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Introduction

From GSM-R to 5G-R or FRMCS

Built for Railway,
GSM-R networks are the most reliable
mobile networks currently in existence.

GSM-R networks will start to be life-expired by
2030.

Future Railway Mobile Communication System
(FRMCS): to usher in 5G.

Strategic Plan for FRMCS Introduction

(az2) [aa) (a3) [ Q2
N N/ NS )

@ b bl o
2019 2021 2023 2025

FRMCS V1 Specification FRMCS Demonstrator <+ V2 Spec FRMCS European Trial + Readiness

Rémi Bévot, Olivier Labourdette(2010, January). GSM-R in France.[Online available] https://www.globalrailwayreview.com/article/4247/gsm-r-in-france/.
UIC (2020, December). FRMCS and 5G for rail: challenges, achievements and opportunities. Publication of UIC rail system department. [Online available]

https://uic.org/IMG/pdf/brochure_frmcs_v2_web.pdf.
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I.  Introduction : 5G network for future railway communication

Introduction

Railway network service requirements

From RST in GSM-R to various use cases expected in 5G networks .
Scenarios:

Characteristic parameters Influence parameters

deecese | S on | nication IEZ:;'.“'_ Tateuser | nication | | size . | imorval: | tme. | spoed | UEs | area. e Automated train
service service ala_m:y. experienced | pattern target (note 3)
availabi- reliability: | maximum data rate value . .
wyctargot | “moan” | “noto 2 * Train coupling
"N | s * Video/voice communication

1: Control of 99,999 % below <100 ms 2200 kbit/s periodic <200 byte | 100 ms ~500ms | 5160 km/h | <25 | 50 km x

automated 1 year but deter- 200 m

train (note 4) =>>1 month ministic °

2: CCTV com- | >99,99 % ~1 week <500 ms 22 Mbit/s aperiodic ~500ms | 3160 km/h | <25 | 50 km x Env'ronment and ConteXt:

munication deter- 200m

e * Speed:

gﬁ“l;?n:agency >99,99 % ~1 day <200 ms 2200 kbit/s aperiodic ~2s 5160 km/h | <25 | 50 kmx 1 60 km/h (mass trans’t) - 500 km/h
(oo 41 rinisic oo hiah d

i: 'I!rain >99,9999 % | ~1 year <100 ms 1 Gbit/s mixed ~500ms | - 2 Imx ( ’g _spee )

coupling : traffic (note 5) 1 m .

T e wwr [ fee ™« Surroundings:

stations ministic . .

T S T T Tunnel & mountain environment
Table of KPIs of communication service performance requirements «  End users:
for rail-bound mass transit. : '

Train(s), passengers, control center
[}

Traffic pattern:
Nondeterministic

3GPP (2022, May). LTE; 5G; Mobile communication system for railways (3GPP TS 22.289 version 17.0.0 Release 17)
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Introduction

Communication system archltecture

0 %

il

Radio Access Network

gNB
. ImhalUserPIa:Be Xn NN N3
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Control
Plane

Modified User Plane
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Introduction : 5G network for future railway communication

Network 1

CN
CU1’
- CUZJ I\"
BS3 @
Bsd” « J Network2
BSS. @ At
BS6
BS7.
+CN|\

(), > Zsc.
(),
AA%A? (( ,))ZSBS
) ((car s
AA% ))(( )) 98518513.312.
=\ t2
Train is connected to sub network 1 at t1
Train is connected to sub network 2 at t2
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I.  Introduction : 5G network for future railway communication

Introduction

Resilient 5G network for train

Source

1%t challenge: resilient session Handover (HO)
- Modeling of Control Plane HO process
- Interaction with User Plane

~ UE Drop
B (Late Handover / Wrong
{ Cell)

SeNB TeNB
) 3
lUE Re-Establishment I
7 2"d challenge: connection Re-establishment (RE)
“[0[0 © © © [Oo “[00 © © © [0 .
R e EEEEER I - Modeling of Control Plane RE process
K / - Simulation on service failure and recovery

