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ABSTRACT

The main features of next-generation train communication network are that wireless communication
technology is applied to connect a large number of devices in the train, and time-sensitive network functions
are added to reliably transmit and receive safety-related information such as train control information. In
particular, the next-generation train communication network requires very high communication requirements
because it transmits and receives train control information directly connected to passenger safety. No
technology satisfies all the communication requirements of the next-generation train communication network
among the current wireless communication standard technologies, but 5G communication technology and IEEE
802.11 Wi-Fi technology provide the closest performance. Thus, it is necessary to improve these standard

technologies for the next-generation train communication network.
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A7k A A 2] 7S Algske, TCMSel #178
2 A ARE 85 AR 284S )
A ik

TCMS7}  HHistel] et NG-TCMS(Next
Generation TCMS)&= &Alxc) @ 7|5 A5
Ao R AqAEITh dH R, e Al =2
A EQ] Shiff2Railoll4] 7HE35li= NG-TCMS+= Al2=H
T5 H fAHg v ARAE 918 B AT Fle
Aol 71=2] 71 ECU(Electronic Control Unit)7]-
sl @ 752 2 HRE sk gl
ol o]gA] TCMS®] 7|53 °—ﬂ|€§'°] el wet
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Z7¥skar glrk
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TCN(Train Communication Network)< &2} Y
tlolEe] FAlS Hshe vIEY IR AekA=F 712
dlole] B4l A= W] dlele] FAlS wWwdgith. TCN
2 ND(Network Device)2} ED(End Device) ® 74
E}h NDell= 2914, 2hEl, Ale]|Ede]7} glew

1. IEC 61375 %= Alg|=
ble 1. IEC 61375 Standard series

Ta

Standard
Contents
number
Railway applications - Electronic railway
1IEC equipment - Train communication network
61375-1 Part 1: Train Communication Network General
Architecture
EC Railway applications - Electronic railway
equipment - Train Communication Network
61375-2-1 R R
Part 2-1: WTB - Wire Train Bus
Railway applications - Electronic railway
1IEC equipment - Train communication Network
61375-2-2 | Part 2-2: WTB - Wire Train Bus conformance
testing
IEC Railway applications - Electronic railway
equipment - Train Communication Network
61375-2-3 L .
Part 2-3: Communication Profile
EC Railway applications - Electronic railway
equipment - Train communication Network
61375-2-4 L .
Part 2-4: Application Profile
EC Railway applications - Electronic railway
equipment - Train Communication Network
61375-2-5 .
Part 2-5: ETB - Ethernet Train Backbone
EC Railway applications - Electronic railway
equipment - Train communication network
61375-2-6 L.
Part 2-6: Board to Ground Communication
EC Railway applications - Electronic railway
6137527 equipment - Train communication network(TCN)
Part 2-7 : Wireless Train Backbone(WLTB)
IEC Railway applications - Electronic Railway
61375-3-1 Equipment - Train Communication Network
Part 3-1: MVB - Multifunction Vehicle Bus
Railway applications - Electronic railway
1IEC equipment - Train communication Network
61375-3-2 Part 3-2: MVB - Multifunction Vehicle Bus
Conformance Testing
EC Railway applications - Electronic Railway
Equipment - Train Communication Network
61375-3-3 .
Part 3-3: CANopen Consist Network
EC Railway applications - Electronic railway
equipment - Train communication network
61375-3-4 .
Part 3-4: ECN - Ethernet consist network
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EDol= tlokst 58 Ax|Eo] o)

TCNe| HEY T T35 7 2388 s
sk xEEE dAdske g3 WIE(TB : Train
Backbone)Z} 2F=F W] Ale=]E AAsl= HAZ=L
= Y| =9 = (CN : Consist Network)o|th. =4 EF
3} 7]9%] IEC TC 9+ TCN EF2 61375 Al2]=2
A4 3}te] part 281 61375-2 Al2]=E DA} W E train
backbone), part 381 61375-3 Al2]=E HA A2 vE
$]=(consist network)® XS A|A3IATE 1S
IEC 61375 %% Alg]=E Jepd xo|ch

IEC 61375 TCN X5 H(bus) 7|E7 2=$]%]
(switch) 7]€2 +F& 4 3tk Z7|dli= MVB,
CANopen, WTB$} 22 #l2r|eo] 707 A=
3, old weEl Hd] HEARF TCNE Z7|dfl&
MVB ¢} WTB -2 wWZy(bus) 7]&2 TA= )
MVB, WTIB:= Z ol 1.5Mbps2] Hlo|e] AEE-S A
Fato] Alo] & At dlo]e] HFelli= AHg0] 753}
2k w42 QlEYl A YA" $A4dA AF 5
°] COS 7R $53HA sk gHAZ) gl

