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Abstract

In response to the engineering requirements for reliable operation and flexible deployment of
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networks in complex marine environments on large ship platforms, this article proposes a ship
borne 5G hierarchical distributed network architecture and supporting deployment scheme from a
systems engineering perspective. At the technical level, it integrates three key technologies, namely,
machine fixed hierarchical collaborative networking, distributed core network hot backup, and
multi access edge computing local data autonomy. It relies on the hierarchical collaboration mech-
anism to complete the dynamic networking of fixed base stations and mobile nodes. It combines the
core network hot backup and user pool sharing, and the AMF capacity weight configuration speci-
fied in the 3GPP standard to achieve rapid self-healing of network element failures, and completes
the security isolation of classified information with the help of the edge local data closed-loop pro-
cessing; It sorts out the specialized equipment forms that are suitable for ship space and operating
environment at the landing level, and supports the construction of large-scale ship dedicated net-
work projects. The entire architecture can achieve network self-healing in the event of local damage
to network elements, and dynamically expand coverage for emergency communication and re-
gional hotspot blind filling scenarios. It is compatible with multiple types of shipborne terminal ac-
cess and can rely on satellite feedback links to achieve shore sea network interoperability, provid-
ing technical support for building a multi ship cross platform integrated maritime mobile commu-
nication system. The overall solution is not only an engineering application of existing 5G private
network standards, but also a systematic optimization and innovation for the special needs of ship
platforms.
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Figure 1. 5G hierarchical and distributed network architecture for large vessel platforms
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Figure 2. Hybrid networking architecture of shipborne A/B-type integrated base stations
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Figure 3. Disaster recovery networking architecture for the primary and backup core network

3. EFRLMAE RE WA

4.2. BLMBERRFIEKRGE

AMF Pool X3 KI5 F, M&iumE N\ AMF1 ) GUAMI (Globally Unique AMF Identifier, 4:J7)
ME— AMF FRIAFT)RT S, AMFL (1) N2 $2 sy, Jub 5T 5 34 50, 7E AMF Pool X845 N2
FEOIEH B AMF2. 4 H 4T AMF A2 EOGEME AMF, W AMF [FE4EH S, 2 TR
EHTGRTEM ZH 1 AMF .

Feuh R & umiE ) AMF1 5%, ¥ Registration Request 1 5 3% -6 2 34 67 ) JiR U & 326 1) Pool [X 35,

DOI: 10.12677/hjwc.2026.164006 64 ToLkm s


https://doi.org/10.12677/hjwc.2026.164006

B dm i

AR IEH 1 AMF2 b 35 H P JEREM ) AMF #f%, ] New AMF [f] Service Reject /2., 2
FHT KBS Registration Request YH 8., 58 8] £ 4% O RVEFARURE

Step 1: 3l & I ¢ vy M) AMF1 (Old AMF) B, ¥ Service Request Y J2. 25 T 47 2 34 i 11 Ji i ¢
163 Pool X gk N HABARAS IEH () AMF2 (New AMF) L.

Step 2: New AMF &H %450 H 7 R3¢, &5k [E Service Reject.

Step 3: £ B HT [A) Ll K LI A Registration Request 75 S5 K .

Step 4: L35 HH M B AMF K% %515 3K Service Request 7 £

Ji BEAE A A% 00 W 58 R DI WA AR . AR I 4.

‘ 1. Service Request

»

2. Service Reject
Srolidide il i B

3. Registration

Rﬂuest
AMEF Selection

4. Service Request

Figure 4. Service request procedure for registering to a new AMF

B 4. JEMBIFT AMF BBRSIEKRIE

5. BIRHA AR

BEXARART & BUL 55 Bl 1 2 RRE T R, R Z AL MEC)EIR,  Riks € XAkl 55
KRR M BIAZ N 5, SIS R A AR WS A6k, (ERBUREHE A A, Aid R
AL RERE, MRS L) I A5 ) 24 R e Y B AR, AR DR ALY 53 R B F6) 22 4 I 12 )

DNN: cb DNN:cb @

—N4— = AR SRR

@ N3
DNN:

ee @
o R

gNB

(R Y
DNN: cbmec

@ BAFHR

TR
\'\%/l
e \L
A

Figure S. Shipborne 5G private network MEC enables data autonomy within the domain

5. fREL 5G W MEC SEELEURIEIA B A %eH
NRANFENERTT 5G k952 FAu b EiEh] . Seear. R 58 LRI 48R 7K, FIH UPF

DOI: 10.12677/hjwc.2026.164006 65


https://doi.org/10.12677/hjwc.2026.164006

J i

W

(User Plane Function, FFTHIZHAEE)E N 5G M 45 MEC < B FERA M SEIE MR 5G BT, A
(] L P T Tob 55 HA A R L SZ A5 1) Ao i AL B

N SEIR ATV 22 A T AR R SR, T ) SRR B 2 4 R B 1) 22 NI v SR A A Ak B S
TG, BOMEENE UPF, —&F UPF iEEAILRS, 5 —8Eil% UPF Ry7 2RSS, ]
BT BT X, SCAMBIEEY . BARSCIAERFITE WLE 5.

