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Abstract: 5G deterministic network is an important part to support the construction of 5G+ Industrial Internet, and it
is of great significance to study the key technologies and landing schemes of 5G deterministic network. Firstly, 5G
ultra-reliability low latency communication technology and frame replication and cancellation technology were stud-
ied to reduce transmission latency and improve reliability. Secondly, cyclic queue forwarding technology was ex-
plored in 5G networks to eliminate end-to-end jitter. Finally, a 5G deterministic network landing scheme was pro-
posed and tested in actual industrial production labs. The test results show that the comprehensive performance of the
proposed network scheme is better than the existing network schemes, and can meet the demand for 5G deterministic
networks in many industrial scenarios.
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HE . SR WS H S AT AT,
215G A RN AR KRR, 20234 11 H, T3
HIERRAT (2023 5G L) 4 3%), B4
5G+ Tl F I A 1 A e p R

5G #fi 52 T 4% (5G deterministic network,
SGDN) 2 37 4% 5G+ T b 5B o9 5 1% (1) 2 32— 3R,
HH I RTE 5G M4 5] N M S B AR S,
FIH 5G M2 BEIRFTIE AR LE . KHH3h. &
TS (R R R T A S T RO R RO 2018 4F
6 7, B =MRAEMEMIEITKI (3rd Generation Part-
nership Project, 3GPP) & Afi [f] 5G #i = 1 (5G
new radio, 5G NR) Zf—fjx Rel-15 i i #8 /& n)
SEAR AT ZE 3@ {5 Cultra-reliability low latency com-
munication, URLLC) A, 71 J5 I Rel-16
HIRel-17 fR A H %F URLLC H AR 3 — D 158, DL
185G % S BErf e v 4517 o T Sk 5G s E
Ui B 7€ %5, 3GPP 7E Rel-16 H1 il € T 5G 5 i
JERUR X 2% (time-sensitive networking, TSN) fil
M ARV, FFTE Rel-17 Fl Rel-18 gk — 25 1
58, DASCRARETZE . KEEED. ] F A s ] 5
PER 5G e tEE (D

AN, SCHR[10-12]3F 18 T 5G TSN (1) 1 i
pEi N N 87 B N N E RS2 AN S 557
AR PR AL RS . Gundall 25 AP T
— AN o ¥ % R B R E AT &, BAYP
fli5G TSN &%t M 5G=2 HIFMREE, SCHR[14]%F
5G TSN £ %; 125 [1 URLLC A [5)38 J3 S % 1 P fig

BAT T 2T RGE VAL, $2H T FAT I e HURE
{5 (time-sensitive communication, TSC) il & [
BT IR 43 T S W A0 2 B 3 P 0 g DX 48 vR (1) R R
Fo SCHR[1S]4 1 —Folsitg ads bip [5) F) P 48 1 5 17
TREEFIARTT S, LIV 55 I 0 5 S 9 ORI

AT, HAR5G TSN G b 2% E
{H 2 5G TSN B R IL AL T K, Pl F OO0 H 2
f& 4112 5 R (operational technology, OT) |~
i A P 285 (user equipment, UE) XJF TSN
FISCRFIE S, 5G TSN k& AR it A IR K
G L o A OB M SG i 31 i A 5 T A% B 1 A
B, TERE ST SG 11 0 255 (1) OB B AR 1 ik I
P — P SG Hf E PE 2 T T R . BARCR U,
T 5643 BT URLLC S B 4 A K CRUIE 72 FUICIN ZE &
nEEEAE, BFRMIEHIFVEER (frame replication
and elimination for reliability, FRER) iR (HHFR
RUR LM e PRAIE v 2 g A i ) T S, SRR
RIGIFBAFNH K (cyclic specified queuing and for-
warding, CSQF) FEARNIMER 5G i 2o+t a), &
Ja, i LA BRI A R R — b 5G R e PR N 4%
W 5, FRAESLER Tl AR P2 S5 = 347 1 5%
k. 2 SRR WL TT EALDRIUEIS (835 2 Tk AE 77 1
HIHE T, AIEEPEAIRL S S5 RE LE I 77 S #8A ]
B UGE, AT 2 A2 Tl s ) T 5G i E 1
2% 1) 5 2K

1 SGHEMMEIVIK

1.1 SGHAEMMBKIAR. F>

MET, ATWECAACERZE . TR E
B 5G 2%, X2 SG ML RE % T T17 |
AW SCHE . BrbL, SGHiE R L% 5 Tk, Beik.
(RN TS NIE 2 Su N R 1 el e S R S ) ]
[i[p=3

FETN BRI, i ae )« 7.
FI8%,  5GfE Pk 2 m] DU+ L8 A Tl A ,
AR R AT BB YIRS A A
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UL, DA A R s R R fa, Lt AT
SEPE R TE 99.999% LA F, B ZE E R A 10~
100 ms, FHEJERAE2 ms AN .

