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Abstract: Joint energy and spectrum cooperative allocation in the downlink is investigated for multiple adjacent
cells equipped with energy harvesting base stations. In particular, the joint maximization of the users’ utilities and
the base stations’ revenues in multiple adjacent cells is considered. The users’ choice of cells is a key step in the
resource allocation process. Since each user has multiple options to join adjacent cells, the optimal method of
solving the sum-utility maximizing energy and spectrum allocation problem is the exhaustive search, which finds
the best solution among all possible sets of user choices and has high complexity. A computation-efficient
suboptimal method of deciding which user can choose the appropriate cell to join is proposed based on the channel
gain ratio selection. When the users’ choices are fixed, the energy and spectrum allocation problems can be
matched with the framework of a generalized Stackelberg game, and can be solved. At the same time, two kinds of
reference methods, the maximum channel gain selection method and shortest distance selection method, are
proposed based on the channel gain ratio selection. Simulation results have shown that the proposed method has
better utility and revenue performances than maximum channel gain selection and shortest distance selection

method.

Key words: energy harvesting; resource allocation; Stackelberg game; channel gain ratio

ks HER: 2017-04-25

BEWB: R ERBEES VI H (61571138); )7 R4 HAREIEE VBT H (2015A030313481); | 4R 44 2R e 4 1 5 4
B AT H (2013KICX0060); |~ AR A BRI H (2016A050503044, 2016KZ010101, 2016KZ010107,
2016B090904001, 2014B090901061, 2015B090901060, 2015B090908001); J™ I T RH 5 X1l H (201604020127, 2014Y2-
00211); )7 AR Tl KRR 3 E A 11K 9 Bh I H (220411321)

EERN: EHFE989-), B, W05t AE, EERTA 7 VA ESRBGRE (PRI

BEEE: K Ih(1982-), BIFEZ, 5T )5 MIAE 5 b3 o485 AME B %2 4x. E-mail: gezhang@gdut.edu.cn



% 4 3]

HMEE, S AAT REE SRR A AR 2 18 5/ X O RE B 5 0 0 B 7t 69

T AR H X 40 3= R 4 0] T AR B R BE
U5, WOKPBHBE  ARESEY, B HTE P AN — LA Hh
(X T3 A 8 — R HORT P A e IR ) ikl 45,
Ft b R B FH Be sl L 248 B2 3)) 78 PR
ST DR, e B RN 3 R DAl g 53 X 4% () AN AT
FRAE RRURTHFED, FEim 2 A A T4 Re YR FF kY, B
AT N A mE TR R R AR B B,
SN FE B PR AT SRR DL, (R, i
T2k [l Rt T g B AR UE uE FT T 1408 R, 5 )
FERT TN X iR 4k b, SCHR[8THE Mt 1 e B3R
Sl 7 P A A g /N DX HR s R AN P R KT
A b WS as 1) B FE AR U 07 52, Forh b A el RE R IR
BRIt F L SR, A 218 22 068 3 /)N Xt fn o] S B e KA
FH P 3 2 B8 7K ST R s A 2t 3 YA 9. DR DA AE AT
2 /NX Z BfEEE Z LRGP, T3
R[S A AR LR AN FHAR /N X 2 18] (R AH 21 F P 18 B ]
R, FEIX PRI T, AN 22 06 53 /N X 8]t ] S B A
AR 7 035 2 B 7K RN b A 25 5 A5 7. R
B FEAH A1 22 6 53 /N X A AT R 2 5 A0 P [5] 40 T
A B L b S e 2H D S

