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[Abstract]

In this paper, we present and analyze 5G system and IEEE time-sensitive networking(TSN) and
propose a novel mobility management scheme for time sensitive communications in 5G-TSN to support
ultra-low latency networks. Time-sensitive networking(TSN) has a promising future in the Industrial
Automation and Industrial Internet of Things(IloT), as a key technology that is able to provide
low-latency, high-reliable and deterministic communications over the Ethernet. When a TSN capable UE
moves the TSN service coverage from the non-TSN service coverage, the UE cannot get the TSN
service promptly because the related mobility management is not performed appropriately. For the
mobility situation with the TSN service coverage, the proposed scheme reports TSN capability to the
network and triggers the initial registration in order to be provided the TSN service immediately and

ultra-low latency communications compared to existing schemes in 5G mobile networks.
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I. Introduction
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TSN(Time-Sensitive Networking)

(Ethernet) 7|ute] Azl 2753 $AIE AYal7] Slgt
Nen AnlEMERlS 2 A ARSQIEI(IOT:

Industrial Internet of Things)e] SAI7|& 2K o] AHX]
IcH3-7). IEEE TSN task groupojli olgiyl 7|8t
AARE ARG AR 84 71sss 286 /gl
ATH2]. TSN 7|&2 ZAAA

A8 (low-jitter), A= AlZ] H(zero—loss
reliability)} 22 thyst @AY S SHESH= ol
&5 SAL= st 7]eolt). &2of|, 3GPP 5G 055
Ao E A AFEQIEHIloT)s Al¥stAt IEEE
TSN A& 7]e2 7IgstL glon, AR iy HEYH
=7]3HTime-Sensitive Networking Synchronization)

A (ultra-low latency), %
a2

FlOi:IJEl:I

QF A17F 917k EAN(Time Sensitive Communications) 7|
=& EXOo= st1 QIoH6-9]. ESL, IEEE 802.11, 5G ]
s&Algat [EEE TSN 95 7e= i laiEo e 9l
on, o]z/ds At AU oA 9] TSN g4l X|¥7]
&g T /fgsien QloH10-12].

2 =204 WA, [EEE TSN 7142 478511, 5G

=

ol =EAITofAC] TSN XY 7|9 TSN =7|3t @ TSC
ZIes B4shL ol Ald e0lMe] 2AEE AT
£}, 0]%, 5G-TSN gojxe] a&4¢l TSCE A|Hs}
7] 913 M2 ol54 B JIHe A, 1 A%g
vl@ste] AWECH OpKjgto 2, 38 5G o] EEAIYolA

Ul o5 AlUele. gare Teidt At o5y
we) 7o) B ol sk sk,

II. Preliminaries

1. Time-Sensitive Networking(TSN)
1.1 IEEE TSN
AZE 0 wzbE Y EQZJ(TSN:  Time-Sensitive
Networking}& ]Gl 7Jie] Az Azt 259 241
7]=olct. IEEE 802.1 TSN task group[2]ofA] TSN 7]
£2 usle T gl TSN 7|22 of] 7je] 7|45
AFANTSN family of standards)2 9% 0] QJTH2].

I3 101 ¥ojx]zo], IEEE TSN 7]&2 37| 5719t
(Synchronization), X|¥(Latency), A12]d(Reliability),
2]A A 2](Resource Management) #3 71259 7
goz SgHn2].

AIRE B718H TSN UIEQI 340 AR|E, HIIA|E,
E02E0) AR £7% IS0 MRS S RSt 9l
ot At ARF 5718ke YollA gPTP(generic
precision time protocol)& AM&stH, 714 Aglst A7t
AAES JHX] 1 9= XS GM(GrandMaster)2ti &
2190}, GM9] Z={clock)e] TSN UEYIHO] 2& &
Aol Z(time reference)24] AREEIC}H
gPTP= 22 0tAE|(clock mater)25E Z7]X9] Z7]

ARE 7487 25 &2fo]8(clock slave)ojA| HEE o] U]
EEECE! ’E}ﬂ%ﬂ 27 2953 o2 Ax5T 5]
21 =R gl 2AEY B