Amin Sadrabadi, H, , N. Ardalani, H., Bakhshi (2022, April). An enhanced LTE handover scheme for high-speed railway application. Trans Emerging Tel
Tech. 2022; 33( 4):e4404a.
Nugent P. (2022, October). Minimizing Handover Failures in 5G. [Online Available] https://www.mpirical.com/blog/minimizing-handover-failures-in-5g

Resilient railway 5G network :
service availability and reliability assessment
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I.  Introduction : 5G network for future railway communication

Introduction

Resilient 5G network for train (continued)

Source

1%t challenge: resilient session Handover (HO)
- Foreseeable (triggered by distance/power)

- Keeping the continuity of service
(+Reliability + Availability)

B UE Drop
8 (Late Handover/Wrong

SeNB TeNB ‘ Cell)
?E Rev‘E%tnbl'.theml]
2"d challenge: connection Re-establishment (RE)
scol=r=r=1:c8 E0 0 O O [0 . . . .
ST EEEEER I - Passive action (when losing connection)
k / - Decreasing down time of service
(+Availability)

Amin Sadrabadi, H, , N. Ardalani, H., Bakhshi (2022, April). An enhanced LTE handover scheme for high-speed railway application. Trans Emerging Tel
Tech. 2022; 33( 4):e4404a.
Nugent P. (2022, October). Minimizing Handover Failures in 5G. [Online Available] https://www.mpirical.com/blog/minimizing-handover-failures-in-5g
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Modeli ng II. Modeling : continuous connection for high mobility users

Problem statement

Objective : estimate network service availability and reliability
- Elements
- Behaviors

- Model
« Metrics

In ut data

Estimated values

Resilient railway 5G network : 8
service availability and reliability assessment
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Modeling

Model elements

The train(moving end-user)

In Radio Access Network:

Radio Unit (physical equipment)
Distributed Unit(Server + Microservices)
Centralized Unit(Server + Microservices)

In Core Network:

Chair Risk and Resilience of Complex Systems Annual Scientific Seminar

Aggregated centralized physical resource
AMF(Microservices)
SMF(Microservices)
UPF(Microservices)

II. Modeling : continuous connection for high mobility users

Single RU| Overlapping @ Single RU |Overlapping Single RU Overlapping Single RU

!.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

L
iinitial position a position at time ¢

Resilient railway 5G network :

service availability and reliability assessment
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Modeling : continuous connection for high mobility users

Modeling "

Train end user behaviors

Train ®

Objective : estimate network service availability and reliability ~ /ain ¢

Central ool Sation Signal strength to it RU BS no longer reachable;

Connection failed

° B e h aVi ors comparison
Better signal Connection
found lost
cess P (A2 Hand CN failure
o & @ @ e request. J Handover repaireg/.----i--w@
) /" Train < .
III/IIIA.__ > Handover :'discorrwilgcted: RE-esiﬁgzhment
Train process \ to network /
Architecture of a CBTC ' ) 7
system. Re-established
II 4 with it RU L
. . . Re-establishment
II In function of position In failure R
. . Handed
1. Detect better signal 4. Detect connectionloss  “enewro. _
. . Train Re-established
2. Try handover 5. Try re-establishing e with new RU
toj "' RU
3. ConnecttoRU 6. Re-connectto RU - ,
Train user behavior

Chan, M. Y., Baroudi, S., Siu, J., & Liebeherr, J. (2017, September). Measurement-based handover method for
communication-based train control systems. In 2017 IEEE 86th Vehicular Technology Conference (VTC-Fall), pp. 1-6.
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Modeling

Train end user behaviors

Modeling : continuous connection for high mobility users

Objective : estimate network service availability and reliability

Behaviors

Central Control Station

Handover process
Intra gNB

Communication
Network

Wayside
Access Point (AP)

((“»)

((x» ((i)) () ((i))

