often expresses more than a thousand words, this book
contains a large number of figures and protocol listings. The various messages
illustrated in the figures show parameters, which are formatted per interface
and are presented as shown in Figures 1.4(a) through 1.4(e).
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Shows direction
Channel type on the Air-Interface (CCCH, SDCCH, SACCH, FACCH)
LAPD,, message type (Layer 2) from GSM 04.06/04.07

(g
//@4——0 Sublayer of Layer 3 to which this message belongs (CC, MM, RR)

< LOC_UPD_REQ <«—1—e Message type as defined by GSM 04.08

[TMSI/IMSI, last Cl + LAC] 1(—0 Most important parameters within the message

Figure 1.4(a) Format for messages over the Air-interface (LAPD,, GSM 04.08).

® Shows direction

e LAPD message type (e.g., | frame, SABME frame, UA frame)

// ® Abis message group (RLM =Radio link management,
» CCM = Common channel management
/

K
®/ DCM = Dedicated channel management)

——e Abis message type as defined in GSM 08.58
LOC_UPD_REQ <

[TMSI/IMSI, last CI + LAC] <

——a GSM 04.08 message from/to the Air-Interface (optional)

——ae Most important parameters of a message

Figure 1.4(b) Format for messages over the Abis-interface (LAPD, GSM 08.58).

® Shows direction

® SCCP message type
/}/ ® BSS transparency indicator (DTAP = transparent, BSSM = not
2 A[——O GSM 08.08 message type (only for BSSM) transparent)
new

CR/GssW / |
W—e Most important parameter of the GSM 08.08 message

< >
Cl+LACIDLOC_UPD_REQ R{— Transported GSM 04.08 message (optional)
—® Most important parameters of the GSM 04.08 message

[TMSI/IMSI, last Cl + LAC]

Figure 1.4(c) Format for messages over the A-interface [SS7, signaling connection control
part (SCCP), GSM 08.06, GSM 08.08].

® Shows direction

— ® SCCP message type (always UDT)
e

/ <«——o TCAP message type as defined in ITU Q.773

updatelocation
Y¥—0 MAP Local Operation Code (from GSM 09.02)

le.g. TMSI] N~ 1 Most important parameters within the message

Figure 1.4(d) Format for mobile application part (MAP) messages over all network switch-
ing subsystem (NSS) interfaces [SS7, SCCP, transaction capabilities applica-
tion part (TCAP), MAP].
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12 GSM Networks: Protocols, Terminology, and Implementation

® Shows direction

/ ® User part=ISUP from ITU Q.763, Q.764)

/ <——=o Abbreviated ISUP message type

I s e <«———1—e Whole name of ISUP message type

Figure 1.4(e) Format for ISUP messages between MSCs and toward the Integrated Serv-
ices Digital Network (ISDN) [SS7 and the ISDN user part (ISUP)].
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The Mobile Station and the Subscriber
Identity Module

The GSM telephone set and the SIM are the only system elements with which
most users of GSM have direct contact. The GSM telephone set and the SIM
form an almost complete GSM system within themselves with all the function-
ality, from ciphering to the HLR. Figure 2.1 shows a block diagram of a mobile
station with a SIM slot.

2.1 Subscriber Identity Module

The SIM is a microchip that is planted on either a check card (ID-1 SIM) or a
plastic piece about 1 cm square (plug-in SIM). Figure 2.2 shows both variants.
Except for emergency calls, a GSM mobile phone cannot be used without the
SIM. The GSM terminology distinguishes between a mobile station and
mobile equipment. The mobile equipment becomes a mobile station when the
SIM is inserted. There is no difference in functionality between the ID-1 SIM
and the plug-in SIM, except for size, which is an advantage for the plug-in
SIM when used in a small handheld telephone. Today, many network opera-
tors offer (at an additional cost) identical pairs of ID-1 SIM/plug-in SIM, so
the same SIM can be used in a car phone and in a handheld telephone.

13
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Figure 21 Block diagram of a GSM MS.
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The Mobile Station and the Subscriber Identity Module 15

ID-1 SIM

GSM SIM

Plug-in SIM

Figure 22 Plug-in SIM and ID-1 SIM.

2.1.1 The SIM as a Database

The major task of a SIM is to store data. That does not mean that the data
is only subscriber data. One has to differentiate between data types for vari-
ous tasks. The most important parameters that a SIM holds are presented in
Table 2.1. It should be noted that the list is not complete and that the SIM can
also be used to store, for example, telephone numbers.

2.1.2 Advantage for the Subscriber

The SIM is one of the most interesting features for a user of GSM, because it
permits separation of GSM telephone equipment and the related database. In
other words, the subscriber to a GSM system is not determined by the identity
of the mobile equipment but by the SIM, which always has to be inserted into
the equipment before it can be used. This is the basis for personal mobility.

Table 2.1
Data Stored on a SIM

Parameter Remarks

Administrative data

PIN/PINZ (m/v) Personal identification number; requested at every powerup (PIN or PIN2)
PUK/PUK2 (m/f) PIN unblocking key; required to unlock a SIM

SIM service table (m/f)  List of the optional functionality of the SIM

Last dialed number) (o/v) Redial

Charging meter (0/v) Charges and time increments can be set

Language (m/v) Determines the language for prompts by the mobile station
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16 GSM Networks: Protocols, Terminology, and Implementation

Table 2.1 (continued)

Parameter

Remarks

Security related data

Algorithm A3 and A8
(m/f)

Key Ki (m/f)

Key Kc (m/v)

CKSN (m/v)

Required for authentication and to determine Kc

Individual value; known only on SIM and the HLR
Result of A8, Ki, and random number (RAND)

Ciphering key sequence number

Subscriber data

IMSI (m/f)
MSISDN (o/f)

Access control class(es)
(m/f)

International mobile subscriber identity
Mobile subscriber ISDN; directory number of a subscriber
For control of network access

Roaming data

TMSI (m/v)

Value of T3212 (m/v)
Location updating status
LAl (m/v)

Network color codes
(NCCs) of restricted

Temporary mobile subscriber identity
For location updating

Is a location update required?
Location area information

Maximum of 4 PLMNs can be entered on a SIM after unsuccessful loca-
tion update; cause “PLMN not allowed.” Oldest entry deleted when more

PLMNSs (m/v) than 4 restricted PLMNs are found.

NCCs of preferred What PLMN should the MS select, if there is more than one to choose
PLMNs (o/v) from and the home PLMN is not available?

PLMN data

NCC, mobile country
code (MCC), and mobile
network code (MNC) of
the home PLMN (m/f)

Absolute radio
frequency channel
numbers (ARFCNs) of
home PLMN (m/f)

Network identifier

Frequencies for which the home PLMN is licensed.

Legend: m = mandatory; o = optional; f = fixed, unchangeable value; v = changeable
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The Mobile Station and the Subscriber Identity Module 17

Because of the SIM, a GSM customer can use different telephones (e.g., a
car phone and a handheld phone) and still be reachable under the same direc-
tory number. Even in case of a defect in the user’s GSM telephone, any other

GSM telephone can be used instead, simply by changing the SIM.

2.2 Mobhile Station

A GSM terminal is, even for experts, a technical marvel. Consider the rate at
which prices have fallen, the complexity of the devices, and the large number of
different types of equipment available. All the functionality known from the
BTS transmitter/receiver (TRX), like Gaussian minimum shift keying (GMSK)
modulation/demodulation up to channel coding/decoding, also needs to be
implemented in an MS.

Other MS-specific functionalities need to be mentioned, like dual-tone
multifrequency (DTMF) generation and the most important issue, the eco-
nomical use of battery power.

From the perspective of the protocol, the MS is not only a peer of the
BTS but communicates directly with the MSC and the VLR, via the mobility
management (MM) and call control (CC). Furthermore, the MS has to be able
to provide a transparent interface (terminal adaptation function, or TAF) for
data and fax connections to external devices.

2.2.1 Types of Mobile Stations

The most common way to distinguish among GSM mobile equipment is by
the power class ratings, in which the value specifies the maximum transmission
power of an MS.

When GSM was introduced, five power classes were defined for
GSM 900, of which the most powerful class allowed for a 20W output. That
class is no longer supported; currently, the most powerful rating is 8W. The
power emission of DCS 1800 and PCS 1900 mobiles is generally lower.
The Glossary lists the power classes for all three standards.

2.2.2 Functionality

GSM Recommendation 02.07 describes in detail what functionality mobile
equipment has to support and what features are optional. The most important
and mandatory features are:
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18 GSM Networks: Protocols, Terminology, and Implementation

o DTMEF capability;
e Short-message service (SMS) capability;
e Availability of the ciphering algorithms A5/1 and A5/2;

e Display capability for short messages, dialed numbers, and available

PLMN;
e Support of emergency calls, even without the SIM inserted;

e “Burned-in” IMEL

2.2.3 Mobhile Stations as Test Equipment

An MS is a useful test tool for the laboratory testing of a new network function.
Several manufacturers offer, for that purpose, a semistationary MS, which
allows manipulation of specific system parameters, to test the behavior of new
software or hardware.

Besides those complex and expensive pieces of equipment used mainly in
laboratories, a number of standard mobile telephones exist, which can easily be
modified with additional packages to act as mobile test equipment. Such equip-
ment is connected to a personal computer and uses standard functionality to
monitor signaling between the network and the MS. Usually, it is also able to
represent the test results in tabular or graphical form.

Despite those advantages, the test mobile stations seldom are used for
protocol and error analysis, because the results are not representative from a sta-
tistical point of view and can be gathered only with substantial effort and time.

Nonetheless, special test mobiles are necessary tools for network opera-
tors, to monitor coverage and evaluate the behavior of handover as a customer
would experience it.
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The Base Station Subsystem

Via the Air-interface, the BSS provides a connection between the MSs of a lim-
ited area and the network switching subsystem (NSS). The BSS consists of the
following elements:

e One or more BTSs (base tranceiver station);
e One BSC (base station controller);

e One TRAU (transcoding rate and adaptation unit).

The tasks and the structure of those elements or modules are described in this
chapter.

3.1 Base Transceiver Station

The BTS provides the physical connection of an MS to the network in form of
the Air-interface. On the other side, toward the NSS, the BTS is connected to
the BSC via the Abis-interface.

The manufacturers of BTS equipment have been able to reduce its size
substantially. The typical size in 1991 was that of an armoire; today the size is
comparable to that of a mailbox. The basic structure of the BTS, however, has
not changed. The block diagram and the signal flow of a BTS with one TRX
are shown in Figure 3.1. The GSM Recommendations allow for one BTS to
host up to 16 TRXs. In the field, the majority of the BTSs host between one
and four TRXG.

19
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Air-interface

VYV VYV
I L d Ul_JtPUt HF transmitter E; TRX s
I filter (HF-TX) o = g e -« Abis-
er o= 0 = O .
|l &A1 o = Digital Eg - interface
=@, . g
1 L—»—1 Input HF receiver - signal processing s 2
= = =% 1 filter (HF-RX) & - (NFfunctionality) =
Diversity ﬁ : ﬁ ﬁ
\"4 Vv \"4
0&M module | Operation and maintenance functionality/clock distribution

Figure 3.1 Block diagram of a BTS with one TRX.

3.1.1 Architecture and Functionality of a Base Transceiver Station

3.1.1.1 Transmitter/Receiver Module

The TRX module is, from the perspective of signal processing, the most impor-
tant part of a BTS. The TRX consists of a low-frequency part for digital signal
processing and a high-frequency part for GMSK modulation and demodula-
tion. Both parts are connected via a separate or an integrated frequency hop-
ping unit. All other parts of the BTS are more or less associated with the TRXs
and perform auxiliary or administrative tasks.

A TRX with integrated frequency hopping serves the tasks listed in

Table 3.1.

3.1.1.2 Operations and Maintenance Module

The operations and maintenance (O&M) module consists of at least one cen-
tral unit, which administers all other parts of the BTS. For those purposes, it is
connected directly to the BSC by means of a specifically assigned O&M chan-
nel. That allows the O&M module to process the commands from the BSC or
the MSC directly into the BTS and to report the results. Typically, the central
unit also contains the system and operations software of the TRXs. That allows
it to be reloaded when necessary, without the need to “consult” the BSC.
Furthermore, the O&M module provides a human-machine interface (HMI),
which allows for local control of the BTS.
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The Base Station Subsystem 21

Table 3.1

Tasks of a TRX With Integrated Frequency Hopping
Function LF HF
Channel coding and decoding o
Interleaving and ordering again o
Encryption and decryption (ciphering) [
Slow frequency hopping o
Burst formatting o
TRAU frame formatting and conversion in direction to/from the BSC, setup ([
of the LAPD connection to the BSC
GMSK modulation of all downlink data [ [
GMSK demodulation of all received MS signals ([ o
Creation and transmission of the broadcast common control channel (BCCH) @ [ J
on channel 0 of the BCCH-TRX
Measurement of signal strength and quality for active connections ([ J o
Provision of the results to the BSC (MEAS_RES message)
Interference measurements (idle channel measurements) on free channels o o
and forwarding of the results to the BSC in a RF_RES_IND message

LF = low frequency part of the TRX; HF = high frequency part of the TRX.

3.1.1.3 Clock Module

The modules for clock generation and distribution also are part of the O&M
area. Although the trend is to derive the reference clock from the PCM signal
on the Abis-interface, a BTS internal clock generation is mandatory. It is espe-
cially needed when a BTS has to be tested in a standalone environment, that is,
without a connection to a BSC or when the PCM clock is not available due to
link failure.

Still, there is a cost savings benefit in the approach of deriving the clock
from the PCM signal. By doing so, much cheaper internal clock generators can
be applied, because they do not require the same long-term stability as an inde-
pendent clock generator. Besides, there is no need for frequent maintenance
checks on the clock modules, since they synchronize themselves with the clock
coming from the PCM link.

When analyzing errors in call handling, particularly in the area of hando-
ver, even minor deviations from the clock have to be considered as possible

Samsung Ex. 1032, Page 31 of 417



22 GSM Networks: Protocols, Terminology, and Implementation

causes for errors. GSM requires that all the TRXs of a BTS use the same clock
signal. The accuracy of the signal has to have a precision of at least 0.05 parts
per million (ppm). For example, a clock generator that derives the clock from a

10 MHz signal has to be able to provide a clock with a frequency accuracy of
10 MHz #0.5 Hz (10 - 10° Hz - 0.05 - 10°=0.5 Hz).

3.1.1.4 Input and Output Filters

Both input and output filters are used to limit the bandwidth of the received
and the transmitted signals. The input filter typically is a nonadjustable wide-
band filter that lets pass all GSM 900, all DCS 1800, or all PCS 1900 frequen-
cies in the uplink direction. In contrast, remote-controllable filters or wideband
filters are used for the downlink direction that limits the bandwidth of the out-
put signal to 200 kHz. When necessary, the O&M center (OMC) controls the

settings of the filters, as in the case of a change in frequency.

3.1.2 Base Transceiver Station Configurations

Different BTS configurations, depending on load, subscriber behavior, and
morph structure, have to be considered to provide optimum radio coverage of
an area. The most important BTS configurations of a BTS are presented next.

3.1.2.1 Standard Configuration
All BTSs are assigned different cell identities (Cls). A number of BTSs (in some

cases, a single BTS) form a location area. Figure 3.2 shows three location areas
with one, three, and five BTSs. The systems are usually not fine-synchronized
(see synchronized handover in the Glossary), which prevents synchronized han-
dover between them. That method of implementing BTSs is the one most fre-
quently used. For urban areas with growing traffic density, that may change
soon. For this situation, the configurations described in Sections 3.1.2.2 and
3.1.2.3 are more appropriate.

3.1.2.2 Umbrella Cell Configuration

The umbrella cell configuration consists of one BTS with high transmission
power and an antenna installed high above the ground that serves as an
“umbrella” for a number of BTSs with low transmission power and small
diameters (Figure 3.3).

Such a configuration appears to make no sense at first, because the fre-
quency of the umbrella cell can not be reused in all the cells of that area due to
interference. Interference even over a large distance was one of the reasons why
the high radio and television towers were abandoned as sites for antennas
shortly after they were brought into service at the initial network startup.
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Figure 3.2 BTSs in standard configuration.

Figure 3.3 Umbrella cell with five smaller cells.

Samsung Ex. 1032, Page 33 of 417



24 GSM Networks: Protocols, Terminology, and Implementation

The umbrella cell configuration still has its merits in certain situations
and therefore may result in relief from load and an improvement of the net-
work. For example, when cars are moving at rather high speeds through a net-
work of small cells, almost consecutive handovers from one cell to the next are
necessary to maintain an active call. This situation is applicable in every urban
environment that features city highways. Consequently, the handovers result
in a substantial increase of the signaling load for the network as well as in an
unbearable signal quality degradation for the end user. On the other hand,
small cells are required to cope with the coverage demand in an urban
environment.

The way out of this dilemma is to use both large and small cells at the
same time, that is, the umbrella cell configuration. The umbrella cell can be
protected from overload when traffic from only fast-moving users is assigned to
it. This, on the other hand, reduces the signaling load of the small cells and
improves the signal quality for the fast-moving traffic. The speed of a user
can be determined to sufficient accuracy by the change of the timing advance
(TA) parameter. Its value is updated in the BSC every 480 milliseconds (ms)
by means of the data provided in the MEAS_RES message. The BSC decides
whether to use the umbrella cell or one of the small cells. GSM has not speci-
fied the umbrella cell configuration, which requires additional functionality in
the BSC, a manufacturer’s proprietary function.

3.1.2.3 Sectorized (Collocated) Base Transceiver Stations

The term sectorized, or collocated, BTSs refers to a configuration in which
several BTSs are collocated at one site but their antennas cover only an area
of 120 or 180 degrees. Figure 3.4 illustrates the concept. Typically, it is
implemented with BTSs with few TRXs and low transmission power. Like the
umbrella cell configuration, this configuration is used mostly in highly popu-
lated areas. A peculiarity is that it is fairly easy to fine-synchronize the cells with
each other, which allows for synchronized handover between them. Even
though in a collocated configuration, one channel per BTS has to be used for
the generation of the BCCH, such a configuration has the following
advantages:

e Sectorized, or collocated, BTSs are well suited for a serial connection
of the Abis-interface (discussed in detail in Chapter 6). This configura-
tion has the potential to save costs for access lines to the BSC. Other-
wise, multiple sites require multiple (leased) lines.

e From the radio perspective, the advantage of using cells with a
120-degree angle is that it allows reuse of frequencies in one sector

Samsung Ex. 1032, Page 34 of 417



The Base Station Subsystem 25

120° sector 120° sector
<:E§§S> ééi)
BTS BTS
BTS

120° sector

Figure 3.4 Coverage of an area with three sectorized BTSs. Each BTS covers a segment of
120 degrees.

(one direction), which otherwise would cause interference with neigh-
bor cells if an omnidirectional cell were used.

e Sectorization eases the demand for frequencies, particularly in an
urban environment.

3.2 Base Station Controller

The BSC forms the center of the BSS. A BSC can, depending on the manufac-
turer, connect to many BTSs over the Abis-interface. The BSC is, from a tech-
nical perspective, a small digital exchange with some mobile-specific
extensions. The BSC was defined with the intention of removing most of the

radio-related load from the MSC. The BSC’s architecture and its tasks are a
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consequence of that goal. For simplicity, Figure 3.5 uses the same hardware for
both the Abis-interface and the A-interface, which is not a requirement.

3.21 Architecture and Tasks of the Base Station Controller

3.2.1.1 Switch Matrix

Because the BSC has the functionality of a small digital exchange, its function
is to switch the incoming traffic channels (A-interface from the MSC) to the
correct Abis-interface channels. The BSC, therefore, comes with a switch
matrix that (1) takes care of the relay functionality and (2) can be used as the
internal control bus.

3.2.1.2 Terminal Control Elements of the Abis-Interface

The connection to the BTSs is established via the Abis-terminal control ele-
ments (T'CEs), which, more or less independently from the BSC’s central unit,
provide the control function for a TRX or a BTS. The number of Abis TCEs
that a BSC may contain depends largely on the number of BTSs and on the sys-
tem manufacturer.

Major tasks of the Abis-TCEs are to set up LAPD connections toward the
BTS peers, the transfer of signaling data, and last—but not least—the transpar-
ent transfer of payload.

Depending on the manufacturer, the Abis TCEs also may be responsible
for the administration of BTS radio resources. That entails the assignment and

DB
— ' i B
. <« TM:TCE a0 . TCE:TIVI
5 >
© . . T
; <> <> ; 1 5 s
£ <« ™ :TCE ?n";'ttrf: TCE: T™ e
‘;’ 1 1 Q
2 Vst X 9
<«—] ™™ * TCE TCE ™ |4
| Central module | Central functions, clock distribution i omC

Figure 3.5 Block diagram of a BSC.
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release of signaling and traffic channels over the Abis-interface and the Air-
interface and for the evaluation of measurement results from the BTS concern-
ing busy and idle channels, which are relevant for power control and used in
making decisions about handovers. The final control functionality always
remains with the BSC, although GSM explicitly allows the BTS to preprocess
the measurement results. Depending on the manufacturer, those functions also
can be assumed or controlled by a central unit.

Connections from the Abis TCEs to the A-TCEs are realized by the
switch matrix. On the other side, the PCM connections are achieved by associ-
ated transmission elements.

3.2.1.3 A-Interface Terminal Control Elements

The connection of a BSC to the MSC is established via the A-TCEs. Although
every BSC is connected to only one MSC, a large number of A-TCEs is needed
to support the A-interface, since all the payload and the major part of the sig-
naling data of the entire BSS have to be conveyed over this interface.

Among the tasks of some, but usually not all A-TCE:s is setting up and
operating the SS7/SCCP connection toward the MSC. The number of neces-

sary signaling channels depends largely on the predicted traffic load (see also
Chapter 10).

3.2.1.4 Database

The BSC is the control center of the BSS. In that capacity, the BSC must main-
tain a relatively large database in which the maintenance status of the whole
BSS, the quality of the radio resources and terrestrial resources, and so on are
dynamically administrated. Furthermore, the BSC database contains the com-
plete BTS operations software for all attached BT'Ss and all BSS specific infor-

mation, such as assigned frequencies.

3.2.1.5 Central Module

One of the major tasks of the BSC is to decide when a handover should take
place. The BSC may decide on intra-BTS handover and intra-BSC handover
without needing the MSC. In contrast, for all BSC external handovers, the
BSC needs to involve the MSC. Handover decision and power control are
main tasks of the central module.

3.2.1.6 Connection to the OMC

Another functionality that many manufacturers have decided the central mod-
ule should perform is the connection to the OMC. Every BSS is supervised and
managed by an OMC via the BSC.
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3.3 Transcoding Rate and Adaptation Unit

3.3.1 Function of the Transcoding Rate and Adaptation Unit

One of the most interesting functions in GSM involves the TRAU, which typi-
cally is located between the BSC and the MSC. The task of the TRAU is to
compress or decompress speech between the MS and the TRAU. The used
method is called regular pulse excitation—long term prediction (RPE-LTP). It is
able to compress speech from 64 Kbps to 16 Kbps, in the case of a fullrate
channel (net bit rate with fullrate is 13 Kbps) and to 8 Kbps in the case of a hal-
frate channel (net bit rate with halfrate is 6.5 Kbps).
Note that the TRAU is not used for data connections.

3.3.2 Site Selection for Transcoding Rate and Adaptation Unit

Although speech compression is intended mainly to save resources over the
Air-interface, it also is suitable to save line costs when applied on terrestrial
links, as illustrated schematically in Figure 3.6. When the TRAU is installed at
the MSC site (see top portion of Figure 3.6), a fullrate speech channel uses only
16 Kbps over the link from the BSC to the MSC.

The specifications allow for the installation of the TRAU between the
BTS and the BSC. That requires, however, the use of 64-Kbps channels
between the BSC and the MSC and hence the use of more links (see bottom
portion of Figure 3.6).

This variant is, therefore, used only infrequently. In fact, most of the
time, the TRAU is installed at the site of the MSC to get the most benefit from

the compression.

€ TRAU frame ———» 64 KDit/S ey
16 Khit/s 16 Kbit/s 16 Kbit/s TRAU
TRAU
€ frame 2! 64 Kbit/s 64 KDIt/S s
] BSC
: : >
16 Kbit/s 16 Kbit/s TRAU

Figure 3.6 Possible sites for the TRAU in the signal chain.
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3.3.3 Relationship Between the Transcoding Rate and Adaptation Unit,
and Base Station Subsystem

The TRAU is functionally assigned to the BSS, independently of where it actu-
ally is located. The reason for that is the following.

Both the BTS and the TRAU have an interface for payload that is trans-
parent for the BSC. The payload is formatted in TRAU frames, then transpar-
ently sent over PCM links between the TRAU and the BT in cycles of 20 ms.
That applies to both directions. The data contained in the TRAU frames form
the input and output values for channel coding.

For data connections, the compression functionality has to be switched
off. The type of connection (data/speech) is communicated to the TRAU
during the assignment of the traffic channel. As illustrated in Figure 3.7, the
BTS starts to transmit TRAU frames in the uplink, immediately after receiving
the CHAN_ACT message. Those TRAU frames carry inband signaling, which
is exchanged between the BTS-TRX (or more precisely the coding unit) and
the TRAU, to consolidate the characteristics of a connection. Part of the con-
trol information is, in particular, synchronization data, discontinuous transmis-

sion (DTX) on/off, and the connection type (halfrate/fullrate).

P —
BSC
=
Air-interface Abis-interface A-interface
DT1/BSSM
€ Ass_REQ [A-lif.-chann.]

I/DCM/CHAN_ACT
[Fullrate/Halfrate/DTX]

I/DCVY/
CHAN_ACT_ACK [FN] >

| TRAU-Frame (activation of the TRAU) |—> TRAU

|
20 ms

[ TRAU-Frame (activation of the TRAU) |- | TRAU

|
20 ms
\ 4

| TRAU-Frame (activation of the TRAU) |—> TRAU

I/RLM/DATA_REQ

" SDCCH/I/RR € AsS_CMD [TCH-Datal
ASS_CMD [TCH-Datal

Figure 3.7 Activation of the TRAU during assignment of a traffic channel.
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Note that TRAU frames are sent over traffic channels and not over the
associated control channels and hence are transparent to protocol analysis.
The TRAU frames are, nevertheless, very important for error analysis on data
connections.
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The NSS plays the central part in every mobile network. While the BSS pro-
vides the radio access for the MS, the various network elements within the NSS
assume responsibility for the complete set of control and database functions
required to set up call connections using one or more of these features: encryp-
tion, authentication, and roaming. To satisfy those tasks, the NSS consists of
the following:

MSC (mobile switching center);

HLR (home location register)/authentication center (AuC);

VLR (visitor location register);

EIR (equipment identity register).

The subsystems are interconnected directly or indirectly via the worldwide SS7
network. The network topology of the NSS is more flexible than the hierarchi-
cal structure of the BSS. Several MSCs may, for example, use one common
VLR; the use of an EIR is optional, and the required number of subscribers
determines the required number of HLRs.

Figure 4.1 provides an overview of the interfaces between the different
network elements in the NSS. Note that most interfaces are virtual, that is, they
are defined as reference points for signaling between the network elements.

31
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G-interface

MSC i +—>» External
T connections

Figure 41 The NSS.

4.1 Home Location Register and Authentication Center

Every PLMN requires access to at least one HLR as a permanent store of data.
The concept is illustrated in Figure 4.2. The HLR can best be regarded as
a large database with access times that must be kept as short as possible. The
faster the response from the database, the faster the call can be connected. Such
a database is capable of managing data for literally hundreds of thousands
subscribers.

Within the HLR, subscriber-specific parameters are maintained, such as
the parameter K;, which is part of security handling. It is never transmitted on
any interface and is known only to the HLR and the SIM, as shown in
Figure 4.2.

Each subscriber is assigned to one specific HLR, which acts as a fixed
reference point and where information on the current location of the user is
stored. To reduce the load on the HLR, the VLR was introduced to support the
HLR by handling many of the subscriber-related queries (e.g., localization and
approval of features).

Because of the central function of the HLR and the sensitivity of the
stored data, it is essential that every effort is taken to prevent outages of
the HLR or the loss of subscriber data.

The AuC is always implemented as an integral part of the HLR. The rea-
son for this is that although GSM mentions the interface between the AuC and
the HLR and has even assigned it a name, the H-interface, it was never speci-
fied in sufficient detail to be a standalone entity. The only major function
assigned to the AuC is to calculate and provide the authentication-triplets, that
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Figure 4.2 Only the SIM and the HLR know the value of K.

is, the signed response (SRES), the random number (RAND), and K.. For each
subscriber, up to five such triplets can be calculated at a time and sent to the
HLR. The HLR, in turn, forwards the triplets to the VLR, which uses them as
input parameters for authentication and ciphering,.

The Glossary provides a detailed description of the authentication
procedure.

4.2 Visitor Location Register

The VLR, like the HLR, is a database, but its function differs from that of the
HLR While the HLR is responsible for more static functions, the VLR provides
dynamic subscriber data management. Consider the example of a roaming sub-
scriber. As the subscriber moves from one location to another, data are passed
between the VLR of the location the subscriber is leaving (“old” VLR) to the
VLR of the location being entered (“new” VLR). In this scenario, the old VLR
hands over the related data to the new VLR. There are times when the new
VLR has to request the subscriber’s HLR for additional data.

This question then arises: Does the HLR in GSM assume responsibility
for the management of those subscribers currently in its geographic area? The
answer is no. Even if the subscriber happens to be in the home area, the VLR of
that area handles the dynamic data. This illustrates another difference between
the HLR and the VLR. The VLR is assigned a limited geographical area, while
the HLR deals with tasks that are independent of a subscriber’s location. The
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term HLR area has no significance in GSM, unless it refers to the whole
PLMN. Typically, but not necessarily, a VLR is linked with a single MSC. The
GSM standard allows, as Figure 4.3 illustrates, the association of one VLR with
several MSCs.

The initial intentions were to specify the MSC and the VLR as independ-
ent network elements. However, when the first GSM systems were put into
service in 1991, numerous deficiencies in the protocol between the MSC and
the VLR forced the manufacturers to implement proprietary solutions. That
is the reason the interface between the MSC and the VLR, the B-interface, is
not mentioned in the specifications of GSM Phase 2. GSM Recommendation
09.02 now provides only some basic guidelines on how to use that interface.

