Tl EMMSENBERIETRN

EEIR TN R bR S W45 & REdmHEZR M 5 KPR

xR, BEE, E=2X, &N, BmEs, i’
(1. BawFAHEKTE, BEH H 710071;
2. REHZH:EZREH Ras), Lx 100083)

W OE: R TAT AR RS 2 R R OR, MR SR MR IR R ARG 2
RN AR W% B R A WD) BT R G HE A SRR B, BEE A R RN [ R M A X 4% 11 22 Ak
MR%5 TRk ARG KRG M 4 dn R RIE T 10 A R 2 b, 5 I gmHE 3 B . S50 U B S A iR 5%
RER A ZE S5 I . = UK S I 4 i [ AR TS = BB AR R S RS, AT R R M R X 45 St 1 58
MESEGENE . BT, R T R RIS R A U R LA B O R, BEREE T R EIR S K i
R X2 R gm0 T 6, AR R M P B N 3 9 26 U0 R s 4k 58 R AR, R LE T 3 284
IR 2R ()P 4 s fb it ), CAYEAL BT de B e ik R AR » 9250 5 G IR T 738 I B3 X 28 AR 7 K it
A X258 B A HE R RS O P R R

XHEIR: REREMLE; RHAh &N TR Rk SRR

FENHES: TP393

YHIFRERE: A

doi: 10.11959/j.issn.1000-0801.2025134

Intent-driven intelligent orchestration for satellite-terrestrial
networks : system architecture and key technologies

FAN Ronggian', CHENG Zhimi’, LI Qiao', YANG Chungang', OUYANG Ying', WANG Pu'

1. Xidian University, Xi’an 710071, China
2. Datang Mobile Communications Equipment Co. , Ltd., Beijing 100083, China

Abstract: To meet the diverse and flexible service demands of heterogeneous networks across various industries,
building an on-demand intelligent network slicing and orchestration system that integrates terrestrial and satellite net-
works has become a crucial direction for future network development. Through resource orchestration and logical iso-
lation, network slicing can effectively support differentiated service requirements in satellite-terrestrial networks. Tra-
ditional network orchestration technologies in satellite-terrestrial networks often face challenges such as low orches-
tration efficiency, difficult resource scheduling, and poor service assurance when dealing with dynamic and complex

scenarios. Intent-driven networks, leveraging natural language understanding technology and closed-loop dynamic
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feedback mechanisms, can provide adaptability and intelligence for satellite-terrestrial networks. Based on this, an

intent-driven satellite-terrestrial network slicing orchestration architecture and its key technologies were proposed.

Subsequently, an intent-driven satellite-terrestrial network intelligent orchestration experimental platform was estab-

lished, which specifically demonstrated the entire process from user intent input to network slice instantiation

completion. A comparison of the average instantiation time of three types of network slices was conducted to evalu-

ate the effectiveness of the proposed intelligent orchestration system. The experimental results verified the adaptabil-

ity and efficiency of intent-driven networking technology in the intelligent orchestration of satellite-terrestrial

networks.

Key words: intent-driven network, satellite-terrestrial network, intelligent slice orchestration, intent assurance
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lrootukzs-node1:~: kubectl get pod -A
NAMESPACE NAME
kube-system helm-install-traefik-crd-xxcxt
kube-system helm-install-traefik-hxrvw
kube-system
kubernetes-dashboard
kubernetes-dashboard
kube-system
kube-system
kube-system
kube-system
kube-system
kihe.system
aislicel-2
aislicel-

coredns-6¢c46d74d64-réhng

traefik-55fdc6d984-bfc28
svclb-traefik-gngtd
metrics-server-ff9dbcb6c-wpwbd
calica-node.iddn?

