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Abstract Aimed at the problems that under condition of Underlay mode, the phenomenon of user frequen-
cy conflict interference may come out if the coverage is large with the satellite network, and the energy of
mobile users in the satellite-ground network is limited, in comprehensive consideration of the differences
between the ground stations and mobile users among satellite users, this paper constructs a multi-user joint
power control game model based on the spectrum of energy efficiency, and on the basis of the best response
strategy and based on the game model proposed, a joint optimization algorithm (COAES) spectrum of en-
ergy efficiency effect is proposed, and the spectrum efficiency and effect factor are defined. Through the
energy efficiency of different users playing with spectrum optimization requirements in terms of game theo-
ry. theory can prove its convergence to the Nash equilibrium. The simulation results show that the
COAES algorithm can meet the needs of the spectral efficiency and the energy efficiency for different us-
ers, and the combined factor increases by 50% and 35% respectively, compared with the NETMA algo-
rithm and the PRA algorithm.

Key words satellite communications; cognitive radio; energy efficiency; spectral efficiency; power con-

trol; game theory

s EHE: 2019-12-25
EETE: ERHARP¥ILSE (61871470
YEZ B BRBIE (1996—) , 53 LB 3 A B0 1A, 238 AR D A0 B4 B B8 B 9¢ . E-mail: cwl199608@163. com

SIS AL RE HH. E. EHRA I HERRERFEEFHEERANT T ZFTEAFFRAKHFN ., 2020, 21(3): 51-56.
CHEN Weilong, LIANG Jun, XIAO Nan, et al. Combined Game Power Control Algorithm for Energy Efficiency and Spectral Efficiency of
Satellite-Earth Cognitive Network[]]. Journal of Air Force Engineering University (Natural Science Edition), 2020, 21(3): 51-56.



b2 2 T TR R AR O

2020 4

TR % DR RE B S B A 4k L IXC L B A e X
S AR B M 32 B A% I i B R R kR (H2
oI T 5G FOAR R P K Jig 1l 5G B 5 TR M
Mo H g5V RETIARITC R i BRI T IR AR
LA R Z BIVF 22 5 1 T By 3 45 o 2 A JC 2 v %
U553 B Y T T Be Rz — L Tl R A o B v O O
AR 9 S 55 Dy 23 X T B X 4% B U
R MR AR BRI, FMIRemR T
figk R 2% P 2 1) B9 D) 538 5 5 Tl R 15 L B Al 4R
KTz 58 RN 45 1 D R s e bt

SCHRL3 JBe it 9 PRA Skt fe 7 M 8+
YU IR 325 181 100 2% RE A {HL I 4% 7 B 50/ . UK
AR T — b 45 e Dl S5 42 1 5 3k L I o D/ ) i it
TARE » FNZ 0% T 4571 s B RE R R RS DL . SCHRES J42
H 18 Sy SR ) Bk 18 ) A B U R N S My BE 45 4%
A AR B ERE R R, SCRRL6 148 3
LR A 5 Z 8 A X TR
PR 2 A BeA B, SCERL7 42 i iy
NETMA FEik 4R A 25 5 20 e A5 06 - 28 i Pt AT
PIES LR ERE R S TEI S RN 2 EOS LK

Li B RTIR, H AT D R4 A A A % &
REK s A A AU B — 25 18 T RESI. A B 5 JE AN [l
FURIRE R A B PGS BO AR I8 AR REARE EH P Y
AT B S VR F B C A R o BF 58 A
TR A2 A s () AL 3 B, 32 R0 LR ok
PR A2 ) R 4R JE it 25 L OF HLAR 2 of LR P 48
— =B RN R B R TE
LR 45 A2 B LLRERCA 1L S H B i X T
BRUG PR USRSl 5 B O B H AR, Wit A
SCHEA P RS 5 580 5 AN TR T i 75 3K LA
AEAN ) SR A 5 R AR D H AR 5 8 57 RE RS 1 IR
TR L AR Pt B 2§52 T — b A2 A A0 R 2% BE 2K
WA TR S L d i g OF e 1 LA R

