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Abstract: LEO mega-constellations are revolutionizing global broadband connectivity landscape. However, constrained by the multidi-
mensional scarcity of on-board power, spectrum bandwidth, and beam hopping time slots, efficient resource scheduling critically de-
pends on prior knowledge of future traffic demands. Consequently, achieving robust multi-step forecasting of downlink traffic intensity
at the logical beam level is indispensable for enabling proactive resource provisioning. To address the long-term periodicity and local
burstiness of satellite traffic, a decoupled spatio-temporal forecasting framework is proposed. Specifically, this method utilizes data-
adaptive orthogonal complex-valued bases to extract dominant temporal evolution patterns, achieving trend prediction via low-
dimensional subspace projection and basis extension. Subsequently, a sparse vector autoregression model is introduced to model predic-
tion residuals, explicitly capturing transient spatial couplings among beams. Experimental results demonstrate that, leveraging its com-
pact representation and sparse structure, the proposed framework achieves superior prediction accuracy with significantly reduced com-
putational overhead compared to existing baselines algorithms.
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1. L=288, H=144 0.2219 0.370 7 0.5110 2.707 2 1.2952
2. L=288, H=288 0.266 6 0.403 9 0.556 1 3.2525 1.4107

NLinear
3. [=144, H=144 0.2196 0.370 2 0.508 3 2.6792 1.293 4
4. L=144, H=288 0.288 5 0.4227 0.578 5 35196 1.476 9
1. L=288, H=144 02171 0.3599 0.505 4 2.6489 1.2574
2. =288, H=288 0.263 6 0.399 5 0.5529 32160 1.3954

DLinear
3. L=144, H=144 0.209 5 0.3533 0.496 4 2.5558 1.2343
4. L=144, H=288 0.278 0 0.410 6 0.567 8 33916 1.434 6
1. L=288, H=144 0.381 1 0.477 2 0.669 6 4.6490 1.666 4
2. =288, H=288 0.269 5 0.3999 0.559 1 3.2879 1.396 8

PatchTST
3. L=144, H=144 03162 0.436 1 0.6100 3.8574 1.523 1
4. L=144, H=288 0.3803 0.474 3 0.664 1 4.6392 1.656 3
1. L=288, H=144 0.271 0 0.408 5 0.564 7 3.306 2 1.426 8
2. [=288, H=288 03223 0.446 7 0.611 4 3.9319 1.560 2

CycleNet
3. [=144, H=144 02295 0.3732 0.5196 2.799 4 1.3039
4. L=144, H=288 0.3183 0.440 3 0.607 6 3.883 1 1.5380
1. L=288, H=144 0.353 6 0.444 8 0.6450 43135 1.553 6
2. L=288, H=288 03713 0.458 3 0.656 3 45294 1.600 8

Informer
3. [=144, H=144 0.3385 0.4193 0.6310 4.1293 1.464 5
4. L=144, H=288 0.334 6 0.432 4 0.623 0 4.0817 1.5102
1. L=288, H=144 0.204 3 0.356 7 0.490 3 24926 1.2457
B 2. L=288, H=288 0.258 8 0.398 5 0.547 8 3.1577 1.3917

AT

3. [=144, H=144 0.203 8 0.354 8 0.489 6 24865 1.2391
4. L=144, H=288 02771 0.404 9 0.566 9 33806 14143

FRTIONRS FEAERE M. HorP, ARIMAfE R it
R, fERTA LA S R 2=, L RSE bR
T-0.79, XFRIGUE T &G e MBI XE LA i fe T2
N2 el NN E | 2= N S = ) O E SN R =]
SNSRI, JCR AR TIAE 55 Fh iR 22 el R B
ST ARIMA, FiT 5 TR LGB AL A
F# . Hrh, DL DLinear 1 NLinear J G314l £k 14 5

R R I HH R ) S 4 ), MR RRAE 2 AU O MR T
£+ Transformer 22511 Informer i PatchTST R, X3
WP T BR B, 2 2ok e e A TR AN = I ) 2 A
NG 2| R S e S S SVl R AR W ) T S B2 K5
B RN G, RSO T3 A 4 BRI 5 i
3B (51, 20 4) IS 7T AR 2T
AR e APk R D s i . KIS EETMESS (L=