AL REIR I S, Wi e, s Xl
% FEAFERMNZSRY . Bl A S
Bl A BRI AT, DR fR I ) 2
R ONBI, HEEE FEK Y 2.36 Mbit/s,  Xf
W 2% I 4E B3R /N T 15 ms, 1 AT S8 PR SR O
99.99%, Xt T #F3), ZERAECRAE AT EEPE A1
T, PlahiN LT,

TR IR RIS STt SG ff e 14 X 2% ) i 780 7
Wist. MEEBMY, FMafEEssi. hiE
O R A P 2 A PR R G — 3R, AR
5 5t T 5G NZS I EERANE], XTI E 2R
10~100 ms. A FE ¥ 23K ¥ 3 24 99.9%~99.999
9%, EAEH AR ERAE 10 Mbit/s L', 78Rk
S, SG M URRRIZFEF A mfEishr. &
ST g%, LR A B A, s R
SRZ/IEF]| 12 Mbit/s, FHHE/NT 35 mst'l,

PR 37 505G R E PR 2% R B R 2K
WA 1.

1.2 S5GHE MM ARINIK

20184E6 /1, 3GPP JuAiiff Rel-15 i 51\
RIGSHE. B (mini-slot) . {EATE XK
il 4w /7 % (modulation coding scheme-low spec-
tral efficiency, MCS-LowSE). KfREE. %
B (configured grant, CG). FATHE 5
SR ARYIE L FF URLLC W55 o Bl J5 7E Rel-16 1
Rel-17 1 4k £ 5y URLLC 1 5 2 N\ W FIEZ 0 W 1)
B,

N T AR T HL I R A S S A L 25 A AE
AT EE . KB EI T K, 3GPP Rel-16 i K
5G 5 TSN AHf#t &, JFAE Rel-17 Ml Rel-18 1 —
IR Rel-17 1 5G TSN 4 i 3t 51 3 I 4% 242
fan B 1, i W 4 ) TSN #% e 2%
(network-side TSN translator, NW-TT) F1£& ]
TSN % #:2% (device-side TSN translator, DS-TT)
SCRETT U B[R 2P B i (generalized precision

F 1 ABIHRI G HHEMMEHRARER

N353 RN 2 | RATIEZR/(Mbits ) i 7 /ms CIETA G $50/ms
Tk B TR RS 47 10~20 30 99.999% 2
T 1 10~100
e LN R 236 15 99.99% —
ERICHES Az ER >10 10~100 99.9%~99.999% —
TR EST TEFE N B 12 35 — —
; &
G gg%& o2 i R
I 25 T RE Iifie
PNE [ | oamgE | | sEesdh)
ThEE g Ik
""" P /\
i NW-TT
i y 5 ™ K
DS-TT +——{ UE : %%JQ%I‘XJ PR PN %
1
1

E1 Rel-17 775G TSN £E i 31 5t /7 2% 42 )
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time protocol, gPTP) 5 TSN HI 5G 2 [A] §) ¥
By A 25, f# 5G 3 %4 (next generation node
base station, gNB) HE W | FH I & 502 18 13 4 1)
{& B (time sensitive communication association in-
formation, TSCAD, & HALE AT R ¥
FREL T . TR LS RO, A4S 2 1 B R R
£ e f% 51 A 2 UG FC b 55 R AR, AT AR
U A S, R TR E R [N,
5G TSNESE SC T HHE B, iy A BEAE ThRE SR 52
A5G TSNIACE . 2, 3GPPI@ 5] A
5G 5 TSN Wyt &, AT AR 4 b S R o 1) I 1)
EVEML S

PRI, TSNAE S HT Lol A F= 4 b - R 32
e, PO HRAEGOT) BRI TSN CRF
A NIKIEE A, 5G TSN B bR 1 V& ik A 1R < 1) 2%
k.