Awapeke] g2 RuEE AW, CCTV, 594 5
o8& w42 A43h] ¢I8 00S<} COS 8
7h FE Skl wlet A=k o] 8 AHAE AR
25 WE317] 918 IEC TC 9ollA+= 2913 7|k
TCN-§- ©]tjyl(Ethernet) 55 APF3taich ool
< 8 dofelE 2u50 R AFE 5 vk A
Hell= B3t 7]E AE FolollMe 2 2290e] F
A2 9kA|RE, IEC TC92] TCN HEsrol| o]yl
o] %3 o]Felli= TCNo|| o]tiulS 283k Ajeps
o] A-g3t=o] A=k o)

2.1 YA} @2 (Train Backbone)

Wl B (Backbone)o |3t 2k W 9o] M EHZE A3
ARzt FA dlele] HH IS 7l dh=
FAlolt). A} MRS HAXAEF UEIES M2
sk ds s HrAEke] Feljds Al
A EEZEAL Wlsle A vEHIY 5AS
7RI}t E2A el Gaf wlEo 2= WTB(Wire Train
Bus)$} ETB(Ethernet Train Backbone)”} )37, #<-
ol FA 9zt wlEql WLTB(Wireless Train
Backbone)”7} 32218 o2 A=) 514
vk olx] A EAlL] oA Al wlitel ol IS
WLTB7 |2 7-8315#] @9kt

2.1.1 WTB (Wire Train Bus)
WTBE: Aot Aoy 2be] BALE Gesh vl

(bus) 7]%0]w] Twisted & Shielded wire pair 7]o] %
& AHgsto] 1Mbps®] I o2 dlolelE A3t
fri71E] 860m el 32709] kx| x| ska, 2
e 2 AMgste] Ho 62709 EsA] Bhge] A
S, dloleE 25ms 7R AR AES g,
AR 2R dlole] Ago] slsslths Ado] glAIwt
AgHE v EASE ol ogek dolels Aol
A7} Qlek.

2.1.2 ETB (Ethernet Train Backbone)™®

Gap WS gdsl= o|tul A1) ETB= 13
13} zro] 2p=F Wff dlo|e] Al H38l= ECN+ <
7= ETBN(ETB Node) 2% 74 %t}h. ETBY| &
A=} dlole] 3= A= IEEE 802.3¢l ule} %
zR3lr), o) Eu|AlZel| A= 100Base-Tx2| Hol|=
HFA)(Full- duplex)< AR5, W[ E = AlZllA] d]
ole] HF-2 1P ZREZS ARSI

ETB= 42t #7434 o], A=K Consist)=
getsle] A2 GASAMEN IS FAsH= Aol
Z83lr} o|7le dXEAd(Inauguration) o]2fa g
ol Aapt 2AE wviel ApsF W FAIRE(ED,
ND)2= AHH FAE & & Sl IPFAv) ==,
GatzAdo] M7= IPFAr ) AShg=lcf?, o] 2t
3, At SeluAY Eolwmel vt st vl
EaE A= 2de] Hasih

Ax}xAd> TTDP(Train Topology Discovery
Protocol) & 7|9k22 gt} TTDP+= IEC 61375-2-5
o] AelElo] AFE 07 ETBNS AlHsly v EY =S
AAdsle] ApsF 1A WAl whE AQAAZEE HA
sehe dl AlMgshs ZREZo|rd

Consist Network

Consist Network

% 1. 924 ETB A4
Fig. 1. A case of ETB Network for train

2.1.3 WLTB (Wireless Train Backbone)

20149 A% WLTB+= sHEdxfe] dazAds
HeahA 3] flsl EelRlch e SA7E)
ge] WEH=7} dA=e] x| wenZ eIk
frAaes ddshs 212 F7HHQl vl8st ATte] &
o} wbd SAo] glom g obd @ FRAL YolA| g
AR A=) e A BALS E=8iE] 8ol
slc}. aeleE T™ 29} Ro] F4 A7) Q= SHE
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O3 2. WLTB A4 35 4
Fig. 2. WLTB applied freight train

qz1e] 7| HAES TR A3y $15le] WLTB
7]%e] =3i=9lck. WLTB7Z} A= AT 7133t
7} FE 7133 FAAE HE, AddAE 55§
Aoz Agsl & 9k

