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Korea Rail Network Authority is a state owned agency established in January 2004

for construction and management of railways including high speed, conventional and
urban rail infrastructures.

Business Area

Annual Budget

= Railway Construction S
556 o

High speed railways, conventional railways, intercity railways, 600 Y ;

privately invested railways, trans-Korean railway

Fields of communication, civil, trackbed, electric power, signaling 400
and rolling stock.

= Railway Facilities & Standard Management

200 8
Maintenance and repair of high speed railways and conventional 46
railways, facilities improvement, standardization =0
Y P 0 —
= Railway Assets Management : =
y 3 Estimate [million dollars]
Development of railway station spheres and station complexes,
lease of railway assets, public housing projects W Total WLTE-R

= Qverseas Railway Projects

Project management, design and construction supervision,
technical consultation, privately invested projects
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1. LTE-R for 250km/h High-Speed Railway

A. Background in Republic of Korea
[ssssssasanas]

+ Establishment of Integrated Public Network (2014)

I 7 Q Ministry of Science and ICT
—
' D1ffe1\ 4 Raoho—"' N Integrated
Need for Public
Communication Public
. Safety Network
.Sys't’em O Network
» Sewol Ferry Disaster (2014) * LTE-R (LTE-Railway)
* Daegu Subway Fire (2003) * PS-LTE (Public Safety LTE)

+ Frequency Allocation of 700 MHz Band (UL 718-728 MHz, DL 773-783 MHz)

698 710 718 28 748753 771 77 803 806
Broad- G . \
casting | Guar elecommunication | a Bro?c;?;tmg [elecommunication ﬁ
2CH @ t0MH2) | § (ia.) | @MHy) |2
(12M2) Remote MIC ; d
740 752

—
The World’s First LTE-R for 250km/h High-speed Railway 4 KVQ KOREA RAIL
NETWORK AUTHORITY



A. Background

1. LTE-R for 250km/h High-Speed Railway
in Republic of Korea

CLLDVCLLDNCLEEN

The World’s First LTE-R for 250km/h High-speed Railway

acy Railway Wireless
Léogifl{nmicaﬁéwx System VHE i soMmit band) & TRS@60MI band)

. . Wireless Communication System
Railway Line
VHF TRS-ASTRO | TRS-TETRA

Conventional

Rail Entire route @)
Gyeongbu Phase1 Seoul~Dongdaegu (@) O
High-speed Rail  ppsse2 Dongdaegu~Busan A
Honam II;la;?Ih-speed Osong~Gwangiju A
Seoul Metropolitan Suseo~Pyeongtaek A

High-speed Rail

% Gyeongbu line train has an on-board equipment and each train crew carries three different mobile devices.

Evoluition of Wirel
VOIULON OF WITICSS LTE  Rgzoomiss band)

Communication System

» A railway wireless communication system for train operation and
maintenance

» Supports railway specific wireless services(voice, video, large data)
between trains and stations based on 4G technology LTE

* The first LTE-R for high-speed railway is implemented on
Wonju~Gangneung Line

DD

VHF TRS N/A LTE-R
Voice Voice Voice
Small DATA(below 200 kbps) Large DATA(below 75Mbps)
Video

Railway Wireless
Communication
System

(97}

= VHE (Conventional Line)

ABDAMAENR
® ANVIAIR a5
=R s

= TRS (High-speed Line)

— DRLNEYTRS)
veee DAMEIYTRS)
NELVHF)
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1. LTE-R for 250km/h High-Speed Railway
A. Background in Republic of Korea
[sssssssnenes]

'12.10  Plan for implementation of Intelligent Railway System(IRIS) (MOLIT)
Application of LTE-R technology for high-tech railway services from Seoul to Pyeongchang

'15.09  Introduction Plan of LTE-R System (KRNA — MOLIT)
Proposal of LTE-R Project on Wonju~Gangneung Line based on IRIS(MOLIT) & frequency reallocation(MSIT) plans

- ’15.11 Announcement of Processing Plan for LTE-R system (MOLIT — KRNA)

'16.03.15  Report of Data Verification & 3 Domestic Standards for LTE-R Introduction (KRNA — MOLIT)

Verification of 23 test items at Test-Bed on KTX Honam Line (34km, Iksan~Jeongeup) /
Standardization of three LTE-R standards for conventional and high-speed rail service with TTA