Table 4.1 lists the most important data contained in the HLR and
the VLR.

4.3 The Mobile-Services Switching Center

From a technical perspective, the MSC is just an ordinary Integrated Services
Digital Network (ISDN) exchange with some modifications specifically
required to handle the mobile application. That allows suppliers of GSM sys-
tems to offer their switches, familiar in many public telephone networks, as

MSCs. SIEMENS with its EWSD technology and ALCATEL with the S12

and the E10 are well-known examples that benefit from such synergy.

Figure 4.3 The NSS hierarchy.
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Table 4.1

The Most Important Data in the HLR and the VLR

Parameter HLR/AuC VLR

Subscriber specific:

IMSI

Ki

TMSI

Service restrictions

Supplementary services
MSISDN (basic)
MSISDN (other)

Authentication and ciphering:

A3

A5/X (in BSS)

A8

RAND up to five triplets
SRES up to five triplets
Kc up to five triplets
CKSN

Subscriber location/call forwarding:

HLR number

VLR number [
MSC number [
LA

IMSI detach

MSRN

LMSI [

Handover number

The modifications of exchanges required for the provision of mobile serv-
ice affect, in particular, the assignment of user channels toward the BSS, for
which the MSC is responsible, and the functionality to perform and control
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inter-MSC handover. That defines two of the main tasks of the MSC. We have
to add the interworking function (IWF), which is needed for speech and non-
speech connections to external networks. The IWF is responsible for protocol
conversion between CC and the ISDN user part (ISUP), as well as for rate
adaptation for data services.

431 Gateway MSC

An MSC with an interface to other networks is called a gateway MSC.
Figure 4.4 shows a PLMN with gateway MSCs interfacing other networks.
Network operators may opt to equip all of their MSCs with gateway function-
ality or only a few. Any MSC that does not possess gateway functionality has to
route calls to external networks via a gateway MSC.

The gateway MSC has some additional tasks during the establishment of
a mobile terminating call from an external network. The call has to enter the
PLMN via a gateway MSC, which queries the HLR and then forwards the call
to the MSC where the called party is currently located.

4.3.2 The Relationship Between MSC and VLR

The sum of the MSC areas determines the geographic area of a PLMN. Look-

ing at it another way, the PLMN can be considered as the total area covered by
the BSSs connected to the MSCs. Since each MSC has its “own” VLR, a

PSTN, ISDN, CSPDN, PSPDN

PSTN, ISDN, CSPDN, PSPDN

PSTN, ISDN, CSPDN, PSPDN

Figure 4.4 The functionality of the gateway MSC.
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PLMN also could be described as the sum of all VLR areas. Note that a VLR
may serve several MSCs, but one MSC always uses only one VLR. Figure 4.5
illustrates this situation.

That relationship, particularly the geographic interdependency, allows for
the integration of the VLR into the MSC. All manufacturers of GSM systems
selected that option, since the specification of the B-interface was not entirely
available on time. In GSM Phase 2, the B-interface is no longer an open inter-
face (as outlined above). It is expected that this trend will continue.

A network operator still has the freedom to operate additional MSCs with
a remote VLR, but that is somewhat restrictive in that all the MSCs must be
supplied by the same manufacturer.

4.4 Equipment Identity Register

The separation of the subscriber identity from the identifier of the MS
(described in Chapter 2) also bears a potential pitfall for GSM subscribers.
Because it is possible to operate any GSM MS with any valid GSM SIM, an
opportunity exists for a black market in stolen equipment. To combat that, the
EIR was introduced to identify, track, and bar such equipment from being used
in the network.

Each GSM phone has a unique identifier, its IMEI, which cannot be
altered without destroying the phone. The IMEI contains a serial number and a

One PLMN seen as a

total of its VLR areas total of its MISC areas

~gzazas
____
-

VLR area ‘ MSC area . sc ...
,”-""‘. ' “~area ‘MSC-
A R . ! ',' area
VLR area VLR area ‘ MSC area a\\’_ _,<—_ 4 MSC “
- tMSC t area
¥ —MSC P area .’. ----- )
o7 area! SN N )
VLR area VLR area 4 o5

N MSC : ‘\ MSCarea ~,'

VLR area ‘.. area ! MSC area R 4

Figure 45 Geographic relationship between the MSC and the VLR.
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type identifier. More detailed description of the structure of the IMEI is given
in the Glossary.

Like the HLR or the VLR, the EIR basically consists of a database, which
maintains three lists: (1) the “white list” contains all the approved types of
mobile stations; (2) the “black list” contains those IMEIs known to be stolen or
to be barred for technical reasons; and (3) the “gray list” allows tracing of the
related mobile stations.

The prices for mobile equipment have fallen dramatically due to the great
success of GSM; consequently, the theft rate is low. Several GSM operators
have decided not to install the EIR or, at least, to postpone such installation for
a while.

If the EIR is installed, there is no specification on when the EIR should be
interrogated. The EIR may be queried at any time during call setup or location
update. Chapter 12 describes this in detail.

White list Black list Gray list
Contains all Contains all Contains all
approved types of mobile equipment mobile equipment

mobile equipment

(type approval codes)

Figure 4.6 Contents of the EIR.

to be barred
(complete IMEI)

to be traced
(complete IMEI)
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The 0SI Reference Model

5.1 Reasons for Standardization

The Open System Interconnection (OSI) Reference Model was specified
by I'TU, in cooperation with ISO and IEC, and is documented in Recommen-
dation X.200. Although the OSI model is applicable in many areas, it is
used mostly in the area of communication between computers. Its purpose is to
organize and formalize the communication method.

The basic idea of the OSI Reference Model is to separate the various parts
that, in their totality, form a communications process. Separation of concerns is
achieved by layering and modularization of transactions and tasks. This
approach results from the following reasoning:

e The use of microprocessors in telecommunications not only allowed
for the creation of new services, but at the same time increased the
requirements on communications of exchanges and computers.

e When humans communicate by means of telephone or letters, they do
not want to be concerned with the details of the physical transfer of
the information. They just want to communicate. The same applies
to the layers of the OSI Reference Model, in which each layer has a
fixed role in the process of communications.

e A computer is a modular structure, which starts with the transistor on
the lowest level and, with modularity built on top of modularity, ends
up as a super-computer. To use such a system becomes easier when the
tasks themselves can be modularized.

39
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e Telephone systems are used for many applications. These applications
became possible only because the application itself had become more
independent of the process of pure data transmission. Modems and fax
machines, for instance, rely on the functionality of the services of a
lower layer and adapt their own functionality accordingly. The tele-
phone network, on the other hand, is not concerned with the content
or the representation of the transmitted data.

e The OSI Reference Model enables two products from different
manufacturers to communicate. Many interworking problems cannot
be solved simply by the interface specification shown in Figure 5.1.
Each telephone set and every exchange can be regarded as network ele-
ment A, B, or C. If, for example, the manufacturer of one network
element implements all the functionality of a particular application
and the second manufacturer implements only those functions that are
necessary for a particular task, then, generally speaking, the two devices
cannot be interconnected.

5.2 Layering in the 0SI Reference Model

The OSI Reference Model breaks down or separates the communication
process into seven independent layers. The following are the general “rules” of

the OSI model:

e Two layers that lie above each other work independently. Each layer
receives a service from the layer immediately below and provides a
service to the layer immediately above. The lower layer does not care

7| Applicationlayer | € — — = = = = = = = = — — » | Application layer |7

6 | Presentationlayer | € — — — = = — — — — — — — » | Presentation layer | 6
@ 5| Sessionlayer |[€ — — — = = = = = = = = — » | Sessionlayer |5 o
= Peer-to-peer protocol (e.g., ISUP, SCCP) g
E 4| Transportlayer | € — — — = = — = = — = — — » | Transportlayer |4 =
— <
o 3| Networklayer |< — | Networklayer |<€ — —=»| Networklayer |3 &

2| Datalinklayer (< — -» | Datalinklayer |< — =) | Datalinklayer |2

1 Physical layer |<€ — | Physicallayer |< — =»| Physicallayer 1

<> <>

Network node A Network node B Network node C

Figure 5.1 The layers and message types of the 0SI Reference Model.
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about the content of the received information. Consider the analogy of
sending mail. The post office is not concerned about the content of a
letter, which it has received to deliver. Its only concern is the address
on the envelope, which it follows in order to make the delivery. This
constitutes a service, which is independent of the contents of the letter.

e Each layer communicates directly only with the layers immediately
below and above itself and indirectly with its peer layer at the remote
end. Let us again refer to the post office analogy. Neither the sender
nor the addressee is concerned about the details of the service, that is,
about how the letter is routed, and neither the sender nor the addressee
needs to communicate with the letter carrier. They only need to have
access to a mailbox. The two parties communicate with each other by
writing or reading the letter.

e If a communications process involves more than two network nodes,
the intermediate network node or nodes need only provide the func-
tionality of Layers 1 through 3. As Figure 5.1 shows, network node B
is equipped only with Layers 1, 2, and 3. Layers 4 through 7 are
required at the end points of a connection only. Going back to the let-
ter delivery example, in this “communications process” all post offices
and postal workers are involved only in transport and error-free deliv-
ery of the letter. All other parts of the communication process are avail-
able only at the sender and receiver sides.

e The protocols used for Layers 1 through 3 on the interface between A
and B are not necessarily the same as those used on the interface
between B and C. For example, Layer 2, between the BTS and the
BSC in GSM, uses the LAPD protocol, while the SS7 protocol is used
between the BSC and the MSC. In that case, network node B would
represent the BSC.

5.3 Data Types of the 0S| Reference Model

All messages exchanged between Layer NV and Layer (/N — 1) are called primi-
tives. In practical work, except for measurements within a network element,
there usually is no need to become involved in the inner workings of the primi-
tives, it suffices to know that they exist and to have an idea of their function.

All message exchange on the same level (or layer) between two network
elements, A and B, is determined by what is known as peer-to-peer protocol.
Consequently, all messages that can be seen on any GSM interface between two
nodes belong to the group of peer-to-peer protocols.
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5.4 Information Processing in the 0S| Reference Model

The tasks of the Layers 7 down to 2 mainly are to add processing information.
When, for example, Layer 6 receives a primitive from Layer 7, it adds header
information, which allows the “partner” layer on the other end to process the
received data according to the appropriate peer-to-peer protocol. The partner
layer is responsible for removing the header information. Figure 5.2 illustrates
the relationship. The obvious result is the increase in the data that needs to be
transmitted.

5.5 Advantages of the 0SI Reference Model

The major advantage of the OSI Reference Model lies in the fact that the
various layers are independent of each other. What does independence in this
context mean? It means that Layer /V shares a common protocol with its peer
Layer N and with the layers immediately above and below it but not with
any other layers. The OSI Reference Model defines only the interface between
them and not the way a certain layer is implemented. Therefore, it is, for exam-
ple, irrelevant to a large degree how the physical signal transmission is achieved.
The transmission medium used for the data transfer may be cable, direct radio,
satellite, or any other appropriate means.

That permits the design and use of modules on a general level, a state-
ment that has to be tempered by the actual application. It certainly matters,

User data User data
Header TP T_117 Application layer 7|1 7P Header
6P T71T__1ls )Presentation IayerC 6 | 171 _[6 P
G 67T 1|5 ) Session layer ( 5 | 17161 .5
[A> I5I6171 1|4 ) Transport layer C 4 | CT7T6151 T4
B [EI6I617T ] 3) Network layer C3 171615141 I3
2 [3Talsl6el7 ] 24) Data link layer Cz [_T7Tel51413] 2>
[213]415[617] 1|1 ) Physical layer C 1| L__1716]5[4]13[2]
v A

[ 1716[5[4]13]2p

Figure 5.2 Data flow in the 0S| Reference Model.
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with respect to the propagation delay, whether transmission is via cable or satel-
lite, where the propagation delays may be substantial.

5.6 The Seven Layers of the 0S| Reference Model

5.6.1 Layer 1: The Physical Layer

The Physical Layer is responsible for the actual transmission of the data and the
provision of the necessary facilities. The facilities can be, for example, a copper
wire, a satellite connection, direct radio, or an optical fiber. The Physical Layer
may include some synchronization features that do not have any significance
for the higher layers, since those features are purely hardware related. Examples
of such features are the clear-to-send (CTYS) signal and the ready-to-send (RTS)
signal of the serial interface on a computer (COM-Port).

Layer 1 does not know data types or data formats and is not able to distin-
guish between control data and user data. That characteristic, in particular,
distinguishes Layer 1 from the other layers. The data packets received from
Layer 2 are transmitted without additional verification. Each data packet con-
sists of either a single bit or a number of bits.

With regard to the Air-interface of a GSM system, the GMSK modula-
tion and the HF equipment in the MS and the BTS are part of Layer 1. Over
the terrestrial interfaces, the PCM, including signal levels and propagation
delays, is part of Layer 1.

Naturally, the implementation of the Physical Layer depends greatly
on the type of interface and might change frequently. For example, between
the BTS and the BSC, Layer 1 might be implemented as microwave transmis-
sion on the first section, as optical fiber on a second section, and as plain cable
on a third section.

5.6.2 Layer 2: The Data Link Layer

The Data Link Layer is responsible for the packaging of the data to be transmit-
ted. The data are combined into packets or frames and then handed to the
Physical Layer for synchronous or asynchronous transmission. A widespread
method for such framing is the high-level data link control (HDLC) protocol,
which provides a general structure for data frames and forms, which is the basis
for the SS7 protocol as well as for the LAPD protocol. The Glossary provides a
description of the HDLC frame format.

The main purpose of all the tasks of Layer 2 is that of error detection and
correction. Data frames are formed by introducing start/stop marks and by
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calculation of checksums (frame check sequence, or FCS), which can be
checked for consistency by Layer 2 at the receiving side. When the receiver
detects an error, it tries to correct the error or requests retransmission.

The Data Link Layer plays a vital part in protocol testing, because all
data packets from Layer 3 have to be carried in a Layer 2 frame. Note that
Layer 2 information is relevant only between two adjacent network nodes
and that the Layer 2 protocol might change from interface to interface. For
example, the Layer 2 protocol in GSM changes as the data pass on their
way from the MS first at the BTS where LAPD,, converts to LAPD and then
again in the BSC where LAPD converts to MTP 2/SS7.

On the GSM Air-interface, Layer 2 is formed by the LAPD,,, together
with channel coding and burst formatting. On the Abis-interface, it is LAPD,
and the remaining interfaces use the MTP 2 of the SS§7 protocol. Note that in
LAPD,,, no frame check sequence is required because channel coding takes care
of error detection and correction.

5.6.3 Layer 3: The Network Layer

The Network Layer prescribes the path a message has to take and who the
recipient of that message is. All the information necessary to route a data packet
is the responsibility of Layer 3. Layer 3 has significance only on a per-section
base, as already known from Layers 1 and 2. Every network node has to analyze
and possibly modify the Layer 3 information. The RR protocol between the
MS, the BTS, the BSC, and the MSC belongs to Layer 3, as well as all the
address information needed to route a call in an SS7 system.

The best analogy for Layer 3 information is the address information on
the envelope of a letter, which has to be evaluated by every network node (post
office) in its delivery path.

The equal treatment of MM, CC, and RR on the Air-interface by GSM is
misleading, since MM and CC information does not belong to Layer 3. Rather,
RR provides the necessary transport capability to transparently carry MM and
CC information between the MS and the NSS.

5.6.4 Layer 4: The Transport Layer

Layer 4 provides the methods that guarantee the proper end-to-end ordering of
message packets, before the data are handed to the higher layers (sequencing).
Such handling becomes necessary when a message is partitioned into data pack-
ets. The term segmentation is used to describe the process of breaking down
the information into packets. Furthermore, in contrast to the lower layers, the
Transport Layer performs end-to-end data control. The Transport Layer
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checks the consistency of a message, when a message is composed of several
pieces. The task of the Transport Layer in the OSI Reference Model is similar
to that of the Data Link Layer and the Network Layer. At the time when OSI
was defined, it was essential to rely on a powerful Layer 4, since Layers 2 and 3
could not handle this task alone.

The difference between Layers 2 and 3 on one side and Layer 4 on the
other lies in the end-to-end application of Layer 4. While Layers 2 and 3 are
relevant only on a per-interface basis, Layer 4 procedures are applied between
the two end points of a connection.

A good example of a Layer 4 task is the numbering of boxes during a
house move or counting them at the destination, as well as arranging them in
the right order, that is, setting up the cupboard before unpacking the dishes. It
is obvious that this task is not directly related to the transport or any security
issue; nevertheless, the task is important for a smooth sequence of events.

5.6.5 Layer 5: The Session Layer

The Session Layer was assigned for global synchronization purposes. Both par-
ties use the Layer 5 to coordinate the communication process between them-
selves. It is used in GSM between the MSC and the MS to distinguish between
a mobile terminating call (MTC), a location update (LU), and a mobile origi-
nating call (MOC). Part of the synchronization is the ability to determine
which information needs to be sent, when, and by whom. Another example for
Layer 5 is the dialog part of the component sublayer of the transaction capabili-
ties application part (TCAP). Two TCAP users can coordinate the type of a
process, by means of the dialog part of a message and so, for example, distin-
guish between an LU and the activation of a supplementary service.

To come back to the example used for Layer 4: The decision about the
order of packages with dishes or cupboard parts has to be made by Layer 5.
Layer 4 only carries out the request.

5.6.6 Layer 6: The Presentation Layer

Generally speaking, the Presentation Layer is a means of data definition and
preparation before the data are passed to the Application Layer. The Presenta-
tion Layer is able to distinguish different data types and to perform data com-
pression and decompression. A typical example for a Layer 6 implementation is
ASN.1, the Abstract Syntax Notation number 1, as defined by I'TU in Recom-
mendations X.208 and X.209.

Referring again to the analogy of the relocation, different types of boxes
are necessary depending on the “data type” (i.e., cups, plates, clothing,
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furniture), and they need different treatment during transmission and on the
receiving side (wash the dishes, set up the cupboard, etc.).

5.6.7 Layer 7: The Application Layer

The Application Layer is the interface of a specific application to the transmis-
sion medium or, in other words, to the Layers 1 through 6. Note that Layer 7
does not actually contain the application but provides an interface between the
application and the communication process. Just as much as the implementa-
tion of Layer 1 depends on the physical transmission medium, so also the
implementation of Layer 7 depends on the specific user.

An example best illustrates this concept, since the preceding definition is
somewhat theoretical.

The president of a company does not organize a dinner party himself.
That task is delegated to a third party, typically a secretary, who makes all the
arrangements, including the tracking of confirmations and cancellations. The
president who is not concerned with the preparation of the dinner is, in this
example, the application. The third party, perhaps the president’s secretary, on
the other hand, does not need to be present at the dinner and does not need to
know the reasons for any of the dinner speeches or to understand the reasons
for inviting a certain person. The secretary has some freedom and acts inde-
pendently within that area of freedom to ensure that the dinner party is well
prepared and presented.

Another, more technical example is the Layer 6 of the TCAP that was
specified by I'TU as a general interface for all kinds of users. It is the responsibil-
ity of the users to provide Layer 6 a suitable interface, that is, a buffer. That
interface or buffer is realized by Layer 7 in the according applications.

5.7 Comprehension Issues

Because of the somewhat fuzzy borders between the various layers, it is some-
times difficult to apply the OSI Reference Model to an actual problem. That is
particularly true for someone who is new to the subject, and misunderstandings
frequently occur.

The reason for such problems lies in the theoretical approach of the defi-
nition of the model or in the overlapping tasks of the layers. GSM adds even
more complexity by switching between layers for the data transfer on the differ-
ent interfaces (A, Abis, Air).

For example, when the BTS receives a Layer 2 SABM frame from the
MS, it forwards that information as an EST_IND message toward the BSC,
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wrapped into an I-frame. The EST_IND message, clearly Layer 3 information,
can be regarded as a translation of the SABM frame (Figure 5.3). This “leap”
can be explained by the fact that Layers 1 through 3 are valid only on a link-
by-link basis.

The remainder of this book frequently refers to the OSI Reference
Model. For that reason, it is important to understand the model, its function,
and the difference between the layers. The following analogy is presented to try
to help give a better understanding of the “theory.”

5.7.1 An Analogy: The Move to Europe

Since we all have different experiences in life and see things from different per-
spectives, the relationship to the OSI model is immediately emphasized during
the course of this analogy, “The move to Europe.”

5.7.1.1 The Moving Family as the User or Application

A family that has to move wants to have to do as little work as possible, particu-
larly tasks like disassembly, packing, unpacking, reassembly, setting up furni-
ture, washing dishes, cleaning rooms, and so on.

The moving family is comparable to the user or the application in the
OSI model, which is outside the model. The user communicates with the mov-
ing company and defines the schedule as to when to make the move, where to
move, and when the move should be finished.

5.7.1.2 The Moving Company as OSl Layers 7, 6, and 5

Let us assume, for the purpose of this analogy, that the moving company has
local branches all over the world that are governed by the same business rules.
The moving company has many employees: some work in the office to

@)

BSC

2

Air-interface Abis-interface

| FACCH/SABM |>

[ VRLWEST_IND/-] >

Figure 5.3 “Leap” in the layers between the air interface and the Abis interface.
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coordinate the whole process, while others work onsite to do all the packing
and unpacking.

The moving company has a selection of different packaging materials spe-
cifically designed for the purpose of moving household items (see ASNV.! in the
Glossary). The moving company can be likened to Layers 5, 6, and 7 of the
OSI model. The employees in the office, who control the whole process, can be
likened to Layer 7. The onsite employees whose function it is to separate the
various household items, such as the clothes, dishes, furniture, and so on, and
to pack them appropriately can be likened to part of Layer 6.

This task is similar to the processing of parameters and data in the Presen-
tation Layer (Layer 6). The onsite employees label the boxes, according to their
contents (e.g., books, clothes, dishes), which makes it easier for their counter-
parts in Europe to do the opposite task of unpacking. The packing and labeling
procedure in Layer 5 ensures that the moving company at the destination side
sets up the bookcases before unpacking the books or sets up the bureaus before
unpacking the clothes. Otherwise, the books and the dishes would be unpacked
before there are places to put them.

The different boxes for the various goods and the labels on the boxes are,
technically speaking, peer-to-peer protocols in OSI Layers 5 and 6, which add
some overhead to the process of moving household goods.

Neither the employees in the office nor those onsite deal with the
actual transportation process. For that, the moving company uses the services
of a transportation company.

5.7.1.3 The Transportation Company as 0SI Layer 4

The transportation company is responsible for the end-to-end transportation,
which is comparable to a Layer 4 task. The people who work for the transporta-
tion company count and number the boxes (error detection and segmentation)
and write the destination address, based on the information they have received
from the moving company (Layer 7) on the boxes. The numbering of the boxes
is as requested by the moving company, that is, the employees onsite (Layer 5),
who inform the transportation company as to what order (or sequence) the
individual boxes have to be shipped to the destination.

Note that the numbering of the boxes creates a new peer-to-peer proto-
col. The transportation company does not know what the labels “bookcase,”
“dishes,” and so on, mean in particular because they have no knowledge of the
specific requirements. It is for that reason that Layer 4 translates the Layer 5
specific information into its own protocol, in this case, the numbering scheme.

When everything is done, the transportation company hands over all the
boxes to the selected shipping company (Layer 3), which selects the method of
physical transportation according to price and availability.
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5.7.1.4 The Shipping Company as 0SI Layer 3

The shipping company or its employees are equivalent to Layer 3. They are not
concerned about the contents of the shipment, the numbers on the boxes, or
the labels that characterize the contents. They take the boxes, process the
address (routing information), and arrange for the packaging of the boxes into
containers for transportation.

The long distance between the origination in America and the final desti-
nation in Europe is taken in a number of smaller steps (truck, railroad, plane,
ship) and requires the reloading of the boxes into different containers. That also
requires that, for each leg of the journey, addresses for the temporary, interme-
diate destinations have to be assigned

5.7.1.5 Truck, Railroad, Boat, and Airplane as OSI Layer 2

The various containers that have to be used, the types of which are determined
mainly by the means of transport, correspond to Layer 2.

Starting at the home, a truck is used to transport the boxes to the railway
station. A railroad wagon is used to transport them to the airport, harbor, and
so on. The larger units correspond to the various Layer 2 protocols that are used
over the link between any two nodes of a telecommunications network.

In the telecommunications environment (cargo shipping), it is Layer 2
(the means of transport) that serves the purpose of providing a secure physical
transport medium for the actual data (household goods).

The checksum in a telecommunications environment corresponds to the
truck driver’s checklist. This illustrates the difference between what Layer 4
does for data security compared with Layer 2. While Layer 4 numbers and
accounts for the boxes of one user (moving family), Layer 2 performs that task
for one container that, in general, is shared by many users. That is, Layer 2 sees
the process from the viewpoint of the shipping company, and Layer 4 sees it
from the perspective of the user.

5.7.1.6 The Infrastructure as Layer 1

What remains is indicating the constituent parts of Layer 1. These are the
roads, railroad tracks, engines, and people— everything and everyone that con-
tributes to the physical transportation process. Just as in a move to Europe, the
Physical Layer in telecommunications changes between intermediate nodes.

Samsung Ex. 1032, Page 59 of 417



The Abis-Interface

The Abis-interface is the interface between the BTS and the BSC. It is a PCM
30 interface, like all the other terrestrial interfaces in GSM. It is specified by
ITU in the G-series of recommendations. The transmission rate is 2.048 Mbps,
which is partitioned into 32 channels of 64 Kbps each. The compression tech-
niques that GSM utilizes packs up to 8 GSM traffic channels into a single
64-Kbps channel. GSM never specified the Abis-interface in every detail, as was
also the case with the B-interface (the interface between the MSC and the
VLR). The Abis-interface is regarded as proprietary, which leads to variations
in the Layer 2 protocol between manufacturers, as well as to different channel
configurations. The consequence is that, normally, a BTS from manufacturer A
cannot be used with a BSC from manufacturer B.

6.1 Channel Configurations

Figure 6.1 presents two possible channel configurations of the Abis-interface.
Note the fixed mapping of the air-interface traffic channels (Air0, Airl, ...)
onto a time slot of the Abis-interface. This fixed mapping has the advantage
that it is possible to determine which Abis time slot will be used when a particu-
lar air-interface channel is assigned.

51
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bit bit
TS 7 6 5 4 3 2 10 TS 7 6 5 4 3 2 1 0
0 FAS / NFAS 0 FAS / NFAS
1T | Air0 [ Air1 | Air2 [ Air3 | TRX1 1 | Air0 | Air1 | Air2 | Air3 | BTS1/TRX1
2 | Aird | Air5 | Air6 | Air7 2 | Aird [ Air5 | Air6 | Air7
3 | Air0 [Air1 | Air2 | Air3 [ TRX5 3 | Air0 | Air1 [ Air2 | Air3 [ BTS3/TRX1
4 [Aird | Air5 Air6 | Air7 4 | Aird [ Air5 | Air6 | Air7
5 [Air0 | Air1 [ Air2 | Air3 | TRX2 5 | Air0 | Air1 | Air2 | Air3 | BTS1/TRX2
6 | Aird [ Air5 | Air6 | Air7 6 | Aird [ Air5 [ Air6 | Air7
7 | Air0 [Air1 [ Air2 | Air3 [ TRX6 7 [Air0 [ Air1 | Air2 | Air3 | BTS3/TRX2
8 | Aird | Air5 | Air6 | Air7 8 | Aird | Air5 [ Air6 | Air7
9 | Air0 [Air1 | Air2 | Air3 [ TRX3 9 [Air0 [ Air1 [ Air2 | Air3 | BTS2/TRX1
10 | Air4d | Air5 [ Air6 | Air7 10 | Aird | Airb5 [ Air6 | Air7
11 | Air0 [ Air1 | Air2 [ Air3 | TRX7 11 [ Air0 | Air1 | Air2 | Air3 [ BTS4/TRX1
12 | Air4 | Air5 [ Air6 | Air7 12 | Aird | Air5 [ Air6 | Air7
13 | Air0 [ Air1 | Air2 [ Air3 | TRX4 13 [ Air0 [ Air1 | Air2 | Air3 [BTS2/TRX2
14 | Aird | Air5 | Air6 | Air7 14 | Aird | Air5 | Air6 | Air7
15 | Air0 [ Air1 | Air2 [ Air3 | TRX8 15 | Air0 | Air1 [ Air2 [ Air3 [ BTS4/TRX2
16 | Aird | Airb | Air6 | Air7 16 | Aird | Airb | Air6 | Air7
17 not used 17 not used
18 not used 18 partial 0&M data
19 partial 0&M data 19 BTS 4/ TRX 2 signaling
20 not used 20 BTS 4/ TRX 1 signaling
21 0&M signaling 21 BTS 3/ TRX 2 signaling
22 TRX 8 signaling 22 BTS 3/ TRX 1 signaling
23 TRX 7 signaling 23 BTS 2/ TRX 2 signaling
24 TRX 6 signaling 24 BTS 2/ TRX 1 signaling
25 TRX 5 signaling 25 BTS 1/ TRX 2 signaling
26 not used 26 BTS 1/ TRX 1 signaling
27 TRX 4 signaling 27 BTS 4/ 0&M signaling
28 TRX 3 signaling 28 BTS 3/ 0&M signaling
29 TRX 2 signaling 29 BTS 2/ 0&M signaling
30 TRX 1 signaling 30 BTS 1/ 0&M signaling
31 31 Transmission control
not used > .
information

(a) (b)

Figure 6.1 (a) Star configuration (fullrate) and (b) serial connection (four BTSs with two
TRX each).

6.2 Alternatives for Connecting the BTS to the BSC

The line resources on the Abis-interface usually are not used efficiently. The
reason is that a BTS, typically, has only a few TRXs, which implies small traffic
volume capability. Consequently, the line between the BTS and the BSC
is used only to a fraction of its capacity. Figure 6.1(a), the star configuration,

shows the case of a BTS with four TRXs, in which only 47% of the 2 Mbps
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actually is needed. The shaded areas mark the unused channels. When the BTS
has only one TRX, that value goes down to 16%. Such waste of resources has
a historical background, and it would not change much if halfrate channels
were used.