WLTB+= E8] A%, velgda AX, -4 A%
o7 vl 2] A=S 800MHz te] 4 Fu}
T5 AHS3kaL, 500KHz ti9E-g zZhe Al 8=
A= Wz vhr o2 CP-FSKE o]-43th WLTB
41 kol MAC Ao gl dlole] Ag: A] &
=39 TR S8 ATl FRE SEAT
tlole] AL eloln, $A|, W3 2 AR Ad 5
o] 2AlEYT i & dde] 71%S Al
WTB®} ETB+= AFs GA3A 7]5°] A%, WLTB
= QA B4l keE Algo g ApEet = qloug
2Als GAEAE AdEA] a7k &gk 4%
AxpzAdRte] 7hs3le)

2.2 HAXI2F HIE2|{3(Consist Network)
WA U EHZE Ak v A=A k2] §4l
S didsle vEY =R, AelESo](gateway) S F
A A} wlEe) QAR dubd o2 gt ko] A
A2 s shue] HA R Fl ofe] 7R ARl
shte] fAARF vEgae Ak 9 ks
e Gz 2eyAst A BEZE2Ar) WA gt
PAAEF vES = AN 02 MVB(Multifunction
Vehicle Bus), CANopen, ECN 7|&o] 53307
S5, Ak o] = A9, S, CCTv
dlole] AF 5 tieksl dlolg] M-S Fa3lc)

2.2.1 MVB (Multifunction Vehicle Bus)

MVBE 13 33} 7o) xj2k Aloj(ke], 21, 7]
) 2 A AR 5 oA Hele} pEE AlnES
wgich. MVBE B4 g2 AelellA] 71E F71&
HkE3le SAlSh= A 2A, Alse] djFeolu F3o|
gl B4l £5= 1.5Mbpse]H, ZEA|~ dlo]e S
FrIRer Al odF wiAle] ulebA
ESD(<20m), EMD(<200m), OFG(<2000m) A &
o] Ee| Ao R gl
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0] ot o1+
¢ | Vehicle Bus >

Passenger
information | _
T

S 4 vV v A aad e /

T2 3. A=AF W MVB 74 o
Fig. 3. A case of MVB configuration in a rolling stock

2.2.2 CANopen

CANopenS #H53} it = Al ~elella] Ag-8}
7] S8 Ao HEARRkA AlE, Az Ao
Alzwlzh dijel - 20 Al 2w 55 g,
1% 4% CANopen YIES]|=E 712Es}3E 7o)tk

Train network

T
Gateway
CANopen

DCS | |ANC | |BCS ﬂ PIS RGS| |VLS
ol ) gl =

a3l 4. HAAEF UIES)=Z4 CANopen logical network
Fig. 4. CANopen logical network for consist network

2.2.3 ECN (Ethernet Consist Network)

ECNolgt x| wlZy} o345 [p 7|HF V| ES|= =
A 2k sl A2ElE Ale ddske Bl
o} ECN-& 2$1%] o|t|yl& 7|9ke =2 TEEE 802.3 %
Fof| wel Hksl 28 590 7o) CS(Consist
Switch), ED(End Device) S22 JAEt) o37]4
ED&= 42| 31917155 @ske A=]e]a, ED7HA]
2] 54l ARE= CSell ofd A€t g AR
(Consist)oll:= oJ=] 7§e] A& t}& ECNo] A2 4=

‘ ‘ Train Backbone

TBN interface ‘ TBN ‘

e H\

| e | ' e0| |ep |

J2l 5. ECN 74
Fig. 5. ECN configuration example
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9)37, ©]E5 ECN-S ETBNe| <14=ch

ECN9 F8& 7% 7K LAN, 53}
(Redundancy) 2], QoS 24, Alo]EH o], AxE41
UEN=Z 3] 55 Hagsich 53] 9AzA A wst
sk vlEH = A E S8 A P A, ol F
W3 755 33 5 glojof gtk

3 2% IEC 614375-3-40l14 #2Jgt HlolH 5+
(Data Class)™ QoS 27ARFS A3k Folr} of&
2]Ao]41-& 5%FHsupervisory data, process data,
message data, stream data, best effort data) @ -3}
3, 77ke] QAR ek Qos SFARNeR
= AlelF Al7Hceycle time), Hlo]E] =7|(data size),
Z|ed Al7Klatency), A|E(itter)7} AFE=9ow, 7
73k

o]

]
J& B4l @AM ZH= Supervisory data®] 941
215 7P =4 AA3I9th ECNollA] ED+= dlo]
B ZE2H QoSE EASE] S48 1P dlolel 13l
DSCP F=of A59lE A3k, CS+= IEEE
802.1D2] Aol we} 419 di7|siad-e- Hejghef,

ECN<®| EZ22]+= Al(Linear)d, H(Ring) ¥, Alch
2](Ladder) 3 o] 9tk 1% 13 6, 79} 7te] ED&
i 7he] CSell Qd7ste] ED9| HAE olFdlehe W
2Al(Dual Homing)e] =2 A1=|A¥} 718448 Ralch
J# B ECNS 2 ¥ == oy 22245 A}