]7]— x
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A(filtering and policying)= A3ttt AE]Ad2 TSN
SEE0lA AAL A of e Fa3%t QFARICEN &
Y EAKreplication) ¥ ArA||(elimination) =& 4~33
ottt TSN UIEQI 3 F24olA 9 Ee= O 42 8
A Aoz Tj7] &A1 9lo] AES BAR|IK] & Ads}
+ HAolt. o7 LY ?i”o Kﬂ*o}ur HH Al
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Time-Sensitive Networking (TSN) Profiles (selection and Use of TsN tools

Audmvmeoﬂndgmg Fronthaul | Industrial Automation Amomot\eln\leh\de Service Provider | Aerospace Onboard
[802.1CM/de] EC/EE 60802) PS02.1D! 675)

[802.1BA/Rey

Time synchronization: TSN Components

Timing and Synchrcnization [802.145-2020) (Tools of the TSN toolset) High availability / Ultra reliability:
(s profile of EEE 1538) Frame Replication and Eimnation [802.18]

Hot Standby (P02 14Sdm] Path Con n 802.1ca)
YANG [P802. 1A5dn] Per-Strear ing & cing (302.1Q]
Reliabiy for Time Sync [802.1A5-2020]
rea
Lin ool (8
s onf Q

Resource Management F

3] for

] for

Inclusive Terminology [PE02.1ASdr]
Bounded low latency:
Credit Based Shaper [802.10av]

rame

— Zero congestion loss = ——xi
Bounded latency &

LLDPV2 mamemtaumxs[ﬂxo 148dh]
Vu\ icast and Local Address Assignment (P802.1CQ)

Note: A® n front of 802.1" indicates an ongoing Project.

Fig. 1. TSN Technologies in IEEE TSN Task Group
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2

N AlAUARI Ak YAlolol, FUTEY 2
go AFEAL FAEE2(CUC: Centralized
User Controller)?} CNCE E5)] A} djoF U mo] ]
oot REASY wHe 5549} Al AEY
of]oF T2 &Z(SRP)Z AFE5to] AFEE doksta FA17]
= Zolz YEQI FEES (CNC‘ Centralized
Network Controller)S £3 AF¥S ofjoFsici{11-12].

TUNTT

Table 1. IEEE TSN Features and Standards

Standards

- Timing and synchronization
(802.11AS-2020)

- Scheduled traffic
(802.Qbv-2015)

- Frame preemption

Latency (802.1Qbu-2016)

: Time shaping and - Credit based shaper

scheduling (802.1Qav-2009)

- Asynchronous traffic shaping
(802.1Qcr-2020)

- Cyclic queuing & forwarding
(802.1Qch-2017)

- Frame replication & elimination
(802.1CB-2017)

- Path control & reservation

(802.1Qca-2015)

Per-stream filtering & policing

(802.1Qci-2017)

- Stream reservation protocol
(802.1Qat-2010)

- TSN configuration

(802.1Qcc-2018)

YANG model for Bridging

(802.1Qcp-2018)

YANG model for CFM

(802.1Qcx-2020)

TSN components

Time synchronization

Reliability

Resource
management

2. TSN in 5G Communication System

1.1 Synchronization for TSN in 3GPP 5G System

T8 2= 3GPP 5G o] =EAIo]|A] IEEE TSN 7|& ¥
Al7F o7k %{\l(TSC: Time Sensitive
t= A|ARD RS HojRa
At} 3GPP 5G o] &-&AlY i% IEEE TSN 7|04 &
Y ZHT APt 5G o] sEAlYolM e 2R
TSN HEY I} Ass Hali TSN H3ix|= FA5tL Ql
ou, TSN HEFL BAlZ 5t7] HsliA HE7|(TTs:
TSN Translators)S AMEA F71519ch DS-TT= AHX|
= TSN ¥gt7](Device side TSN Translator)S 2]0]
5, NW-T= EY 3 =W TSN HE7|(Network side

5G GM
E718}5}al, UPF/NW-TTE 7]R]Z0
sl GH(UE)E 7]