When GSM specified the BTS, it defined that a BTS may have up to
16 TRXs. Two 2-Mbps interfaces are required to connect such a BTS to the
BSC, because a single 2-Mbps interface is able to support only up to 10 TRXGs,
including O&M signaling,.

Proportionally fewer resources are required on the Abis-interface when a
BTS with a smaller number of TRXs is installed. The remainder cannot easily
be used.

Experience has shown that the optimum for a BTS is in the range of one
to four TRXs. This compromise reflects several parameters:

e Capacity. How many traffic and signaling channels does a BTS need
to provide, on average and during busy hours, to avoid an overload
condition?

e Available frequency range. What is the minimum distance between
BTSs beyond which a given TRX frequency may be reused?

Network operators worldwide have had bad experiences, particularly with the
latter point.

When digital radio was introduced, the assumption was that the impact
of the disturbances, same-channel interference or neighbor channel interfer-
ence, would be relatively minor. Soon after the introduction of commercial
service, that assumption was found to be wrong, when more and more interfer-
ence problems between BTSs appeared and degraded the quality of service.
Problems with large, powerful cells were experienced, particularly in urban
areas and city centers, where more and more minicells and microcells are
being used.

The conclusion was to move in the direction of using more cells with
fewer TRXs and smaller output power (<1W) rather than in the direction of
fewer cells with more TRXs and high output power. That configuration
requires a larger number of BTSs than the alternative to cover any given area.
Connecting the larger number of BTSs to the BSCs, in turn, requires a larger
number of links (Abis-interfaces).

Because of that trend, together with the high costs for links between the
BTS and the BSC and the low efficiency when using such links, another con-
figuration was introduced, the serial connection of BTSs.
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6.2.1 BTS Connection in a Serial Configuration

In a serial configuration, the BTSs are connected in a line or a ring topology.
Only one BTS, for the line topology, or two BTSs, for the ring topology, are
physically connected to the BSC. Figures 6.2 and 6.3 illustrate those topolo-
gies. For the network operator, the advantage of the serial approach over the
star configuration is that it saves line costs. Furthermore, the serial connection
allows for more efficient use of resources, as illustrated in Figure 6.1(b). This
advantage becomes particularly obvious, when colocated or sectored BTSs
are used (see Section 3.1.2.3). The disadvantage, however, is that a single
link failure causes the loss of the connection to a large number of BTSs

@) @) @)

BSC BTS BTS BTS
X

Figure 6.2 Serial connection of BTSs in a line topology. The disadvantage is that a single
link failure results in total loss of connection to a number of BTSs.

(@)

BTS

BTS BTS
BSC

Figure 6.3 Serial connection of BTSs in a ring topology. The advantage is that a single link
failure never results in total loss of connection to any BTS.
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(for serial configuration). For that reason, the use of a ring configuration
provides some redundancy in which the signal can always go in one of two
directions, so that in the event of a link failure, it is still possible to provide an
alternative connection.

6.2.2 Connection of BTSs in Star Configuration

The star configuration was the most popular when the first systems were
deployed in 1991-1992. In a star configuration, every BTS has it own connec-
tion, an Abis-interface to the BSC. Figure 6.4 illustrates a star configuration

with three BTSs.

6.3 Signaling on the Abis-Interface

6.3.1 0SI Protocol Stack on the Abis-Interface

The Abis-interface utilizes Layers 1 through 3 of the OSI protocol stack
(Figure 6.5). Layer 1 forms the D-channel. The LAPD is in Layer 2, and
Layer 3 is divided into the TRX management (TRXM), the common channel
management (CCM), the radio link management (RLM), and the dedicated
channel management (DCM).

(@) (@) (@)

BTS BTS BES

o ,
BSC
— X

Figure 6.4 Connection of BTSs in a star configuration. The disadvantages are the high
costs for links and that a single link failure always causes loss of a BTS.
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Higher layers User data (CC, RR, MM)
Layer 3 TRXM CCM RLM DCM
—_— =
Layer 2 LAPD
Layer 1 D channel

Figure 6.5 The OSI protocol stack on the Abis interface.

6.3.2 Layer2

6.3.2.1 Link Access Protocol for D-channel
The ISDN D-channel protocol, which GSM largely has adopted, provides

the basics of signaling on the Abis-interface. This link access protocol is also
referred to as LAPD. The format of LAPD, as defined by ITU in Recommen-
dations Q.920 and Q.921, is presented first before we discuss the GSM specif-
ics. Note that GSM does not use all the functionality that ITU Q.920 and
Q.921 describe. The XID frame, for example, is currently not used.

6.3.2.2 LAPD Frame
The underlying concept of the LAPD frame is the more general HDLC format,

which partitions a message into an address field, a control field, a checksum,
and a flag field at both ends of the message. LAPD messages in the OSI Refer-
ence Model belong to Layer 2 and are separated into three groups, according to
their particular use:

e The information-frame (I-frame) group consists of only the I frame.
(The unnumbered information, or Ul frame, belongs to the unnum-

bered frame group.)

e The supervisory frame group consists of the receive-ready (RR) frame,
the receive-not-ready (RNR) frame, and the reject (RE]) frame.

e The unnumbered frame group. This group comprises the set-
asynchronous-balance-mode-extended (SABME) frame, the discon-
nected-mode (DM) frame, the UI frame, the disconnect (DISC)
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frame, the unnumbered-acknowledgment (UA) frame, the frame-
reject (FRMR) frame, and the exchange-identification (XID) frame.

Figures 6.6 and 6.7 illustrate the format of LAPD modulo 128 and LAPD
modulo 8. The control field (defined later in the text) of the unnumbered
frames is only 1 octet long (that is the case for both modulo 8 and modulo
128). The shaded area of the control field defines the message group, which is
defined as follows:

¢ Information frame: 1st byte, bit 0 =0
¢ Supervisory frames: 1st byte, bit0 =1, bit 1 =0
¢ Unnumbered frames: 1st byte, bit 0 =1, bit 1 =1

Figure 6.6 and Figure 6.7 show the coding of the message type of the control field.
While the group of I frames does not require any further definition, bits 2 and 3 of
the first byte of a supervisory frame identify the frame type. The same task is per-
formed by bits 2, 3, 5, 6, and 7 for the larger number of unnumbered frames.

6.3.2.3 Differences Between LAPD Modulo 128 and LAPD Modulo 8

Manufacturers have implemented LAPD differently. Some have chosen to
implement LAPD modulo 8 (as shown in Figure 6.7), in which the control
field consists of 8 bits, while others have chosen to implement LAPD modulo
128, which uses a 16-bit control field (as shown in Figure 6.6). Analyzing an
LAPD trace file, there is no explicit possibility to distinguish between the two.

One has to rely on a consistency check, which can be performed, for
example, by comparing the lengths of frames. Supervisory frames in the 8-bit
version (modulo 8) are three octets long, while the ones with 16-bit-long con-
trol field (modulo 128) are four octets long. This method fails, however, for the
variable-length I frames and the unnumbered frames.

On the practical side, there is only one difference between LAPD modulo
128 and LAPD modulo 8. That is the definition of the range of values for the
send sequence number, N(S), and the receive sequence number, N(R). In an
8-bit-wide control field, the range for N(S) and N(R) is always between 0 and
7, while the 16-bit control field allows for values of N(S) and N(R) between
0 and 127. Hence, the two methods are referred to as LAPD modulo 8 and
LAPD modulo 128, respectively.

The consequence of that is, for modulo 8, no more than eight messages
may be transmitted without an acknowledgment. The difference is of little
importance in GSM, since the requirement on unacknowledged frames
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' byte 2 : byte 1 :
7 6 5 4 3 2 1:0'7 6 5 4 3 21110"hbi
- 7 bit >1 | —— Gbit—P 11 14
TEI EA SAPI EES
Frame check
v Fl 1 sequence '
g 1P g 1 —Pr€— 0 ... 260 octet —
01111110 FCS Layer 3 data Control field 16 bit | Address field 16 bit | 01111110 |—>
................ ' ¢ Flag o'
€5 pit >
Information Frame (bit 0 = 0):
| N(R) | P | N(S) I 0 | <=> |-Frame (Information)
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 bt
byte 2 byte 1 )
Supervisory Frames (B0 =1, B1=0):
| N(R) |P/F| 0 0 0 O | 0 0 0 1 | <=> RR-Frame (Receive Ready)
| N(R) |P/F| 0 0 0 O | 0 1 0 1 | <=> RNR-Frame (Receive Not Ready)
| N(R) [PFlo 0 o of1 o o 1]<= REJ-Frame (REJect

Unnumbered Frames (B0=1,B1=1):

1 | P| T 1 1 1 | <=> SABME-Frame (Set Asynchronous
Balance Mode Extended)

o
—_

| 0 0 0 | F | 1T 1 1 1 | <=> DM-Frame (Disconnected Mode)

| 0 0 0 | p | 0 0 1 1 I <=> Ul-Frame (Unnumbered Information)

| 0 1 0 | p | 0 0 1 1 | <=> DISC-Frame (DISConnect)

| 0 1 1 | F | 0 0 1 1 | <=> UA-Frame (Unnumbered
Acknowledgment)

| 1 0 0 | F | 0 1 1 1 | <=> FRMR-Frame (FRaMe Reject)

| 1T 0 1 |P/F| 11 1 1 |<=> XID-Frame (eXchange IDentification)

Figure 6.6 The format of an LAPD frame modulo 128.

is restricted even further by other influences. The number of unacknow-
ledged frames for the service access point identifier (SAPI) = 0 is two, and the
number of unacknowledged frames for SAPI = 62 and for SAPI = 63 is one.
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' byte 2 : byte 1 :
7 6 5 4 3 2 1;0'7 6 5 4 3 2.1,0! bit
- 7 bit >1 | —— Gbit—P 11 14
TEI EA SAPI EES
Frame check
+ _Fla 1 sequence '
&g bg-)-(— ?5 pit — P> €— 0... 260 octet —P=
01111110 FCS Layer 3 data Control field 16 bit | Address field 16 bit | 01111110 |—>
.................. ' ¢ Flag o'
€5 pit >

Information Frame (bit 0 = 0):

[ R N(S)

I 0 | <=> I-Frame (Information)

7]
76 5 4 3 2 1

0 bit

Supervisory Frames (B0O=1, B1=0):

[ ne [erfo

o
o

1 | <=> RR-Frame (Receive Ready)

| N(R) |P/F|0 10

1 | <=> RNR-Frame (Receive Not Ready)

o
o

| N(R) |P/F|1

1 | <=> REJ-Frame (REJect)

Unnumbered Frames (B0=1, B1=1):

|0 1 1|P|1 11

1 | <=> SABME-Frame (Set Asynchronous

Balance Mode Extended)

|u 0 0|F|1 1

—_

1 | <=> DM-Frame (Disconnected Mode)

o
—_

|0 0 D|P|0

1 I <=> Ul-Frame (Unnumbered Information)

o
—_

|0 1 D|P|0

1 | <=> DISC-Frame (DISConnect)

|u 1 1|F|0

o
—_

1 | <=> UA-Frame (Unnumbered

Acknowledgment)

|1 0 0|F|0 1

—_

1 | <=> FRMR-Frame (FRaMe Reject)

|1 0 1|P/F|1 11

1 | <=> XID-Frame (eXchange IDentification)

Figure 6.7 The Format of an LAPD frame modulo 8.

Nonetheless, because the modulo 128 variant is more widely used in GSM,
that method is described in more detail. Furthermore, all tables and examples

refer to the 16-bit variant.
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6.3.2.4 Parameters of an LAPD Message

Flag

Every LAPD frame starts and ends with a flag. The flag consists of a 0-bit fol-
lowed by six consecutive 1-bits and ends with a 0-bit, that is, 01111110,;, =
7E... That sequence is used as an indicator of the beginning and end of a
frame. To prevent confusion, when this particular bit sequence occurs within
the body of a message, some precautions need to be taken. If this pattern is part
of a message, the sender has to change the sequence by inserting a 0-bit between
the fifth and sixth bit. The receiver then has to remove the extra 0-bit.

Frame Check Sequence

The 16-bit long frame check sequence (FCS) is used for error detection
(Figure 6.8). A checksum is calculated, using the data between the start flag and
the FCS. The result is sent in the FCS field. The same operation is performed
at the receiver’s end, and the values of the respective FCSs are compared. The
receiver will request a retransmission in the event that the calculated FCS does
not match the one received.

Address Field
The parameters of the address field of a LAPD modulo 128 frame and a LAPD

modulo 8 frame are described in the following paragraphs.

Service Access Point ldentifier

The SAPI is a 6-bit field and defines the type of user to which a message is
addressed. The functionality of the SAPI in the LAPD is similar to the function
of the subsystem number (SSN) within the SCCP. SAPI is used, for instance,
to determine whether a message is for O&M or if it is part of the call setup.
GSM uses three different values for SAPI on the Abis-interface. Their uses
are listed in Table 6.1. Note that these SAPI values are independent of those
defined for the similar LAPD_ standard that is used on the Air-interface. SAPI
also indicates the transfer priority of a message. SAPI 62 and SAPI 63 have a

CIRRRER S Layer3data | Control field 16 bit | Address field 16 bit[ 01111110 |—>

Figure 6.8 The frame check sequence.
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Table 6.1
Possible Values of SAPI on the Abis-Interface

SAPI (decimal) Priority ~ Meaning

0 2 Radio signaling (radio signaling link, or RSL)
62 1 0&M messages (0&M link, or OML)
63 1 Layer 2 management

higher priority for message transfer than SAPI 0. The consequence is that it is
still possible, in the event of an overload situation or other problems, to

exchange O&M information between the BTS and the BSC, while other infor-
mation is delayed or even lost.

Terminal Endpoint Identifier
The TEI is a 7-bit field. In contrast to the SAPI, the TEI allows for distinction

among several functionally identical entities. GSM uses the TEIL, for example,
to distinguish among the various TRXs. One TEI is assigned to each
TRX. That provides the ability to distinguish between TRXs during analysis of
a trace file.

Command/Response Bit

The command/response (C/R) bit determines whether a message contains a
command, an answer, or an acknowledgment of a command, as illustrated in
Figure 6.9 and Table 6.2. Note that the values of the C/R in a command frame
are the same as the acknowledgment in the reverse direction.

As required by the ITU definition, an LAPD connection always contains
a network side and a user side. When the network side sends a command, then
C = 1. The user’s side responds with an answer where the value of R equals 1. If
a command from the user’s side contains a zero value for C then the response
from the network will be R = 0. There are some messages that can only be com-
mands and others that can only be responses. In the GSM system, the BSC is
defined as the network and the BTS as the user.

Extension Address Field-Bits

The address field contains one EA-bit per octet. The EA-bit of the first octet is
set permanently to 0, as shown in Figures 6.6 and 6.7, which indicates that the
following octet is also part of the address field. The EA-bit of the second octet is
set to 1, which indicates that it is the last octet of the address field.
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(@)
é — «——— BSC
R=1 >
(@)
é — =0 . [ BSC
< " X
Figure 6.9 Possible values of the C/R-bit.
Table 6.2

The C/R-Bit in Command Frames and Response Frames

Frame Type Direction C/R?

Command frames BSC — BTS 1
BIS>BSC 0O

Response frames BSC—>BTS 0
BTS — BSC 1

Control Field

The length of the control field depends on the frame type and is either 8 or
16 bits long. It contains the following information.

Polling Bit (P-Bit), Final Bit (F-bit), and P/F-Bit For frame types that can be
used only as commands, the corresponding bit is the P-bit. In frames that can
be used only as responses, the corresponding bit is the F-bit. In frame types that
can be used as both commands and responses, all variants are possible. The
P-bit informs the receiver of a command message that the sender expects an
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answer, even if the message type normally would not require an acknowledg-
ment. Real polling on the Abis-interface is used only when BSC and BT are in
an idle state and need to test the connection periodically (i.e., the exchange of
RR frames).

When a command frame is received where the P-bit is set to 1, the answer
frame needs to be returned with the F-bit set to 1. LAPD allows for the
acknowledgment of an I frame, where the P-bit is set to 0, with either an
I frame or a supervisory frame. I frames, however, where the P-bit is set to 1,
have to be acknowledged immediately with a supervisory frame. The P-bit of
UI frames is always set to 0. That is why a Ul frame, although a command per
definition, does not require an acknowledgment. Example 6.3 describes polling

for an RSL.

Send Sequence Number and Receive Sequence Number The N(S) and the
N(R) serve the purpose of acknowledging the transfer and the receipt of I frames.
The method of counting can be modulo 8 or modulo 128. In the case of modulo
8, three bits are used for the counter, allowing for values of frame numbers
between 0 and 7. Seven bits are used for the counter in the case of modulo 128,
allowing for values between 0 and 127. On the Air-interface (LAPDy,), only
modulo 8 is used, whereas both variants are used on the Abis-interface. The func-
tionality as such is independent of the value range of the counters. When one side
(BSC or BTS) sends an I frame, the counter N(S) on the sender side is incre-
mented by 1. Note that the value of N(S) in the just sent I frame still has the old
value, that is, the increment occurs only after the frame is sent.

When an [ frame reaches the receiver, it is checked to see if the received
values of N(S) and N(R) match those the receiver has stored. The value for
N(S) for the received I frame has to match the actual value of N(R) on the
receiver side. If the frame also is without errors (FCS), the receiver increments
the value for N(R) and sends that new value in an RR frame back to the sender.
The sender expects acknowledgment within a specified time frame. If that time
period expires without the acknowledgment, the I frame is sent again. Note
that according to Specifications Q.920 and Q.921, an acknowledgment does
not have to be given by a supervisory frame but also can be given by an I frame.
Consequently, the sending of an RR frame is not necessary if the receiver has to
send an I frame, too. However, GSM does not make use of that option. Every
I frame gets acknowledged with an RR frame. Until the acknowledgment is
received, the sender has to buffer an I frame. The following example illustrates
this strategy.

Function of N(S) and N(R) The BTS sends an I frame and increments its

counter N(S). The BSC receives the I frame, increments counter N(R),
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and sends an RR frame with a new value of N(R) back to the BTS. The BTS
does not need to continue to buffer the I frame after it receives the acknowledg-
ment from the BSC.

Next the BSC sends an I frame to the BTS and increments its counter
N(S) to 1. Again, note that the values of N(S) and N(R) in the transmitted
I frames correspond inversely to the ones stored internally in the BTS. The
BTS then checks for consistency of the information and increments, if every-
thing is right, its counter N(R) and responds to the BSC with an RR frame
with the new value of N(R). This procedure is illustrated in Figure 6.10.

RR frames need to be exchanged between BTS and BSC within certain
time intervals during the so-called idle case, when no data are being trans-
ported. The values of N(S) and N(R) are not changed during that process,
which is called polling. However, they have to correspond inversely to each

other.
This applies to both LAPD modulo 8 and to LAPD modulo 128.

Frame Type The control field identifies, among other things, the frame type.
Table 6.3 lists which values (in hexadecimal) the control field of an LAPD
frame modulo 128 can assume in a trace file. Digits marked with an X indicate
a “don’t care” condition, that is, the value of the digit is irrelevant in identifying
the frame type.

@)

BTS BSC
>
N(S) N(R) N(S) N(R)
01 0 I/N(S) = o/N(R) = 0 0
1 0 - 0 01
1 0 RR/N(R) =1 0 1
1 01 1 1
1 1 W 1 1
| 1 1 1

Figure 6.10 Function of the counters N(S) and N(R).
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Table 6.3
Frame Types of the Abis-Interface

Possible Values of the Control Field
Name Command-Frame? Response-Frame? (in Hex)

I-frame group

I Yes No (X0 XX), (X2 XX), (X4 XX), (X6 XX), (X8 XX)
if 1st byte is even it is an |-Frame

Supervisory frame group

RR Yes Yes (01 XX)
RNR Yes Yes (05 XX)
REJ Yes Yes (09 XX)

Unnumbered frame group

FRMR No Yes (87), (97)

DISC Yes No (53) because P-hit is always 1
ul Yes No (03) because P-bit is always 0
DM No Yes (OF), (1F)

SABME  Yes No (7F) because P-bit is always 1
UA No Yes (73) because P-bit is always 1
XID Yes Yes (AF), (BF) (not used in GSM)

Detection of Frame Type of LAPD Frames The LAPD messages in Figure 6.11
have been recorded on the Abis-interface by means of a low-level protocol
analyzer. For our imaginary analysis, complete decoding is not required; only
the message types are identified.

It is known that the first three octets in line number 0010 of the UBFD
(user buffer = trace file specific) always contain the address and the control field
of the respective LAPD message.

Note how difficult it would be without this knowledge to identify the
relevant information in a given trace file. If one encounters such a situa-
tion, the best way to proceed is to look for supposedly included fields like the
address and control fields within an LAPD message by using a regular editor
(see Figure 6.10).
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05:42:42:59
MSG HEAD 0000: 0000 0800 2820 0067 FFFF 020C 0014 0002
DATA 0000: 0000 E9AE DO0OO 0013
UBFD 0000: 4008 EFFF FFFF 001F 0502 0007 0000 0003
0010: (803

Address field = 2 octet Frame type = 7F = SABME

05:42:42:78
MSG HEAD 0000: 0000 0800 2820 0067 FFFEF 020C 0000 0002
DATA 0000: 0000 Fo6EA DOOO 0013
UBFD 0000: 4008 EFFF FFFF 0000 OEO2 OEQOE OEOO 0003
0010:

Address field = 2 octet Frame type =73 => UA

05:42:44:67

MSG HEAD 0000: 0000 0800 2820 0067 FFFF 020C 0000 0002
DATA 0000: 0000 C6CA D000 0040

UBFD 0000: 4008 EFFF FFFF 0026 0002 0001 0100 0030

0010: (@80 (QQ00 8080 2800 0082 0000 26DF 0003

Address field = 2 octet Frame type =00 =even => |

05:42:44:76
MSG HEAD 0000: 0000 0800 2820 0067 FFFEF 020C 0012 0002
DATA 0000: 0008 B98E DOOO 0014
UBFD 0000: 4008 FFFF FFFF O0O01F 0502 0007 0000 0004

0010: @oo

Address field = 2 octet Frame type =01 =>RR

05:42:44:80
MSG HEAD 0000: 0000 0800 2820 0067 FFFF 020C 0064 0002
DATA 0000: 0000 D2D2 D000 0040
UBFD 0000: 4008 EFFF FFFF 001F 0502 0007 0000 0030
0010: @02 8080 2800 0082 0000 26DF 0003

Address field = 2 octet Frame type =02 = even => |

Figure 6.11 Hexadecimal LAPD trace file.

Tasks of Various Frame Types

| Frame The I frame (Figure 6.12) is used to transfer Layer 3 information. It
is always a command, irrespective of its direction. The error-free reception of
this frame has to be acknowledged by the recipient with an RR frame.
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Bit
% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
N(R) P N(R) 0

Figure 6.12 Control field of an | frame (modulo 128).

Otherwise, an RNR frame or an RE] frame is sent, because the frame could not
be processed due to some error or overload condition and thereby requests
retransmission of the I frame. I frames contain both an N(S) and an N(R).

RR Frame An RR frame (Figure 6.13) acknowledges that an I frame has been
received. It also is used for the polling between the BTS and the BSC.

During idle phases (no I-frame transmission), RR frames are exchanged
between the BSC and the BTS with a periodicity based on the value of timer
T203 (the default value of T203 is 10 seconds). It may be assumed that Layer 2
of a connection is working fine when polling of RR frames can be seen on the
Abis-interface. No conclusion, however, can be drawn as to the state of
the Layer 3 connection.

RNR Frame The RNR frame (Figure 6.14) is used to signal that no more
I frames can be accepted. This situation may arise when too many unproc-
essed I frames are stored in the input buffer, so that no space is available for
more | frames. In this situation, an RNR frame is sent to the remote end.

The RNR frame requests a halt to the transmission of I frames and
requires the transmitter to wait for an RR frame before transmission can be
resumed.

This frequently results in an overload situation on the sender side because
data for transmission quickly backs up, which, in turn, results in the sender also

Bit
% 14 13 12 11 109 8 7 6 5 4 3 2 1 0
N(R) PFfO 0 0 0|0 0 0 1
Figure 6.13 Control field of an RR frame (modulo 128).
Bit
% 14 13 12 1 109 8 7 6 5 4 3 2 1 0
N(R) PFIO 0 0 0|0 1 0 1

Figure 6.14 Control field of an RNR frame (modulo 128).
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sending an RNR frame. The value of N(R) in the RNR message is that it indi-

cates which I frame was last received correctly.

REJ Frame In contrast to the RNR frame, which is used to signal an over-
load situation and hence to request the temporary halt to transmission, the RE]
frame (Figure 6.15) is used to indicate a transmission error condition that has
been detected by analysis of the FCS. The RE] frame contains a value for N(R),
which indicates the first I frame that has to be repeated.

An REJ frame is also used to indicate that I frames with a wrong value for
N(S) or N(R) were received. That requests the retransmission of all I frames

with a value of N(R) and higher.
SABME Frame SABME frames (Figure 6.16) are sent when no Layer 2 con-

nection has been established.

DM Frame The transmitting side uses a DM frame (Figure 6.17) to indicate
that it can no longer maintain the Layer 2 connection.

A DM frame indicates that the sender will immediately tear down the
Layer 2 connection without waiting for an acknowledgment from the receiver.
The DM frame is used to take a connection out of service, as is the case with
the DISC frame, but without waiting for or expecting an acknowledgment.

Ul Frame Unlike an I frame, a Ul frame (Figure 6.18) contains neither a send
sequence number nor a receive sequence number. Another difference is that the

% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
N(R) PFIO 0 0O 0|1 0 0 1

Figure 6.15 Control field of an REJ frame (modulo 128).

Bit

Figure 6.16 Control field of a SABME frame.

Bit
7 6 5 4 3
0 0 OfF|T 1 1 1

N
—_
o

Figure 6.17 Control field of a DM frame.

Samsung Ex. 1032, Page 77 of 417



The Abis-Interface 69

Bit
7 6 3 2 1 0
0 0 0 0 1 1

Figure 6.18 Control field of a Ul frame.

content of a Ul frame does not require an acknowledgment (P-bit = 0). Ul
frames are used on the Abis-interface to convey MEAS_RES messages.

DISC Frame The DISC frame (Figure 6.19) is used to take a Layer 2 connec-
tion out of service. The transmitter informs its peer that it intends to tear down
the Layer 2 connection. In contrast to the DM frame, the DISC frame is used
for regular maintenance tasks, and an acknowledgment (UA) is expected.

UA Frame The UA frame (Figure 6.20) is used to answer a SABME frame or
a DISC frame. It acknowledges a Layer 2 connection being brought into service
as well as one taken out of service.

FRMR Frame The FRMR frame (Figure 6.21) indicates that a received mes-
sage was garbled, wrong, or unexpected (protocol error). That is different from
the RE] frame, which indicates to the peer entity that I frames have to be
repeated starting at N(R).

This kind of error cannot be corrected by retransmission of a frame. The
problem usually occurs when there are errors with the transmission between

Bit
76 5 4 3 2 1 0
0o 1 OofPJjO O 1 1

Bit

Bit

Figure 6.21 Control field of an FRMR frame.
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the BTS and the BSC. The FRMR frame may be sent as an answer to any
frame, and its use is not restricted to being a response to faulty I frames.

To allow for proper identification of the faulty frame, the header and as
much content of the faulty frame as possible are sent back to the peer entity
within the FRMR frame.

Problems in the transmission area or at the opposite end of the connec-
tion can be assumed when FRMR frames are detected.

XID Frame  Although the XID frame is not part of the Abis-interface, accord-
ing to GSM 08.56, it will be described here.

The XID frame (Figure 6.22) is used to synchronize the various transmis-
sion parameters between the user and the network. It coordinates the various
timers when the Layer 2 connection is brought into service. It also determines
the number of unacknowledged I frames that have to be stored.

Example: Decoding and Analysis of Layer 2 Messages To decode and ana-
lyze Layer 2 messages when observing a protocol analyzer, one needs to be able
to interpret the displayed measurement results. This example describes such
decoding work by analyzing the following trace file. Note that the channels are
mostly in idle state because no data have to be transferred between the TRX
and the BSC. RR frames are exchanged periodically between the TRX and the
BSC according to the value of the timer T203. Sometimes ghost CHAN_REQ
messages are decoded by the BTS receiver, created by the unavoidable electro-
magnetic noise in the environment. Unfortunately, that false CHAN_REQ
decoding may put an additional signaling load on the system. Figure 6.23
presents a short section of a trace file that was captured with the SIEMENS
K1103 protocol analyzer.

e Note the following details, which can be retrieved from a rather unin-
teresting trace file without any error messages.

e Timer T203, in this case, is set to 3.4 seconds. The time can be derived
from the time difference between two consecutive RR frames from the

same TRX.

Bit
76 5 4 3 2 1 0
T 0 1TPFT 1 1 1

Figure 6.22 Control field of an XID frame.
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1st transmission over TEIl 1 is to the right. The time interval
to the next transmission is determined by timer T 203.

11:02:15"8)5Tx> LAPD 0 1 0 191 RR
GSM 08.56 Rev 3.1.0 (LAPD) receive ready ((RR) <—

_______ 0 Address field ext. Message group = Supervisory
TEI=1 - 0- Command/Response

000000—- SAPT Message type = Receive Ready (RR)

= oo

——————— 1 _Address field ext.
Coooooi—1=D) 1 y'd
—————— 01 Frame Type Supervisory format
—-——-00-- Supervisory function receive ready
0000---- Spare
——————— 1 Poll/Final Bit 1
1011011~ N (R)
11:02:15"8 5&x< LAPD 0 1 0 1 24 RR\
GSM 08.56 Rev 3.1.0 (LAPD) receive ready (RR)
------- 0 Address field ext. Please note for the following:
—————— 0- Command/Response 0
000000-= SAPT ' 0 The value of N(R) does not
——————— 1 Address field ext. 1 . .
0000001- TET 1 change during polling.