E 2. ECN2| QoS Ijejnef™
Table 2. QoS parameters of ECN'

Data Class
Service
Process | Message Stream [Best EfforfSupervisor
Parameter
data data data Data Data
X not not not
cycle time | <20ms <10ms

applicable [applecable | applicable

data size |<1,500bytes|<1,500bytes|<1,500bytes|<1,500bytes|<1,500byte

latency <10ms | <100ms | <125ms - <10ms
jitter <10ms - <25ms - <10ms
priority 2 3 3 4 1
level(CS)
TBN
SW_} | sw | B
D | [ED | D |
W] [ sw | | sw

J2 6. ECN9| ®H¥Y EZeX]
Fig. 6. Ring topology of ECN

TBN
[ sw | [ sw | [ sw |
ED |ED | ED
| sw | [ sw ] [ sw |

J2 7. ECN9 Ahfeld &7
Fig. 7. Ladder topology of ECN

Bate] Aarstar Al daksAMIEN =25 A

Fhopd,
. NG-TCN 7l& QT Akt

o|H Aellx]= Shift2Railoll4] NG-TCNS- ]3] A
A&k DbD(Drive-by-Data)oll tall4] A9 ¥ 3 DbD
2] 7te] == Al 7|<el TSN(Time Sensitive
Network)oll Haf] As&r}. =gk NG-TCN F41 7]
< QAR A Abe i

3.1 Drive-by-Data

A -S4 7IRE A Al E A e AR A
%3(deterministic latency)S HAFsI= FAlo] D%
olth. o714 AAEA AA& dlo|e|] Fpale]
3 A|AATE el FAAel] eeehe Ae BARE
th= oJvlelt}. Z2v} ETBF ECN 2] o|tjdl 7]
Hk Ak yEIs A FAS WRsH
ethe AHellAl 7% AL Q.

DbD(Drive-by-Data)+=  Shift2Railel|x]  A<|gt
NG-TCMSE 7Fs3H sk UES= An|solc
DbD+= NG-TCMS7} @4 o] 4kl sk=go] 4]
£ o834 drti= ZER-S(embedded cloud)*]
A EE #AA XA 7Kdeterministic
latency)2 HASH= TSN7]4F NG-TCNS A|g3h=
73} NG-TCNel| IMP(Integrated Modular Platform)
¢} FDF(Functional Distribution Framework) 7|54
o5 AY3hs 71sS FVIRE B4l Au]ze|t

DbD 7]'& ZHE NG-TCN+= g3} 22 V| ES]
= Au|E AFE 5 glefof gl

- dlole] FAl3} A Anls 7l (A7 BB,

S Algh
- AzkEAe W BEeA] WA 7le
- A7k F713

177
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3.2 TSN (Time Sensitive Network)
TSNS A] 917KTime Sensitive)3}x ¥4 =&]E
Z)(Mission Critical)3+ E=|ZS A&z A7} glol]

Alsl7)

2Jal Y|E

Ha2 FF ol v|E

34 A

NG-TCN-& gAlo] Wbz AJ7te] @ wiidelxd 1
Z, AR VB AelA 0125 dol7Pd e,

TSN W3 3+ 7|soll= <IEEE 802.1AS-Rev -
Precise Time Synchronization>, <IEEE 802.1Qbv -

