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The main,\task of IEC technical committees is to prepare International Standa
exceptional circumstances, a technical committee may propose the publication of a te|

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 standardizationco
all national electrotechnical committees (IEC National Committees). The object of IEC isp to
interpational co-operation on all questions concerning standardization in the electrical and electronic fi
this ¢nd and in addition to other activities, IEC publishes International Standards, Technical Specit
Techphical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National"Committee ir]
in the subject dealt with may participate in this preparatory work. International, ;governmental g
govefnmental organizations liaising with the IEC also participate in this preparation~|EC collaborate
with [the International Organization for Standardization (ISO) in accordance with conditions detern
agregment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, asnearly as possible, an inte
consgnsus of opinion on the relevant subjects since each technical committee has representation
inter¢sted IEC National Committees.

ublications have the form of recommendations for international-lse and are accepted by IEC
ittees in that sense. While all reasonable efforts are made.to ensure that the technical conten

arently to the maximum extent possible in their nhational and regional publications. Any di
betwgen any IEC Publication and the corresponding wational or regional publication shall be clearly ind
the I3tter.

IEC {(tself does not provide any attestation of conformity. Independent certification bodies provide cq
assepsment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
serviges carried out by independent certification bodies.

All ugers should ensure that they have, the 1atest edition of this publication.

No lipbility shall attach to IEC or its\directors, employees, servants or agents including individual exp
mempers of its technical committees 'and IEC National Committees for any personal injury, property dg
othel damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fd
expepses arising out of the\'publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Atterftion is drawn to the/Normative references cited in this publication. Use of the referenced public
indispensable for the\correct application of this publication.

Atterftion is drawn to the possibility that some of the elements of this IEC Publication may be the s
patent rights \JEC shall not be held responsible for identifying any or all such patent rights.
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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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C 2014

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.
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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—fromthe railway system as—a—whole—and particularly the train—control
functiops. Radio parameters are then decided based on the analysis of the conditiohq 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

C 2014

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 wif

specifi
definin

performmance requirements are deduced by the user of the Technical Specification fr
radio pprameters.

2 Ndrmative references

The fol

undate
amend

None.

3 Terms, definitions and abbreviations

3.1

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

3.1.1

capacmy

maxim

3.1.2

data rdte

amoun

or “byté¢s pérysecond”)

Terms and definitions

business needs and existing conditions: the Technical Specification itself ‘con
) a procedure linking preconditions to some radio parameters. Then, the“appn

d references, the latest edition of the referenced document (includin
ments) applies.

m amount of inférmation transmitted and received per unit time on the radio linK

of data‘transmitted over a given period of time (usually expressed in “bits per s

h their
sists in
opriate
pm the

owing documents, in whole or in part, are normatively reférenced in this document and
are indjispensable for its application. For dated references, only the edition cited appli

es. For
g any

econd”

Note 1 to enfry: The minimum data rate needs o take into account the maximum amount of transmitted
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:

3.1.4

handover
shift of connection to an adjacent radio base station

data per

It serves to enhance the secrecy of information transmitted and received within the system.
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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
numbédr of connections
numbef of mobile radios that can simultaneously communicate with one wayside radio

3.1.8

period
time bgetween the start of transmission of two consecutive packets’/at the physicdl radio
interfage

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 of closed transmission based on IEC 62280

3.2 Abbreviations

ATP Automatic Train Protection
GOA1 | Grade Of AutomationA
GOA2 | Grade Of Automation 2
GOA4 | Grade Of Automation 4
GPS Global Posjtiening System
QoS Quality of_Service

TC TraimEontrol

4 Oytline 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
precongitiomsdetermimethe performmance Tequirerments of the TadiosystenT:

The re]ationships that exist among them are shown in Figure 1, and items related|to the
preconfitions and radio parameters are listed in Table 1.

Individyial preconditions are defined in Clause 5 and Clause 6, and radio paramet¢rs are
defined in Clause 7. Clause 8 outlines the correlation between them.

Performance requirement

A A

International standard

[

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

IEC 1263[14

Eigure 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

on failway

Prec]nditions
opgdration

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).

