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[Abstract]

In this study, we propose an efficient time-sensitive communication scheme which supports service
continuity in 5G system. The main idea of this communication strategy is to quickly provide time
sensitive communications(TSC) for ultra-reliable low latency communication services by effectively
supporting TSC capabilities between UEs(User Equipments) and 5G core networks. Also, this scheme
appropriately reallocates the 5G network node which can support TSC based on the TSC capability
indication. If a TSC capable UE moves a TSC supportive network from a TSC unsupportive network,
based on the TSC capability indication, the 5G core network effectively finds a TSC supportive
network node to successively support TSC. Through the performance evaluation, we show that the
proposed efficient reallocation mechanism based on TSC capability indication improves the service

continuity of TSC in 5G system compared to the existing mechanisms.
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I. Introduction

3GPP(3rd Generation Partnership Project) A]7F 9l
7+ EXTSC: Time-Sensitive Communication) 7|&
< 3GPP 5G AJARIA AIRE R UEZ(TSN:
Time-Sensitive Networking)2 X|¥st= EAI 7]& =24,
ARE Y UEYAS ®=AlR] AR SAI(URLLG
Ultra Reliable and Low Latency Communications) 7|
wlo] Cioret BIEIZ 419 HolS, o2 S, A8, A
ole 34, B3R Bof SO AR ALE ASU(OT:
Industrial IoT(Internet of Things))S X|¥5}7] $5HA]
IEEEOA 7] 7HdE] QT 3-10].

2 =wolM= WA IEEE AIRF 217Fg YESZ(TSN)
1} 3GPP AIRE 917k SANTSC)oll oA Aot
AL o]57d oM AR 3GPP AR Tt B4
o Al dishA 2Aksl 2ot ole, wAIEE siAsH ]
HshA &A1 TSC MH|A AL/d AJd & 7HA] et

(5GCN_ETSCxt RAN_ETSC) 3GPP 5G A|ARHofA gu}

AIZE A7 A 71 ARkl A Este I3t A
2 S4 Aot £ 714 e B J1E TSC Ael
AU FA 718 R0} 50] 9432 selste, jxato

2 e A5 S 2 W AAR:

II. Preliminaries

2.1 Time sensitive communications
2.1.1 TSN
ARRE Q1S YHEYZI(TSN; Time-Sensitive

Networking)2 [EEE 802.1 TSN TS(Task Group)oflA]

20129578 7idsl 2 7|24 o|tyl(Ethernet) 7|¥Ho]

AARRE 841 A2 YoM mEelsh 7)ot} TSN At

A Aol R AbEsh 2ore] &2 ol 2AAA, KA

Ei(low jitter), ZAIZ)] BAZ 9t tlol A& A 7]

2o|t}. TSN 7|28 oz 3 AF ojgHl 7[iter &

A5, AAZE AFS REs Ajo] AJAEN(ACS: Industrial

Automation and Control System) 28 Hofoj| &85

& e 7l=olt [1-7, 201.

2.1.2 TSC in 3GPP 5G system
3GPPY| A= Thokst HE]A At (Vertical Industry) &
ofe] QARRIES 5G A|AEIA A|¥5t7| siA] IEEE

TSN 5G A|A8lE Azsto] URLLCE A5tz 2l
Micies) e 3GPP TSC(Time-Sensitive
Communication) 7]&2 712802 T J7HK] W84S
7I9r0 2 7la JgEQiet A Sl 5G AJARIA A
7t =7]3KTime Synchronization)o|t}t. 3GPP TSC+= A
25t A7 =718E 954l gPTP(generic Precision
Time Protocol)E ARE3SICH gPTP= 2= OfhAH(clock
mater) 288 Z7|8Q1 F7] ARF It 25 golE
(clock slave)of] AgE]o] YEQIsHH A9 22 2
S5 O A= 5718t "o