'16.03.22 1 Introduction Plan of LTE-R Project on Wonju~Gangneung (MOLIT — KRNA)

'16.08.01 | Conclusion of Contract for LTE-R Project on Wonju~Gangneung HSR
"17.01~02 Amendments to Enforcement Decree of the Radio Waves Act & Notification of Telecommunication
| Numbering (MSIT)

Insertion of new service factor for reduction of spectrum use fee for LTE-R /
Amendments of telecommunication, sighaling point and mobile telephone number related rules

'17.12  Opening of Wonju-Gangneung HSR (High-Speed Railway)

'18.01~.  Nationwide Extension (To be completed in 2027)

*MOLIT: Ministry of Land, Infrastructure and Transport / KRNA. Korea Rail Network Authority / MSIT: Ministry of Science and ICT
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. 1. LTE-R for 250km/h High-Speed Railway
B. LTE-R M&JOI‘ Performance Factors in Republic of Korea
CLLD) LI} CXXT

LTE R Performance Fest & Verification Data Preparation
National R&D Project “Building Ground Infrastructure for LTE Based Railway Wireless Communication Network (LTE-R)”

Iksan~Jeongeup (34 3km) on Honam high-speed line (including Noryeong Tunnel 4.3km)

Test-Bed

Configuration ‘ EPC '
MME S/P-GW HSS LSM-C LSM-R Rel. 11
~~ T i e Standard
I pEgioes applied
- ot _
M 3 BTL 7 QoS
_____________________________________________________________ - ‘
| o | | L
ECJ L‘Ej’ B”J L‘Ei’ ‘ES’J L‘Ei’ ‘ES’J L
* RRU -
89.700 103560  RRU distance: 1Km* 121.565 124.810 131.700 143.380
—@ = L L @
Iksan Station  GimjeT HoiryongT WoosanT  Jeongeup Station NoryeongT
(225m) (550m) (300m)  (Test Center) (4,300m)
|- Test-Bed 5 |(_ Test-Bed _-;.,.‘
| (28km) (6.3km)
105.000 133.000 142.380 148680
_ | AM Telecom HOIMYUNG ICT
. 1 - s afin s o
AINNEAN Mobile % CNNN b
c Device On-board :
lelele o Device ;
-w vw vw vw Tw "----'-'. ----------- -#'
7
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B. LTE-R Major Performance Factors

1. LTE-R for 250km/h High-Speed Railway
in Republic of Korea

CLIL)CIITRLIIT)

Verification Data & Test Result (45 items)

equipment network stability

RRU distance Tunnel: Tkm
(Tunnel, Open area) Open area: Tkm

DU handover PASS (100%)

RRU handover PASS (100%)

Field strength PASS
(RRU output) (46.62dBm)

Coverage PASS (98.8%)

PASS (100%)
Call setup time PASS (100%)
PASS (100%)

Handover success PASS (100%)
rate PASS (100%)

Call connection

PASS (100%)
success rate

Long call drop rate PASS (none)

Data transmission

PASS (100%)
success rate

The World’s First LTE-R for 250km/h High-speed Railway

Redundancy of major  EPC/DU/RRU coverage redundancy for LTE-R

Coverage redundancy
> 99% (X 2T8R)
= 99% (3¢ 2T8R)

46dBm

> 98% (= RSRP —110dBm)

Emergency : = 2sec 100%
Group : = 2.5sec 100%
Others" : < 5sec 100%

X Others : Voice/Video calls except
emergency/group calls, external PSTN

is not considered

Open area: = 99%
Tunnel: 2 99%

>99%
< 0.01 times/hour

> 99%

Verification Data Test Result Verification Data Test Result

Based on 3GPP LTE standards, design effective

Propriety of L.TE‘R network with the minimum equipment
network architecture X Ref. : 3GPP TS23.228 "IP multimedia subsystem(IMS)",
3GPP TS23.401 "GPRS for E-UTRAN Access"

SEW Data transmission delay ~ PASS (28ms) <600ms
U8 Continuous packet loss rate  PASS (Os) <5s
8 On-board device requiremerts Device mobility, call quality, private/group/emergency

calls, device locating, voice calls, ambience listening , etc.
(W On-board device prototype Prototype manufacture completed

WA On-board device call quality PASS (DAQ 4.0) >DAQ 4.0

Call setup time, call connection success rate, long call

UESl Mobile device requirements  drop  rate,  private/group/emergency  calls,  device
location, call quality, video calls , etc.