FEASCH, W FUARAR 2 08 58 /N X 2 B I P
SPrEAEL S RS, R RS, AP RgS—4
FuIEAE, I AEA P R EGE A DX RN, I
AN F P 75 8 P i ) B4 2 IR (R 2 RIS ) S A
. ARSCE SCT A P R R R
A B0 RN R L. RIS, 3 5 ST BN JE k() 25 BR
B, e 7R s . B P ) B bR e R s X
K KA ORI R £ TRk 1 E A A2l il A
PO A PR e B AN 55 s R4 B ORI RH.
BRI, R 7 AR E P ARl 1) AP, BRI ) 43 T A
F Stackelberg ¥ 25 %K it vl {072, H T &AL A -
INXIEBE LR BEA R EE R EY. FI, A
SRR T PR T EIE G A L O P IR RN X BIIR
RT7 FE Y A5 P Bk, T 4 A0 Pk
ANDCT SR R A T ELRE, P R AR A A 0 Y A bk
EPFEAE /N ATIEAS. RN, 2 TS a5 bk
FREHE H M L 71— KB TE 1 25 1 FR2 A
B R B R, R At e A FH AR YR
FAE Y 2 R NEAT N O, T e R B R 2
MR FH P 213l 0 B R /INIEAT /N X % 1 L4 R
RO, 5 IE Y 5 LU BEVE AT T KA T8 1 25 1 %
A B B B e R B i B AP AT dR a
Wz, & —Fh A RN X OE BT .

ARSCHITTRRAE3 N T 1 = (1) Mk T AHSB 2 15 55

/N DX PR B YRR R T ) A, G et A REEER
HUel s (2) S 75 IE I 2 P e 3692, PR AR 3/
DCRINS T 95 I R AT SRR B 5 (3) MDA T e
KA TE 8 S VR M B R B B %, {5 T Y 2 U %
TR A PR I 55 O R M B e A P P D

1 R4GEE

TR, AR S R TSR AT ) R Y R B
T AR FH P (A AR B3 /N X TC 4k N 48 2248, Hoh
G xRN B ARk B B Y 7 22 1) [R5 3 2,
thvie I I=7. ME2FR, 815 R G850 B i, JF
LA IRR SN [A] T, W, 7R B A FE ki 1) s 9. N
TG AT, AR — AR TR s RN
FRERFE AN XM AT I8AE, B P AR A
July o5 FAN [ (R e A 6] Fr . 28y, 7 BBk
PRI B A IS, Forin, € (0,1). 2 i F
A FEE NN =1, AN, 58 =
Mimiz, i) mik €40,1) k€ (1,2, K} R IRKA

FA P NI e 4. o, RN S I, A
K=Y 1Bl

WBS Cell

1 1SS/ DX RGRE

Fig.1 Adjacent-cell wireless system mode

[ frame I [ - [frame y—1] framey [ - [ framen |

T t nT

&2 gt
Fig.2 Time frames
PEIF Wy 4, 0 o = 1, 800 A B 3 1L 3 2
P RV TEw g 1 SR AN P REAE S5 TR 5 BT B
8] Fre, 2o sk AN A5 0, i AN Bl AN 2 53 id
BEIRLE SN A TP R 20 53 %€ SCL g A o 32705 56



70 J7 R Tk R IR

35%

Al A KA FH 1 2 TR R OR RUPE 39 22 5OM1 /N
INES-SLF- 318

FEZ ARG BB AR vl s P AE R oty — 174
IR RE R 20 2wl 1 P BRI 55 B4, Ry — 1 [A]
Y00 B N BT AR A e R 2 A R RN BR 55 A
FLubFE I iy NV AERE BE A T 18 4, S8 ARk
Iy Bege Hk™ P B BE R T LARIR i Ei g TR 3
i FR B 4 RO A2

K
Zﬂi,kEi,k <E. (1)
=y

(G2 38 1R T T RTAR 2 5 49 5 e T TR
10, SRR A R A/ P % I T 2
S HD. IS 15 3 6 S P P B T 3 T DA
%mm:méfmm%ﬁﬁﬁ¢NMWﬂuﬁm
SRV AR Wy o, i A B B A (S
o LT

Pi.k Lk)’ (2)

Rix = nixtixwiklogy (1 +
Wik

G; o NV 2
HH = 1\;’k7 o%”%F%%%l%ﬁg,Gi,k(f):|hi,k| Liy
ARG, d ) 3R~ IER AN L0k B 55 B - 1 ER

B9, I BLL i IS B (R B AR 1B A I T

Li,k(t)={ % *de>Te,
X4, otherwise,
Horh o FOR BRAZUFESRE, 28R B KNI, v, /2 i
FodF R o RN KR ZE R MR