(6.2)

TC communication
requirement
(6.3)

Maximum tolerable loss of communication,
transmission period, TC throughput, control
conditions, etc.

network” latenpy, TC
area, maintenance

Required type of
transmission

(6.4)
Security Encryption, measures against magquerading, etc.
parameters
Radio (7.2)
pargmeters Transmission Period, capacity (e.g. throughput), number of connections, hahdover,
parameters frequency, bandwidth, data rate, modulation method, ftype of
(7.3) propagation, etc.

NOTE
Annex B.

Additional operational and system conditions for thé\train control systems can be found in Anne

A and

5 Dédfinition of preconditions on-available spectrum

5.1 Environmental conditions

5.1.1

General

This subclause descriies* the environmental conditions which are the available spectrum
constrgints for a radio_system applied to a radio-based train control system considerged by a
rail trapsport autharity. Environment conditions are considered when transmission pargmeters
such ap frequent€ys;-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.

ce the
on the

In partijesHs scipitation—squal-or-not)—snowfs . g—andfogma S
propagption of radio waves and impact the quality of received radio signal depending
frequency.

5.1.4 Electromagnetic interference

Electromagnetic interference from radio noise sources in neighbouring, facilities (e.g. high
voltagg equipment, power lines, high-frequency equipment, electric(switching device§, etc.)
affects|data transmission quality. Interference from radio equipment which is not used fpr train
controllor mobile radios such as a radio communication system. for business use shoyld also
be congidered.

This enjvironment changes continually.

5.2 Regulatory constraints

This sutbclause describes legal conditions con@erning radio systems which a rail transport
authority should consider when a radio-based+frain control system is used.

For example, legal conditions concerning radio systems include the height of antenna
installeld on the ground, frequency, radiation power, type of antenna (gain and/or direftivity),
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 regulatipns for
obstacle or landscape may-be considered.

6 Definition of preconditions on railway operation

6.1 ailway line conditions

6.1.1 Géneral

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
betwegmstations—suchassingte; doubte;or quadruptetrack—ttTsmecessary tocomsifer the
line copfiguration 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 stdtion and structure. Scale of the station described means conditions such ap 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 eleviated structures, basement structures, multi-layer structures that may affect the glectric
field strength of radios.

6.2 OQperational conditions
6.2.1 General

This spbclause describes the operation conditions that a rail transport authority [should
ascertdin when using a radio-based train\ control system. It should be noted that this
Technigal Specification does not preclude the implementation of suggestions from pystem
suppligrs 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 pf train
control|system.

6.2.3 Maximum-number of trains in one control area

The maximumxnumber 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. |n case
that thg<area to be controlled is divided into more than one section for train control, it is

defineameachof 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 ~/ ~ 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 mihimum amount of time between two consecutive message transmissions jssued [by one
equipment of the TC.

6.3.4 TC throughput

The rafe of data exchanged between the onboard and wayside companents 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

Contro| areas are areas in which radio-based TC information is transmitted between the
waysidp 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 thg wayside is possible in all places alongthe line.

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

Stationfs refer to the case where-radio-based information transmission between the train and
the walyside is possible only at stations. Such areas include the vicinity of stations in a
conditipn that allows communication over a certain distance from, for example, an in-house
signal flevice or a depafture 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 jmaintenance of tracks and trackside facilities, specific functions shall be
consid¢réd, e.g. the ability to communicate with trackside workers via radio transmission and

- N L - £ - b )
communrcate work— Zonme mrornTation to e

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

7.1 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-masguerading
~J - =4

7.3 Transmission parameters

Transnjission parameters listed below refer to the parameters to be chosen-to satisfy the
conditipns of the system among the variables that determine the performance'‘of radio gystem.

Pelliod

T Q

Capacity

o O

)
)
) Number of connections
) Hamdover

)

D

Frelquency

Thig is the frequency determined to be used for transmission and reception of infofmation
betiveen the wayside and the train.

f) Bamdwidth

Thig refers to the frequency domain that ¢an be ensured continually in the radio frequency
used for communication between the wayside and the train. The bandwidth is detgrmined
in gonsideration of the maximum amaount of data required to be transmitted by the train
conftrol system.

g) Dafa rate
h) Mogulation method
i) Type of propagation

Thg radio transmission can be ensured through guided propagation media (e.gl leaky
cablles, waveguides) inductive loops) or through free propagation (free space radio and
asspciated antennas).

