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Abstract: In order to improve the energy efficiency and service fairness of satellite-terrestrial networks, and reducing
the intra-system interference, this paper proposes an energy-efficiency power allocation algorithm for satellite-terrestrial non-
orthogonal multiple access networks. Firstly, we design a strategy for satellite users selection and terrestrial users grouping
based on the principle of maximizing system energy efficiency. Secondly, we establish a satellite and terrestrial power alloca-
tion optimization model under the constraints of the intra-system interference, maximum emission power, and users service
quality. Then, the non-convex problem based on energy efficiency is converted into the convex optimization problem by the
successive convex approximation and Dinkelbach method. The analytical solutions are obtained by the Lagrangian dual and
subgradient iteration approach. The results show that the energy efficiency of the proposed pairing strategy improves by
about 13.4% relative to the greedy algorithm strategy and improves by about 8.2% relative to the fixed correlation strategy
when the maximum emission power of the base station is 50 dBm.And the energy efficiency of the proposed joint optimal
power allocation algorithm increases by about 14.5% compared to the orthogonal multiple access power allocation strategy.
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IR FIABE g 1o 245 372 127,
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Z A W (5 W B . SCHR [ 15 18] FH Stackelberg 1 25 45
BB T — Bl TN B DA T 5L AR T
i W 4 A P 28O R B R AR TR) AL, O TR BT HC P g
T g — 5075 . SCEk 16 J0F9E T e KAk
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SR A G) T 3 P R o H P )Y Corr(G, )
681tk py =0.pp=le=¢,

7: repeat py=(p, +pg)/2

8 AT A R i

9:  if Corr(i,j)> py.e(i.j)=1

10:  else e(i,/)=0

11:  endif

12: R RIFIETE 8K G R RIEHCE G,
13: if G, =N,then

14: p=py
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16:  end if
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N
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(23)
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T A )5 P A e 53 s MLl A, ¥ LASR
144 S AR % B4 Dinkelbach B, Ak )18 P, fi) A5 ]
AR Sy AL )L P

N
max z[ log, (1 + g, )+log, (1 + yBrif):|

_nB(EPB;~[+PBC ) (26)

s.t. C,,C,
i F 20 (26) AR pREL, SR F SCA ¥ [n] B 4% £k
AR AR ). SCRiR (23 JIERH T SCA FYUSCE: . R F X
BOE L XS B s R A A T8

ln(l + yBri )2 gBri ln yBri +ﬂBri (27>
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?Br'
= ! 2
Oor 1+7g, (28)
= )7 i by
ﬁBri = ln (1 + yBri )_ 1 +B>7Bri ln yBri (29)

PEAT AR B, 4 Py, = e, SR AL IRV A T L) 23k
SR AL P, .
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P
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i=1

N
+Ap (P ax — zel’m )+ o5 (Py—wy)
o

HAHERI Dy (Ag. 05) A
max Dy (15, ¢05)

. b 32
Dy (Ag.05)= lppf{L(ervnBﬂtiwB)} (32)
HRAE KKT 5544, S AR D 2853 Be i
Py (t+ =
— HBrif + 0Brin
In2- K (|hB”fw e’s“”a+l//1) In2-x
(33)
A,
[x] =max{0,x} (34)
R N
K=(1g+igt 05y, > g, 0,0) (35)
r=1j=1j#i
Y, =0ggt+Ogp T 0, (36)
Wy=0gg+0, (37)
SR U B 3B AR T VR X S0 A B g UEA TR
igrl: |:j';3_dl (PBmaX_ zeﬁm ) (38>
i=1
o5 =oh-d,(Py-y)] (39)

i, d,,d, AR . M 3 0 T R AT ) B S
PN IE 2 s .

ZFTE G IUHRLAS B H S 80 2 BT
TR 2 O(N? ), ANZ TGRS T8 3 L R - F g
RCRIT I O(N?), 1 TH RASHb I Ll [H]
ZSRR TR E 24 O(RN?).
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1: BRI Py,, (0= 0,75 = 0,85 RIEIRKEL B B 1,0y, = One= 1B, =
Poir=0.t1=1,=1

2: repeat

30 WA H T L0180 K d d,
4: RIE9). KOOWIHRIL 05068

5:  repeat

6:  AMRIERGI)EH Py, ¢+ 1)