A2 BEAS 7318 S 9l= DD Al <o) Scheduled  Traffic>, <IEEE  802.1CB - Frame
TSNS 73s17] ¢18) 83 7% 5 shis U= Replication and Elimination> £°] ¢lt}. TSNS &
= AAE e A AT F5 A AU delEE A (A7 m A 3
(Synchronization) 7]<o]ch x]ﬂ %7)3}= IEEE Ao g At = glrh= Hol|x] AnlE AEe] SO
1588 AL A TR EZS 7|HEOR 8, TSN 47 AR RolllA TS A glvk
o] 8% NG-TCN®| gz} W2 28] 20us ©|3}
3 as - £~ o =
(£2 ps)elelo} stx AAAEF vEY3aE= AE 10us 3.3 712 @7FAE
- - . _ S o wx] Ex zL&E AR =2
olsH+1us) S wFEallof i 2] synchronized NG-TCN= =141 §Al0] %851 TCNell 242
(e} =] - - O [N = v
clock-e 3124 o]0 UEZE ATA s el A SAE A3k TSN 7155 F7kske A& 5%
1 ol Zelal Qe = 2t
TSNeA= olu],;do] 15 rﬂo on:?‘g_}o o= =z ) )
N ] 1 ) j ]]o 101 R s )\l 3.3.1 WLTB (Wireless Train Backbone)
A== 7EE Al B3k EdEE A0 E AHE O?Mg,,[m
5= oJolof gt} o]2 ¢J8) TSN ©lole] Sf(data =
% glofef @k ol Sl loTe] 5 3o sl vesla Aecke welslel maa
1 o} dlo ] B £ £5.2 A5k £ oh;], st
class) % U SEEE AR T S B2/ S N
} NG-TCNoA &= vEY=T Aot o] 43
TSN AF Ade] F3H3l o]F3tz s = . 5} 710 .
52| ;q/kg] A]Q/«] o :noh;]. :La]“/ TSNAL- = ]‘;]Q'qﬂ- ‘8‘?_}\} %kw 0}‘4% NG- TCNO] %-——sﬂ
CoTeT mEE e e e ok 3 #4 g7lo]ch WLTB: ¥4 334< 93
E 3. WLTB 7R
Table 3. WLTB requirements'**!
Scope TCMS OMTS
Process Data Supervisory Streaming Data Best Effort
Data Class Message Data
Time Sensitive Normal Data Audio Video Data
. < 1432 [acc. < 1432 [acc. < 65388 [acc.
Data Size Not relevant N/A N/A < 4GB
1EC61375-2-3] IEC61375-2-3] 1EC61375-2-3]
< 32 Mbps
Current K
Use N/A 10Mbps 10Mbps 10Mbps 1 Mbps video stream| < 4 GB
< 3.2 Mbps | [no needs for HD]
Data Rate (100 Kbps audiq < 256 Mbps (one
Needed channel, one per stream rear-/side-
NG-TCN <100Mbps <100Mbps <10Mbps <10Mbps consist) finternal view per |Not relevant
consist 8Mbps video
stream [HD])
Current Use N/A 40ms N/A Not relevant N/A N/A > 10Mbps
Cycle Time
NG-TCN > 1 ms > 10 ms N/A 50ms N/A N/A N/A
Between 3x
Current Use N/A CycleTime and 250ms 250ms < 500 ms N/A
7x CycleTime
Latency TL = X < 100 ms
TSn(Example:
NG-TCN ML = 2*> TSn < 500 ms [TL = 2*3> TSn| < 100 ms Not relevant
n=128 — TL =
15.92ms)
Current Use N/A N/A N/A N/A N/A N/A Not relevant
Jitter Like process [For synchronized AfV Stream: < 80ms
NG-TCN + 1% + 50% Not relevant ) i . B Not relevant
data (normal) | difference (lipsynch); minimal jitter
1178
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NG-TCN 8718 upEc)

% 3 TCMS2} OMTS(On-board Mulltimedia
and Telematics)oll A A== VES = 53 2}
Aol 275= VBT A5E vebd solck &
A TCMS 2] 8- 7AR R Alo]E A7 10ms ©]4, #|
SAA|ZF 30ms °]AL, Hlo|E] Z<4-E 43Mbps (30Mbps
/ 70%)°cl . OMTS+= #|4d 417k 100ms o4, dlo]
E] A4$-E50Mbps (35.2Mbps / 70%)° ],

5 NG-TCNe| DbD75& #|3l7] $leiAl=
dlele] AEE, AAAZE AEle] 27 o] A
o 7ltk2 971tk NG-TCMS ¢l 3he AlolE A7t
Ims ©J&;, A|AAZF 15.92ms ©)4;, A 1% ©]3},
dlo]e] A5 240Mbpse|tl. NG-OMTS+E #3417}
100ms °]4), dle]e] %4-E 269.2Mbps ]t}

3.3.2 WLCN (Wireless Consist Network)

TFAr

WLCN-Z 3% 49} 7ro] 2|1 A7F 4~250ms, Efd]
F Z o 100Mbps 4525 @73 & TCMSS
10Mbit / so] HFo| Q=R FF5 Ao v
71%0] =49 7FsA 00SelME 4 716S A
43 AL el & Ftolok =3k TSN 7153 24
EA AA~F Alsta, A 2 40709 xeE
A4 7Fssflof el

WLCN=S Aeg 755l whaba] Allfakgte] Hepxl
ok 2 W A=E2] TSN, A7F 5713}, Qe o]
2, TREF X AR 2 PARRS Shift2Railoll4] A
ofstar glepl

F 4. WLCN SR
Table 4. WLCN requirements!'!