I N
000
Train
PCl- 22
NR ARFCN: 125550
NR CGI- 10024 QNB-DU # gNB.CUCP

(™
L=~ Celi#1
n,\ \ N\\m U

~ N, ;"/ 1
5GNRUE '~ =

) X |
o Fle " s i
Cel2 e

pc21 T N

NRARFON: 126650 ™~ >N\ )

NR CGI: 30015

gNB-DU #2 gNB-CUUP

oange: Chair Risk and Resilience of Complex Systems Annual Scientific Seminar

Source gNB-DU Target gNB-DU

UE is Registered and RRC Active with DL and UL Data Session

T LT TP TP PP »
1. Measurement Report
PCl= 22, RSRP= -105dBm

2. F1AP: UL RRC Message Transfe,

3. FTAP: UEContextSetupRequest

4. F1AP: UEContextSefupResponse

gNB-CUCP

£ N5 N S5

Handover Decision

5. E1AP: BearerModificationRequest

7. F1AP: UE Confext Modification Reque!
8. RRCReconfiguration

6. E1AP: BearerModificationResponse

5t

Downlink Data Delivery Status

10. RACH on Target 9. F1AP: UEContextModificationResponse

13. F1AP: UE ContexiReleaseCommand

14. FTAP: UEContextReleaseComplete

Handover process call flow

Resilient railway 5G network :
service availability and reliability assessment

Downlink Data Delivery Status
. " et SRR >
11. RRCReconfigurationComplete 12. F1AP: UL RRC Message Transfer Downlink Dat
Downlink Data
Upik 53t Uplink Data

gNB-CUUP




Modeling

Modeling : continuous connection for high mobility users

Train end user behaviors

Objective : estimate network service availability and reliability

Behaviors

Central Control Station UE Sourc‘e,gNB Targz(g,l\i))B AMF
Handover process A A Nes

?.

Inter gNB

Communication
Network

Rep:
Wayside PGi= 21, RSRP=-105dBm >
Access Point (AP) 2. XnAP: HandoverRequest
((( ))) ((( ))) ((( J)) (((-))) (((-))) Handover Admission
‘ ‘ ‘ ‘ e 3. XnAP: HandoverRequestAcknom‘ ledge
[ o~ N ‘4. RRCReconfiguration (HO Commang
7777770, PN
Buffered User Data from Source
Train 6. RACH on Target
PCI: 22
NR ARFCN: 126550 Source gNB
NR CGI: 10024 gNB-DU #1 gNB-CUCP#1 Uplink Data
(i‘;&’) } , 8. NGAP: PathSwitchRequest . Uplink Data
- N L N ey 7 End Marker
o Celi i 7/ Ae ark
/ End Marke
/
/ .
H ! ; Downlink Data 9. NGAP: PathSwitchRequestAcknowledye
foeee (.10, XnAP: UEContextRelease
5GNRUE '\ J Downlink/Uplink ata Downlink/Uplink Data

User Plane
Function (UPF)

Handover process call flow

Cell#2

21
NR ot soote. a0 e

Target gNB

slangel Chair Risk and Resilience of Complex Systems Annual Scientific Seminar Resilient raiway 5G network:

service availability and reliability assessment




Modeling

Train end user behaviors

II. Modeling : continuous connection for high mobility users

Objective : estimate network service availability and reliability

Behaviors

Central Control Station

Re-establishment
process

Wayside
Access Point (AP)

((“»)

((x>) ((i)) ((i)) ((i))

P | | N

[ [ee] ™ [

1. Preamble
Allocate new C-RNTIand
SRB1 configuration

3RRC Comection ReestablishmentRefuestiold
C-RNTIL old PCI) 4 Initial UL RRC message (new| C-RNTL RRC message)

2.RAR

‘5 RRC Connection Reestablishment| 3 DL RRC Message Transfer (oldlgNB-DU FIAP UE ID)

Find UE context based on old gNB-
DU UE FIAPID, replace old C-
RNTIPCI with new C-RNTUPCI

5G State Transitions

oange: Chair Risk and Resilience of Complex Systems Annual Scientific Seminar

TRRC Comection Reestablishment

Complete 8 UL RRC Message Transfer

9. UE Context Modification Request

12RRC Comection Reconfiguration

13 RRC Connection Reconfiguratiop

14 UL RRC Message Transfer
Camplete

Re-establishment process call flow

3GPP. (2020, November).3GPP TS 38.401 release 16, 5G; NG-RAN; Architecture description.

