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Abstract: Despite the rapid expansion of satellite internet constellations for global coverage, static spectrum allocation cannot
cope with the time-varying propagation and traffic dynamics of space-ground integrated networks. Here we systematically survey
four dominant technical paradigms for spectrum sharing including Non-Orthogonal Multiple Access (NOMA ), Cognitive Radio
(CR), blockchain and Artificial Intelligence (ATl). We elaborate their fundamental operating principles, map the full body of con-
temporary literature, and benchmark their trade-offs across five core quantitative dimensions including applicable deployment sce -
narios, computational overhead, spectrum utilization efficiency, interference resilience and bit-error performance. Our cross-tech-
nology comparison reveals distinct intrinsic limitations. The NOMA is well-suited for high-user-density scenarios but suffers per-
formance degradation from Successive Interference Cancellation (SIC) residual noise. The CR performance relies on high-preci-
sion wideband spectrum sensing. The blockchain enables verifiable, equitable spectrum trading at the cost of substantial transaction
latency. The data-driven AT facilitates predictive dynamic resource scheduling yet is constrained by the scarcity and quality of
training datasets. By integrating the advantages of multiple technologies, we propose several recommendations aimed at providing
areference for future standardized engineering implementations.
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Figure 1 NOMA -based spectrum sharing model
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Table 3 Research on blockchain and Al in Satellite Internet Spectrum Sharing
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BA%E NOMA CR X 4% Al
A HH P EEE HAMEL T A 5 A AL R HHAL LTS
BHRAHAHME MESENE RTHSAN ERSSHFEMFLN FEKESLHTNK
BRE  TEAEHRLLHR EMAETE.SHATENS BERWHE 20 22 BECFRSH
SIC g £ VBRI W ET % 3 %
BEL R 11T ‘ BELEAB ARG, R, T AR KIERS
T EY o B AR
Rl A SIC 7 4 % SRR e R HRPHEETE X F BIE | %
W 542 5 R T
gy TEREAREEA AN R L 1;@%;;\55%; FRTN S H AR, 4
P T Rz INE - Ny e
’ S A F % : e 37 B 4 R
b o w R
WHEMTH, EFE B PUTH 0S5 AR HATRFN G M8 8
TR F o F R AHEETH
PTRRY mpemsTaEE 3 P R 2 SR E
1%53 $ 10—2 . 10—4[491 10—4~ 10—5{501 7[: E%%ﬁ “r’ﬂ {41; ;ﬁ >= 10—5

MR 4 TR, A SO £ B A 0 L = R
ZAVAFAE 25 0 25 S, TR 45 4 2 ) LA R AT
RN 7T 2

O3 1 5 AR BRAE DT T, NOMA i i A 7] 2
268

G R Z2 A P 43 e A [R]85 R, i L AE =
FEEY s TREREAFLGE, H NOMA fH:hE
o E AR P 1) B £ 0 25 57, T T 45 v EE AR
P oA 3450, ) SIC HE LA ZLIX 43 FH (55, A



JERTE AF e TR TELI ) Y OB S S LA

M5 B AE R, B NOMA ANid T P 5450 43
i 5 CR A I A9 1% 8 s 245 4 A28 IR B, LA
50T T 0 2 RIS B R A R T A B R e
CR 30 i 4% 2 w] A A9 43 1%, L sh 4 T2 W 4%
2 FHUBHE BAURTRE , DI 0 0] 551 5 X Mt i
FHF 1L ) 5503 R 0% M 202 8 i A% 22 o, Hoxg &)
BAMLGE 5 LI, & S B R E
SO LA AT B 2 2SR 3 55 5 AT 38 3k R AR K40 1|
SR IO AR oK L3S T R B A e AR, AR g
B A PR, B8 Y TR AR 4 s O aE
T, AT B DU HE LA R0 2T, 2 ng M TR0 ) o A