1 ZRgER

L1 EARER

AR 30 R R B M N 45 22 P SR AT Y R
= R NG N T ST NPA R N LR = D
FURARU P e b A 35 8% 3 A 0 g il A s M
A M T g B AU o T ] S SR A
S RIA U SR RE 1) K 4R 5 TR AT A
TR A% H 4 % R Rayleigh #8784, TR R H
underlay #5381 £ 35 Hb 17 TP A9 89 B 5 R
RIA BRI EAT 0] {53 M A

--- > Tk %

—>

Uiy

PU$EZ b
L EA A IR 285 A5 Y
R AT HERE . TR S e P I —
RN SMEA. B AT RN B T AREE
HEFE I AT R S om A MU T P B TR T P B B
BEAE N Ry 5 G TR B @ A TR F T %
G E oY NNy DR DR i e PSR

G, (Dhpi
M

T,‘: N (1)

D7 byhe(inf) + D) puh pe Giam) + 6

j=1agA m=1
e 0" N E IS pr Fom LR i fERT i
fHi o, PR RS R L RBE py | po A BIFERHAR
TEMP ;A mE P m 4 oo {518 LRSI
e, ) FRMEAHE T ¢ = ¢ el D=1,
W eCij) =05 G(O) RS REIM 25 . kXN
JG 0°<< << 1°
G, () = <32 —25logl, 1°<<0< 48", (2)
L 10, 48 <9< 180°
i H— b5 5 C Komh .
C=
G, (Oh.p
7

log(1 + — ‘
2 Pihie(ij)—+ 2 Pt eiam) + 6

HIECCO AT R TR P 7 i S R e %+
WA EEY RS FEREE. Hik. DR
P AR /INHIE 18 e 45 23 oF 38 {5 o Bk 7 R R
1.2 feHmpeREs

FH P Z 18] 34T B0 A% I 23 R BE A TH G .
227 SCHRLO ] A SCAR B 1L B P 1) LR R 3% bit
Wl HERE N do WA P @ KIREFED

E () = E,l +eld" D

e edd" NAETELE A RERE ;s £, N {R5 KT L %

Rk bit BHE e AR, TR AL i B R T Ray-
leigh HLAL, ] Ay A5

pr =gl d " pi (5

K p A /MR R o FoREM FEH N T H

[l = e L, RamERAmEmaei 1 0 G i

) (3)



% 3 3

Rl e » 45 - B2 3t A0 0 4% RE S0 25 Bk 5 1 O R o R v 53

At () I 4 h = [;ﬂ TR i IRERE N .

E (i) = 2E,l +elhpi (6)

Wt 5 55 3 38 O TR P AT A A
{14 RE AR Bl 2 35 K T 0 T R T &5 /i e A3 Fl 1) A
2l P B BEAT A RO {5 I 5 O R ] T
YLD B A5 T8 H AT RE DD S S T AR gD 4 AE
1.3 gMEFSENEF

TE TR AN 45 rf s Bk P 8 45 1) e 10 2 R
A5 £ A T8 3% H BE B 2805 5 0 8RR IR B, T
TH 265 H BRI N 1 5 0 R 1 1 E S

BUAT 1 020 9F 52 Hh K RE AN SO R A R
Z BT AR R H I P A S R g w5
KT IR LA s T AR SCHE REAR LR o DA AE
i e Oy S E 2 SC T RESUN T O B TR
JUE RS TE A A gy R i S e
BRI B T R RE 3L

EX 1 BERH T e Oy 9 45 vp A2 i 25 5540 BT
LHRIES NN IF

e = - (M

st (7 LT e L 93 30 E A £ B
U ] 19 5 f 40 T 9 2 1 MO i ik

AR
EX 2 AT £ oL P B e E R

{0 B
f:§jby1+n> €))

X T C8) o B AR IE 2 O T AF 1 R
U B AR R

EX 3 BAEHT c HRERH T e S8 H 1
S AR

c=e+ f (D)