8 Relationship between preconditions and radio parameters

8.1 eneéral

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

Radio parameters — Security Transmission
OUTPUT -
£2 » c c
S 85| 5 | 2|%5| 5 | T | £ | 2 |So |8
s | e8| B s |85 | 3 & | = T |58 %%
> "o = © 29 35 5 3 Sc|loo
2 |e5| s | 2 |EBe| B | 5|2 | & |3%|es
e lz5| | S |3l £ 2| 5|8 |28E|F8
w @ E zg| T w 0 = s
Q
=
Preconditions —
INPUT 1 2 3 4 5 6 7 8 9 10 11
bstacle T - - T - - T T = T T S
Environmental Cl|me_1t.e 2 - - | - - | | - | | |
e conditions
conditions
Electromagnetic 3 ) ) ) ) _ i s
Interference
Regulat.c ry 4 ) ) ) ) ) s S } s s
constraifts
Line maximum 5 ) B B ) ) s | B ) | B
speed
[Track conditions | 6 - - | | | | - | S
Railway [ine -
conditions Line _ 7| - _ _ s S _ } - . - -
configurations
Statl_on _ 8 ) B s s B ) B } B s
configurations
Minimum design 9 ) ) ) s s s ) ) ) )
headway
Operatignal
conditions Maximum number
of trains in one 10 - - S S S - - - - -
control area
Maximum
tolerable loss of |11 - - - - S S S - - S S
communication
Network latency {12 - - S S S | S - S S S
TC TC transmission
communjcation [period 13 - - S S S S S S S S S
requirenent
TC throughput 14 - - S S S S S S S S S
Control area 15 - - - - S - - - - - -
Maintenance
- 16| - - [ - - - - - -
conditions
Requirg type of 17l ¢ < _ _ _ _ _ _ _ - -
transmisston

S: Strong relation between precondition and performance condition.
I: Indirect relation between precondition and performance condition.

- No relation between precondition and performance condition.
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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 Encryption N/A
parameters
Measures N/A
against

masquerading

Transnfission
paramdters

Period

In sections where the electric field might be weak because" off
and/or shadowing due to shielding and multipath caused) by ob
the possibility of corruption of messages (e.g. packetloss, alte
may increase. A smaller packet size resulting in a,Shorter perio
mitigate this problem.

fading
tacles,
ations)
i could

Capacity

N/A

Number of
connections

N/A

Handover

In areas where the electric field\might be weak depending
transmission parameters because, of fading and/or shadowing
shielding and multipath caused by obstacles, the installation de
antennas might be higher in’§ome places, and frequent hando
well as decrease of reliability of handovers should be considered.

on the
due to
hsity of
ers as

Frequency

In sections where the electric field might be weak because off
and/or shadowing due)to shielding and multipath caused by ob
the radio frequepcy" band might be selected to reach the r
performance.

fading
tacles,
Pquired

Bandwidth

N/A

Data rate

In sections” where the electric field might be weak because of]
and/or, shadowing due to shielding and multipath caused by ob
data rate should be considered in order to ensure required capd
cammunication.

fading
tacles,
city for

Modulation
method

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

fading
tacles,

Type of:
propagation

In sections where the electric field might be weak because off
and/or shadowing due to shielding and multipath caused by ob
selection of the transmission media and equipment inst
conditions (directivity, arrangement, etc.) shall be considered to
the necessary QoS.

fading
tacles,
pllation
ensure
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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 Encryption N/A
parameters
Measures N/A
against
masquerading
Transmissten Period th—sections—where—the—eteetrie—fietd—might—be—weakened—becquse of
paramdters climate conditions, the possibility of corruption of messages (elg.| 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 becduse of
climate conditions, the installation density of antennas should bg higher
in some places, and frequent handovers as well as decrefase of
reliability of handovers should be cofsidered.

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

Bandwidth N/A

Data rate In sections where (the electric field might be weakened becduse of
climate conditions; data rate should be considered in order to |ensure
required capacity\for communication.

Modulation In sections twhere the electric field might be weakened becduse of
method climate ednditions, the proper modulation method should be chosén.