TSN Translator)E ]u|stct. 5G 7]A]={gNB)-
250208 ARE
258 gPTPE &3l ARt 57Isk&
A=og2fH Ao Al1Ed s &3l 57|k, DS-TT
+ dA" g9 57|8E £o8%t 5G GMe] 2 50=
718t 5G ol E3EAIY2 5G TSN HIIX|2H Q5
TSN m0jola} A|7F £7]5}2 Aa13tch NW-TT: TSN
LHQlo] TSN =288 gPTP HAIX|E f4lsto] AR
s71et JEE 5%t 2, VAL Qle AEES VYo R
S7ysto] Dol Attt DS-

= &0l Al gPTP HIAIA| S Aol ARk 275t
A% TSN E=oA Agettt[11-12, 15]

Logical (TSN) Bridge

[ Device
! side of

Bridge
upu —N527 N33
|
H Ng” o N1D
'
»\HF N1t SHF N7 NS— TSNAF  f—CPlane
i

TSN NW-TT
: | I
ssem 17 05T UE (R)AN Na—| UPF plane
1
| i

Lo

Fig. 2. 3GPP System Architecture for 5G-TSN

1.2 Time Sensitive Communications(TSC) in 3GPP
5G System

3GPP 5G o]=EAIYo|A= IEEE TSN 7|& 7]89] &
Al &= A7 e EXTSC: Time  Sensitive
Communications)& A|¥45}7] YslA] 7|28 02 A&sh
ARE 5718t R B3IX 249 7|55 [EEE TSN 7[9re

2 A 5G-TSN &40 YE S TSN B3|

A&rs 4851t RAN(Radio Access Network)ofA]
TSC Ed S4o oz} =4 QoS(Quality of

Service)g A|53sh7] sl TSC Eofid EA4 AE
(TSCAL; TSC Assistance Information)g /45t
RANO]| R-&3tt}. TSCAlE= 5G o] &-gAlgollA TSC Edf
og 1851 e an =22 HsKFlow Direction), &
714 (Periodicity), WAE EAF A|ZKBurst Arrival
Time) g 25 25kl QITH{15]. Y E%’J F= QoS 2292
71% TSCAIZ T35} RANO.Z A3t} RANOJAIL
TSN QoS mtefu|gfEof 7]yt QoS— TSC E2jglo] A
&3t AR IR SAIS e85kl "o 15-21].
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Ol

ohH, 3GPP Release 1804 TSC 7]& & 7§40l
tisiA 7HE =9 FoltH22]. Release 1804 7IE
TSN(Time-Sensitive Networking)2] 5713} 7]<&0f tfst
WIARGET ARIA ABlA KD 4= gk TSC |4
7e 2 FHCE Y =9 Folu], FZof TSCo| of
silA ols/d= ATt 7= g A Al Folti{21].
Al 3GPP 7|& #4004 ©Zo] non-TSN AJH]A RS
oAl TSN AME|A 715 A|Hoz o]53la I, 4l1&5H]
TSN ABIA(TSCYE A|9H2 4 it} ths oAM= olg
gt o] 5/ &304 Rl 3GPP 5G o] s-5AlgoA 2] TSC
A4 o] FAPES VA E Y ZA1ES siEst] & =
Ol A AQtsh= et tisiA] ATtk st

rOl‘

1

III. The Proposed Scheme

A ollA st =ol, TR 3GPP Release 1804 =
7] TSN(Time-Sensitive Networking)®] 7|3t 7]|&
of tiet 7WAArIEa AR MElA XD s et
TSC A4 7= d& SH2= 7Y =9 Foloh22]. &
<ol TSCoj| tishiA olsd2 et 7= 7ide &7 4l
oy ZolcH21].

olz/d= et AFoME DT ozt HEo
TSN AJE]A o]& X]Y(TSN service heterogeneous
area)= | 12{5t0] A|A 7|& Zigo] o]FAoqt ot
o}, &R 3GPP 7]& wAoM= ©@Eo] non-TSN A A
A GoflA TSN ME|A 7Hs R[S0 o] 5sils o, Al4st
7l TSN MBIA(TSC)E AldetE & itk & oM+ o
2ot TA S L8 FAsiE, A S siEsH]
A A|Qtsk= NMM_TSC(Novel Mobility Management
scheme for TSC) 7] o] thioiA] A{Ect