<32 K —RAEAF B 2%

CANE S

288, H=288) M1, A JjiLnMSE (0258 8) fiI RSE
(0.547 8) KR AARAY, UFIH T HAT KA AOEat
TEL=144, H=144[W DN GS T, ASCHHE A T
AE 5 R I i £ 11 DLinear B3 th A% O #2307, RSE 4845
(0.489 6 vs 0.496 4) KIRRFFIRA o W LUANH] L/H 5 A]
VAR IR, T BRI P Tt e 22 0 Bl 46 U224 H 19 0
11 FE, XS TIESS S SR, ATy
AN LN YRR IR rRE s PERE . Bilan, o
] 288 204 144 25 (1 SRRt T 144 25 1 0l (3
Stlvs 5e3), AT BRI 29 0.49 ) RSE, Ji&
I NS BRI RAFE NG T X EFR LS TA
SO 77 il 27 > 40 B R ) S A B SRR R AP AZ O
I, iR K R B B 1 s S i
JIALH, DRI AR B e AN TR B R D st i rh
I —500 . TN B B

NI UF R AAZ DA B, i3 (L=
144, H = 144) 38 NI T 7M.

N T B UEAR SR T i & AR D A I FE
KA 53 (L= 144,H = 144) & N7 7 4RS00
(FEUESESE ., VAR FMEORE N p = 3), 53 BITPALI (AN
1B >] (Ortho) 5 =S MIEFE 22 K 1F (Spatial) fRibk
DTk, B IHRLSES A RN K2,

F2 BREAMHFHRMSIIEER

i) MSE(1—1L) | MAE(U1—{LJ5) | RSE(T—1L))
ARSI
S 0.209 9 03643 0.496 9
R s[RI
AT
) A 02115 0.369 7 0.498 8
(REIEAZZI5R)
AR T (5E8%) 0.203 8 0.354 8 0.489 6

o ARSI E (RS2 RIRER) - U I TA]
S R A ) AR BE AT IO, A BEA T AT A A ]

KSR ONEIER LN« 7R TR )
YIZRrf, FEER T Jk RS B 1) 1E 28 1 29 bt
(BP2, =0).

THRL SRS RN, KRS AR RS (w/o
Spatial) , BUFTAASEERRPRH I N, X url] Ml
ST S (A RIS, AT D R s N sl
TS5 HA ] 2R BB B AR T AR E S
PR FIARET VAR IR IE 75 T AR IE A Ui sax 03]
TR SIS TR P 25 R A TR AME 1 . KR IEAS LR
J& (w/o Ortho), FAUMEREFIFEHIL N, 1R ML
FiA 2 > — 2T (DUERRI BE I i, g Rk e B — el
ARSI I AR (CANAS R R )) , iAo
TR AT R, BTEEE, Bk D AL R R
TURAIRE, (ESIBsER R (BIRED HREMs
3, ITHRETF T 2tk FAL M SRR o

A SRR T AR TS 5 2 A, SR b R
JERGEE, O T B PRS2 PR ) SR R T 5 O
N T EWME R AR T RN S EEUR, R3INE TR
R RS ERRE T A (LSTM. GRU) KO
b 572 Informer M PatchTST 7ES 80 Fl L& 24 FIY
ZESF o AE AT R BN S, ARSI 5 AT >
K =4 E A & SRR 2 kb . AL
1240 (~10077) K Informer o PatchTST, A5 7EH]
SNSRI LR (~477), fETHRER T
12/ 0E 2 . Transformer JSRE AGHERE P K & 20 107E
ST, N N AT O BRI o AR SR
JrE R HEEE A A B e R e (BERIN AR RN iR
HFEIRTE (VARKZIE) 415k, HobBE S 4 BARN T4
NFAHE L2210

4 ZRiF

FZE o RSN 22 5 o T 52 P48 Bl 2 B R B AT
:3 BERBSPESUESZEEILL (AEKL, BNSKH, REKEEEJ)
it [N 2] ZHm R PUES =P HEPRAT i
Lstv JE— ~4(d*+dL) O(L -d*) o - d?)
o (15 JiPA L) (T HEE. 1)
~ 12d° (b E3/phes
Informer ProbSparse Attention (& Jﬁﬁ ises) O(LlogL - d) O(LlogL - d)
(120 50A 1)
" . bi ~ 12d? x Patches O(Lz ) O(LZ )
PatchTST Transformer + Patching (80J3LL 1)
TFRSHE + 2K(L+H)+ple,,
KSR - ol O(K(L+H)) O(K - H)
i VAR 4TLE)




