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2)

3)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

RAILWAY APPLICATIONS - PROCEDURE TO DETERMINE
THE PERFORMANCE REQUIREMENTS FOR RADIO SYSTEMS
APPLIED TO RADIO-BASED TRAIN CONTROL SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62773, which is a technical specification, has been prepared by IEC technical
committee 9: Electrical equipment and systems for railways.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
9/1823/DTS 9/1899/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e transformed into an International standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

The purpose of this Technical Specification is to provide a guideline for the rail transport
authority and/or the supplier of the radio system to determine performance requirements of
the radio system from the conditions of the railway systems using the radio-based train
control systems.

This Technical Specification specifies the procedure to determine the performance
requirements for radio system applied to the radio-based train control systems. The
performance requirements are related to the radio parameters. Each radio parameter needs to
be set to an appropriate value to enable data exchange with quality of service that will meet
the requirements from the railway system as a whole and particularly the train control
functions. Radio parameters are then decided based on the analysis of the conditions of the
railway system using the train control system.
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RAILWAY APPLICATIONS - PROCEDURE TO DETERMINE
THE PERFORMANCE REQUIREMENTS FOR RADIO SYSTEMS
APPLIED TO RADIO-BASED TRAIN CONTROL SYSTEMS

1 Scope

The objective of this Technical Specification is to establish a procedure to be used by rail
transport authorities and/or radio suppliers to determine the appropriate performance
requirements of radio system for a radio-based train control system, consistent with their
specific business needs and existing conditions: the Technical Specification itself consists in
defining a procedure linking preconditions to some radio parameters. Then, the appropriate
performance requirements are deduced by the user of the Technical Specification from the
radio parameters.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

None.

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1.1
capacity
maximum amount of information transmitted and received per unit time on the radio link

3.1.2

data rate

amount of data transmitted over a given period of time (usually expressed in “bits per second”
or “bytes per second”)

Note 1 to entry: The minimum data rate needs to take into account the maximum amount of transmitted data per
unit time for the train control system.

3.1.3
encryption
method of transmitting information so that third parties cannot decode it

Note 1 to entry: It serves to enhance the secrecy of information transmitted and received within the system.

3.14
handover
shift of connection to an adjacent radio base station
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3.1.5

measures against masquerading

measures involving the performance of electronic authentication or validity checks, providing
network firewalls, or physically isolating systems to prevent tampering or spoofing of
electronic messages

3.1.6
modulation method
method of varying one carrier signal to contain the information of a baseband signal

Note 1 to entry: It is determined in consideration of frequency, bandwidth, data rate and/or propagation
characteristics such as antenna parameters.

3.1.7
number of connections
number of mobile radios that can simultaneously communicate with one wayside radio

3.1.8

period

time between the start of transmission of two consecutive packets at the physical radio
interface

3.1.9

quality of service

quality of the communication service provided in terms of guaranteed throughput, jitter,
latency and packet loss

3.1.10
type of transmission
open or closed transmission based on IEC 62280

3.2 Abbreviations

ATP Automatic Train Protection
GOA1 Grade Of Automation 1
GOA2 Grade Of Automation 2
GOA4 Grade Of Automation 4
GPS Global Positioning System
QoS Quality of Service

TC Train Control

4 Outline of the process for determining performance requirements

The determination of performance requirements of a radio system for radio-based train control
systems requires specification of the conditions that may influence them, evaluation of these
individual circumstances, and judgment of whether or not to reflect them in the performance
requirements. An outline of the process is described in this clause, which helps specifying the
various conditions that may influence these requirements.

The following factors need to be taken into consideration when determining the performance
requirements of the radio system.
— Preconditions on available spectrum:
Environmental conditions and regulatory constraints
— Preconditions on railway operation:
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Railway line conditions, operating conditions, TC communication requirements and
required type of transmission

— Radio parameters:
Security parameters and transmission parameters

These factors have to be in line with the expression of performance requirements defined at
the level of the train control system as a whole.

Preconditions influence the radio parameters both directly and indirectly. Environmental
conditions, regulatory constraints, railway line conditions, operational conditions, and train
control communication requirements determine the transmission parameters. These
preconditions determine the performance requirements of the radio system.

The relationships that exist among them are shown in Figure 1, and items related to the
preconditions and radio parameters are listed in Table 1.

Individual preconditions are defined in Clause 5 and Clause 6, and radio parameters are
defined in Clause 7. Clause 8 outlines the correlation between them.

Performance requirement

A A

International standards

Transmission Security parameters
parameters
Regulatory Operational
constraints conditions
Environmental Railway line mc Required type of
conditions conditions communication transmission
requirement

IEC 1263/14

Figure 1 — Factors influencing performance requirements
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Table 1 — List of preconditions and radio parameters

Major division

Subclassification

Preconditions
on available
spectrum

Environmental
conditions
(5.1)

Obstacle, climate conditions, electromagnetic interference, etc.

Regulatory
constraints
(5.2)

Railway line

Line maximum speed, track conditions (tunnels, etc.), line

conditions configurations, station configurations, etc.
(6.1)
Operational Minimum design headway, maximum number of trains in one control
conditions area (number of trains controlled at any one time).
Preconditions (6.2)
on railway
operation TC communication Maximum tolerable loss of communication, network latency, TC
requirement transmission period, TC throughput, control area, maintenance
(6.3) conditions, etc.
Required type of
transmission
(6.4)
Security Encryption, measures against masquerading, etc.
parameters
Radio (7.2)
parameters Transmission Period, capacity (e.g. throughput), number of connections, handover,

parameters data rate, modulation method,

(7.3)

frequency, bandwidth,
propagation, etc.

type of

NOTE Additional operational and system conditions for the train control systems can be found in Annex A and
Annex B.

5 Definition of preconditions on available spectrum

5.1 Environmental conditions

5.1.1 General

This subclause describes the environmental conditions which are the available spectrum
constraints for a radio system applied to a radio-based train control system considered by a
rail transport authority. Environment conditions are considered when transmission parameters
such as frequency, modulation method and capacity of the radio system applied to the train
control system are determined.

5.1.2 Obstacle

Obstacle described in this Technical Specification means structure (building, bridge, retaining
wall and topography of the land, etc.) which may affect the performance of a radio system
used for train control.

It is necessary for selecting the radio wave, the type of antenna and the placement of
antennas, to consider the shape and the placement of obstacles along the line for securing
the transmission and reception of radio waves. Multipath propagation from obstacles may
cause a weak electric field area as a result of fading and shadowing.

Conditions of buildings along the line may change by environs development in the future.

Geographic characteristic such as the existence and shape of hills and rivers may affect
range or absorption characteristic of radio waves.
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A geometric profile may change unexpectedly due to a change of natural environments (e.g.
growth of tree, natural disaster) over time.

These conditions affect the decision of characteristics, the placement and the number of
antennas as well as their installation and maintenance.

51.3 Climate conditions

Climate conditions described in this Technical Specification means climate conditions that
may affect the performance of a radio system used for train control.

In particular, rain (precipitation, squall or not), snowfall, lightning and fog may influence the
propagation of radio waves and impact the quality of received radio signal depending on the
frequency.

5.1.4 Electromagnetic interference

Electromagnetic interference from radio noise sources in neighbouring facilities (e.g. high
voltage equipment, power lines, high-frequency equipment, electric switching devices, etc.)
affects data transmission quality. Interference from radio equipment which is not used for train
control or mobile radios such as a radio communication system for business use should also
be considered.

This environment changes continually.

5.2 Regulatory constraints

This subclause describes legal conditions concerning radio systems which a rail transport
authority should consider when a radio-based train control system is used.