—————— 01 Frame Type Supervisory format
----00-- Supervisory function receive ready
0000---- Spare
——————— 1 Poll/Final Bit 1
0011000- N (R)

Figure 6.23(a) Tracefile as taken from a K1103.

e The messages from left to right are sent by the TRX, while the mes-
sages from right to left are sent by the BSC. That can be deduced from

the CHAN_RQD at the end of the trace file, a message that can come
only from the BTS and in this case is sent from left to right.

e The P/F-bit is set to 1 during polling to request the distant end to
answer. For “normal” data exchange, the P/F-bit is set to 0.

In this example, the TRX polls the BSC.

6.3.3 Layer3

Layer 3 information within I frames and Ul frames follows the Layer 2 header.
Because of differences in format, it is particularly important during proto-
col testing to distinguish between Layer 3 information for administrative tasks
(SAPI 62 and 63) and Layer 3 information for connection setup and release
(SAPI 0).

SAPI 0 is allocated to the RSL and carries user signaling, that is, all mes-
sages for connection setup and release. On the Abis-interface, messages for
SMS and supplementary services (SS) also are dedicated to SAPI 0, which dif-

fers from the handling on the Air-interface.
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| Indicates direction + link number (K1103 allows for user specific settings). |

I'd

11:02:17"6 (ATx>) LaPD 0 2 0

GSM 08.56 Rev 3.1.0 (LAPD)

RR

receive ready (RR)

““““ 0 Address field ext. Command from TRX towards BSC.
5555550_ CZTPﬂ?and/ Response 834— The location of the BTS or BSC can
______:I iddress field ext ] be derived from the direction of
0000010~ TET > CHAN_RQD (see Figure 6.23c).
—————— 01 Frame Type Supervisory format

----00-- Supervisory function receive ready

0000-——— Spare If used, the P/F bit of command frames
G 1 Poll/Final Bit L€ acts as’the polling bit and requests the
0001101- N(R) 13

peer to answer (the TRX polls the BSC,
since this RR originates from the TRX).

11:02:17"6 4Rx< LAPD 0 2 0 RR
GSM 08.56 Rev 3.1.0 (LAPD) receive ready (RR)
——————— 0 Address field ext.,
—————— 0- CQmmand/Response O)‘— Answer from the BSC to the last
000000-- SAPI 0 RR frame; hence C/R=0.
——————— 1 Address field ext. 1
|TEI=2 |—><000001o— TEL 2D
—————— 01 Frame Type Supervisory format
----00-- Supervisory function receive ready
0000---- Spare
——————— 1 Poll/Final Bit 1
0010001- N (R) 17

The next transmission from left

C1:02:19"2 5Tx> LAPD 0 1 0

TR« to right over TEI 1. This time

GSM 08.56 Rev 3.1.0 (LAPD)

receive

Teady (RR) difference, and therefore the

_______ 0 Address field ext. setting of timer T 203, is 3.4 s.
—————— 0- Command/Response 0
000000-- SAPI 0
——————— 1 Address field ext. 1
0000001- TEI 1
—————— 01 Frame Type Supervisory format
----00-- Supervisory function receive ready
0000---- Spare
——————— 1 Poll/Final Bit 1
1011011~ N(R) 91

11:02:19"2 5Rx< LAPD O 1 0 RR
GSM 08.56 Rev 3.1.0 (LAPD) receive ready (RR)
——————— 0 Address field ext.
—————— 0- Command/Response 0 Please note: SAPIis 0 for
C000000-- SAPT 0 D<€ all RRs. Therefore, these are
——————— 1 Address field ext. 1 messages on the RSL.
0000001- TEI 1
—————— 01 Frame Type Supervisory format
----00-- Supervisory function receive ready
0000---- Spare
——————— 1 Poll/Final Bit 1
0011000~ N(R) 24

Figure 6.23(b) Tracefile as taken from a K1103.

Administrative data, on the other hand, are assigned to SAPI 62 and 63.
Administrative tasks are control commands from the BSC (OMC) to the BTS,
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The only I frame within this example (Layer 3 content is suppressed)
From the direction of the message (left to right) and from the message
type, one can conclude that the BTS is on the "left".

S

(11:02:23"1 4Tx> LAPD 0 2 0 17 0 13 INFO RSL CHNRD)
GSM 08.56 Rev 3.1.0 (LAPD) 1info frame (INFO)
——————— 0 Address field ext.

______ 0- Command/Response 0 Since a CHAN_RQD can only
000000-- Sﬁil ety 0 be sent by the BTS, the BSC
——————— 1 Address fie ext. 1 . .

(T0000T0— 757 )« > must be on the right side.

( ——————— 0 Frame Tvype Ingormation transfer format
0010001- N(S) 17 )€—— -
------- 0 Poll Bt don't poll | frames contain

(0001101- N (R) 13 )€—— N(S) and N(R)

11:02:23"1 4Rx< LAPD 0 2 0 0 18 RR

GSM 08.56 Rev 3.1.0 (LAPD) receive ready (RR)
——————— 0 Address field ext.

------ 0- Command/Response 0

000000-- SAPI 0

——————— 1 Address field ext. 1

0000010~ TEI 2

______ 01 Frame Type Supervisory format
—-—---00-- Supervisory function receive ready

0000---- Spare -
_______ 0 Poll/Final Bit This RR frame acknowledges

0
(0010010~ N(R) 18 )& the previous | frame. The value
of N(R) is therefore exactly
N(S) plus one of the | frame.

Figure 6.23(c) Tracefile as taken from a K1103.

as well as complete software packages and files, which the BSC (OMC) sends to
the BTS.

6.3.3.1 Layer 3 on RSL (SAPI 0)

Figure 6.24 illustrates the format of Layer 3 on the RSL. The parameters
are described in more detail. Note at this point how Layer 3 is embedded in
Layer 2.

Message Discriminator and the T-Bit

The message discriminator classifies all the messages defined in Layer 3 of the
Abis-interface into groups or classes (see Figure 6.5). Together, the groups form
Layer 3 on the Abis-interface. The purpose of the T-bit indicates whether the
BTS should process an incoming message (e.g., MEAS_RES) or if the message
should be transparent to the BTS (T = 1). The distinction applies to both the
uplink and the downlink.
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Radio link layer management => 02,,/03,, =>0-0-0-0-0 -0 -1 -T

Dedicated channel management => 08,/09,, =0:0.0:0:1:0:0:T
Common channel management => 0C,,,/0D,, => 0 0 : 0 : 0 : 1 : 1 : 0 : T
TRX management => 10,,/11,, =>0-.0-0-1-.0-0-0-T

hex hex

«— 8 bit—p* ch | b
' ' | ' annel numper *
—— max. 255 octet —». 7654 3I 21 0: identifier (01) +

) Channel | Message .
Layer 2 04.08 - data (RSL) type TN | 0000000 1]|Message type 8 bit discriminator 8 Pit Layer2 —Pp

.- €— 8 bit —

0-0-0-0-1|TN=0...7 = 0X, => Bm+ACCH (Fullrate traffic channel)

TN=0...7 => 1X,, => Lm+ACCH (Halfrate traffic channel)

TN=0...7 => 2X,/3X, => SDCCH/4+ACCH
0-1-8-8-S/|TN=0..7 => 4X_/5X_ /6X, /X, => SDCCH/8+ACCH

1:0-0-0-0|0 0 0 => 80, => BCCH

1:0:0:0:1]0 0 0 => 8, => RACH

1:0:0:1:0]0 0 0 = 9, => PCHandAGCH

Figure 6.24 Formatting of Layer 3 signaling on the RSL.
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Figure 6.24 shows the hexadecimal values the message discriminator can
take, depending on the T-bit and how those values translate into the different
message classes.

The classes organize messages according to their use:

e RLM. This group contains all the messages necessary for the control
of a Layer 2 connection between the MS and the BTS. That includes
connection setup and release, as well as the reporting of Layer 2 prob-
lems on the Air-interface to the BSC. The DATA_REQ and the
DATA_IND messages, which are used for the transparent signaling
data transport between MSC and MS, also belong to this group.

e CCM and TRXM. All messages that carry common control channel
(CCCH) signaling data to and from the Air-interface are assigned to
the CCM. That includes the transfer of cell broadcast information
to the BTS. Messages used for TRXM also belong to this group.

e DCM. All messages that are used to control Layer 1 of the Air-
interface belong to DCM.

Message Types
Tables 6.4, 6.5, and 6.6 list all the messages that are defined on the Abis-

interface. The letters in message names that appear in uppercase form the mes-
sage mnemonics used in the context and the protocol presentations.

Channel Number

The channel number is a parameter that identifies the channel type, the time
slot, and the subchannel that are used for a connection on the Air-interface.
Note that the channel number only indirectly corresponds to the terrestrial
channel used on the Abis-interface. This parameter consists of an element iden-
tifier, which is hard coded to 01,,, plus the actual information, which is format-

ted as shown in Figure 6.24 and in Table 6.7.

e The S-bits specify the subchannel (if required) and can take a value in
the range from 0 to 7.

e The X-bits identify the time slot (not the frequency) on the Air-

interface and can take a value in the range from 0 to 7.

e Table 6.7 shows that it is easy to derive the channel type from the
hexadecimal representation. For example, channels 08, 09, 0A, ..., are
all fullrate traffic channels, because the first digit is set to 0, which
applies only to the fullrate traffic channel.
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Table 6.4
Messages for RLM

ID (Hex) Name

Direction

Explanation

01

02

03

04

05

06

07

08

09

0A

0B

DATA REQest

DATA INDication

ERROR INDication

ESTablish REQest

ESTablish CONFirm

ESTablish INDication

RELease REQest

RELease CONFirm

RELease INDication

UNIT DATA REQest

UNIT DATA
INDication

BSC — BTS

BTS - BSC

BTS — BSC

BSC — BTS

BTS - BSC

BTS - BSC

BSC — BTS

BTS — BSC

BTS - BSC

BSC — BTS

BTS — BSC

Transport container for the transparent transfer of
BSSAP data from the NSS to the mobile station.

Transport container for the transparent transfer of
BSSAP data from the MS to the NSS.

Informs the BSC of a problem in Layer 2 of the air
interface (e.g., acknowledgments are missing,
MS sends LAPDr, frames with a wrong address or
control field, radio link failure/Layer 2). Note that
not every ERR_IND message in a protocol trace
means a dropped call.

Request for the BTS to establish a Layer 2
connection on the Air-interface. The BTS
subsequently sends an LAPD,, SABM frame to
the mobile station.

Answer to EST_REQ. Message sent to the BSC
after the BTS receives an LAPD,, UA frame from
the mobile station.

Response from the BTS on receiving an LAPDm,
SABM frame from the mobile station. Note: A
SABM on the Air-interface may contain Layer 3
data (Example: LOC_UPD_REQ). In that case,
EST_IND contains Layer 3 data.

Request to a BTS to release an existing Layer 2
connection on the air interface. After the BTS re-
ceives this, it sends an LAPDy, DISC frame to the
mobile station.

Answer to REL_REQ. Message sent to the BSC
after the BTS has received an LAPDy, UA answer
frame (for an LAPDm DISC frame) from the mobile
station.

Response from the BTS when receiving an LAPDy,
DISC frame from the mobile station. In this case,
the BTS releases the Layer 2 connection without
waiting for a response from the BSC.

Transport frame for messages sent in LAPDp, Ul
frames over the Air-interface (downlink).

Transport frame for messages received by the
BTS as LAPD, Ul frames (uplink).
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Table 6.5
Messages for CCM and TRXM
ID (Hex) Name Direction Explanation
11 BCCH BSC — BTS  Transport frame for SYS_INFO messages where the BTS
INFOrmation permanently transmits SYS_INFO 1—4 in the BCCH time
slot 0.
12 CCCHLOAD BTS —BSC  Informs the BSC about the traffic load on the common
INDication control channels of the Air-Interface. The frequency of
transmission of CCCH_LOAD_IND may be adjusted by the
OMC.
13 CHANnel BTS > BSC  Message sent by the BTS after a CHAN_REQ message is
ReQuireD received from the mobile station. The CHAN_RQD mes-

sage actually contains more information than CHAN_REQ,
in particular the TA parameter, which is determined by

the BTS.
14 DELETE BTS —>BSC  Infrequent message caused by an overload situation on
INDication the Air-interface when a common control channel could
not be sent.
15 PAGing BSC — BTS  Response of the BSC on receiving a PAGING command
CoMmanD from the MSC. Contains IMSI and/or TMSI and the paging
group of the called mobile station.
16 IMMediate BSC —BTS  Contains all information for assignment of a SDCCH on
ASSign the Air-Interface. Used by the BSC as a response on re-
CoMmanD ceiving a correct CHAN_RQD.
17 SMS BSC — BTS  Transfers cell broadcast service (CBS) messages to the
BroadCast BTS, which the cell broadcast center (CBC) sends to all
REQest mobile stations within a given area. The SMS_BC_REQ

message can transfer only 22 octets of data (plus one
octet header), as opposed to the SMS_BC_CMD
message. As a result, it requires four SMS_BC_REQ mes-
sages to transport one complete CBS message with a

length of 88 octets.
19 RF RESource BTS —BSC  The BTS uses this message to periodically inform the BSC
INDication about quality and quantity of the available resources on

the air interface. The information on quality is derived
from the idle-channel measurements of the TRX receivers.
It enables the BSC to refrain from assigning channels
with lower quality.

1A SACCH BSC - BTS  Message sent to the BTS, together with the BCCH-INFO,
FILLing when a TRX is put into service. The SACCH_FILL message
informs the TRXs as to which data of an active connection
should be transmitted in the SYS_INFO 5- 6.
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Table 6.5 (continued)

ID (Hex)

Name

Direction

Explanation

1B

1C

1D

OVERLOAD

ERROR
REPORT

SMS
BroadCast
CoMmanD

BTS - BSC

BTS - BSC

BTS — BSC

Message to prevent an overload on the Air-Interface or
the TRX. After receiving this message, the BSC reduces
the rate of transmission of new messages. The rate is
further reduced when more OVERLOAD messages are
received from the BTS. If no more OVERLOAD messages
are received within the time frame, defined by timer T2,
the transfer rate is increased gradually.

The ERROR_REPORT message is used when a protocol
error has been detected by the TRX and no other response
message exists. The ERROR_REPORT message contains,
among others, the message that could not be processed.
Reason for such errors could be (1) an undefined message
type or message discriminator (e.g., caused by bit errors
or protocol errors on the Abis-interface) or (2) that the
TRX is unable to activate ciphering requested by the BSC.

The SMS_BC_CMD message is a new GSM Phase 2
message that is used for transfer of CB/SMSCB
messages. Its task corresponds to the SMS_BC_REQ
message but with the proviso that the SMS_BC_CMD
message is capable of carrying all 88 octets of a CBS
message at one time.

Table 6.6
Messages for DCM

ID (Hex)

Name

Direction

Explanation

21

22

CHANnel
ACTivation

CHANnel
ACTivation
ACKnowledge

BSC — BTS

BTS - BSC

Message to reserve and activate channels on the Air-
interface. It is sent before seizure and contains an
accurate description of the requested channel
(halfrate/fullrate, DTX on/off, channel type, etc.). The BTS
needs this information to activate the transcoders (TRAU).
An example for this process can be found in Chapter 3.

The BTS acknowledges with this message the reception
of a CHAN_ACT message and activation of the requested
channel. Note: A reception of a CHAN_ACT_ACK
message does not necessarily indicate that a channel
activation was performed without error.
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Table 6.6 (continued)

ID (Hex) Name Direction  Explanation
23 CHANnel BTS - BSC Negative answer to the CHAN_ACT message. The BTS
ACTivation could not provide the channel requested by the BSC.
Negative Possible reasons include overload and function not
ACKnowledge available.
24 CONNection ~ BTS — BSC  An important message for error analysis on the Abis-
FAlLure interface. CONN_FAIL is sent by the BTS in case of Layer 1
problems on the air interface (e.g., radio link failure/Layer 1).
25 DEACTivate BSC — BTS Request sent to the BTS to stop transmission over the
SACCH slow associated control channel (SACCH). The DE-
ACT_SACCH message is part of the release procedure.
26 ENCRyption BSC — BTS Activation of ciphering on the Air-interface. The
CoMmanD ENCR_CMD message informs the BTS of which algorithm

A5/X is to use and contains the complete
CIPH_MOD_CMD message destined for the mobhile sta-

tion.
27 HANDover BTS - BSC HND_DET is used during handover (not for intra-BTS and
DETect intra-BSC). After the target cell has received the

HND_ACC message, it calculates the distance to the MS
(TA) and sends the result in the HND_DET message to the
BSC. In addition, the purpose of HND_DET is to inform
the MSC about a successful handover as early as possi-
ble, to allow for a faster switching of the user channel on
the A-interface, even before the HND_COM message is
received (reduction of dead time during handover).

28 MEASurement BTS — BSC Contains the mutual measurement results of the BTS and
RESult the MS. The MEAS_REP, which comes from the MS, is in-
corporated into a MEAS_RES message.
29 MODE MODify BSC — BTS GSM allows the channel mode on the air interface to be
REQuest changed even during an active connection. If certain

characteristics need to be adjusted, a MODE_MOD_REQ
message is sent to the BTS that tells the BTS the new
settings (e.g., switching between data and speech, DTX

on or off).
2A MODE MODify BTS - BSC  Confirmation for MODE_MOD_REQ. The BTS has
ACKnowledge received and processed the message, that is, the new
transmission parameters have been adopted.
2B MODE MODify BTS — BSC Negative response for a MODE_MOD_REQ message.
Negative The BTS is unable to provide the requested channel
ACKnowledge characteristics.
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Table 6.6 (continued)

ID (Hex) Name Direction  Explanation
20 PHYsical BSC — BTS Is used by the BSC to query the BTS about the latest
CONTEXT values for the distance between the MS and the BTS, the
REQuest power level, or channel type.
2D PHYsical BTS — BSC Answer to PHY_CONTEXT_REQ. The BTS provides the
CONTEXT requested information to the BSC.
CONFirm
2E RF CHANnel BSC — BTS The RF_CHAN_REL message is sent to the BTS after
RELease the release of the Layer 2 connection on the air interface,
to release the physical channel (Layer 1).
2F MS POWER BSC —» BTS The MS_POWER_CON message is used by the BSC to
CONTROL adjust the output power of an MS according to the
current radio conditions. The value range depends on the
standard (GSM, DCS 1800, PCS 1900) and on the power
class of the MS and ranges from 20 to 30 dB.
Adjustments can be done in steps of 2 dB.
30 BS POWER BSC — BTS  The BS_POWER_CON message is used by the BSC to
CONTROL adjust the output power of the BTS. The value range is
30 dB and is independent of the type of standard (GSM,
DCS 1800, PCS 1900). Adjustments can be done in steps
of 2 dB.
31 PREPROCess ~ BSC — BTS The PREPROC_CONF message is used only when the BTS
CONFIGure is in charge to preprocess its own measurements and
those received from the MS. In that case, not all
measurement results are forwarded to the BSC, but the
BTS preprocesses all data and periodically sends only a
PREPRO_MEAS_REAS message to the BSC. The details
of the preprocessing are manufacturer-dependent and
may be configured by the network operator. The
PREPROC_CONF message is necessary to coordinate the
details of preprocessing between BSC and BTS.
32 PREPROcessed BTS — BSC See PREPROC_CONF.
MEASurement
RESult
33 RF CHannel BTS - BSC The RF_CH_REL_ACK message acknowledges that an
RELease RF_CHAN_REL message was received and processed.
ACKnowledge The BTS has released a previously occupied physical
channel.
34 SACCHINFO ~ BSC —> BTS The SACCH_INFO_MODIFY message is used to modify
MODIFY the SYS_INFOS 5 and 6, which are sent during an active

connection. The BTS receives the original information
about their content in the SACCH_FILL message.
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Table 6.7
Coding of the Channel Number
7 6 5 4 3 2 1 0 PossibleValues(in Hex) Channel Type
0 0 0 0 1 X X X 0X TCH (fullrate)
0 0 0 1 S X X X 1X TCH (halfrate)
o o 1 S S X X X 23X SDCCH/4
o 1 § S S X X X 4X5X06X7X SDCCH/8
10 0 0O 0 0 0 0 80 BCCH
10 0 0 1 0 0 0 88 Uplink CCCH (RACH)
10 0 1 0 0 0 0 9 Downlink CCCH (PCH,
AGCH)

Figure 6.25 shows an example of an RF_CHAN_REL message.

Decoding of Abis-Interface Messages (Layers 2 and 3)

Consider the following sequence of hexadecimal numbers taken from a trace
on the Abis-interface. As usual, there was no protocol analyzer to decode
from hexadecimal to mnemonics. Therefore, the analysis needs to be done
“manually.”

0003 E2D30C13018813E69D AB 1100

/ Element identifier

08 2E
|

|
01101001
‘ L—> Timeslot number=1
T bits => Subchannel 5

» => SDCCH/8 + ACCH — configuration

Figure 6.25 The RF_CHAN_REL message in hexadecimal format.
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Decoding of Layer 2 Figures 6.6 and 6.7 are necessary to decode the Layer 2
data, illustrated in Figure 6.26. Note carefully that flags and the FCS are not
contained in the preceding sequence. That is valid for most messages you will
have to decode in your daily work.

Note the shaded bit in the first octet of the control field. That bit identi-
fies the whole frame as an I frame (modulo 128).

The following information can be derived from the address and control

fields:

e SAPI =0 indicates that this is an RSL message.

e C/R=0and frame type =I frame indicate that this is a command from

the BTS to the BSC.

e P =1 indicates that the sender of the message expects an acknowledg-
ment (RR frame).

¢ Asindicated in Table 6.3, the frame is readily identified as an I frame
by noticing that the first byte of the control field is E2, that is, an even
number. That frequently is sufficient to make an identification of the
frame type. Other examples are 01 for an RR frame or 03 for a Ul
frame.

Decoding of Layer 3 Decoding of Layer 3 data (Figure 6.27) on the Abis-
interface is performed with the aid of GSM Recommendations 04.08 and
08.58 and with reference to Figure 6.24.

Address field =0003,,, => 00000000 0000001,

hex

1

SAPI=0,, <«
C/R=0 <
E/A=0 <
TEI=01,, <
E/A=1 <

Control field =E2D3,,,=> (1 11000 1.T.1 10100 1

N(S)=113,, <=
| frame <
N(R)=105,, <
P=1 <t

Figure 6.26 The decoding of Layer 2.
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0003E2D3 |0C13018813E69D AB 1100
Layer 2 Layer 3

Figure 6.27 Layer 2 and Layer 3 of the message.

Layer 3 information follows the address and the control fields, as illus-
trated in Figures 6.6, 6.7, and 6.24.

Figure 6.24 shows the format of Layer 3 data on the Abis-interface.
It begins with one octet for the message discriminator (indicating the message
group), one octet for the message type, then two bytes to specify the channel
number. The message type determines the interpretation of the remainder of
the message. Figure 6.27 would be interpreted as is shown in Figure 6.28 (all
data are in hexadecimal).

Therefore, the remaining octets, 13 E6 9D AB 11 00, belong to the con-
nection request of an MS. The decoding is illustrated in Figure 6.29 (taken
from GSM 08.58).

6.3.3.2 Layer 3 on the Operation and Maintenance Link (SAPI 62)
Before describing the data format of SAPI 62, it should be mentioned that the

differences between the various manufacturers become particularly obvious
here. It is possible that in certain cases, the presented formats differ from your
actual recordings.

Different data formats have to be used on the OML, the connection
between BSC and the O&M unit in the BTS, from those used for connection
setup and release. Transfer of operations software to the BTS and forwarding of
maintenance commands fall into that category. In particular, for software trans-
fer, a greater amount of data has to be transferred from the BSC to the BTS,

which requires the segmentation and sequencing of the messages (refer to OSI
Layer 4).

Message discriminator = ‘0c’ Common control channel
management message
Message type = 13 CHAN_RQD

Channel number= | ‘0188 | Uplink CCCH (RACH)

Figure 6.28 Identification of the Layer 3 header.
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Establishment cause = ", Originating call
Random reference = ‘6’ Random choice by the MS
N32=13,,
N51=2D,,, | ldentification of the frame number
N26=0B,, | (refertoFN inthe Glossary)
Access delay = 0 Distance between BTS and MS

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

Information Element Identifier for

subsequent Request Reference 13

hex

Establishmentcause §{ 1 1 110 0 1 1 0 | Random reference

N32 |1 0 0 1 1]1|0] 1| N51(high)

N51(low) 10| 1J0 1 0 1 1 |N26

Information Element Identifier

for Access Delay i

hex

Access Delay Timing Advance
(Distance between MS and BTS)

Figure 6.29 Format of a CHAN_RQD message (taken from GSM 08.58).

Although the format depends on the manufacturer, GSM still provides
some guidelines in Recommendations GSM 08.59 and GSM 12.21. But
because GSM 12.21 only recently has become available, many manufacturers
still use their own proprietary protocols. Within those protocols, the manufac-
turers also implement the higher layers of the OSI model, which are missing on
SAPI 0 (RSL).

Figure 6.30 shows the general format for data transfer on the OML.

Frame Structure

The Layer 2 differences for the data destined for SAPI 0, 62, or 63 were dem-
onstrated in the discussion of Layer 2 and are not shown in Figure 6.30 (see

Figures 6.6 and 6.7). The first octet of the O&M Layer 3 is an identifier, which
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HMI/MMI (Human/Man Machine Interface) data => 40, ,
0&M (Operation & Maintenance) data => 80,, => | 1 0:0:0:0 0 00 |
54— max. 255 octet —N(— 0 —255—»‘:‘4— 0-255 —>-
Layer 2 0&M/MMI data Length 8 bit Ssg:fb';e 8 bit Placing 8 bit Identifier 8bit | Layer2 —pp J
N
.................. N
=
9
3
| . Ry
7.6 4 3.2 1.0 bit ]
Message consists of only one segment => 80, => 1 . 0 0.0.0:.0:.0
The frame contains the first segment of a multi-segment message => 40,,, => 0 : 1 0:0:0:0:0
The frame contains a middle segment of a multi-segment message => 20, => 0 : 0 S 0:0:0:0 0
The frame contains the last segment of a multi-segment message => 10,, = 0 - 0 1-0-0-0 0
Figure 6.30 Format of Layer 3 on OML (SAPI 62). &
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distinguishes between HMI data and O&M information. That detail must be
noted to ensure the distinction between maintenance communication and data
transmission.

The next octet is a placing octet, which indicates to the recipient whether
a message is segmented, that is, whether it is made up of a number of sub-
messages. The next parameter is the sequence number, which numbers the seg-
mented messages.

The last octet of the header is a length indicator, which indicates how
many octets of O&M data follow.

The O&M communication of the BTS with the BSC is illustrated in
Figure 6.31 with the example of a file transfer. All messages shown are I frames.
To reduce the clutter of the graphic, the acknowledging RR frames are not
shown; normally, they would be present.

HMI Data

The OML also is required to transfer maintenance information to the BTS.
The related commands have origins in either the OMC or the BSC.

BSC
— X
BTS ‘ 16 bytes
fio1 e [_Needfile1 __ [10,,] 00 |80, [80, >
255 bytes Transmission of
80, [40, ]| 00 |FF, | 1stsegmentoffile 1 | st segment
259 bytes Transmission of
80,20, | 01 |FF, | 2nd segmentof file 1 | 2nd segment
°
°
°
50 bytes T . f
80, [10,] 08 |32, [ 9thsegmentoffile 1 | I:::: SS(':;';S:]: °
16 bytes
Acknowledgement |  File 1 received [ 10,, | 00 |80,, |80,

Figure 6.31 File transfer from the BSC to the BTS.
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6.4 Bringing an Abis-Interface Into Service

6.4.1 Layer1

To bring a link between the BTS and the BSC into service, a physical connec-
tion first has to be established.

Having a reliable physical link between the BSC and the BTS is the
precondition to loading software into the BTS and bringing it up into service.
Layer 1 can be tested with any tool capable of measuring bit errors. Another
possibility, of course, is to retrieve the link state from the OMC.

6.4.2 Layer2

When the Layer 1 connection has been established and the hardware on both
sides, the BTS and the BSC, is operable, SABME frames can be detected in the
time slots for signaling data at both ends, as illustrated in Figure 6.32. Note
that these SABMEs are sent by the BSC side. The link establishment procedure
then follows.

Data can be transported on the Abis-interface as soon as Layer 2 is
operable.

@

BTS ﬁ/BS<—C
y
< SABME ] «€— The BSC tries to establish the
Layer 2 connection
< SABME ] to the BTS, as soon as the
Layer 1 connection between
< SABME | BTS and BSC is established.
This is done by
< SABME ] the sending of
/ SABME frames.
< SABME ]
i SABME >
TR);sar;ci;Jn&al\;l pL:)r:;i?)rll:’wer /I The BSC responds to the
with SABME. l UA ] <€— SABME from the BTS with
UA and sends another
< SABME ] <€— SABME in order for the BTS
to confirm
The BTS confirms the latest | UA —> link establishment.
SABME from the BSC and
hence the link is S w| RR | €— Llayer2isin service.
established. y'< Both sides monitor
l RR J—» | the link status from now on
by the exchange of RR
frames.

Figure 6.32 An Abis link is brought into service.
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The Air-interface is the central interface of every mobile system and typically
the only one to which a customer is exposed.

The physical characteristics of the Air-interface are particularly important
for the quality and success of a new mobile standard. For some mobile systems,
only the Air-interface was specified in the beginning, like IS-95, the standard
for CDMA. Although different for GSM, the Air-interface still has received
special attention. Considering the small niches of available frequency spectrum
for new services, the efficiency of frequency usage plays a crucial part. Such effi-
ciency can be expressed as the quotient of transmission rate (kilobits per sec-
ond) over bandwidth (kilohertz). In other words, how much traffic data can be
squeezed into a given frequency spectrum at what cost?

The answer to that question eventually will decide the winner of the
recently erupted battle among the various mobile standards.

