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Abstract: A subchannel matching method based on bilateral matching and a power allocation algorithm based
on Stackelberg game are proposed for two-tier Non-Orthogonal Multiple Access (NOMA) network. Firstly, the
resource optimization problem is decomposed into two subproblems—sub-channel matching and power
allocation. In the power allocation, the macro base station layer and small base station layer are regarded as
the leader and followers in the Stackelberg game. Then, the non-convex optimization problem is converted into
a way to be easily solved, and the power allocation of the both layers are obtained respectively. Finally, the
global power allocation scheme of the system is obtained by using Stackelberg game. The simulation results

show that the proposed resource optimization algorithms can effectively improve the energy efficiency of the
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two-tier NOMA system.

Key words: Non-Orthogonal Multiple Access (NOMA); Game; Energy efficiency; Resource allocation

1 35§

WE 5 7% Zhal (5 A ELER ORI A fE,  BL B
W, RERST . T ANEBEHEORIE, Bk
Z N e A I T IR N TC LR 46, 45 W9 2% BT YR T
IRARAREETK . JUHSUE BRI AR BR, RSS2
Ik (Orthogonal Frequency Division Multiple
Access, OFDMA)Hi AR & RIEFF 46 B 8x oK. N
TR PR, JEIER 24 R (Non-Ortho-
gonal Multiple Access, NOMA) I 7t 52 B E A1,
FHEEOFDMA H 1 2% {5 TE 78 14> i 18] Be A R RE ik 55
AP, NOMA R G0 115645 18 n) [\ i e % %
NP, RIS R IR IR AT KX, AR5

PR H . 2019-01-17; 2&lml H3: 2019-11-05; PIZ&HIRR: 2020-01-15

*EEEH: WA gaodong@mail.buct.edu.cn

FE3 A Il I AT T IR BRBA S Ul B 5 12 2
IT7AERS . NOMAE I 35| A+90, FE% KRR
Mo T AUE R AN R G AR AR, XA
8 RRON A TR BB LS TP A ST LR . [F]
I, BR T IEEIEE NS RGN EE, REEMAICE
WARAE LB 5N R E L. BEE ST
FIHEOR,  — R s it BE X BEUR AV FERL R, AT
THEVFT T RE SR, TEEACE. Pk, RmiEE
i R RGN RER AR AR L E .
SCHR[B)BEFE T — A A OFDMA & 48 {5 18
AHENE, IFEE Prie FVAE RG0S 2 HENR A
% T FE R i . SCHER[6] T T SR i NOMA
O 2 v ) R 5 5 A KA IR R, A AT )
SIBCTT R DL A T NOMA M 45 5 OMA /4 2%
MIvERE, T H S RERYINOMA T BB E. ST


http://radars.ie.ac.cn/CN/10.11999/JEIT190048

1238 B 7 5 F

2 %

42 %

BR[7)0F 78 T NOMA W 2% H () F P 43 2HL i) @, 42 H
TR e 2 P ARG, e P
RE, HRFAMG R E T, SCHR[S 4 T Ih&E
1 2T B R (superposition coding) FINOMA %
Gt £ SR, FERHERRIEAT T RER 5
Mo SCHR[OTHF T T NOMA 544 9 25 Hh [ BE B 20K
R, SR T E DR o e T VE R AT DR
g, FFHFEH TEES PR sI A, Hix
BT KA T DRI — M B R AT TR AL . 7E
WS FRMTE LR, SCER[10]8F 9T T NOMAM
g/ IMEAE DI R ) I jE, $RH T —MMIRE R
& TEEILEL S D4 A BRI L. 3
BR[LL)FE A T 3R TP 2 3 5 M 45 0 2 F] P 1) A% i
A, PR T MU R T K A R BRI AL
J7iE . SCHR[12]H X% JE T NOMA W 24 [ 9E 56 £ A5
EARAS, R MEERIR A AL r) U 4 i — A
MR ) R HEAT KM, $2t T — & TSI
Be 5 Th 2 Be s AL, (P rH P A3
B BR A A o

7 K SRR A F R R Z IINOMA R 48,
TREERRH P EEABL A, F T 3R
AT RE R T B — IR . ALHIE T — R
JENOMA R4 Wi, FEEH ) ok
P BLRXGAVCEL ) ks T —FhrEiE 5 A
FUrBCEE, N EEB AR IR T — D)
RO TREAIREN], AR DA AR
FHEEuE I RE EALEE, R BB KA 2R
Mo SEMBEERCEMIAL.