& WA=, 3GPP 5G AJARIRF TSN A]ARIDHO} &5t
zolt}. 13 194 Bo]%o], 3GPP 5G AJARIA = 2]
£ TSN UEYI 52 sl TSN E3X|(Bridge)=
=x55h7 9lon], TSN HIESIT0} £A1S ol7] ¢JafAl Wl
S|(TT: TSN Translator)S A&7  Z7f6iyich
DS-TT(Device side TSN Translator)= AX] &H TSN
He712  oJuo|std, NW-TT(Network side TSN
Translator)= JEY 3 =W TSN #Hz7]E 9lojsich.
NW-TT: TSN E0910] TSN = E@HE gPTP GJA|A|
2 2405t} AIZE $718} RE HET £ T Qs
uEe sjtoR 47gstel Yol ATk DS-1T
Fato] PDU(Packet Data Unit) AJ/d(Session)2 E5f
ZA5 gPTP UINAIE Do} A7S 24st0l HE
TSN F&=of AgLh}{8-13].
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Fig. 1. TSC in 3GPP 5GS

2.1.3 Always-on PDU Session in 3GPP 5G system
3GPP 5G A]AEIoA= URLLC @& HE]Z AMY Ay
A5 A Bs7] $fsliAl Always-on PDU A2 79
I&stitt. Always-on PDU Al AARE ZAAA &
Al A|Esh7] JaliA A8t PDU Ay 2] 2an
(Resource)g AIA10] slA|E]7 17HA]= Al &g} fXlst

N
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L AHE 9ot Always-on PDU AJMLS TSC 722
28 Mu|A7} Q35H= QoS(Quality of Service)E BAF
ol 271 YsiAl Lyt PDU Aldut xp8ekd 7o =4 TSC
Ad ©Zo] TSC AB|AE AHFH7] YA -8 A5l

A TSC MHU|AS st dojg A4S L3fch= 4L
Always-on PDU AldZ A4 =2 274 AAS Z1°sH
Zlc}. o]71S 9oliA ©Y2 PDU A AR 22 24 9
7J tlA]x]of] Always-on PDU A|A @7 S 13ls}o]
A&sH Ea, YEYIE= PDU AH A &2 23S
saksk= 250f] Always-on PDU A|A QItjAlo]Ad Ay
£ Zgloto] dToA JMEsic} o] TSC Au|AS A

Hole 440 & 4 9 ©ck. ojzigt Always-on
PDU AJHL TSC @ URLLC, lloT 59| ZAx|91 U
V23 a7k S8 Aulx TR Clojel H&S 9
A AH8Y 4 9loi{13-22]

bt

III. The Proposed Scheme

3GPP 5GS(5G System)oflA] TSC AH|AE o]-&oh=
FROIA HEHZ g &l Teta] TSC AH|AE A
Ysts UIEHIY TSC AMH|AS R|H6H] g UEH
7t &AE 4 Qlok oliet ARolA TSC ARl o]
7hseh ©Ho] TSN Mu|AS AJdspAU R|LsHA] o=
HEHI gHo o]Fsia o TSC A8l o] Zof tiet
AR 2APE 22 4 ek ol2feh =Ale ¥R 3GPP
7l fHAdE TSC AfH|A o] 7heeh @Eo] 5G UE
HA00A TSC AH] 2 o] & 7Hsafol| et FRE €2 &
2 QU] "iZold. WA, UEH = T TSC Ay
£ olg 715 BAEE Als ot avpA oz dao
TSC MulAS Algsl & 4 s HEHD =8 32
2 flon g TofA AESh TSC AulA AlgS silE

7] mholoi{12-13, 22]. 53], ol2fer wAle Tl

= ELA | =2
TSC A2 A3 YEYZ elat v el olsal
= O TSC MelA A5 FHoN A2t 2/ 24

2 oIt} 3, 3GPP 7% AL IEEE T
SO Hstglon, @l olF RS
Y1 7)% JRerE]ict (3, 11-13]. 3k8, ©hako] o= Ak}
T3t 7|e /e & "dgst 71og2 of AR

o
the 7oA ol2fet wAlol thsiA RHA5] AT Ect.

re o
n
=
i)
(&gl
Q
wn
i3

to &2

3.1 Problem Statement
O 25 ©o] TSC AfH|A HIR]Y GofA TSC A
A XY g0z o]Fsh= oA TSC ME|AS &

. O o

o g AlEshA] Xote dE2 HoEH. 1™ 2004
Ho]5o], TA(Tracking Area)#19d2 TSC AJH|A H]
AY F9olt], TA(Tracking Area)#2F99d-S TSC AjH]
A R Foolet, £, TSC AMu|A S R|96HA] b= 5G
U EYIE AMF(Access and Mobility Function)#1,
TSC AMH|AE X|¥sH= 5G YEYIE AMF(Access
and Mobility Function)#22+11 7Py, AMF+= 5G A|
AR oY) o H4S 9% NAS(Non Access
Stratum) Ao} 4l= HAIA] X2t DY 9R] 552 &
5l ol s/ Welske UEHR 752 o8ttt £3h o
2] 915 A ol (paging) A2] 715S 44th of
S, TSC Mu|A o] & 7hash Tdo] TA#1GolA Ayl