For example, legal conditions concerning radio systems include the height of antenna
installed on the ground, frequency, radiation power, type of antenna (gain and/or directivity),
kind of polarized wave, etc.

The application (e.g. design and operation) of the radio system should be compliant with laws
of the country or area that define the rules for radio transmission. Laws or regulations for
obstacle or landscape may be considered.

6 Definition of preconditions on railway operation

6.1 Railway line conditions
6.1.1 General

This subclause describes the line conditions impacting radio parameters that a rail transport
authority should ascertain when using a radio-based train control system.

6.1.2 Line maximum speed

The line maximum speed is the maximum speed in a particular section (referred to herein as
the line) on a railway network defined by the rail transport authority. The factors that
determine the line maximum speed include service limitations such as the type of service or
considerations regarding the ambient environment, in addition to physical limitations such as
track structure and vehicle performance.
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6.1.3 Track conditions

Track conditions that affect radio communication include types of structures such as tunnels.
Taking a tunnel as an example, the track conditions include its location on the track, its length,
its structure (cross-sectional and three-dimensional shape considerations such as
curve/inclination/vertical curve), the material of the tunnel wall surface, and the
presence/absence of objects installed inside the tunnel. Other such structures include cut-
slopes and obstacles on curved lines.

6.1.4 Line configurations

Line configuration described in this Technical Specification means configuration of tracks
between stations such as single, double, or quadruple track. It is necessary to consider the
line configuration for deciding control area or transmission system, etc.

6.1.5 Station configurations

Station configuration conditions described in this Technical Specification means the scale of
the station and structure. Scale of the station described means conditions such as track
layout, the number of platforms and size (related to the number of trains that can be present
at the same time) of the station that may affect the capacity of system other than physical
area of station affecting the coverage of radio. Structure of the station means conditions such
as elevated structures, basement structures, multi-layer structures that may affect the electric
field strength of radios.

6.2 Operational conditions
6.2.1 General

This subclause describes the operation conditions that a rail transport authority should
ascertain when using a radio-based train control system. It should be noted that this
Technical Specification does not preclude the implementation of suggestions from system
suppliers or from a third party (e.g. consultant) for some conditions.

6.2.2 Minimum design headway

Minimum design headway is the minimum time interval between two successive trains
achievable regarding track profile, braking performance, train length and performance of train
control system.

6.2.3 Maximum number of trains in one control area

The maximum number of trains in one control area represents the number of trains in one
area which can be controlled simultaneously by a radio-based train control system. In case
that the area to be controlled is divided into more than one section for train control, it is
defined in each of the divisions. (see Figure 2)

An area to be controlled by a radio-based train control system.

Divided area (A) Divided area (B) Divided area (C)

k AV ~/" T 4
Maximum number of trains in one control area is defined

in each of the divisions.

IEC 1264/14

Figure 2 — Maximum number of trains in case of divided area
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6.3 TC communication requirement
6.3.1 Maximum tolerable loss of communication

On a single instance, the maximum duration (seconds) without communication that does not
degrade the train control system performance.

6.3.2 Network latency

The elapsed time from the moment a network data packet is transmitted into the network from
a source node until it reaches the intended destination node.

6.3.3 TC transmission period

The minimum amount of time between two consecutive message transmissions issued by one
equipment of the TC.

6.3.4 TC throughput

The rate of data exchanged between the onboard and wayside components of a train control
system, measured on a per train basis. Throughput for the uplink direction is independent of
the throughput for the downlink direction.

6.3.5 Control area

Control areas are areas in which radio-based TC information is transmitted between the
wayside and the train, and are classified as whole line, sections or stations.

Whole line refers to the case where radio-based information transmission between the train
and the wayside is possible in all places along the line.

Sections refer to the case where radio-based information transmission between the train and
the wayside is possible in certain sections along the line.

Stations refer to the case where radio-based information transmission between the train and
the wayside is possible only at stations. Such areas include the vicinity of stations in a
condition that allows communication over a certain distance from, for example, an in-house
signal device or a departure signal device to the center of the station.

6.3.6 Maintenance conditions

When performing train speed control for ensuring safety with regard to vehicles or workers
involved in maintenance of tracks and trackside facilities, specific functions shall be
considered, e.g. the ability to communicate with trackside workers via radio transmission and
communicate work zone information to them.

6.4 Required type of transmission

Type of transmission is whether a transmission system is open or closed. Open and closed
transmission systems are to be considered as defined below.

A closed transmission system has fixed number or fixed maximum number of participants
linked by a transmission system with well known and fixed properties, and where the risk of
unauthorised access is considered negligible.

An open transmission system has an unknown number of participants, having unknown,
variable and non-trusted properties, used for unknown telecommunication services and having
the potential for unauthorised access.
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7 Radio parameters

71 General

The following parameters determine the performance of radio systems.

7.2 Security parameters
Security parameters listed below deal with the steps taken to prevent intrusion into the system.

a) Encryption
b) Measures against masquerading

7.3 Transmission parameters

Transmission parameters listed below refer to the parameters to be chosen to satisfy the
conditions of the system among the variables that determine the performance of radio system.

Period

T Q

Capacity

o O

)
)
) Number of connections
) Handover

)

D

Frequency

This is the frequency determined to be used for transmission and reception of information
between the wayside and the train.

f) Bandwidth

This refers to the frequency domain that can be ensured continually in the radio frequency
used for communication between the wayside and the train. The bandwidth is determined
in consideration of the maximum amount of data required to be transmitted by the train
control system.

g) Data rate
h) Modulation method
i) Type of propagation

The radio transmission can be ensured through guided propagation media (e.g. leaky
cables, waveguides, inductive loops) or through free propagation (free space radio and
associated antennas).

8 Relationship between preconditions and radio parameters

8.1 General

It is important to consider the relevance of the details of preconditions and radio parameters
to determine the specific performance requirements for radio systems applied to radio-based
train control systems. Here, the relationship between these factors is outlined in Table 2.
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Table 2 — Relationship matrix between preconditions and radio parameters
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8.2 Environmental conditions

8.2.1 Obstacle and radio parameters

Table 3 provides the relationship between obstacle and radio parameters.

Table 3 — Obstacle and radio parameters

Radio parameters

Relationship between obstacle and radio parameters

Security
parameters

Encryption N/A
Measures N/A
against

masquerading

Transmission
parameters

Period

In sections where the electric field might be weak because of fading
and/or shadowing due to shielding and multipath caused by obstacles,
the possibility of corruption of messages (e.g. packet loss, alterations)
may increase. A smaller packet size resulting in a shorter period could
mitigate this problem.

Capacity

N/A

Number of
connections

N/A

Handover

In areas where the electric field might be weak depending on the
transmission parameters because of fading and/or shadowing due to
shielding and multipath caused by obstacles, the installation density of
antennas might be higher in some places, and frequent handovers as
well as decrease of reliability of handovers should be considered.

Frequency

In sections where the electric field might be weak because of fading
and/or shadowing due to shielding and multipath caused by obstacles,
the radio frequency band might be selected to reach the required
performance.

Bandwidth

N/A

Data rate

In sections where the electric field might be weak because of fading
and/or shadowing due to shielding and multipath caused by obstacles,
data rate should be considered in order to ensure required capacity for
communication.

Modulation
method

In sections where the electric field might be weak because of fading
and/or shadowing due to shielding and multipath caused by obstacles,
the proper modulation method should be chosen.