(Il Mobile device Prototype  Prototype manufacture completed

A8 Mobile device call quality PASS (DAQ 4.0) >DAQ 4.0

Common standards : 3GPP TS 23.107, TS 23.203, TS 23.207

PAR QoS control requirements = Gx interface standard : 3GPP TS 29.210
Rx interface standard : 3GPP TS 29.214

Prototype manufacture completed
(¥ LTE-R : PCRF and eNB supports QoS control)

N

QoS control prototype

PRl LTE-R Network attach time  PASS (414ms) <500ms

X Criteria Source
- No4, 5,89 10, 11, 12, 20 : TTAK.KO-06.0369 “Functional requirements for LTE based railway communication”,
TTAK.KO-06.0370 "User requirements for LTE based railway communication”
- No.6 : 3GPP TS36.101 “E-UTRA; User Equipment (UE) radio transmission and reception”
- No.7 : 3GPP TS36.304 "E-UTRA; User Equipment procedures in idle mode”
- No.13, 14, 20, 23 : LTE-R national R&D project, Stage 1
"Final report on standardization and performance test of radio-based train control system”
- No.17 : Honam high-speed rail railway wireless system standard DAQ 4.0

—
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1. LTE-R for 250km/h High-Speed Railway
in Republic of Korea

C. Standardization
LD LD OO B

+ TTA Domestic Standards

for LTE based Railway Communication System

« TTAKKO-06.0369 . Functional Requirements (‘14.10.13)
« TTAKKO-06.0370 . User Requirements ('14.10.13)

« TTAKKO-06.0437 , System Requirements (16.12.27)

« TTAKKO-06.0438 . System Architecture (‘16.12.27)

+ TTAKKO-06.0458 . Performance Test Specification
(‘17.12.13)

TTA Domestic
Standards

+ Vitalization of + 3GPP International

Railway Business T Standardization

Vitalization of Cooperation with

Railway Business 3GPP & UIC [N R

IMS based LTE-R Standardization

 Plan for nationwide LTE-R
projects

« Amendment to [Railway desig

regulation] for LTE-R
(Notification No. 2017-460 of the MOLIT,
2017.7.4)

T e Rk LTV ST
8 0 (AR b
™ 0§ L ™7

Lk de L
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1. LTE-R for 250km/h High-Speed Railway
D. Sys’[em Improvement in Republic of Korea
[sssssnasanas[===ny
=

+ Solution for Frequency Interference

Co-use of 700MHz frequency band for Integrated Public Network (LTE-R, PS-LTE, LTE-M)

m Frequency Interference between LTE-R, PS-LTE and LTE-M

* Frequency Interference between Integrated Public Networks using 700 MHz bandwidth.

m SOP (Standard Operating Procedure) for interference optimization AU Ministry of Land,
Infrastructure
(MOLIT)

and Transport
* Related institutes (MOLIT, MOIS, MOY) established SOP

« Applying RAN Sharing between Integrated Public Networks
* Setting up resource allocation rules and standard interworking procedure

MOIS

Ministry of Ministry of Oceans
the Interior and Safety and Fisheries

—
The World’s First LTE-R for 250km/h High-speed Railway Lo KY‘? KOREA RAIL

NETWORK AUTHORITY



1. LTE-R for 250km/h High-Speed Railway
D. System Improvement in Republic of Korea
LD LI LI

Technical Regulation of Radio Equipment for Integrated Public Network Freguency

Communication mode
—mobile station direction OFDMA
) e Commum'catlop que SC_FDMA
Common Condition — base station direction
Occupied bandwidth < 10 MHz
. one out of G7D, D7D, D7TW, GTW, W7TW
Radio wave type (3% LTE-R . GTW, D7W)
Antenna power below 80W
Frequency tolerance + (designated frequencyx5x10-8+12Hz)
Base Station Transmitting Unwanted emission mean power of resolution bandwidth depends on frequency difference
Adjacent channel leakage power <44.2 dB than the average power of the fundamental frequency
Spurious emission <-57 dBm
Base Station Receiving Adjacent channel selectivity > 76 dB from 698 M to 710 Mz
Antenna power < 2W (< 200mW for mobile device)
Frequency tolerance +(designated frequencyX10-7+15Hz)
Mobile Station . . . .
T . Unwanted emission mean power of resolution bandwidth depends on frequency difference
ransmitting
Adjacent channel leakage power < 29.2dB than the average power of the fundamental frequency
Spurious emission <-57 dBm
Mobile Station Receiving Adjacent channel selectivity > 53 dB from 753 Miz to 771 Mz

