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Digital trunked radio e~ > O
evolution .

140 bytes  More SDS 7.2 kbps 28.8 kbps 100-400 kbps

* Mission * Packet data = Multi-slot « TETRA - Long Term
critical voice service packet data Enhanced Evolution
- Short data - WAP Data
service * File transfers Service

* GPS + High SDS load for , g0 yangfers - Filetransfers  » 3G equivalent  * 4G equivalent
» Status monitoring concurrentvoice \yap » Image + Video transfers  * Live video
. "E‘ fgtfaUT o » Train telemetry transmission « Train telemetry streaming
*» Train telemetry « Train control * Train control
* Train control (ETCS) (CBTC)
(ETCS)

3-2 TETRA #5JE@HEAE (1]

(CIELREE MR S 2B
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PFI(Private Finance Initiative) » B[ &HA 20 4F > ($1] TETRA 24 » HHP 43
—EH > TEMEEHBES B 1] BERGMGE LY 0 & 5 zones
1400 B 2 ~ 290 {EESE ~ 200 DA FHRMEE ~ BRREEE 740 km MIRE
EERE LS - 29MEEHE 2RI 2 - MEHMRELRS - Bt
B R GRCSHEER - Rl N R RBE T HEE - (HHATZ &
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What is Connect?

A PF1* project to manage and replace all radio and
transmission services on the London Underground
for a 20 year period

* Private Finance I nitiative

System facts
=5 zones =10000+ Portable Users
=11 Lines _ =1400 train mobiles
=290 base sites =740 km radiating cable

=200+ consoles

3-3 fa B RS S (1]

72 Management
\

Inter zone network

PSTN/

Ny The Connect Radio

Train_radio

I nfrastructure

Radio Antenna Infrastructure

Despatcher

Packet
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RF IS R ER A IR (UK AR . ~ PRI T BN » R i R & B - &
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https://en.wikipedia.org/wiki/Time_Division_Multiple_Access

E 3-7~3-9 Fior[1] > 55 Motorola B8 5£41E] 3-10 -

TURN UP LTE

AND OPERATE
RADIO AND
BROADBAND AS A
UNIFIED SERVICE

3-5 LTE 81 TETRA 45 & ~=E[E(1/2)

DEVICE COLLABORATION

DEVICES
= DEPLOY DEVICES OPERATING ON
= PRIVATE LTE SPECTRUM
""" 9‘@ = ENABLE TETRA RADIO AND EROADEAND
SN~

RADIO ACCESS

() = PLUG IN LTE BASE RADIOS
INTO UNIFIED TETRA RADIO SITE

= UTILIZE INTEGRATED PORTAL
FOR VIEW INTO ALL O&M

CORE

= UPDATE TETRA CORE WITH LTE SOFTWARE,
ADD LTE RAN SERVICING ELEMENTS

= LEVERAGE EXISTING UNIFIED SERVICES, ADD NEW

APPLICATIONS

= RUN CRITICAL MULTIMEDIA APPS OVER PS LTE
= ADD NEW PUBLIC SAFETY VIDEO APPS

3-6 LTE £ TETRA 454~ =& (2/2)
7



ESTABLISH

PUBLIC CARRIER
M PARTNERSHIP
ol FOR EXPANDED
COVERAGE

[l 3-7 S —HE - SR EE(1/3)

DEVICES

= ENABLE BROADBAND DEVICES TO ROAM
ONTO PUBLIC CARRIER 3G/4G NETWORKS

&) RADIO ACCESS

= ESTABLISH PUBLIC CARRIER PARTNERSHIP

CORE

= REACH CARRIER AGREEMENTS
ON PRIORITY AND CONTROL

CARRIER
NETWORK

APPLICATIONS

= SECURE MOBILE DATA AND MAINTAIN SESSION
PERSISTENCE WITH PRIVATE/PUBLIC MOBILE VPN

[l 3-8 Sy 1L —iEHF G oREE(2/3)




INCIDENT
\ CMMDER

CARRJER
NETWORK

USE CASE:

MULTI-AGENCY
RESPONSE

MULTI-NETWORK TALK GROUP

Incident Commander leads Multi-Agency Group

Initiates group call with Utility manager, government
official and hospital administrator on TETRA radio

Utility manager’s PS LTE device connected to prioritized
PTT service over PS LTE network

Government official travelling abroad uses PS LTE
device operating over best effort cellular service

3-9 Sy 1L — iR e R R E (3/3)
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(—)ESS 4

BB L EERED L - BB L - #if#(underground) ~ %
(Overground) ~ fRBAEFHEFS(TIL Rail) ~ BEUEEELH (Docklands Light
Railway train, DLR)ZE5E o Hr Ay g 57 R S f AT 2 i BT |y
IR ARF L —  FARAZE I 1863 45 1 5 10 HIEE » [FF Ayt
St bR BRI - 150 ZHK > MBAVHTE SRS - R
R ESC i 5 (Transport for London) & » 43 9 {EEE (Zone 1-9) » Wik
BB EEEECREMA R ERFE T - HEEsEESREE 3-11 - Mt
S 11 (RES 4R > RS 400 AN H - JBEREATAE 270 HEELL - EAEE 10
A » AEREEH LA - SRR T &2 R E T - TAERD & A
HOTEELT > AR TAREY S 55% 0 BERGRIERAE IR 3-1 FR -

= 24 hour travel Information Sign up for email Updstes - TRANSPORT
MAYOR OF LONDON ergovuk ([ 03k3 %0 T thgov.ukfemaiupdates () @TMLTravelAlerts gy FOR LONDON

R S wh—— EVERY JOURNEY MATTERS

3-11 faBots#iEs S~ B E
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http://www.tfl.gov.uk/
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PEARLTH PREREE | HLE | @SN

Central Line tf 43 &L 49 1900
Bakerloo Line H FEE 4R o 25 1906
Circle Line HEARER = 35 1884
District Line 45 &k 60 1868
Hammersmith & City Line JEBRSRZRHr | #5341 29 1863
IR

Jubilee Line ZEEF4R K 27 1979
Metropolitan Line A HP & 4% % 34 1863
Northern Line 3t 754% 50 1890
Piccadilly Line f7-K55 H4R R 53 1906
Victoria Line 425F/]nos B 16 1969
Waterloo & City Line 7888 K 3 i 45 AR 2 1898

(OB EE IR

B8 A8 Ry Tube » HE R W EATROM N BB N S B Y E N
BT - MBS - MR PP &R R4S B — 0 - I B ErE FiE
Ve AT SR PS8 3 HR AR - ARt SR E EIEAR 1 b - EITESRRLHE b - BT
T i b - ENfERGZE | » ENfEEE B - MEfmsot N LB TR - 7%
ZEHEESEEM Service Update 48UEE B HE R IEH IS 7 T B T2 %
HHlcA TRl

Bt iy SO S E OB - AR (Wi-FD Rt sEs 4R | - B
AERIR H SR A TR AR - BB REEEE - H GBS A IE
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HAifmBot #8173 S 4R BB ER H TETRA Z2%40 (KB IEEIEILE 7 f
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— ~ fmEg A e P Kapsch

Kapsch Ffidf izl GSM-R &AM > GSM-R 248 AGEE &R
g B > HETILE 23 BIZ(#HH GSM-R &4 - #E#aRAgRgEE 78,000 A H -
HrP ETCS level 2 4 16 B » 545 8 (HIFH X » 2 E RS 2R
3 1 GSM-R &8 2G 247 —EHHIFENREE » B 0w B8 EEE T
{E - {HEHA UIC #57% LTE-R Bl#Ei 2S5 mAR A2 R TA IE%i#2  Kapsch
BRI > 5 Q0154 9 A UIC % 240 L ERF R AER 28 2030 4F >
s hlE 3-20[2] ©

GSM-R Technology lifecycle by Industry Group

GSM-R Industry Group supports GSM-R at least until 2030.