Type of
propagation

In sections where the electric field might be weak because of fading
and/or shadowing due to shielding and multipath caused by obstacles,
selection of the transmission media and equipment installation
conditions (directivity, arrangement, etc.) shall be considered to ensure
the necessary QoS.
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8.2.2 Climate conditions and radio parameters

Table 4 provides the relationship between climate conditions and radio parameters.

Table 4 — Climate conditions and radio parameters

Radio parameters

Relationship between climate conditions and radio parameters

Security
parameters

Encryption N/A
Measures N/A
against

masquerading

Transmission
parameters

Period In sections where the electric field might be weakened because of
climate conditions, the possibility of corruption of messages (e.g. packet
loss, alterations) may increase. A smaller packet size resulting in a
shorter period could mitigate this problem.

Capacity N/A

Number of N/A

connections

Handover In sections where the electric field might be weakened because of
climate conditions, the installation density of antennas should be higher
in some places, and frequent handovers as well as decrease of
reliability of handovers should be considered.

Frequency In sections where the electric field might be weak because of fading
caused by climate condition, the radio frequency band might be selected
to reach the required performance.

Bandwidth N/A

Data rate In sections where the electric field might be weakened because of
climate conditions, data rate should be considered in order to ensure
required capacity for communication.

Modulation In sections where the electric field might be weakened because of

method climate conditions, the proper modulation method should be chosen.

Type of In sections where the electric field might be weakened because of

propagation

climate conditions, selection of the type of propagation and equipment
installation conditions (directivity, etc.) should be considered to ensure
the necessary QoS.
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Electromagnetic Interference and radio parameters

Table 5 provides the relationship between electromagnetic interference and radio parameters.

Table 5 — Electromagnetic interference and radio parameters

Radio parameters

Relationship between electromagnetic
interference and radio parameters

Security
parameters

masquerading

Encryption N/A
Measures N/A
against

Transmission
parameters

Period

In sections where the electric field might be weakened because of
electromagnetic interference, the possibility of corruption of messages
(e.g. packet loss, alterations) may increase. A smaller packet size
resulting in a shorter period could mitigate this problem.

Capacity

N/A

Number of
connections

N/A

Handover

Artificial electromagnetic environmental conditions may interrupt the
communication, thus reducing the range of the wayside radio. To
mitigate the reduced range, the distance between wayside radios should
be reduced. However, if the distance between wayside radios is reduced
too much, handovers will become too frequent such that QoS
requirements cannot be met.

Frequency

The radio frequency band to be used should be considered in order to
avoid interference due to other artificial electromagnetic environmental
conditions, etc.

Bandwidth

N/A

Data rate

In sections where there might be a risk of interference by other artificial
electromagnetic environmental conditions, etc., effective data rate for
train control response is reduced due to packet loss caused by
interferences. Data rate should be considered in order to ensure
required capacity for communication. In some modulation methods, to
mitigate packet loss, the data rate should be reduced.

Modulation
method

If the influence of interference is considered to be due to other artificial
electromagnetic environmental conditions, etc., the modulation method
should be considered.

Type of
propagation

In sections where there might be a risk of interference by other artificial
electromagnetic environmental conditions, etc., selection of type of
propagation and the equipment installation conditions (directivity,
arrangement, etc.) shall be considered to ensure the necessary QoS.
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8.3 Regulatory constraints and radio parameters

Table 6 provides the relationship between regulatory constraints and radio parameters.

Table 6 — Regulatory constraints and radio parameters

Radio parameters

Relationship between regulatory constraints and radio parameters

connections

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmission Period N/A
parameters -
Capacity N/A
NOTE In some countries, capacity has to be declared to the regulator
after the design phase and therefore makes it difficult to change at a
later stage.
Number of N/A

NOTE In some countries, number of connections has to be declared to
the regulator after the design phase and therefore makes it difficult to
change at a later stage.

Handover

As the installation density of antennas might be higher in some places
from limitation of transmission extent due to regulatory constraints on
antenna height or antenna types, frequent handover as well as decrease
of reliability of handover should be considered.

Frequency

The influence of radio wave propagation characteristics related to
regulatory constraints on allowed frequency range shall be considered to
ensure selection of frequency for the required QoS.

Bandwidth

The influence of radio wave propagation characteristics related to
regulatory constraints on allowed frequency range shall be considered to
ensure appropriate bandwidth for the required communication capacity.

Bandwidth shall be determined to ensure the necessary QoS in
consideration of limitation of transmission extent due to regulatory
constraints on radiation power.

Data rate

N/A

Modulation
method

The influence of radio wave propagation characteristics related to
regulatory constraints on allowed frequency range shall be considered to
ensure implementation of a modulation method for the necessary level
of communication quality.

The modulation method shall be determined to ensure the necessary
QoS in consideration of limitation of transmission extent due to
regulatory constraints on radiation power.

Type of
propagation

Type of propagation shall be determined to ensure the necessary QoS in
consideration of limitation of transmission extent due to regulatory
constraints on antenna height.

The influence of radio wave propagation characteristics related to
regulatory constraints on antenna types or allowed frequency range
shall be considered to ensure the use of suitable communication media
for the necessary level of communication quality.

Suitable communication media shall be determined to ensure the
necessary level of communication quality in consideration of limitation of
transmission extent due to regulatory constraints on radiation power.
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8.4.1 Line maximum speed and radio parameters

Table 7 provides the relationship between line maximum speed and radio parameters.

Table 7 — Line maximum speed and radio parameters

Radio parameters

Relationship between line maximum speed and radio parameters

connections

Security Encryption N/A
parameters

Measures N/A

against

masquerading
Transmission Period N/A
parameters -

Capacity N/A

Number of N/A

Handover Effect on connection switching time during handover due to a higher line
maximum speed shall be considered.

Frequency The influence of fading and Doppler shift due to a higher line maximum
speed should be considered.

Bandwidth N/A

Data rate N/A

Modulation The modulation method should be considered depending on the

method influence of fading and Doppler shift due to higher line maximum speed.

Type of N/A

propagation
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8.4.2 Track conditions and radio parameters

Table 8 provides the relationship between track conditions and radio parameters.

Table 8 — Track conditions and radio parameters

Radio parameters

Relationship between track conditions and radio parameters

Security
parameters

Encryption N/A
Measures N/A
against

masquerading

Transmission
parameters

Period

In sections where the electric field might be weak because of fading
and/or shadowing due to shielding and multipath caused by track
conditions (sections that may have a short radio range for each antenna
in tunnels or on curves), the possibility of corruption of messages (e.g.
packet loss, alterations) may increase. A smaller packet size resulting in
a shorter period could mitigate this problem.

Capacity

Due to track conditions, the electric fields might be weakened in some
sections, e.g. sections with a short radio range in tunnels or on curves
and capacity might be decreased. Capacity increase should be
considered in these cases (e.g. by a bandwidth increased and/or higher
data rate).

Number of
connections

A number of connections should be considered that allows
communication with the required train in sections that may have weak
electric fields e.g. sections with a short radio range in tunnels or on
curves and number of connections might be decreased (sections that
may have a small transmission area for each antenna in tunnels or on
curves).

Handover

Increased handover frequency and reduced reliability of handover
processing should be considered, as antenna installation density can
increase in areas that may have weak electric fields depending on the
transmission parameters due to geographical conditions.

Frequency

The relationship between the radio frequency band used and the
communication distance (the influence of the surrounding environment
on the band used, etc.) should be considered.

Bandwidth

N/A

Data rate

It should be considered to ensure communication at the required data
rate in sections that may have weak electric fields, e.g. sections with a
short radio range in tunnels or on curves and data rate might be reduced
(sections that may have a small transmission area for each antenna in
tunnels or on curves).