2 5GHAEMMEEEF R

AT LE 78 40 WF 7T 5G URLLC. FRER. CSQF
LR ARMAEA L, B EEREE, R —F
S5G ity 1 vy 1 78 1 R 45 (R RE AR R R 5, SEBR
BIAE. =l 58 ARELEh 1 e T AL -
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LA i s
calen

21 BHEAFR

5G B E 1 X 2% B AR ZR R a0 1 2 P, Her,
5G 24 A H DSEFBRABCLL . B NATHURE . ToL
FERG ZHEHI B (radio link control, RLC) 3JEHf
AN (unacknowledged mode, UM) . & ¥ #
AT # {5 1E (physical downlink control chan-
nel, PDCCH) H&4 . (K ML TR K
r2zi#t 2 (multiple-in multiple-out, MIMO) %%
FOAR AR e = T e ER . eAh, R TR
ARG A FEME, R FRER AR AE K% i 1) % b
55 % B 2% (multi-service router, MSR) # 1T &
i), I gk FURE R BEAT AR B S, AR B
MSR 47 L EH, MIMRIEEN RAERI AT, 15
BAKTTEF, H5G RA (5G system, 5GS) FH
L ANE M, FIFH H3C % i 3% MSR KAE L 5G
TSN & 4i i [f) DS-TT MINW-TT, JE# %N
24~ CSQF 15 ri, =3 Jo 20 2 UG 4 I b 5] 22
175 2 F F MSR 8 4% 1 [¥) CPU #EAT SR [F 25, R
RSN R ST R, (1S E AR 45 5E 1 A I AT
RIZEFEN, FRICR R BRI EL S .
22 5GEOXHEHA
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gNB Fl PRI ThEE
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fE. RLC UM. Zr ZHEH5 10 (packet data
convergence protocol, PDCP) #&L/7 1A &4 A K
BEAR A VN SE o 55 25 5 o T OS5 F9AH EE, DS
WS T R ATECEE 9 101, A LR KRR -
1728 VR FE SR AR 4E o 2.5 ms PR 45 440 25 11
VYU FE SRR I A DL 2, DS Mg A8 A 11 35 1
FESERF E W23, IR 2 MK 3] LA HAEH
DS Mt 2 A4 ] AR R BRI 2 11~ 25 1 B S5 R I A
JuHR BAT SRR IN AL

G AR AR AN T P 5 AR A AR AL H I A 1)
KB . HT 4ATR 2 Lm0 I A SCHF dx
BOREHAR, EATT S, SRR EAR K 52
B AT AT IR EE . FETUAEE T, RS AE SIS
Bt b 73 B — € 10 _EAT MR B BT 48 UE, (£ D IR
9 UE 73 Be PATAR B, IXBE UE Jo UM LT
SR B AT AE Bt 23 Bie B B I A BEAT R AT Bl AR
T PEAR S I RE . b Ah, 7227 AR St F v,
FE LR SRR & H B ALK (hybrid au-
tomatic repeat request, HARQ) #HAf%, 7ERLCJ)Z
K UM, {£PDCP J= JT A fiLFr 32 28 LA P IR A%
BN B R 5 A R A 3 B 2 I SE A3

M AT SEE AR, B 1 PDCCH 26 5 4%
2% (aggregation level, AL) 1] DL 5 F B 2 4% il %%
JEt% (control channel element, CCE), MIfif%

RPEHIEE R RID R, IEeEhIEE AR
e RUL TR BN PDCCH 4 ik £ 3 = 11 AL,
WM 160 X THAEASIE, 58 SLbRAlE k55
ALK/, LR R UE T 2 1 58 1 B0 o 2 1) i 4
T, KKK MCS 1 Rank 1 £4, AT HEIR %
AT AT S

g LRTA, AR DO AR SRR IE 2 1
RO IS 32 i ]
2.3 FRER#HAR

Wi A B (FRER) SURRXUR AR,
& TSN HH7E 25 0l 6 AR Y i e ey T ) 3 2 i
J7 P2, FRER AR EEA W AHLE . L,
FEVR T p BB A A AR S A1, BT TSN #i 16
s H, R RECH bR AT E R AR
EIAZEE A, BTSN MEWr2%. ASCK TSN H 1)
FRER £ R 5] N\ 5G 2 MM 25