2 Ono9 Sept. 2015 this statement was formally issued to UIC, DG Move, ERA and UNISIG.

i Support at least till 2030 includes
Maintenance of GSM-R systems hardware/software y =
Lifecycle management S 'E‘
Support of CCS TSI/ EIRENE requirements g
. . INDUSTRY GROUP
Migration towards IP
Mitigation of interferences

3-20 GSM-R %475 FHAEFR[2]

(—)FT GSM-R £y

ETCS Level 2 QHEASRSERRBH L4001 > DUREREAZE L O(RBO)E
AEFEEEIR I AR ~ WUEEERS - STHhEs - e MY EERSE
afl o ETRHUSSRERRFE (A8 ~ SREREIEIRER ) ~ (T (FIEDLE)
FIEAM 2 iE DL (AN (S FTEER ~ Bl ERSINRE S ) 1R (A5 B (K2R

[ — SEBE R P TR VRS B E(MA) - (IR SRS A PV EEE -
FiEH#S GSM-R Z 4l S A BRI - SRESHLE - SRESEIEMEAHIE PRI
FENEYIE - A GSM-R MG ERNAHE - B15 5 gt EIE 2 201
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3-21 A7 » ETCS L2 B BTS 2535 BEANE 3-22 A -

ACS : Axel counting system
ERTMS Level 2 concept General Architecture ;3 ©unnesen
BTS : Base Station
EDOR: ETCS data only radio
EVC : European Vital Computer
GSM : Global System for Mobile communications

ISDN : Integrated Services Digital Network
IXL: Interlocking

KMS : Key Management System
MSC : Mobile Switching Centre
RBC : Radio Block Centre

VLR : Visitor Location Register

counting
system
S ooo
ooooa|___
------- r RBC

Kapsch CarrierCom

kapsch -~
ETCS level 2 Signaling through the GSM-R

N\

Control Centre

\ Information in cabin
\ - ; for the driver
\ MSC/ HLR
\ ‘._ \\ J
{ N
\ |
i BTS \
W e
s | X
+ ik “ [ E===
\ I _-1}‘_ v / No more lights _— /
— vl )
Passive I , \therIockmg
Balise
Signaling section (_bl,QQK)
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GSM-R 4% £ Global System of Mobile Communication for Railways > B[l 4=
BREBEEIL BB ARG - Ry A A R A GSM Rlrddfmizk -
HEHO T R AR E TIRE LUK & e R R N LA IR - RBiEs Railway) FH
AU {S 48RS - GSM-R o] DA SIS (A B dE i - Ay e e ftEaEny -
EErpyE (ERERNIEES ) EimimEE o Hal{EER_E1THEL 876 MHz
£ 915 MHz » M TH5EL 921 MHz 2 960 MHz » BN GSM-R fE4R B 31
REAESEARY 2002 4 7 H 5 H HEUMN L EFEEC)HE Ky E1TH#EES Fy 876-880
MHz ; NTH##ES 5 921-925 MHz #8EZ - Fsbl 19 B(EAT- M T) AMHz #EE#
AEEIIE 200KHz #EAFTAHA > LEABIONTHERHY GSM (s » 2fE 3-23
FroR[3] o Hr BRI (58 AE AR Ry O00MHz » #% B &% Ui 28 25 1Y 7 B
885-889MHz - [ Al & 85 A HIAHES 930-934MHz « BUMAITERFH 1800MHz » #8

LRI 15MHz > _EATH#EES & 1710-1785 MHz 5 M T#EES & 1805-1880 MHz
FHEZ(3]

Kapsch CarrierCom ~KIOoscr

Frequencies for GSM-R systems

@-GSM P-GSM ER- R- -GSM P-GSM

—— e

873 876 880 890 915 918921 925 935 960

Uplink Downlink

European regulatory body has defined 4MHz continuous dedicated band
within 900MHz, leading to 19 channels for GSM-R

Countries like India or China use GSM 900MHz public band to set theze frequencies

Australia uses 1800 MHz spectrum, real cases show 15 MHz bandwidth was requested due to frequency blocks are
subject to radio noise pollution from Public Operators

DCS51800 DC51800
1710 1785 1805 1880
Uplink Downlink

3-23 BIOM GSM #EZR S5 4[3]

GSM-R HIEEEN Z 402 S T IIRE B RG> BLEM S 0RFF 5-10km
FYEEEINES » fRIA AT B i 28 S00km A {5 RYNEAEHIFE K - 15LET)
REEIRHVIIRE SR G LB REH Ry F P IR AT A AV EATIRE S i TR TURE - 03
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M FPEVERHE TR RN R ERIE ~ B8 -

HAfZ 08848 Network and Switching Subsystem, NSS) ~ Bt & Z47
(Base Station Subsystem, BSS) ~ #/FEA4EFE T Z247(Operation and Management
Subsystem, OSS) =77 4H k% » RII{F{R7 3t [ H 7% Bl £ Se 46 B[] 7 4 e AH 72
Pt e BT F RIS B = Z 18 S S B A P B E A P 2 [ aER, -
ZerEIF R R E AR 3-24[2]84 3-25 B -

3--24 GSM-R 4Eps 2 iR sl
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GSM-R Architecture principle