Resilient railway 5G network : i
service availability and reliability assessment
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Model Ing II. Modeling : continuous connection for high mobility users

Network element behaviors

Element failure
working (W) rate A

(Virtual Element (Microservice)

Failure rate (weekl e
( y) J,/Failure\

— Detection (NFV-MANO) [ recovere Element |
< Restart (few seconds) I\ “?Ff;)d led failed (F)

rtTpair o t Failure ——
. replacemen identified :
. Physical Infrastructure process N) detection

Dependent
element
failed (DF)

Failure rate (yearly) S —
Detection (NFV-MANO) and orchestration

Repair (manually/replacement
P ( ylrep ) Network element behavior

Resilient railway 5G network :

Chair Risk and Resilience of Complex Systems Annual Scientific Seminar cervice availability and reliability assessment



Modeling

II. Modeling : continuous connection for high mobility users

Interaction between two models

Objective : estimate network service availability and reliability

e P . )
. Model Failure information;
Handover conformation;
Reconnection conformation;
. .

5G element informs its
state to the train

| 5G element [ | Train

Train informs its
anchoring 5G elements

Handover require (changing radio base station);
Reconnection require;

Resilient railway 5G network :
service availability and reliability assessment
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Model Ing II. Modeling : continuous connection for high mobility users

Metrics

g& Providing connection to the train 7d x 24h wherever the train locates.
Offering more than consumers expect.

- ~N CN  [AusF uDM
Network availability: the value of the amount ﬁ
of time the operator can provide end-to end "‘LL§J<
(E2E) service everywhere by using the LA
\deployed network, divided by the total time. ) [ DU ]
 Network reliability: the ability of the network ) (‘gi) (‘;A’)
to continuously provide E2E connection |
everywhere in a considered area, ot S e e T St
We measure network reliability using the Mean éinmal ostion g posion time d
\ Time To Failure (MTTF) of the network system. )

Resilient railway 5G network :
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Model Ing II. Modeling : continuous connection for high mobility users

Metrics (continued)

E Using the service from where the train is located.

Consuming less than provider gives.
RU 1 RU 2 RU 3 RU 4

Train network communication service

availability: the value of the amount of time Nt e i Rl = .S.'"f"‘f'fu“x
the E2E communication service is
delivered, divided by the amount of time.

. J/

J/

Ve

Train
RU2 failure

disconnected disconnected

——

4 N\

Train network communication service
reliability: the ability of the communication

Train
RU2 and RU3
failures

service to perform as required for a given /S U | 2

time interval. =
Yt

We describe it with MTTF of the service. M e b 777, [y

Resilient railway 5G network :
service availability and reliability assessment
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Simulation

Simulation : an interactive availability & reliability assessment

Railway communication network o

Current GSM-R positions along the railway

Noye !J Villers-aux-Erables - Maucourt® © o 79
o Remiencourt 0. gMezieres-en- Beaufort-en- Pundgly . . . .
y Sant p / .
Gayencourtsur© BAMORU  resnopen . oiaere o Wanvilers Y Distribution of Base Station:
e / 3 » Le Quesnel Hattendpburt Cu
Y o Morisel o Chaussée o o o oN Eta
Y ' Folies Fransart | ° F l k 10 k
_ (e oy rom L kmto 10km
uilly-sur ) - o Santerre _ BotRyirl Quesnoy ] . . . M
Mailly Raineval o, 5 veuvile St o Arviters i~ &1 | e Environment information is
Bernard )
| Louvrechy o Braches © D P Rethon . .
agny o ‘ Sauvillers Mungival_'| 0 \Contoire Erches J‘ g) ©Gruny m ISSI ng
\ o o
”__. - o] °TroisARivi('*n:-s Andechy o : Gl
Hargicourt © Boussica - : Villers-lés-Roy:
< s Guerbigny illers-lés-Roye o e = C .
| p
' L L'Echelle-St-Aurin © St Ma'do | Chamyg Ove rl ng area