Type of In sections where the electric field might be weakened becdquse of
propagation climate conditions, selection of the type of propagation and eqyipment

installation conditions (directivity, etc.) should be considered to|ensure
the necessary QoS.
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8.2.3 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

masquerading

Security Encryption N/A
parameters
Measures N/A
against

Transnfission
paramdters

Period

In sections where the electric field might be weakened begd
electromagnetic interference, the possibility of corruption_of\me
(e.g. packet loss, alterations) may increase. A smaller. pack
resulting in a shorter period could mitigate this problem,

use of
ssages
et size

Capacity

N/A

Number of
connections

N/A

Handover

Artificial electromagnetic environmental cenditions may interr
communication, thus reducing the ,range of the wayside ra
mitigate the reduced range, the distante between wayside radios
be reduced. However, if the distance‘between wayside radios is
too much, handovers will beCome too frequent
requirements cannot be met.

ipt the
io. To
should
educed

such thgdt QoS

Frequency

The radio frequency band)te’be used should be considered in ¢
avoid interference due\tovother artificial electromagnetic enviror
conditions, etc.

rder to
mental

Bandwidth

N/A

Data rate

In sections where there might be a risk of interference by other 4
electromagngtic environmental conditions, etc., effective data

train conttdl response is reduced due to packet loss cau
interferences. Data rate should be considered in order to

required capacity for communication. In some modulation meth|
mitigate packet loss, the data rate should be reduced.

rtificial
ate for
bed by
ensure
ods, to

Modulation
method

If the influence of interference is considered to be due to other 3
electromagnetic environmental conditions, etc., the modulation
should be considered.

rtificial
method

Type of
propagation

In sections where there might be a risk of interference by other 4§
electromagnetic environmental conditions, etc., selection of

propagation and the equipment installation conditions (dir
arrangement, etc.) shall be considered to ensure the necessary Q

rtificial
ype of
pctivity,
0S.
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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

IEC TS 62773:2014 © IEC 2014

Radio parameters

Relationship between regulatory constraints and radio parameters

change at a later stage.

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transmssten Period INFA
paramdters -
Capacity N/A
NOTE In some countries, capacity has to be declared %0 the rggulator
after the design phase and therefore makes it difficult,to change at a
later stage.
Number of N/A
connections ) )
NOTE In some countries, number of conngctions has to be declared to
the regulator after the design phase and“théerefore makes it difficult to

Handover

As the installation density of antennas’might be higher in some
from limitation of transmission extent due to regulatory constrd
antenna height or antenna typesi.frequent handover as well as de
of reliability of handover should be considered.

places
ints on
crease

Frequency

The influence of radio{wave propagation characteristics rel
regulatory constraintson allowed frequency range shall be consid
ensure selection of frequency for the required QoS.

ted to
ered to

Bandwidth

The influence poflradio wave propagation characteristics rel
regulatory consfraints on allowed frequency range shall be consid
ensure appropriate bandwidth for the required communication cap

Bandwidth™~shall be determined to ensure the necessary
consideration of limitation of transmission extent due to reg
constraints on radiation power.

ted to
ered to
acity.

DoS in
ulatory

Data rate

N/A

Modulation
method

The influence of radio wave propagation characteristics reld
regulatory constraints on allowed frequency range shall be consid
ensure implementation of a modulation method for the necessa
of communication quality.

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

ted to
ered to
y level

essary
Hue to

Type of
propagation

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

QoS in
ulatory

ted to

Tk el £ H 41 b fariatl l
ettt o ratro—wave—propagatomr—tmaratrerStes— e

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.



https://iecnorm.com/api/?name=45a6953e26b7c695e5bcaab6719f42d6

IEC TS 62773:2014 © |IEC 2014

8.4 Railway line conditions
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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
Transnfission Period N/A
paramdters -

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 shiftydue to a higher line maximum
speed should be considered.

Bandwidth N/A

Data rate N/A

Modulation The modulation method/ should be considered depending pn the

method influence of fading and\Poppler shift due to higher line maximum gpeed.

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 Encryption N/A
parameters
Measures N/A
against
masquerading
Transmissten Period th—sections—where—the—etectric—fietd—mightbe—weak—because—of; fading
paramdters and/or shadowing due to shielding and multipath caused|\by track

conditions (sections that may have a short radio range for each gntenna
in tunnels or on curves), the possibility of corruption of messagg¢s (e.g.
packet loss, alterations) may increase. A smaller packet‘siZe resylting in
a shorter period could mitigate this problem.