Requirements
~100 Mbpsper
Max. Bit rate pspe
Traffic type
Max.Latency 4 - 250 ms
Medium Access Deterministic
Communication 30m(1 car)
Max.number
40 nodes/ car
of nodes
Protection againstinterference
interference

IV. NG-TCN O}7|&IX

ol AollH= FAEAS AFE NG-TCNY| of

AT A, F4 HENZE e e
P15l dhal b,
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I3 82 WLTB o€l 3ot} 238 ¥ ECN
¢dd¢l] WLTBN(WLTB Node)”} £#3}¢] WLTBN
7e] @ 2 oF F e FAIgR olEgh
mesh networkingS 53l 1 WLTBN&2 AlZA
= HlolElE AR w3he 5 9lA =k

WLTBN-> WLTBelA] £83F o338 i)
AETBN(Adapted-ETBN)3} RD(Radio Device)®]
71502 Hd|, AETBNE Ax1x2A4S sl
RD+= I k=% sk WAUSS 7IKic)h =
gk WLTBN-S dxjzAdell Z23F TTDB(Train
Topology Database)s $FdsHAl CCUe| AGd 4
ghefol ghefll,

NG-TCN< 7]& §4 W E$ =7 TTDP(Train
Topology Discovery Protocol)®] A-so] &7% )
A vEIE A8 v TE2E, APt A=
e o]9gk WiR - so] MAC F49) $1X1S A 1}
ofsk 4= olek v FA VEY = viE ¥ k=
2] EjAel AAE Feoto] ofick AAY = 71
7o) EEREAE dotlat HeR 2hal]
oo |th® webA SafedRAIL-2904& |23k 7]%
S #A]4& 4 9JE=D2D(Direct Device-to-Device) %
Alo] 758 WLTB =52 7k ol 9o,
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J2! 8. WLTB °}7]€lA]
Fig. 8. WLTB architecture

4.2 WLCN (Wireless Consist Network)

3] 9% WLCN o}7]elxjo]t}. WLCN-> #= #
2] 7ke] FAFALE 7uko & AMggitl. WLCNS o
2] 8917152 Fdehs Al2dlo]7] WEe] WLTB
B o W e mEvh Bast, o Sk Al
Arolx] skt $5ale] Fhsalo} e

WLCN== - 78] 55 -4l v|E]= 2 7AdxIch
b UEYIdE 2= sh}be]  WAP(Wireless
Access Point)e] 913, Gzt9] 319 7155S 93}
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Fig. 9. WLCN architecture

d

A ehabAl=(WED: Wireless End Devices)9} <1
t}. CS(Consist Switch) 2]+ ETB2} 41 <14
o] Az} Ao} FAISkAL, A} - VIE=E ©
= WAPSL: A=) WEDS <kxlzt #eld
1] WED-S(Safe-Wireless End Devices)© A] 2
A (plane)ell FAloll AA= ] FAl AlE|we}
Eaiie i

WLCNel|A F5aljo} & 712> P 25| (ED-S,
WED-S)¢|t}. ED-S&= o]5F° & <«14=e] ED 7+
HAlZ Al A A|=H]

_{

wl e
‘

o ol i

it

o
o,
ox
tlo

ulzlx] ED-S& ED9} 722 541 Adelx] E3ide
2 Eilo] o]Foxjo} P w3l ED-SE GA=
A A}E Hontolo} gt} o]&= A ell

A PFEE A AT eFE e o
yuj

o
ok whzhd WLON-S F-4l ghibahs| o] =2 A=)
A7} o) 5 Hksh= WED-S9| $-3F A5o] 274
1—4114].

NG-TCN-> &4 41 ECNol| SIL4 2 TSN 7]
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B 7] Aol tisia] Adsdic

51 WLTB &£ 7|ai™

¥ 5% WLTBY F8 S 7A8le &0 7]|&e] &
Al AA5E vk Folrk E 50 Aed TR 7)&3)
WLTB &7 AR H|w3k Azpe olele} 2}

1) LTE V2X : o] 7]$& Zol] 27Mbps dlo]e] <
=9} 50-100ms A|SIAZHS AlF3tEE TCMS 2
OMTS S-7ARbs ®H5sh] 3l stk LTE
V2XE T4 ~AEE3} UE 71 2 B4 A4
gho} wpebd] A7) AR wARR, 1A, Ao
e oA ARge] 7l HeR Hlch

2) ITS-G5 : ©] 7|42 Wi-Fig 3 Ax|7|2] &
Al8kaz, LTE V2X9} fARE 7158 Alggict #d
27Mbps?] Hlo|e] €55 Al3sla, LTE V2Xe} B
W& u 1-20ms A|AAzke] Hrk= A o] ik
2y LTE V2X$e} 2a] ITS-G5+ AR 24 Al
7re Al T4 2AEHS ATl weck