0 /0 Gratibus

- « Some locations can be covered

o

igniéres o
Verpill
o

1a| Laboissie H
ANy g S e by 2/3+ base station
L MOn[diero V(‘rollcso P 4 Amy (I nte rS e Ctl O n)
A orges o . Fescamps’o Cr 'oaumusnil b .
ey sdomis | Pennes o s st « Some locations has no gNB
=3 yencourt o Assmnwllerso Remaugies O Fresniér
. Onilers, ' redundancy (rural, less frequent
- Revaucourta © Rubescour Boulogne-la-Grasse 1 ¥ . . .
P "< 5 \ - line.) = Economical aspect: decide
cartoradio Data from cartoradio.fr ;e Ny : ] ‘
- when turning on

Radio Base Station along the railway

Resilient railway 5G network :
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Simulation

ailway use case . Simulation : an interactive availability & reliability assessment
Amiens
Nb of RU/DU  6-100 16
Cover radius 1-10 km 5 km
Nb of CU 1-20 2
Redundancy
DU server  0-2 0
CU standby 0-2 0
CN standby 0-2 0
Speed 50-500 km/h 200 km/h Paris

Resilient railway 5G network :
service availability and reliability assessment
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Simulation

Comm unicat,'on fa,"ures . Simulation : an interactive availability & reliability assessment

1.4
124

1.04

Physical infrastructure failure

Plx)
=]

0.6

— Exponentially distributed failure time "

— Randomly detect + fixed repair time (long) T
Virtual component failure Exponential distribution
— Exponentially distributed failure time 1

— Randomly detect + Fixed repair time

A designated failure at a designated time R

Uniform distribution

. - I . Resilient railway 5G network :
Chair Risk and Resilience of Complex Systems Annual Scientific Seminar service availabllyit and reliability assessment



Simulation

. Simulation : an interactive availability & reliability assessment

Example of failures - 1

Failure without impact

o o ey

\
AMF { AUSF I SMF AMF =
. | . . . AUSF UDM
containers I containers | containers containers
| P g S B AMF SMF UPF
SMF I UDM | AUSF UDM "
containers \ containers | containers containers
/

A

Infrastructure Pool

Single RU| Overlapping ' Single RU Overlapping Single RU Overlapping Single RU

Server 1l Server?2 Server3 Server4
IE,I\\I\\I\\I\\II\II\\I\\I\\I\\II\II\I‘X

|
iinitial position position at time ¢

() ()

Anti-affinity strategy save the network from failure

Resilient railway 5G network :
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Simulation

Examp’e offa,"ures -2 . Simulation : an interactive availability & reliability assessment

« Train attimet, running in zone 4 and it is connected to
RU3

* RU4fails, as a result, Orange cannot provide service to
zone /

» The failure of RU4 does not impact train service

i ThefailureOfRU4Wi” notimpacttra|nserV|ceif @I\\I\\I\I\\I'.I\\\I\I\\I\\I\I\\X
repaired before train getting into zone 7 fg it positon positon at time

o - ~ Resilient rail G network :
Chair Risk and Resilience of Complex Systems Annual Scientific Seminar s:f\;i’ceena\cgz'l‘clzvk?lli? agg xe/ﬁc'z’bilit assessment



Simulation

Examp’e offa,"ures i 3 . Simulation : an interactive availability & reliability assessment

e Train attimet, running in zone 4

« DUS3 fails, Orange fails to provide network in zone 5

* Ifthe trainis connected to RU2
* The Handover process will not be done

« Ifthetrainis already attached to RU3 before failure

i Theconnectionendsand UEtrytore_eStabliSha @I\\I\\I\I\\I'.I\\\I\I\\I\\I\I\\X
ConneCtIOﬂ US|ng RU 2 iinitia\ position position at time ¢

