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Abstract

To address the urgent need for low-latency and high-reliability networks in complex industrial park
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environments, this paper proposes alow-latency network fusion algorithm based on the integration
of 5G-A (5G-Advanced) and TSN-MEC. The algorithm first employs Time-Sensitive Networking (TSN)
to achieve microsecond-level collaborative control, ensuring deterministic latency for time-critical
services. It then leverages Multi-access Edge Computing (MEC) to provide distributed intelligence,
enabling localized processing of computational tasks and optimized resource allocation to some ex-
tent. Simulation results demonstrate that, compared to traditional algorithms, the proposed ap-
proach reduces end-to-end latency while improving system reliability and effectively optimizing
network resource utilization.
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B A ER A A B IR, 5G-A (5G-Advanced)Ey 5G 1] 6G I 1 CHER By, FERFTE BT AE,
R R SEME ST SE I T SR T, COON T B ) R R 2 —[1]. Tl B I TR S 4%
il KRR RAE . 284w AU A S 7 T W28 PERERR T S i R, Wi G4 7E 4E . T 5EME
A RIEESE T AR EA 2] [3]. HAl, AR TR CIFHIRE 56 5 TSN, MEC EHiAm&
BRI R R T %8 o IR TE] ABURE 9 4% (Time-Sensitive Networking, TSN i i 8] 8 411 54 JF 2% (Time Aware Shaper,
TAS). T4t 5 (Frame Preemption) %5 AL ] Sy By ] B8 28 ol 2% 4 L aff e VE ) I AR [ [4] . 2 NIL ST 5
(Multi-access Edge Computing, MEC) Il i 4 v 568 7 N IR 2530 2%, I/ D EAR AL g4, FRARL 55
NI IEI[5]. SR1M, BEWF T ZER T R—HARMA, GRZXF TSN 5 MEC thRIFLHIFIR AR, JLHLE
5G-A W5 T LG BEIVE UM e o X0 BIR A, SCHER[6]HE TR T 5G-A BERR AL AL 45 I 2% I 42
7735, (BARSG HBARM SRR S RGKAE. SCHR[7IERIT T 5G-A FEFETH M2 v] SEME 7 TH 7 71, 2
B ZH ARG ARG T SCHR[STHEH 13T 5G-A IR i #(Q0S) & 4 1)k 45 I ZE AR AL AE LS, {H
HAFFTAIRANT DB HE S TSN WEZ SR FEHLH], = BAARE S RS RAERIIUE. T[] TS
TIBE A TR PR YR E R T SN T R, A% R R BRI, KA E TSN 1
PRI TUR S RSP B T 5 — &3 . BP0 BRI 8, ASCHEH T —HET 5G-A 1) TSN 5 MEC
RE RIS S ) 2% B0k o A2 SRR Sidad TSN I ] 500 Do 28 SIS BRUARURD 2% W IR ), DRAIE NS 1) S B 2R b 25 1)
T E PRI SE s SRS KAET MEC NG AR M RE, SEBL 7 AT 55 I st il Ak 2 5 SR AL AL

Y
2. HiEER

BEXHIRIS SE [ #,  ASSCE S5 R TSN R EEMLAR, ok Tl il RS S 1@, R )5isid MEC 7y
RS, M AR R Tl IR X RIS SE ] R

2.1. TSN BEHLEI
P A1) S8R X 2% (TSN R 8 S B ARORD 2 1 i) 18] 8] 20 5 1 s PR B A i, LI o [R) 20 R 22 T 5 i AE +1
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Figure 1. TSN end-to-end latency problem resolution flowchart
B 1. TSN X — AR 2 i By 1 () R AR R AR A2 E

TSN AZ OV B AL S I R R AR T 3%, eoBe st TR0 R o A e K P B, B A AN R 28 A
W TLREE PR . 8 L4 %5115K (Gate Control List, GCL) 41 F -

GCL = {(WO’OTO)'(Wl’OTl)"“’(Wk—l!OTk—l)} )
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Figure 2. MEC end-to-end latency problem resolution flowchart
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Horh £ 205845 U 10T SLAE I (CPU JAIIED), Kk NBEFER M.
FALHSHEE MEC RS2 MK, B ZEE 5L 1E . HEBARS ZEFN {1 SR 4E .
D;nec — D';rans + ngueue + D;:Omp (6)
Hoepr, fRARET 4 D™ ik 4% U ) MEC IRZ5#5 MK IEHE 36 T 4E D™ Jy MEC JIlR5 3 MAT 55T,
SRR YR
3. hESIIE

NISAE TSRSV RE , A SO MATLAB #E47 05 31, AR Tl el X 48 PR35 . L0 X 484 500 m
x500m TNV X, WEIIEIsAG 20 4 5G FEulh, FANFEUEE — MEC R4 %% . Lumd &%= 50
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Table 1. Simulation parameter settings
#1 HESHRE

g 2 [X 35K, 500 m x 500 m
5G HulhiH 20 4
MEC It % %% 20 4>, HRERuh 1A
A U 50~500 />
T4 A 7Y JARAIERE, A= 5~50 {E55/F)
(A P NAN 0.5~5 MB
TR R 0.5~5 G CPU F1]