1% UPF scBLH PG EEY, 281 BATE0R R E, FIRE ALl 550 S, AR
AIFHT DNN FC B AH R AL 45 M 28 8 B . =E UPF f¥) DNN (Data Network Name, #8545 42 FK) 1% & N cb,
N6 LB Mg A RS 2%, 1% UPF ) DNN # &N cbmec, N6 FCE N5 ALkl 55 Bk 55 4% -

6. &5i%

ASCHE T — G KRBT 6 1 5G 2 23 AT AU 2 388, I 1R st & TR S ABOR B B 2 L
FEA ] L SEHLE E & M S HLEN L 0 G R BE T, FER ) s 2 Ba A A BRI B iR ok, R
RYCTES FBI> WL R P DI TE I . AT AT R THILRE 1 6 48 52 580 Wnde Sl 2 1 IRDE 15 A 47
REAIAMESS ORIERE T, NAE BB G BORAE RBUAGART G V& AL ST TR AE SR O 1 W] 5 5CH%, AR 5G &
REZ G FRAE S, NG SHEE T 6 TSR K LR s 5k R 4R 0t Tt FoEat. AL
il RTINS SE MO LRI, 5G MR T SEAESRTH TP 98 w5 8 5 AR I8 [RIAN , RE K B JEA A,
DINEART SRS I L B2 W 25 R RE AL TH AL 1 IR S 2 S A X 48 TR e

SE ik

1 SKMHE, AR, MW, 25 SRR IR TR R BT[], ARARS HEVE TR, 2025, 41(2): 18-23.
1 B, HOBOMR. BN P R RS B (E B R R AT (9], MR BT 5T, 2020(3): 10-12+61.

1 BrTe, ZEHENN. 5G fE HE AR LA IEE 5 = 2 i Fu (1], AR HER, 2021, 43(5A): 109-111.

1 #E. 5G AT L M SRR R [T]. IME THE, 2023, 42(24): 94-98.

1 XR. 2T 5G 1 STG M#is s KA T [J]. B3NEIE, 2024, 48(11): 51-56.

[6] %%, ZEH, R4, & s i a s EEoAR RS A 7). Wi ER, 2025(12): 29-33.
[7] firEtE, £ES. T 5G BARKMALERE REHITI]. PR, 2024, 41(4): 5-9.

[8] ZEM%E. BT 5G BRMMIMEE I RG], MMRIAEIR, 2021, 43(18): 142-144.

[9] MB/EZE. 3T 5G BEHARKIMATMLE R[] AR R, 2022, 44(8): 157-160.

[10] ZERH. HT 5SGBERARMAAMGE RG] MAEERR, 2022, 44(23): 169-172.

[11] AR, R, T30W, & BT 56 IMRENER&IEE R ITI]. BHESEH %R, 2020, 6(4): 310-318.
[12] k&, BRZ. T 5G @EMIMNE B REMRR RGRII]. MATRAEIR, 2024, 46(19): 137-140.

[13] 3GPP (2022) TS 23.501 V17.0.0: System Architecture for the SG System. 3GPP.

[14] 3GPP (2022) TS 23.502 V17.0.0: Procedures for the 5G System. 3GPP.

[15] 3GPP (2026) TS 23.558 V19.7.0: Architecture for Enabling Edge Applications. 3GPP.

[16] 3GPP (2023) TS 38.413 V16.12.0: NG-RAN; NG Application Protocol (NGAP). 3GPP.

DOI: 10.12677/hjwc.2026.164006 66 g BN


https://doi.org/10.12677/hjwc.2026.164006

	大型船舶平台5G专网设计与部署研究
	摘  要
	关键词
	Research on the Design and Deployment of Private 5G Networks for Large Ship Platforms
	Abstract
	Keywords
	1. 引言
	2. 5G分级分布式网络架构
	3. 5G固定与机动专网分级协同设计
	3.1. A型一体化基站设计
	3.2. A/B型一体化基站混合组网
	3.3. 固定机动专网分级协同设计

	4. 核心网容灾备份设计
	4.1. 核心网容灾组网架构
	4.2. 核心网容灾服务请求流程

	5. 数据域内自治设计
	6. 结语
	参考文献