2 REEESETESHN

2.1 RGERE

FE AN OMA £ ARy FE Al (1) 37 44 BUJZ W 2% o,
1/ 7% 35305 (Macro Base Station, MBS) L4 1
&SN/ EL G (Small Base Station, SBS). &4t
5N B, L NN TFAEIE. AT 3BT L
BTNHNH . Zgp (M)FRETEER L, N
i T J (R S AN FH P Bz /N B RS R E i I v, B
hse{l,2,-,5}, ne{l,2,- N}, he{l,2,--,H};
Lgy" (n)FRIET (Filin b, ANEIESs BT 8 28R A
M P BNt ) EEE &, Horpt e {1,2,, S}
L g™ (M) RIRTETF G N b, NEIHESs BT & 10 28
RASH P B B RS E S 2. 2o (n) RoRTET
fGin b, 250l B e i S5 h AN F 2 B01% 75 B il 1)
Bl 29, (n)FRTEEEn b, FELFTE
ISR P BN B S s B TEE 25 2ph (05
P (N3 Ml R am AAE FA5TEn b, N BL s M1 R
Sl LA T D3R o /N s M1 R il

£ 75 8 n X EE A J P 00 I 2 5 B 2 5 o
pi (n) 5Py (n). FAR1EN L, NERIELESHI RN
JT A2 IS S

H
yi (n) =gi/p;, ()}, (n) + g5 (n) > \/pf (n)5 (n)

i#h

+) g () \/pp () (n) + 20 (1)

Hrpr, 2 () Mizs (n) 73 & TA5TER b, NS
sIEERASF P A P RIEE B o) ()RR
fEFAEEN b, ANBUESh ) SR AN PR E IS
By o MFRETEEn L, EEWEENH P
RIEME R s IE AT H 7 2 Ro2 e . 1
K()Fs gnv/pi (n)ag, () B s BT 200 2L
R, gh ()3, /ol (af (it T, /v
Bevfis R EERANH P 2 BR B i Akl [/ —FEE
(ETIRET N S SN A ORI A
RKNAETREEn L, HP 2 2R B H AR R vk
MRBETFH, S o™ (n)Jo (n)ef (e T
fFin b, ZES/NRIEERE P B E L. £
()b, ALY B s SEBR T R 220
BFE, HEJLIBY ML He P =T
Horp B UH LR 620U E MR I 2 hE R G PR
AP, 8 # AT T BRIOR (Successive
Interference Cancellation, SIC)K KT

AT T BRBOAR B2 IR FHAENOMA 5
girh, ERETERZ SRR H AE U S E B
T BN s —FEEn A HA R

s 2
A P B 202 g — L
) P51+ @51+ 07
P

2
e gl
T Ps2t st 02 T T Gsht@ent+ol T

AL ST
Horhos, = :
bs.H+ s +02 T H1osn Z#s Zh]rc:l 9" (n)

Vo' (n)zg () A EF . esn=), g ()
VI () (n) BRI, 4G (n) = |g; ()]
I EG () FC™ (M E XRIG (WAL 245
AN F P % 42 080 0 F R 4T SR A B, Sk i
(i < h) ()RR 2 12 R STC AR 10 78 B WL 17 0 9
B o (ELE SR 1P PYii > b B 0 3 A o0
WAETFH. Bk, 7ET7EiEnl, B K5
hASFH P (A5 M LE Ay




%5 wORSE: ETRENCRINZIFIEL 2 RS TR A 1239

Py (n) Gj, (n)

H
Gy (n) > i+ s+ +m
i=h+1

SINR;, (n) =

(2)