@B R 2R, #REAH AL CR
SRR AT, Hirh NOMA 75 % 32 Ui 52 it SIC fi
W UME S 8 2 A UPR B S INNES  xd B LE
IEE S PR E R R . A P
SR, TR SR B X TR A DA A
Ui I 5, L5 P AT R R CR 5 22 i b i ik
SRRV Qs DT E 8, X S SR T R AR A
SRART NOMA , {HAFE &5 3 A8 PR T i 22 5 00 25 1) A
T ERH AT AT Y 5 X BB TR R R T
oA A B A7 A IRBVE TR R 58 ) B ik, Horp
TAE IR I 45 4% g S RHL R B R, MR g
UE W R o 2 258 4 2L U A BEAR T35 TF 4 , (2A))
XA IS A 3 5 R A5 5 AT T 82 b B R HLASE B dfe A
Y2, R HE B B 1 35 o A O I, L An SR 5
FEL TR R B L TR A R A2 ) IR SR
PN R

QWL A & J7 1 ,NOMA Fl AT I H
XL HOR LI5S, Hoh NOMA i 2y 35 H]
FoR AV 224~ P 2o 2R [R5 | DTG 2 - 3% 1)
FH AR 503 52 BR T 2l 5853 T SR m A STC figk i
AEJT, UHAE R A P 50N R T T BE S i
ARG MERE ; CR o sh A 3 A 25 TR 2 3 035 2
R B SR AR T IR ORGSR DK S 8 PU
TP SR A 2 AT, 5 B AR T R X R i
Zr i gy O S AC 5 b Ay L e oS B
BRI AR B JF Jo 3 A A (A A
BH P 0 R 38 B AT BT R D G R [ 4
T A1 R 5 AT 38 a5 R T AN 3h 2 4 AR
AT A, 30 230 MO~ )1 5 5l R A 7R i
TSR T AS HERR , 0T BE T B U IR B g

O TP hE S 7, 2 B2 AR 2 AT
e 2 H AR X gk, Horp NOMA 3 22 1y X [\] 49 1
o, 8 5 o R s E A SIC F AR W T H R A

2 P BB R, SIC %R 25 1T RE R R S 8k
AT ; CR 3 5 2h 25 09 3% J8 0 Rk PU 4k,
BAE RIS T , PU M5 & & H T Ak S 504 0
ST AN B 5 3 A T 2 X R e R T
BURA T A G A AR A L EEENAET
B 003 56 GF R A, 1 TG % 1 H A0 o B2 L
) A1 4 B 7 7 14 5 AT AR 8O 9K 3h i 7 =X 1k
Tt T 55 R R AR X T o T R
PEIE =, AT RS R AT BE Gk = 2 08 11 38 0 7 .

OFF R % 7 1, 6 Bl AR 1 B R & NOMA |
B EH AR AL H i NOMA 5255 % e A 75 0wl
1073, AN s R T SIC PEfRE ; CR RIS Z R AL A 1074,
7 BT IR 5 5 X Bk JE T AR RS 58 B, AN B R
Py EAL B s AT R R TE 5 0 AR AT R, R
AlisE] 1075,

Zi L rik ,NOMA & H T F P % B i 35,
RE A $2 TH % 52 AR RS 44 3 s CR 16
RT3 A WG 52 A A = 2l A PREE T s Pk % 5 X
st 38 FHF M35 38 Sy AR SC I MR 25 5 AT RIS 1L
ST B PO T o T O . AR AR TR HLIG
Do 1 55 4 4 R Bl AS L B R AR L I R BOR D IR
BCA T — b B, o 55 % 4 b s £ 18 TR Bk
EHT AT 5 CR 4G, AT A FU AR 18 22 1k 3
SRS SR, CR R AT SE I 3 A8 422 A sk ot it
BENNEL 5 w2 5 SRS AR R, AT.CR
DA DX Hedie = 35 (R 4 B B, AT 0 A S 23 PR A
BERAM CR BN 5 , 576 5 90 X st H P i B vl
W IR AR | AR rh MR S ST 2 P
IR F K E AL S5 NOMA 44 a7 R 4 Bt
i, AR AL T35 B SR ms 5 1 P B2, NOMA I 52
Fe 2 P 3 A B

3 ZEERIF

AR SO TR LI DO i e = OGS R AT T
RGN, IR T NOMA CR X Hedi L K AT $
AR A = ep i R B TR AR
R U AL S R A Y, IS A RS R BRI
AR B SR BT R RE 1 LSRG R AF 2
HeJEIAT T XM, BeJa  E R S RBE AR
55 )Ry BR g 1, 4R R TR T R g I T Y
#r T FEARK N PR R ZHARRE TR,
454 NOMA W8 i 2 g 1 .CR 1% 3 & R A fig
T3 X HUEE R AT ERE ) B AT I RE T BE
i R R R A A AL SR R DA TR LR

269



S AF IS

2026 4 5 W] B 257 1)

X B B IR H %8 3K A TR .