amflight2- nsd-576d5d57d6-d9277
upflight2-nsd-9b6d585fd-ktj2f
nrflight3-nsd-7b8fbb74cc-wgvéb
smflight2 54468549bd-mlg2x
pcflight3-nsd-7f8b8d49cd-nvh94
udmlight3- -598c95b6c5-b716q

aislicel-

root@ue3:~# kubectl get pod -A
NAME
stall-traefik-crd-wlrtt
-traefik-4d55m

\oca\-path~pvovxsloner~54bb864455~r<5k2
scraper-856586f554-t7j9v
d-7b9b87bb74-x85t8

kubernetes-dashboard dashboard-metrics
kubernetes-dashboard e
svclb- 'r\cfxx kx8j

coredns-6¢c46d74d64-rv5q9

calico-kube-controllers-69f595f8f8-gbvwz

metrics-server-ff9dbcb6c-khéré
traefik-55fdc6d984-2wxt4
calico-node-tf881
-5dc56b7565-t8xac
1-56588dfbdc-6xwlk
1-5dc9c98d85-ghj9c
-6f4bd875¢cf-9xwtp

aislice2- sd-b9c4c89dc-qjcgk

local-path-provisioner-84bb864455-fd4j2
dashboard-metrics-scraper-856586f554-65wdb
kubernetes-dashboard-7b9b87bb74-hgnsm

calico-kube-controllers-69f595f8f8-b18g5
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STATUS KESTAKTS AUE
Completed 6y167d
Completed 6y167d
Running 6y167d
Running 339d
Running 339d
Running 3 6y131d
Running 6yl67d
Running 6y167d
Running 339d
Running 6yl32d
ann‘nc 2304
Running 45s
Running 45s
Running 45s
Running 45s
Running 45s
Running 45s

STATUS T AGE

Completed 2y166d
Completed 2y166d
Running 2yl166d
! 2y166d

o 2

2y166d
2y166d
2y166d
2yle6d
2y166d
2y166d
2y166d
3m33s
31s
31s
31s
31s
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wain (1) [Java Application] fhomefjava/jdk1.8.0_144/binfava (2020645 228 T F8:33:58)
Fivess Mobile Identity Length:ll
nas corde:888bf2641023011002000005db
Type_of_identity:Five GUTI
URL = https:f/172.18.1.219:38335/ransvl/rrc-connection- ceconfiguration- complete
2020-04-22 20:34:07:458 Send RRC Conne: N
URL = https://172.16.1,.219:38333/ ran/ ete

Code: 200 SUPT: 11 S6-GUTI: 4B0IZ101 100200000563

set wl path status supi=6,dnn=null,sta o
2020-04-22 20:34:07:460 Send RRC Conneg onLine an:

URL = https://172.10.1.219:30333/ran/y lete
Code: 200 1

set wl path status supi=1.dnn=null,.sta s | = |
2020-04-22 20:34:07:475 Send RRC Connec . T ik
URL = hEttps:/f/172.10.1,219:38335/ ransy FeiRiR ] | lete
Code: 200 - —

set wl path status supi=7,dnn=null,sta HRESC—CUTT Rl i
Code: 200 L d 1

set wl path status supi=8,dnn=null,sta 1
Code: 208 MicoliTE | Lt e |
set wl path status supi=2,dnn=null,sta

Code: 200 B

set wl path status supi=3,dnn=null,sta g

2020-04-22 20:34:07:649 Receive RRC Cof  EMdiwmsh

Extended_Protocol_Discriminator:7e SRS R
§ . P AR
Security header type:@ FEM I
Spare_half_octet:8 FEM A E A Th
SER AT

RegistrationAccept

FIVEGS registration_result_Length:2
FIVEGS registration_result:@ 3GPPACCESS
FivedS Mobile Identity Length:ll

nas corde:8epbf2641023011002000005d3
Type_of_identity:Five GUTI 1=
2029-84-22 20:34:07:650 Send RAC Conned

URL = hEtps://172.10.1.219:308335/ran/vl/rrc-connection-ceconfiguration- complete
Code: 288

set Wl path status supi=10,dnn=null,status=45

Code: 200

RRCConnectionkeconfigurationComplete [ nas_pdu=[126, @, &7]]