7.1 The Structure of the Air-Interface in GSM
7.1.1 The FDMA/TDMA Scheme

GSM utilizes a combination of frequency division multiple access (FDMA) and
time division multiple access (TDMA) on the Air-interface. That results in
a two-dimensional channel structure, which is presented in Figure 7.1. Older
standards of mobile systems use only FDMA (an example for such a network is
the C-Netz in Germany in the 450 MHz range). In such a pure FDMA system,
one specific frequency is allocated for every user during a call. That quickly
leads to overload situations in cases of high demand. GSM took into account

89
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A Frequency

' +[Tso [1s1 [1S2 [ 1S3 [7S4 | TS5 | 1S6 | 157

—h
o
|

~[1S0 [7S1 [71S2 |1S3 |14 | 1S5 [ T1S6 [TS7

~[1s0 [7S1 [71S2 [1S3 | 1S4 | 1S5 [ T1S6 [TS7

~[1S0 [7S1 [7S2 |1S3 | 1S4 | 1S5 [ T1S6 [TS7

~[1s0 [7S1 [71S2 [1S3 | 1S4 | TS5 [T1S6 [TS7

—n
|

- (150 [7s1 [1S2 [1S3 [ 154 | 1S5 [ T1S6 [TS7 fime

) L >
€ TDMA frame >

Figure 7.1 The FDMA/TDMA structure of GSM.

the overload problem, which caused most mobile communications systems to
fail sooner or later, by defining a two-dimensional access scheme. In fullrate
configuration, eight time slots (T'Ss) are mapped on every frequency; in a hal-
frate configuration there are 16 TSs per frequency.

In other words, in a TDMA system, each user sends an impulselike signal
only periodically, while a user in a FDMA system sends the signal permanently.
The difference between the two is illustrated in Figure 7.2. Frequency 1 (f1) in
the figure represents a GSM frequency with one active TS, that is, where a sig-
nal is sent once per TDMA frame. That allows TDMA to simultaneously serve
seven other channels on the same frequency (with fullrate configuration) and
manifests the major advantage of TDMA over FDMA (f2).

The spectral implications that result from the emission of impulses are
not discussed here. It needs to be mentioned that two TSs are required to
support duplex service, that is, to allow for simultaneous transmission and
reception. Considering that Figures 7.1 and 7.2 describe the downlink, one can
imagine the uplink as a similar picture on another frequency.

GSM uses the modulation technique of Gaussian minimum shift keying
(GMSK). GMSK comes with a narrow frequency spectrum and theoretically
no amplitude modulation (AM) part. The Glossary provides more details on
GMSK.

71.2 Frame Hierarchy and Frame Numbers

In GSM, every impulse on frequency 1, as shown in Figure 7.2, is called a
burst. Therefore, every burst shown in Figure 7.2 corresponds to a TS. Eight
bursts or TSs, numbered from 0 through 7, form a TDMA frame.
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Transmitted power

Figure 7.2 Spectral analysis of TDMA versus FDMA.

In a GSM system, every TDMA frame is assigned a fixed number,
which repeats itself in a time period of 3 hours, 28 minutes, 53 seconds, and
760 milliseconds. This time period is referred to as hyperframe. Multiframe
and superframe are layers of hierarchy that lie between the basic TDMA frame
and the hyperframe. Figure 7.3 presents the various frame types, their periods,
and other details, down to the level of a single burst as the smallest unit.

Two variants of multiframes, with different lengths, need to be distin-
guished. There is the 26-multiframe, which contains 26 TDMA frames with
a duration of 120 ms and which carries only traffic channels and the associ-
ated control channels. The other variant is the 51-multiframe, which contains
51 TDMA frames with a duration of 235.8 ms and which carries signaling data
exclusively. Each superframe consists of twenty-six 51-multiframes or fifty-one
26-multiframes. This definition is purely arbitrary and does not reflect any
physical constraint. The frame hierarchy is used for synchronization between
BTS and MS, channel mapping, and ciphering.

Every BTS permanently broadcasts the current frame number over
the synchronization channel (SCH) and thereby forms an internal clock of the
BTS. There is no coordination between BTSs; all have an independent clock,
except for synchronized BTSs (see synchronized handover in the Glossary). An
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Hyperframe
2048 Superframes; periodicity = 3 h 28 min 53 s 760 ms
ol [2]3]as] T 2044]2045|2046/2047
Superframe e

K ‘51 x 26 Multiframe or 26 x 51-Mu|tifrarﬁe' )
periodicity =6 s 120 ms

o[ 1 ]2 47 | 48 | 49 | 50 | <= 26 Multiframes
ﬂ;l 0 | 1 | 2 | ------------ 24 25 | <=51Multiframes
" 26 Multiframe - _-" 51 Multiframe
." 26 TDMAframes -, ." 51 TDMA frames
periodicity=120ms -, - periodicity = 235.38 ms
(for TCH's) ° L (for signaling) .
<« 0| 1]2 241 25 <« 0| 1] 2 48 | 49 | 50
. TDMA frame . _
8TS's

: periodicity =4.615 ms
<« 0|11 2]3|4]|5]|]6]7

Signal . * 1 time slot (TS) periodicity =577 us
o e 1a8bit=5428us —
+4 db . Y. +’| db

—6db +--- [ =1db

-30db .

70db LA/ § 5. 8
A > e g
>0 10« > 10O 10«

S: us S us t/us
“ gﬂ—156.25 bit=577 us —#b:#

Figure 7.3 Hierarchy of frames in GSM.

MS can communicate with a BTS only after the MS has read the SCH data,

which informs the MS about the frame number, which in turn indicates the
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chronologic sequence of the various control channels. That information is very
important, particularly during the initial access to a BTS or during handover.

Consider this example: an MS sends a channel request to the BTS at a
specific moment in time, let’s say frame number Y (= FN V). The channel
request is answered with a channel assignment, after being processed by the
BTS and the BSC. The MS finds its own channel assignment among all the
other ones, because the channel assignment refers back to frame number Y.

The MS and the BTS also need the frame number information for the
ciphering process. The hyperframe with its long duration was only defined
to support ciphering, since by means of the hyperframe, a frame number is
repeated only about every three hours. That makes it more difficult for hackers
to intercept a call.

7.1.3 Synchronization Between Uplink and Downlink

For technical reasons, it is necessary that the MS and the BTS do not transmit
simultaneously. Therefore, the MS is transmitting three timeslots after the
BTS. The time between sending and receiving data is used by the MS to
perform various measurements on the signal quality of the receivable neighbor
cells.

As shown in Figure 7.4, the MS actually does not send exactly three
timeslots after receiving data from the BTS. Depending on the distance
between the two, a considerable propagation delay needs to be taken into
account. That propagation delay, known as timing advance (TA), requires the
MS to transmit its data a little earlier as determined by the “three timeslots
delay rule.”

Receiving

<& | 7150 | TS1 | TS2 | 1S3 | 1S4 | TS5

Sending A
— > TS5 TS6 TS7 <-4 TS1 TS 2

The actual point in time of the transmission
is shifted by the Timing Advance

Figure 7.4 Receiving and sending from the perspective of the MS.
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The larger the distance between the MS and the BTS is, the larger the TA
is. More details are provided in the Glossary under 7A.

1.2 Physical Versus Logical Channels

Because this text frequently uses the terms physical channel and logical channel,
the reader should be aware of the differences between them.

e Physical channels are all the available TSs of a BTS, whereas every TS
corresponds to a physical channel. Two types of channels need to be
distinguished, the halfrate channel and the fullrate channel. For exam-
ple, a BTS with 6 carriers, as shown in Figure 7.1, has 48 (8 times 6)
physical channels (in fullrate configuration).

e Logical channels are piggybacked on the physical channels. Logical
channels are, so to speak, laid over the grid of physical channels. Each
logical channel performs a specific task.

Another aspect is important for the understanding of logical channels: during a
call, the MS sends its signal periodically, always in a TDMA frame at the same
burst position and on the same TS to the BTS (e.g., always in TS number 3).
The same applies for the BTS in the reverse direction.

[t is important to understand the mapping of logical channels onto avail-
able TSs (physical TSs)—which will be discussed later—Dbecause the channel
mapping always applies to the same TS number of consecutive TDMA frames.
(The figures do not show the other seven TSs.)

1.3 Logical-Channel Configuration

Firstly, the distinction should be made between traffic channels (TCHs) and
control channels (CCHs). Distinguishing among the different TCHs is rather
simple, since it only involves the various bearer services. Distinguishing among
the various CCHs necessary to meet the numerous signaling needs in different
situations, however, is more complex. Table 7.1 summarizes the CCH types,
and the Glossary provides a detailed description of each channel and its tasks.
Note that, with three exceptions, the channels are defined for either downlink
or uplink only.
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Table 7.1
Signaling Channels of the Air-Interface
Name Abbreviation Task
Frequency correction FCCH The “lighthouse” of a BTS
channel (DL)
Synchronization channel (DL) ~ SCH PLMN/base station identifier of a BTS plus
synchronization information (frame number)
Broadcast common control BCCH To transmit system information 1-4, 7-8 (differs in
channel (DL) GSM, DCS1800, and PCS1900)
Access grant channel (DL) AGCH SDCCH channel assignment (the AGCH carries
IMM_ASS_CMD)
Paging channel (DL) PCH Carries the PAG_REQ message
Cell broadcast channel (DL) ~ CBCH Transmits cell broadcast messages (see Glossary
entry CB)
Standalone dedicated SDCCH Exchange of signaling information between MS and
control channel BTS when no TCH is active
Slow associated control SACCH Transmission of signaling data during a connection
channel (one SACCH TS every 120 ms)
Fast associated control FACCH Transmission of signaling data during a connection
channel (used only if necessary)
Random access channel (UL)  RACH Communication request from MS to BTS

Note: DL = downlink direction only; UL = uplink direction only.

1.3.1 Mapping of Logical Channels Onto Physical Channels
In particular, the downlink direction of TS 0 of the BCCH-TRX is used by

various channels. The following channel structure can be found on TS 0 of a

BCCH-TRX, depending on the actual configuration:

e FCCH;

e SCH;

e BCCH information 1-4;

e Four SDCCH subchannels (optional);
e CBCH (optional).

Samsung Ex. 1032, Page 103 of 417



96 GSM Networks: Protocols, Terminology, and Implementation

This multiple use is possible because the logical channels can time-share TS 0
by using different TDMA frames. A remarkable consequence of the approach is
that, for example, the FCCH or the SCH of a BTS is not broadcast perma-
nently but is there only from time to time. Time sharing of the same TS is not
limited to FCCH and SCH but is widely used. Such an approach naturally
results in a lower transmission capacity, which is still sufficient to convey
all necessary signaling data. Furthermore, it is possible to combine up to four
physical channels in consecutive TDMA frames to a block, so that it is possible
for the same SDCCH to use the same physical channel in four consecutive
TDMA frames, as illustrated in Figure 7.5. On the other hand, an SDCCH
subchannel has to wait for a complete 51-multiframe before it can be used
again.

A FCCH + SCH FN = Frame number
FN=0-5 +
BCCH1-4
Block 0 In case of DCS1800/PCS1900,
FN=6-9 <€—o SYS_INFO 7 and 8 are sent
reserved for CCCH - . .
at this place, instead of CCCH's
FN=10—-11{| FCCH/SCH
FN=12-15 { Block 1 CCCH => Paging channel (PCH) or
reserved for CCCH Access grant channel (AGCH)
Block 2
? FN_16_19{ reserved for CCCH
,  N=20-21 {|  FccH/scH
Block 3
u = j—
 N=2-2 { cccHisoceH |
t
) Block 4
; N=2%6-29 { ccchisoceH |
" EN=30-31 { FCCH/SCH The four SDCCH channels
a Block 5 are located here in case of
m .
. FN=32-35 { CCCH/SDCCH — SDCCH/CCCH combined
Block 6
FN=36-39 { CCCH/SDCCH |
FN=40-41{] FCCH/SCH The SACCHs for the SDCCH
Block 7 ¢ hannels 0 and 1 are located h
EN =42 — 45 channels 0 and 1 are located here,
{ CCCH/SACCH in case of SDCCH/CCCH combined,
Block 8 and the SACCHs for the SDCCHs 2
FN =46 - 49 CCCH/SACCH < and 3 are located in the following
Y EN=50 _ not used 51-Multiframe at the same position

Figure 7.5 Example of the mapping of logical channels.
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That clarifies another reason for the frame hierarchy of GSM. The struc-
ture of the 51-multiframe defines at which moment in time a particular control
channel (logical channel) can use a physical channel (it applies similarly to the
26-multiframe).

Detailed examples are provided in Figure 7.6, for the downlink, and in
Figure 7.7, for the uplink. The figures show a possible channel configuration
for all eight TSs of a TRX. Both show a 51-multiframe in TSs 0 and 1, with a
cycle time of 235.8 ms. Each of the remaining TSs, 2 through 7, carries two
26-multiframes, with a cycle time of 2 - 120 ms = 240 ms. That explains the
difference in length between TS 0 and TS 1 on one hand and TS 2 through
TS 7 on the other.

Figures 7.6 and 7.7 show that a GSM 900 system can send the BCCH
SYS-INFO 1-4 only once per 51-multiframe. That BCCH information tells
the registered MSs all the necessary details about the channel configuration of a
BTS. That includes at which frame number a PAG_REQ is sent on the PCH
and which frame numbers are available for the RACH in the uplink direction.
The Glossary provides more details on the content of BCCH SYS-INFO 1-4.

The configuration presented in Figures 7.6 and 7.7 contains 11 SDCCH
subchannels: 3 on TS 0 and another 8 on TS 1. SDCCH 0, 1, ... refers to the
SDCCH subchannel 0, 1, ... on TS 0 or TS 1. The channel configuration pre-
sented in the figures also contains a CBCH on TS 0. Note that the CBCH will
always be exactly at this position of TS 0 or TS 1 and occupies the frame
numbers 8—11. The CBCH reduces, in both cases, the number of available
SDCCH subchannels (that is why SDCCH/2 is missing in the example).

The configuration, as presented here, is best suited for a situation in
which a high signaling load is expected while only a relatively small amount of
payload is executed. Only the TSs 2 through 7 are configured for regular full-
rate traffic.

The shaded areas indicate the so-called idle frame numbers, that is, where
no information transfer occurs.

71.3.2 Possible Combinations

The freedom to define a channel configuration is restricted by a number of
constraints. When configuring a cell, a network operator has to consider the
peculiarities of a service area and the frequency situation, to optimize the con-
figuration. Experience with the average and maximum loads that are expected
for a BTS and how the load is shared between signaling and payload is an
important factor for such consideration.

GSM 05.02 provides the following guidelines, which need to be taken

into account when setting up control channels.
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FN 1S 0 TS 1 FN 1S 2 TS3-6 1S17
0 FCCH SDCCHO 0 TCH L | TCH
1 SCH SDCCH 0 1 TCH | | TCH
2 BCCH 1 SDCCH 0 2 TCH | | TCH
3 BCCH 2 SDCCHO 3 TCH L | TCH
4 BCCH 3 SDCCH 1 4 TCH | | TCH
5 BCCH 4 SDCCH 1 5 TCH | | TCH
6 | AGCH/PCH SDCCH 1 6 TCH | TCH
7 AGCH/PCH SDCCH 1 7 TCH 2 _ TCH
8 AGCH/PCH SDCCH 2 8 TCH 6 ] TCH
9 AGCH/PCH SDCCH 2 9 TCH | TCH
10 FCCH SDCCH 2 10 TCH M ] TCH
11 SCH SDCCH 2 1 TCH u TCH
12 | AGCH/PCH SDCCH 3 12 SACCH || SACCH
13 | AGCH/PCH SDCCH 3 13 TCH t ] TCH
14 | AGCH/PCH SDCCH 3 14 TCH I ] TCH
15 | AGCH/PCH SDCCH 3 15 TCH f _ TCH
16 | AGCH/PCH SDCCH 4 16 TCH r _ TCH
17 | AGCH/PCH SDCCH 4 17 TCH a _ TCH
5 18 | AGCH/PCH SDCCH 4 18 TCH m _ TCH
1 19 | AGCH/PCH SDCCH 4 19 TCH e ] TCH
20 FCCH SDCCH 5 20 TCH L _ TCH
M 21 SCH SDCCH 5 21 TCH | _ | TCH
u 22 SDCCHO SDCCH 5 22 TCH | _ TCH
[ 23 SDCCHO SDCCH5 23 TCH . | TCH
t 24 SDCCHO SDCCH 6 24 TCH TCH
i 25 SDCCHO SDCCH 6 25
f 26 SDCCH 1 SDCCH 6 0 TCH L _ | TCH
ro 21 SDCCH 1 SDCCH 6 1 TCH | _ TCH
a 28 SDCCH 1 SDCCH 7 2 TCH L _ TCH
m 29 SDCCH 1 SDCCH 7 3 TCH - | TCH
e 30 FCCH SDCCH 7 4 TCH | _ TCH
31 SCH SDCCH7 5 TCH L _ TCH
32 CBCH SACCHO 6 TCH _ TCH
33 CBCH SACCH 0 7 TCH 2 _ TCH
34 CBCH SACCHO 8 TCH 6 _ TCH
35 CBCH SACCHO 9 TCH _ TCH
36 SDCCH 3 SACCH 1 10 TCH M ] TCH
37 SDCCH 3 SACCH 1 1 TCH u TCH
38 SDCCH 3 SACCH 1 12 SACCH || SACCH
39 SDCCH 3 SACCH 1 13 TCH t _ TCH
40 FCCH SACCH 2 14 TCH [ _ TCH
41 SCH SACCH 2 15 TCH f ] TCH
42 SACCHO SACCH 2 16 TCH r ] TCH
43 SACCHO SACCH 2 17 TCH a _ TCH
44 SACCHO SACCH 3 18 TCH m _ TCH
45 SACCHO SACCH3 19 TCH e _ TCH
46 SACCH 1 SACCH3 20 TCH L _ TCH
47 SACCH 1 SACCH 3 21 TCH L _ TCH
48 SACCH 1 22 TCH L | TCH
49 SACCH 1 23 TCH L _ TCH
50 3151 TCH TCH

Figure 7.6 Example of the downlink part of a fullrate channel configuration of FCCH/SCH +
CCCH + SDCCH/4 + CBCH on TS 0, SDCCH/8 on TS 1, and TCHs on TSs 2-7. The
missing SACCHs on TS 0 and TS 1 can be found in the next multiframe, which is
not shown here. There is no SDCCH/2 on TS 0, because of the CBCH.

Samsung Ex. 1032, Page 106 of 417



The Air-Interface of GSM 99

FN TS0 TS 1 FN TS 2 TS3-6 TS 7
0 SDCCH3 SACCH 1 0 TCH [ — [ TcH
1 SDCCH 3 SACCH 1 1 TCH [ — | TcH
2 SDCCH 3 SACCH 1 2 TCH [ — | TcH
3 SDCCH 3 SACCH 1 3 TCH [ — | TcH
4 RACH SACCH2 4 TCH [ — ] TcH
5 RACH SACCH 2 5 TCH [ — ] TcH
6 SACCH 2 SACCH 2 6 TCH — | TcH
7 SACCH 2 SACCH 2 7 TCH 2 — | TcH
8 SACCH 2 SACCH3 8 TCH 6 — | TcH
9 SACCH 2 SACCH 3 9 TCH ~ ] TcH
10 SACCH3 SACCH 3 10 TCH M — | TcH
1 SACCH 3 SACCH 3 1 TCH u TCH
12 SACCH 3 12 SACCH || SACCH
13 SACCH3 13 TCH t —_ | TcH
14 RACH 14 TCH i — | TcH
15 RACH SDCCH O 15 TCH f — | TcH
16 RACH SDCCH 0 16 TCH r — | TcH
17 RACH SDCCH 0 17 TCH a — | TcH
5 18 RACH SDCCH 0 18 TCH m — | TeH
119 RACH SDCCH 1 19 TCH e — | TcH
2 RACH SDCCH 1 2 TCH | — | TcH
M 21 RACH SDCCH 1 21 TCH [ ~ ] TcH
u 22 RACH SDCCH 1 2 TCH [ — | TcH
| 23 RACH SDCCH 2 23 TCH [ ~ ] TcH
t 2% RACH SDCCH 2 24 TCH TCH
i 25 RACH SDCCH 2 2
f 26 RACH SDCCH 2 0 TCH | [ TcH
P2 RACH SDCCH3 1 TCH [ — | TcH
a 28 RACH SDCCH3 2 TCH [ ~ ] TcH
m 29 RACH SDCCH 3 3 TCH [ — | TcH
e 30 RACH SDCCH 3 4 TCH [ — | TcH
31 RACH SDCCH 4 5 TCH [ — ] TcH
3 RACH SDCCH 4 6 TCH — | TcH
33 RACH SDCCH 4 7 TCH 2 — | TcH
34 RACH SDCCH 4 8 TCH 6 — | TcH
35 RACH SDCCH 5 9 TCH — | TcH
36 RACH SDCCH 5 10 TCH M — | TcH
37 SDCCH O SDCCH5 1 TCH u TCH
38 SDCCH O SDCCH 5 12 SACCH || SACCH
39 SDCCH 0 SDCCH6 13 TCH t —_ | TcH
40 SDCCH O SDCCH 6 14 TCH i — | TcH
# SDCCH 1 SDCCH 6 15 TCH f — | TcH
42 SDCCH 1 SDCCH 6 16 TCH r — | TcH
13 SDCCH 1 SDCCH7 17 TCH a — | TcH
44 SDCCH 1 SDCCH7 18 TCH m — | TCH
45 RACH SDCCH7 19 TCH e — | TcH
46 RACH SDCCH7 2 TCH | — | TcH
Iy SACCH O 21 TCH [ — | TcH
48 SACCH 0 2 TCH [ — | TcH
49 SACCH 0 23 TCH [ — ] TcH
50 SACCH 0 2 TCH — | TcH
2

Figure 7.7 Example of the uplink part of a fullrate channel configuration. RACHs can be
found only on TS 0 of the designated frame numbers. The missing SACCHs on TS
0 and TS 1 can be found in the next multiframe, which is not shown here.
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e The FCCH and the SCH are always sent in TS 0 of the BCCH carrier

at specific frame numbers (see Figure 7.5).

e The BCCH, RACH, PCH, and AGCH also must be assigned only to
the BCCH carrier. These channels, however, allow for assignment to
all even-numbered TSs, e.g., 0, 2, 4, and 6, as well as to various frame
numbers.

In practice, two configurations are mainly used, which can be combined if nec-

essary (compare Figure 7.6 and Figure 7.7):

e FCCH + SCH + BCCH + CCCH // SDCCH/8 addresses a channel
configuration in which no SDCCH subchannels are available on TS 0.
Eight such SDCCH subchannels are defined on TS 1. In that case,

TS 1 obviously is not available as a traffic channel.

e FCCH + SCH + BCCH + CCCH + SDCCH/4 addresses a channel
configuration in which all control channels are assigned to TS 0, in
particular, to have TS 1 available to carry payload traffic. Because TS 0
needs to be used by the other control channels, too, it is possible to
establish only four SDCCH subchannels, that is, only half the number

compared to the preceding configuration.

A channel configuration is always related to a single TS and not to a complete
TRX. It is not possible to combine traffic channels and SDCCHs. If necessary,
a TS can be “sacrificed” to allow for additional SDCCHs.

1.4 Interleaving

The preceding descriptions were made under an assumption that is not valid
for the Air-interface of GSM. That assumption is that data are transmitted
in the order they were generated or received, that is, the first bit of the first
(spoken) word is sent first. That is not the case for the Air-interface of GSM.
Figure 7.8 illustrates the process of interleaving smaller packages of 456 bits
over a larger time period, that is, distributing them in separate TSs. How the
packets are spread depends on the type of application the bits represent. Signal-
ing traffic and packets of data traffic are spread more than voice traffic. The
whole process is referred to as interleaving,.

The goal of interleaving is to minimize the impact of the peculiarities of
the Air-interface that account for rapid, short-term changes of the quality of the
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Blocks of data after channel coding

[1]2[3[4f5[6]7]8 [1[2[3[4[5[6{7(8] [1[2[3[4[5[6]7]8]

Burst
formatting

P14 RO RO g RO g RO RO g RO g RO 140
bit bit bit bit bit bit bit bit

R

Transm@I\[/\[/\]/\[/\]/\]/\]/\

Figure 7.8 Interleaving of speech traffic.

transmission channel. It is possible that a particular channel is corrupted for a
very short period of time and all the data sent during that time are lost. That
could lead to loss of complete data packets of 7 times 114 bits. Interleaving
does not prevent loss of bits, and if there is a loss, the same number of bits are
lost. However, because of interleaving, the lost bits are part of several different
packets, and each packet loses only a few bits out of a larger number of
bits. The idea is that those few bits can be recovered by error-correction
mechanisms.

1.5 Signaling on the Air-Interface

1.5.1 Layer 2 LAPD, Signaling

The only GSM-specific signaling of OSI Layers 1 and 2 can be found on the
Air-interface, where LAPD,, signaling is used. The other interfaces of GSM use
already defined protocols, like LAPD and SS7.

The abbreviation LAPD,, suggests that it refers to a protocol closely
related to LAPD, which is correct. The “m” stands for “modified” and the
frame structure already shows the closeness to LAPD. The modified version of
LAPD is an optimized version for the GSM Air-interface and was particularly
tailored to deal with the limited resources and the peculiarities of the radio link.
All dispensable parts of the LAPD frame were removed to save resources. The
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LAPD,, frame, in particular, lacks the TEIL, the FCS, and the flags at both ends.
The LAPD,, frame does not need those parts, since their task is performed by
other GSM processes. The task of the FCS, for instance, to a large extent, is
performed by channel coding/decoding.

7.5.1.1 The Three Formats of the LAPDm Frame

Figure 7.9 is an overview of the frame structure of LAPD .. Three different for-
mats of identical length (23 bytes) are defined; their respective uses depend on
the type of information to be transferred.

e A-format. A frame in the A-format generally can be sent on any
DCCH in both directions, uplink and downlink. The A-format frame
is sent as a fill frame when no payload is available on an active connec-
tion, for example, in the short time period immediately after the traffic
channel is connected.

o B-format. The B-format is used on the Air-interface to transport the
actual signaling data; hence, every DCCH and every ACCH use this
format. The maximum length of the Layer 3 information to be carried
is restricted, depending on the channel type (SDCCH, FACCH,
SACCH). This value is defined per channel type by the constant
N201. If the information to be transmitted requires less space, this
space has to be filled with fill-in octets.

e Bbis-format. For transmission of BCCH, PCH, and AGCH. There is
no header in the Bbis-format that would allow for addressing or frame
identification. Addressing is not necessary, since BCCH, PCH, and
AGCH are CCCHps, in which addressing is not required. In contrast to
the DCCH, the CCCH transports only point-to-multipoint messages.

Both frame types, the A-format and the B-format, are used in both directions,
uplink and downlink. The Bbis format is required for the downlink only.

Also noteworthy is the relationship for signaling information between
the maximum frame length of an LAPD,, frame (= 23 byte = 184 bit) and the
number of input bits for channel coding (= 184 bit).

7.5.1.2 The Header of an LAPDy, Frame

The Address Field
The address field starts with the bits EA and C/R, which perform the

same tasks as the parameters with the same names in an LAPD frame. The same
applies for SAPI, which takes on different values over the Air-interface than on
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LAPD,, frame in the Bbis-format:
~——— N201 octet (N201 = 23) ————

Signaling data |—>

LAPD, frame in the B-format:

. ON20T-X .
€ octet P 0... Xoctet (X< N201) >

, 2bit . 3bit ,
€ P> P 1
4 3 2,1.0

LD [ sapi [c/R]%

Fill-in octet Signaling data

Frame length
8 bit

Control field | Address field >
8 bit 8 bit

LAPD,, frame in A-Format: :
€——— N201 octet ———————P

Fill octets

Frame length
8 bit

Control field | Address field
8 bit 8 bit

Length M | EL

+7 6 5 4 3 2.1 0:bit
— 6 bit—p 11 1

: Information frame (B0 = 0):
I N(R) | P | N(S) |0 |<=> | Frame (Information)

"7 6 5 4 3 2 1 0.bit

. Supervisory frames (B0=1, B1=0):
I N(R) |P/F|0 0 0 1|<=> RR Frame (Receive ready)

[ NR [pFlo 1 0 1]<=> RNRframe (Receive not ready)

i N(R) |P/F|1 0 0 1i<=> REJ frame (REJect)

Unnumbered frames (BO=1, B1=1):
|0 1 1| P | 1T 1 1 1 |<=> SABM frame (Set asynchronous balance mode)

Io 0 0| F | 1 1 1 1 i<=> DM frame (Disconnected mode)

0 0 ofP[0 0 1 1[<= Ulframe (Unnumbered information)

iO 1 0| P | 00 1 1 |<=> DISC Frame (DISConnect)

|0 1 1| F | 00 1 1 |<=> UA frame (Unnumbered acknowledgement)

Figure 7.9 Frame format and frame type of LAPD,,.
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the Abis-interface. Table 7.2 lists the possible values for SAPIs on the Air-
interface and their uses. SAPI = 0 is used for all messages that deal with CC,
MM, and RR, while SAPI = 3 is used for messages related to supplementary
services and the SMS.

Furthermore, the address field of an LAPD,, frame contains the 2-bit-
long link protocol discriminator (LPD), which in GSM is, with one exception,

always coded with 00u,. The exception is the cell broadcast service (CBS),
where LPD = 01,.

Control Field
The control field of an LAPD,, frame is identical to that of an LAPD frame

modulo 8. It defines the frame type and contains, in the case of I frames,
the counters for N(S) and N(R); in the case of supervisory frames, it contains
only N(R).

The frame length indicator field consists of three parts:

e Bit 0, the EL-bit. The EL-bit indicates if the current octet is the last
one of the frame length indicator field. When this bit is set to 1, then
another length indication octet follows, if set to 0, this octet is the
last one. GSM does not allow the frame length indicator field to
exceed one octet, and hence, the value of the EL-bit is always zero.
GSM may change this restriction, if future applications require a dif-
ferent length.

e Bit 1, the M-bit. If entire messages are longer than the data field of the
LAPD,, frames allows, the information has to be partitioned and trans-
mitted in consecutive frames. The M-bit is used in such a situation
to indicate that the message was segmented and that further frames
belonging to the same messages have to be expected. The M-bit of the
last segment is set to zero, as illustrated in Figure 7.10.

e Bits 27, the length indicator. This field indicates the actual length of
the information field. The value range is from zero to N201.