S5G iy 52 P 9 2% i FRER H A (1) Ji7 B 01 & 3 i
TN AR BRI YR R (virtual exten-
sible local area network, VXLAN) B iE 5 AR sz
PLFRER £ A, A ¥ MSRAE N F A1
TSN Ui i 35 A U 2%, [R]85 9 4F >y VXLAN B% 18
(2855 55, 6 BT VXLAN P 1) 5 258 Al g 25 .
£ 5G ARG R R — A5G LM, F T IhfE
(user plane function, UPF) 1 57 (4 7£ 5G R 4¢

*2 2.5ms BEHAMEA T OFEEESERE

25 4 2.5 ms FLR SIS R

iRy 0 1 2 3 4 5 6 7 8 9 S4B 4E
B D D D S U D D D S U
AT AE 250 250 1250 750 250 250 250 1250 750 250 550
AT SE 1750 1250 750 250 2250 1750 1250 750 250 2250 1250

3 DSz O EE FFRITE

UiET ) DS &k #4)

I B 0 1 2 3 4 5 6 7 8 9 P35y E
N B2 5] D S D S D S D S D S
AT SE 750 250 750 250 750 250 750 250 750 250 500
AT ZE 250 750 250 750 250 750 250 750 250 750 500
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MINW-TT $H 5 A TT1 M TT2, SCHLTT W i (1) 4
RAVEE IS . 0 5GS Al F R AL nNEE, HEk
TT 5 5GS Z A (B Bh s, M A seBl. TT2
5 TSN Z [ R FFI B0 [R5, @ —Fpblal, ik
TT1 PRBE TT2 18 KR E, T B AR F SEBLAA E
R

p— TTl f— 5GS }—o TT2 (—— TSN

K4 5GSTENTSN M KRG MR

FIF] CSQF B AR KR 5G R Gtk it f rh 77 4E
RN, 48 € I R bR s s E a1 5 B
N, Mo, fESGSHMR N, EHPIEhE R L
W 55 UpNode (TT1ELTT2) F| R 5 55 Down-
Node (TT2ELTT1) [HKIEHES).

tus CSQF sl i), £ TTILAITT2 B
Fa ] 5 I B] Rl 4 RS, s T RO B — A A A

IR A
0 <
] N R

0 IEAERY
2 e " //ﬁﬁ%&ﬂ
> e it L
4 W N
. 4 RN
- " ek
53 24 KA1
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K5 4558 R R B R SR &

FE R A R B, R A A B e Rk
Xof S BB A B A o 37 TT 1A TT2 2 (8] 1) 1
BB SE R, FETTI (BLTT2) 455 i 4 i it %
PN TT2 (BLTTD) $8 2 B9 BRI EA S,
FETT2 (TTD) S SRR 25, AT 5230
JHBRTT1AITT2 2 [8] 11 5GS W= £ R8s . RN
TT1 A TT2 Z [8] (4] 5GS BH 8K, I o [F) 2 A7 AE
WKIRZE, TFEXTT2 5 TT1 8 B A 47
HAM: 447, 1k UpNode 5 DownNode [1J BT ¢ &
IR M H P BN R e A B . 7R TT H e ar
TSN i 2 5 2 FE BA R I S i, S TSN 2 TT
(SR B2 7 o T B DI S5 7E TT i
JEBRIEAT i 02, M 55 5 A Hff o 1D R [R5 BBl A 2
K TSN A, DR HAE TSN A i A1 S i & ]
DA I B 3 31 3 ) A7 I ST} 5 o

PLEI3 M, TSN (e iilsl 2y
A UpNode (TT1E{TT2) HIREWI0XFRBAF, 7E
UpNode 1 J& B 0 #% 9/ B & H, % id 5GS 1A
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DownNode H IE 7 8% 1 £ (1) BA 51 2 JE 1 2 X6 7 (1)
FAF, AHRY 5GS WEH £130, RIHEshiE ik
F22ANE A, T UpNode (TT1E{TT2) A0
R MIBAF, 42 HE i\ DownNode (¥ F 1 24,
* DownNode % & | i #1 24 &5, BAFIHR SC R [E] 2
15 24 A BAYE R 0% B TSN G 2% 00 5109 285D
XFESGS W ES AR BB bR 1, SRBL T
5GS 175 B PR S 4 IR ZE A5 56