N T, SRSk B 2k P R
A RIN NG = wiksix. [FIREE AT ik i 18] 7
TIRHUNQ; = TW;, I A A TS 2 A

K
Zni,k¢i,k <0, (3)
k=1

MEE A =Q) T LA N

E; 1 H;
Ri = nixdirlog, (1 + ’k,k - ) “)

2 [a)REFZRK

21 EIEHA R

ZAMHAR L 1 AR 2l 1A A BR A e A
AT AT SR fo KA N AN JE i ] DASZ i
ARG AN A% LS KA E AT RO B B, T 5 A
ety ] DA Al B LA BE A% p o (19 1S/ R LA
BTG B A% pio (BN S). IXFE 74N FH I HE 3 RSN

AT LARIE R
i=7
Q=% a, (5)
i=1

Forp R W2 S5 A e ul (R 280 e B, o sUERIE
N
K K

Q;=pi) Z nikEix+ pi2 Z NikPik- (6)

k=1 k=1

22 FPHIRUAIIEE

T F PR I R/INXIRE AL/ X
P 0 308 2o A0 R B ) 75 SR 2 A i IS A 7 s )
P Sk R R OH R AT BLE SO

i=7
Ui = Z i kUi ks (7
im1

Horbg, g j 27 B A G SN R R8O R
kM P IR AN G IR S5 B g RS R THE
TEZS BRI 1 B E, DR B B e A i i 22 1)
UK B B B B K ARG wi N SE R T
R T FHAITRE (1% S4B ) 3t ik o . g B AN 1Y) S
FHE T BARIR A (i Eix + piadin)- )i AN FIZRAL]
WA IEEAREA H ORER, Sl e FHLAE
CAHN. BTk, & XS5 KRR e 7 (%
SHBETER BT K. w8 SUH

Ui = vilogy (1 +Rix) = pit Eik — pin®ik (®)
AN P E bR s R A8 eR 4

. _ }
max g = X2 Miktik(Pi1s Pi2s Eiger Ei—ke i Bi—k)-
Nik-Pik-Eik

st (D3) o

HALEi=miiEiyy - ik Eikdb &= 0i1dit, - nikdik}
FEINAEWT Wiy PN ZB i AN JE ki vh i P 2 18] 1) e 2 A
SR E RIS AL E, 1 g i 0 R S i A
Fuk R B A 7 B PE AR & R Bt FH - Re
AT FEIE.
3 BEEMSMESECHE

FEATTH, 9 T PRUE FH P RN 1 2 P18, A3
) X f¥IStackelbergl# 5 723K 43 BL GE B ANATRE,
FESCHR[8]H, I I s /N X e A 6 T LU 95 2%
HRITVERLH T R A S E R E L. A
RGEE TR O] RRIERE. BT LA, A SCHR H — PP T
A A LU PR N X IR T (EPER
an PR




% 4 3] HMEE, S AAT REE SRR A AR 2 18 5/ X O RE B 5 0 0 B 7t 71

3.1 A IHENEERE—

METE L O E TN AN XS, T S g
-5y e R DA AR 2 AR B TERR AR (R 3L 4N
2448 ) 50 R DT g AR A AN 2 ) A, AR
SRR 2 ] R A A 35 .

XTI AN, BT Fi=(V g, i uin Vo, it
Vi, Mk i,k Voo o Mik Wi k) T b5 B BRAURBR BE, AH 24 T
Fi = Vi, EN» FH (8, ED) = T wir. 7ESCHR[10]7
() 5 B 1AIE B 0] 01, 28 AN ek H bR 58 555 72 2 T
AR B E;  Fl g, 1 (117 R, 4 B AN RS A b
pi A J E B, £ (AR A I i A7 A ELME—. [RIE, 29
FEAF (D)) RLZRMEI, 74 H bR BRSSO ARTHE 2 £
(17, A2 B br s R A0) WA M 1), BT A7ASFHAR I 55 /1N
X [ 7% 4, 35 467 (1) f mT DL 7 B BA R A8 AL i 00