Modulation
method

The modulation method should be considered if any influence from
fading is possible depending on geographical conditions.

Type of
propagation

Selection of the type of propagation and the conditions of installation for
related equipment (antenna directivity, etc.) shall be considered to also
allow the required QoS in sections that may have weak electric fields
(sections that may have a small transmission area for each antenna in
tunnels or on curves).
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8.4.3 Line configurations and radio parameters

Table 9 provides the relationship between line configurations and radio parameters.

Table 9 — Line configurations and radio parameters

Radio parameters

Relationship between line configurations and radio parameters

connections

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmission Period N/A
parameters - - - - - - -
Capacity For line configurations with multiple tracks arranged in parallel,
simultaneous communication with a number of trains is often necessary.
The maximum number of simultaneously controlled trains shall be
considered to determine communication capacity.
Number of For line configurations with multiple tracks arranged in parallel,

simultaneous communication with a number of trains is often necessary.
The number of connections shall be determined to ensure
communication between the ground and vehicles in order to allow
treatment of the maximum number of trains to be controlled with the
period necessary for such control.

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A

propagation
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8.4.4 Station configuration and radio parameters

Table 10 provides the relationship between station configuration and radio parameters.

Table 10 — Station configuration and radio parameters

Radio parameters

Relationship between station configuration and radio parameters

Security
parameters

Transmission
parameters

Encryption N/A

Measures N/A

against

masquerading

Period In sections where the electric field might be weak because of fading
and/or shadowing due to shielding and multipath caused by station
configuration, the possibility of corruption of messages (e.g. packet loss,
alterations) may increase. A smaller packet size resulting in a shorter
period could mitigate this problem.

Capacity The presence of station obstacles and roofs at stations impairs
communication quality and increases error rate, causing a risk of
communication failure. Accordingly, radio capacity shall be determined
in consideration of station structures.

Number of Simultaneous communication with different trains at stations is often

connections

necessary because multiple trains may stop there at the same time. The
number of connections shall be determined to ensure communication
between the ground and vehicles in order to allow treatment of the
maximum number of trains to be controlled with the period necessary for
such control.

Handover N/A

Frequency N/A

Bandwidth N/A

Data rate N/A

Modulation N/A

method

Type of Communication media at stations shall be selected in consideration of

propagation

station structures due to the presence of station obstacles and roofs.
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8.5 Operational conditions
8.5.1 Minimum design headway and radio parameters

Table 11 provides the relationship between minimum design headway and radio parameters.

Table 11 — Minimum design headway and radio parameters

Radio parameters Relationship between minimum design headway and radio
parameters
Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmission Period N/A
parameters - - - . - -
Capacity Capacity shall be considered to allow communication with the required
number of train sets depending on the minimum design headway.
Number of The number of connections shall be considered to allow communication
connections with the required number of train sets depending on the minimum design
headway.
Handover In order that the frequency of handover processing per unit time

increases as the minimum design headway becomes shorter, the
necessity of raising the reliability of handover processing shall be

considered.
Frequency N/A
Bandwidth The bandwidth should be considered to ensure a number of connections

that can control the required number of train sets depending on the
minimum design headway.

Data rate N/A
Modulation N/A
method

Type of N/A

propagation
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8.5.2 Maximum number of trains in one control area and radio parameters

Table 12 provides the relationship between maximum number of trains in one control area and
radio parameters.

Table 12 — Maximum number of trains in one control area and radio parameters

Radio parameters Relationship between maximum number of trains in one control
area and radio parameters
Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmission Period The period shall be considered to allow communication with the required
parameters maximum number of trains in one control area.
Capacity Capacity shall be considered to allow communication with the required
maximum number of trains in one control area.
Number of The number of connections shall be considered to allow communication
connections with the required maximum number of trains in one control area.
Handover N/A
Frequency N/A
Bandwidth The bandwidth should be considered to ensure a number of connections
that can control the required maximum number of trains in one control
area.
Data rate N/A
Modulation N/A
method
Type of N/A

propagation
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8.6 TC communication requirement

8.6.1 Maximum tolerable loss of communication and radio parameters

Table 13 provides the relationship between maximum tolerable loss of communication and

radio parameters.

Table 13 — Maximum tolerable loss of communication and radio parameters

Radio parameters

Relationship between maximum tolerable loss of communication
and radio parameters

connections

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmission Period N/A
parameters -
Capacity N/A
Number of The number of connections shall not exceed the capacity of the radio so

that it will not contribute to any communication loss.

Handover The handover shall be determined in order to have a loss of
communication below the maximum tolerated one in consideration of
connection switching time during handover.

Frequency The frequency shall be determined to minimize any contribution to
communication loss.

Bandwidth N/A

Data rate N/A

Modulation The modulation method shall be selected to ensure enough transmission

method speed, etc. in consideration of maximum tolerable loss of
communication.

Type of The type of propagation shall be selected to ensure necessary QoS in

propagation

consideration of maximum tolerable loss of communication.
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8.6.2 Network latency and radio parameters

Table 14 provides the relationship between network latency and radio parameters.

Table 14 — Network latency and radio parameters

Radio parameters

Relationship between network latency and radio parameters

Security
parameters

Encryption N/A
Measures N/A
against

masquerading

Transmission
parameters

Period The period shall be determined taking into account the network latency.

Capacity The capacity shall be determined to ensure network latency
requirements are met in consideration of maximum number of trains
controlled at any time.

Number of The number of connections shall be determined to ensure network

connections

latency requirements are met in consideration of maximum number of
trains controlled at any one time.

Handover The handover should be determined to ensure network latency
requirements are met in consideration of connection switching time
during handover.

Frequency The frequency shall be determined to ensure network latency in
consideration of characteristic of using frequency (communication
distance, data rate, etc.).

Bandwidth N/A

Data rate The data rate shall be considered to meet the required network latency.
The network latency can be decreased by increasing the data rate.

Modulation The modulation method shall be selected to meet the data rate required

method for a given network latency.

Type of The type of propagation shall be selected to ensure necessary QoS in

propagation

consideration of network latency.
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8.6.3 TC transmission period and radio parameters

Table 15 provides the relationship between TC transmission period and radio parameters.

Table 15 — TC transmission period and radio parameters

Radio parameters Relationship between TC transmission period and radio parameters
Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmission Period The period shall be determined consistently with the specified TC
parameters transmission period and the maximum number of connections.
Capacity The capacity shall be determined to ensure TC transmission period in
consideration of maximum number of trains controlled at any one time.
Number of The number of connections shall be determined to ensure TC
connections transmission period in consideration of maximum number of trains

controlled in one control area.

Handover The handover shall be determined to ensure TC transmission period in
consideration of connection switching time during handover.

Frequency The frequency shall be determined in combination with the modulation
method to achieve the required data rate for the TC transmission period.

Bandwidth The bandwidth shall be considered to ensure sufficient number of
connections for TC transmission period in consideration of maximum
number of trains in one control area.

Data rate The data rate shall be considered to ensure enough transmission speed
for TC transmission period.

Modulation The modulation method shall be determined in combination with the

method frequency to achieve the required data rate for the TC transmission
period.

Type of The type of propagation shall be selected to ensure necessary QoS for

propagation TC transmission period.
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8.6.4 TC throughput and radio parameters

Table 16 provides the relationship between TC throughput and radio parameters.

Table 16 — TC throughput and radio parameters

Radio parameters

Relationship between TC throughput and radio parameters

Security
parameters

Encryption N/A
Measures N/A
against

masquerading

Transmission
parameters

Period The period shall be determined ensuring that the required throughput is
fulfilled. Reducing the period will reduce the throughput due to additional
overhead for packet management.