3) Wifi: o] 7142 IEEE 802.11 A|2]=2] E&]*]
AZo] 7= WA wet dlolE] &= E XAz
o] t}E2A|Rl vk o2 vl 2.4Gbps®] HloJE] &
X9} 1-20ms®] A AR 88l AAEA Aol
AZHe AlFeA] gom, MAC AlZS 33k 802.1s
= Agizko 24 D2DEAIS AlFE 4 ik

4) VLC (Visitble Light Communication) : ©] 7|&
< 3o 60Mbps®] HloJ8] <, 20-40mse] #[<A A3k
2 ) 20me] AF HeE A3} 22 AFlA
VLCE AH-3F couplerellA] Z ] 100Mbps Hlo|E] %
E5 WS o) ol i g Aot sigEt

1:]116]

5) BLE (Bluetooth Low Energy) : ©] 7|2 &5
22 oUx]e] &mE Fol7] flsiA JHE ) o]
%2 50-100msel}4] o] 2Mbps<] HloJE 4=
AA7ke A3l 3kx]et BLE= t]ZE(default)
5 AdEle T 39 gl =2 AT 44
22 52 AlFsicl

6) TEEE 802.11BD : o] 7] IEEE 802.11peilA]
HAgh 7o 2 AA o wikE dlole] g Algsich
L2 v]E 38 (mmWave) 7}, HAPTSA-SH(EMD Y o
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Table 5. Candidate technologies of WLTB!"*
Requirements LTEV2X ITS-GS WI-FI VLC BLE DOT11BD NRV2X
100 Mbps per (1) < 2.4 Gbps |LED dependent estimation: estimation:
Max Bit rate trafﬁc[i P 27 Mbps 27 Mbps (2) < 6.5 Gbps | up (2 Mbps - | up to 2Mbps | (1) < 2-3Gbps | (1) < 2-3Gbps
e (mmWave) 60 Mbps) 2) < 20 Gbps | (2) < 20 Gbps
estimation: L
L;‘f:n"c 16-500ms | S0 - 100ms | 1-20ms (8)1 5_25%)01;25 20 - 40 ms SIOOOOI?Sms M1 - 20ms esmllaf‘;&nfmb'
Y @5 - 250ms
Mode 3:
Medium s Deterministic  [Non-Determinist Non- Non-Determinist| _ ... |Non-Deterministic
Deterministic . . . Deterministic [Non-Deterministic] .
Access Mode 4: ic Deterministic ic & Deterministic
NonDeterministic
Communication ) (1) > 200m estimation: estimation:
Range Upto 820m | 300 m - 1000 m | 300m-1000m @ <m 5m-20m |50 m - 200 m < 1000 m < 1000 m
Group Multicast . Multicast/ | clustering (mode
Communication [Group @) DOTily Clustering groupcast 2(d))
Mesh Geonet/ . Geonet/
Capabiltes Up to 32 nodes 1609.3 DOTl1s inter-cluster 1609.3
Carrier
Fre.reuse 1/ Car 2-3 ISM, mmWave | Directional ISM aggregation mmWave
(Mx10Mhz)
Protect. (1) DSSS+Freq Beam Beam
against interfe;rences Hopping Beam Foming | Freq. Hopping Forming Forming
(2)BeamForming
sle REuhe 73 vl ¥uS AlZsi)l A2 t}. WirelessHARTE= WLCN2| 2|27} 2741848
5218 A el A%, TSN <172} [EEE 802.11 Z3)3ht}. UWBY WLCN®| =242 dloje] ¥ u]

ZAZ] 22

o1

o] F3Ho] A
ek

_To’_ J—r,].u‘_ ;q] _1_51- e

[

7) NR V2X : °] 7]&& 5G
V2X 7]%¢] Flstolct 5G+= i
AAZ } wkE dlolE £RE A
Z dlole &, 2104*17

B )

_LL/

o= FHo Gbps°ﬂ
I-ZOIIIS =

qlr_f_zﬂ— 7—] o

52 WLCN &5 7|a4
F 62 WLCNS| F8 8718} 31 7% &
o

Al A5 vwgk Folrk % 6o Asd Fu 7Ey)
WLCN 87 A}3}& v|wst Aaj= olefje} zch

1) ZigBee, WirelessHART, UWB: 3% 7|s52
WLCNel| H3s}#] itk ZigBeet= WLCNS| Z 24
2s dlole] 8 7% dlole] SARkE WS e