Capacity Due to track conditions, the electric fields might ' be weakened ih some
sections, e.g. sections with a short radio range™in tunnels or on|curves
and capacity might be decreased. Capaeity increase shopld be
considered in these cases (e.g. by a bandwidth increased and/of higher

data rate).
Number of A number of connections should” be considered that |allows
connections communication with the required train in sections that may havp weak

electric fields e.g. sections with.a short radio range in tunnelg 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 hgndover
processing should, be considered, as antenna installation densglity 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 aphd the
communication distance (the influence of the surrounding envirpnment
on thezband used, etc.) should be considered.

Bandwidth N/A

Data rate It should be considered to ensure communication at the requir¢d data
rate in sections that may have weak electric fields, e.g. sectiong 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 antgnna in
tunnels or on curves).

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

Type of Selection of the type of propagation and the conditions of installation for
propagation related equipment (antenna directivity, etc.) shall be considered|to also

allow the required QoS in sections that may have weak electri¢ fields
(sections that may have a small transmission area for each antgnna 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
Transmssten Period INFA
paramdters - - - - - - -
Capacity For line configurations with multiple tracks arranged lin" parallel,
simultaneous communication with a number of trains is offen, necgessary.
The maximum number of simultaneously controlled .trains shall be
considered to determine communication capacity.
Number of For line configurations with multiple tracks~artanged in parallel,

simultaneous communication with a number of train’s is often necgessary.
The number of connections shall be- determined to |ensure
communication between the ground and_ vehicles in order t¢ allow
treatment of the maximum number of trains to be controlled with the
period necessary for such control.

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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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 Encryption N/A
parameters
Measures N/A
against
masquerading
Transmissten Period th—sections—where—the—etectric—fietd—mightbe—weak—because—of; fading
paramdters and/or shadowing due to shielding and multipath caused by.[station

configuration, the possibility of corruption of messages (e.g. packgt loss,
alterations) may increase. A smaller packet size resulting.in a [shorter
period could mitigate this problem.

Capacity The presence of station obstacles and roofsAat, stations fmpairs
communication quality and increases error rate,* causing a [risk of
communication failure. Accordingly, radio capacity shall be detgrmined
in consideration of station structures.

Number of Simultaneous communication with different trains at stations ip often
connections necessary because multiple trains may\stop there at the same time. The
number of connections shall be detérmined 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 necessgary 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 ro¢fs.
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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
Transn]ission Period N/A
paramdters - ; - . - -
Capacity Capacity shall be considered to allow communicatieh with the required
number of train sets depending on the minimum design headway.
Number of The number of connections shall be considered™to allow communmication
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 shortger, 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 connlections

that can control the réquired 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

C 2014

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

connections

with the required maximum number of trains¢ihsone control area.

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transn]ission Period The period shall be considered to allow communication with~the required
paramgdters maximum number of trains in one control area.
Capacity Capacity shall be considered to allow communicatioh with the rgquired
maximum number of trains in one control area.
Number of The number of connections shall be considered~to”allow communication

propagation

Handover N/A

Frequency N/A

Bandwidth The bandwidth should be considefed to ensure a number of connlections
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
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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

that it will not contribute to any communicatien)loss.

Security Encryption N/A
paramgters
Measures N/A
against
masquerading
Transnjission Period N/A
paramdters -
Capacity N/A
Number of The number of connections shall not exceed_the._capacity of the rpdio so

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

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

Bandwidth N/A

Data rate N/A

Modulation The modulation méthod shall be selected to ensure enough transmission

method speed, etc. yint consideration of maximum tolerable Igss of
communication.

Type of The typé.of propagation shall be selected to ensure necessary [QoS in

propagation

considération 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 Encryption N/A
parameters
Measures N/A
against
masquerading
Transmissten Period Fhe-periot-shat-be-determined—taking-into—acecount-thenetworktatency.
paramdters - - -
Capacity The capacity shall be determined to ensure netwdrk” [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 npetwork
connections latency requirements are met in consideration ef maximum number of
trains controlled at any one time.

Handover The handover should be determined o Jensure network [atency
requirements are met in consideration of. connection switchirlg time
during handover.

Frequency The frequency shall be determined” to ensure network latgncy in
consideration of characteristic~0f using frequency (communpication
distance, data rate, etc.).