7: AREE38). BOEH L0,

8 HRPEO) . U0 0045

9 ty=t,+1

10:  until Ag,px 18K or 1, > B,

11: Py, (t))=Pg,(t,+1)

12 ARAE (23 IL I R R RO 1,

13: HiR4E028). 229 H 0y,.85,:

14: t,=t,+1

15: until ng 8k ort,> B,

i FA% B H R TE TS

Py, (t+ =D

PR TR Iy BE i

+

esn(o'ésﬁ”f) (41)

R K,-2N

In2(ns+ps+9s z z |hSn v,fe Pol ])

r=1 i=

R FHUR A BE AR T X S8 g T g AT EE
p" = = dy (P — i Z (42)
¢ts+l:[¢ts_d4(Pth_‘//3)] (43)
Y3=0ggt+0g5 T 0y (44)

K d,,d, MERAEK . TREIRSE B LN E
E3HTR.

E%3 DEDNRHEERR

L: WA TP, (25)=0.5= 0.8, = 0, NN Z R IERIKELS .Sty =1,=1

2: repeat

30 WHRIRAE I H A T pe.d o B K d o d,

4: MHE(16), AU 046065
5:  repeat
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8 ME(16). (7)EH 0pg.06:
9 ty=t;+1

10: until g Mg W or 1> S,

12 Pg,i(6;)=Ps, (t;+1)

12: ARFE(19) A T BB i
13: MR4E(28), (29 H 0,85,
14: t,=t,+1

15: until nsq&ﬁ?ﬁor 1,28,
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TR LA P O , Hr L= i(K,_zN).

R N AT RIS B H S50 43 B D) R i A
SR B O(L? + LNR), A1 JZ 008 1 T ™ 30 fRd A - F g
HRCRITEE I E N O(L?), H Bk A B R 24
J O(L* + LNR).
3.3 DEMEBRSIESEMMK

H1 T TR T P R P 2 8] AR BT, B
X —A> B AR #EATO0AL T RS BB AS W 25 14 B AL 2 3 4
BC SRS . A T A5 20 RS LIl D 2% 1) e O T e o L SR G
P T RIS TR USRS TR ANG v 4
JR

BHik4 BAESEERRE

LA = 1,Py,, ()= 0,Pg,, () = 0, R AR U M
2:forr=1:R do

30 RAEIE 3T Py, (t+1)

4: end for

5: MR PR 4 B Py, (14 1)

6:t=t+1

72 if max Py, (t+ D= Py, (0. Ps, (t+ )= Ps,, () S or 12 M

8: end if
9: else ZETH Py, ()=Py,, (t+ 1), Pg,,(()=Ps,, (t+1)
10: AT 9% 2

FER 4 Bk 2 FUEL 3B A I T B — Rk
FRAT BN D) R4 Bie 7 R AR ST 3E 48, 15 2 W 25 R H
T —UGEAR, B 2R RISk B i B g, A
WAL A BT 4 O(L* + LNR + RN?).

4 FEZERSHH

4.1 FESHEE

R T I UEAS ST B Ty A4y B S B A R L e b
ARG RERE MRS AR S5z 8 WA O R, A
MATLAB X 4% SC Al $2 53k AT 05 B b . I R Gk
EFE LA RN 44 M Tr 3ty , T3 REREICH 8, FEuhi e
F AN R . RESEANR 2R

R2 RESY
e Ky
HPEHK 24
R e 2 GHz
WL B 10 MHz
W7 ) R 5 E N ~174 dBm/Hz

TR EHE P, -80 dBm
i i R Py o 43 dBm
BERS /2 | UK 90 dBm
TRmEH 1000 km

A SCUE TR R A P BT SR S — ARy
T AR R Y L XS SR (greedy algorithm) , AT F
T AH 2 B f K, A 2 s B A FH P A T X5 5
T Ay [ 2 P AH 5 J2E SR W (fixed correlation ) , 18 & & X2
F9 P P B X A DG ISR, e 4% HA i KA B3 4 22 ¢ 10
R b A7 B o6 [ B R TR T B AR ST
NOMA i1 & B A T 24 T 7 %2 (NOMA Joint Optimal
Power Allocation, NOMA-JOPA ) 1) i Fh 1) 25 43 fic B 1=
SF — i o 3 T 1E 58 22 hik B 3K A i e T 556 4 i o s )
(OMA Joint Optimal Power Allocation, OMA-JOPA) , %5
AT NOMA 1 43 5L AE 552 (NOMA Separately
Optimal Power Allocation, NOMA-SOPA ).