—
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1. LTE-R for 250km/h High-Speed Railway

D. System Improvement in Republic of Korea
[sessasssenas]

+ Amendment to Detailed Rules on Management of Telecommunication Number
(Notification No. 2017-12 of the MSIT, 2017.02.06)

;V' M LTE-R Number Allocation

Allocation of Telecommunication Network Identification Nuimber

Mobile Country Code (MCC) Mobile Network Code (MNC)

+ PLMN (Public Land Mobile Network) ID

30 PS-LTE
~ Mobile Country Code + Mobile Network Code s 31 LTE-R (Subway)
V (Republic of Korea) 32 LTE-M
> // LTE-R (Railway) - F 1 33 LTER (Railway)
| BepublicofKorea ETE R Raitway)

YN IEINPi e Sall  Allocation of Identification Number & Dialing Code
« Phone number (015Y) Code RESCUIOeS

L ) 200~ 399 PS-LTE 2 Millions
= Network ID No. + Dialing Code + Subscriber No.

500 ~ 599 LTE-M(Maritime) 1 Million

V 700 ~ 799 Railway | 1 Million
LTE-R (Railway) - LTE-R

800 ~ 899 Subway = 1 Million

Integrated Public Nefwork LIER (Rul\x ay) \ukmﬂmr No. EE E

—
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2. LTE-R Project on Wonju-Gangneung HSR

(S8 [NNE 800N [===nY
e

A. Project Overview

Title Period Cost Contractor

kt Consortium

o LEL Tl ERT

KRTnet Corporation

HOPgHI|=

S¥ETHSY
Vendor

G NOKIA
MA

am telecar

Main equipment D : hni—r}o.—elnd test @
delivered — Hlab i Completion
Mainequipment : -
o o o installafion : Uit Test o o o o
31

About
W 39 billion
(VAT included)

2016.08.01

~

2018.03.31
(2 Omonths)

LTE-R Project on

Wonju~Gangneung,

Lme $ 36 million

9.20 1231 4.380 6,30 9.80 12131 3.81
Contract Detail Main equipment [nstallation & Standardization
design Manufacturing & delivery  S/W development
g — :mzy-us, — 2BA
3 V : . . . . A —~
. & Equipment redundancy and dualization at Railway Traffic Control

k] YRSUBH

o

Center(Guro) & Sub-control Center(Dagjeon)

2 -
L Sf?r’- & Wonju ~ Gangneung 120km (Tunnel 68%, Bridge, Earthwork), 7
| stations and 234 access equipment

EECREE]

O
o
Pt
p—
=
Q]
Pt
p—
—

: : & 545 mobile devices(smartphone type + PIT type)
L 1340 43 I 2| ) 1200 43 e ag C WES
137 287 3137 3287 437 587 637 737 837 937 1083 11-1837 1287 11387 —
~T085km T 1157km . B.20Km  797km  7.08km | O70km | 880km |~ GA2m | 7A8km | 1270km |~ OAOkm &i2km 938km  394km —
120.7km
- - : : 14 7
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http://www.krtnet.co.kr/index.html
http://www.krtnet.co.kr/index.html
https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Samsung_Logo.svg
https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Samsung_Logo.svg