O R LU Y R RCRS AR 8K B
B RO A o — AN N A TR T 2 U
/o BRI AT RAGE 5 5K C7) FTC8) Sk Ll K 45 55 1k BB AL
5 S AL PERE L I BLRT DL i 20 (9) Sk 14 B i
& oL PERE .
1.4 {HFLER

BEAS RN AR R R AR 2 E ALY A T AR AR
B oK. AR AT RN G =
{I.pfsuy Jpt

DS 5H 1 FRR N T= {1.2,.n}) ;nH
Z 5 R BRI P AL

TR p* S 5 IR I SR 2 |] B AE A

BT H R T 26, ROR Ry pt = (phrs phe s oy Pl )
ARSI AAEERCH M, T2 @ 595K g 23 8] nf
RIRA pii = {pin s piz e pin | L[, DR
DRI KN P s

3R Ak TR — i ROk R B B IEE .
TEA SCH R v AR AS TR M O TR % A Bl (s
PEREAR 2 [ AAHL 1Y R S ) 3% F 2 B 4 B 5 ) R
B 257 R BB AL TR A o L G SR AR 1 PR
TN ARG F 0 B, Hit, HEE % &
RS 520 2 B8 T v FH ™ 1 T3 BTk 25 o
Ban = 10) P
E. (D)
E (D
XAy WETHITREE®E: « WEHRFTF. 2
MAETH 7. eRES TR R R

log(1+7,) J& T AL A 25 8, 0 45 75 i 3
FACRA BRSBTS
EARYPRY RS LA, YHP AR
PNY &Nk QN N,

log(2+ T DB ATAE T HITRR , 4n 54 % 5
FoA <<A™ L35 R BUME b B, TGk 1 AT BN 1% i .
Pl T IE A&, 25 TR P A5 T e T
HARAE T ETTBR

a%xﬁﬂﬁ)ﬂﬁﬁiﬁé’ﬂﬁtﬂ:,uﬁﬁ)ﬂﬁ%i?ﬁﬁiﬁ
JH T8 4 R 1 LU (A o L (5 R A BE D I T
AR LIk AT AE D R i . R F o R A T 1Y 1R
M. DR A ESRENEATE M ER.
Bt Xt RE RO 2 00 B2 45 F 0 L BR 0t T P L fEAE S
P 4 BE i FEARAR, X —F AL AR /N, b 4b
PRBL T % R R 7 R P A4

Aps FRon T TR oy 30 BRI PR IR LA Hb
T P IE R AR s E

Zi AR TR T G S SR T 25
FIEFE 15 2 184 D10 17 {5k 453 BE 8 IR 10/ 5 [ BF o 326 BB 3
ZINTR) 15 T 5 86 T sk 25 o 500 T 6f 45 3 8 1R 386
PG, TR P 0 B A 3 1 T S R R A
BRas (0L B A ik oK.
1.5 RMAMOFEMSEIER

DXFFR A0 A S MR EL B 9° w: /9 p7 <20, W]
BEFAF S B N R S R AL R4
H—BrS80h 0 g A @ i & 5T,

EW B G AL AR PR X p — B R A

du; 1 LT eldh

d p; A+71HIn2  9p, E, (D

PR QDX pooR B 5045

log(14+ 7)) —log(l+7y") —a

— Api (10)

—i D



54 FETRERFZXMCARBFENO 2020 4
2T T,
Ca+1) — 25
Fu 1 ap PTG, 3 (FEE
= e (12) HhESHH

S (12) AR/ T 0, BT S0 25 80 o A TR
PG TR . 4 9, /0, = 0 RIS 7 1)
AR

. 1
)= _
e lh
[A+QE,,(i)]ln2
N M
D pihuein) + D) pihye(ivm) 46
J=1.Fi m=1
G, (Dh; (4

2OAEAR STRERY Th o ol T 9 45 v T P B0 B
BHEMAMMATE T2, @ SRR — Kl h i
HER AR T8 o DR b 1 25 op B A TP A7 AE T e/ i
AT AR .