Network and
Switching
Subsystem
NSS

I R
~~~~~~~~ %“‘3—\QE 0ss
\_ OMCR ﬁ;

BTS BTS BTS BTS

Base Station

Subsystem 4 _ a4 _

BSS &'ﬂ‘ %‘— :&‘_ T
(—

3-25 GSM-R 482t e

55 GSM-R #&fee 7 /][RI P58 ok R (UIC) HEBHBIOM % & M fre 4 B8 5 L4
P& (European Integrated Radio Enchanced Network, EIRENE) » #BEEE 52 » H[H
TE FeHTRH S F BT RE BT AR A% - AT Eh 8RR A R ARAT TR KA A
& ° EIRENE i GSM {E#i 47 A R BION EE (5 2451 L 155 & (European
Telecommunications Standards Institute, ETST)FrHE AR Y 588 1% e E B
GSM &4 » F 2R RZaZ F: it s ERAiT e B A 983 € - R GSM
BRI F Ry S8 S S e Pirasa BT Birg - RS R FEr iE HITRE
IODATE 76 S AL BfE S iEEEDRE(Advanced Speech Call Ttems, ASCI)
ERFREE PR VR E DR S » IRl 3-26 F7R(2] o SoiEi@ahohae 2 AHRHEREH
W1 T Fra -
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Kapsch CarrierCom I(apsch >

EIRENE GSM-R Services

Advanced (national) GSM-R applications

- 5 N
Controller — Driver Operational 3 S
e Train Support Communication
Services
T T Local Communication at Stations > EIRENE
: and Depots MORANE
Wide Area Communications Emergency Area Broadcast
“
Railway Presentation Location
Operatonal 3| Funetone | | ofFunctonai | fecest | | oopendent | | Conforien
Aspects 9 Numbers Addressing ty y
Telecom
» ETSI
GSM { Voice / Data Wireless Carrier j

3-26 JEHEIEENL)

EAE R 2]

an>

Z I EEETRE o AR S S PEE S IR - AIREE ERAH I AR
#(Voice Group Call Service, VGCS) K 58 5 AR5 (Voice Broadcast Service,
VBS) 81 5 5% 2 {8 Jo I F7 B2 5% JJF (Enhanced  Multi-Level Precedence and
Pre-emption, eMLPP) » SZ#g%ei 00 B8 B & i K e Bl 5 B e i B AT i
i e

SR ERAHIEIUAR 7S (Voice Group Call Service, VGCS ) (4F5[E € 2if% )
P HESHTRRHAY ID » T BRI Iy NSH B S T8 R AR S - 1 HLaZ 8H A
ARk EIgn] DU [F — TR 10 Haz/ NHP A R ] DU AR
SR T T R R RS RS RGBS S SR R AT BT
P Ry FR A (50 " pR ki as R s - Al 3-27 Fiow[2] ©

A EREIRTS (Voice Broadcast Service, VBS ) 14 By +5 B & I8k N 2 +E
HE BTN - EIEE I SRR E TR E - FEAREM -

o (B IE P EA55 47 (Enhanced Multi-Level Precedence and Pre-

emption, eMLPP) » 41 VGCS ~ VBS ~ B EIFALERS B B Bfize ] Ko i i
2

~




TIPSR E R - A AR B AR B HY R IR &l RE R T
RO o 405 —(E LR MR AR S8 AL A R ZE - SRR (AR
AR AT S (RS R A R A -

Kapsch CarrierCom KapSCh >

Voice Group Call Service sample

N
VRS T MSC/HLR

~

»
Dispatcher

3-27 SRS R REE

SR EEINAE B A THAE Ehk(Function Adressing) > i7 & € HE(Location
Dependent Addressing) ~ TAESTAS S P (Presentation of ~ Functional Numbers)
P2 AEFH (Access Matrix) ~ fir B #E:(Location Dependent Adressing) ~ 1= B 5 1F
N RESY(Confirmation of High Priority Calls) e

BRI eSO T ¢

THREE HE(Functional Adressing) BATIRESRIS IR © (FAEE S EIH =
MRS TR e VRSB PRy — T T2 EURFRE R EH I ThRE SRR & 70 Y
B EIRFILE - A SRR I RS I i T e HE s - ETEiR IR 4R
T TIRE SRS A T RE TE I praE T AL Y Ty A5 5 68 B HL 7 44 i ] 164 LG 988
1L FEE— AR T IIRESRISAYIE B — it — > SRR R R B TRe
HRPNBSEIEFFFI4RSE - Smik A] LU At il UZEEITHY - BEE TIRE SRRy
LIRS A BT AR - HE @2 A0y - sl DRSS - (18
(BIelEFP S bl - A ERYEHEIEFILR S AE R R FREDIRE » BRR L
BEHEFP R EHE Z AR LIy e L A 1 1 B i e {1 B RH BRI H St
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FEHT S THREEEL 7 B IO [E] 22 i B Y 3 B BRI EIT S
TEHE RGBS E I E R 22 A B e ERY R [E 22 M0 BHYEE &
BCHEILEITE -

B2 AJEFE (Access Matrix) © sZEMEN I B2 I 32 1 B S 7 FIJET -

Ar' & EHk(Location Dependent Adressing) - {EA%IEE_FF4 8 F FIEAL 3 &
[ 38 FH P Y —1E 7 =0 AIFRE A 3 i R AR IR 5 S B A 3-28
FrR(2] °

114

Kapsch CarrierCom I(Epst.'.‘h >

Location Dependent Addressing

Packet Backbone

Media Galeway l

The Train Driver The network routes the call based on
originates a call using a the Cell Identification to the controller
specific Short Code. of that train area.

3-28 fir B RELE

5 (B 4t 00U i 57 (Confirmation of High Priority Calls) = FI] FH
Acknowledgement Center FET B BItEREEE 5 Bl BAaE S BEAH PO Z (B hE -

ok E M & 7% L B E B B (Controller-Driver
Communication) > sz 285 & B2 Bl & 38 55 (Driver-Driver Communication) e
Automatic Train Control BB 2551 BN B ENFREL MA SR ZETTHE0, » Train
Control BUFEME1T#E 00 B [H 2 & m s 57 fEAH BRI Bl 4 2 ] -
Emergency area broadcast e E#% < s » shunting BV =LA 5 - Trackside
Maintenance Communication > Wide Area Communication E[JF]F GSM-R Fff7 5y
PSS 4ERE N BFR LSRRI AE (S - W o] DURIR SRS 458 A\ B HAE DA

K BT 1F 35 B 1 € M M A9 BT £ AL & © Train Support Communication °
29



Communication at station and Depot * Passenger Service BIHE (IR 2 AR 55 B HE By
iR R EENRE AN ~ &R DB - SRR MIRE IR HAYEhRE
fr B LA HERFZIE R FIH GSM-R Ffighy & S n] Ry ik P izl & 52
HRHs o
Sy ARy s ol - Ry TR ad A e - RIR2ET &R R
GHORF M GSM-R 1ZRMEE S AT AR Ly LUEAEE F1 0 BE S SR
PRI AR - AR 5 i i 22— (7 A GPS BEUEsHY
GSM 1554 - n]iEHEEHEZ B BEEERNALE - TR FTEHEE R &R ER
BWIXGEF > (PR M ERE SV S & NS F IR S U S S E
iy ~ SEARYIE ~ &Y BR(EFDRE
S 2 BPEEE GSM-R ZS A b AT Dl & s i i & s S A5 Y 31 B
[E25 BRI EPER S H & s s - PRI R E s E i - (S
SEIEGRERN ~ CTC S ar SHYE L - YRR R &R EH % - JIHSES
B RS - VIEE T 2R N AG(TDCS) & all#ix - fREBETE R
BRGHVERE L - RALRHS LG SR BN E RS R AV & H 2
DU & IR B i (E B A B RS Bl A (S AV DNRE » £:5)7 Kapsch I sF40[E 3-28 -

(Z)GSM-R Folk 2 4

BRI $8 & 6 B (International Union of Railways, UIC)RFZE » S5 A2k
(Y e R R AL B (S A A PR (AL 4 200 (3 BRI - BA Y GSM-R 44
FEENfEHH e GPRS #dps1% - SEBRERE I ES S — e 22Tt - A ssE
K~ QoS A IEE ~ FEA TP AL Z 445 R (o B EL A 4 b 1 N G S5 P -
HREHEA R - BEMSER AR OESHE GSM-R s E#H 2% - GSM-R
ZHIAREE N — (S B RSB E TR REAFTIE[0] - AT — R dsm
aHEE AT > GSM-R Group [FEARFHRBH SR IER 2 2030 47 - I HAEIEAHRE
THAE » WIRKEFRSHETE ~ A= an HHHAVE R ~ IP AL - P ERTEZEE » 41E 3-20
AT > {15 GSM-R ZHERE TH A A SRt - A A T —UmAR 8 Rl
A4 -