- - 2. LTE-R Project on Wonju-Gangneung HSR
A. Project Overview

LD LD CEEO B
e

+ Major Manufacturers

MME,
SAE-GW., Command
PCRE, Server
s Phimsuncg (s
CSCE, Samsung _
As, Electronics Dispatcher COVADA
MCPIT
MGCF 1 | . ) ‘ |
[ = Ee—
IPAGEON Access e ‘ Samsung
. Electronics
MGW IPAGEON Equipment
MRF NOKIA
* DU : Digital Unit / RRU : Remote Radio Unit
ELUOM pystisoeees 2 W ﬂ n "
ELUON (Smartphone/ TR Samsun
PIT type) T3 3
IBCF, . Electronics AMTelecom
TrGW
¢
L
HOIMYUNG ICT
HOIMYUNGICT
The World’s First LTE-R for 250km/h High-speed Railway I
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https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Samsung_Logo.svg
https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Samsung_Logo.svg
https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Samsung_Logo.svg
https://ko.wikipedia.org/wiki/%ED%8C%8C%EC%9D%BC:Samsung_Logo.svg
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjL8K_C-Y3aAhWBfrwKHVZIBgMQjRx6BAgAEAU&url=http://store.hp.com/us/en/pdp/hp-z440-workstations-f5w13av-1&psig=AOvVaw1AyoWDUPXaKvygBBQ03sKm&ust=1522289771942336

B. System Diagram

2. LTE-R Project on Wonju-Gangneung HSR
CLI)ELITR LI

Railway Traffic Conirol Center(Guro)

%?
Total NMS

7

RoIP GW

P(,Rb .E

Dispatcher

~

HSS

—

\

e
[ 11c I et s s —1

Railway Traffic Sub-Control Center(Dagjeon)

- 1 MC : IBCF _
T T
= | [ MMSC-
w TAE“. IP—SM&‘. ,"MT.‘
i o MGCEg
K ! ,'MG‘ /

Wired

DU - (("’))
X,
sfit v |

The World’s First LTE-R for 250km/h High-speed Railway

RoIP GW
0 | S
Dispatcher SAE—C“ MMb
P> ~ / I \
IBCF _ MC
_CPETE JLTE-M 7)__ o, ; | c>c1=
MMSE- 1
w IP-SMSC TAS
/MTl_ ﬁ ’ W
IBCE ‘ 3
1 .
\ TEGW. Py Rig j
Mobile Device
_ (("’)) DU (("’))
Train Crew ] On-board Device
= NN
ﬁg Maintenance eg mEEE
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C. System Requirements

2. LTE-R Project on Wonju-Gangneung HSR
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C. System Requirements

2. LTE-R Project on Wonju-Gangneung HSR
CLIL)CIITRLIIT)

Core & eNB Redundancy

+ Location Dualization

EPC, IMS, MCPIT,

EPC, IMS, MCPTT,
Command server
olificati

(@ In service-Traffic processed at Control Center

(2 Switch to sub-control center in case of
control center failure
©) Traffic processed at Sub-control Center

+ Equipment Redundancy

. Switch Test
Equipment | Redundancy ¢ Note

MME

Server/Fort/Po
wer/SW

FPC | P-GW | Redundan

(Active/

Standby)

S-GW
Autoswitch In[egmﬁon
(svondy | sener
HSS

PCRF

The World’s First LTE-R for 250km/h High-speed Railway

= Node dualization switch condition : Redundancy failure of core equipment
= Switch procedure by Fault Level

Equipment . Switch Procedure
Fault Level Se Impact
At heve (Redundancy Failure) e (Node Dualization)
MME, HSS, MCPTT, . . .
Critical CSCE SAE.GW VOLTE, MCPTT available Immediate switch
VOLTE, MCPIT available .
. . . Idle hour switch
Major AS, MRF, PCRF Supplementary service not available (Call . .
. (after service decision)
forwarding, etc.)
Mitior IBCF/TrGW, MGCF, VOLTE, MCPTT available No switching
MGW PS-LTE & internal calls not uvailable (Equipment recovery)

= Switch Plan . When critical fault occurs, follow switch procedure after monitoring LTE-R NMS

= Control center-Sub-control Center runs in Active-Standby mode(Hot Site), control center is operating in
service

Switch Test . .
i Fquipment Redundan Switch Test Result
Equipment Redundancy Resul Note Cy
CSCEBGCF Ini . DU #1
Sameas i = e— T
AS SCIvet SRR e ‘ » Active-Standby DU 1.1 :
Shelf #1 Redundan Autoswitch
o Autosuien U Redulr)lgancy Acti Staii’byDU ( g Secs
. 9 = [VC— are
MGCF Server | (inseconds) | gingge bU##2 I /Nokia. 7~13mins)
| managed asone eNB
BCETrGW | Redundancy server GER, Ao coosao [
8 Shelf #2
MGW
18
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3. LTE-R Optimization & Validation Result