Resilient railway 5G network :
service availability and reliability assessment
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Imulation
Demonstration

? 5G applied to high speed trains

S )

Number of DU (&RU)

DU cell radius (km)

Number of CU

. Simulation : an interactive availability & reliability assessment

Additional information

No instructions |

Train speed (between 10-500 km/h)
Simulation epoch
Simulation hour per epoch

eguence ftrain/h)

|
1

CU Color

Antenna Color

orange |
burlywood

B width

2

Sdve ILNEidly g S1uwW Sulliiidry

RAN-CU hot standby 0
Specific Failures
Pod MTTF (day)

Node MTTF (month)

| Enhanced Handover

M cn hot standby

v| Self Healing

DU server size 0

Core Network Failure
Radio Failure - RU
Radio Failure - DU

Radio Failure -

fio |
B si-r0o @ B
Bl s 1 B

- Site No. i !

- Press Refresh to check the network structure, then press Start to get simulation result!

Chair Risk and Resilience of Complex Systems Annual Scientific Seminar

Configure Radio Access Network:
- Number of Base station RU,
DU
Coverage distance
Number of CU (gNB)

€ DU/CU setups — X

[

DU_ID | Parent CU [

km)

5.0

9.0
13.0
17.0
210
250
290
33.0
37.0
41.0

Resilient railway 5G network :
service availability and reliability assessment

[ Children DUs
1234567 :
891011121314 230
151617 18 19 20 510
212223242526 75.0

| Start position(km) |
50

End position(km)




S )

Simulation
D emon Strati on . Simulation : an interactive availability & reliability assessment

? 5G applied to high speed trains

Micro-semce
A ot M I Network element redundancy:
DU server
Number of CU

Additional information No instructions ® Event logs ; CU repllcas .
Train speed (between 10-500 km/h) 200 J CN \/NF rep |IC35

Number of DU (&RU)

DU cell radius (km)

Simulation epoch 1 =====Transit0====
31.0 Semvice fails:DU-DU1 ¢
Simulation hour per epoch 31.0 0.0Handover to 2

40.05 New service:DU-DU1 «

- e ll N etwork functionality:

Frequence (train/h)

CU Color ran
orange 50.05 New service:AMF-Con

Antenna Calor biiics ] Wi 2 5005 0 OHandover o2 Enable repair process

108.0 0.0Handover to 3

Save itinerary | Show summary 122 —Anlenna Fails 3 i3 Set failure rate for servers and
virtual containers (pods)

RAN-CU hot standby 0 !| CN hot standby 0 H DU server size 0 !|

Specific Failures Enhanced Handover v| Self Healing

Pod MTTF (day) 52
Node MTTF (mortt) 12 Designated failures:

Core Network Failure B Define specific failure events:
Radio Failure - RU Site No _ Tm

Radio Failure - DU Site No I e

Radio Failure - CU Site No Element

‘u,wj failure events [l Failure events One a‘t a t|me

Refresh Exit Press Refresh to check the network structure, then press Start to get simulation result!

Chair Risk and Resilience of Complex Systems Annual Scientific Seminar
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Simulation

Resu ’ts . Simulation : an interactive availability & reliability assessment

Network availability decreases with number of RU (until fully redundant)

_ i U4
; ; : ) @ - »
— Number of single connection zone increases | -
S e rVI Ce aval |ab I | Ity I n Cre ases Wlth n u m be r Of RU Single RU| Overlapping | Single RU |Overlapping Single RU (Overlapping  Single RU
. . R o e e e e e e e T e -~ x
— Overlapping zone area increases < pom— - pe—
Availability of network and communication service MTTF of network and communication service
100.000% r- P P ® ® ° ° ° ° 120
- 99.999% Network availability = 100 Network MTTF .
= 99.998% ®—Service availability g 80 ¢ Service MTTF
s E &0
S 99.997% T8 o
& I': 40 pe
99.996% s e X
20 : py . s ®
99.995% 0 %
12 13 14 15 16 17 18 19 20 ( 2t 12 13 14 15 16 17 18 19 20 (21 \
Number of RUs =
Number of RUs