[ mafo,(q)l Ey). (10)
s.t. (1)(3)

3.2 StackelbergiEZEH0AR
(1) RFAR AT LA 1n] B (10) R A% B H
A LRI N

7 K
L= Z [fi(@i, E) -4 [Z NikEix— Ei] -

i=1

K
iz [Z NikPif— Qi” , (11)

k=1

Horb ;1,40 > 093 )2 5 (DA G)AH R B H s B H
Wt ¢;, E;, A7, A7, HIE I /2 Karush-Kuhn-Tucker
(KKT)%k A, nf Lol i an N3k 1 : 7E S 1R, %
AN 3k (1) FH P AT DASRECTE 25 B2 b 2 3l B BT 1) 5
SRIQA AT, IR, THROEAR, FEN A A, BAk2D
BRANF -

IR P o) U\KKT%&#T{%,BElk

ﬂ]T =0. [Al, BT DRSS T i i 2 A 20 A 2
B E IR S UREE 0 pi

0

(ePi - 1)<M (In2)?)
E' =|n .12
ik = |k DixHixIn2 (12)
£
[ (e gy
S o li ; 13
¢,,k ik z,k In2 (13)
&

HrhLlg, = max (&), Dix AN

Dig=1 +W(”‘el—"l’2“k), (14)

Hlily = A1+ piaslia = Aig + pio. W(x)Z7xLambert
W R

A UR2(FH Bl A R ) - A R OGH A S8R 6 B T V%
CIYE/REs

(15)

K
G+ 1) = l/lm (N =si1(H(E; = Z nixEix()]
=l

0

K
Aip(j+1) = [/1[,2(]') =Gi2(HN(Qi— Z Ui,k¢1,k(j)} , (16)
k=1 0
H, GG iom e (1,22 IFEAUE K, j > 05235 04R
B TARAG T EL(10) 2 M, PRAE AN 20 3R 22 8] 1
IEARUERN (10)H Fe >,

@) PeAL R s MKKTZ 44, qﬁ__ﬂfl o

ou; k
8(}52 A, =0, 8,27, > 0, ﬁﬁ/é\ffl\*%p 1P LA
T R AE:
. ViHixd7,
Pig S — ., (17)

H,’ i
(HikEf +¢7,)(n2+¢7 In(1 + a *))1 2

E
vi(—HixE} + (HixE} + ¢} k)ln(1+ Hi "))

p;'iz <
(Hi,kE* +é k)(1n2 + ¢ In(1 +

))1 2

(18)
W25 e KA R, R (17)RI(18) 45, 24 (17)-
(18)HUASHH Tk 28 B K.

33 RAPNXIEFERRE R

i FH 5548 R T VR AR B e L B F P sl e 4
e MR, TR TR RE. N T BT
SR FEZ RGO — M TE 18 25 HE A
Fr RN X IRAR T2 FIE Y 6 LR BRI, [
I JE T R RS T B KR T Y R ik A
H R PR B IR B R

Forp, fFiE 1Y 23 LU A BARKIHE S0 F -

(1) AR(12) (13), 7T LARITE R R B, AR
H, WG e H. BRI, P i #  m i fR E HE a , H
5 O R

(2) 24—/ R b (Y R RO RS DE R AR B I, B
& F PR HCRE g N, PRI BA SR IE B BRI, P38
FHP R0 R K ok . [ IR i R AR N R B . 72
SCHR[8]H CUEBA, 24 P AN Sl SR fie B8 AH ) L 2
~;?EI’JE&%E3%UHT B AN /N X B P R

AT, Rl RS SON AT P P RSP R0 R B . 24




72 J7 R Tk R IR

35%

AN R PR SORE SRR S P 0T S0
A e 2 46 B 5 A7 0T DR A
AN X B PR P R B L A o T 5
BT PRI s A T LR R L
i

HRAR_ e SRR, (530008 25 b

5515 LA P R S 5 35
I B A H A 9 PR P B BN 1 X P
e, JH P TR

nik =1, if j=argmax;H;y, 19
Mik=0, Vieli#] (19)