3 SEFRMIREER

ARSI SG R R T X 4 7 SRS Ak Tl
AP AT TIRAE, 2 BN T AN
ALV g A 5 4% (programmable logic con-
troller, PLC) HMIXUHLIRE WrfF], 55 S5 5 I
(N78AMBL) &5 FAT T XFEL

3% M 5 % FIBC B a0 2 SGAZ 0
K H H3C vUPFS100 7%, 52 BOA% <O I 42 il THT ¢
4 vSCN5100 5 UPF 4 i fF, A FHL55H .
5G £ N MK N79 F N4 B A B (%
100 Mbit/s 77 %) LA £F FRER Ujfé, BBU X H
BBUS5100, AJ DL FF 2x4T4R fl14x2T2R, [AIFELL
FHLE A . X F RRU W %, N79 M B >R H
pRRUS214-A1, 7 fF 4T4R; N41 %5 B % H
pRRU5202, S #F2T2R, RRU ¥ &iE it 455
BBU A%, BHE{EsLi = ke L, 55
5m, W& RRU A ERE2 me. % T MSR &%,
I MSR3610, MR Hril it PCle 4 AR R 2 4
SGHEL, WL MSR ¥ & A7 T HL5, Pl

/ §

H

H

| .
p I

H g

H N

H

H H

H i

H H

H H

i

\

\

/O %

MSR {7 Fik 5 & . RRU 455 H 7 Il MSR [&]
kN 2~20 m.

PR, SGE O RABTRERAR,
KM HARQ HE A%, )5 RLC UM A1 PDCP Z#LF
WA, WS E WK 4, Hro CSQF BA A %
WEN150, BABAFIAREE 100 ps, T4 it 7]
DA 15 ms $ 5.

x4 WMESHERE

W 2% 240 ZHA

&4 DS i gkt
PDCCH AL 8
FOBH )

MCS SCHR[23]189 MCS % 1 7411 MCSO0
MIMO RANK1

CSQF A% 150

ERREEE, BEAY SCRF B 1T, A% 0 A

BBU X H Al [ ) ¥ 4%, A 47 > FH N78 i Bt
(100 Mbit/s 77 &), RRU KA pRRU5202-B, Z#F
2T2R.
3.1 IEfEPLCIHE

2 PLC 3 # i it 2= A6 PLC Sz F2 4 il]
P 5G W 2% P fg AT AR 1 2 R AE 99.99%~
99.999%, FlBNERLE 1 ms LYY, ) 4E E R AK
T20 ms. WEFE PLC 37 5 37 4 W 7 = B W ] 6
FizR, oAl il i AR 2k PLC $ il % k% i Sz 6
EH 10 E 4%

HIBE|LIR S S AEE RENE S, %
Bk SR R B O 150 Bl/s, B KA
256 byte, i€ TR WA N 50 B/s, KN

K6 ImfEPLC 5Bl MR =
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82 byte. ILMMNAS AR #FLE2.3h, FATFINAT
Oy R IE 147 AR 125 JT B EHE, @i PLC
LIRS R LK 5.

MESHLLEH, EATEE3A, BEXE
N 2.597~27.085 ms, I KIf4Ey 27 ms, £H5)%)
24 ms, KT 15.64 ms FJELECN 325, PN LEH
4.491 ms; FATEM 36, W LE X [H N 3.031~
36.854 ms, FHCKHFIE N 36 ms, $51%133ms, KT
15.64 ms IR ECR 84S, “FHAN ZE 2 4.966 ms. HILI

I IE RSN AEH R, T HARE — E R R 2

5G i E 11 25 iR FE S 8 b, B RAT 43l
RI% 433 TN 448 TN HHE L, mfE PLC 35 5G
WhsEE M 2 M RN K 6. MK LLE
o, FAT0 R, 100% 1) 6L ZE X 3] 7£ 8.509~
8.956ms, #}5140.447 ms, “FH4EA 8.691 ms;
AT 0 R AL, 100% HEL I AE [X ] £E 11.652~
12.193 ms, #5140.541 ms, “FHIAf4EA 11.994 ms.
500 ™ 45 BA B, 5G 2 T R 4% R w1