non-TSC service coverage

TSC service coverage

Fig. 2. TSC Service Continuity Problem

i Ly
5 Al QitPt, TA#22 ofgeltth o, Tt
Ql o] 57 dHIolE RS 4o¥5t7] HsliA ol
<5 QHOIES St SF 27%(registration
request for mobility registration update) HA|X|S U
E9T0] A4 S 0% UAIRlE £7] £2 @7

(registration request for initial registration), 7|3

LA
[Salte]

=2 QX(registration request for periodic update),
oz AHo|E =& QA(registration request for
mobility update)®] A 7FA] FE7t ot 27] 55 Q%
HAR= ©@go] ¥ A &, 929 9%, 53 Au,
YAl & (1, TA JR) 52 Zedsto] YEHIA
Agst # JE a5 S55P =Y, ojdf YEY I+
To] AEsh JHo 7|gkste I Au|A F 7152 A
Sote HEHZE 27 doh 2718 55 2R "AlA=
U] YA] |t ARiglo] 47 AIRE o] 2of Tl 9
A R G FEE YEHIoA Agstd YEHIIT S
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o] Y| U JEIE ERlshA =t o5 ATlolE &
= Q7% irle e AR WAl ® A (o],
TA#10)|X TA#2=2 o] &3t 73-)oll TLe] YA] FEZ v}
2 YEJIA Adsto] EHAIF Tgo] R|E &
QlsHA =t
2) 5G HEY A (7], AMF#1)= ©o] 273t o]
53 o5 QUCIES ATt 55 27 WXAIE A2t
ol YAl Te] Y&] olzof T olsd Aul
AelE Azt Zolot. spA|gE TSC AH|A o] 7he
Zo] TSC AJH]A o] -&o] 7153t TA#2 0= o]
o= 7okl @gol A&sHA TSC MH|A Alg Q.
# gou, YEYZ AMF#1 E&F Tgo]7] TSC &
Algsiz7] HsliA TSC MH|AE Xl & 4
3 (ofIid, AMF#2)5 ’5!0} AZs) = 4 gioh
Al 3GPP 71& f#4oll= TSC A 717 R
G oh YE Ao wEA A H 4 olon, &
b o] 7]8to g 7]E YE I oA TSC AfH]A
SollE 4 Q= UEYIE Aop AjZ T (re-allocation)
oz & Q7] Hizoltt. wetA, AMF#12 ©e] o]5A
AHlo|E AN2|9kg 3851 ok
3) TSC AMH|A o] & 7hash T2 TSC ABlA AlE
TA#2 Y902 o] 5350 7ot YYHARl Y] o]
57 Yol EQEE 85k =il TSC Ad]A
Y AP T2 4 gtk
4) TSC v]XY HEY I AMF#1%: TSC A8]A o]
7hesh ToflA autslo® TSC A|Y UEQY S AMF#2
S Aol AgES siRA] xoto], FEAcR TdojA
TSC MH|AE A|HalE 4~ QA ot
5) @Zo] TA#2 JHo|A TSC MH|AF AlF BH7] &
A= ©o] X7] SZE(initial registration) AXIS
oJoliof sh=tll, U EQ A7} oA £7] 55 AALE 4
Yot s QAsAY, TZo] Ui Allto] Al o]F £7]
5 AxE AT 29 glot SRR @A) 3GPP 7]
= A0 ol=gh oA UEY 7 TdoflA £
7] 55 ARFE $3YoA| ton], ©Zo] U Alto] |
o3 Jl S5 AxE 2¥she A vlggAolnh
. @A} 5G A|ARIoA= TSC o] 7hsgh
©do] TSC AH|A BIX|Y GAA TSC AH]A A|H
o= o]Fsh= oA To] TSC AH|A XY a7
= 5G U EY A & 4 gloH, 56 UEH T Esh ©
aro] TSC AMu|A XY Ao gisia] axpdoz TSC A
LIESAE:! LﬂE%li% Aot Aid(re-allocation) & 433
SHA] xoto] A&sHA oA TSC AH|AE A|¥s] &