255 MR RS, AN S AR R
ST, X B (U PP P 10 S 25 4 AT
O R K, 5 T H, IR R B BRI, ) —
) 1 7 B ) 1253 0 A 2N , A B 0 2
AT, I, TT LA St — AV hRife

1) 725 & FH P2 ) 2 At RS AU 25 1 T i
AT vk 2 TG P2 038 B, AR — A S ep i P (508
YA IR S FE R et , P840 P (3
P, AEL T B3 B R 28 IR 7 ML 2 £
Ll BUNAR . BTN, 1628 BB P 1 A A
ST 3t 20 1 2% P, e SR FEL P i 2 — i RS
TR AAE TR, F P RO B A R A

2) B TR 52 FLAA RS A BT P 2 S
e [ FE P2 )5 50 5 A R 5 B 425 T8 2
P22/, A2 P 50 Bl S k. T B, 3 B 5 L
%ﬁ%ﬁwm=gﬁﬁﬁiﬁﬁ%ﬁéﬁwﬁﬁﬁ
JANFESE L FE P 48 ARG S M el 2R AT
U 0 FIR 45 R 5o RATEIIE 1, U35 180 2 22
e/ [, 73 BN B o K BT

3) W15 i 5 45 S M A A 4 P P 2, T
G A A A0 SR 2 PRHEAT PR ., 3 L 403k
SR (1) AT P BRSO 5 TR 25
S IR 5 R B (2) A4 P 2 B3 4 i
TRV A2 45 3 15 308 480 25 L 753 12 s (3) 52
3 R s 2 16 P P 2 5 A 8.
FLARRFE R R L

S SlOER 2

IR RO WID A AR L3 (1 P /N X
BB

D, e (1,0) 5 LR 75 BT F P
BE, A BTG FEl fi=1, FEub P N

S I =1, TR S P A
n; = |Bil, AT A vk I P BUEEN.

A IRA: o P B /D B AR A8 4 ik sl AN AL
iR % IR, F P ) ) n A

HIRS W R(y—nj) > s, BEAT T — 25 FIWr, W
Hjx > o, VHE AR SR s v F P S T8 3 2 A0 922 46
Eﬁhkﬁﬁmﬁﬁﬂﬁwm=?ﬁﬁwjmww
SR 25 H N = 0, o R F (530 1925 L
W, WERGy—ny) < (s—1), DB R i 3 1
B A PR, RN

IR6: R S IE Y 2 oy e KIOTFRANH Pk, il
SR SS FE Sz R I P AN Bn, (BRI e R AR 55
FEUANTA], AR5 2k H P AR AN A)).

IR T %(nz—nj)Zsﬂwk><p s Bn=1,
Mok = 0, F P kb AT S [A) A2 48k, 80357 [m] 2120 PR3 T 4R
PAT.

WIRS: BN, AT, By = 0, THEjEE S
(45 18 3 o EL AR 2A = (W), W 2RA=0, & f=0, F I
HFAT DR,

IR T E AR LGB = |F|, R (B> 2)H
BB 2D B3GR PAT 5 75 D)% b i e 24 (R 70
XIRPBREE B, S5 RN R,

WIR10: A it o P /N B4 gi» 7T LA
Stackelberg {825 %8 i 73 i 75 15 R B4 H i s
[ TR o i

T 22T B A A Y e 12 B R e B 0 e R0
SREERENCSFRIIN

PE A5 T8 1 75 LUk B vk 0 2 ok 7 vk, R
T Y Ak BV P AR AR A TE B a KN AT
FI/NX B, R EE B 25 b I =0(19) A . T
PR B B AR AR R P 2R PR B /N T /N X 0k
., H P ik X 20)45

{ njk =1 if j=argmind;,
nixk=0 Yieli#|.