RRCConnectionfeconfigurationComplete [ nas_pdu=[126, 0, 67]]

RRCConnectionReconfigurationComplete [ nas_pdu=[126, @, 67])

IRCConnectionfeconfiguration [nas pdu=[126, @, 66, 2, 1, 119, @, 11, -14, 188, 16, 35, 1, 1

&N]: RRCConnectionReconfigurationComplete [ nas_pdu=[126, 8, 67]]

2020-84-22 20:34:11:843 Send RRC Connection Reconfiguration Complete [UE--=RAN]: RRCConnectionfeconfigurationComplete [ nas pdu=[126, 8, 67]]

URL = https://172.10.1.219:39333/ ran/vl/rro-connection- ceconfiguration- complete
Code: 200
set wl path status supi=3,dnn=null,status=H{F!

4 s S i

FE. VNF SEBIALET SE . 5 SE 0w 2 B A D)
AR N TR7) )Pl a7l Dok 1 i 1 P T
WM fE PR i B AR M E SR, B
TIF 7% P 9K 2 9 24 5 AR R b il & X 4 37 5% R 1)
Rtk 5 idE .

p: e L R s ) P SR A DR )]
o BIEAT 4 s, Il PR E R
R AR T R], TSP IE . SEIGET
)38 1 Python JI A% I 2T, KSR MRS =
B2 S0 58 B B ) i, 3 280 P 2 S il Ak
S [A]0T LG A P 5 BT o

o8]

(=3

(=}
T
+

N

wn

(=]
T

~ B LUk
= MY
~ BN

AR /s
)
S
S

150
100 ]
50 1 1

1 2 3 4

S B IR
5 3RU AT SLGIALI [E) X L

HE S &, B V)R 14 RS54 5
NO9ls. 93 s. 87 sAI95s, “F-HsEl b [a] Ky
91.5 s; T U v 1 4 PR S48 ) 18] 43 90 24 280 s+
270 s\ 275 sH1276s, “FHASLBILbA A4 275.25 55
SIS T 1 4 URSRBG R 1] 43550 301 s+ 290 s
295 s 1298 s, ~FIY SIS [A] 4296 so HILLA]
W, YRR Se A T e, Mt U0 A IR
Z, BHECE Y- PY s pAGe RK. BE E
DI e R ERIEA R, (THERER, L
IR, B R, R KRR
Hiv ) Fr S I TR A T R MBS U, (BT
mT RV, K2R FHENSE I REEE
HEE B DR MR S M 2, SRR
FEAXS S A% BRHBCEU) F SL et Rk,
HFEEF A 582 BRIE, &
A, R E A . XS R E T
= P K B R 4% R AE R A R 4% B RE g HE R
MG ALY S At . = K Bl K b il A ) 24
AEgnHE RGUME 2 FEALI 5CF 15 BB AN [H]
P RS &R, KRR m BIRS HE b . 3R



« 27 o

BERNE 2025 4% 54

W R, 9 R A 2 D) R e A PR
BT AT R

5 RE

B R P28 USRI RF RS T, 75 25N
BRI BARHES M R R B L . mkfl. BRE
WA, SEHIMAARE. AEHE,. Bt
Mo AR EE LRSS T SRR, 3R TF I3t
A 2% (R RIS 4ERE ) O BRI R R 25
BHE LAY, R ESAGFEER. £
DIR AT BB S SE it TRALIRIZ 48 B 587
TR BRSO AU, B SRR 4%
WSS TIRAR, LI B SE e 5 NG
A PRAE BRI R TR O T TS RE SR K PR B i /2 I e 55
oRo [N, Z5EKiE SRR, B ek
BRI, FAKE SRR R HIE RS
HERRRETT, SRTT I B AR 21 19 2% SR PR
JE, Hgsm R BBz AL RE