&5 EIEPLCIARIIMMIXLER

N78HiB: 55 150 f/s, 19K A 256 byte

izt FAT AT
(e Bt (e Bkt
AFZE X 1)/ ms 0~6.47 1 348 463 91.459% 1247 768 99.615%
6.48~10.40 32 643 2.214% 1617 0.129%
10.41~15.64 92 960 6.305% 3197 0.255%
315.65 325 0.022% 8 0.000 6%
sRakls 1474 391 1252610
STE4 ) ZE /ms 4.491 4.966
B/ N ZE/ms 2.597 3.031
K ZE /ms 27.085 36.854
#130/ms 24.488 33.823
FaHyF R 3/0.000 2% 36/0.002 9%
%6 ImIEPLCIAZRSGHAEMEMENIRLER
N79+N41HEL: B PR 150 13/s, 4256 byte
b=t FAT T
(O3 [ER 5 (R Bt
I 4E [X []/ms 0~8.16 0 0 0 0
8.17~9.47 4337 688 100% 0 0
9.48~10.40 0 0 0 0
10.41~11.79 1 0 16 750 0.373 7%
11.8~12.27 0 0 4 465 437 99.626 3%
312.28 0 0 0 0
B 4337 689 4482 187
-2 48 /ms 8.691 11.994
e/ HE/ms 8.509 11.652
F K 4E /ms 8.956 12.193
+13/ms 0.447 0.541
Ty EaE 0/0 0/0




“ TSR

- 180 -

URLLC £ AR R FRER £ AR SR - W25 [y ] Sk, sk
WEEM. NBHEINMAEE, TR R ) R
Fl1ms LA, T T 5000 L. TEBHZ,
B2 77 B 2 DU I S 5 14 SR 3 B, 5G i
€ PE N 45 1) | R AT P Y B AE 43 3l 2 8.69 ms
11.99 ms. HEIRIZEA BT+ &, ARATS IR e i 2 Sk
FR375% 20 ms ) 752K o
3.2 WHWENEGR

TERNURE B [F) 3 s, BRI 1) AL A
B RIEE MR A, A8 3 NI RE62 S0 1 (7] 45
T, Blan eI Ee Yo [ 4R 18 55 . %3 50 5G W
Y5 PERE S PLC s AlALL, T SEME BERTE 99.99%~
99.999%, FFENTE 1 ms LA, B ZEZ R KT
20 ms. XKL E Wir 5] 47 5 20 WX o o B 6 7 B
N, ZB R T X K 5G M 2% 4TI

UM

e N L,

5, FTUATE B IR SG 2 A%

B, UMM FES 1 h, R AT RIE
110 G, KEMEN S0 s, Gkl
82 byte, =Lt 6 % HHE, XOHLIE B [F) 3 5t
DL MR LG R WK 7. MR 7T LUE H BATH 4E
[X ] 7.121~65.029 ms, 13294, M EN
0.029 8%; FATIIAE[X [A] 4 7.028~88.899 ms,
w4214, ZHFEN0.038 17%. METHHUE
o, R 2 A ZRT I A B ) 55 48 R 35 To V2 2
BRI R

HWK, 165G # @ M2 g ek, sk
FFEE2.3 h, AT R RIE230 AR A, R
BN 50 /s, KN 82 byte, = LR 6 5 %
P BUHL S Bl 5] 3% 55 5G ff s 14 X 4 30 3 45 23
W% 8. DSTTI—DSTT2 /5[ 0EA, KX I[EA

N9 Y sGR%
0
BBU5100+
pRRUS214-A1

@@

S
BBUS5100+

VUPF5100 | |
PRRU5202 e

N4l

7 XUHUBE B RS AR

R7 BB N EHRIPREER

N78: (50 fiu/s, 1K 82byte) x6

Ei=p HUBE —HLRE 2 BUBE 2—HUIE 1
(25 At (25 At
I 4 [X []/ms 0~6.08 0 0 0 0
6.09~11.32 378 118 34.28% 377 780 34.25%
11.33~17.88 683 128 61.93% 683 796 62%
17.89~24.43 41 351 3.75% 40 935 3.71%
>24.44 420 0.038% 416 0.04%
SRR 1103 017 1102927
/M AE /ms 7.121 7.028
I K A8 /ms 65.029 88.899
#1250 /ms 57.908 81.871
R E A 329/0.029 8% 421/0.038 17%