Table 7.2
Possible Values of SAPI on the Air-Interface

SAPI (Decimal) Meaning

0 RR, MM, CC
3 SMS, SS
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Figure 7.10 Segmentation in LAPD,,..

Information Field

For all three frame formats, the information field that carries signaling data
consists of N201 octets, where N201 represents a value that is different for the
various channel types (see V201 in the Glossary). How many of the octets—in
the case of a B-format—are actually part of Layer 3 depends on the data to be
transported. It is important to note that all unused octets in case of the
B-format and all octets of the A-format are so-called fill-in octets, which are
coded in a precisely defined pattern. This bit pattern is different for uplink and
downlink. If, for example, an SDCCH frame contains only 18 bytes of data,
the remaining two bytes are occupied with fill-in octets (note that N201 for the
SDCCH has a value of 20).

1.5.1.3 Differences Between LAPD and LAPDm
The differences between LAPD and LAPD,, are as follows:

e LAPD,, frames exist in modulo 8 format only. Their control field,
therefore, is always 1 octet long. The N(S) and the N(R) are in the
range 0 to 7. That theoretically restricts the maximum number of
unacknowledged I frames to seven.

e The address field of LAPD,, is only 1 octet long and does not contain
a TEL The reason is that when a channel is already assigned, the con-
nection on the Air-interface is always a point-to-point connection.
Several simultaneous users, for example, on a terrestrial point-to-
multipoint connection, do not exist, which makes the TEI
superfluous.

e LAPD,, frames do not contain an FCS, because channel coding and
interleaving of Layer 1 already provide data security.

e LAPD,, frames do not have a flag to indicate the start and end of a
frame. That functionality is provided on the Air-interface by Layer 1,
in particular by the burst segmentation.

e Unlike in LAPD, SABM frames and UA frames of LAPD,, may even

carry Layer 3 data. That saves time during connection setup.
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e The maximum lengths of LAPD and LAPD,, frames are very different.
While LAPD frames can transport up to 260 octets of signaling data,
LAPD,, allows for only 23 octets. If a larger amount of data needs to be
transported, segmentation has to be applied.

e LAPD,, frames do not contain a length indicator (Layer 2).

e In LAPD, no fill-in octets are used when the data area is not com-
pletely occupied with signaling data.

7.5.1.4 Frame Types of LAPDp,

Fewer frame types are defined for the LAPD,, protocol than for LAPD. The
XID frame and the FRMR frame are missing in LAPD,,. Both frames are used
for specific tasks and are not necessary in LAPD,,. Table 7.3 lists the frame
types of LAPD,, and their specific uses. As for LAPD, it is distinguished
whether a frame is used to carry a command, a response, or both. LAPD,, fol-
lows the definition of LAPD, that is, the P/F bit and the C/R bits are used the

same way for both protocols.

Table 7.3
Frame Types of the Air-Interface

Name Command Frame?  Answer Frame? Possible Values of Control Field (Hex)

I-frame group:

I Yes No (0X), (2X), (4X), (B6X), (8X) if even, then |
frame

Supervisory-frame group

RR Yes Yes (1X)
RNR Yes Yes (5X)
REJ Yes Yes (9X)

Unnumbered-frame group

DISC Yes No (53) because P bit is always 1
ul Yes No (03) because P bit always 0
DM No Yes (OF), (1F)

SABME  Yes No (7F) because P bit always 1
UA No Yes (73) because F bit always 1
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152 Layer3

Figure 7.11 illustrates the Layer 3 format on the Air-interface.

7.5.2.1 Protocol Discriminator

The 4-bit-long protocol discriminator (PD) is used on the Air-interface to clas-
sify all messages into groups and allows, within Layer 3, the addressing of vari-
ous users, just as the message discriminator does on the Abis-interface. Every
message is nonambiguously assigned to a PD or service class. A distinction
between transparent and nontransparent services is possible at the same time.
Supplementary services and the SMS are special, because they do not belong to
CC but are still sent with the same PD. Table 7.4 lists all PDs and their service

classes.

€— 4 bit—pig— 4 hit—p!
‘7 6 5 4:3 2 1 0°

Messages for call control (CC) <=> F|Ta|g Tlvalue | Protocol Discr.

Messages for mobility management (MM) <=> | Skip Ind. '0000' | Protocol Discr.
and radio resource management (RR)

Layer 2 Data Messsagiwpe Type ID 8bit | Layer2 —p

Messages for call control (CC)
and mobility management (MM) <=> | 0 |SSN Message type

Messages for radio resource management (RR) <=> 0 0 Message type

76 5 4 3 2 10

Figure 7.11 The Layer 3 format on the Air-interface.

Table 7.4
Protocol Discriminators on the Air-Interface

PD Service Class

06 RR (radio resource management)
05 MM (mobility management)

03 CC (call control)

SS (supplementary services)
SMS (short-message services)
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7.5.2.2 Radio Resource Management

Messages in the area of RR are necessary to manage the logical as well as the
physical channels on the Air-interface. Depending on the message type, proc-
essing of RR messages is performed by the MS, in the BSS, or even in the MSC.
Involvement of the BSS distinguishes RR from MM and CC.

1.5.2.3 Mobility Management

MM uses the channels that RR provides, to transparently exchange data
between the MS and the NSS. From a hierarchical perspective, the MM lies
above the RR, because MM data already are user data. The BSS does not, with
a few exceptions, process MM messages. A typical application of MM is loca-
tion update.

7.5.2.4 Call Control

Like MM, CC uses the connection that RR provides for information exchange.
In contrast to MM, which is used only to maintain the mobility of a subscriber,
CC is a real application that at the same time provides an interface to ISDN.

(The relation between CC and ISDN is discussed in Chapter 10.)

7.5.2.5 Transaction Identifier and Skip Indicator

In CC, the PD is followed by the transaction identifier (TI); in MM and
RR, the PD is followed by the skip indicator. The skip indicator in RR
and MM messages is a 4-bit-long, fixed coded dummy value with 0000,;,.
No specific task is assigned to the skip indicator. Messages in which the skip
indicator is not 0000,;, are ignored by the receiver and indicate a transmis-
sion error.

The 4-bit-long TI, on the other hand, can distinguish among several
simultaneous transactions of one MS. The format of the TI, shown in
Figure 7.11, is separated into the TT flag and the TI value.

The TI flag (bit 7) is used to distinguish between the initiating side and
the responding side of a transaction. For the initiating side, the TT flag is set to
0; for the responding side, it has a value of 1. Hence, in a MOC, the TI flags of
all CC messages sent from the MS are set to 0. Correspondingly, the TI flags
of all CC messages sent from the NSS have a value of 1. In a MTC, the recipro-
cal applies.

The initiating side also assigns the TT value, which can be in the range of
0 through 6. One TI value is assigned for every transaction, where it is allowed
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that the MS and the NSS assign the same TI value to different transactions.
The TI flag is used in that case to avoid ambiguity. Several simultaneous
transactions are allowed only in the CC protocol, so neither MM nor RR
require a TT.

Figure 7.12 illustrates this relation. When the MS is involved in an active
call, it places the call on hold and sets up the second call.

1.5.2.6 The Message Type

The value of the protocol discriminator also determines the format of this octet
(see Figure 7.11). The first six bits (bits 0 to 5) indicate the message type itself.
Section 7.5.2.7 explains all the message types of the Air-interface in more
detail. The format of its parameters is shown in Figure 7.13. A distinction is
made between mandatory and optional parameters with fixed or variable
length, which requires an information element identifier and/or a length
indicator.

A special task takes bit number six of the message type. While bits 6 and 7
of the RR are fix-coded with 00, bit 6 of MM and CC is held by the send
sequence number. No special task is assigned to the send sequence number of
MM and CC messages in the downlink direction and is, hence, fix-coded with
0. In the uplink direction, however, the send sequence number of MM and CC
messages toggles between a value of 0 and 1. Figure 7.14 provides an example.
Note that the send sequence number toggles simultaneously for both CC and
MM. The change of the value of the send sequence number is significant for

@)

BSC
BTS ><
,

Air-interface Abis-interface | A-interface
Trans 1: Trans 1:
Tlflag=0 | <€«—{ Trans 1: Mobile originating call in progress |—3» Tlflag=1
Tlvalue=0 Tlvalue=0

| |
Trans 2: Trans 2:
Tiflag=0 | <€— Trans 2: Mobile initiates multiparty call —> Tlflag=1
Tl value =1 Tl value = 1
| |

Figure 7.12 Task of the Tl in case of several simultaneous CC transactions.
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protocol testing, because of two possible values in the uplink direction of MM

and CC messages.

1.5.2.7 The Message Type, Bits 0 Through 5

Tables 7.5, 7.6, 7.7, and 7.8 list all the messages that are defined on the Air-
interface, together with brief descriptions of their tasks. The messages are
ordered according to protocol groups into RR, MM, CC, and supplementary
services. Note that two different hexadecimal values for the message type are
possible, because of the send sequence number in bit 6 of the message type of
MM and CC messages.

The characters in uppercase indicate the abbreviations used in the
description.

Data IEI => optional, fixed length

‘IEl => Information element identifier’

Data Length | IEI => optional, variable length
. Optional parameters
MT => Message type
' 1 byte
Parameter N | Parameter N-1| ... | Parameter C | Parameter B | Parameter A| MT P>
) Mandatory parameter
Data => mandatory, fixed length
Data Length | => mandatory, variable length

Figure 7.13 Parameter format and Air-interface signaling.
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Air-interface

BSC

.

Abis-interface | A-interface

<

SSN =0, in both directions

RR messages

<«

MM message/SSN =0

MM message/SSN =0

f

SSN =0, in both directions

RR messages

cC

message/SSN =1

MM message/SSN =0

MM message/SSN =1

SSN =0, in both directions

RR messages

cC

message/SSN=0

cC

message/SSN =0

<—
<«
|
|

|
cC

IR R

message/SSN =1

Figure 7.14 Use of the send sequence number.

Table 7.5

Radio Resource Management (Skip Indicator/Protocol Discriminator = 06)

ID (Hex) Name Direction Description
-/- CHANnel MS — BTS CHAN_REQ is a request of an MS for a channel when in
REQuest the idle state. Although only 1 byte long this message

already contains the reason for the connection request
(answer to PAGING, Emergency Call, etc.) and an
identifier for the channel type that the MS prefers. The
CHAN_REQ has no hexadecimal message type, because
the message does not conform to the regular format and
is sent via an access burst.
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Table 7.5 (continued)

ID (Hex) Name Direction Description
-/- HaNDover MS — BTS  The MS sends consecutive HND_ACC messages on a
ACCess new traffic channel for every handover (synchronized and

nonsynchronized). The only exception is the intra-BTS
handover via ASS_CMD. Like the CHAN_REQ, the
HND_ACC does not follow the standard format and is
sent in an access burst to the BTS. The handover
reference is the only information that HND_ACC contains
and is assigned with the HND_CMD message to allow for
identification of the “correct” MS during BTS access.

02 SYStem BTS - MS The data area of the SYS_INFO 2 is not large enough to
INFOrmation allow for distinction of the larger number of channels of
2bis DCS 1800, PCS 1900, and also GSM900 with extended

band. Hence, SYS_INFO 2bis and 2ter were defined to
broadcast, in particular, the frequencies of the neighbor
cells, which do not fit into SYS_INFO 2

03 SYStem BTS - MS  See SYS_INFO 2bis
INFOrmation
2ter

05 SYStem BTS > MS  The same restrictions for SYS_INFO 2 also apply to
INFOrmation SYS_INFO 5, which had to be extended by SYS_INFO 5bis
bhis and bter to accommodate the greater number of channels

of DCS 1800, PCS 1900, and GSM300 with extended
band. Hence, SYS_INFO 5bis and 5ter mainly transport
the BCCH frequencies of the neighboring cells, which do
not fit into SYS_INFO 5. The messages are sent to the
MS over the SACCH when an active connection exists.

06 SYStem BTS > MS  See SYS_INFO 5his
INFOrmation
bter

0A PARTial BTS - MS When an MS has activated two radio channels at the
RELease same time, and CC wants to release one channel, a

PART_REL message is sent. For the time being, this is
defined only for two halfrate channels.

0D CHANnel BTS - MS The CHAN_REL message is used when a connection is
RELease disconnected, to release the radio resources on the air

interface. Cause 0 is used for normal clearing; for

abnormal clearing, for instance, cause 1 is used.

OF PARTial MS — BTS  With this message, the MS confirms receipt and
RELease processing of a PART_REL message.
COMplete
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Table 7.5 (continued)

ID (Hex) Name Direction Description
10 CHANnel BTS > MS CHAN_MOD_MOD is sent by the network to the MS, to
MODe MODify modify the transmission parameters of Layer 1 (change
the transmission rate).
12 RR STATUS MS <> BTS A RR_STATUS message with an appropriate error cause

is sent when one side receives an RR that has an error in
Layer 3. These kind of protocol errors happen, for
example, in case of bit errors on the air interface.

13 CLASSmark BTS > MS  The network requests the technical identification (power
ENQuiry class, available encryption algorithms A5/X, SMS
capability, etc.) from the MS. The network expects a
CLASS_CHANGE message as a response.

14 FREQuency BTS - MS The FREQ_REDEF message allows the network to change
REDEFinition the configuration of an existing connection, e.g., the
hopping sequence in frequency hopping.
15 MEASurement MS — BTS MEAS_REP transfers the current measurement results of
REPort the MS to the BTS (uplink measurements). These

measurements contain the sending levels of the serving
cell and of the neighboring cells. In the case of an active
connection, a MEAS_REP is sent to the BTS every 480 ms
via the SACCH. The BTS forwards the MEAS_REP to the
BSC, embedded in its own measurement results

(MEAS_RES).
16 CLASSmark MS — BTS  The MS sends this message when the classmark changes
CHANGE (e.g., when a handheld phone is connected to a booster in

a car) or when a request is made by the network
(CLASS_ENQ). It contains the current technical
capabilities of the MS.

17 CHANnel MS — BTS  The MS confirms with CHAN_MOD_MOD_ACK the
MODe MODify change to another transmission mode that was requested
ACKnowledge with CHAN_MOD_MOD.

18 SYStem BTS > MS  See SYS_INFO 7.

INFOrmation 8

19 SYStem BTS - MS Contains the access rights and frequencies of a BTS. The
INFOrmation 1 Glossary provides an example for a BCCH/SYS_INFO 1.

1A SYStem BTS - MS  Transmission of neighbor cell frequencies, access rights
INFOrmation 2 (e.g., access control class), and network color code (NCC).

The Glossary provides an example of BCCH/SYS_INFO 2.
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Table 7.5 (continued)

ID (Hex) Name Direction Description
1B SYStem BTS — MS Identification of the BTS (cell identity) and the location
INFOrmation 3 area and further information about organization of the
CCCHs within the BTS. The Glossary provides an example
of a BCCH/SYS_INFQO 3.
1C SYStem BTS > MS  SYS_INFO 4 only repeats information of data already sent
INFOrmation 4 inthe SYS_INFOs 1 - 3.
1D SYStem BTS > MS The BTS uses SYS_INFO 5 (via SACCH) to inform the MS,
INFOrmation 5 during an active connection, about the BCCH frequencies
of the available neighbor cells. This is particularly impor-
tant after a handover when the MS cannot read the
SYS_INFOs 1-4 of the new BTS.
1E SYStem BTS -~ MS  During an active connection, the current BTS (serving cell)
INFOrmation 6 provides the MS with all the necessary data of the serv-
ing cell by means of the SYS_INFO 6 (via SACCH).
1F SYStem BTS > MS  SYS_INFO 7 and 8 are used only for DCS1800 and
INFOrmation 7 PCS1900 to provide the registered MSs with additional
information to access the serving cell (cell selection
parameters).
21 PAGing RE- BTS - MS  Three different PAG_REQ messages were defined for
Quest Type 1 activation of the MS in the case of an MTC. The
22 PAGing BTS -~ MS difference between the messages lies simply in the
REQuest Type 2 number of MSs that can be paged simultaneously with
24 PAGing BTS - MS one message (PAG_REQ 1 allows paging of two MSs,
REQuest Type 3 PAG_REQ 2 allows paging of three MSs, PAG_REQ 3
allows paging of four MSs). Consequently, the according
number of IMSIs/TMSIs are contained in a PAG_REQ.
Note that the IMSI is not contained in the PAG_REQ if a
TMSI is assigned, even though the PAGING message on
the A-interface contains both parameters.
27 PAGing Re- MS — BTS  PAG_RSP is the first message sent by the MS on the
SPonse SDCCH to the BTS in an MTC. PAG_RSP corresponds to
the CM_SERV_REQ message of a MOC.
28 HaNDover MS — BTS  After an unsuccessful handover initiated by a HND_CMD,
FAllure the MS sends a HND_FAI over the still existing
connection to the old BTS.
29 ASSignment ~ MS — BTS  The MS confirms that it successfully changed to the (new)
COMplete traffic channel, that is, the one previously assigned by an
ASS_CMD message.
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Table 7.5 (continued)

ID (Hex) Name Direction Description
2B HaNDover BTS - MS  Channel assignment for a handover in which the BTS
CoMmanD changes is always performed with HND_CMD; in an
intra-BTS handover, the HND_CMD can be used. The
message contains a description of the new traffic channel
and the handover reference.
2C HaNDover MS — BTS  After successful handover initiated by a HND_CMD, the
COMplete MS responds to the BTS with a HND_COM.
2D PHYSical BTS - MS PHYS_INFO is the only message actually generated by
INFOrmation the BTS. Itis used in case of a nonsynchronized handover
and is sent to the MS on the new channel Ny7 times. The
content of the PHYS_INFO consists of the TA that the MS
has to use initially.
2E ASSignment  BTS > MS  Assignment of a traffic channel in case of an intracell
CoMmanD handover or during call setup.
2F ASSignment  MS — BTS  The MS was not successful in changing to the channel
FAllure specified in the ASS_CMD message. It has, therefore,
changed back to the previously used channel and reports
the failed access in a ASS_FAI message.
32 CIPHering MS — BTS  The MS confirms that a CIPH_MOD_CMD was received
MODe and that it has changed to the cipher mode.
COMplete
35 CIPHering BTS - MS  The content of the CIPH_MOD_CMD message originates
MODe from the VLR. It is part of the ENCR_CMD message on the
CoMmanD Abis-interface. The BTS informs the MS with
CIPH_MOD_CMD that all data in both, uplink, and
downlink are to be encrypted. The only content is the
information as to which encryption algorithm A5/X shall
be used.
39 IMMediate BTS > MS  The task of the IMM_ASS_EXT message is similar to that
ASSignment of the IMM_ASS_CMD message. The difference between
EXTended the two is that the IMM_ASS_EXT message allows
assignment of an SDCCH simultaneously for two MSs.
That allows the network to reduce the number of mes-
sages. It is particularly helpful when the number of avail-
able AGCHs is low.
3A IMMediate BTS - MS  The BSC may answer a CHAN_REQ message with
ASSignment IMM_ASS_REJ if no SDCCHs are available. In this case,
REJect no channel is assigned and the MS is informed about a

waiting period, during which it may not send a
subsequent CHAN_REQ.
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Table 7.5 (continued)
ID (Hex) Name Direction Description
3B ADDitional BTS > MS  There are some cases in which it may become necessary
ASSignment to assign a second halfrate traffic channel when one
halfrate channel is already established, for example, to
extend the bandwidth of the current connection for data
transfer. In that case, the network sends to the MS an
ADD_ASS message describing the new channel.
3F IMMediate BTS - MS  The BSC uses the IMM_ASS_CMD to assign an SDCCH
ASSignmnent to the MS after a CHAN_REQ message was received.
CoMmanD IMM_ASS_CMD is always sent on an AGCH. The
message has to be distinguished from ASS_CMD, which
is used to assign a traffic channel.
Table 7.6
Mobility Management (Skip Indicator/Protocol Discriminator = 05)
ID (Hex) Name Direction Description
01/41 IMSI DETach ~ MS — BTS  If IMSI attach/detach is allowed in the PLMN, then every
INDication time the MS is switched off the MS sends a
IMSI_DET_IND to the MSC/VLR. This allows to more
quickly reject an incoming call, or apply secondary call
treatment, i.e., without sending PAG_REQ's first.
02 LOCation BTS - MS  The MSC/VLR confirms a successful Location Update with
UPDating a LOC_UPD_ACC. In some cases the LOC_UPD_ACC is
ACCept used to assign a new TMSI as well.
04 LOCation BTS -~ MS If a Location Update is not successful, (e.g., HLR is not
UPDating reachable, IMS| or TMSI are unknown, etc.), then the
REJect MSC/VLR terminates the process with a LOC_UPD_REJ.
08/48 LOCation MS — BTS  The MS sends the LOC_UPD_REQ to the MSC/VLR when
UPDating it changes the Location Area, when Periodic Location
REQuest Update is active, and when the MS is switched on again
(with active IMSI attach/detach). LOC_UPD_REQ is part
of the Location Update procedure.
1 AUTHentica-  BTS > MS  The AUTH_REJ message is used to inform the MS that
tion REJect authentication was not successful if the MSC/VLR found

that the result for SRES from the MS was incorrect.
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Table 7.6 (continued)

ID (Hex) Name Direction Description
12 AUTHentica-  BTS > MS The MSC/VLR sends an AUTH_REQ message during
tion REQuest connection setup, in order to authenticate the MS. The
only parameter is RAND.
14/54 AUTHentica-  MS — BTS  Answer to AUTH_REQ. It contains the authentication
tion ReSPonse result SRES, which was determined by applying the
values of Kj and RAND to the algorithm A3.
18 IDENTIty BTS > MS  Although IDENT_REQ generally allows to request all
REQest three identification numbers from the MS, (IMSI, TMS],
and IMEI,) it is typically used by the Equipment Identity
Register to request the IMEI only.
19/59 IDENTity MS — BTS  IDENT_RSP is the answer to IDENT_REQ. The MS
ReSPonse provides the network with the requested identification
numbers (IMSI, TMSI, IMEI), which were requested in the
IDENT_REQ message.
1A TMSI BTS — MS  For every new connection, the VLR assigns a new TMSI to
REALlocation the MS in order to make tracking and interception of a
CoMmanD subscriber more difficult. For this purpose, after the ci-
phering is active, the TMSI_REAL_CMD message is sent
to the MS at any arbitrary position within the scenario.
1B/5B TMSI MS — BTS  The MS confirms the receipt of a TMSI with a
REALlocation TMSI_REAL_COM.
COMplete
21 CM SERVice  BTS =~ MS Is used by the MSC if ciphering is not active or after the
ACCept establishment of a second simultaneous CC connection.
CM_SERV_ACC confirms to the MS that the service
request, sent to the MSC in a CM_SERV_REQ message,
was processed and accepted.
22 CM SERVice ~ BTS — MS  The service request in which the MS has sentina
REJect CM_SERV_REQ message is rejected by the MSC. The
reason (e.g., overload) is provided.
23/63 CM SERVice MS — BTS s sent if a MS wants to terminate a MM connection. The
ABOrt CM_SERV_ABQ can only be sent during a very narrow
time window, because this message can only be used
prior to the fist CC message sent.
24/64 CM SERVice MS — BTS  The MS sends a CM_SERV_REQ at the beginning of every
REQuest mobile originated connection in order to provide its

identity (IMSI/TMSI) to the NSS, and to specify the
service request in more detail (activation SS, MOC,
Emergency Call, and SMS).
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Table 7.6 (continued)

ID (Hex)

Name

Direction

Description

28/68

29

31/

CM REeStab-
lishment
REQuest

ABORT

MM STATUS

MS — BTS

BTS - MS

MS «> BTS

An option in GSM is to allow for a call reestablishment in
case of a dropped connection. In these cases, first a
CHAN_REQ has to be sent to the BTS and then it is tried
with the CM_RES_REQ to reestablish an RR connection
for the still existing and active MM and CC connection.

Is sent to the MS in order to release all MM connections.
A possible reason is that the mobile equipment was
identified as stolen (IMEI check). If this is actually the
reason for sending ABORT, then the mobile equipment
automatically blocks the Subscriber Identity Module. The
SIM can, however, after switching off/on be used again.

If one side receives a message for Mobility Management,
which contains a protocol error in Layer 3, then an MM
STATUS message with the respective error cause is sent.
This kind of protocol error may be caused by bit errors on
the Air-interface.

Table 7.7

Call Control (Transaction Identifier/Protocol Discriminator = X3)

ID (Hex)

Name

Direction

Description

01/41

02

ALFRTing

CALL
PROCeeding

MS «> BTS

BTS > MS

The MSC sends this message in case of a Mobile
Originating Call to the MS. In case of a Mobile
Terminating Call, the MS sends an ALERT to the MSC.
ALERT corresponds to the Address Complete Message
(ACM) of ISUP and is responsible for the generation of a
ring back tone at the receiving end. ALERT is always sent
to that side of the call, which initiated it. This is important
for protocol analysis.

Is sent by the MSC in case of a Mobile Originating Call, in
order to inform the MS that the address information
which the MS has sent to the MSC in the SETUP message
was received and processed. From the perspective of the
MSC, CALL_PROC can be regarded as a confirmation that
the ISUP Initial Address Message (IAM) was sent. The
consequence for the MS is that the MSC does not need,
or is not even able to process additional address
information.
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Table 7.7 (continued)

ID (Hex) Name Direction Description

03 PROGRESS BTS — MS If, for a Mobile Originating Call, interworking or transport
of inband signaling should become necessary, then the
PROGRESS message is sent instead of ALERT. Examples
are calls to automated information services or voice-mail
boxes. In this case, the PROGRESS message can be
regarded as a substitute for ALERT.

05/45 SETUP MS <> BTS When initiating a Mobile Originating Call, this message is
sent by the MS to the MSC. The most important
information are the address information of the called
party and the type of connection, which is requested
(Bearer Capabilities). In case of a Mobile Terminating
Call, the MSC sends a SETUP message to the MS. When
CLIP (Calling Line Identification Presentation) is active for
the called party and is not restricted by the calling party,
then the SETUP message also contains the directory
number of the caller. The SETUP message is, furthermore,
used to activate the Call Waiting tone (Supplementary
Service) at the MS.

07/47 CONnect MS <> BTS The MSC sends this message during a Mobile Originating
Call to the MS, to indicate that the connection was
successfully established. The MS receiving the CON
message corresponds to the MSC receiving the ISUP
Answer Message (ANM). The MS sends a CON message
to the MSC in case of a mohile terminanting call, as soon
as the called party accepts the call.

08/48 CALL MS — BTS  After receiving a SETUP message during a Mobile

CONFirmed Terminating Call scenario, the MS confirms to the MSC in
a CALL_CONF that it is able to establish the requested
connection (Bearer Service, halfrate/fullrate, baud

rate, etc.).
OF/AE EMERGency MS — BTS  This message is sent by the MS in case of an Emergency
SETUP Call instead of a regular SETUP to carry address
information.
OF/4F CONnect MS <> BTS CON_ACK is acknowledgment for a CON message. A call
ACKnowledge set up is regarded to be successful only after this

message was sent. In particular charging starts typically
with the CON_ACK message.
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Table 7.7 (continued)

ID (Hex)

Name

Direction

Description

10/50

13/53

17/57

18/58

19

1A

1C/5C

1D

1E

USER
INFOrmation

MODify
REJect

MODify

HOLD

HOLD
ACKnowledge

HOLD REJect

RETRIEVE

RETRIEVE
ACKnowledge

RETRIEVE
REJect

MS <> BTS

MS <> BTS

MS «> BTS

MS — BTS

BTS - MS

BTS > MS

MS — BTS

BTS — MS

BTS - MS

It is possible in some cases to directly exchange data
between the MS and its peer (e.g., ISDN or other MS).
The maximum length of the transported payload is 128
octet, within GSM. For transport between GSM and some
outside network, this maximum length may be restricted
even further, depending on the capabilities of that other
network (between 32 octet and 128 octet).

MOD_REJ is the negative response to a MOD message. If
the MS is unable to perform the adaptation which was
requested by the peer, then the MS or the MSC
respectively answers with a MOD_REJ. The reject cause
is included in the message.

In some cases, it may become necessary to change the
transmission parameters of an existing connection. This
applies in particular, when a change from speech to data
is made (Bearer Services 61 and 81). The MOD message
carries out this task.

The HOLD message is used to put a call on hold when the
user of a MS, while engaged in an active call,

receives a second incoming call or wants to set up
another call (Multiparty). Then the HOLD message is sent
to the MSC. Hold is also the name of the related
Supplementary Service.

Acknowledgment by the MSC that a call was placed in
the hold state after a HOLD message was received.

The MSC was unable to place a call into hold state.
Therefore, the HOLD message is answered with a
HOLD_REJ. The reason for this rejection is given in the
cause value.

The MS sends this message in order to reactivate a
connection which was previously placed on hold.

The MSC confirms that it has received and processed the
RETRIEVE message. The call which was placed on hold is
now active again.

It is not possible to switch back to a call that was put on
hold. The RETRIEVE request gets a negative response.
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Table 7.7 (continued)

ID (Hex) Name Direction Description
1F/5F MODify MS <> BTS MOD_COM is the acknowledgment of a MOD message.
COMplete Depending on the direction, MOD_COM is sent at

different points in a scenario. The MSC sends MOD_COM
only after the requested adaptation has been performed.
The MSC sends this message already after receiving and
accepting the MOD message.

25/65 DISConnect MS <> BTS s used either by the MSC or the MS, to terminate an
existing CC connection. The DISC message always
contains a cause value, which indicates the reason why
the connection was disconnected. When the call is
terminated regularly, the cause value 16" is sent, which
stands for ‘normal clear’. Another value in case of
problems is e.g., cause 47 = Resources unavailable.
Please be advised that when analyzing trace files, even in
case of errors the DISC message may carry a
normal clear. This is the case when the problem was not
detected by call control.

2A/6A RELease MS <> BTS REL_COM is the answer to a REL message and the
COMplete acknowledgment that the CC resources have been
released. REL_COM is always sent by that side, which
had previously sent the DISC message. Like for REL, also
for REL_COM there exists an ISUP message with the
same name.

2D/6D RELease MS <> BTS Because of the fact that signaling in GSM is related to
ISDN, there are some similarities in the CC protocol
between the two. The REL message corresponds directly
to an ISUP message with the same name, which in the
case of ISDN is responsible for terminating a connection.
The same functionality provides this message in GSM,
namely to release the CC resources. The relationship is il-
lustrated in Chapter 12, “Scenarios".