TS ~EHe|| Do 2|k wkEslr] o=
A=A A YA|l2o) gl T2 o Ze]AlelAd |

9, A A welsem A

1:]—

2) ECHORING: ©] 7
AR Eefj el ARG 4 QAR
A=6-970 =)lrt sggick e]ar o
gL oo ~Een °H~ﬂﬂl°l*4°ﬂ“*
w2h4] WLONS| e r=E ukEslr] 913 1
2] 7)2] ECHORING Y E$ =7} F s}

ul

il

3) WISA: °] 7]& 4 A QA E 7]
AL, - z]oﬂx]‘} ZHell4 WLCNel| =35k

AR =

13014 T2} 2 dlole] HEE(1Mbps) 2 &l
WLCN el &= jﬁs}ﬂ o

4) Wi-Fi: ©] 71&2 2435 4 vAAEA 7]s0|
o} ol Srjemit]e dloje] ~E®W E Best
Effort Data®} 7o) F83HA] ¥ dlog] &7} =
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HE 6. WLCN 31 7]|&!
Table 6. Candidate technologies of WLCN!¥

. Max. Medium Communication | Max.Numberof Protect.
Max Bit rate L TSN
Candidate Latency Access Range nodes against interferences
technolo, ~ 100 Mbps Supports TSN
& per 4 - 250 ms Deterministic 30 m (I car) | 40 nodes | car u
traffic type (in roadmap)
50 Mbps (UL) .
LTE 50 - 300 ms Yes 400 m 200 / cell dedicated band + MRO No
150 Mbps (DL)
Z 250 kb > 80 ms N 100 63000 DSSS N
i m
ghee P (2550 nodes) ° °
Wireless HART] 250 Kby 15 - 60 ms Yo 100 Hundreds DSSS + Freq. Hoppi N
ireless es m un Teq. ing o
P ] (50-100 nodes) o Hopping
UWB 27 Mbps NA No 20m NA Wideband Transmission No
Wi-F 1.73 Gbps 1-20 ms No 200 m Hundreds IEEE 802.11s: DFS (5 GHz) No
Freq. Hopping
1 - 10 ms .
10 kbps (9 nodes) (6-9 nodes + Cooperative ARQ
-9 nodes
ECHORING | 1 Mbps (5 nodes) - om0 Yes 30 m 11 (simulated) + Evolved Failure Tolerance No
- ms
5 Mbps (2 nodes) Mechanisms + Adaptation of Error
(11 nodes) )
Handling Strategy
WSAN/ 4 x 1 Mbps (UL) .
5 ms (typ.) Yes 50 m 120 FDD + Freq. Hopping No
WISA 1 Mbps (DL)
SHARP 54 Mbps 550 us Yes 200 m 20 No Yes
620 Mbps (UL) .
5G 10 - 300 ms Yes 400 m 200 / cell Dedicated Band + MRO No
578 Mbps (DL)
WirelessHP 430 Mbps NA N/A 25 m N/A No No
Wi-Fi6 4.8 Gbps NA N/A 200 m N/A BSS Coloring No
7] flsie AAEAH MAC AZS F71sloF ek o] f4d 7]k TCNIH= o2 A 34 B4 7148 A

5) LTE: ©] 7]&2 AA 22 i A2 22}
Ak, 222 dlole] B el FE3) vlo]E
S5E WESA k) ZaAs Holeldms) 9 7
= dloJEi8ms)ell 83 k2 AAATE T3

Pl

fa

6) 5G: °] 7]&2 HIEASES ola AdX kS
10ms® %<1 LTE®] 3ike wAelck WLCNS| =
£ B /& Aelskr] flsl AR 5 AR

s = A
FA= AHRA] @k, TR EFe] Sz Ede] oE
3% I & Flsfof Ak

[o3

V. 2 B

B E=Hox= NG-TCMSE #|438}7] 913+ TSN
7]8F NG-TCNel| thsl] dolrglr} NG-TCN-S vl
Axajeke] Balsl wiAd ZAE A5 S8 7=
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= 23l E}%h&

Aol WLTBS} WLCN®] 8743} o} e #17h

Alqk=] ek
Tefu} #A)71A] NG-TCNell A3t gl 541 ]
EYa= EAEA $= 7es xHeltl IEEE

802.11n == IEEE 802.11g- &) TCMS] <

o] LARE WESA TSN 715

8 x|4da)

97] wistelch M, =gk, 5G7F NG-TCN®| g §
B 7ge]l H F sde e el A
(enhancement)°] Z83¥ 7102 nalt} 567} 4233k
olfi= Ak FAlelA a3 A *Jﬂ*é = Hlo]
Bl A5 2]l 5G] -8 755 5 URLLC,
eMBB 2 mMTC7} o] 8 whEst -’F 9le Aoz o
2317) wtelel. o5 &9, vl ZelElE Alofell=

URLLC7} &8 5= glom], disge] Hrealed Alxs
E3sh= Aol mMTC7L, A6l wlele] den
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