BEXT A R TR I 0 S SR OR 1 R e G
POARSCHR AR A, DR R R O R O
NOMA \CR. X B4 Fil AT &4 3 (H B — 45 RIR
e R TR S S L S B e TR T IR R 24
AR A, i IR —F AR Jm BR M, o CR TR AL
A 15 B AT, $2 8 CR FEAR AR W L BR8N 1 A U
WERG P, DB R A AN IR A, 1 — 25 B TR R %
NOMA F F i1 G it 55008 /0 15 5 b B AE SR | R AL T %
FEHI WG R R GG AR BRI R I AT 47
BREDL TR, HE AT AC B AR . @ F AT BRSO
WSS ) — KBk, AT 454 DRL kit CR iR
B TPl il DRL 20 28 98 B 8 m B , $2 5 A
[F) A58 T B AT A 00 o 6 1 5 B T AT 4k NOMA
2oy B AW , AL n] EAT 8 g T 2 4 e, 2 /& R )
FH P ) ) By 2 iR B L BRAR T4 . S0k 45 AL
S Ak > 7E TR 5 00 2 52 ) R v S s )
TEAE T4, I 20 25 V8 38 0033 9% U 4 T 3R s

B E WK

(1] JESRUE, Wikt SGAE M W 25 5 R kR 5 [J]. B
FHAN, 2025, 51(3): 6-11.

Zhou S Q, Chen F T. Research on the Process of
Non-Terrestrial Networks for 5G [J]. Application of
Electronic Technique, 2025, 51(3): 6—11.

(2] JARUH B & . 5GHE M P 25 £ AR FR AL B 58 [EB/

OL]. (2025-03-07) [2025-03-30]. https://link. cnki.
net/urlid/42. 1266. TN. 20250307. 0959. 005.
Zhou S Q, Chen F T. Research On 5G Non-Terrestri-
al Network Technology Standardization [EB/OL].
(2025-03-07) [2025-03-30]. https://link. cnki. net/
urlid/42. 1266. TN. 20250307. 0959. 005.

[3] PMEfE, ZAM, B €, 5. A TREEIMN. N2

bl T 1) TR R AR [T]L bRt R AR R
2024, 47(6): 69-98.
Sun Y H, Peng M G, Zhao Y F, et al. Low Earth Or-
bit Satellite Network: From Satellite-Terrestrial Con-
vergence to the Integration of Communication, Naviga-
tion and Sensing [J]. Journal of Beijing University of
Posts and Telecommunications, 2024, 47(6): 69—98.

(4] e, TWRKs, REUN. TR HIE AL R Rk 5 07
FMAELT] P E RSB A i, 2019, 14(8)
875—881.

Gao Y Y, Wang N W, Lu Z. The Development Re-
search and Construction Suggestion of Satellite Internet

Constellations [J]. Journal of China Academy of Elec-

270

tronics and Information Technology, 2019, 14 (8) :
875—881.

[5] ArREe, SBPC. AT ] A2 H— 1A £ 099 2 1 001 3% e 22 5 3k
WrFE[T]. Bl s, 2024, 48(9): 64-70.

Fu XY, Guo Q. Spectrum Sharing Methods for Satel-
lite- Terrestrial Integrated Networks [J]. Mobile Com~-
munications, 2024, 48(9): 64—70.

[6] 3GPP TS38.811. 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network;
Study on New Radio (NR) to support non-terrestrial net
-works (Release 16) [S]. France: 3GPP Organization-
alPartners, 2020.

[7] 3GPP TS38.863. 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network;
Solutions for NR to support non-terrestrial networks
(NTN) : Non-terrestrial networks (NTN) related RF
andco-existence aspects (Release 17) [S]. France:
3GPP Or-ganizational Partners, 2023.