- 181 -

BERY 2024 455 8 HA

#= 8 WM ENEIAR 5G HE MM MIR 4R
N79+N41AE:: (504/s, (UK M 82 byte)x6
izt PUBRES 1A Uk 2 HURE 2B 1
4L Bt (a3 Hatk
IR 4 [X [6]/ms 0~16.50 0 0 0 0
16.51~16.83 454 992 18.7% 1989019 81%
16.84~17.16 1 977 545 81.3% 467 840 19%
17.17~18.47 0 0 3 0
>18.48 0 0 0 0
B 2432 537 2456 862
/M 4E/ms 16.694 16.646
BRI ZE/ms 17.041 17.052
#30/ms 0.347 0.406
ERER BRI 0/0 >0/0
16.694~17.041 ms, ¥lZ17E0.347 ms LAP; DSTT2 MIIT, CAC, NDCR, et al. 5G Application “Sail” Action Plan

—DSTT1 /7 0 54, BR 7 3MECRIEd, Hap
i 4E [X 8] A 16.646~17.052 ms, FLEI7E 0.406 ms LA
Mo SEMEERMLLL, L Rr¥seoEa, B
FTF 7 100 F%5 LA E, XA ZE 9 20 ms, R Jn] Ay
10 ms, A& LAY & SO UBRE B[R] ) 75 2K

4 Z5RIE
AN SCEE 5 A 285G E 1R 45 1V T 5

FIHI DS Wighfe . TEE . = RA%E%. KM
MCS A MIMO %45 [ URLLC AR SKARAE 5G
25 11 ARG IR S A0 vy P SEI0M5 o A iy 1)ty 0 o 2 1)
FFE, FIH CSQF BRI B 5G s 1 11 1) 24 i 3]
s Rk, - # ) FRER S AR KR ] SE ¢ . SEBR
R s AR, A ST R AL Y 5G 5 1t Y 4%

0T LA R Tl AR 7= S8 1 6t 5G % (1) 75

(2021-2023)[Z] 2021.

T AE B . 5G A T @ % m([Z). 2022.

MIIT. 5G fully connected factory construction guide[Z]. 2022. .
TvAnfE A EE . DA A(E BB AT R TEIR (2023 4F
5G 1) 43%) Bp@Es[Z]. 2023.

MIIT. Notice of the General Office of the Ministry of Industry
and Information Technology (MIIT) on the Issuance of the 5G
Factory Directory in 2023[Z]. 2023.

5G B & PE A £ 7 Bk B . SG Al E P 45 7k (A T R]
2020.

5G Deterministic Networking Industry Alliance. 5G determinis-
tic networking industry white paper [R]. 2020.

fE<ah, YRR, oAb, S5 T 1) I TRIREURR I 25 1) 5G o2k 194 1 i
FARWEF[T]. FAF R}, 2022, 38(5): 18-26.

XIN J C, XU S, ZHANG H, et al. Rescarch on 5G wireless net-
work enhancement techniques for time-sensitive networks[J].
Telecommunication Science, 2022, 38(5): 18-26.

W 263815 1 22 A8 4 Ll SR s L ARORIN 2% 1 R B —— e
P25 F AR 2R B FBIR]. 2021,

PML. White paper on future networks: white paper on deter-

Ek ° EAE Em I’ﬁf EP ’ IZJ\E% 5G TSN &7!( Eﬁﬁk%ﬁ‘ ’ ministic networking technology systems [R]. 2021.
Al LAk 5G TSN R #4X CSQF, 5 FRER f1%¥ [7] 3GPP. NR and NG-RAN overall description: 38.300 v17.1.0[S].
I URLLC H AR St RIE SG 33055 1 2 M4 202z
[8] LE T K, SALIM U, KALTENBERGER F, et al. An overview
%%ifﬁk . of physical layer design for ultra-reliable low-latency communi-
cations in 3GPP releases 15, 16, and 17[J]. IEEE Access, 2020(9):
(1] TolAE BALED, i g e s B E R ass, 433-444.
KRB ET RS, %SG “Hi” 1781 %1(2021- [9] 3GPP. System architecture for 5G system (Releasel8): TS

2023 £F)[Z]. 2021.