1. Problem Statement

/. TSN A ©@Zo] non-TSN AH|A FAofA]
g AU AS A9l Qltirt, TSN A AMu|A g0z
0] &= AlUZ| 5 123] £t

I8 304 Hojx]%o], Al TA Y2 non-TSN A
v A GHozgh J/dE]of QlojA] ¥t AH]A(Normal
Service)9t AlF8H =} wiHol, A2 TA ¥92 TSN
A8] A0} non-TSN AJH|A Go] 28tE]of JL/dE]of 9]
8, g8tRo =z o]F Afu|A AlFof TEfA TSN AfH|A
998 2] Aojsl= AMF#1(Access and Mobility

Function#1)1} non-TSN AH]A A< 3a] AHojst=
AMF#2(Access and Mobility Function#2)7} A2 o=
A =39

TSN AJ¥ o] non-TSN A2 FH(F1 TA F9)
oA Lyt MulAS AletTal Qlo7h, TSN A AfH|A
FAH2 TA F9)ez o]z o, @Y ol 55
AHolES st 5= Q%(Registration Request for
mobility registration update) HAJRS UYEYA
(AMF#1)Z R43to] o5y doole Wi ¥t
[23-24]. ojujj, A 3GPP 7]& +A0] 2J5tH, TSN X[
oZo] TSN A]d o f S YEY IR Heg g5
- ol YEYI= TSN AMu|AE A|¥dshe=
AMFE Ao} AdEishs HALE So85HA] o=t TatA],
71 ols’d 55 UHolEE H3t 55 84 HAIRIE &
Al A2JE non-TSN AE]| A G5 GFsh= U EYA 4
EJE](Network Entity), AMF#lo] £385}A =c}. o]
TSN A|d 922 AMF#1 28 F 0|54 55 ddo]
29| st &= 5|2 (Registration Accept) HA]A]
A Hedl, A= Al2 TA 9ol TSN Au]Aa g
 Gdst= AMF#271 Q20| 216t AMF#10f 2]5}
A Qyh Mu|ATHS: Al A o

A7 A AU R AR & o AR TR V)=
St o5t 2t

step 1) TSN A4 ©@¥o] non-TSN Af8]A FJA(A|1
TA FR)ollA L8E Mu|AF AlgHal IThzt, TSN AfH]
29 non-TSN Au]A7F 28E]0] Qle= GA(H2 TA ¥
d)og o]Esit.

step 2) TSN A|¢¥ d&-2 A1 TA
dog o]Fdlenz oy 35
4 HAXE HEYIR A&t

step 3) o], YIEY . EJE]= non-TSN AH|A A
= @90k AMF#17} 7] 55 27 HAIAIE fAlRi.

step 4) AMF#1& ol &=
5 88 HAIKIE A2fst &, 55 512 WA
oAl gt

step 5) 3A]9t, AMF#1-& non-TSN Aj8|A A& o
Gt Elof Autrog TSN AMH|A X|do] 7haoh T
doll= Z+6kL A2 TA FHoA TSN M| A S K|t
Al 35t et

Al o

2T e Hob

wo mu |m
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TSN service area +

non-TSN service area .
non-TSN service area

#2 TA area

#1 TA area

! TSN service coverage
non-TSN service coverage

non-TSN service coverage

Fig. 3. The Problem Scenario

TSN AH|As AR 2% S84l Aldste Aulaz
Jﬁﬂoq MBI &S A|¥ehe E}%%J BE|Z

*ﬂﬂ*e Aes & A=S HEHIA 55k A
o] tj¢ Fasttt. AEMoR, ol2f3t o5 AJREolM

TSN A @o] 2143 HEHIA TSN 7%

rie
f
Nz

RS g9, YEY I+ o] 7|§io R T 27]
= Z(initial registration) XIS 488514 5o AMF A
Bl(selection) EAME 498 TSN A|d 95 FHEch=

AMFZ So} Aeisto] o5 Gol] TSN Au| A8 A3
& 4 =% skt Wolo] WAty ckg HolHE ol
2Al2 sh2staAt Ashe NMM_TSC] sl At