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4~ OBB
(RIS 4

BRI I 85 B 21 478 H AT A W R 88 N T 0 — Ry BRSO IR RS 8 e
( Osterreichische Bundesbahnen, OBB ) » i By BRI F BRI 8% - HLffE 52 w3 K
EEESEMH 2R E I L2 S #ES R R A F - H—F
Westbahn > JEFRTAS > AL H BT ST RN ety BliE T e 2 6] - IEX
/b EARE A o TSI INEEE -
BRSO A - Sk 25 S TR A —RERIE | » R e B AR & R R 2 8
ER (S S ~ P RIEEPRE - RIEERE P RAZHIERR) - B
B (Regional Express) ~ k5 Ei(Regional)# S-Bahn ki 58 H H AiAY#
BUHHAIESRTY 2008 -3 FRIT00T SAE S 38 Railjet > RS2 230 22 HAY
HIE > FERC R SRR B G 2 Wi-Fi > BT 2R ik A\ THIAC I E 5 - BT S
88 Railjet HARFIH 4.5 /NP RS RRAE 5 1 ~ Innsbruck BLLEHTAY -
B F BUERAT HUTERT ~ I LA LEnEE S B L E R VB R
AIRAEE EAE AR DAY EAE 5 > B SRR RN % 3-2 Fs

A — 1 HIA—H
& 3-30 EnhEEEE
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https://zh.wikipedia.org/wiki/%E5%A5%A5%E5%9C%B0%E5%88%A9
https://zh.wikipedia.org/wiki/%E5%88%97%E6%94%AF%E6%95%A6%E5%A3%AB%E7%99%BB
https://zh.wikipedia.org/wiki/%E5%9B%BD%E9%93%81
https://zh.wikipedia.org/wiki/%E5%9B%BD%E9%93%81

BHHE

Railjet

EC

EuroNight

IC

REX

S-Bahn

(=) OBB 4H%%

OBB

< 3-2 BN R O R

i i
e e AR PR EE Railjet BHIAEYE Sk DABMTAIET Y Ryt At

e EBRERED - H A £ 2 ER 4R A R E B (Munich)fE 5 B,
FI > 17 B A 516 o A1 A7 22 T (Budapest) ~ H1./5 4 t.479(Vienna)
7 F BB e] R BT LR AT A 2 A E i (Venice) HYEE 4R - F
FASEEE SR - 22 Wi -

EuroCity BEIhA[E P51 E{E I Railjet HYRFEREL > A THIA
RIS AR T R AT AT B 2 a0 1 ~ FEEIRYI T 2 [ > G EE R
> FEEES

EuroNight B ABIOM 7 B TR BN AR AT B 52 > AnfEE ~
Bt ~ FERH BRI

InterCity SR HI A THERS BB A2 AR Z R VR R e
PER % -

Regional Express BIg HREETTHERS B2 st P AR RERE - (= 5EuG
W% o FHREEE D -

Regional Zug V&I 1€ B LR % - e S /DAy & R R
o i {EERASECE RO E Y BEE -

Suburban train #> 74T &0 B HL AR AR Ry 00 » Bt 8~ A
At~ B A AR T34 - TR AR i AT xR,

[=]
oo ©

oy Ry = ¥ 5N E o B A B E K A ]

(OBB-Personenverkehr AG) » B EHRAR KA HIER - BMHEEE GHE
372 F] (Rail Cargo Austria AG ) » BBVl K Wi - BLHH RS s
Bt E] (OBB Infrastruktur AG ) » EEITHESGRAVARIC - SESPEAEITHERE
PR > DURZEBESHERYARE] ~ St RIfE T - OBB &P IAMEsEA0E 3-32 -
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https://zh.wikipedia.org/wiki/%E7%89%A9%E6%B5%81

KRS Ry B F B R 45 A F] (OBB Infrastruktur AG) Z#%
{EEA 2.4 (Betrieb und Systeme, BES)H[S T2 #8iiE8 £t (Bahnsysteme, BS)Z 70
SRR EE I~ A dy A ERE B E P (Life Cycle Management Telematik) ©

B0 E AT TAF B & 5 280 (Transmission Systems) ~ HELRTE 2147
(Radio Systems)E1)#E Z 47t (Dispatcher Systems)E Z 47

W I I
4|’|| !I-
< S~

3-31 ZEHAM

OBB-Infrastruktur AG

Unternehmensstibe }— CDmD*lﬂUCE (COMP)
|
Infrastrukturanlagen- 5
Finanzen, Markt, Service (FMS) bereitstellung Betrieb und Systeme (BES)
(IAB)
. : :
Marktmanagement und Streckenmanagement und
Kommunikation (MK) Anlagenentwicklung (SAE) Bahnsysteme (BS)
' L . |
Fuaset Manage ment und Projekte Neu-/Ausbau (PNA) Netzzugang (N2)

Strategische Planung (AM)

X

Terminal Service Austria (TSA) Netzbetrieb (NB) **)

Verschub (VE) **)

Geschaftsbereichsleitung
BAHNSYSTEME

T
und |
Programmmanagemant | Lo
| | |
: ; Life Cycle Life Cydle Life Cyeie .
Energie- Energie- Technische
‘ Management Management Management Leit- s
arocest milfringeg Encrgle Telomatik Sicherungstechnik Beiietell nbig

3-32 OBB #BF9454
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(=) OBB &% 284

BRI B SRR BB D 24 BR A AC 15kV 16.7Hz » &% 110kV 50Hz SE4EEE
R 1% BEIES | BB ) 2SR

OBB %5t 24t ER A ETCS-Level2 2 41224 » 57 7H SIEMENS #
THALIS FrE - HA%EEE R OBB 4855 > BB ZHI A= - Bridgs
HNEE FEEHIFUL - BN R EEA S R B I EZER L BT
AT B FH 250k F TR B > AR SHUB 4 — 38 24 (0] OBB 4830 2 425 oL » 5]
BRI R [E 42 R B T DUE B s AR A e i e
A SERE 2 Pefip R - 4EET 2 Pl DER AT - SEA&HE
PEf g > S SRE 3-33 -

£ee1 OBB FHRBH A 2R sE R & RIRE  H B A &b =UnyE T
IR > SEEHEM AR EHEHE - HEFER - WA
ETCS-Level2 45—#34& > H RECMN 722 (Bombardier > Ansaldo STS » THALES >
SIEMENS > Alstom)£%FH ETCS SRR i S B » AR S —FT2A
ARG - ERRENEEE 280 Bl SR R Ha - ARk
ETCS & » FmBEaEHERs -

INFRA
Telematics network

Betriebsfern- Betriebs- LAN/LAN Betriebs-
sprechanlage telefonie st Bst " telefonie

W-LAN/LAN
Betriebs-
telefonie

- o GSM-R

O Dpatenknoten o

Betriehsfern-
~—— Telekomnetze sprechanlage

& 3-33 $EdHH R EE
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55 OBB JRE A B 5 & #E 1T E2E-Tests on ETCS Level 2 Lines £ flhiffas 5 885 T
TE > (HEEFENEGE R AR - H I M FrZehy » S5 E R E 2 5T
4 o

e liGEe e lGE

3-34 ZFIRA
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I~ B U SR SR R

1997 4 ITU 45t 3GPP fEAEEF  BHIL 4G & S RV am Bl 2
At - Horf o AL5% 3GPP 1£ Rev8 &k LTE S5—(ERA - {F Ry E{EEH
OFDMA ( Orthogonal Frequency Division Mulplexing Access ) £l » LTE Z4%¢
FEIAE N TIE(E R FHUS =2 300 Mbps FYEE ATREE - ZAifi > LTE Revs
1 Rev9 #VEZREME ITU ¥ 4G Z&FEHAY IMT-Advanced 753K » EEI&

— &Y A Y Rev10 At (H#f#Fs LTE-Advanced ) » A B
HIEATAG Z&t-Rev10 522011 43 Ap5epe: Z1&HT Revll HEE LTE - A
Hr R A B AR AT AE RS 54 » Rev12 AYRREE L TAEEELETS 2011 4 10 H » I
£ 2014 £ 6 H{7R4S - 3GPP 44y &k b3 s AU RL o DL R ila 21T
TIoratEm o SEPNERGEDEWNYAE o B2 0 Revl2 WRFRZEMEAIER G
Rl & o Hop > FEIERAYRUITELFL © 15880 CoMP (Inter-Site
CoMP ) » s AU #7224 ( Multistreamcarrier Aggregation ) DL Hés@a AU fy
MIMO %%t (Full-Dimension MIMO ) » 225 [ R Fr i fig Al (045 © R
FL@Ehaeis th iyt E (=Y MTC (Machine-Type Communication ) » FAINE
A FEAERE LR (fEFEAAEZENEE ) /Y D2D (Device to Device
Communication ) © Rev13 fEE(LEEATS 2013 4 3 H » WKL 2014 429 HE
it WA S5 — P& B HYAES » Revl3 978 LTE - A AURGlTAEfTHY s i e
FULE - FHRTE 21209 Revl4 F1 Revl5 BEEFHOVEEASLM - HAIZK
E o EERCRE TR BAG £l - MEAYT BAG BUlTASE A RELG TG