Capacity The capacity shall be determined to ensure TC throughput in
consideration of maximum number of trains controlled at any one time.

Number of The number of connections shall be determined to ensure TC throughput

connections

in consideration of maximum number of trains controlled in one control
area.

Handover The handover shall be determined to ensure TC throughput in
consideration of connection switching time during handover.

Frequency The frequency shall be determined in combination with the modulation
method to achieve the required TC throughput.

Bandwidth The bandwidth shall be considered to ensure enough data rate for TC
throughput in consideration of maximum number of trains in one control
area.

Data rate The data rate shall be considered to achieve the required TC
throughput.

Modulation The modulation method shall be selected to ensure enough data rate,

method etc., for TC throughput.

Type of The type of propagation shall be selected to ensure necessary QoS for

propagation

TC throughput.
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8.6.5 Control area and radio parameters

Table 17 provides the relationship between control area and radio parameters.

Table 17 — Control area and radio parameters

Radio parameters

Relationship between control area and radio parameters

connections

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmission Period N/A
parameters -
Capacity N/A
Number of In the case of a system where the control area covers the whole line, the

number of connections shall be determined in consideration of maximum
number of trains in the control area as required for the system along the
whole line.

In the case of a system where control areas are confined to some
specified sections, the number of connections shall be determined in
consideration of maximum number of trains in the control area as
required for the system in control areas.

In the case of a system where control areas are confined to station
yards and their vicinities, the number of connections shall be determined
in consideration of maximum number of trains in the control area as
required for the system in control areas.

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A

propagation
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8.6.6 Maintenance conditions and radio parameters

Table 18 provides the relationship between maintenance conditions and radio parameters.

Table 18 — Maintenance conditions and radio parameters

Radio parameters

Relationship between maintenance conditions and radio parameters

Security
parameters

Encryption N/A
Measures N/A
against

masquerading

Transmission
parameters

Period A transmission period should be considered to satisfy the maximum
response time required for the exchange of information of track side
maintenance workers and maintenance trains.

Capacity Capacity should be considered to accommodate the increase of data in
cases that multiple works should be processed at the same time.

Number of The number of connections should be considered to accommodate the

connections

increase of data in cases that multiple works should be processed at the
same time.

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A

propagation

8.7 Required type of transmission and radio parameters

Table 19 provides the relationship between required type of transmission and radio

parameters.

Table 19 — Required type of transmission and radio parameters

Radio parameters

Relationship between required type of transmission and radio

Security
parameters

Transmission
parameters

parameters
Encryption When open transmission is used, appropriate security measures
(encryption) shall be applied to compensate for the low secrecy.
Measures When open transmission is used, appropriate security measures against
against masquerading shall be applied to prevent intrusions into TC
masquerading transmission related to malicious attacks.
Period N/A
Capacity N/A
Number of N/A
connections
Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method
Type of N/A

propagation
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Annex A
(informative)

Additional preconditions

A.1 Operational conditions

A1 Overlay on existing facilities

The existing facilities described herein refer not only to wayside signal equipment, but also to
the entire train control system, which is different from a radio-based train control system.
Overlay on existing facilities means that a radio-based train control system and other train
control systems may coexist on the same line. For example, it is necessary to consider
overlay on existing facilities when employing mixed operation or introducing a radio-based
train control system step by step.

Operation conditions herein relate to whether or not the rail transport authority employs
overlay on existing facilities, and how the system is realized and operated when overlay is
employed.

A.1.2 Signal aspect

Signal aspect methods can be classified into the cab signal method and the wayside signal
method. The cab signal method indicates signals to onboard signal devices. The wayside
signal method indicates signals to wayside signal devices.

Operation conditions herein relate to whether the rail transport authority employs the cab
signal method or the wayside signal method.

A.1.3 Block

A block is a method of controlling the separation between trains by dividing the line into
sections with, normally, no more than one train in each section. The block can either be a
fixed block or a moving block.

Block conditions herein relate to operation conditions, such as whether the rail transport
authority employs fixed blocks, moving blocks or a combination of the two (moving blocks
between stations, fixed blocks in station yards, etc.).

A.2 System conditions

A.2.1 General

This clause describes the functions that should be considered in the system when performing
radio-based control of train speeds or wayside facilities.

A.2.2 Train localization

The system detects a train’s location on the track and controls its speed and wayside facilities
using this information. The location may be detected on the vehicle itself or on the wayside. In
on-vehicle detection, a tacho-generator or a GPS receiver may be used, and the detected
location information is transmitted to the wayside via radio communication. In wayside
detection, the passing of the train through the entrance and exit of a section may be detected
by radio communication (check-in/check-out), or the distance between onboard transceiver
positions may be detected using the delay time of radio propagation.
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A.2.3 Continuous control/intermittent control

Depending on line conditions and installation/management costs, it is possible to use a
method that continually maintains communication in the system (continuous control) or one
that performs control at particular sites or in short sections (intermittent control). With
continuous control, it is possible to constantly transmit speed restriction commands and
emergency stop commands from the wayside, whereas such data can be transmitted only to a
limited area under intermittent control.

A.2.4 Train protection profile

The system creates a train protection profile associating the movement distance with speed
restrictions in consideration of the distance to the point where the train stops/decelerates, the
vehicle’s brake performance and track information such as inclination. When the distance to
the point where the train stops/decelerates varies as the vehicle moves, this information is
transmitted from the wayside via radio communication.

A.2.5 System entry/exit

A process of system switching is applied when a train crosses the boundary between a radio-
based train control system and another system. Areas of radio-control and those controlled by
other systems therefore partially overlap at the boundary, where registration of entering trains
and deletion of exiting trains from the system are performed via radio communication.

A.2.6 Temporary speed restriction

A planned speed restriction imposed for temporary conditions such as track maintenance.

A.2.7 Emergency stop command

When it is necessary to urgently stop the train due to changes in weather or track failure, stop
commands are transmitted to the vehicle from the wayside via radio communication. In
principle, such commands should be transmitted from the required location whenever
necessary.

A.2.8 Interlocking control/route control

In order to set the movement route in the station yard, the system switches and locks points,
and determines movement authority limits according to setting requirements. During train
operation based on cab signals, route setting information is transmitted to the vehicle from the
wayside via radio communication. When the train location is detected on the vehicle itself to
enable route setting automatically according to position, wayside equipment related to route
control receives the location information via radio communication.

A.2.9 Level crossing control

The system performs warning control for level crossings according to the train location and
the approach warning period. When the train location is detected on the vehicle itself, the
level crossing receives a warning request via radio communication. The warning/closed state
of the level crossing is transmitted to the on-vehicle system via radio communication, and
braking is performed if the state is incomplete or if an obstacle is present on the crossing.

A.2.10 Couple and split a train

The system performs coupling and splitting operation of trains depending on vehicle operation.
In the case of splitting, the system recognizes trains after splitting as separate units and
performs position detection and speed control accordingly. In the case of coupling, the system
recognizes trains after coupling as a single unit and performs position detection and speed
control based on the train protection profile and operation method to prevent collision.
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A.2.11 Automatic train operation

The subsystem within the automatic train control system that performs any or all of the
functions of speed regulation, programmed stopping, door control, performance level
regulation, or other functions otherwise assigned to the train operator.

A.3 Relationship between preconditions and radio parameters

A.3.1 General

Table A.1 provides the relationship between preconditions and radio parameters.