23.501 v18.3.0[S]. 2023.



“ TSR

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

- 182 -

LARRANAGA A, LUCAS-ESTAN M C, MARTINEZ 1, et al.
Analysis of 5G-TSN integration to support industry 4.0[C]. //
Proceedings of IEEE 25th International Conference on Emerg-
ing Technologies and Factory Automation (ETFA). Piscataway:
IEEE Press, 2020.

AR, FR0, & 2T DAL I HR R 5G TSN BIFJE[J]. 315 £
A, 2021, 54(4): 893-897

FAN L L, GUO G, et al. Research on 5G TSN based on indus-
trial internet[J]. Communication Technology, 2021, 54(4):
893-897.

BT, AR, VRS, ST Tl BIEC 1R) 5G-U 51 a] Uk
P 255 R A5 A SRR [T]. B AT 4R, 2021, 42(10):43-54.
CAIY P, LI D, XU C, et al. 5G-U and time-sensitive network
convergence architecture and technology for industrial internet
[J]. Journal of Communications, 2021, 42(10):43-54.
GUNDALL M, HUBER C, ROST P, et al. Integration of 5G
with TSN as prerequisite for a highly flexible future industrial
automation: Time synchronization based on IEEE 802.1
AS[C]//Proceedings of IEEE IECON 2020. Piscataway: IEEE
Press, 2020.

ABREU R B, POCOVI G, JACOBSEN T H, et al. Scheduling
enhancements and performance evaluation of downlink 5G
time-sensitive communications[J]. IEEE Access, 2020(8):
128106-128115.

FIGEL EREE, 30 5, 45 i B [F) OR B I S 4 8 PE R
BFFE[I]. AR, 2022, 38(5): 26-37

SONG G M, WANG Q Q, HUANG Z B, et al. Research on delay
determinism technique for end-edge collaboration guarantee[J].
Telecommunication Science, 2022, 38(5): 26-37.

5G DNA. 5G Tifi & 1 /4 4+ Tl B IS Rl (4 52 3 [R]. 2020.
5G DNA. 5G deterministic networks + industrial internet con-
vergence white paper[R]. 2020.

5G DNA. 5G e MA@ I FR AL R RS
SEER]. 2020.

5G DNA. 5G deterministic networks @ electricity demand
white paper i: requirements, technologies and practices[R].
2020.

3GPP. Enhancement of 3GPP supporting V2X scenarios,
Stagel: TS 22.186 v16.2.0[S]. 2019.

[19]

[20]

(21]

[22]

(23]

HNBARGIRA T . 5G A KRB 5 1 A5R]. 2017,
Huawei Technology Co., Ltd. White paper on ten application
scenarios in the 5G era[R]. 2017.

IEEE Standards Association. IEEE standard for local and met-
ropolitan area networks-frame replication and elimination for
reliability: IEEE Std 802.1CB-2017[S]. 2017.

M, 5 [, BRAR A, S5 I V) AR 9 4 v 1 TU A AL o 1
FEFR[I]. BE R, 2023, 39(8): 29-42.

PENG Z M, SHOU G C, GUO M J, et al. A review of research
on redundancy mechanisms in time-sensitive networks[J]. Tele-
communication Science, 2023, 39(8): 29-42.

CHEN M, GENG X, LI Z, et al. Segment routing (SR) based
bounded
bounded-latency-00[S]. Internet Engineering Task Force2018.
3GPP. Physical channels and modulation (Release 17): TS
38.211[S]. 2022.

latency: Internet-Draft draft-chendetnet-sr-based-

({EE ]

KR (1976-), 5, HE=HAGRA
AR AW SRS, m% TR,
HEREE AR RS LA, EETR T
T E PR £ L S0 — AR A L ) 256

B (1977-), 5, WL, PEEERAR
REHE, EEIIIT EARKE REMI 2% .

Lz (986-), 5, L, FrE=8AA
B 22 ) S ik 4 R W 78 80 4 AR, L
KEEAEE 105, FERF I N 5G e
PR 48 38 15 AR — AR AL B R DL Y 4%
BHeHEA .