HERYEFE - 7RI S MR RCARRIREC I I TRl e SR Sty T [ B &
JREDKR © AG FEREA ORI E R s E B T KEE BAG 28R 5G
LA HE A ANFIHYRRER - 5G BESAYHE i 5 AT 2801 2 20008 HYF{&H -
AAE 2012 FEBHAZ FRE RIS ERDE - B 5G AVELlahAsE - Horlge
NG T SRR SR 1 AR HAHE - 2R =] LS ERYE » 5G 2 E | 2020s 7%
SKEYRT - ITU EAERRBARE I 2020 R k2 - AHRERE K oA fith &
RETEETEIAE - LI 5G IR EAARRY 2Bk - HAHR AR,
3-35 Fi7R[2]

53 UIC BRI SR a2 S Bl > 25k LTE-R 2¢ 5G s B #r
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YRR ENRL Il - B 2017 FERATDT RIHERE - SRS RN R SR at e s £
fifEE) [ — IR A2 AR AU R B e — B € -

Timelines

)
)
)
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
i
)

Future Communication System v v : V v V V v

Principles  Choice of Operational Detailed system definition Trial Migration
Model Requirements Transition strategy
suivpenn Rasviay Ageicy Functional ERA planned timeline

Workshop Requirements TS5l Update

Future of GSM-R

'?l ic/ | UIC specifications |
vl | UIC + 3GPPIETS| standanisation / CEPT: spectrum |
: | UIC # Industry ~ development and pilots |
| UIC: guidelines, coordination | | contract and migrate

x‘:@ LTE Launch |  LTE wide rollout | {

| 4GEnhancements || " 5G Standardization J I 5G Deplayments J

[l 3-35 Fr— (Ui fEaR St R R A 2]
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75~ LTE-R £y

LTE (Long Term Evolution) =5 =R &1E¥EEtE (Brd Generation
Partnership Project, 3GPP) £0#T/E Fe < fEAR (Him A 4 iily - H HAREZE M
NETHT U SRR T IR YRS - HEB0 S 928 #E  (System Architecture
Evolution, SAE) FrE&Z#r—R2 1P Z0OMEEEZERE - SRR AL B iy {Hin

i LTE » B (525 0] R AR B2 A A 4 s 1 (B 25 SR e R > DA
S T SRR ARSI A B RS R S RS E T - T S AR SR A 4R
:NEEk o LTE #4457 By 43 #H2% T. (Frequency Division Duplexing * FDD » fiif#
FD-LTD) F143H#%2% T_ ( Time Division Duplexing > TDD - f&f# TD-LTE ) Rif&
Hrt FD-LTE F 22 WCDMA(Wideband Code Division Multiple Access) Z%f
AYEE T > 1 TD-LTE & TD-SCDMA(Time Division - Synchronous Code
Division Multiple Access) &t E#E 1A - HATREITE LTE &= E 2Bk
a5 P FHAERS - HEH P R RS -

552010 4 12 B ARV ClE s s K g I > UIC BHRERE H 3G
AR AR - SEUREHIEM 3G - R T 4G, i) - 1R
1% UIC $2H#9 LTE-R(Long Term Evolution - Railway)Z2fE 5 ER A 2014 £ 9
F5aa#ET Release 12(R12)HYLAE » 1M R12 /2 LTE-R 48y E 225
8 - EEEH RI1 BB LIFE— PRSI E RIS - H LTE-R BAEHR
EF% ~ SEWEE - S22 - S ERE M AREEER M - RS
TR SRR G IS LTER » HE H Al Eie foR e - e
LIRS AREAR R R E R T3 R BT — -

LTE-R “REF* GSM-R AYB(EH iz Ly » HAEPSAERIRA 2 1P sEt
FTA SEBH SRR [P SHEASHSERRAY » FEMR D 2SN 27 2405
B MERE - PP < BB AL > (2T BB @ > /N7 100 ms 5 {¢
IRERAEENREIE S > /NP 50 ms o FH PSP A 310 BE [ (Sl e/ NG [T 2 AE
fEFA 5ms e

LTE %48 %4% 1.25~ 2.5~ 5~ 10 ~ 15MHz 1 20MHz FEE (5 2 0Bk 2

1 BHTT A 2 B » [ SE R E R R RS 08 - ATk
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#/D Ry 15SMHz(TDD) ~ _E {74 6 MHz(FDD) ©

FEAEEERER 5 TE > #8585 = OFDM £¢ift > R1T 20M SEEEAEE A -
i (5 23 By 100 Mb/s » SERECREES] S bivs/Hz o BT 20M AEREHE N > 1
(B3R By 50 Mb/s » SEEEREREEE] 2.5 bit/s/Hz - #5525 A i H (MIMO)
£ MR ARSI R - HUTETIH > AR OFDM it - fEEH S
PREERCRAERE - By A B EUE AR THEATHH] < [FIEF /NG R HFRACD
FAGHIER S HEERE /A MEE v Y4 - LTER RFEORIEE
HR(O0~15 km/h) &R MEREIR AT FE8R 2 (15~120 ke/h)RE B BEAT R RE L
RESZHZ 350 km/h > HE% 500 km/h BRE N RYEEA[S] - IR 5G EEHEE
3K o MHBAMERETSIE - 20E 3-36 Fi -

HH AR
[EEREES 47 1 50 Mb/s ((E17 20M AHEEAHE)
AT 100 Mb/s (M AT 20M FHEEAHE)
& Fre 500 km/h B 2R AR (K3 (0~15km/h)
ZIRMERETRYT -
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WORLD'’S LARGEST
TETRA SUPPLIER

SINCE 2000...

WE'VE SUPPLIED TETRA SYSTEMS
TO OVER 120 COUNTRIES

OVER 830 TETRA SYSTEMS SHIPPED WORLDWIDE
30 NATIONWIDE SYSTEMS

OVER 100 METRO TETRA CONTRACTS

OVER 1,200 MSO & 26K BASE STATIONS SHIPPED
OVER 2.4 MILLION TETRA RADIOS SHIPPED

W 4
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Motorola Dimetra IP 0

» Easy Interface to external equipment — comply with industrial standard

- Value adding solutions from the applications software community are integrated
smoothly and cost effectively

All IP Network Architecture: Complete Core Network Solution:
I

P Network Design

Solutions from small local to full nationwide
Scalable for both voice and data

In built resilience

Highly secure

Future proof

Fast nationwide call set-up

EN50128 — SIL Level 1

Slide 2
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TETRA evoluti ferra Q
evolution

140 bytes More SDS 7.2 kbps 28.8 kbps 100-400 kbps

* Packet data
service

< WYAP

* File transfers

+ OPS + High D3 Inad for « File transfers + File transfers + 3G equivalent
+ Status monitaring concurrentvoice - WP + Image +Video transfers
& data = Train telemetry transmission = Train telemetry
+FAQ/UTO « Train telernetry « Train contral
« Train cantral (ETCS)
(ETCS)

-
Slide 3 2
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Data su b-SyStem Short Data Router (SDR)

* SDR supports the Short Data Transport
Service by enabling routing of short data

foi messages within the system based on
- 3 TETRA Short Subscriber Identities {ISSls and B
GSSls).
Packet Data Router (PDR)

— PDR provides the communication with
external IP networks usingthe PDS. The
PDR also tracks mohility of the subscribers.

— Packet Data Gateway acts as the equivalent
to the SGSN

Radio Network Gateway (RNG)

— RNG handles the TETRA advance link
communication with the Mobile Stations
(MSs)

Dispatch
sub-
system

Gateway GPRS Support Node
(GGSN)

~ GGSN nterfaces the Packet Data Service to
external networks

W 4
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End-to-end Train Radio Solution
ETCS server

SN
TETRA
N’

!