6 ZERIE

B EIKE R A 4 REmHE R GBS
SKBL, NMZRIZE TIROE T RS WE R RZE )
FrIRGSHRERE ST, AT RSN AL 25 R 55 355
Rk ss SISSHERE LT K. LRGSR
RIED e B e R b s B E i AT - ke N DX
UM U0 S, 2 B T i 5 2 B BHRE
BRI, MBI SHIEAAES), RGRENEHR
R 28 2555 5 P @ RO U e S, SR g5 O
BERE S5 D) A HRE K B ST, R IR S 2%
I REALERE SR T 9y IIEORSHE, HEsh
Bk, ARG AR R

SE Mk

(1] R By, PNERIE, BEGAH], %5 . 6G IR R 3B 5 B H AR T
oh [ R f5 AR, 2024, 54(5): 1177-1214.
CHEN S Z, SUN S H, KANG S L, et al. Key technologies for

6G integrated satellite-terrestrial mobile communication[J]. Sci-

[10]

[11]

[12]

[13]

entia Sinica (Informationis), 2024, 54(5): 1177-1214.

I, WR LA, SEW T 6G (K B2 R P 48 2R 0], v %l
HA, 2023, 29(5): 9-15.

XU H, CHEN S Z, Al M. Integrated satellite and terrestrial
network architecture for 6G[J]. ZTE Technology Journal, 2023,
29(5): 9-15.

ZHU X M, JIANG C X. Integrated satellite-terrestrial networks
toward 6G: architectures, applications, and challenges[J]. IEEE
Internet of Things Journal, 2022, 9(1): 437-461.

R, I, ok R, A R EIIK a2 o Y 25 D) g
E#Hl[I]. mAERE, 2023, 39(9): 1-11.

ZHAO X X, XUE F G, ZHANG L L, et al. Intent-driven end-
to-end network slicing orchestration and control[J]. Telecom-
munications Science, 2023, 39(9): 1-11.

OUYANG Y, YANG C G, SONG Y B, et al. A brief survey and
implementation on refinement for intent-driven networking[J].
IEEE Network, 2021, 35(6): 75-83.

DRIF Y, CHAPUT E, LAVINAL E, et al. An extensible net-
work slicing framework for satellite integration into 5G[J]. In-
ternational Journal of Satellite Communications and Network-
ing, 2021, 39(4): 339-357.

AR, AL, 8, & SR EE H M R S
KRR, P92 TR 44), 2023, 50(1): 1-11.

CUI XY, WU J, ZHOU Y Q, et al. Challenges of and key tech-
nologies for the air-space-ground integrated network[J]. Jour-
nal of Xidian University, 2023, 50(1): 1-11.

RBEH), SESE, Wokot, 55 BT IR A P SR IE B 1 A
b Fil B 109 28 W 35 03 AT 55 BB SRR ], JEAE 241, 2024, 45(10):
116-128.

SONG X Q, WU Z H, LAI H G, et al. Split task offloading al-
gorithm for satellite-ground integrated networks based on deep
deterministic policy gradient[J]. Journal on Communications,
2024, 45(10): 116-128.

KIM T, KWAK J, CHOI J P. Satellite edge computing architec-
ture and network slice scheduling for IoT support[J]. IEEE In-
ternet of Things Journal, 2022, 9(16): 14938-14951.

AHMED T, ALLEG A, FERRUS R, et al. On-demand network
slicing using SDN/NFV-enabled satellite ground segment sys-
tems[C]//Proceedings of the 2018 4th IEEE Conference on Net-
work Softwarization and Workshops (NetSoft). Piscataway:
IEEE Press, 2018: 242-246.

SHEN Y, ZHOU Q, WEN Y, et al. Integrated satellite-terrestrial
network framework for next generation smart grid[J]. IEEE
Transactions on Smart Grid, 2024, 15(5): 5249-5252.

KIM T, KWAK J, CHOI J P. Satellite network slice planning:
architecture, performance analysis, and open issues[J]. IEEE
Vehicular Technology Magazine, 2023, 18(2): 29-38.