A. LTE-R Specific Functions & Performances
D Onn

Flexibility in High-speed Moving Environment (~250km/h)

« LTE-R for Wonju-Gangneung High-Speed Railway (Max. speed : 250km/h)
— Assurance of 98% service coverage, Average data throughput DL 40Mbps, UL 20Mbps

» Supports wireless services for IoT, unmanned technology, etc. (following 3GPP international standards)

Comparison of GSM-R and LTE-R

Category GSM-R LTE-R

* Global (Europe, China, etc.) * Republic of Korea (World’s first LTE-R for high-speed

Range railway on Wonju~Gangneung line)

PUVINIESIGI  * Max. 172Kbps(DL), 172Kbps(UL) « Avg. DL 40Mbps, UL 20Mbps * 10MHz bandwidth

 Voice & Low-rate data
(ETCS/ERTMS Level I Voice PTT, Nonstandard)

* Voice, Video, High-rate data

(Video+Voice PTT, MCPTT Standard,

MCPTT QCI69/Signaling, 65/Voice, 70/File applicd)
* Functional & Location dependent addressing

Service

Railway Specitic Advantages of LTE R System

Openness & Availability Railway Environment

» 3GPFP satisfied equipment  Redundancy/Dualization for seamless  Improved maintenance with LTE-R
e DU receives 12 RRUs Max. railway services NMS
« Max. 75Mbps of data throughput ° Stable operation in -30°C (DU, RRU) * Supports remote antenna tilting
» Optimal handover at high- » Antenna, RRU, UPS. earthquake /salt
speed(250km/h) attack/vibration/water/dust -proof
using virtual technologies(2T2R) certification

—
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3. LTE-R Optimization & Validation Result
[sssssssnenes]

A. LTE-R Specific Functions & Performances

m Functional & Location Dependent Addressing (TTAKKO-06.0369 | TTAKKO-06.0370)

+ Punctional Addressing

Ex) If control center calls Train#1, call connects to on-board unit or drive of Train#1

Control .
((( .))) Center = Train#1 Call
Seowonju Gangneung
. - Station (((.))) . ) ) (((.))) - Station
EEEE Train#1 On-board unit or Driver o
--.

+ Location Dependent Addressing

Ex) If Train#1 calls controller, call connects to controller A or B depends on location of Train# 1

Seowonju~Pyeongchang @g Pyeongchang~Gangneung
@A Controller A @A Controller B
Seowonju Pyeongchang Gangneung
Station (((.))) (((.))) Lo Station (((.))) _ (((.))) Lo Station
EeeE Train#1 - Controller Call mEEm Train#1 > Controller Call mEEm

= o o o £ o o —

i —
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A. LTE-R Specific Functions & Performances

3. LTE-R Optimization & Validation Result

LI} CLITRELLL)

m Seaniless Coverage & eNB Redundancy (250kmyh)

DU DU1(Standby) Auto-switch
edundancy, in case of
DU2 failure =,

DU1(Active)

. meenl]
_________

-
____________
¢¢¢¢¢¢¢

o
,—

«é «é
@ RRU alternation for cell
coverage redundancy

___-——"— LI

Seamless

m N - .
> operation In case

of DU failure

250Km/h

Infrastructure with IP-MPLS

EIRTE = o

___________ L
__________________

Traffic flow of backhaul architecture

DU3(Standby)

DU3(Active)

UZ
«é’) «é’)

@ Takes 66sec from RRU2-1
to RRU2-3 for train

DU
Redundancy,

\\\\\
~~.

~e

Switching
time

4 hours 30 sec

® RRU2-3 is in service after
about 30sec of switch time

(Samsung)

1GbE

Servers EPC "'1‘ GbE

(C

B - © 1GbE

e E3- '. .
B ‘%
ELAAL I Ly Bakbone

@LS(IPMPLS) .

© PMPLS x 2Ring

Servers (8
<E 1GbE

The World’s First LTE-R for 250km/h High-speed Railway
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1GbE .