Master Clock
FOTS PABX
Train Signalling

@ Other Sub-systems
In metro

Train Controller

TETRARadio System

Total Train Radio Solution

v
Slide 5 2
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P
[ 2.1 Europe
{ 1. Copenhagen Metro (Denmarky
- 2. Dublin LUAS LRT {reland)
= 3. Lishon Metro (Foriugal)
t | 4. Kazan Metro (Russia)
5. 8t Petershurg(Russia)
6. Madrid Metro (Spain)
7. Madrid Wetro Sur (Spain)
8. Ankara Metro L1 &3 (Turkey)
8. Ankara Metro L2 (Turkey) =
10.Eskisehir Tram (Turkey) °
11. London Underground (UK}
. Latin America
1. Medellin Metro (Columbia)
2. CaracasMetro (Venezuela)
3. Mexico City Metro (Mexico) -
subs
4. Trenes de BuenosAires
(Argentina) °
»50 0 =10 0>5 [ R
-
Slide 6 S
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London Underground
= Oldest Metro in the world (1863)
+ 12lines
= 408 km track
= 275 stations
« 700 trains
= 3,000,000 passenger journeys/day

System:
+ 5 Motorola Dimetra IP switches
+ 290 Base Stations and RF
distribution system (combiners,
repeaters, 740 km radiating cable)
+ Over 1,500 Mobiles + 7,000
Portables
Trackside Beacon System
+ Voice and Data logging systems

:One system covering 12 lines

London Underground, UK

0
UNDERGROUND

-w

Used for

= Voice Communication between
Train drivers; line controllers; signaling
operators; depot staff; dispatcher; station
staff; maintenance

«  Alarms/Status

* Text messaging to train drivers

* E-train automatic train monitoring system

Slide 7
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TAIWAN RAILWAY ADMINISTRATION
General statistics:
+ PROJECT BRIEF
+ Train Dispatch Radio System
+ Prime'MDSL, end user TRA,
consultant CECI
« Apr'03 ~ Aug06 )l
B
_: | J
Chang Hua " | - » PROJECT SCOPE, DELIVERABLES 9
4 % " HuaLien + 2-Zone Dimetra System; |
5\ i 7 + 149 Repeaters; |
- + CAD System with 39 Consoles dispatchers; |
v + 97 Desktops;
E + 1130 Locomotive Mobiles:
- + 5500 Portable radios;
Central Region -+ DVRS; Interface to PABX
R P S i s &
&K 8/15 | "2 Custom Design” | P (A7) | |[Els@m = 91% (o) 0 +) (3
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Taiwan High Speed Rail (THSR)
N

+ 1 Central Train Control {TaoYuan)
- 10 positions
+ 6 Depot/Maintenance/Workshop Stations
+ 345 km of track
- Taipei to Kaohsiung
+ Train Speed at 350km/h
11 train stations
- B currentand 3 future
+ Due to the hilly terrain in the northern region,
and underground tracks, approximately 120km
of track will be covered by leaky cable.
= Solution:
= MSO
28 EBTS sites
Customised Computer Aided Dispatch (CAD)
Customnised Train-horne equipment

= 30 passengertrains and 20 Maintenance
trains

LCX far Tunnels (62km), 11 stations & 5 depots
LCX for Fire-fighting radio in tunnels and
underground stations

322 Portable radios

Training Center Equipment

18 Outdoor shelters, 28 Monopoleftowers

W 4

#ZK 9715 | "2 Custom Design’ | =P (A7) | |[Elaam =z 9% o U ) B
Bl d9-0+ FifFL pptx - Nicrosoft PowerPoint =& =
E_E =H A ES 2z B HE R ) 2 v @
IP based network for long haul train 0
solutions
Safety critical functions are provided by train application
RF Path
i GSM-R/GPRS/TETRAI 3G 4G Network %
Slide 12 pe
#EH12/15 | "2 Custom Design” | 3 (A7) | [EEe=z e O ®E
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TETRA contracts for train control 0

1. Wuppertal transport agency WSW Mobil - Alstom
providing Atlas 400 ETCS Level 2+ equivalent signaling
for Schwebebahn suspension monorail (over TETRA)

2. Kazakhstan Railways - ETCS 2 over TETRA. Train
control supplier is Bombardier

3. Roy Hill mines, Western Australia — Ansaldo providing
Train control over TETRA

4. Fenoco, Columbia—ITCS (GE's ETCS L3 equivalent)
over TETRA.

5. Packet Data Mode for ETCS

Slide 13
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+ TETRA is widely used by railways

+ TETRA is superior for mission critical voice

+ TETRA packet data can be used to support ETCS
+ Motorola’s Dimetra IP meets railway standards

+ ETCS L2 over TETRA in a number of projects

+ UIC will use Packet Data (GPRS) for high density areas
e.g. within the cities > TETRA PDS = GPRS

Slide 14
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Connect Radio London

UNDERGROUND

il

38K 1/8 | "Concourse” | P (&) | [EEEEELENC Iy; ol
R FitfF2 pptx - Microsoft PowerPoint o R
| w= HE MR @@ REAMM BE WA v @

ﬁjl'he Networ

 ——

12/9/2015 2
$EH 2/8 | "Concourse’ | B (B [@Em T 100% O 0 +) (3
! | ! .
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What is Connect?

A PFI* project to manage and

replace all radio and transmission

services on the London

Underground for a 20 year period

* Private Finance Initiative

| ——

$#FH 36 | "Concourse’ | I (A | — |[E83 6 2 100% (=) U (3) @
2I®} % FFF2 ppt< - Microsoft PowerPaint o & 8
B 28 A RE )t B 128 R il IR L @
= 11 Lines
= 5 zones
= 290 base sites
= 200+ consoles
= 10000+ Portable Users
= 1400 train mobiles
\ o
« 740 km radiating cable
RERAE | "Cnn-murse" | = (a7 | — |[Els @ = 1005 (=) - »; {+)
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Inter zone network
PABX \

The Connect Radio
Infrastructure

Handportables

Train_radio

Radio Antenna Infrastructure

Despatcher

Terminals

12/92015 :
$EARS5/8 | "Concourse | P (B | [EEEET N ) (3
G FitfF2 pptx - Microsoft PowerPoint o R
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Train Architecture

r——-71

|

| ™S :‘ \V Data —7] CH
————— Data‘

| o POwEr

“eal
52V —————RX Audio
Feed ’ TRU

PTT
TBC ¥ \ Crade
f——=—= Alarm 7 ¥ Tx Audio
| OPO(T) |4 Call Gn 3 RX Aud\o\

| System | :
,,,,, Data Data PA Control
/ R Audio
- ¥ | - 1 | Ext
| | | External | T Mic
| Beacon | Data | PA

OPO(T) — One Person Operated Train Interface (Dead Mans Handle)
TMS — Train Management System