[8] 3GPP TS38.741. 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network;
Non-Terrestrial Networks (NTN) L-/S-band for NR
(Re-lease 18) [S]. France: 3GPP Organizational Part-
ners, 2024.

[9] 3GPP TS21.918. 3rd Generation Partnership Project;
Technical Specification Group Radio Access Network;
Technical Specification Group Services and System As-
pects; Release 18 Description; Summary of Rel-18
WorklItems (Release 18)[S]. France: 3GPP Organiza-
tional Part-ners, 2024.

[10] skE0Hr, Loz, T ek, 45 TR EIK R oc 4
ARWFFELT]. GEAF2AR, 2021, 42(8): 1-14.

Zhang G X, Wang Y F, Ding X J, et al. Research on
Several Key Technologies of Satellite Internet[J]. Jour-
nal on Communications, 2021, 42(8): 1-14.

(117 sREATE , A0 06 . T 25 [a) B 25 10 AR 1L B 3R G Mt

IR IT] U st AT A AL R K540, 2018, 44(9)
1909—-1917.
Zhang H S, Jiang B F. Spatial Isolation Methodology
for Spectral Coexistence in LEO Satellite Systems[J].
Journal of Beijing University of Aeronautics and Astro-
nautics, 2018, 44(9): 1909—1917.

[12] Clancy C, Ramaswamy V, Scher D, et al. Distributed

[

Spectrum Sharing Systems: Promises and Challenges
[C]//2024 TIEEE International Symposium on Dynamic
Spectrum Access Networks (DySPAN). Washington,
DC, USA:IEEE, 2024: 10632830.

[13] Bhattarai S, Park J J, Gao B, et al. An Overview of
Dynamic Spectrum Sharing: Ongoing Initiatives, Chal-



JERTE AF e TR TELI ) Y OB S S LA

lenges, and a Roadmap for Future Research[J]. IEEE
Transactions on Cognitive Communications and Net-
working, 2016, 2(2): 110—128.

[14] Brown C, Ghasemi A. Evolution Toward Data-Driven
Spectrum Sharing: Opportunities and Challenges [J].
IEEE Access, 2023, 11: 99680—99692.

L5 Wb, 1 ) e, XU 2%, 45 £ TNOMA-CRIY T —4

AW R L2 [ C 1/ /88 + N m TR {5 24 R 4
2 e st i AR B R g LA AE ST B, 2022
238—246.
Hu L J, Hu X H, LiuZ X, et al. Spectrum Sharing for
Next Generation Radio Network on NOMA and CR
[C]//The 18th Annual Satellite Communications Aca-
demic Conference. Beijing, China: Systems Engineering
Institute of the Academy of Military Sciences, 2022:
238—246.

[16] Kang X, Liang Y C, Garg H K, et al. Sensing-Based
Spectrum Sharing in Cognitive Radio Networks [J].
IEEE Transactions on Vehicular Technology, 2009, 58
(8): 4649—4654.

(17] FL, 254H), SRR M. I T XY 1Y) sl A M0 52 4

AEORLT]. WPk 24z, 2020, 4(2): 26—34.
Wang W, LiZ G, Wu Q H. Dynamic Spectrum Shar-
ing Access Technology based on Blockchain [J]. Chi-
nese Journal on Internet of Things, 2020, 4(2): 26—
34.

[18] Sheng T, Zhang W, Ding W, et al. Dynamic Spec-
trum Sharing and Aggregation Scheme based on Deep
Reinforcement Learning [C]//2022 International Wire-
less Communications and Mobile Computing (IWC-
MC). Dubrovnik, Croatia:IEEE, 2022: 9825001.

[19] Hoyhtya M, Mammela A, Chen X, et al. Data-
base-Assisted Spectrum Sharing in Satellite Communi-
cations: a Survey[J]. IEEE Access, 2017, 5: 25322—
25341.

[20] PREE A, BI0E, VFME, 45, TR 6G R B2 M A 190 25 030
WL HOR[T]. PGEIREI A, 2024, 30(4): 50-56.
Qu C X, Mao H B, Xu C, et al. Spectrum Sharing
Technology for Satellite-Terrestrial Integrated Net-
works towards 6G [J]. ZTE Technology Journal,
2024, 30(4): 50—56.