offl ol
> oo 3 o
o do rm T

\> gt
(3

ol
E T MRT

1
l A

roh rulm

e

W

ﬂ.l

deHoR

A

Al 231t} ol 5G Al289 o] 5/ &7dolA URLLC ¥
2 TSC MU|AS &pdoa 7(]946}7(] 2514 Hlog, Al
ZVsHA Mu|A 8RS 251 Fe 2A7E EAgsi o
HMoj|A = o]f3t ZHS &8A 4;% gl & & As
ETSC giote] EX} AR Q1 &= 71A] UK 5GCN_ETSC
I} RAN_ETSC)o]l thsiA] Arm&ct.

3.2 An Enhanced Time-Sensitive
Communication scheme(ETSC) in 5G System

& =wollMe et ZAIE siZsH] $siA 5G AlA
BloA] &8A/9 TSC XY 4YOHETSC: Enhanced
Time-Sensitive Communication scheme)2 A|QTsict.
AletstE ETSC 7|82 TSC AfB]A o]§ 7Hs?t o]
56 UEgT0]A TSC Au|2 o] & 53 Rug Wt
AL 56 UEY T thto] A2 TSC Aul2 of
53 Ao 7]8isto] ToA amtRlog TSC Ay]
AlBslE & e UEYIE Aot A&sHA AMET
-allocation) &} 0], TSC AUIAES A|Z5)|ZE &

YEYIE= ga8xos oA TSC AH|AS A
sz e
3HH, ETSC 7]¥e Dol anmo2 TSC Aula

dha 4 Qe YIEN S Aot A4 A o

2= diAlof] metba], 5GCN_ETSC(5G Core Network
based Enhanced Time-Sensitive Communication
scheme)dt RAN_ETSC(RAN  based
Time-Sensitive Communication scheme)© 2
2k 2509 2 QIrk. TR AofA Aokt £

off thatiAl AHAI3] A

|> OPO
r
o

o =
rlr i

OH;

Enhanced
3] EH i
7] A

3.2.1 5G Core Network based ETSC(5GCN_ETSC)

A HR] Alotsh= 5GCN_ETSC 7|H-e ©o] Al-&st
TSC Ad|2 o] & 7hae 7 =of| 7]8ksto] 5G i Y E
Q3 w &7} TSC AMu]A XY 7153t Y ELY IS Ao} &)
shtS 4885l Zioloh o]8, TSC AU|A R|Y 7Fssh
UEH T+ oAl TSC AH|2E AlgsliEt:. TEo]
o] TSC ¥ flolH A4S 23t Always-on PDU A
AL QAsH= 742 TSC MulA XY 7153t YEQIE
Atot The] Always-on PDU Al 2782 4335to] TSC
MElA R9S sy 7ol
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| SMF re-allocation for TSC Service |
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56 Core (" 56 Core
Network Network

Moves from non-TSC  : AMF re-allocation for TSC Service
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| TSC service cover:

"~ 5GCoe
Network
(AMF#2 for TSC (SMF#1 for non-

Service) /) \_ TSC Service)

[ 56 Core
Network
(AMF#1 for

\non-TSC Service) | |

TSCcapable UE |
— N

(SMF#2 for
) | TSC Service)

@ Registration request for mobility registration updalle with TSC capability indication

- [

P -
@ AMF selection for TSC service

@ Forward Registration request with TSC capability indication

e

@ Registration accept for mobility registration update for TSC service

]
IR ——
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¥
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with Always-on PDU session fequested

—
® PDU session establishment accept/modification command with Always-on PDU session indication for| TSC service

| . g
I TSC service support continued

Fig. 3. The Proposed 5GCN_ETSC Operation

I 304 HolXo], ApAleh FAR thZat 2

1) TSC A|4 7hs3t ©o] TSC HIA|[A AH|A FAof
A TSC A5 Mu|A g9 or o]gsto] o]lg4d 55 Al
o|lEZ 93t 55 84 WAIKIE 56 HEHZ (v,
AMF#1)oA] A&ttt oldl, 55 87 HAIXol= ol&
d UHlolEE 9lgh TA TSC ol & 7Hsd AEE x3tst
of T2 5G YIEY A TSC Au]A AJHof digh &
BE AssliEt.
2) 5G HEH T AMF#12 Tgo] A5t o]5d 55
HolEE A3t 55 874 WAKE S4lshL Zote|of
= TSC o]-& 7haah ZgHoj 7|Qlste] o] TSC AfH]
& 7Hseh oz o]zsto] TSC AMu|A X @7
O] 9JX] o] YUIOIES oYsHLAL TSC AfH]
= A¥ske UEHZ (oI, AMF#2)E Aot Aidd
THAMF selectiond} re-allocation £33).
3) AMF#12 TSC MHE|AF ALt AME#201A] Y