Fom FREARRE . RPN U ok TR T A7 b 55 3 B Al s T o5 92 - 33
NV SR TRS HE . SR et sk, e —phaf the 2018 IEEE Global Communications Conference

PR RS AT OB PE R IN 2 B0 1 o ARSI s T4 8
WA T — AR BCITIAEZE . B JefEm TRlh, i
o2 I FE N B AC R, DAZRMEEE A 5 A
PEHAIME S £ 2 JUE R S8 BE BRfE
2[R, NI TR I 2 22 b A T, il T i 4
ARSI LA B LR 1) 8 [ [l AR, RS B LE i
AR XN IR B 5 DR A Rl o AE AT B B B
LR IR SRR, AR IS B AMAE 2 R AL
NHWAT TR T A IR LB TS, BRI
ST E PRI R s R, H o —EIE”
AT TR R A A AR, RTINS AR 2 H
LM R R e A A E R E R RS X
PEASCRITER 7 166y 1L B 2K 1) BHTP ST 554 L]
FIBRISRE, AT EETH B0 53 IR S R0 DR e H = IR 55
St BAT B SR R B

SE 3k

[1] HanC, LiuAJ, Huo LY, et al. A prediction-based resource match-
ing scheme for rentable LEO satellite communication network[J].
IEEE Communications Letters, 2020, 24(2): 414-417.

[2] Pachler N, Del portillo I, Crawley E F, et al. An updated compari-
son of four low earth orbit satellite constellation systems to pro-
vide global broadband[C]//Proceedings of the 2021 IEEE Interna-
tional Conference on Communications Workshops (ICC Work-
shops). Piscataway: IEEE Press, 2021: 1-7.

[3] Kassing S, Bhattacherjee D, Aguas A B, et al. Exploring the “Inter-
net from space” with hypatia[C]//Proceedings of the ACM Internet
Measurement Conference. New York: ACM, 2020: 214-229.

[4] Choi C S, Baccelli F. Stochastic geometry and dynamical system
analysis of walker satellite constellations[J]. IEEE Transactions on
Vehicular Technology, 2025: 1-6.

[5] Fang H, Zhao H'Y, Shi J X, et al. Robust live streaming over LEO
satellite constellations: measurement, analysis, and handover-
aware adaptation[C]//Proceedings of the 32nd ACM International
Conference on Multimedia. New York: ACM, 2024: 5958-5966.

[6] Mohan N, Ferguson A E, Cech H, et al. A multifaceted look at star-
link performance[C]//Proceedings of the ACM Web Conference
2024. New York: ACM, 2024: 2723-2734.

[71 Aasim, Singh S N, Mohapatra A. Repeated wavelet transform
based ARIMA model for very short-term wind speed forecasting[J].
Renewable Energy, 2019, 136: 758-768.

[8] ZhuY, Sheng M, Li J D, et al. Traffic modeling and performance

analysis for remote sensing satellite networks[C]//Proceedings of

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(GLOBECOM). Piscataway: IEEE Press, 2018: 1-6.

Han C, Xiong W, Yu R H. A hybrid forecasting model for self-
similar traffic in LEO mega-constellation networks[J]. Aerospace,
2024, 11(3): 191.

Demirci Y, Mantelet G, Martel S, et al. Forecasting self-similar user
traffic demand using transformers in LEO satellite networks[PP].
arXiv preprint, 2025, arXiv:2509.10917.

Chen Q, Zhang Y, Guo J M, et al. Traffic prediction based on surro-
gate model in satellite constellation networks[C]//Proceedings of
the 2019 12th IFIP Wireless and Mobile Networking Conference
(WMNC). Piscataway: IEEE Press, 2019: 126-130.

CaiJY, Song S T, Zhang H P, et al. Satellite network traffic predic-
tion based on LSTM and GAN[C]//Proceedings of the 2023 IEEE
3rd International Conference on Information Technology, Big Data
and Artificial Intelligence (ICIBA). Piscataway: IEEE Press, 2023:
175-178.