(20)
o, dy g Sk 1 BB AN BE v O B R

4 MEERSTH

TEARTIH, AR SCHR AL B 25 R UF I {E 18 3 25
i LRI VERE . 2 8y TS EIAE[1,2] N BEHLIE 3,
G Qi=1. Lip()F 5 8e=1, o= 2, FEE 178 55 2212
NS km, F RS E/INX Y Y BEATLA: i, /INX 23
SRS R o=0.2, T Hs=2 M S $p=0.25. i
(R G T &5 B2 XF T BE ML by g R IR )~ 38 G i 46
B, Horbn RN E S IICNO, ) 0 A 1 B B R
TARE B AN X SRB AN A e N R



% 4 3]

HMEE, S AAT REE SRR A AR 2 18 5/ X O RE B 5 0 0 B 7t 73

OB, th TR /N 2 LB 2 5 R 2, i
% FE AN IR R A L T2 00 7 10
PRI AR KT R 1, T P/ B HK=20, 401 52

7E 13 o 24 040 27 3434 00 0 0 e,
Py SR, TN I K B P R
T 8K 335 Bk 76 SR P80, T P e A3
B AT, 57T, 24 5 0 Al R e, 5%
ol B0 4 6 DR A0 S 4 8 6 1 il R oK
S PR, A, SKIRAG B LRI SR,
FE A i, ORI 335 1B 5 WA 25 £ 4 01 1
0 AELFE P FRO R PR, [, SR AT R
AR, B B 575 B B
VR,

0.60 . . . . 8

~ K=20 K=40 17
L — P 1 e
@ e N . ] A
< 045} P 6 .2
o - &
& 5 &
& =
£ . $4 =
By o 3 &
<& ez
licg 2 &'

B 1

0 ' i 0

5 10 15 20 25 30

(E/O:N,)/dB

B3 FHg RN fp;,
Fig.3 Average prices p; and p, per unit of energy and resource

in celll

4 R0 153 ) 2 7 5 TE 38 25 PRI $89% (Channel
Gain Ratio Selection, CGRS) i K A5 8 4 25 i £k
(Maximum Channel Gain Selection, MCGS )l ¢ %5 #f
2535 #47% (Shortest Distance Selection, SDS)f 154
AN DSt Q% MIF SRR AS /N DXCAREAS P 0l = B .
W R, YA FR b SR B B AH ), B A
BRI, fEAN -~ W s G0, B A vk A
AP R0 R RE. AR, AR R EUE 2 1R
e DS R o) | B g M RS D S S TRy A
.

AR, NG RIE T LLE Y (E 18 1 o Lk 5
B ORAEIE M s BEAH LG, BT 2N AH A0 s /N X
Z B AEAE ] P o3 AT AN D IR T A3 1 1 28 Pl #89%
A58 /N DXCTR] (0 FH P 50 e 4 4, DT S 45 e i A 7t A
AN PP 35 200 BEAR T e KB TE 3G 2 e 0. A
o f LR B ke £, AR FH P S T Jot & S R /) [X

(2t g 2 AN FH P RT289 200 S5 IER, T
B v 22 vl AR VAL 2 AR L (9P 2 280 A TE 0
EU 3z SR AR T B KA TE 1 2 8 RN i R 0
FHER — M A RN T,

8
K=20 K=40
7t —+— ——CGRS
- —— MCGS
= 6| —— ——SDS
2
= 5 L
5
co4y
Neag
2
1 1 1 1 1
5 10 15 20 25 30
(E/ON,)/dB

4 FHBMNXEEe
Fig.4 Average revenue Q* of every cell in different methods

15 :
. K=20 K=40
—— —+—CGRS
o — MCGS

—— ——SDS

5 10 15 20 25 30
(E/QN,)/dB

Es5 AN NINEEIRPHEERE e
Fig.5 Average utility u* per user of every cell in different

methods

5 #ERiE

FEASC AR5 18 2 AR e SR O St 2 Rl 1Y)
NX ARG, T BT FUEAT RE R AR UL 0 (AR RE 2 1
B /N 2% T AT E R ) e R ATIE D E S, Hed
FLuh ) H AR oK S B i Y s, P U kA
R R eR . ARz R, B /N X R I BE
PR BE R R SCBED IR (EAE P RN XA
[, G5 SRR AR, BEI BRI 55 19 307
H BRI /N X £ 75 585 (HR TS 2% B K.
FIT B, ASSCHR Rl ACR R N IR 3 7
% B o LL B R O DR R /N X
[ B3, 7 45 AL B 1% 05 AR R T i KA TE 4 2




74

J7 R Tk R IR

35%

FRE MR PR Bk PR A A P P A
uh s VERE.