31/71 STOP DTMF MS — BTS  Itis possible to use DTMF signaling with a MS. For this
purpose, a START_DTMF message is sent to the MSC
when the user presses a button on the keypad. This tells
the MSC to generate the respective DTMF sound and
send it inband to the peer entity (ISDN, PSTN) When the
user releases the button, a STOP_DTMF message is sent
to the MSC which triggers the MSC to stop sending the
respective tone.
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Table 7.7 (continued)

ID (Hex) Name Direction Description
32 STOP DTMF BTS - MS  Acknowledgment by the MSC that a STOP_DTMF
ACKnowledge message was received and sending of the DTMF tone
was stopped.
34/74 STATUS MS <> BTS Both MS and MSC may use STATUS_ENQ to
ENQuiry inquire about the current state of Call Control in the peer

entity. The peer has to answer the STATUS_ENQ with a
STATUS message otherwise the connection is torn down.

35/75 START DTMF ~ MS — BTS  The MS uses START_DTMF to send ASCII coded DTMF
tones to the MSC. The only content of a START_DTMF
message is the ASCII value of the respective button,
which was pressed at the MS. This is for example 31hex
when the "1” button was pressed. A START DTMF
message can only be sent in a traffic channel during an
active connection. Please note that it is not possible to
transmit an analog DTMF tone between the MS and the
MSC, only the START_DTMF message. The tone, which
can be heard at the MS at the same time is
generated in the MS. The Glossary provides a detailed
description on the transmission of DTMF tones.

36 START DTMF ~ BTS > MS  START_DTMF_ACK is the acknowledgment of the MSC
ACKnowledge that a START_DTMF message was received. When the
MSC sends the START_DTMF_ACK, it simultaneously
sends an analog DTMF tone which is sent inband in a
traffic channel towards the PSTN/ISDN. The duration of
the tone is determined by when a STOP_DTMF message

is received .
37 START DTMF ~ BTS - MS  When the MSC is unable to process the START_DTMF,
REJect then it sends a START_DTMF_REJ message to the MS.

The respective reason is included in the cause value.
39/79 CONGESTion ~ MS <> BTS This message may be used by both sides, in order to

CONTROL activate flow control for data which is transported within
USER_INFO messages.
3D/7D  STATUS MS <> BTS A STATUS message can be sent if protocol errors in the

area of Call Control are detected or if a STATUS_ENQ has
to be answered. Such an error situation can occur, in
particular, when misinterpretations of CC messages
occur, because of bit errors (refer also to MM_STATUS
and RR_STATUS).
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Table 7.7 (continued)

ID (Hex)

Name

Direction Description

3E/7E

NOTIFY

MS <> BTS The NOTIFY message is used in case of an active
connection to inform the peer entity about a incident in
the area of Call Control. Example: When a GSM
subscriber is placed on Hold because the other party
intends to accept or establish another call, then the MSC
sends a NOTIFY message to that MS.

Table 7.8

Supplementary Services (Transaction Identifier/Protocol Discriminator = XB)

ID (Hex)

Direction Description

ZA/6A

3A/TA

3B/7B

RELease
COMplete

FACILITY

REGISTER

MS <> BTS Although already presented for the Call Control, the
REL_COM message shall be separately presented for
Supplementary Services. If a connection was
established because of a Supplementary Services
request, then this connection is released by sending a
REL_COM message. [GSM 04.10, GSM 04.80]

MS <> BTS The FACILITY message may be used by both the MS as
well as the NSS. The content of this message is trans-
parent data for Supplementary Services. Please note
that almost all CC messages contain an optional infor-
mation element, the ‘Facility’, with which SS
information can be transported without requiring a
FACILITY-message. [GSM 04.10, GSM 04.80 ]

MS <> BTS The REGISTER message is needed for the activation or
inquiry of call-independent supplementary services.
Example: the activation of Call Forwarding. In this
case, sending of a REGISTER message implies that a
new Transaction Identifier is assigned and the dialog
between MS and the network is established.
[GSM 04.10, GSM 04.80]
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Signaling System Number 7 (SS7) provides in OSI Layers 1 to 3 the basis for
the signaling traffic on all NSS interfaces, as well as on the A-interface.

The relation to GSM is rather hidden at the beginning of the descrip-
tion, but it becomes more and more obvious when the various user parts like
SCCP and TCAP/MAP are presented. SS7, together with all its functionality
and user parts, forms a much more complex signaling system than LAPD and
LAPD,,. For that reason, this whole chapter is dedicated to SS7, or rather to its
Layers 1 to 3.

8.1 The SS7 Network

A SS7 network consists of directly connected signaling points (SPs), as shown
in Figure 8.1(a); SPs that are connected through signaling transfer points
(STPs), as shown in Figure 8.1(b); or a combination of SPs and STPs, as shown
in Figure 8.1(c). An SP is a network node that has user parts (e.g., SCCP,
ISUP) that allow the processing of messages addressed to that SP. The MSC,
the BSC, and the exchanges of the PSTN fall into this category. The function-
ality of the STP typically is related to those of the SP, with the additional capa-
bility of being able to relay SS7 messages. Note that it is possible to have a
designated STP that has no SP functionality, that is, one that can only relay
messages, as shown in Figure 8.1(b).

125
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SP |« » | SP

Figure 8.1(a) Directly connected SPs.

SP\ /SP

SP | <——» <«——»| SP

SP/ \SP

Figure 8.1(b) An STP that interconnects SPs.

SP\ /SP

SP | <—» <«——»| SP

SP/ \SP

Figure 8.1(c) An STP with SP functionality that interconnects SPs.

8.2 Message Transfer Part

SS7 without user parts consists only of the OSI Layers 1 through 3. Those three
layers essentially are represented by the message transfer part (MTP). Parts of
the SCCP actually are also part of Layer 3.

The MTP of SS7 performs the following general tasks:

e It provides all the functionality of OSI Layers 1 to 3 required to pro-
vide for a reliable transport of signaling data to the various SS7 user
parts.

e When problems arise, the MTP takes the necessary measures to ensure
that the connection can be maintained or prevents loss of data, for
example, by switching to an alternative route.

The MTP can be partitioned into three layers, where the MTP 1 (OSI Layer 1)
is responsible for the transfer of single bits or the definition and provision of the
necessary electrical and physical means for it.

The MTP 2 (OSI Layer 2) defines the basic frame structure that is used
by SS7 for all message types. This frame structure is illustrated in Figure 8.2,
which shows the flags that mark beginning and end (as we have seen in LAPD),
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Flag FCS Information field (optional) | Length | Acknowledgment| Flag |—»

Figure 8.2 General format of an SS7 message.

an acknowledgment field with send and receive sequence numbers, a length
indicator, an optional information field, and the FCS to transport a checksum
(as we also have seen in LAPD).

8.3 Message Types in SS7

Definition of the SS7 message types is another functionality of MTP 2. In
Layer 2 of SS7, three different message types are defined: the fill-in signal unit
(FISU), the link status signal unit (LSSU), and the message signal unit (MSU).
Although no explicit field is available to distinguish among the message types, it
is possible to do so based on their different lengths. The length indication (LI)
provides that information and relates to the length of the optional data field.
The value of the LI is always 0 for FISUs; 1 or 2 for LISUs; and greater than
2 for MSUs.

8.3.1 Fill-In Signal Unit

The FISU (Figure 8.3) is used to supervise the link status when no traffic
is available. Both sides poll each other in this idle state. The N(S) and N(R),
which in S§S7 are called the forward sequence number (FSN) and backward
sequence number (BSN) or the forward indicator bit (FIB) and backward indi-
cator bit (BIB), respectively, do not change their values during polling. In addi-
tion to the polling functionality, an FISU also can be used to acknowledge

receipt of an MSU.

. 8bit €= 16bit —» 2. 6bit .1. 7hbit +1. 7bit . 8bit .

Flag FCS LU |=[ SN |®| BSN | Flag |—>

w W

LI=0

Figure 8.3 Format of the FISU.

Samsung Ex. 1032, Page 134 of 417



128 GSM Networks: Protocols, Terminology, and Implementation

8.3.2 Link Status Signal Unit

The LSSU is used only to bring a link into service or to take it out of service
and during error situations (e.g., overload), to exchange status information
between two SPs or STPs. In Figure 8.4, the status field has a length of 1 byte,
but according to ITU definitions it also can be 2 octets long. In any case, only
the first three bits of the first byte contain the actual status information. The
receiver of an LSSU does not confirm its receipt.

Protocol test equipment usually does not indicate an LSSU as such but
displays it according to its status field. For that reason, the status field or
its abbreviation can also be used as a subname. Consequently, the term status
indication (SI) and the terms SIO, SIOS, and SIB, which are explained in
Table 8.1, are used more frequently than LSSU/status field SIOS. Note that, in
particular, when SIPOs or SIBs are detected during protocol testing, rather
serious problems can be expected at the related SP/STP.

8.3.3 Message Signal Unit

The MSU (Figure 8.5) is used for any type of data transfer between two net-
work nodes. The MSU is the only SS7 message able to carry traffic data (the
LSSU does not carry traffic data, only status information), and it is used by all
user parts (ISUP, SCCP, OMAP) as a platform particularly for that task. The

information field of the MSU consists of the service information octet (SIO)

1 6.-5-4-3.2-1-0 Bi
0:0.0-0.0:0.0.0 = 00=SI0="0utof alignment’ _____
0:0°0:0°0;0:0:1 = 01 =3IN="Normal’ alignment status
07070050010 = 02 =SIE = "Emergency’ alignment status
J0;0:0:0:0.0:1 ;1 = 03 =3I0S = "0ut of service’
J0:0:0:-0:-0 :1 00:0 = 04 =SIPQ = Processor outage’
0-0-0-0-0+1-0-1, = 05 = SIB = "Busy/congestion"
' Bbit 11! 7bit .1 7hbit : 8bit
7P
Flag FCS Spare | g L |3 FSN (S| BSN Flag >
. D
v 8bit <« 16bit —» 5 13 :2:L=1(or2)
Status field (SF)

Figure 8.4 Format of the LSSU.
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Table 8.1
Status Field Values

Value Abbreviation  Status Description

0 SI0 Out of alignment Start of link alignment

1 SIN Normal alignment A connection is brought into service with a
normal (long) surveillance time of 8.2 s
(see also Section 8.4.2).

2 SIE Emergency alignment A connection is brought into service with
an emergency (short) surveillance time of
about 500 ms. (see also Section 8.4.2).

3 SI0S Out of service This indicates in case of an error situation
or before a link is taken into service that
currently no MSUs can be sent or
received.

4 SIPO Processor outage When the Layer 2 of an SP or STP detects
a problem within the Layer 3 of its own
network node it indicates the problem
status to the peer entity by sending a SIPO.

5 SIB Busy/congestion Signals overload on the originating side.
Acknowledgments cannot be sent
anymore. Usually, a link failure follows.

7-6 54 3:2-1.0 bit
_International 0 <= 0 <=0:000)]0:0:0:0 = 0 => Sign. Network Management
_International 1 <= 4 _<_=_0_;_1 00 0_9_0 1 =1 => Sign. Network Test. + Maintenance

National0 <= 8 <= 1:0]00] | 0:0:1:0 = 2 => Oper. & Maint. Appl. Part (OMAP)

""" National T "<= C <="1-71700| | '0:0: 177 = 3" = Sign. Conn. Control Part (SCCP)

- [ 0:1:0:0 = 4 => Telephone User Part (TUP)

NI [ 001101 =5 => ISDN User Part (ISUP)

| 0- 1__1 0 =6 = Data User Part (only for call administration)
. 0:1:1:1 = 7,=> Data User Part (for Supplementary Services)
(R N —
SSF Sl
. 8bit € 16 bit > * G bit +1+ 7 bit +1+ 7bit + 8hit
Flag FCS SIF SI0 LI % FSN % BSN| Flag
'« N*8bit—p' 8hit !2' LI>2

Figure 85 Format of the MSU.
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and the signaling information field (SIF). The SIO' is further partitioned into
the subservice field (SSF) and the service indicator (SI), with four bits each.
Only the two bits of higher valence in the SSF are necessary to describe the net-
work indicator (NI). The NI is used to distinguish between national and inter-
national messages. The SI indicates to which user part an MSU belongs. The
four bits of the SI thus determine whether the data of the SIF belong to
the SCCP, TCAP, ISUP, and so on, or possibly need to be forwarded to the
automatic network management. In contrast to LSSU and FISU, it has to be
acknowledged to the peer entity whenever an MSU is received.

8.4 Addressing and Routing of Messages

In an SS7 network, MSUs are not necessarily exchanged between adjacent
neighbors (SP/STP). In a GSM system, the MSC and BSC are neighbors; how-
ever, the exchange of information between the MSC and the HLR may involve
several STPs. SS7 uses so-called point codes for routing and addressing MSUs.
Point codes are unique identifiers within an SS§7 network. Exactly one point
code, a signaling point code (SPC), is assigned to every SP and STP. An MSU
has a routing label that contains the point codes of the sender (the originating
point code, or OPCs) and the addressee (the destination point code, or DPC).
The routing label is, for its part, a component of the SIF. Note that neither
FISU nor LSSU possesses a routing label, since those messages are exchanged
only between two adjacent nodes.

Figure 8.6 shows the format of a routing label. The OPC defines the
sender of the MSU, and the DPC defines its addressee. Note that addressing via
SPCs works only on a national basis. The services of higher layers are needed
for international addressing, in particular SCCP or ISUP, to provide the neces-
sary features.

The remaining 4 bits of the routing label form the signaling link selection
(SLS) field. This parameter is used to balance the load between several SS7 con-
nections of a link group. If, for example, two SS7 connections are available
between two network elements, all the even values of the SLS (0, 2, 4,... , 144,)
are assigned to the first link, and the odd values (1, 3, 5,... , 154,) are assigned
to the second link. This fact is important to know in the analysis of SS7 trace

files.

1. Note that the service information octet and its abbreviation SIO do not have a relation to
the former use of the abbreviation, which stood for status indication/out of alignment. Un-
fortunately, the standards use the same abbreviation for both.
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L e 14 bit i€ 14 bit

SLS 0pPC DPC —>

531 527 513 05 bit

Figure 8.6 Routing label (DPC, OPC, and SLS).

8.4.1 Example: Determination of DPC, OPC, and SLS in a
Hexadecimal Trace

In the analysis of hexadecimal trace files, it generally is important to be able to
convert DPC and OPC into clear text, to be able to relate the various messages
to, for example, a particular MSC or BSC. As shown in Figure 8.6, DPC and
OPC are each 14 bits long. The routing label, together with the 4 bits of the
SLS, totals 32 bits, or 4 bytes.

Because the OPC and the DPC are 14 bits in length, it is not trivial, par-
ticularly with byte (8 bits) or 16-bit-word-oriented presentations, to derive the
decimal value of DPC or OPC, as illustrated in Figure 8.7. The sequence of
numbers represents the hexadecimal values. The underlined part represents the
routing label, that is, the SLS, OPC, and DPC. This information is decoded in
clear text. At first sight, the values seem to differ.

It is important when decoding to consider the bitwise sequence of trans-
mission with which the data are received by the system. The binary presenta-
tion (left to right) is given in Figure 8.8.

Routing Label

LSD MSD

\ 4

9E EC OF 83 00 2E 88 CB 06 22 81 31 00 01 03 00 O1 21

2E00,, = DPC = 11776, 2E20,,, = OPC = 11808, Cy=SLS =12

hex dez

Figure 8.7 Partial trace file and point codes.

C B 8 8 2 E 0 0
T100[1011 1000 1000 00[10 17110 0000 0000p

SLS =12,,,[0OPC=1011100010 0000 = 2E 20 = 11808,/ DPC =10 1110 0000 0000 = 2E 00 = 11776,

dez dez|

Figure 8.8 Transmission of routing label.
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Possible confusion is based on the unusual length (14 bits) of OPC and
DPC on the one hand, and, on the other hand, the results from the reversed
way of reading/writing (right to left), a problem familiar to most programmers.
Misinterpretation can be prevented when these facts are considered.

Other representations of SPCs can be used in various national applica-
tions, like the “4-3-4-3” presentation, which refers to the bits that are used per
sign. The example in Figure 8.7 reads in the “4-3-4-3” presentation as follows:

DPC = 2E00hex = 11776dez = 1011 — 100 — 0000 —000=B-4-0-0

OPC = 2E20hex = 11808dez = 1011 — 100 — 0100 —000=B-4-4-0

8.4.2 Example: Commissioning of an SS7 Connection

Every SS7 connection is brought into service as presented in Figure 8.9. In the
figure, an A-interface link between BSC and MSC is brought into service.

8.4.2.1 Bringing Layer 2 Into Service
After Layer 1 is established, both sides send an SIOS-LSSU, which indicates

that the link is out of service and no MSU can currently be processed.

The process to bring Layer 2 into service starts with sending an
SIO-LSSU. Please note the duplex characteristics of SS7. Both terminals are
equal, and a link has to be established in 6ot/ directions.

The test period, during which both sides examine the link quality, starts
with sending an LSSU-SIN or an LSSU-SIE. Transmitted FISUs must not
contain any errors during this test period. The link cannot go into service if an
error occurs. The difference between LSSU-SIE and LSSU-SIN is the related
surveillance time.

An emergency alignment is used when no alternative SS7 route currently
exists and the link needs to be in service as quickly as possible.

8.4.2.2 Bringing Layer 3 Into Service

When the test time is over and no errors were detected, Layer 2 is considered to
be in service and Layer 3 initiates further tests. A signaling link test message
(SLTM) is used for that purpose, to transmit a number of test bytes to Layer 3
of the peer entity.

If the test bytes are correctly returned to the sender in a signaling link test
acknowledgment (SLTA) message, Layer 3 is also considered to be “in traffic.”
Figure 8.10 shows examples of a SLTM and a SLTA message.
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BSC

A-interface
SS7 out of service (idle state)
LSSU
"Out of service’/SI0S ig
LSSU/SI0 5 Establishment of Layer 2
"Out of alignment’ from BSC > MSC
LSSU/SI0S
< "Out of Service"
« LSSU/SIO Establishment of Layer 2
"Out of alignment’ from MSC —> BSC
LSSU/SIN or SIE Definition of the test duration
“* normal or “Emergency alignment" SIN=82s,SIE=05s
LSSU/SIN or SIE > Definition of the test duration
Test duration normal or "Emergency alignment SIN=8.2s,SIE=05s

Test duration
 / est duratio

< MSU/SLTM Establishment of Layer 3
4 with DPC and OPC from MSC > BSC
MSU/SLTM Ly Establishment of Layer 3
with DPC and OPC from BSC > MSC
MSU/SLTM 5
with DPC and OPC
< MSU/SLTM
with DPC and OPC

SS7in service

Figure 89 Establishment of an SS7 link.

Synchronization of Layer 4 (in this case of the SCCP) follows the link
establishment on the A-interface, by applying the reset procedure (described in
Chapter 10).

8.5 Error Detection and Error Correction

Layer 2 is responsible for error detection and error correction. To be more spe-

cific, within Layer 2, the FSN and the BSN, together with the FCS, take care
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Signaling link Test Message (SLTM)

Service Indicator
Sub-Service: Priority
Sub-Service: Network Ind
Destination Point Code
Originating Point Code
Signalling Link Code
Heading code 0

Heading code 1

Spare

Length indicator

Test pattern

Signalling link Test Ack mess (SLTA)

Service Indicator
Sub-Service: Priority
Sub-Service: Network Ind
Destination Point Code
Originating Point Code
Signalling Link Code
Heading code 0

Heading code 1

Spare

Length indicator

Test pattern

Sig network test & maint mess
Spare/priority 0 (U.S.A. only)
National message

1024

1035

0

Ox1

Ox1

44 43 4E 20 53 53 37

Sig network test & maint mess
Spare/priority 0 (U.S.A. only)
National message

1035

1024

0

0x1

0x2

44 43 4E 20 53 53 37

Figure 8.10 Examples of a SLTM and a SLTA message.

of the error recognition function. Note that the format of those parameters is
the same for all three message types (FISU, LSSU, MSU). Refer to Figures 8.3

through 8.5.
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SS7 provides two alternative methods of error correction:

o All messages not acknowledged within a specified time frame have to
be retransmitted.

e Retransmission occurs only in the case of a negative acknowledgment.
These two basic procedures are described next.

8.5.1 Send Sequence Numbers and Receive Sequence Numbers
(FSN, BSN, BIB, FIB)

The 7-bit-long FSN, together with the FIB, forms the send sequence number
of an SS7 message. The FSN is incremented by 1 whenever an MSU is sent.
The value of the FSN, however, does not change when an LSSU or an FISU is
transmitted.

The 7-bit-long BSN and the BIB form the receive sequence number.
They are used for positive or negative acknowledgment of a received message.
The BIB is used to indicate a problem when a negative acknowledgment has to
be returned because of a transmission error. To indicate a transmission error,
the value of BIB is simply inverted by the receiving entity, that is, changed from
0 to 1 or from 1 to 0. The inverted value of BIB is sent back to the peer entity
together with the BSN of the last error-free received MSU. The peer entity then
has to repeat all MSUs with a greater BSN.

FESN/FIB on one side and BSN/BIB on the other together form a func-
tional unit, as Figure 8.11 shows. The example in Section 8.5.2 describes the

task of FSN, FIB, BSN, and BIB in more detail.

8.5.2 BSN/BIB and FSN/FIB for Message Transfer

The task of FSN and BSN can best be explained with an example. Refer to
Figure 8.11, which shows the exchange of SS7 messages between BSC and
MSC. The numbers in the following bulleted list relate to the line numbers in
Figure 8.11. The intention is to explain the values of the counters and the prin-
ciple of error correction.

e Line 1. Let us assume, for simplification purposes, that the link was
just brought into service and that the values for FIB, FSN, BIB, and
BSN are all 1.

e Line 2. The BSC increments its FSN to a value of 2 and sends an
MSU. The other counters do not change. The BSC continues to store
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MSU/FIB=1/FSN=2/BIB=1/BSN=1 >

—MSUJFIB — 1/FSN— 2/BIB — 1/BSN—2

—MSU/FIB — 1/FSN—3/BIB — 1/BSN -2

__MSU/FIB = 1/FSN = 4/BIB = 1/BSN =2

FISU/FIB=1/FSN=2/BIB=1/BSN=4 _

MSU/FIB = 1/FSN = 3/BIB = 1/BSN =4 I

MSU/FIB = 1/FSN =4/BIB = 1/BSN =4 I

MSU/FIB=1/FSN=5/BIB=1/BSN=4 _

X MSU/FIB = 1EFSN =6/BIB=1/BSN=14

MSU/FIB=1/FSN=7/BIB=1/BSN=4 _

FH[ FISUFB— 1/FisN—4BB-0BSN=5 |BH |

| BH[VSU/FB-oFSN_6BIB-1/BSN=4

BH[_MSU/FIB = 0/FSN = 7/BIB = 1/BSN =4

< FISU/FIB = 1/FSN =4/BIB =0/BSN =7

BSC
X
Nr.| FIB FSN BIB BSN
1 1 1 1 1
2 1 1T 2 1 1
3 1 2 1 1—2
4 1 2 1 2—>3
5 1 2 1 3—=4
6 1 2 1 4
7 1 2—3 1 4
8 1 3—=4 1 4
9 1 4—5 1 4
10 1 5—6 1 4
11 1 6—=7 1 4
12 1—=5 1 4
13 0 5—=6 1 4
14 0 6—=7 1 4
15 0 7 1 4
Figure 8.11 FSN, FIB and BSN, BIB for error correction.

MSC
|

FIB FSN BIB BSN
1 1 1 1

1 1 1 1—=>2
1 1—=>2 1 2

1 2—>3 1 2

1 3—=>4 1 2

1 4 1 2

1 4 1 2—>3
1 4 1 3—=>4
1 4 1 4—>5
1 4 1 5

1 4 1 5

1 4 1—=0 5

1 4 0 5—=6
1 4 0 6—=17
1 4 0 1
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the contents of the MSU for possible retransmission. The MSC
receives the message and checks for errors. When the MSC finds that
the message is correct, it increments its BSN counter from 1 to 2.

Line 3. It happens that the MSC also has to send an MSU. Now the
MSC increments its FSN counter from 1 to 2 and transmits this value,
together with the new value of BSN (2) to the BSC. The MSC also
continues to store the contents of the MSU. After receiving the mes-
sage, the BSC checks the values for BSN and BIB and finds that the
MSC has confirmed the previously sent (under line 2) MSU. The
information is contained in the parameter BSN (BSN = 2). Since the
MSC received the message without errors, the BSC does not need to
continue to store that information and discards it. And because the
BSC has received the message from the MSC without error, it incre-
ments the value of BSN to 2.

Line 4. Now the MSC sends another MSU before the BSC is able to
acknowledge the MSU. The value of FSN in the MSC increases
accordingly to a value of 3, and the value of BSN in the BSC is

changed to 3. In addition to the message from line 3, the new MSU
has to be stored in the MSC.

Line 5. The process described under line 4 repeats. The MSC now has
to store all three unacknowledged MSUs.

Line 6. Now the BSC acknowledges that it received the three messages
(lines 3, 4, and 5) from the MSC without error. Note the value of BSN
(BSN = 4) in the FISU. All three MSUs are acknowledged in one
FISU message by confirming the latest correctly received message.
Hence, it is not necessary to acknowledge every single message.

Lines 7, 8, and 9. The BSC transmits three consecutive MSUs to the
MSC. It correspondingly increases its value for FSN from 2 to 5. The

MSC increments its value for BSN to 5 as well. The BSC needs to
store all three MSUs until the MSC confirms proper receipt of them.

Line 10. The BSC sends another MSU to the MSC, which increases
the value of FSN in the BSC to 6. This MSU is corrupted and
the MSC detects the error (FCS). Consequently, the value of BSN in
the MSC does not change.

Line 11. Now the BSC sends another MSU to the MSC before the
MSC is able to send a negative acknowledgment. Although this mes-
sage is received without error, the counter for BSN still is not incre-
mented, and its value stays at 6.
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e Line 12. Because of the error that occurred in line 10, the MSC inverts
its value for BIB from 1 to 0. The new BIB value is sent back to the
BSC in an FISU, together with the value for the number of the latest
correctly received MSU. When the BSC analyzes this message, it
detects from the BIB value that a transmission error occurred and that
the MSUs sent under lines 7 through 9 are confirmed. The BSC then
inverts its value for FIB and changes its value for FSN from 7 to 5, to
retransmit the messages from lines 10 and 11. Note that the message,
sent under line 11 and correctly received by the MSC, still has to be
sent again.

e Lines 13, 14. With the inverted values of FIB and BIB on the respec-
tive sides, the BSC repeats transmission of the messages from lines 10
and 11 to the MSC. This time, both messages are received without
error, and the value for BSN in the MSC is increased from 5 to 7.

e Line 15. The MSC confirms receipt of the MSUs (lines 13 and 14,
previously lines 10 and 11) by answering with an FISU.

The preceding example can be summarized as follows:

e The counters for BSN/BIB on one hand and FSN/FIB on the other

have identical values after positive acknowledgment.

¢ A corrupted message is indicated by the inversion of the BIB. This pro-
cedure also is used in the idle case, when only FISUs are exchanged.

e When one side receives a message with an inverted BIB, it subse-
quently inverts its FIB and sends it with the next message, to indicate
to the peer that it has received the information about the error
situation.

e When the values of the counters FSN, FIB, BSN, and BIB are not con-
sistent in a received message (e.g., a jump from 1 to 5), a negative
acknowledgment also is returned.

e The counters are not incremented when an FISU or an LSSU is sent.

8.6 SS7 Network Management and Network Test

The various possibilities to configure an SS7 network were presented at the
beginning of this chapter. Such a network basically consists of interconnected
SPs and STPs, as illustrated in Figure 8.12.

The major task in the operation of a complex network is management or
administration of the network. For that purpose, SS7 has dedicated user parts
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Figure 8.12 Example of an SS7 network.

in Layer 3 that automatically detect error situations and are able to try to cor-
rect them autonomously. Errors can be separated into one of three categories:

¢ Opverload on a single SS7 link;
¢ Outage/bringing into service an SP/STP;
e Outage/bringing into service an SS§7 link between SPs or STPs.

SS7 network management has to be able to detect each error situation and to
allow for a fix with the appropriate actions. Those actions consist mainly in
rerouting signaling data, as well as blocking and unblocking routes. The details
of how that is performed are described next.

8.6.1 SS7 Network Test

ITU recommendations deal separately with SS7 network test and SS7 network
management. However, they serve similar tasks and thus will be presented
together. Table 8.2 shows how SS7 distinguishes network test and network
management by assigning two different SIs. The SI is part of the SIO.

Table 8.2
Service Indicators for SS7 Network Management and Network Test

Sl (Binary) User Part

00 Network management

01 Test and maintenance
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8.6.2 Possible Error Cases

The messages in the following descriptions frequently are abbreviated.
Sections 8.6.5 and 8.6.6 explain the abbreviations

8.6.2.1 Behaviorin an Overload Situation

Figure 8.13 illustrates a situation in which an overload situation occurs on the
link between the STP and the SP/STP. In that case, both STPs inform their
direct neighbors about the limited availability of that connection. The informa-
tion is sent in TFC messages and TFR messages. Alternative routes will be used
after the neighbors are informed about the problem. The changeover procedure
(sending of a COO message) is used to actually implement rerouting. When
the overload situation has ceased to exist, the neighbors are informed in TFA
messages that the link is available again. To actually utilize that link, the chan-
geback procedure has to be executed (sending of a CBD message). In the time
period between when the TRC/TFR messages and the TFA messages are sent,
the neighbor SPs/STPs periodically check the overload situation by sending
RSR or RCT messages. Which of the messages is actually used depends on
whether the sender is an SP or an STP. (See the tables at the end of the chapter
for explanations of the messages.)