Resilient railway 5G network :
service availability and reliability assessment
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Simulation

Resu ’ts . Simulation : an interactive availability & reliability assessment

Network reliability decreases with number of RU (until fully redundant)
— Number of single connection zone increases
Service reliability increases with number of RU
— Overlapping zone increases, MTTF increases

Availability of network and communication service MTTF of network and communication service
100.000% ¢ r- P P ® ® ° ° ° ® 120
Network MTTF
100 ®
99.999% Hahili —
- Network availability < o Service MTTE
= . . o12 c 80
= 99.998% ®—Service availability o)
= E 60
= 9 g .
T 99.997% E 0
< E °
99.996% . d
o 20 . P pe Pe ®
99.995% 0
12 13 14 15 16 17 18 19 20 21 12 13 14 15 16 17 18 19 20 21
Number of RUs Number of RUs

Resilient railway 5G network :
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Simulation

Resu ’ts . Simulation : an interactive availability & reliability assessment

Number Network  Network Service Service

Handover and Re-establishment are considered of RUs availability MTTF availability MTTF

(hours) (hours)
Network availability decreases with number of - - -
_ . , 12 99.86058% 55  99.99456% 3359
— Due to failure caused by increasing number of 13 99.84895% 52  99.99512% 344
Sing|e connection area 14 09.83789% 50  99.99571% 333
. T . IS 99.82612% 48  99.99628% 319
Service availability increases with number of RU 16 99.81485% 46  99.99686% 308
: 17 99.80219% 44  99.99742% 298
— Thanks to re-establishment and handover 18 0070151% 47 99.00801% 288
Network reliability decreases with number of RU 19 9978031% 41 90.9989% 279
, 20 99.76875% 39 [ 99.99917% | 270
— Failures happen more frequently | : :
RU 1 RU 2 RU 3 RU 4
Service reliability decreases with number of RU (;g) (:g () (‘g)
— Service interrupted due to failure caused by |
|ncreaS|ng number Of elements Single RU| Overlapping | Single RU |Overlapping Single RU Overlapping| Single RU
.[_m O O I O O | O O O O O I‘X
initial position " position at time ¢
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Conclusion

Takeaways

IV. Conclusion : how far are we from reality ?

* A more complicated scenario combined both Control Plane & User Plane is considered
» Perspectives from provider and consumer on availability and reliability are compared
* Aplatform is built for investigating the impact of network structure on network performance

Environment Challenges: High speed Challenges:
Physical device may have aging Radio signal power can be largely Time to carry out a handover may
process with a changing failure rate reduced inside a tunnel, in be short, the HO process can be
mountain area, or on rainy days disturbed

Grouped maintenance can be
considered

Resilient railway 5G network :
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Wh at use cases W,’ ’ b ein C’ Udes ? IV. Conclusion : how far are we from reality ?

SNCF & 5G

< Connectivité a bord ¢

tf Haut débit illimité ¢

Vidéosurveillance temps réel +

L o

In 2021, SNCF designed ecosystem
with over thirty 5G usages:
autonomous train,

real-time station surveillance,
temporary hotspots...

=y
Ultra Haut
Débit mobile

)+ Connectivité pour
de petites gares

gares

Edge
_Computin
ﬁ % puting _

_l v @ N
/ Hotspot temporaire pendant
des travaux ou des événements

5 5G and 6G are on the route...

’, Chantier connecté ¢
1 loT technicentres Conduite engins a distance

SNCF Numeérique. (July 2021) Télécoms : SNCF explore les usages de la 5G dans son écosysteme.
[online]https://numerique.sncf.com/actualites/telecoms-sncf-explore-les-usages-de-la-5g-dans-son-ecosysteme/
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