Pt ) AU o B8
5G &%

MEC 5

30%
100 MHz
32~64 % CPU, 2.5 GHz

3.1. ESEEMERESHT

B S SR 1 5 Tl el X W 28 M RE R DG FE AR, 35 2 A TR RIS S8k T 1 P iR BimET . v T 58
TR L B BRI ZE L RS, A7) 5454 5G, TSN HEHI LK MEC Sl kAT xf b,
oy 3 39 3 B SeE o} G B A0 1) 3 R

Bl 3 R T DU FR BVETE A [F] W 28 S T (07 3 iy B0 T 48 o B AT 55 BB 28, B B
B REXA BT, BARSCHTIRRAA FE LR /e MTE SR LR, S5 2A %R 50 (14518
i, %% 5G HiERF N IE miA 201.5 ms, TSN-only 354 45.6 ms, MEC-only %4 38.9 ms, i
ARG FIEA N 32.8 ms, BiAL G LK T 83.7%, % TSN-only F1 MEC-only 534 I 41K T 56.6%
1 44.3%.
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Table 2. Average end-to-end delay under varying network loads
% 2. FEIF& S E T TR EIHE

fE55 BB (R 5515D) 1£4; 5G (ms) TSN-only (ms) MEC-only (ms) A FLi%(ms)
5 185 12.3 10.8 8.2
10 32.6 18.7 16.5 11.8
20 65.8 28.9 25.4 16.7
30 98.4 38.3 32.6 20.1
40 145.2 42.7 33.8 254
50 2015 45.6 38.9 32.8
200 p
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Figure 3. Comparison of average end-to-end latency
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32. AEMSHEFARSH

FETOLFE X M2, RTEENE B H AR AR AR S5 o FIEGT R . R 3 40t TSR T 10 B R kR,
AN TE B 1) 2 A0 20k LG B ] 4 P

Table 3. Packet loss rate under different loads

%3 TRIAHTHER R

45 BB H (FE4517D) f£4; 5G (%) TSN-only (%) MEC-only (%) Fil B (%)
5 0.12 0.08 0.05 0.0001
10 0.35 0.15 0.12 0.0002
20 0.98 0.32 0.28 0.0003
30 1.56 0.58 0.52 0.0004
40 2.35 0.87 0.79 0.0005
50 3.21 1.25 1.08 0.0006

K 4 BoR T PUREIEEAFE 3 N E AR, ME M MR, %4 56 HiEknEaERR
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Figure 4. Comparison of packet loss rate
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Table 4. Computing resource utilization

=4 HERRFAR

1155 BIE R (R 5515D) 14 5G (%) TSN-only (%) MEC-only (%) il 5 55 (%)
5 45.6 52.3 58.9 725
10 52.3 58.7 65.4 74.1
20 58.9 65.2 72.1 76.3
30 62.1 68.7 75.6 785
40 65.3 72.9 78.9 83.6
50 68.7 75.2 82.3 85.3
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Figure 5. Comparison of computing resource utilization for four algorithms
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5 fon 1 DU A SRR TSR BRI A R RS b i S R REAE S5 EI AR S RIS, I T e
I BEURA IR (11 85.3%), Hpshval e/, REVFIEREA ROERN AEAAL, PREFSIRI ER A .

3.3. ZESH

NATH VG FIETERE, ASCE XL T EEaTEREIRIF Q, LZAE B IS AT, Al SR B Y5 A H %2
W, Dy +W, - Ly + W, U
- W, +W, +W,

norm

Q norm (6)

He, D, WE—EE, L, AEEAR, U WEEEERF R, W . W, W, ARE &R
¥, AXBEN 0.4, 0.4, 0.2,

% 5 JBoR T VURPRIEAE S 5330 1R 55 10) RIS AHEREVT 7 o Al L3RS T i) Q {#(0.892),
BE T HAh S H

Table 5. Comprehensive performance evaluation at a load of 30 tasks/second
5. LREMEITMA(fagk: 30 1E5/H)

T REFR AR 1£4; 56 TSN-only MEC-only RlA R

I AE (ms) 98.4 38.3 326 20.1

I ZE U5 — A0 B 0.204 0.523 0.615 1.000
FEALR (%) 1.56 0.58 0.52 0.0004
ZRZFE 0.0003 0.0007 0.0008 1.000
SR H (%) 62.1 68.7 75.6 85.4
FIHZA—ME 0.727 0.804 0.885 1.000
AT Q 0.245 0.402 0.458 0.892

4. &g

ASCEEN L P X AR ZEIEAE oK, 381 7 —MEET 5G-A 1) TSN 5 MEC &8k, Hohdt
TSN SCHURMED 2 WAl F2 i), R 1 i TR) AUkl 25 R e PR AE s AR5 R MEC #2600 A BT RE,  SeBl
TIHHEAR S R3S SR L. RS RRY, SHEGEIEMIL, Frigma Bk ne 25 B AR o 2
N 4 (f5% i 83.7%), N4 TR FHIZE 1078 2], [F) I $2 e R USRI % 2 85% A I

e HE

LR S AR AR EL T H (2024AH051653), AL TR T2 Bk 44 it & A5 H (2025xAljy02) .
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