Table A.1 — Relationship matrix between preconditions and radio parameters
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OUTPUT =
= o E 2
: b
—_c (2] -~ ©
s | 5% >|%5| 5 | 3| E || 2| ®
= T ® 3 = 1 > c S © o
o s o (5] o+ o o 3 - c 1)
S » o = © 2 9 G S ° o4
Fa oS o o c 2 c o T 3 = o
7} 50| a [ SE ® @ c © ® -
c [7) (&) T - © o — °
w ¢ w z39 w m S
o £ o g
Preconditions — = 2 =
INPUT L
1 2 3 4 5 6 7 8 9 10 11
Overlay on
o - 1 - - | | | - - - - - -
. existing facilities
Operational
conditions Signal aspect 2 | | | | | | - - - - -
Block 3 | | | | | | - - - - -
Train localization | 4 | | | | | | - - - - -
Continuous control/
. 5 - - | | | | - - - - -
Intermittent control
Train protection 6 ) ) ) ) ) ) B ) B )
profile
System entry/exit| 7 - | | | | - - - - - -
Temporary speed
U 8 | | | | - - - - - -
restriction
System Emergency stop 9 _ _ _ _ _ _
conditions command
Interlocking
control/ 10 | - - - - - -
Route control
Level crossing
11 | - - - - - -
control
Couple and split
; 12 - - - - - - -
a train
Automgtlc train 13 | | | | | B ) B ) B )
operation
I: Indirect relation between precondition and performance condition.
-:  No relation between precondition and performance condition.
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A.3.2 Operational conditions

A.3.2.1 Overlay on existing facilities and radio parameters
Table A.2 provides the relationship between overlay on existing facilities and radio
parameters.
Table A.2 — Overlay on existing facilities and radio parameters
Radio parameters Relationship between overlay on existing facilities and radio
parameters

Security Encryption N/A

parameters

Measures N/A

against

masquerading

Transmission Period In the case of overlaying the radio-based train control system on the

parameters existing facilities, the multiple typed operation systems working
simultaneously may cause mutual interference within the related
devises. This may cause interference to the transmission quality.
Therefore, the effect on the transmission period is taken into
consideration.
In the case where a non-equipped train being controlled by a wayside
signal device, a transmission period is considered that affects the
difference between radio-based control and the indications of wayside
signal devices.

Capacity In the case of overlaying the radio-based train control system on the
existing facilities, the condition of multiple systems operating
simultaneously may cause mutual interference in the related devices.
This may cause interference to the transmission quality. Therefore, the
effect on the transmission capacity is taken into consideration.

Number of In the case of overlaying the radio-based train control system on the

connections

existing facilities, multiple systems operating simultaneously may cause
mutual interference in the related devices. This may cause interference
to the transmission quality. Therefore, the effect on the number of
connections is taken into consideration.

propagation

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A
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Signal aspect and radio parameters

Table A.3 provides the relationship between signal aspect and radio parameters.

Table A.3 — Signal aspect and radio parameters

connections

Radio parameters Relationship between signal aspect and radio parameters
Security Encryption Encryption is applied to prevent tampering when exchanging aspect
parameters information.
Measures Measures against masquerading are applied when exchanging aspect
against information.
masquerading
Transmission Period It is considered whether the period of transmission and reception is
parameters appropriate when exchanging aspect information.
Capacity It is considered whether the capacity of transmission and reception is
appropriate when exchanging aspect information.
Number of It is considered whether the number of connections for transmission and

reception is appropriate when exchanging aspect information.

propagation

Handover It is considered whether the communication of aspect information is
performed appropriately when carrying out handover.

Frequency N/A

Bandwidth N/A

Data rate N/A

Modulation N/A

method

Type of N/A
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Block and radio parameters

Table A.4 provides the relationship between block and radio parameters.

Table A.4 — Block and radio parameters

Radio parameters

Relationship between block and radio parameters

Security
parameters

Encryption Encryption is applied to prevent tampering when exchanging block
information.

Measures Measures against masquerading are applied when exchanging block

against information.

masquerading

Transmission
parameters

Period

A period is considered to allow appropriate transmission and reception
of the required information (e.g., block information) according to the
operation frequency.

Capacity Capacity is considered to allow appropriate transmission and reception
of the required information (e.g., block information) according to the
operation frequency.

Number of The number of connections is considered to allow appropriate

connections

transmission and reception of the required information (e.g., block
information) according to the operation frequency.

Handover Handover conditions are considered to allow appropriate transmission
and reception of the required information (e.g., block information).
In the case of line with fixed block, handover conditions are set in
consideration of block border.

Frequency N/A

Bandwidth N/A

Data rate N/A

Modulation N/A

method

Type of N/A

propagation
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A.3.3 System conditions

A.3.3.1 Train localization and radio parameters

Table A.5 provides the relationship between train localization and radio parameters.

Table A.5 — Train localization and radio parameters

Radio parameters Relationship between train localization and radio parameters
Security Encryption Encryption is performed when transmitting train location information or
parameters exchanging information required for determining train locations.

Measures Measures against masquerading are applied when transmitting train

against location information or exchanging information required for determining

masquerading train locations.
Transmission Period For reliable train localization, a sufficiently short transmission period is
parameters ensured in order to achieve the transmission of train location information
or exchange of information required for determining train locations in a

timely manner.

Capacity For reliable train localization, sufficient transmission capacity is ensured
in order to achieve the transmission of train location information or
exchange of information required for determining train locations in a
timely manner.

Number of For reliable train localization, a sufficient number of connections are

connections ensured in order to achieve the transmission of train location information
or exchange of information required for determining train locations in a
timely manner.

Handover For reliable train localization, quick and reliable completion of handover
procedure is done at a boundary between radio stations in order to
achieve the reliable transmission of train location information or
exchange of information required for determining train locations.

Frequency N/A

Bandwidth N/A

Data rate N/A

Modulation N/A

method

Type of N/A

propagation

A.3.3.2 Consideration of difference between continuous control and intermittent

control

Radio parameters are derived by considering that the train control system uses intermittent
control or continuous control. Especially, for the system with intermittent control, transient
phenomena when entry to the transmission area and time for data transmission are
considered to determine the radio parameters (transmission parameters, etc.).
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A.3.3.3 Train protection profile and radio parameters

Table A.6 provides the relationship between train protection profile and radio parameters.

Table A.6 — Train protection profile and radio parameters

Radio parameters

Relationship between train protection profile and radio parameters

connections

Security Encryption N/A
parameters

Measures N/A

against

masquerading
Transmission Period N/A
parameters -

Capacity N/A

Number of N/A

Handover If such a control method is adopted that a train employs a train
protection profile which, in front of a boundary between radio stations,
sets the boundary as a temporary movement authority limit until
handover completion, and the train switches to original train protection
profile which adopts the original movement authority limit after handover
completion, quick and reliable completion of handover procedure is
performed so that the switching of these train protection profiles at the
boundary between radio stations does not interrupt train control.

Frequency N/A

Bandwidth N/A

Data rate N/A

Modulation N/A

method

Type of N/A

propagation
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System entry/exit and radio parameters

Table A.7 provides the relationship between system entry/exit and radio parameters.

Table A.7 — System entry/exit and radio parameters

Radio parameters

Relationship between system entry/exit and radio parameters

Security
parameters

Encryption N/A
Measures Authentication is performed at the time of system entry.
against

masquerading

Transmission
parameters

Period A sufficiently short transmission period is ensured in order to achieve
quick changing of control methods at the time of system entry.

Capacity Sufficient transmission capacity is ensured in order to achieve quick
changing of control methods at the time of system entry.

Number of A sufficient number of connections are ensured in order to achieve quick

connections

changing of control methods at the time of system entry.