L LT IR 9 2% v g P AT AE B (I S A
o SER RN

2 BEMNSEINREGEXERZ

BT R IR AN SCOR P g B W 0L SR L 4R T
— R RERL S AU S AR L COAESTT,

REX 4 fe il RS 5 & Fe R — A1
B IR b e R b M TR P A SR 4
SRVl I SR s 25 8] P Bl 5 O A i fie R A S

Hlp

sp = arg maxu; (s;,55") (14)
S ES.
COAES ik K WA 2,

k=1

S IE AT P 43
| Wl e i i

i=1

Kp A5 T H
{5 ik, -

Y
TR MR R T
A S5 a8 I BUR K
|

i

k=k+1
Bl 2 COAES ki fei
MR B E AR L YA S R
b P B e B SEORT B B S8 R BT LA B B RS
BFNR R B e () = w, (R — D= > u; (k) =

S Ce— 1 RS . R A P g
(PR TP o 2 9 W 0 24 A5 3
(LA 3 BB R AR 2506 — 5 45 D P B i
B A R

3.1 BHRE
A0 3 MATLAB #fF %) COAES 8k i 47
D5 55 704 BRI R 28 R A 5 A st A e
BRI RE IR D 5 AR 3 A M T L 2
MR TESRBIE L 1,
®1 FESHIRE

SR A
PRBHEEE d/km 780
fEW LM v /dB 1
R /RN B AE Ea/(J « bit D) 5X107
TS ny /W 107
BRI H AR E, /) 100
TR BEHAE e, /(T + (bit» m*) 1) 10°
Bl 1 1/bit 4
PWHEEHET o 10°
TSI+ A 10
ZOEHATF A 0.01

A5 P PRA 3235 fl NETMA B3 E Ny
COAES B3k 1 X H Bk 38 2 A [\) 2% 70 13 & Okt
3R,

K3 3 R vEAE TR B 2~7 i i F
¥R

0.16
0.14°F =
3
5.0.12 _ _ ~
B = =
F0.10}
B —=COAES
-#-PRA
0.08 NETMA
0.06 , , , , )
3 4 5 6 7
TERPA

B3 T T 8 0 5 T0 L P B A5 Ak

M3 AL, NETMA 8803 i F HAlh 2 M5k
OEE Sy NETMA 5 & 56 2 F P B AL 43 Bic {5 18
FRHEAT D 45 0] PRA Bk R BT £ P T i
/NHIAE A 1T COAES B3k 7E X P H P it A7 o %
P Y TR B X B A B fE B AT R e R, UL
COAES 53 1 F- 4 1y 2 b H At 2 F 53095 /0N i 1 7
AR ETHAE R EL R/

B4 o8 3 R AR A TR P BUR T A T
ERAPWEH T, WE 4 0] LLE H, COAES &
%45 PRA Bk MEF NETMA B2z 21T W
AR, PR X 2 BRI AE P B AR S AR R AT
SR 1 [ B 615 3 gk PR R AT TR, &
HERFER T B &2 T & /DFEE, I H COAES



% 3 3

Rl e » 45 - B2 3t A0 0 4% RE S0 25 Bk 5 1 O R o R v 55

T 1A A% TR P B i B AR A T HiAt 2 Fh 3k
S R RIS 80CR B e

45107

>
=)
T

FH T W

30+ —=-COAES
o —#-PRA
NETMA
2.5 . . !
2 3 4 5 6
DR A

B4 T T8 T R B T P R A Ak

BI5 3 A k7 P AR gt o 10096 ~
L0 I -2 & G T, M 5 A DLt Bl %5 I
& A RE B I 2> , COAES 876 F1 PRA &3k fE
A 3ok Ty S 5 A A e R 4% P R S S R kAT
JEAE T NETMA S35 %47 7% 18 A 2 1] 80 ot o) %
A5 COAES B Ml PRA BB % T H A~
12 % 1) R A T R S 0 R S Tl R R AT Bl A TR AR L I 45 1Y
REFEHE— 2L PRI

0.16

P E Ty AW

100 80 60 20 20 0
Pl e (%)