Bandwidth N/A

Data rate The data rate shall bexconsidered to meet the required network lptency.
The network latencyiean be decreased by increasing the data ratg.

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

connections

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transnissten Period Fhre—periog—shalt—be—determined—consistentty—with—the—speeified TC
paramgdters transmission period and the maximum number of connections.
Capacity The capacity shall be determined to ensure TC transmjssion pgriod in
consideration of maximum number of trains controlled at.any one fime.
Number of The number of connections shall be determined~to ensdre TC

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

Handover

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

Frequency

The frequency shall be determined dn 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 contral area.

Data rate

The data rate shall bexconsidered to ensure enough transmissior] speed
for TC transmission{period.

Modulation
method

The modulation~méthod shall be determined in combination wWith the
frequency to achieve the required data rate for the TC transission
period.

Type of
propagation

The type ‘of propagation shall be selected to ensure necessary QoS for
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 Encryption N/A
parameters

Measures N/A

against

masquerading

Transmissten Period Fhe—period—shat-be—determinedensuring-that-the—reauired—throtghput is
paramdters 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 ftime.

Number of The number of connections shall be determined to,ensure TC thrqughput

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 determinedin” combination with the modulation
method to achieve the required T€ throughput.

Bandwidth The bandwidth shall be considered to ensure enough data rate|for TC
throughput in consideratierhof 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

required for the system in control areas.

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transnsston Perrod N
paramdters -
Capacity N/A
Number of In the case of a system where the control area covers thé whole Ijne, the
connections number of connections shall be determined in considefation of maximum
number of trains in the control area as required for,the System alpng the
whole line.
In the case of a system where control areas’are confined t¢ some
specified sections, the number of connegtionis shall be determfined in
consideration of maximum number of trains in the control grea 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 detgrmined
in consideration of maximum’ number of trains in the control grea as

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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Maintenance conditions and radio parameters

C 2014

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 para

meters

connections

increase of data in cases that multiple works should be processe
same time.

Security Encryption N/A
parameters
Measures N/A
against
masquerading
Transnissten Period A—transmission—periot—shottd—be—considered—to—satisfy—the—maximum
paramgdters response time required for the exchange of information of tragk 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 theqsame time.
Number of The number of connections should be considered to accommodpate the

Il at the

propagation

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

Type of N/A

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 rddio
parameters

Security Eneryption When open transmission is used, appropriate security mgasures

paramgdters (encryption) shall be applied to compensate for the low secrecy.
Measures When open transmission is used, appropriate security measures pgainst
against masquerading shall be applied to prevent intrusions into TC
masquerading transmission related to malicious attacks.

Transmission Pertod NTR

parameters -
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—systom—which—is—differentfrom—a—radio-basedtrain—control—gystem.
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 necessarycto*copnsider
overlay on existing facilities when employing mixed operation or introducing .a|radio-based
train cgntrol system step by step.

Operatlon conditions herein relate to whether or not the rail transpart”authority employs
overlay on existing facilities, and how the system is realized and operated when overlay is
employled.

A.1.2 Signal aspect

Signal Jaspect methods can be classified into the cab sigHal method and the waysidg signal
method. The cab signal method indicates signals tononboard signal devices. The wayside
signal method indicates signals to wayside signal devices.

Operatjon 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 lipe into
sections with, normally, no more-than one train in each section. The block can eithgr be a
fixed block or a moving block.

Block ¢onditions hereinrelate to operation conditions, such as whether the rail transport
author;ry employs fixédy blocks, moving blocks or a combination of the two (moving|blocks
betwegn 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
restrict i i i i i i es, 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
transmjtted 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 g radio-
based frain control system and another system. Areas of radio-control and those contrqlled by

other systems therefore partially overlap at the boundary, wherg registration of entering trains
and deletion of exiting trains from the system are performed viasradio communication.

A.2.6 Temporary speed restriction

A planned speed restriction imposed for temporary canditions such as track maintenange.

A.2.7 Emergency stop command

When it is necessary to urgently stop the train due to changes in weather or track failute, stop
commagnds are transmitted to the vehicle from the wayside via radio communicafion. In
principle, such commands should_be transmitted from the required location whenever
necessfary.