O G capacity IP MPLS applied

O rquipment redundancy

® DWDM interface
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B. LTE-R Cell Configuration Test

3. LTE-R Optimization & Validation Result

CLLD)CCLDY LD

LTE-R Cell Configuration(ZT2R/2T4R) Test for Optimization

|

2017.08.01 ~ 08.31, From Manjong Station to Gangneung Station

P I I A

2T2R -71.7 18.2 33.2 10.2
' 2T4R -70.1 23.6 42.6 14.4
—e—SINR —e—RSRP mUL mDL With 2T4R(copy cell),
25 36 number of handover reduced
: 10.2
2T2R 332
20 -70.1 /0
18.2 2T4R 14.4
42.6 Improvement of
SINR and other qualities
2T2R 2T4R 20 40 60

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

According to characteristics of each site, different cell configuration is applied
v" Open Area : 2T2R

The World’s First LTE-R for 250km/h High-speed Railway

v

Station and Tunnel Area : 2T4R
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3. LTE-R Optimization & Validation Result

C. LTE-R Performance Validation in Wonju- Ga.ngneunlffgmmnumE

m Vahidation ot Coverage and Quality of Wonju -Ganeneung LTE-R

» Measurement of coverage for mobile devices with RSRP - 110 dBm or more
» Measurement of handover success rate at speed of 250 km/h

» Validation of LTE-R quality such as call success rate, data throughput and data transmission success rate

Coverage (Total 120 kin) Voice Call Success Rate

Mobile Device Criteria Railroad Station Major Fa:cﬂltles
Control station, Depot

Call success ra

Coverage 99.717% ~-110dBm, over 98% o 99.10%  99.63% 99.51%
Data Throughput Data Transmission Success Rate
Throughput Control station, Depot success rate Control station, Depot
DL (Mbps) 35950  53.154 61.125 99.27%  99.98% 100.0%
UL (Mbps)  15.304  19.755 20.419 UL 99.15%  99.96% 100.0%

Handover Success Rate

Handover ) ) o .
Mobile Device Criteria
success rate

DU 99.880% )
RRU 99.895% ST

S
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A. Plan for LTE-R Extension

Phased Replacement of VHF/TRS with LTE-R until 2027

LTE-R replacement plan on existing lines (Conventional/High-Speed Railway)

4. Future Plan

Legend
VHF

TRS

LTE-R

Legend
VHF

TRS

LTE-R

LTE-R

Legend
VHF

TRS —

The World’s First LTE-R for 250km/h High-speed Railway
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B. Study on Railway Specific Services using LTE-R 4. Future Plan

Data Service Acceptance of LIE R

« Traffic capacity of LTE-R on Wonju ~ Gangneung : Average UL 20Mbps, DL 40Mbps
(VOLTE Voice 45Kbps, Video 1Mbps | MCPTT Voice 60Kbps, Video 1Mbps)

Data Path | Traffic capacity (avg.) Capacity used (Estimate™) Free capacity

20Mbps 10.6Mbps 47%

40Mbps 4.8Mbps 88%

% Final report on standard system implementation and performance test of radio-based train control system (2014, KAIA)

« ICT-based smart service system, Station Track « Railway structures & ground monitoring
system,

» FEarthquake early response system,

» Al-based air conditioning management system, fac ility 4 facility

« Integrated energy management system, ctc. * Track condition moniforing system,

Future Plan

et R

« Accident site video transmission system, etc.

[Research on Linking Plan for Industry 4.0 Using LTE-R] (2017.8 ~ 2018.7)

|

eMBMS (evolved Multimedia Broadcast Multicast Service) based application services

—
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B. Study on Railway Specific Services using LTE-R 4. Future Plan

+ Future Intelligent Railway Services (Examples)
» Monitoring infrastructure status

- Railway asset management

* Image information

- Cab and coach CCTV real time transmission

Ra-llwa-y  Train control
Safety - GIS location-based Central Traffic Control

Maintenance Customer

» Wire-wireless integration Enhancement N ayles * Logistics information

- Provide real-time logistics

- wired & wireless integrated system information(Cargo information)

g (Insidc) WIFI & (Outdoor) LTE-R

» Maintenance technical support

- Emergency recovery support including image transmission

- —
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C. Interoperability Test with KRTCS 4. Future Plan
D Onon
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The world’s first LTE-R

opens a new chapter
of railway wireless communication!

Thank you