Beacon —Provide train location Info

PA — Public Address

CH - Control Head

7

| ——
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Data Logger & Voice Logger
» Data Logger
- Records all SDTS messages
- MS to MS
+ MS to Dispatcher
+ Dispatcherto MS
- Play back available at remote terminals
- Data can be exported for off site investigation
» Voice Logger
- Records all Voice traffic via the EBTS's
- Records status message traffic
- Playback available at remote terminal
- Voice can be exported for site investigation
| 8 §
RERE/E | Concouss’ | THED | — E=ms 5% OO D Bi
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Kapsch CarrierCom Kkapsch
Railways.
Qur solutions OQur core competencies J
GSM-R Networks . Ra?lwydgd\'mted prudgds and solutions.
Terminals & Cab Radios X U_nlque _rallway c_ommunlcailgn knowlef:lge
Fransrilésion a Pioneering lead in technological evolution
Aplicati Representation in all relevant standardization bodies
i ) End-to-end integration
Wagon tracker Plan — Build — Maintain — Operate
Success stories
Kapsch CarrierCom is the world-market leading manufacturer and
‘turn-key supplier of GSM-R solutions and is currently deploying
nation-wide GSM-R network infrastructure for the largest GSM-R 78 3 000 23 1 6 08
networks in the world, including those of Deutsche Bahn, Germany, Kilometres Countries with Projects Projects
RFF/Synerail, France and Network Rail, United Kingdom to support access network GSM-R by Kapsch ETCS level 2 high speed lines
mission-critical communications on conventional and high-speed lines.
19.10.2015 | Company Presentation 8

pR M 83 pdf - Adobe Reader i
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2014/2015 — GSM-R Market Watch and Facts

. - New market engagement
Impressive Leadership in CEE /\ for Cab Radio

Hungary, Slovakia, Slovenia, ... Turkey, Saudi Arabia

/ \

China Acceleration

Reinforced IP Core R4 Leadership
France, Germany, CEE

8 new contracts
More than 25% market share
sl SMMRNRNTICN | O (AL / \

MEA Breakthrough ' GSM-R portfolio evolution to IP
Bids in Saudi, Oman, UAE, Qatar, ... Contracts signed

57



pE B EE3 pdf - Adobe Reader =leix|

EEE RERE WRO REm REE 2

Dee | QERPAESE | ®® (v (@@ ]| EH| S|k

]

2015 — Our GSM-R Worldwide Market Presence

=== Algeria ~&{2~ Romania Wlawsd reont  roland
i Austria = = Italy
HK XM - 2
—=|@* Bulgaria = Lithuania
O v ey -l
China AP PRI T KO FIOWT S 8 Poland
—_—— ZSR 0
S70C  Czech Repubiic b Stovalda J
(= e selezni [
@ Eurotunnel . IELECQ'}%‘ o
0
SvERAL == e
= haniee renfe
OB NETZE  Gormany 2 adiF Spain
i , vussloh
& India ,. s V. Turkey
ol - y =
¥ rintand uTe TRuCH] = E Hungary M=22EY United Kingdom
ELECTRC MOTIVE
78 000+ km of tracks awarded and footprint in 23 countries
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2015 — Our R4 Deployments:

Austria

Algeria

Bulgaria

Czech Republic Y i

United Kingdom— ivere @

Ireland < Rdin validation )

Poland P @

v e e — |
_ LMER4

Lithuania

France

‘Saudi Arabia

Slovenia

Kapsch CarrierCom Hungary

The sole supplier with live & full GSM-R R4 S
networks, some combined with ETCS L2
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2015 — Project deployment excerpt : Haramain HSL

A first for the Region : First High speed line of MEA , full ERTMS Level 2
at an operating speed of 350Km/h

A compilation of extreme and unique challenges :
Extreme environmental challenges : Heat, Sea, Humidity, Sand, ..
Very high speed ravian
Fully ERTMS Level 2
Specific context : Haramain environment
Extreme level of security as per Transport of Pilgrims

A complete project : from Construction to Operation & Maintenance
during 12 years

stmotl Joglnall Zoladl 2uueddl

s
Saudi Railways Organization

indra
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Kapsch -~~~

Our involvement in Industry Group committed to Railway

e

Commitment to long-term support of GSM-R, 2030+
Creating global awareness for GSM-R
Continuing the development of EIRENE standards

g INDUSTRY sm!:: Ensuring interoperable systems for seamless integration - Regular
activities to develop/ update GSM-R technology in line with TSI updates

The 9 GSM-R Industry Group members & Key suppliers

GSM-R infrastructure GS$M-R mobile terminals GSM-R fixed dispatchers J
kapsch > *<2F=</7 7 ALSTOM
Sy
NokiaSemens SIERRA funkwerkl))
V. e o, WIRELESS
“/sELExX ELSAG SIEMENS
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GSM-R Technology lifecycle by Industry Group

GSM-R Industry Group supports GSM-R at least until 2030.

i On9 Sept. 2015 this statement was formally issued to UIC, DG Move, ERA and UNISIG.

1 Support at least till 2030 includes
Maintenance of GSM-R systems hardware/software - B ok
Lifecycle management gsﬁ ¢ 3 J
Support of CCS TSI/ EIRENE requirements

Migration towards IP INDUSTRY GROUP

Mitigation of interferences
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Our continued comittment to railways

ﬁ Kapsch CarrierCom contributes to the Shift2Rail initiative
== IP 2 Advanced Traffic Management & Control Systems

E Kapsch CarrierCom continues to contribute to ETS1 TC-RT, 3GPP GERAN, ERTMS Users Group
Improved radio receivers, SIP Usage for FTS, GPRS requirements for ETCS, SMS for functional addressing, BSS I/O over IP

e China Next Generation Committee
* Kapsch is invited by the CRC authority to step in

# GSM-R certification according to EU directives (CCS TSI)
¥ % Successfully performed in Poland, Ireland, Hungary

% GSM-R compatibility with Nokia
10T testing was successfully completed for the latest portfolios
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Our Next Generation engagement