[21] Xu T, LiZ, GeJ, etal. A Survey on Spectrum Shar-
ing in Cognitive Radio Networks[J]. KSII Transactions
on Internet and Information Systems, 2014, 8 (11) :
3751-3774.

[22] Kaur R, Buttar A S, Anand J. Spectrum Sharing
Schemes in Cognitive Radio Network: a Survey[C]//

2018 Second International Conference on Electronics,

Communication and Aerospace Technology (ICECA).
Coimbatore, India: IEEE, 2018 8474662.

[23] Alias D M, Ragesh G K. Cognitive Radio Networks: a
Survey[C]//2016 International Conference on Wireless
Communications, Signal Processing and Networking
(WIiSPNET). Chennai, India: IEEE, 2016: 7566489.

[24] Zhang 1., Wei Z, Wang L, et al. Spectrum Sharing in
the Sky and Space: a Survey [J]. Sensors, 2023, 23
(1): 342.

[25] X 23k, HEF CR-NOMA AL Hb— 1A A6 199 45 1 5 43 i
[D]. M/REE : BEIRIE Tl K%, 2023.

Liu Y X. Performance Analysis of Integrated Satel-
lite- Terrestrial Networks Based on CR-NOMA [D].
Harbin: Harbin Institute of Technology, 2023.

[26] LiuX, Lam K'Y, Li F, etal. Spectrum Sharing for 6G

Integrated Satellite-Terrestrial Communication Net-

works Based on NOMA and CR[J]. IEEE Network,

2021, 35(4): 28—34.

Zhang X, Guo D, An K, et al. Performance Analysis

—
™)
N

S

of NOMA-Based Cooperative Spectrum Sharing in Hy -
brid Satellite- Terrestrial Networks [J]. TEEE Access,
2019, 7. 172321-172329.

[28] Liu R, Guo K, An K, et al. NOMA-Based Integrated
Satellite-Terrestrial Relay Networks under Spectrum
Sharing Environment[J]. IEEE Wireless Communica-
tions Letters, 2021, 10(6): 1266—1270.

[29] Le AT, HaN X, Do D T, et al. Enabling NOMA in
Overlay Spectrum Sharing in Hybrid Satellite-Terrestri-
al Systems[J]. IEEE Access, 2021, 9: 56616—56629.

[30] Xu T, XuY, Zhou T, et al. NOMA -Based Spectrum
Sensing for Satellite- Terrestrial Communication [J].
China Communications, 2023, 20(4): 227—242.

[31] Kk E. 2 TNOMA ) B H— A AL 9 25 5l A5 45 3% L =

HARWIFEID]. MR W R Ll K%, 2022.
Xie B Y. Research on Dynamic Spectrum Sharing
Technology of Satellite-Ground Integrated Network
based on NOMA [D].
Technology, 2022.

[32] Zhang X, Guo D, An K, et al. Auction-Based Multi-
channel Cooperative Spectrum Sharing in Hybrid Satel-
lite-Terrestrial ToT Networks [J]. IEEE Internet of
Things Journal, 2021, 8(8): 7009—7023.

[33] Zhang Y, Zhang H, Zhou H, et al. Resource Alloca-

tion in Terrestrial-Satellite-Based Next Generation

Harbin: Harbin Institute of

Multiple Access Networks with Interference Coopera-
tion[J]. IEEE Journal on Selected Areas in Communi-
cations, 2022, 40(4): 1210—-1221.

[34] Zhang 7. Research on the Performance of Overlay /

271



S AF IS

2026 4 5 W] B 257 1)

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

272

Underlay Cognitive Radio Waveforms in Different
Channels [C]//2021 9th International Symposium on
Next Generation Electronics (ISNE). Changsha, Chi-
na:IEEE, 2021: 9493626.

Feng Y, Jiao B, Song L. Satellite-Based Spectrum
Sensing for Dynamic Spectrum Sharing in Ground-Lo-
cated CRNS [J].
2011, 57(1): 105-117.