SE MK

(1]

(2]

[3]

[4]

[5]

[6]

(7]

VRIS, B LIS, KOI/8E R B AR SR DR AR R 0], TR
Tk K224, 2007, 24(3): 1-5.

CHEN J H, YANG Y M. Status and trend of wind/solar
power generation [J]. Journal of Guangdong University of
Technology, 2007, 24(3): 1-5.

PIRO G, MIOZZO M, FORTE G, et al. HetNets powered by
renewable energy sources: sustainable next-generation cellu-
lar networks [J]. IEEE Internet Computing, 2013, 17(1): 32-
39.

WANG C, NEHRIR M H. Power management of a stand-
alone wind/photovoltaic/fuel cell energy system [J]. IEEE
Transactions on Energy Conversion, 2008, 23(3): 957-967.
DIAMANTOULAKIS P D, GHASSEMI A, KARAGIAN-
NIDIS G K. Smart hybrid power system for base transceiver
stations with real-time energy management[C]//Global Com-
munications Conference. Georgia, Atlanta: IEEE, 2013:
2773-2778.

HUR S, KIM T, LOVE D J, et al. Multilevel millimeter
wave beam forming for wireless backhaul[C]//GLOBE-
COM Workshops. Texas Houston: IEEE, 2011: 253-257.
DHILLON H S, L1 Y, NUGGEHALLI P, et al. Fundament-
als of heterogeneous cellular networks with energy harvest-
ing [J]. IEEE Transactions on Wireless Communications,
2014, 43(5): 2782-2797.

SONG Y, ZHAO M, ZHOU W, et al. Throughput-optimal
user association in energy harvesting relay-assisted cellular
networks[C]//Sixth International Conference on Wireless

Communications and Signal Processing. Hefei: IEEE, 2014:

[8]

[9]

(10]

(11]

(12]

[13]

[14]

[15]

(16]

1-6.

TONG H Z, ZHANG G C, WAN L Q, et al. Joint resource
allocation with energy harvesting base stations in two adja-
cent cells[C]//2016 IEEE International Conference on Con-
sumer Electronics-China (ICCE-China). Guangzhou: IEEE,
2016: 1-6.

DIAMANTOULAKIS P D, PAPPI K N, KARAGIANNID-
IS G K, et al. Autonomous energy harvesting base stations
with minimum storage requirements [J]. IEEE Wireless
Communications Letters, 2015, 4(3): 265-268.

XU C, SHENG M, YANG C, et al. Pricing- based multire-
source allocation in OFDMA cognitive radio networks: an
energy efficiency perspective [J]. IEEE Transactions on
Vehicular Technology, 2014, 63(5): 2336-2348.

NG D WK, LOE S, SCHOBER R. Energy-efficient re-
source allocation in OFDMA systems with hybrid energy
harvesting base station [J]. IEEE Transactions on Wireless
Communications, 2013, 12(7): 3412-3427.

MESHKATI F, POOR H V, SCHWARTZ S C. Energy-effi-
cient resource allocation in wireless networks [J]. IEEE
Transactions on Communications, 2009, 57(11): 3406-3414.
LEITMANN G. On generalized stackelberg strategies [J].
Journal of Optimization Theory and Applications, 1978,
26(4): 637-643.

SCUTARI G, PALOMAR D P, FACCHINE F, et al. Con-
vex optimization, game theory, and variational inequality
theory [J]. IEEE Signal Processing Magazine, 2010, 27(3):
35-49.

BOYD S, VANDENBERGHE L. Convex Optimization[M].
New York: Cambridge University Press, 2009.

BOYD S, XIAO L, MUTAPCIC A. Subgradient
Methods[M]. San Francisco: Stanford University Press,
2004.