S 2
it
=)

b4

a |
o

>

2 |

UHPIES ¢t 55 274 HAIRIE

4) AMF#2+= AMF#1 02 2§ "ddyte otaro] TSC o]
§ 7158 Jus ZY 015 55 Yroles

o 5
2 24 HAALE A2leln B o)54 52 |
O

E c= 24
oyt AMF#L 9 AME#2= Tl YA o]&d o]
E At Yuitt 3t OUy AMF#2+ TSC A&
=AY 8% 2 AlFsiE & A "ok

5) 0]F, T2 YEYAo|A TSC AMu|A #& Ho]E]
&2 #lsiA Always-on PDU Al 274 & 47 WA
Ag A&ttt Always-on PDU Al Q7 2 74 B4
A= PDU MMt H=3= QoS(Quality of Service) AE

E 52 22 OAAIE Se ek oA @

2 od

(oZ1d], QoS &= 7H), PDU Al &l (M,
IPv6, IPv6, IPv4v6), PDU Al/A ID(Identifier) AE S
Z3tste] HEYIofA AZe). ojd, Always-on PDU
AN @& (Always-on PDU session requested) AEES
x3tote A&t

6-7) @Y ZHH Always-on PDU MM Q] AR S &
et Always-on PDU Ald 87 51 78 HAAl= 24
5t Y EY 3 SMF(Session Management Function)#1-<
LAl TSC AMulAE A|dst= UEYI (iG],
SMF(Session Management Function)#2)S Aro} AJER
¢ &, @& Always-on PDU A 87 5 278 HAIA]
£ ARt} SMF= 5G A|ARIOA T} Ho]Bfato]
N’d(Session)ol] tigh Alojg Al2jst= UEHZ 7I5=
Salstitt ®st SMF= [P(Internet Protocol) PDU MM

8) TSC Mu]AS A|Ush= UIEHT SMF#2= TEo]

oz AFAE 4 Utk

3.2.2 5G RAN based ETSC(RAN_ETSC)

FHR) AlQtsl= RAN_ETSC 7[¥2 ©o] Al5gh
TSC AH]A o] & 71=3t AHof 7]¥tsto] 5G RAN(Radio
Access Network)o] TSC AH|A A 7153t EY IS
Ao g2 4+285H= 7ot} 5G RANZ 5G A|AHI0|
A GZ71et 7]R|=o] B AL TeE AAH U2 Q]
gtk 5G RANE ©7]9] £7] &, 7|A=1f ©g7] It
o] gojy A&, AT ©L7] 7he] AREAL HlojE e}
Alo] g S441, 78 ©8719] Au]AdE QoS Alo] 5=
A2t

ol2, TSC Av]A A 7Fsot HEYA= ©Eo)7
TSC AMH|AE AlFollEth To] o]S TSC #H HlolE
52 gt Always-on PDU A& 27485H= 4%, TSC
ABIA A|Y 717t UEY IS Aol @Yol Always-on
PDU Al 8782 a=sto] TSC AMH|A A[¥-Z slire 7]
Holoh, 13 4o]l4] Ho]xo], ApMJgt SAR thZat Ztt.

1) TSC A|Y¥ 7}s3t ©Zo] TSC H|A|H A¥]A o]
A TSC Alg M| A o=z o]5sto] o] 54 55 |
olES {3t 55 27 UAK|E 56 UEHZ (o7,
AMF#1)oA] &gt oldff, TSC o] & 7Is AEE =
goto] T2 56 YEYAA TSC Ajv]A Ao st
BEE AlgsiEt
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Table 1. Simulation Environment

Parameter Value
UE Processing Delay 3 (ms)
Transmission Delay 1 (ms)
RAN Processing Delay 2 (2ms)
5G Core Network Delay 1 (ms)
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