A.2.8 Interlocking controliroute control

In ordelr to set the movement route in the station yard, the system switches and locks [points,
and dgqtermines movement authority limits according to setting requirements. During train
operatipn based on €ab’signals, route setting information is transmitted to the vehicle filom the
wayside via radioycommunication. When the train location is detected on the vehicle itself to
enable|route setting automatically according to position, wayside equipment related tp 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 parameterL
Radio parameters —-| Security Transmission
OUTPUT P
= - E 2
: b
c - (2] - ©
S 93| o | 2 |56 8 | S | 2| B ®
2 | "2 o s | 8% | 3 8 3 g c 3
s »n o = © 2o 9 S S ES ° e
Fa oS o o e c o T s = o
o - o a ® E c < o c © -
c >0 o 3 c 2 © a © %5
w P z3 T [ (i) E]
o £ T g
Preconditions — = 2 =
INPUT =
1 2 3 4 5 6 7 8 9 10 11
Overlay on
e - 1 - - | | | - - - - - -
. existing facilities
Operatignal
conditions Signal aspect 2 | | | | | | - - - - -
Block 3 | I | | | | - - - - -
Train localization | 4 | | | | | | - - - - -
Continuous control/ 5 ) N | | | | ) ) ) ) )
Intermittent control
Train protection 6 > _ ~ ~ ) ) ~ ) ~ )
profile
System entry/exit| 7 - | | | | - - - - - -
Temporary speed
U 8 | | | | - - - - - -
restriction
System Emergency stop 9 _ _ _ . _ .
conditions command
Interlocking
control/ 10 | - - - - - -
Route control
| evel crossing
~ T T T T T T - - - - - -
control
Couple and split 12 ) ~ ) B ) _ )
a train
Automgtlc train 13 | | | | | _ ) _ ) B )
operation
I: Indirect relation between precondition and performance condition.
-:  No relation between precondition and performance condition.
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Operational conditions

Overlay on existing facilities and radio parameters

C 2014

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

connections

existing facilities, multiple systems operating simultaneously may
mutual interference in the related devices. This may cause inter
to the _transmission quality. Therefore, the effect on the nun|
conngctions is taken into consideration.

parameters
Security Encryption N/A
paramgters

Measures N/A

against

masquerading

Transn]ission Period In the case of overlaying the radio-based train control system|on the

paramdters existing facilities, the multiple typed operation \ systems orking
simultaneously may cause mutual interference \within the [related
devises. This may cause interference to the, “transmission pguality.
Therefore, the effect on the transmission period is takgn into
consideration.
In the case where a non-equipped train Jbeing controlled by a wayside
signal device, a transmission peried,is considered that affe¢ts the
difference between radio-based éontrol and the indications of wayside
signal devices.

Capacity In the case of overlaying{he“radio-based train control system|on the
existing facilities, the{ Jcendition of multiple systems ogerating
simultaneously may cause mutual interference in the related devices.
This may cause interference to the transmission quality. Therefgre, the
effect on the transmission capacity is taken into consideration.

Number of In the case of'qverlaying the radio-based train control system|on the

cause
erence
ber of

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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A.3.2.2 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

Radio parameters

Relationship between signal aspect and radio parameters

Security
parameters

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

Measures Measures against masquerading are applied when exchanging aspect

against information.

masquerading

Transnfission
paramdters

Period

It is considered whether the period of transmission and recCeption is
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 transmissjon and

connections

reception is appropriate when exchanging aspect.information.

Handover It is considered whether the communicatioh) 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

propagation
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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

IEC TS 62773:2014 © IEC 2014

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

Transnfission
paramdters

Period

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

ception
to the

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

Number of The number of connections is considered~ to allow appfopriate

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.3.31

System conditions
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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 detefmining

masquerading train locations.
Transn]ission Period For reliable train localization, a sufficiently short transmission period is
paramdters ensured in order to achieve the transmission of train lecation infofmation
or exchange of information required for determinind train locatigns in a

timely manner.

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

Number of For reliable train localization, a  suffiCient number of connectigns are

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

Handover For reliable train localization, quick and reliable completion of hgndover
procedure is done atha. boundary between radio stations in order to
achieve the reliableJtransmission of train location informagion 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 inteqmittent

control| or eontinuous control. Especially, for the system with intermittent control, transient

phenomena when entry to the transmission area and time for data transmissipn are

considered to determine the radio parameters (transmission parameters, etc.).
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