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A

propagation
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A.3.3.5 Temporary speed restriction and radio parameters

Table A.8 provides the relationship between temporary speed restriction and radio parameters.

Table A.8 — Temporary speed restriction and radio parameters

Radio parameters

Relationship between temporary speed restriction and radio
parameters

Encryption is performed when exchanging information required for
temporary speed restrictions.

Measures against masquerading are applied when exchanging
information required for temporary speed restrictions.

A sufficiently short transmission period is ensured in order to achieve
transmission of information required for temporary speed restrictions in
a timely manner.

In case that multiple temporary speed restrictions are required to be
processed simultaneously on a train, sufficient transmission capacity is
ensured.

Security Encryption
parameters
Measures
against
masquerading
Transmission Period
parameters
Capacity
Number of

connections

In case that multiple temporary speed restrictions are required to be
processed simultaneously on a train, a sufficient number of connections
is ensured.

propagation

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A
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Emergency stop command and radio parameters

Table A.9 provides the relationship between emergency stop command and radio parameters.

Table A.9 — Emergency stop command and radio parameters

Radio parameters

Relationship between emergency stop command and radio

Security
parameters

parameters
Encryption Encryption is performed when exchanging an emergency stop command.
Measures Measures against masquerading are applied when exchanging an
against emergency stop command.

masquerading

Transmission

Period

A sufficiently short transmission period is ensured in order to allow the

parameters exchange of an emergency stop command when required by the system.

Capacity Sufficient transmission capacity is ensured in order to allow the
exchange of an emergency stop command when required by the system.
Number of A sufficient number of connections are ensured in order to allow the
connections exchange of an emergency stop command when required by the system.
Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method
Type of N/A
propagation
A.3.3.7 Interlocking control/route control and radio parameters

Table A.10 provides the relationship between interlocking control/route control and radio

parameters.

Table A.10 — Interlocking control/route control and radio parameters

Radio parameters

Relationship between interlocking control/route control and radio

Security
parameters

parameters
Encryption Encryption is performed when exchanging control information.
Measures Measures against masquerading are applied when exchanging control
against information.

masquerading

Transmission
parameters

Period

Sufficiently short transmission period is ensured in order to allow the
exchange of control information when required by the system.

Capacity Sufficient transmission capacity is ensured in order to allow the
exchange of control information when required by the system.
Number of A sufficient number of connections are ensured in order to allow the

connections

exchange of control information when required by the system.

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A

propagation
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Level crossing control and radio parameters

Table A.11 provides the relationship between level crossing control and radio parameters.

Table A.11 — Level crossing control and radio parameters

Radio parameters

Relationship between level crossing control and radio parameters

Security
parameters

Encryption In case that level crossing control is performed by a radio-based train
control system, encryption is performed when exchanging level crossing
control information.

Measures In case that level crossing control is performed by a radio-based train

against control system, measures against masquerading are applied when

masquerading

exchanging level crossing control information.

Transmission
parameters

Period

In case that level crossing control is performed by a radio-based train
control system, a sufficiently short transmission period is ensured in
order to achieve reliable exchange of level crossing control information
when required by the system.

Capacity In case that level crossing control is performed by a radio-based train
control system, sufficient transmission capacity is ensured in order to
achieve reliable exchange of level crossing control information when
required by the system.

Number of In case that level crossing control is performed by a radio-based train

connections

control system, a sufficient number of connections are ensured in order
to achieve reliable exchange of level crossing control information when
required by the system.

Handover N/A
Frequency N/A
Bandwidth N/A
Data rate N/A
Modulation N/A
method

Type of N/A

propagation




PD IEC/TS 62773:2014

IEC TS 62773:2014 © IEC 2014

A.3.3.9

— 45 —

Couple and split a train and radio parameters

Table A.12 provides the relationship between couple and split a train and radio parameters.

Table A.12 — Couple and split a train and radio parameters

Radio parameters

Relationship between couple and split a train and radio parameters

Security
parameters

masquerading

Encryption N/A
Measures Measures against masquerading of communication are designed to be
against applied when exchanging control information required for coupling and

splitting so that a hindrance to the exchange of such information may
not cause disruption of train operation. Measures against masquerading
are accordance with A.3.3.4 when the system is started when the trains
are coupled or split.

Transmission Period A sufficiently short transmission period is designed to be ensured in
parameters order to allow the exchange of control information required for coupling
and splitting when required by the system.

Capacity Sufficient capacity should be ensured to allow the change in the amount
of information between the wayside and the train due to coupling and
splitting operation. The change in the amount of information can be
results from the following factors:

— change in train set configuration
— number of trains
— number of onboard equipment on the train

Number of A sufficient number of connections should be ensured to allow the

connections reconfiguration of the communication between the wayside and the train
due to couple and splitting operation. The reconfiguration can be results
from the following factors:

— change in number of trains

— change in number of onboard equipment on the train

— status of onboard equipment on the train (e.g power-off, sleeping,
stand-by or operation)

Handover N/A

Frequency N/A

Bandwidth N/A

Data rate N/A

Modulation N/A

method

Type of N/A

propagation

A.3.3.10 Automatic train operation and transmission parameters

Automatic train operation function (GOA2 to GOA4) may require train control performance
with higher accuracy (position, velocity, time, etc.) than ATP function (GOA1). In such a case,
it is necessary to check the relationship between the train control performance and the radio
system performance.

Driverless operation of trains requires functions other than ATP function (i.e. control of train
door and platform screen, board surveillance, reaction for emergency situation, etc.).

In such a case, it is necessary to check the relationship between the required train control
performance and the radio system performance.

If the capacity of the radio link is not enough for implementing the required functions, priority
control or traffic control may be required for radio-based information transmission between the
wayside and trains.
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Annex B
(informative)

Considerations for in-continuity

B.1 Communication in in-continuity

When applying a radio system for train control to implement traffic failure notification tasks,
the relevant capabilities and levels of performance regarding how such communication is
handled (e.g., the beginning and end of transmission, priorities, etc.) and the transmission
content (data (text), voice, animations, etc.) should be specified to meet the relevant quality
requirements.

B.2 Considerations for in-continuity in radio systems

B.2.1 General issues

This clause describes matters to be considered in regard to transmission failure in radio
systems for train operation and data communication. While practical action against such
failure is generally stipulated locally by individual operators, the clause covers principal points
that should be globally discussed.

Major issues to be studied in general are categorized as follows:

e Communicative faults due to external system factors, including conditional fluctuation of
wireless access lines

e Communicative faults caused by internal system factors, including the protocol and control
function of the radio system and its actual operation in regard to function against failure

B.2.2 Specific issues related to failure caused by external system factors

Regarding safety issues in correspondence, the regulations defined in IEC 62280 are
discussed. The performance requirements needed for a radio system should be determined
by examining external system factors that may disturb normal transmission of wireless
messages to another party. Artificial factors other than those stated above (such as improper
maintenance) should also be kept in mind.

Unexpected events regarding incorrect data transmission may include receipt of the wrong
words or incomplete sentences, duplicated or delayed messages (especially in systems with
memory functions), and arrival in the wrong order. Additionally, intrusion by unauthorized
information and receipt of forged documents may also occur as a result of hostile activities.

When configuring a radio system, the level of performance required therefore is fixed after
appropriate consideration of how such anomalies will be detected and acted upon, including
cost estimation, and of the quality required for the system.