K5 TR F P25 3 I ) 45 6 4% e 1 19 22 b

K6y TR ECh 5w FiE 8 7 4R
e I/ B 8l F P 55 b ik P 34 R B
R, INIE 6 AT LLFE Y, H T b P S/
% JE e ), PR Dl SR AR AR L T Bl P S
B 5 BB 5t 1Y W K S T AR B W AR B T A
FH P 6] A 1 2 5 R b e B T 0B/ AR L PR e ]
Al 2 o5 IR A R b 1 A5 oK

0.12
0.10 B
= —&= Mol
£ 0.08
ﬂ
=
0.06
004 1 1 1 1 )
100 80 60 40 20 0

B3 1 A E fL(%)
P67 I 2 A [ TP R A il ik 9 25
T G b 3 R A L BB — i A
P9 2y 5 25 T 9N 3 3o i SO SR REAKIN T L AA

T LA TR Hedg 3 Ak,

ME 7 BT LLE 80 3% 2% COAES ik 5
NETMA B ik4#x , PRA Bk i 25 . I NETMA
FEA T ERRRACR . O TR EE G fEA BT
b THDFH P IE A A R BT S AW b e TR
P &S 3 ik 0 1 R T B s i PRA 595 2
e Bl Lk 32 0 R R AL R TR i
B TRy BEAR. B 8 AT LLE . fiE & AR
COAES # ik fic i - PRA Bk Z . NETMA # 3%
A%, A NETMA 836 8A % JE fe it [0 8, PRA
SR B T FH P D R AR O T I R AT o e 2
TEM PG T IR A 258 {5 A, To ik #F 1738 15 &
BLRERC A T BEAG. M 9 LA L BEA
COAES A1t PRA 5 NETMA % 73 5l $& 7+
T 35 %M 50 % , I HLBE & Dy S8 gk A O e Sk
AEFEARA, XM A PRA B R HHEIETRERER
Z ,NETMA 83k H %8 7 Wk a0 COAES &
NS %8 T BB B ROR S HHE SR A B T RERL
55RO A e A

2 3 4 5 6 7 8 9
W It W
P75 B R A T B — B 3 A 7
I1r

10}
—=— COAES
—PRA
Mook NETMA
s(

s

&b
Ae
~ [o)
s
l)

62 3 4 5 6 7 8 9
Hb T P I 2w
&8 3 Tl g ik B sk A Bl — b 1T FH P SR 1Y AR 4k
22
ZOEz__E\E\E‘E/E—E—B
N —=-COAES
=gl —%PRA
%‘3 5 NETMA
5\1_316 i‘ﬁ\ﬁ_/ﬁf—%\
141
12

34 5 6 7§ 9
ST P W
PO 3 BRI UL PR T e — T 7 50 2 2 Al



b6 2 % TR A RBHERD

2020 4

4 i

AR SCHFSE T 1D IR 45 43 5 b T X 6% 5 6 2
SRR 1) L A %o TR 4 P Z IR AN TR] , 5 B8 T
b T 3 1) R P OB AT RE M 5 RS B P BB AIOME 1
KL HEESL T TR M4 2 F P RE R U A T SR A
Bl G B T BT T — e RO S8 A A S
2 COAES, If-Be i 5 > I P 3k 21 5 p bk 245 BY 44 £
BIRE . &5 COAES Bk 5 PRA H kA
NETMA 5k iF 17 ¥ 66 b 8. 0 B 45 R £ 9,
COAES 5.1k e % i 15 T2 A 2 31 1 4 %
%, I REWE I 3 FH P 1 B0 oK o 6] B AL 3% Ak
A Ak DT 35 21 9 48 30 1) de R Ak

&% ik

[1] NCCL]J O, REED J H,GILLES R P. Convergence of
Cognitive Radio Networks[ C]//Proc of WCNC 2004.
Atlanta, GA, USA. IEEE, 2004.15-20.

[2] SIEVENPIPER D, ZHANG L, YABLONOVITCH
E. High-Impedance Electromagnetic Ground Planes
[C]// International Microwave Symposium Digest.
Anaheim, CA, USA:IEEE, 1999.