4.2 (FEZRHSH

T8 03 Be SRk B WSSk an 1 2 B s, L 2 v i) A
FH P BE SRR TR T P B A5CR A T H g
&SI N T TSP F SIS AW NS B KR/ R7 SN
NS, B A P e ORI S #) 3.32 bps/Hz/W ,
o R P RE ORI S E] 1.3 bps/Hz/W |, M T F P 6
ORI SIF) 2.02 bps/Hz/W. 7] LI ) H T8 FH P RE &
RORBI AT A 33X 2 i T T 0 B 18 A7
FERR® 7 TR P B &S A, 2 T TR P R EE
E‘)‘&z

5 —o— IR RERACR
4.5t —=— Wi P R RO
A 14 —— BT P RE R A

§3-5 \‘*ﬁﬂnﬁu .

N 3

£25 R

S

I 1.5

2

S 10 15 20 25 30 35 40 45 50
AUEK

2 RERERBCRISE

P 3 i 7 o+ YL L BE B0 BE B R B2 i
A T YU B 19 R, M TR ) 245 1) RE i R E T B
Wi, L0 0 24 1) RE B A A0 M 1 o, R b R R AR AN
I/ NE R, R AT TARRAE . 1 i TR TR
(L, T35 AT L S R A S S o R g M D P AT
%, TR M2 R RE SRS B 1 $2 71, i 1 i ) 45 32 2|
(T8GR, P RE B A5 A B TR .y T M A T2
RS R I R B RGN R R R A BT
TR . BARGI A TUR MIZ AL 1 — 350 3t v o0 465 (19 fiE
R0, AFLR AT L Ay SR TR P 194 5 22 ] 488 AL i e o
R 55 .
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35t SR P BEATRC R, 38 285 s 3 P 22 6] A 4 1 AR
R S | T PP AR F P 4
P B R AR
&
‘L; ? —— DR REESCE HRN S S 3= greedy algorithm
B It P e R RCE —&— fixed correlation
i) —e— T BRI AR —e— proposed algorithm
N T B A M5 IE 3
0.5F
2.5 A

o A SN S S N SR
2100 95 90 -85 -80 -75 -70 -65 -60
THUEE I {E /dBm

3 T HLRLEE B (R X Rt AR

T VA BB SEV R E E RCR R B0 OF L
5B TR DR VERA) E I 5] A RS RERUACK 1,
E X H

R K-2N

N
Z‘CBri+ 2 Z CSri

r=1 i

= Py+Pyc+{(Ps+Pyc)

K45 (RN TR DR E VN @ w sl

2~ 5. B4 PR AN ] P I R R T Bk R 2k B %t
RGLRERL IS . ] 4 AT, BE A Rl K28 H ny g
I, RGERE R SEIG IS TR . 2l T A
DIy O I A NI N 2 151 D2 Dl 7/ A1 e e 9L
KRBT IIR AR, RGERMAFAE—E /N FRR. JFE
Bl E RZKCH 1938 2, T H00R B B (X R 4 e i k0%
P4 55 T 10 2 Y 8 00, EL A A/ T M IR B R 9 R e e

(45)

35
B, 70d8n
I 7,80 aBm
[ 2,--90dBm

I
n

)
T

n
T

RGERELRIH 1/ (bps/Hz/W)

—_
T

o
n

0

1 2 3 6 7 8

4 5
FEE R H
4 ok KRB H X 2R G RER A5

LS i AR RN B S T 2R G e S 0R I LA
Wil R ST A K, REREEACR B K F /N . X
S T B A G DI SR A 3G K, 2 (i ) 53R (10 20 4 1 i K
S DRBCENIUPOR 6 TR S R N Y E |
50 dBm H, 74 ST $ 6T 5 B AR G T 5 A8 S0 SR W R
I 8 FH G BE SRS 43 B ARAS T 20 13.4% £ 8.2% M E & 4L

ZRYLRERACR N [(bps/Hz/W)
]

—
S

—

30 35 40 45 50 55 60 65
B KR T %/ dBm
E5  AS[EECXT A s

P 6 i 7s AN R DR A3 B 6 T R G RE iR
M ELES . Bl & S DR K, R G RE R K G
WIS LB i KR S D)% 50 dBm B AR LG EE T IE
2 221k 19 53 ) 5 0 ) 343 T SR S, AR SC T 4 AR 4R T
T 10.1% [ R GG R SUR . WANES St T 00 1 5k
W& TE 73 S B 0 M R | H3RAS T 4.9% R RE R BICR
PETF AR SRR B 2R AR T, T DL AR RE AL
SRETE N IR IR 22 IR A T AU B