LEI L, YUAN Y X, VU T X, et al. Dynamic-adaptive Al solu-



[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

« 28 «

tions for network slicing management in satellite-integrated
BS5G systems[J]. IEEE Network, 2021, 35(6): 91-97.

WU H Q, CHEN J Y, ZHOU C H, et al. Learning-based joint
resource slicing and scheduling in space-terrestrial integrated
vehicular networks[J]. Journal of Communications and Infor-
mation Networks, 2021, 6(3): 208-223.

LID B, SUNY C, PENG J L, et al. Dual network computation
offloading based on DRL for satellite-terrestrial integrated net-
works[J]. IEEE Transactions on Mobile Computing, 2025, 24(3):
2270-2284.

YANG C G, MI X R, OUYANG Y, et al. SMART intent-driven
network management[J]. IEEE Communications Magazine,
2023, 61(1): 106-112.

ZHANG J W, YANG C G, DONG R, et al. Intent-driven closed-
loop control and management framework for 6G open RAN[J].
IEEE Internet of Things Journal, 2024, 11(4): 6314-6327.
WANGIJY,ZHANGL,YANGY R, etal. Network meets ChatGPT:
intent autonomous management, control and operation[J]. Journal
of Communications and Information Networks, 2023, 8(3):
239-255.

DA COSTAAM, MURILLO L M C. Integration of network slice
controller for enhanced intent-based networking in 5G/6G net-
works[C]//Proceedings of the 18th Workshop on Mobility in the
Evolving Internet Architecture. New York: ACM Press, 2023:
31-36.

ABBAS K, NAUMAN A, BILAL M, et al. Al-driven data ana-
Iytics and intent-based networking for orchestration and control
of B5G consumer electronics services[J]. IEEE Transactions on
Consumer Electronics, 2024, 70(1): 2155-2169.

LIJ, ZOU S, SUN Y L, et al. Business intent and network slic-
ing correlation dataset from data-driven perspective[J]. Scien-
tific Data, 2025, 12: 419.

MCNAMARA J, CAMPS-MUR D, GOODARZI M, et al. NLP
powered intent based network management for private 5G net-
works[J]. IEEE Access, 2023, 11: 36642-36657.

K 5E e, MW, A, A5 R B IRBIIK 2 R 1 T e R
FLE R, 2022, 38(10): 107-119.

ZHANG L L, YANG C G, WANG D, et al. Intent-driven cloud-
network convergence on-demand orchestration[J]. Telecommu-
nications Science, 2022, 38(10): 107-119.

ZHANG L L, YANG C G, OUYANG Y, et al. ISFC: intent-
driven service function chaining for satellite networks[C]//Pro-
ceedings of the 2022 27th Asia Pacific Conference on Commu-
nications (APCC). Piscataway: IEEE Press, 2022: 544-549.
OUYANGY, LI C L, ZHANG J W, et al. Intent-driven 6G end-
to-end network orchestration[C]//Proceedings of the IEEE
INFOCOM 2024 - IEEE Conference on Computer Communica-
tions Workshops (INFOCOM WKSHPS). Piscataway: IEEE
Press, 2024: 1-2.

(HEE RN

ewRE (2001-), B, WL TR K
A, AT A S B IR 4
K Fh A P4 gw e 5

BE®E (1980-), %, fld, KFEBHE
FREARAF EYE LM, EEMNHF6G.
BEPE RIS, TR A SR BORT 7 LAE

I (2002-), B, VR T RO
A, BT RO RIS M4 i
B3 P 2% 1) 1y G o

#w&EN (1982-), %, i+, FHwm TR
HREHAZ, EEHIC)T RN E E IR Eh 3
R4 . B REM B A5 Bk R e LN
2R TR AN S L R 2% i R R 2% 3 1 R

Fi.

BRERFR (1995-), &, P2 TRHECRS
FE A5, T ERE R TT A S B RS M
4. RS P2

F# (2003-), T, WHEHETREKEE
B, FEEHI T RO E E IR . Tk
JEAE P4 YR B