JiaM, Liu X, Gu X, et al. Joint Cooperative Spectrum

Wireless Personal Communications,

Sensing and Channel Selection Optimization for Satellite
Communication Systems based on Cognitive Radio:
Cognitive Radio Satellite Joint Cooperative Spectrum
Sensing[J]. International Journal of Satellite Communi-
cations and Networking, 2017, 35(2): 139—150.

Yu B, Zhang S, NiZ, et al. DRL-Based Underlay Dy-
namic Spectrum Access for Cognitive Satellite Net-
works under Spectrum Sensing Errors[ C]//2022 IEEE
96th Vehicular
(VTC2022-Fall).
2023: 10012830.
Liu Z, Lv W, Ren X. Spectrum Allocation Scheme
based on Stable Matching in Hierarchical Cognitive Sat-
ellite Network [J]. IEEE Access, 2022, 10: 134549—
134556.

LiuX, Lam K Y, Li F, et al. Spectrum Sharing for 6G

Technology Conference

London, United Kingdom: IEEE,

Integrated Satellite-Terrestrial Communication Net-
works based on NOMA and Cognitive Radio[ EB/OL].
(2021-01-27) [2025-03-30]. https://arxiv. org/abs/
2101. 11418

Tang F, Chen L, Li X, et al. Intelligent Spectrum As-
signment based on Dynamical Cooperation for 5G-Sat-
ellite Integrated Networks [J]. IEEE Transactions on
Cognitive Communications and Networking, 2020, 6
(2): 523—533.

Wang C, Liu N. Research on Software Defined Spec-
trum Sharing Cognitive Multi-Beam Satellite Communi-
cation System [C]//2019 IEEE 2nd International Con-
ference on Automation, Electronics and Electrical Engi-
neering (AUTEEE). Shenyang, China: IEEE, 2019:
598—601.

TRES. HET X EEMBUE I = HORDEFEID ). i b

[44]

ALK Tolk 22 B, 2024.

Xu R. Research on Blockchain based Spectrum Sharing
Technology [D]. Langfang: North China Institute of
Aerospace Engineering, 2024.

Wang C, Liu N. Research on Spectrum Sharing of
Cognitive Satellite Network based on Blockchain[C]//
2020 7th International Conference on Information Sci-
ence and Control Engineering (ICISCE). Changsha,
China:IEEE, 2021: 9532188.

Wang Z, Cao M, Jiang H, et al. Blockchain-Enabled
Dynamic Spectrum Sharing for Satellite and Terrestrial
Communication Networks [EB/OL]. (2024-08-04)
[2025-03-30]. https://arxiv. org/abs/2408. 02013
Wang 1., Zheng Y, Zhang Y, et al. Secure Spectrum
Sharing for Satellite Internet-of-Things based on Block-
chain [J].
131(1): 357—369.

Jia M, Zhang X, Sun J, et al. Intelligent Resource

Wireless Personal Communications, 2023,

Management for Satellite and Terrestrial Spectrum
Shared Networking Toward B5G [J]. TEEE Wireless
Communications, 2020, 27(1): 54—61.

Wu R, LiZ, Xie Z, et al. Intelligent Spectrum Sharing
Strategy for Integrated Satellite-Maritime Heteroge-
neous Mobile Networks[J]. IEEE Transactions on Ve-
hicular Technology, 2024, 73(5) : 6780—6794. [Link-
Out]

Hsu Y H, Lee J I, Huang L. Y, et al. A DRL-Based
Spectrum-Sharing Scheme for GEO-LEO Co-Existing
Satellite Networks [C]//2024 TEEE 99th Vehicular
Technology Conference (VTC2024-Spring).
pore, Singapore:IEEE, 2024: 10683651.
Hilario-Tacuri A, Maldonado J, Revollo M, et al. Bit
Error Rate Analysis of NOMA-OFDM in 5G Systems
with Non-Linear HPA with Memory [J]. TEEE Ac-
cess, 2021, 9: 83709—-83717.

Auyo A M, Babale S A, Bello L M. Effect of Inspired
CR-NOMA Power Allocation on Bit Error Rate for
Three User NOMA System [C]//2022 IEEE Nigeria
4th International Conference on Disruptive Technologies
for Sustainable Development (NIGERCON). Lagos,
Nigeria: [EEE, 2022: 9803163.

Singa-