33 —o0— OMA-JOPA

—A— NOMA-SOPA
—c— NOMA-JOPA

[5%)

===

g
) W

FRYRERE 1/(bps/Hz/W)
n

e

35 40 45 50 55 60 65
Huli e R B 0 /dBm
Ko AR B TT 5 LR

%)
(=]

5 #ig

AR SR X M R 45 1) D) AR R IR AL A 1
F, fE NOMA HOARZERN I 48 T — R T RER RN
SRR T AR e A T L NOMA T A7
il i 2 A< O AR Y, LRSI R 20 TS ) R iy T 1
FH P Ve T FH P 3 2 3 T 3R 03 I 341 TRt
iz P AT D0 A R S S x T0AS A T 2y R 73 P
() AT SR A, B J 4 1) 07— 2 el 0 2% 3 [+) D 2 03



%

5 1 |

iy

SEFRERSCR Y B H NOMA 28 D)% 43 e S0k

1317

TiC 54 % A 2k — A0 0T 2 1l 0 245 ) RE i 200%  BR(ELAS SR
R, A SO 4 DR 23 BE SR 0 35 32 T T R GERY fiE
AR JF B R 52 A B AR B AR T O R gt
FEES v

SE 3k

(1]

ZHANG H J, LIU N, CHU X L, et al. Network slicing
based 5G and future mobile networks: Mobility, resource
management, and challenges[J]. IEEE Communications
Magazine, 2017, 55(8): 138-145.

FEUkITE, ARIESE . H2H 5 M2M 4735 50T i B AT HEUR 4
FSETLJ]. H 72441, 2018, 46(5): 1259-1264.

JIANG lJi-sheng, ZHU Xiao-rong. An uplink resource allo-
cation algorithm under the scenario of coexistence of H2H
& M2M based on knapsack model[J]. Acta Electronica Si-
nica, 2018, 46(5): 1259-1264. (in Chinese)

CHEN S Z, SUN S H, KANG S L. System integration of
terrestrial mobile communication and satellite communica-
tion-the trends, challenges and key technologies in B5G
and 6G[J]. China Communications, 2020, 17(12): 156-171.
WANG W J, CHEN T T, DING R, et al. Location-based
timing advance estimation for 5G integrated LEO satellite
communications[J]. IEEE Transactions on Vehicular Tech-
nology, 2021, 70(6): 6002-6017.

ANIMESH Y, CHEN Q, PROMOD K V, et al. On perfor-
mance comparison of multi-antenna HD-NOMA, SCMA,
and PD-NOMA schemes[J]. IEEE Wireless Communica-
tions Letters, 2021, 10(4): 715-719.

HUANG R L, WAN D H, JI F, et al. Performance analysis
of NOMA-based cooperative networks with relay selection
[J]. China Communications, 2020, 17(11): 111-119.
WANG A Y, LEI L, EVA L, et al. NOMA-enabled multi-
beam satellite systems: Joint optimization to overcome of-
fered-requested data mismatches[J]. IEEE Transactions on
Vehicular Technology, 2021, 70(1): 900-913.

CHANG Z, LEI L, ZHANG H Q, et al. Energy-efficient
and secure resource allocation for multiple-antenna NO-
MA with wireless power transfer[J]. IEEE Transactions on
Green Communications and Networking, 2018, 2(4): 1059-
1071.

LIN Y H, YANG Z, GUO H Y. Proportional fairness-
based energy-efficient power allocation in downlink MI-
MO-NOMA systems with statistical CSI[J]. China Com-
munications, 2019, 16(12): 47-55.

[10] LIN Z, LIN M, WANG J B, et al. Joint Beamforming and

power allocation for satellite-terrestrial integrated net-

works with non-orthogonal multiple access[J]. IEEE Jour-

(11]

[12]

[13]

[14]

[17]

(18]

[20]

[21]

nal of Selected Topics in Signal Processing, 2019, 13(3):
657-670.

LI B, FEI Z S, CHU Z, et al. Robust chance-constrained
secure transmission for cognitive satellite-terrestrial net-
works[J]. IEEE Transactions on Vehicular Technology,
2018, 67(5): 4208-4219.