B.2.3 Specific issues related to failure caused by internal system factors

Considerations in this regard relate to the radio system control mechanism and how the
system maneuvers the controller in response to actual faults, including:

a) the minimum time taken to complete wireless connection and auxiliary functions for
incorrect coupling (for example, connection to a facility other than the proper base station
to legally communicate with a running train);

b) a deliberate duration of interruption specified to allow handover in order to maintain
correspondence when passing into a different wireless area, and a failsafe function for
such handover;



PD IEC/TS 62773:2014
IEC TS 62773:2014 © IEC 2014 —47 —

c) capabilities for detecting and acting on channel disconnection based on channel
monitoring information (or the time taken to complete reconnection if necessary);

and other matters.

Depending on the protocol and control mechanism of the radio system, these events may
affect the quality of correspondence associated with internal system factors. The functional
requirements are clearly adjusted in line with the quality requirements.



PD IEC/TS 62773:2014
- 48 - IEC TS 62773:2014 © IEC 2014

Bibliography

IEC 62278, Railway applications — Specification and demonstration of reliability, availability,
maintainability and safety (RAMS)

IEC 62280, Railway applications — Communication, signalling and processing systems —
Safety related communication in transmission systems

IEC 62290-1, Railway applications — Urban guided transport management and
command/control systems — Part 1. System principles and fundamental concepts

IEC 62290-2, Railway applications — Urban guided transport management and
command/control systems — Part 2: Functional requirements specification

IEC 62498-1, Railway applications — Environmental conditions for equipment — Part 1:
Equipment on board rolling stock

IEC 62498-3, Railway applications — Environmental conditions for equipment — Part 3:
Equipment for signalling and telecommunications




This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs
to succeed. Find out more about British Standards by visiting our website at
bsiaroun.com/standards or contacting our Customer Services team or

Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsiaroun.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions

Our range of subscription services are designed to make using standards
easier for you. For further information on our subscription products go to
bsiaroun.com/subscrintions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsiaroun.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email bsmusales@bsigroup.com.

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK

bsi.

Revisions
Our British Standards and other publications are updated by amendment or revision.
We continually improve the quality of our products and services to benefit your

business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Copyright

All the data, software and documentation set out in all British Standards and
other BSI publications are the property of and copyrighted by BSI, or some person
or entity that owns copyright in the information used (such as the international
standardization bodies) and has formally licensed such information to BSI for
commercial publication and use. Except as permitted under the Copyright, Designs
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system
or transmitted in any form or by any means — electronic, photocopying, recording
or otherwise — without prior written permission from BSI. Details and advice can
be obtained from the Copyright & Licensing Department.

Useful Contacts:

Customer Services

Tel: +44 845 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

..making excellence a habit’


www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	30301095-VOR.pdf
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviations
	3.1 Terms and definitions
	3.2 Abbreviations

	4 Outline of the process for determining performance requirements
	5 Definition of preconditions on available spectrum
	5.1 Environmental conditions
	5.1.1 General
	5.1.2 Obstacle
	5.1.3 Climate conditions
	5.1.4 Electromagnetic interference

	5.2 Regulatory constraints

	6 Definition of preconditions on railway operation
	6.1 Railway line conditions
	6.1.1 General
	6.1.2 Line maximum speed
	6.1.3 Track conditions
	6.1.4 Line configurations
	6.1.5 Station configurations

	6.2 Operational conditions
	6.2.1 General
	6.2.2 Minimum design headway
	6.2.3 Maximum number of trains in one control area

	6.3 TC communication requirement
	6.3.1 Maximum tolerable loss of communication
	6.3.2 Network latency
	6.3.3 TC transmission period
	6.3.4 TC throughput
	6.3.5 Control area
	6.3.6 Maintenance conditions

	6.4 Required type of transmission

	7 Radio parameters
	7.1 General
	7.2 Security parameters
	7.3 Transmission parameters

	8 Relationship between preconditions and radio parameters
	8.1 General
	8.2 Environmental conditions
	8.2.1 Obstacle and radio parameters
	8.2.2 Climate conditions and radio parameters
	8.2.3 Electromagnetic Interference and radio parameters

	8.3 Regulatory constraints and radio parameters
	8.4 Railway line conditions
	8.4.1 Line maximum speed and radio parameters
	8.4.2 Track conditions and radio parameters
	8.4.3 Line configurations and radio parameters
	8.4.4 Station configuration and radio parameters

	8.5 Operational conditions
	8.5.1 Minimum design headway and radio parameters
	8.5.2 Maximum number of trains in one control area and radio parameters

	8.6 TC communication requirement
	8.6.1 Maximum tolerable loss of communication and radio parameters
	8.6.2 Network latency and radio parameters
	8.6.3 TC transmission period and radio parameters
	8.6.4 TC throughput and radio parameters
	8.6.5 Control area and radio parameters
	8.6.6 Maintenance conditions and radio parameters

	8.7 Required type of transmission and radio parameters

	Annex A  (informative)  Additional preconditions
	A.1 Operational conditions
	A.1.1 Overlay on existing facilities
	A.1.2 Signal aspect
	A.1.3 Block

	A.2 System conditions
	A.2.1 General
	A.2.2 Train localization
	A.2.3 Continuous control/intermittent control
	A.2.4 Train protection profile
	A.2.5 System entry/exit
	A.2.6 Temporary speed restriction
	A.2.7 Emergency stop command
	A.2.8 Interlocking control/route control
	A.2.9 Level crossing control
	A.2.10 Couple and split a train
	A.2.11 Automatic train operation

	A.3 Relationship between preconditions and radio parameters
	A.3.1 General
	A.3.2 Operational conditions
	A.3.3 System conditions


	Annex B  (informative)  Considerations for in-continuity
	B.1 Communication in in-continuity
	B.2 Considerations for in-continuity in radio systems
	B.2.1 General issues
	B.2.2 Specific issues related to failure caused by external system factors
	B.2.3 Specific issues related to failure caused by internal system factors


	Bibliography
	Figures
	Figure 1 – Factors influencing performance requirements
	Figure 2 – Maximum number of trains in case of divided area

	Tables
	Table 1 – List of preconditions and radio parameters
	Table 2 – Relationship matrix between preconditions and radio parameters
	Table 3 – Obstacle and radio parameters
	Table 4 – Climate conditions and radio parameters
	Table 5 – Electromagnetic interference and radio parameters
	Table 6 – Regulatory constraints and radio parameters
	Table 7 – Line maximum speed and radio parameters
	Table 8 – Track conditions and radio parameters
	Table 9 – Line configurations and radio parameters
	Table 10 – Station configuration and radio parameters
	Table 11 – Minimum design headway and radio parameters
	Table 12 – Maximum number of trains in one control area and radio parameters
	Table 13 – Maximum tolerable loss of communication and radio parameters
	Table 14 – Network latency and radio parameters
	Table 15 – TC transmission period and radio parameters
	Table 16 – TC throughput and radio parameters
	Table 17 – Control area and radio parameters
	Table 18 – Maintenance conditions and radio parameters
	Table 19 – Required type of transmission and radio parameters
	Table A.1 – Relationship matrix between preconditions and radio parameters
	Table A.2 – Overlay on existing facilities and radio parameters
	Table A.3 – Signal aspect and radio parameters
	Table A.4 – Block and radio parameters
	Table A.5 – Train localization and radio parameters
	Table A.6 – Train protection profile and radio parameters
	Table A.7 – System entry/exit and radio parameters
	Table A.8 – Temporary speed restriction and radio parameters
	Table A.9 – Emergency stop command and radio parameters
	Table A.10 – Interlocking control/route control and radio parameters
	Table A.11 – Level crossing control and radio parameters
	Table A.12 – Couple and split a train and radio parameters




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