Kapsch CarrierCom’s vision for next generation is in line with the railway market lifecycle and operational reality

Kapsch CarrierCom is aligned to process set-up by authorities — ERA and UIC

The Next Generation will be IP and application Multiple sources to Next Generation small cells
oriented: technology:
=  Core IMS based — the application layer is critical = Besides traditional suppliers, more than 20 companies, e.g.
=  Multiform access solution Fujitsu, Samsung, NEC, Airspan, Aricent
=  Co-existence with current operational networks =  Several of them are accessible for Kapsch CarrierCom
Railway Market dynamics will trigger the adequate Next Generation technology and timing J

‘We believe beyond an LTE timeline
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2015+ — Commitment of KCC to railway telecom field

2014 & 2015 - a period of intensive deployments
CEE, China, MEA accelaration

Demonstration of KCC long term commitment
Full portfolio evolution to IP Sole supplier with live IP Core Networks

KCC playing a Central Role in Railway telecom market
GSM-R End to End Portfolio Trackside & On-board
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Reasons for the Implementation
Frequency range Purpose range-use /
q 4 9 P disturbing overreach

80MHz . . ) 15km / 50km

(4m Band) = Shunting / Shunting radio

160 MHz + Technical Services 15km / 50km

(2m Band)

430 MHz = Shunting / Shunting radio

(70cm Band) (trunked radio) 10km /- 40km

450 MHz « train radio (analogue)

(70cm Band) + pushing mode 10km / 40km

900 MHz +Transfer of all existing radio services and )

(30cm Band) provisien of high-quality data applications 7km/ 15km

GSMR
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GSM-R Project scope

« Implementation of a Pilot line

= Implementation of GSM-R on the core network

= Replacement of the analogue track to train radio system

= Implementation of international roaming and interconnection

= Realisation of availability like provided in the analogue track to train radio system
= Realisation of QoS like provided in the analogue track to train radio system

- Provision of already existing functionalities

= Provision of additional functionalities as far as possible

GSM-R
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Road Map GSM-R
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Legend: &
GSM-R sections in use
GSM-R sections planned
ETCS L2 sections in use
21.07.2015 Funktechnik/Herunter
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GSM-R Status
Total Railway Network (km) 4.865
Voice ETCS

Network Planned (km) 3.500 ~ 300

Network Constructed (km) ~ 3.260 -

Network Ready for Service (km) - -

Network in Operation (km) ~3.260 ~ 283

Coverage level (95% probability,

dBm) related to EIRENE SRS -95 -92
not design (50%) value

Start of Planning 2006 2008

Start of Implementation 2007 2009

Network in Operation 2008 2012

End of Implementation 2021 tbd

End of migration 2021

GSM-R
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System Overview

« Transmission technology

(my @ @
S ) S +  Cable engineerin
% 9 9
BSS o ar—— +  Network
»  BASA- Railway Fixed
Telephone Network®
« BFA - Dispatcher
Control Systems*
« Infrastructure
«  ARAMIS (Rz0) -
NSS { .Computer-aided Train
Supervision®
» ETCS — RBCiradio block center)
- SCWS
«  Operating systems
GSM-R
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Equipment on Site
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Optical — UPS
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GSM-R
18

#820151020_presentation_gsm_r_OBB PDF - Adobe Reader . =8l
HEE REE BN BEW REH o]

DR | SR ESE|® ® [u)s]
L]

s 5022 n | amass | am

GSM-R system overview BB
Sites Vienna and Salzburg (RL4, NSS22)

OBB GSM=R LAN uicconnsiceduis Froman

Salzourg N Vienna
aTcA \ aTcA

The MSC site in Salzburg is monitored by the NOC (network management) in vienna.

GSM-R 20
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Tunnel coverage System INFRA
Example GSM-R Layer
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Fixed Dispatcher network concept
{mmmer Pria | Refummer s | =0 [ s
sestoen | v | BEE [~] %[ Aproject was started to realize
e i dispatcher functionality using
;::r:kw ::::f::ﬂm the BASA (PABX) SySiEITl. This

solution is intended for small
stations without dedicated

dispatcher system.

i ___ [ BT I Functionality:
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GSM-R
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ERTMS (European Rail Traffic Managemenit System)
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ERTMS consists of two subsystems:
— ETCS (European Train Control System)
- GSM-R

ETCS is a digital radio-based signal and train protection system. Based on ETCS
the speed as well as the direction of the train are controlled. The driver is given
both the authorization to move and the information equivalent to the signal data
on his display inside the cab.

Streckendaten an Zug

GSM-R-Antenne RBC
/ Positionsmeldung

Eurocab Stellwerk
ETCS-Rediner,
Fiihrerpult und
Empfanger
i Glewsfieim eldung
Eurobalise i

w eldel Postion

GSM-R
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Maintenance Concept
+ maintenance agreement with Kapsch
« clarification of responsibilities
OBB
« classification of malfunctions Tima 2 Lava upper = ’ Uberwachung (HOC), Betreb Lt und L2

~ complete breakdown - (critical)

¢ . . 7 Geschiftael
— serious interferences - (major)
— minor interferences - (minor) :> P
3rd Level Support Product Support
« distinction of impacts of malfunction
— NSS
- BSS kapscn > Software Hardware
Q RED Perner Partner

- OAM

GSM-R
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