5] Abmsch

= 9o

2. A Novel Mobility Management scheme for
TSC(NMM_TSC) in 5G-TSN
2 =rollAe TSN AJH ©Eo] non-TSN Afu]A G
Aof| A A¥E Mu|AS Algehl Qlet7E TSN AJ Afd]A
91 TSN A4 D22 Al TA Fol|A 2 TA 9
S ol &5 YUPlEE ¥
HEYIoA A&t ojd,
g S xZ3dstol 55
7 HARE A&t ofd, LﬂEHqL o= 87 Ul
2 AMH(TSN indication)&
TSN R|Y oJHE o]x] 25} YurA]
d O|E ZA}of 95t} I TSN AfH|A
Yot AMPS ot Moot RIS 4o 4
Q

Ik AME#LO|A] 471

0 18
8
iC)
o)
e,
re
o)
=)
[> i
i
ol -

S5 94 HAIRZE AEEA gt AMF#1E ol5d &
= AOo|ES Y3t 55 87 AR 23t TSN XY
o]y @E(TSN indication)2 v o] TSN x| of

Q

HE URIH Ht}. o]g dgoflA 55 270l digt
gog £2 32} (Registration Accept) HAIRE AlEst
A ot

AMF#1-2 TSN AfH]

[~
i)
o

o2 ¢8I

(Configuration Update Command)
T}, o|nff, £7] S=(initial registration)
cplol e Axsto] Aadict B
AMF#I22H %7] E2 FMA2 QAsl= olg7o]Mo]
e AR JUoIE B HAKIE AlsHE o] gt
2oz MAA Aho]E Ag(Configuration Update
Complete) HAIX|E HEHIZ A&t

o], ttate uiz %7] &2 QA(Initial Registration
Request) HAJR]E UEHZ(AMF#1)ol|A] 2153t ol
ojFl9) o] 5/d 55 UHICIES At 55 a4 HAIX] I
QF OFRIZHA]IZ TSN A of & A H(TSN indication)S
xgtstey Attt @Y ERH 7] 55 94 HARE
2Alst AMF#12 mshe] TSN A ofE HH(TSN
indication)¥} &4 x7] &2 @A AR 2JsiA TSN
AulA Goie A9 IYshs AMPE st} ATEIshs AMF
AMER(AMF selection) AR}S 885t} o]© MERE] TSN
AMF#22 Meislol 27] £2 @

A2 ol Algdshe
A RIS R MR AMFA2E 23502 A7)

> ox ng
= Q

1%
il )
™ o
op |m
&

o o

ol

!
Hi
-

n
lﬂo
o
ol
—_
rr
rE

£2 QX 2sl= £ 5]2(Registration Accept) U
Az JoA gEeith Aupdos TSN Ald T2
o

cHs}
1= N
TSN A|9l 9ol Yahe AMFA2ERE 52 Atg 4
A

34510 TSN  AB]A(TSC Time Sensitive

Communications)& A|@u-g 2 Q1A %ot

O3 4= AF9tsk= NMM_TSC(Novel Mobility
Management scheme for TSC) Woto] tisiA BAE =
A IPgE HojRal Q. o] 5 TfA| AsH gt Atk

step 1la) TSN A|¢¥ ©@2o] non-TSN AH|A JHog
HE TSN Auja gHoz olzsis o, 9E2 o4
S& AUolEE st 5= Q%(Registration Request
for mobility registration update) HA]X]E UEY I
A 43t ojrf TSN A]¥ of 2 JH(TSN indication)
5 zystol Mk
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step 1b) YEYIE= =2 QA BA|X]o] Z3H TSN
XY o2 AH(TSN indication)® £A1517] A7HR]=
TSN XY ofEE Q1X] L5t durA9Ql
olE o] olstol T2 TSN Au|A s
AMFE Ao} Hetsh HAHE 232 4 ik wjaby, 2
gt Mu|AS @9sk= AMF for non-serviceo|7] 447]
S5 878 AR ASEA P
step 2) AMF for non-service= |
EZ 95t 52 5] Registration Accept) WAX]S T

oA SE
step 3) AMF
A

o154 52 Yo

for non-services= 52 Q& wA]x]o]