Liu Z G, Li W J, Feng J X, et al. Research on satellite network traf-
fic prediction based on improved GRU neural network[J]. Sensors,
2022, 22(22): 8678.

Wang C Z, Wang L, Wei S W, et al. STN-GCN: spatial and tempo-
ral normalization graph convolutional neural networks for traffic
flow forecasting[J]. Electronics, 2023, 12(14): 3158.

Vinchoff C, Chung N, Gordon T, et al. Traffic prediction in optical
networks using graph convolutional generative adversarial net-
works[C]//Proceedings of the 2020 22nd International Conference
on Transparent Optical Networks (ICTON). Piscataway: IEEE
Press, 2020: 1-4.

LiuK X, Zhang Y S, Lu S. A dynamic spatio-temporal traffic predic-
tion model applicable to low earth orbit satellite constellations[J].
Electronics, 2025, 14(5): 1052.

LiM, Wang Y W, Wang Z W, et al. A deep learning method based on
an attention mechanism for wireless network traffic prediction[J].
Ad Hoc Networks, 2020, 107: 102258.

Fournier Q, Caron G M, Aloise D. A practical survey on faster and
lighter transformers[J]. ACM Computing Surveys, 2023, 55(14s):
1-40.

Zhou W, Wang W, Zhao D. Passenger flow forecasting in metro
transfer station based on the combination of singular spectrum
analysis and AdaBoost-weighted extreme learning machine[J]. Sen-
sors, 2020, 20(12): 3555.

Mirjalili S, Mirjalili S M, Lewis A. Grey wolf optimizer[J]. Ad-
vances in Engineering Software, 2014, 69: 46-61.

Liu C T, Pan J Y. Optimal beamwidth for maximizing uplink cover-
age probability in quasi earth-fixed LEO satellite communication

system[J]. Electronics, 2024, 13(7): 1349.



« 34 -

Rty — A5 B4 CoNE S

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Zhang Y, Wang Y, Cao H T, et al. Self-similar traffic prediction for
LEO satellite networks based on LSTM[J]. IET Communications,
2025, 19: (1): 1-10.

Fan D H, Zhou S L, Luo J H, et al. Joint traffic prediction and han-
dover design for LEO satellite networks with LSTM and attention-
enhanced rainbow DQN[J]. Electronics, 2025, 14(15): 3040.
5L BOHE, ARz, % —FhEE T 55 B B (R T A BOR
BN OCELIL). JCERIE(E, 2023, 13(4): 35-44,

Ma Q L, Zhao H, Shao S'Y, et al. A dynamic beam switching algo-
rithm for LEO satellite based on communication traffic volume
prediction[J]. Hans Journal of Wireless Communications, 2023, 13
(4): 35-44.

Hochreiter S, Schmidhuber J. Long short-term memory[J]. Neural
Computation, 1997, 9(8): 1735-1780.

Zeng A L, Chen M X, Zhang L, et al. Are transformers effective
for time series forecasting? [J]. Proceedings of the AAAI Confer-
ence on Artificial Intelligence, 2023, 37(9): 11121-11128.

Nie Y, Nguyen N H, Sinthong P, et al. A time series is worth 64
words: long-term forecasting with transformers[C]//International
Conference on Learning Representations (ICLR). 2023.

Hu XY, Lin S S, Lin W W, et al. CycleNet: enhancing time series
forecasting through modeling periodic patterns[C]//Proceedings of

the Advances in Neural Information Processing Systems 37. Neu-

[29]

ral Information Processing Systems Foundation, Inc. (NeurIPS),
2024.

Zhou H'Y, Zhang S H, Peng J Q, et al. Informer: beyond efficient
transformer for long sequence time-series forecasting[J]. Proceed-
ings of the AAAI Conference on Artificial Intelligence, 2021, 35
(12): 11106-11115.

HEE R

#B3A%R (2002- ), B, ALHTEE T KRR
S e e 3 e wed O S X B AW I I A e

LRI 2 T

K (1989- ), “, fHiL, JbmP T K
15 B ST AR BT B, EEEHIITT 1A N
- RH—AAEIAES | BRAT R SIS R RE LS o