[3] LAGUNAS E,MALEKI S,CHATZINOTAS S, et al.
Power and Rate Allocation in Cognitive Satellite Up-
link Networks[ C]//Proceedings of the IEEE Interna-
tional Conference on Communications (ICC). Kuala
Lumpur: IEEE,2016. 1-6.

[4] VASSAKIS, POULAKIS M I, PANAGOPOULOS A
D . Optimal iSINR-Based Power Control for Cognitive
Satellite Terrestrial Networks[ J]. Transactions on E-
merging Telecommunications Technologies, 2015, 28
(2):2945.

[5] ZHENG Y, CAO N, WIMALAJEEWA T, et al
Compressive Sensing Based Probabilistic Sensor Man-
agement for Target Tracking in Wireless Sensor Net-
works[ J]. TEEE Transactions on Signal Processing.,
2015, 63(22):6049-6060.

(6] EHF, BrEMH, KR, AL LMEPETA
EHm R Es 200 WAL T RS M A, 2017,
53(3):144-148.

[7] SONG Y, ZHANG C, FANG Y . Joint Channel and
Power Allocation in Wireless Mesh Networks: A
Game Theoretical Perspective[ J]. IEEE Journal on Se-
lected Areas in Communications, 2008, 26 (7):
1149-1159.

[8] SHIS, LIG, AN K, et al. Optimal Power Control for

Real-Time Applications in Cognitive Satellite Terres-

(9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

(19]

[20]

trial Networks [ ] ].
2017,21(8):1815-1818.

TR, XN a0, Bk, 5. UL AR M 45 5L F A
MR RS FEHEKAM AR KDL 75
{5 5 %M, 2018, 40(7):196-203.

WANG X, YANG G, TAN X, et al. Adaptive Power
Control Algorithm in Cognitive Radio Based on Game
Theory [ ] ]. 2015, 9 (15);
1807-1811.

W, RAA, VLML, R T S 0 A TE 4R W 4
RERBETE )] WM K2R (A AR MO . 2019, 46
(4):120-125.

YANG J, CHEN J, KUO Y . Efficient Swarm Intelli-
gent Algorithm for Power Control Game in Cognitive
Radio Networks[]J]. IET Communications, 2013, 7
(11):1089-1098.

PARSAEEFARD S, SHARAFAT A R . Robust Dis-
tributed Power Control in Cognitive Radio Networks
[J]. IEEE Transactions on Mobile Computing, 2013,
12(4) :609-620.

B, AEI TR H rh kT 2 0 1 B 8 g il AL ) 1
WroE[D]. 5P RIME L K 2, 2018,

ZHOU P, YUAN W, LIU W, et al. Joint Power and
Rate Control in Cognitive Radio Networks: A Game-
Theoretical Approach[ C]// 2008 IEEE International
China.

IEEE Communications Letters,

IET Communications.,

Conference on Communications. Beijing,
IEEE, 2008 3296-3301.

JIANG Q.LEUNG V C M,POURAZAD M T,et al.
Energy Efficient Adaptive Transmission of Scalable
Video Streaming in Cognitive Radio Communications
[J]. IEEE Systems Journal,2016,10(2):761-772.
MANNOR S, SHIMKIN N . Regret Minimization in
Repeated Matrix Games with Variable Stage Duration[ ] ].
Games and Economic Behavior, 2008, 63(1) :227-258.
FU J, XIONG S, LIU W, et al. A New Power Control
Algorithm Based on Game Theory in Cognitive Radio
System [ C]//2011 International Conference on Ad-
vanced Infocom Technology. Wuhan, China: IET,
2011:1089.

WU Q. WU D, XU Y, et al. Demand-Aware Multi-
Channel Opportunistic Spectrum Access; a Local In-
teraction Game Approach with Reduced Information
Exchange[J]. IEEE Transactions on Vehicular Tech-
nology, 2015, 64(10) :4899-4904.

HADDAD M, HAYEL Y, HABACHI O . Spectrum
Coordination in Energy-Efficient Cognitive Radio Net-
works[ J]. TEEE Transactions on Vehicular Technolo-

gy, 2015, 64(5):2112-2122.
(O 8 AR A9 48)