LIN Z, LIN M, ZHU W P, et al. Secure and energy effi-
cient transmission for RSMA-based cognitive satellite-ter-
restrial Networks[J]. IEEE Wireless Communications Let-
ters, 2021, 10(2): 251-255.

ZHANG Y M, ZHANG H J, ZHOU H, et al. Resource al-
location in terrestrial-satellite-based next generation mul-
tiple access networks with interference cooperation[J].
IEEE Journal on Selected Areas in Communication,
2022, 40(4): 1210-1221.

MUHAMMED A J, MA Z, ZHANG Z Q, et al. Energy-
efficient resource allocation for NOMA based small cell
networks with wireless backhauls[J]. IEEE Transactions
on Communications, 2020, 68(6): 3766-3781.

LICY, ZHANG Q, LI Q Z, et al. Price-based power allo-
cation for non-orthogonal multiple access systems[J].
IEEE Wireless Communications Letters, 2016, 5(6):
664-667.

ZUO H L, TAO X F. Power allocation optimization for
uplink non-orthogonal multiple access systems[C]//9th In-
ternational Conference on Wireless Communications and
Signal Processing(WCSP). Nanjing: IEEE, 2017: 1-5.
RO, W5, PRATA . BT A58 36 CSIHY 544 NOMA
P28 BER AL SRR D). T8 152741, 2020, 41(7): 131-140.
XU Y J, XIE H, CHEN Q B. Energy efficiency optimiza-
tion algorithm for heterogeneous NOMA network based
on imperfect CSI[J]. Journal on Communications, 2020,
41(7): 131-140.

ARAVANIS A I, BHAVANI SHANKAR M R, ARAPO-
GLOU P D,et al. Power allocation in multibeam satellite
systems: A two-stage multi-objective optimization[J].
IEEE Transactions on Wireless Communications, 2015,
14(6): 3171-3182.

ZHU X M, JIANG C X, KUANG L L, et al. Non-orthogo-
nal multiple access based integrated terrestrial-satellite
networks[J]. IEEE Journal on Selected Areas in Commu-
nications, 2017, 35(10): 2253-2267.

WANG L N, WU Y N, ZHANG H J, et al. Resource allo-
cation for NOMA based space-terrestrial satellite net-
works[J]. IEEE Transactions on Wireless Communica-
tions, 2021, 20(2): 1065-1075.

GALIL Z. Efficient algorithms for finding maximum



1318

LI -

2023 4F

matching in graphs[J]. ACM Computing Surveys, 1986,

18(1): 23-38.

[22] DING Z G, ADACHI F, POOR. H V. The application of
MIMO to non-orthogonal multiple access[J]. IEEE Trans-

actions
537-552.

on Wireless Communications, 2016, 15(1):

[23] MARKS B R, WRIGHT G P. Technical note—A general

inner approximation algorithm for nonconvex mathemati-

cal programs[J]. Operations Research, 1978, 26(4):

681-683.

[24] DENG B Y, JIANG C X, YAN J, et. al. Joint multigroup

precoding and resource allocation in integrated terrestrial-

satellite networks[J]. IEEE Transactions on Vehicular
Technology, 2019, 68(8): 8075-8090.

[25] KIMY B, LIM S, KIM H, et al. Non-orthogonal multiple
access in a downlink multiuser beamforming system[C]//
MILCOM 2013—2013 IEEE Military Communications
Conference. Piscataway: IEEE, 2014: 1278-1283.

[26] DAIL L, WANG B C, PENG M G, et. al. Hybrid precod-
ing-based millimeter-wave massive MIMO-NOMA with

simultaneous wireless information and power transfer[J].

IEEE Journal on Selected Areas in Communications,
2019, 37(1): 131-141.

fE&E 't

= E B 9TEETIREE. %
FETRIAEL TS Ap L. 1%
W7 A DDl R R IR LA .
E-mail: 1300358390@qq.com

ZEE  J1979FA TR BN
FTRERAME B L S b 27 2
BT 1) TR DGR 5 M 4% | 23 [k
ITHAR.

E-mail: tz_228@163.com

WA 53,1964 A THR 2N . BN
BETRRIRAF LS FHE B LTI
FHWFFE T 0] R HOG I IEEOR TR GE S 5 W
2% 2 B o T ROR

E-mail: zhaoshangh@aliyun.com