&=l TSN A o2 AE(TSN indication)o]] 2]s}o
TSN A 7hsst §EYS AX[ste] TSN AH|A K4S
Alsst7] $1sted TSN AMH|A 49 D AMFE Aot 4
Esty] sl ©@EolAl x7] 55 97 (Initial
Registration Request)2 3}7] ¢J5t A& Ado|E HH
(Configuration Update Command)& A4-3tct.

step 4) AMF for non-service22E] % AGo|E
BE HARE 4l 2 ©@E2 A% JHolE ¢=
(Configuration Update Complete) HAJX]S AMF for
non-serviceol| A SE3tct,

step 5) &3t T2 £7] 55 Q74 ARl 23 A
A QHelE ©Y "R QJsto]  AMF  for
non-serviceo|A] x£7] £ QX(Initial Registration
Request) WAIA]E A&5tt}. oldff TSN x| off A&
(TSN indication)& ZL3lslo] A&5Hc}

step 6) AMF for non-service= Q@2 2EH TSN X]
A of2 AH(TSN indication)s T3St x7] 52 QX
HAIR|S 41 5, olof 7]8kste] TSN Au|A R|Y @

AMFZ Ao} XEl5t7] 95t AMF ATEH(AMF selection)

7) o]%, AMF for non-servicex TSN AfH]A

step
XY & AMF for serviceE Ao} A&l 5tz WE
ZAlHES. 7] B2 A tARE AL

step 8) 4—1—“& AMF for servicexs Q@A %=
7] & 8@.} (Initial Regitration Accept) HAIX]S &
Oz TSN Al @Z2 TSN MU|A(TSC)E
o .

Moves from non-
TSN service

coverage to TSN 56 Core 56 Core
service coverage Netwaork: Hetwork:
(AME for (AMF for
non-TSN
TSN Service) ¢ Serwce)

capable UE |

@ Registration request for mobility
registration update with TSN indication

@ Registration accept for mobility
registration update

@ Configuration Update C d|for
{Initial) Registration requested

® Configuration Update Complet

©® AMF selection for TSN service

@Reglstratncn request for Initial | """ T e

tion with TSN ind

g

@ Forward Registration request

® Registration accept

TSN service(TSC) provigjed

Fig. 4. The Proposed Scheme (NMM_TSC) Operation

Zo] Ty o] z/dat =9
TSN AH|A o]& X] (TSN service heterogeneous
area), =, TSN A|¢¥ AMH]A J93} non-TSN XY AlH]
2 jolo] FESE MRoIN, AR GPP 712 77 et
o2t TSN AHIAS A&V ABTE 4 YAl 2

=204 At NMM_TSC 782 A43H4 TSN A
HA XY gt YEYI JdElE](ex, AMF for TSN
service) 2 Ao} S=2 Ax}2 4388510] TSN AU|AES A|
SUE 2 W "ok

AEXoZ2 TSN A ©
ol

IV. Simulation and Performance
Evaluation
= 2 =wolA AQtst= Al Tty B4l

oz ] 7IH(NMM_TSC: Novel
Mobility Management scheme for TSC)2} 5G ©]&&

AGoIA Y] TSCE et ol5/d 2] 7I"8(3GPP_TSC)&
ME o Adelel s wshuA dh Age
MATLAB[25]0 2 310y, o2 Al8] mfalu|E|So & 2
oF gt} ©o] o5/ Wl g flsto] YEY I AlSst
= 55 88 WAR(R7] 2 ol5d 55 YulolE), B4

AlolE ¢ta 59 Alof AR X A|AARE U
processing delay, 47| Ao} HAIX] AL R|AATHS
Transmission delay2til 717} Aol519i 0t o] 5-FAIT}
o] B4 FZHolIA 371 Aol HIARIZS A2 AAARES
RAN processing delay2til Ao]styict. Est 5G o] %

=3
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Table 2. Simulation Parameters

Parameters Value

Exponential dist.
with mean 60(s)
UE processing delay 3(ms

Traffic model

)
Transmission delay 1(ms)
RAN processing delay 2(ms)
5G core network delay 1(ms)
Registration update timer for T3512[17]
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1. Latency for TSC in 5G-TSN
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V. Conclusions
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