8.6.2.2 Behavior at Outage/Bringing SP/STP Into Service

Figure 8.14 shows the same SS7 network, but this time with the failure of an
STP. As with the overload situation, all neighbors have to be informed immedi-
ately about the problem. In the case of an outage, that is performed by the
sending of TFP messages to all affected SPs and STPs. The rerouting process,
as in the overload situation, is done via the changeover procedure. When
the failed STP comes back into service, the neighbors first recognize that when
the links toward that STP synchronize again. All the neighbor nodes periodi-
cally send RST messages during the outage to check the state of the STP. All

AN
e

sp/ §P /‘M sP

Figure 8.13 SS7 network with overload (dashed link).
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Figure 8.14 SS7 network with STP outage.

the neighbors send TRA messages to the STP when Layer 2 is established again.
The STP that got back into service also sends TRA messages to all neighbors
(an SP would 7oz send those messages). The TRA messages have the purpose of
informing all neighbors that the respective routes are available again. Finally, a
changeback procedure is used to cancel all the established detours.

8.6.2.3 Behavior When SS7 Link Fails/Is Established

Another possible scenario is the total loss of an SS7 link between an SP and
an STP (Figure 8.15). In that situation, the STP has to inform all neighbors
about the loss of the connection. That is done with a TFP message. Establish-
ing alternative routes to and from the affected SP is performed by means of the
changeover procedure. Both the SP and the STP periodically test the link by
sending RST messages during the time period when the link is not available.
The reverse process is executed when the link is brought back into service.
The STP sends TFA messages to all affected neighbors, and the alternative

routes are canceled by means of the changeback procedure.

X
oo T

; / ()

Figure 8.15 SS7 network in which a link has failed.
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8.6.2.4 More Error Cases

Other situations may occur, and appropriate measures have to be taken. Such
situations include loss of single user parts in an SP, intentional shutdown of an
SS7 link by network management, and automatic addition of SS7 links in the
case of increasing load or link failures. The tables in the next sections describe
the corresponding messages to transmit that information.

8.6.3 Format of SS7 Management Messages and Test Messages

Figure 8.16 presents the format of S§7 management messages and test
messages.

The Sl is used to differentiate between the user parts for network manage-
ment and network test.

The SI field of management messages and test messages (both in Layer 3)
contains so-called heading codes, which are necessary for message and
message-group coding. The SS7 user parts of Layer 4 do not allow for such a
functionality. Heading code 0 (HO) defines a whole group, while Heading code
1 (H1) is used to identify a single message within a group. The defined message
groups are listed in Table 8.3.

The data part (see Figure 8.16) is optional and not required by all messages.

8.6.4 Messages in SS7 Network Management and Network Test

Figures 8.17(a) through 8.17(d) provide a complete overview of the SS7 mes-
sages used for network management and network test. Tables 8.4 and 8.5 list

(32,1000

) 0{0‘0_[_1_? 0 _=> Sign. network mgmt.

,0:0:0:1 = 1,=> Sign. network test. + maint.

S
Flag FCS SIF SI0 LI || FSN % BSN| Flag —»
Heading Code
: 4 ] 4 :
Data (opt.) H1 HO |SLC 0OPC DPC

' 4 €14 bit =14 bit
Figure 8.16 Format of SS7 management and test messages.
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Table 8.3
Various Message Groups of SS7 Management and Test

HO (Hex) Message Group

Changeover and changeback

Emergency changeover

Transfer controlled and signaling route test
Transfer prohibited/allowed/restricted
Signaling route set test

Management inhibit

Traffic restart allowed

Signaling data link connection

User part flow control

- > 00 N oo OB w N =

(test) Signaling link test

all SS7 network management and test messages, with brief descriptions thereof.
Uppercase letters indicate the abbreviations used in this context.
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Heading code SI0
" " L] I'—’hl L] l'—‘hl ] LI | LI | L] 1
+ 8bit 16 bitP~ V44 4 14 bithl€14 bitP 4 1 4 12,6 bita 1. 7 hit2 1, 7 bit+ 8 bit .
Flag | FCS Hi[Hofsie] opc | opc [ L [E[Fsn [Z[Bsn| Fag |-
< 7 bit >
0| FSN of the last receved MSU |00 0 11000 1] =>11,,,=C00=Change Over Order
< 7 bit >
0| FSN of the last receved MSU |00 1 00 0 0 1] =>21,,=CO0A=Change Over Acknowledge
< 8 bit >
Changeback code 0101/000 1] =>51,,=CBD=Change Back Declaration
> 8 bit >
Changeback code 0110]000 1| =>61,,=CBA=Change Back Acknowledge
0001f{00 10| =>12,=ECO=Emergency Change Over Order
0010J001 0] =>22,=ECA=Emergency Change Over Acknow.
L) 14 bit >
00| Address not available (OPC) |0 0 0 1]0 1 0 0f => 14, =TFP =TransFer Prohibited
. 14 bit >
00| Address is available again (DPC) [0 1 0 1]0 1 0 0] =>54,,, = TFA = TransFer Allowed

Figure 8.17(a) SS7 network management messages.

Samsung Ex. 1032, Page 151 of 417



Signaling System Number 7 145

Heading code SI0
N S
. 8hit 16 bitP VA A A 14 bite 4 bitP 4 1 4 12,6 bits 1.7 bit 1.7 bits 8bit .
Flag [ FCS Hi[Holsi] opc | orc [ssrigdX] U [EIFsN [ElBsN] Fiag |-

‘€——— 14 bit —p'
(l]l Address is not available (DPC) |0 0 1 1{0 1 0 0] =>34,,,=TFR = TransFer Restricted

L ) ——— 14 bit ——
00| Address to be tested OPC) [0 0 0 1{0 1 0 1| =>15,,=RST=Signaling Route Set Test for
Prohibited Destination

9 '——— 14 bit ——
|00| Address 1o be tested (DPC) |0 01 0|0 10 1| => 25, = RSR = Signaling Route Set Test for
Restricted Destination

' 4 Bit '« 12 bit >
| o000 | Link identy eg.CIC) o 00 1[1 000 =>18,,=DLC=Signaling Data Link
Connection Order

=>28,,.=CSS = Connection Successful Signal

Possible answers after a

DLC message was received => 38,.,= CNS = Connection Not Successful Signal

=>48,.,= CNP = Connection Not Possible Signal

or overload situation at the affected address

' 7 '€—— 14 bit ——>
|0]  Affected address 0PO) [0 0 1 0f0 0 11| =>23,,=TFC=TransFer Controlled

Figure 8.17(b) SS7 network management messages.
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Heading code SI0
P e P e
\ Bhit +4—16bit = 4 + 4 + 4 r—14bit e€=14bit =+ 4 + 4 124 6bit +1+ 7hit +1+ Thit + 8bit
Flag FCS H1 | Ho[sLe|  opc DPC SSFOS(IJO L[| FsN [ BSN | Flag |

0001|01 10| =>16,,=LIN=Link INhibit Signal

0010f{0110] =>26,,=LUN=Link UNinhibit Signal

hex

001110110 =>36,,=LIA=Link Inhibit Acknowledgement Signal

hex

0100J01 10| =46, =LUA=Link Uninhibit Acknowledgement

hex

0101]0110]| =>56,,=LID=Link Inhibit Denied Signal

0110/0110| =>66,,=LFU=Link Forced Uninhibit Signal

Management Inhibit Messages

0111(0110] =>76,,=LLT =Link Local Inhibit Test Signal

1000J0110] =>86, =LRT=Link Remote Inhibit Test Signal

hex

0001|011 1| =>17,,=TRA=Traffic Restart Allowed Signal

0001|001 1| =>13,,=RCT=Signaling Route Set Congestion Test

Figure 8.17(c) SS7 network management messages.
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Heading code

SI0

l'—‘lhl 1 L] I'—’bl L LA | LA | L] L]
444 14 bitpe@14 bit 4 . 4 .2:6bit.1. 7 bit. 1. 7 bit. 8 bit .

&— 1-15 bytes 9 4 bit + 4 bit .

+ 8 bit 16 bitPm
Flag [ FcS Hi[Hofsi] opc | opc [ssei ] Lt [E|Fsn (BlBsn| Flag |-
' 4bit ' 2 '¢—14 bit—p,
0000 |User |00 Sender 00011010} =>1A,,=UPU= User Part Unavailable
4 Bit
0:0:1-0 = 2. => Oper. & Maint. Appl. Part (OMAP)
0:0:1:.1 = 3. => Sign. Conn. Control Part (SCCP)
0:1:0:0 = 4 => Telephone User Part (TUP)
0:1:0.1L = 5. => ISDN User Part (ISUP)
0:1:1:0 = 6. => Data User Part (call administration only)
0:1:1:1 = 7. => Data User Part (for Supplementary Services)
1:0:0:0 = 2. => MTP Testing User Part
3727170 bit
Heading code SI0
1 l'_’bl 1 1 I'_’hl L] 1 [ I | 1 1
. 8bit 16 bitP v 4444 14 bithr@14 bitP 4 1 4 .2, 6bits1s 7 biti1s 7 bits 8 bit .
Flag | FCS Hi[Holsi] opc [ opc [ssHlapX L1 [E|FSN [BBsN] Flag |
Test bytes length] 0000 |0 00 1]/000 1| =>11,,=SLTM = Signaling Link Test Message
& 1-15 bytes 9 4 bit . 4 bit .
Test bytes length] 000000 10/000 1| =>21,,=SLTA= Signaling Link Test

Acknowledgement Message

Figure 8.17(d) SS7 Management and test messages.
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Table 8.4
Message Types in SS7 Network Management

H1/HO Abbr. Name Description
11 C00 Change Over  The COO message is used to re-route the signaling traffic from
Order one link to an alternative link. This is used when a particular

signaling link cannot be used anymore. Possible reasons are,
intentional shut down, or automatic network management
procedures. The COO message always contains the FSN of the
last MSU that was received and acknowledged on that link. This
allows it to immediately continue with transmission over an
alternative link, without loss of data. Both SP or STP can send a
CO0 message.

21 COA Change Over  The COA message confirms that a COO message was received
Acknowledge and processed and that a particular signaling link will no longer
be used. A COA message also acknowledges the FSN of the
CO0 message.

51 CBD Change Back  The CBD message indicates to the neighbor SP/STP that a
Declaration  previously shut down link, performed by the change over
procedure, is now available again and can be used for signaling

traffic.
61 CBA Change Back  Answer to a CBD message. A previously shut down link is now
Acknowledge available again and can be used for signaling traffic.
12 ECO Emergency It is possible during change over that the FSN of the last
Change Over  correctly received MSU can not be transmitted (e.g., Error
Order situation). In such circumstances the ECO message is used in-

stead of the COO message. The disadvantage of the emergency
change over is that it is not possible to determine whether
MSU's were lost.

22 ECA Emergency This message acknowledges an ECO message and the switch
Change Over  over to the alternative link(s).
Acknowledge

14 TFP TransFer The TFP message is only used by STPs to inform neighbor SPs or
Prohibited STPs that a certain route to a particular Point Code is not avail-
able. The TFP message contains as a parameter the Point Code
to which no data can be sent. When a TFP message was re-
ceived, all the traffic to the affected Point Code has to be routed
via alternative routs.

b4 TFA TranskFer The TFA message is only sent by STPs in order to inform
Allowed neighbor SPs/STPs about the availability of a route. This
message is the counterpart of the TFP message and the TFR
message, respectively.
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Table 8.4 (continued)

H1/HO Abbr. Name Description
34 TFR TransFer The TFR message is only sent by STPs in order to inform
Restricted neighboring SPs/STPs about the limited availability of a route to
a particular Point Code. Data destined to this Point Code should,
when possible, be routed via alternative links. The TFR message
is a softer alternative to the TFP message and is used, for exam-
ple, in the case of overload.
15 RST Signaling When an SP/STP receives a TFP message, it periodically sends a
Route Set RST message to the affected STP, in order to determine if it is
Test for available again.
Prohibited
Destination
25 RSR Signaling When an SP/STP receives a TFR message, it periodically sends a
Route Set RSR message to the affected STP, in order to determine if it is
Test for available again.
Restricted
Destination
18 DLC Signaling When alternative signaling connections need to be established
Data Link between SPs/STPs, then a DLC message is sent to the
Connection neighbor SP/STP. The most important parameter is the identifier
Order for the channel to be reserved (time slot).
28 CSS Connection A positive response when a DLC message is received. The
Successful requested channel is available for SS7 and all necessary re-
Signal sources were activated. The generic term for CSS, CNS, and
CNP is Signaling Data Link Connection Acknowledgment.
38 CNS Connection A negative response when a DLC message is received. The
Not requested channel is not available for SS7. The CNS message
Successful signals that further attempts to activate such a link can be
Signal made, which differentiates it from the CNP message. The
generic term for CSS, CNS, and CNP is Signaling Data Link
Connection Acknowledgement.
48 CNP Connection A negative response when a DLC message is received. The
Not Possible  requested channel is not available for SS7. The CNP message
Signal signals that further attempts to activate such a link are useless,

because no connection can be established at all, which
differentiates it from the CNS. The generic term for CSS, CNS,
and CNP is Signaling Data Link Connection Acknowledgement.
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Table 8.4 (continued)

H1/HO Abbr. Name Description
23 TFC TransFer The TFC message is sent by STPs when overload to particular
Controlled Point Codes occurs. When an STP receives MSUs destined for

those point codes, then the STP sends a TFC message to the
sender of this MSU as a notification of the overload situation. If
further MSUs are received from the same sender, then the TFC
message is repeated every eighth time a MSU is received (refer
also to the RCT message).

16 LIN Link INhibit It is possible that a particular link fails frequently and, hence,
Signal must be regarded as insecure. SS7 allows to automatically take
such a signaling link out of service. This is done with a LIN
message. Please note that this blocks the connection for user
signaling only, and that it is still possible to transfer
management messages or test messages.

26 LUN Link UNinhibit The LUN message is the counter part of the LIN message. A
Signal connection that was taken out of service was tested in the mean-
time, manually or automatically, and shall now be reactivated.

36 LIA Link Inhihit The LIA message is the response when a LIN message was
Acknowledge- received. A link shall not be available for user signaling any-
ment Signal ~ more.

46 LUA Link Uninhibit - The LUA message is the response when a LUN message was
Acknowledge- received. A connection that was taken out of service is now
ment Signal  available again for user signaling.

b6 LID Link Inhibit Negative response to a LIN message. The connection can not be
Denied Signal  taken out of service (e.g. because no alternative links are available).

66 LFU Link Forced When taking a link out of service, one has to distinguish
Uninhibit between the active side, which wants to trigger this action by
Signal sending a LIN message, and the side which receives the LIN

message. Only the receiving side can send a LFU message, in
order to request that this link is brought back to service. (This is
a request to send a LUN message.)

76 LLT Link Local The status of the connection is tested by that SP/STP, which
Inhibit Test originally requested to inhibit the link, by periodically sending a
Signal LLT message to the peer entity. When a SP/STP receives a LLT

message, it checks whether the link was actually inhibited by
that node. If this is the case, no action is undertaken and the
status is considered satisfactory. If, however, the link was
originally inhibited by that entity which received the LLT
message, then there is some inconsistency. In order to resolve
this inconsistency, a LFU message is sent as an answer to the
other node.
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Table 8.4 (continued)

H1/HO Abbr. Name Description

86 LRT Link Remote ~ When an SP/STP receives a LIN message, it expects to
Inhibit Test periodically receive LLT messages. If this time period, during
Signal which the test message was expected expires, then a LRT

message is sent to the peer SP/STP.
17 TRA Traffic Restart  The TRA message is sent by an SP/STP to a neighboring SP/STP

Allowed when this neighbor comes back to service, that is, when it can
Signal carry data again. When a STP comes to service, this STP also
sends TRA messages to all neighbors. This does not apply to
an SP.
13 RCT Signaling The RCT message allows an SP/STP to test whether the path to
Route Set a particular destination STP is available. An RCT message is
Congestion sent when a TFC message was previously received from the
Test destination STP and the state is uncertain.
1A uPU User Part When an SP receives a message for a particular User Part (e.g.,

Unavailable ~ SCCP) which is currently not available, then a UPU can be
returned to the sender of the original message as a notification
about this unavailability of the User Part.

Table 8.5
Message Types in SS7 Network Test

H1/HO Abbr. Name Description

11 SLTM  Signaling Link Layer 3 uses the SLTM for the initial test and the periodic test of
Test Message a SS7 link. The SLTM carries, for this purpose, a sequence of up
to 15 test bytes, which the peer needs to correctly receive.

21 SLTA  Signaling Every SLTM has to be acknowledged with a SLTA. The SLTA
Link Test returns the test sequence, previously received in the SLTM, back
Acknowledge to the sender.
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The SCCP uses the layers MTP 1 through 3 of SS7. In GSM, those services
are used by a number of subsystems (Figure 9.1). The services of the SCCP are
used, in particular, by the base station subsystem application part (BSSAP)
on the A-interface and by the transaction capabilities application part (TCAP)
together with the mobile application part (MAP) on the various interfaces
within the NSS. Note that ISUP also may use the SCCP, but fewer and fewer

applications use that combination.

9.1 Tasks of the SCCP

In contrast to the MTP 1 through 3, which is responsible for the transport and
address functionality between two network nodes, the SCCP, by means of
its Layer 3 functions, offers end-to-end addressing, even across several network
nodes and countries. Additionally, the SCCP allows for a distinction among
the various applications within a network node; internally, the SCCP refers to
these applications as subsystems. Two connection-oriented and two connec-
tionless service classes are available to the users of the SCCP for actual data
transfer.

Furthermore, the SCCP comes with its own management functions for
administrative tasks, which are independent from those known from the SS7
signaling network management. Although the SCCP is considered a Layer 3
functionality in the I'TU Recommendations Q.711 through Q.714, it also pro-
vides features that belong to Layer 4, including mechanisms for error detection
and an optional segmentation of the data to be transmitted.

153
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I i MAP
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BSSAP ! ISUP I Layer 4-7
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I i|] TCAP

N §
X

Sbbe Layer 3

A 4

Figure 9.1 The SCCP as a platform for various users.

9.1.1 Services of the SCCP: Connection-Oriented Versus Connectionless

The SCCP offers two connection-oriented and two connectionless service
classes to its users. The difference between the two is as follows. Two network
nodes establish a virtual connection between the two subsystems for transaction
1, 2, or 3, in case of the connection-oriented mode. The identification of the
connection is achieved via reference numbers, the source local reference (SLR)
and the destination local reference (DLR). While such a connection is active, it
is possible not only to exchange data between the two network nodes but also
to address individual transactions.

Figure 9.2 illustrates this relation. The SCCP analyzes the data received
from the MTP and forwards the data to the addressed subsystem, where the
input data is associated with the various active transactions. Typical examples
in GSM for connection-oriented transactions are a location update and a MOC
within the BSSAP.

In the case of connectionless service classes, the SCCP provides no refer-
encing; the recipient of a message must assign it to an active process. Examples
for connectionless applications are PAGING in the BSSAP, SCCP manage-
ment, and the TCAP protocol.

Distinguishing between connection-oriented and connectionless service
within the SCCP is achieved by a parameter called the protocol class (described
in Section 9.3.2.5).

9.1.2 Connection-Oriented Versus Connectionless Service

The difference between connection-oriented and connectionless service can
best be explained by the example of sending a letter. The postal service provides
the physical means for mail transfer. The individual envelopes correspond to
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Subsystem Subsystem
O
SCCP SccP
O 3,
MTP MTP MTP
Network node 1 Network node 2 Network node 3

Figure 9.2 Connection-oriented services of the SCCP.

the MSUs, and the letter inside the envelope corresponds to the SCCP message

(Figure 9.3).

9.1.2.1 Connection-Oriented Service

When two parties of any particular company correspond via mail, they typi-
cally address many issues. References for each issue need to be assigned, so
the recipient can distinguish among them. That corresponds to a virtual

Envelope

Figure 9.3 The task of SLR and DLR.

Message signal unit (MSU)

SCCP—Message

SLR

DLR
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connection setup. The various issues that arise could be an unpaid bill or a new
order. Each side tries to make the issue clear, for example, by adding a headline
or a reference line to establish a unique reference. The function of the reference
corresponds to the task of SLR and DLR of connection-oriented services in the
SCCP. A virtual connection between sender and recipient is set up in both
cases. “Virtual” here means that no permanent, dedicated physical path
between the two parties exists.

9.1.2.2 Connectionless Service

A person who vacations in a faraway country typically sends postcards to rela-
tives and friends. Each postcard needs an address to enable delivery, but there is
no reference to a specific issue and no answer is expected. It is, therefore, a con-
versation that does not require an immediate reference or a connection setup.

This comparison is valid only for the SCCP itself. The recipient has the
opportunity to include a reference in the data part of the message and hence
establish a relation to an issue, even when using the connectionless service
classes. (An example is provided in Chapter 11.)

9.2 The SCCP Message Format

The complete SCCP message is hosted, together with the routing label by the
SIF of an MSU (Figure 9.4). Only the identifier for the user part SCCP is car-
ried in the SIO outside the SIF. The SCCP is the immediate layer above the
MTP, and a wide variety of messages with different formats and tasks are
defined for the SCCP. The peculiarities of the SCCP message format will be
explained first; the single messages are then described in more detail. Figure 9.5
presents the general format of a SCCP message.

SCCP messages consist of the following parts (refer to Figures 9.4 and 9.5):

Message signal unit (MSU)

FSN

Flag FCS SIF SI0 LI

a1d

BSN| Flag P>

<IEl

Signaling connection control part (SCCP)
Pointer

Parameter C :E IParameter B:‘f??z ® Parameter A Slos Routing label
= S message

T 4

Figure 9.4 The MSU as the transport frame for the SCCP.
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>

MSU—Header
)
p)

Message
type

Mandatory fixed parameter A—N

Pointer to the start of mandatory parameter A
Pointer to the start of mandatory parameter B
Pointer to the start of the optional part

— —
= Param.A:§ Param.N| |Param.B| Param. A
= =

Mandatory variable parameters A and B

Param. B

Optional
Par. A

Optional parameters A and B

=T
(2]
>
1Q
—
L |

Optionals
Par.B

00

End of the optional parameters

MSU
end

Figure 9.5 General format of an SCCP message.
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e Mandatory fixed part. The parameters of this part are mandatory and
of fixed length, and their order is fixed. That allows omission of an
identifier for the parameter as well as a length indicator.

e Mandatory variable part. The parameters of this part are mandatory
and their order is fixed; however, their length may vary, depending on
the situation. Again, no identifier is necessary, but a length indicator is
required to determine the parameter’s position in the message. The
length indicator uses an additional byte for each parameter.

e Optional part. All the parameters of this part are optional, that is, a
particular parameter may or may not be present in a given message,
depending on the circumstances. To enable the recipient of a mes-
sage to identify the optional parameters, they require an identifier
and a length indicator for each such parameter present in the message.
Every SCCP message that can contain optional parameters has to have
an end-of-optional-parameters (EO) indicator to signal the end of the
parameter list (see also Section 9.3.2.3). The code for the EO is 00,
which mandates that this value be excluded as a valid identifier.

e Pointer. Every pointer is 1 byte in length. The value of a pointer indi-
cates the distance to the beginning of the field to which it points. One
pointer is necessary for every mandatory variable parameter, while only
one pointer is necessary for the whole optional part, which points to
the start of the optional part, indifferently from the number of
parameters contained in that part.

Figure 9.5 presents the general format of a SCCP message. The mandatory part
is shaded, while the optional part is in white. (Similar shading is applied to all
illustrations of SCCP messages.)

9.3 The SCCP Messages

Figures 9.6(a) and 9.6(b) illustrate those SCCP messages used in GSM.

9.3.1 Tasks of the SCCP Messages

Table 9.1 lists all the SCCP message types that are defined in ITU Recommen-
dations Q.712 and Q.713 and used in GSM. The uppercase letters relate to the
abbreviations used in this context. Table 9.2 lists the SCCP management mes-
sages sent in the data part of UDT messages.
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810
L] L] L] L] L] I’_’h ] L] L] L] L] L] L]
8 bit i< 16 bit Jora— SCCP message — o 4 r«14 bitola€14 bitPs 4 & 4 1216 bits1:7 bits 117 bits 6 bit |
Flag | FCS sisl opc | opc [ssrlgX] L [B[FsN [EfBsn]| Flag |
L] 3byte L] L] L] L]
& P o) >2byte a1
[o]  paw [ cgpa [ creait | cara [Y[yJrc] SIR [01] => CR(Connection Request
i 1 <€—3-130byte—>} >3byte | € P 1 MI=0
" $_A 3 byte
. 3byte ,
< Pl
[ o] Data | ca.pa | credit [¥]Pc| str | bR [o2| => cc(Connection Confirm)
T —3130bye— >3byte; Al T€ P> » 1. M0
3byte 3 byte
" >3byte 11,
o] Data ca.PA DYJrF] DR Jos] = creF (connection REFused)
1 '—3-130 byte—p! AT > MT =03
3 byte
' 1 €—3-130 byte—P» 1,
[ o] Data D[R] stk | bR Joa| = RLSD (ReLeaseD)
AT e T M0
3byte  3hbyte

| SLR | DLR |05| => RLC (ReLease Complete)

< »€ P 1 M=0
' 3 byte ' 3 byte Y

Figure 9.6(a) SCCP messages in GSM (part 1).

9.3.2 Parameters of SCCP Messages

This section presents all the parameters of SCCP messages and describes their
task. The same abbreviations are used in the description as in Figure 9.6(a) and
9.6(b). When length information is given for a parameter, it relates only to the
parameter itself and not to a possibly necessary length indicator or type field
(different from the illustrations).

9.3.2.1 Calling-Party Address and Called-Party Address (>2 Bytes)

The calling-party address (CaPA) and the called-party address (CdPA) have the
same format and identify the type of address as well as the address itself. An
address may consist of any combination of the following:

e The SPC (2 bytes);
e The SSN (1 byte);
e The global title (> 3 bytes).
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7:6:5:4:3:2: 1 0 bit
20:0:0:0:0:0:0: M=1 =>More data (message is segmented)
L 0r0'0:0*0*0*0* M=0 =>No more data (message is not segmented)

' €———— 2-256 byte
Data S/R| DLR | 06

u: 1 ‘€3byte»! 1 !

1!

=> DT 1(DaTa Form 1)
MT =06

=> IT (Inactivity Test)

c| sis|pc| SR DR |10, MT =10,

v 1 :2byte : 1 <€ 3byteP<€3byted 1 ,

€— 22byte —> >lbyte . >2byte i1:1:1:
=> UDT it DaT: i
Data Cg. PA Cd. PA @ RT | oA > UDTS (Unit DaTa Service)

. R MT =0A,,,
T A R

€—2-255byte —» >lbyte + >2byte +1.:1.1.
Data Co.PA | cd.PA @ o 0e| = UbT (UnitDaTa)

+ ! . MT =09
1

SCCP—Management messages:

Point => SSA (SubSystem Allowed)
SMI code SSN| 01 MT =01
V1 i2byte s 14 1,

Point => SSP (SubSystem Prohibited)
SMI| ode |SSNJ 02 MT = 02
v 1 1 2byte s 1,1,

Point => SST (Subsystem Status Test)
SMmI code SSN| 03 MT < 03
v 1 i2byte s 10 1,

Figure 9.6(b) SCCP messages in GSM (part 2).
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Table 9.1
SCCP Message Types
Message Connection
ID (Hex) Type Oriented?  Description
01 CR Yes Is sent from the BSC to the MSC or vice versa at the
(Connection beginning of a connection set up, in order to request an
Request) SCCP connection. A CR includes in its data part, for exam-
ple, the whole LOC_UPD_REQ or HND_REQ (BSSAP).
02 CC Yes A positive response to CR. Acknowledges receipt of CR
(Connection and establishment of the requested SCCP connection.
Confirm)
03 CREF Yes Negative response to CR. The SCCP of a signaling point
(Connection (BSC or MSC) is unable to provide the requested SCCP
REFused) connection. A cause value is supplied when the CR is
answered by CREF.
04 RLSD Yes The RLSD message is always sent from the MSC to the
(ReLeaSeD) BSC, in order to release an SCCP connection. The assigned
memory resources are released, too.
05 RLC Yes The acknowledgement of the receipt of an RLSD message
(ReLease and the confirmation that the assigned SCCP resources
Complete) were released.
06 DT 1(DaTa Yes The entire data transfer between BSC and MSC is
Form 1) performed in DT 1 messages after an SCCP connection
was established by a CR and CC. DT 1 messages belong, in
contrast to DT 2 messages (which are not used in GSM), to
protocol class 2. DT 2 messages belong to protocol class 3
and provide additional mechanisms for error detection.
09 UDT (Unit  No In contrast to the messages presented above, UDT
DaTa) messages provide for connectionless services (protocol
class 0 and 1). UDT messages in GSM are used by
MAP/TCAP for all data transfer tasks and on the
A-interface to convey PAGING messages (among others).
Another application of UDT messages is to transmit SCCP
management messages.
0A uDTS No When the SCCP of a signaling point receives a UDT
(Unit DaTa message with protocol class 1 that can not be processed
Service) or forwarded to the addressed subsystem, then a UDTS

message is returned to the sender. The original UDT
message may then be repeated.
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Table 9.1 (continued)

Message Connection
ID (Hex) Type Oriented?  Description
10 IT Yes Every side may periodically send an IT message in order
(Inactivity to query the state of an SCCP connection and correct a
Test) possible inconsistency of data.
Table 9.2

SCCP Management Messages
(Sent in the Data Part of UDT Messages)

Connection
ID (Hex) Message Type  Oriented? Description

01 SSA (SubSystem  No Both sides may send it to the respective peer as
Allowed) information that a previously not available
subsystem is now available. Examples of
subsystems are SCCP management, BSSAP, the
VLR, the HLR, or the MSC.

02 SSP (SubSystem  No An available subsystem has to be taken out of
Prohibited) service.
03 SST (SubSystem  No The state of a subsystem which is reported as not
Status Test) available can be queried by sending an SST
message.

If all three are present, they appear in exactly the order listed. Figure 9.11 pres-
ents the subsystems currently defined for the SCCP. The parameters CaPA and
CdPA are necessary for end-to-end addressing of SCCP messages, as indicated
in Figure 9.7.

MAP uses all possible combinations, while the BSSAP requires only the
SPC and the SSN (= BSSAP) for addressing.

Global Title

A switching exchange or any SCCP network node, particularly for interna-
tional connection requests, has no information source for routing purposes
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