ﬁm,%fzijjﬂﬁﬂmﬁm%@g$ﬁ,
ps = G )P (M AEETF, Gy ()
Gy (e X 5G (AR, 7Tl L, N
Mt Y B 530 2 %

) B s
Cr(n) = Nlog2 (14 SINRj, (n)) (3)
NI s RE R RN
C, (PS5, PM)
R 4
NEE Ds (PS) ( )

N H
o, G (PSPY)=3 Y Ciln)

Ps = 25:1 Zthl Ph(n) + par , PO= [pfm} SxHxXN
RIPY=[p, | SRR A B
B T A0 H 3 ARG R pac Ay
HE I S B RE B — MR
MR (4) T BLR 7O 5 I 25
R A R S B AR AT 2 B
[, N 3 5 2 0 E T 43 SR R
. BLANEEs i, SR S R FR

maxnp, (P, P')
N H
C1: > Y ph(n) < P Vs
n=1h=1
N H (5)
st C2: Z Zp}’f (n) < PM_vm
n=1h=1
C3:C} (n) > Ry, Vs, hyn
C4:Cp"(n) > R, Ym, h,n

e, B ANPLL oy Tl /N B 3t A 2 il () B K
fefmIh =, p> R —MIEE, &R
TR PR IR, PSRIPM oy 5l & /N B 5 7 5
SifE A TR TEF A P BRIy RE . K (5)
i, maxyso gy (P9, PM)ZRORTE 4 i 95 56 5k e —
DI BCPMEIE DL, SRIBURR /N Y e il T 22
SECPS, AN s )RR AR IR . CLJy/h Y
Feuhi () R DR, C20y %% KL w1 5 Tl PR
C3FNCATy i) g /N B wily Y P 00 5 5 3y FHY P ) e A1
EE AR TR
[FIRE, RIEuk LN
max gy (P, P¥) }
st. C1,02,C3,04

2.2 HHBRURIGIEIEZE

TECETF ST, MR AR TS 1 95 H P 053
ARG AL R . I A T
S BRI L TN RS A B
2R AESE S, /NS R L B KA
SO . R, /R ) 3 4 i
BB A Ao 1F TR . SR IO HE S
ZN /1

MBI #: WHERVR IR I 148
= STNRTL S TUNITE T AR VNI ST AL
EBEFAR 2 TSRS FO A N

G A E R R () A

MR S BB AR T, A
RS R AR S A P =, | o

FLARAEL M 1202, 00580 16 25 2 T
PU=[op] BB 12 e % I

Po=[ph,] o BRBEHE A ITHLRUR i R
S 2R R R R PS x PMY,

2P B K. N R IE B s B9 %k R BN
i (P, PM)Y, 52 53k (1 80H R A, (PM, PS),

1 FE 397 $EL K A1 185 25 ke SR AR A2 A1 4 1) J
HIFHERL R A T2 A0 5 A% B S
3 ETIsIREMNFEENEEXL

TESERRII Y T35 (O UE 2 5 T 36 4 i
B R R A E— . T B A R R R AL
] S0 B T A, K% ) AR RN TS 1 S
7 DG PR A Ty R4 B K 7 A

B Y e — AN /N B3 o 7 38 DT 1) A
2 F] P 4 A TS i, BRATRRZ M Pru s
S ENIURE— . E XU UL pg it F 2 vp, 4 —
AP ST EEBE A ENR, HPuis%
FIRN—ANTISEIIR, %T15 85 % 1508
wfgh REL UG A P (0 DR HE 9 . TR, AN T
S BER R A A P IFIF, SF RS
AT 8 B A8 UG T FEE 1 BB M HE B o N 3
Slis I Pru i 2 513 T Rl
PF_UE_ = [PF_UE, (1), PF_UE; (u),,

PF_UE, (NH)|" (7)

Hr, PF_UE, (S uliZ2%513. PF_UE; (u)
K AR TE NP 25 U5 0 o KN . BT S
En o Bess F P ufa, R e/ NSk sk s (1 Sn ok
TARIE_ERSEO P e 2

2

BOG () — 195!

“orpta? )



1240 B 7 5 F

Ziy

¥k

42 %

b, g3 (n) A u 5N IR S S TE F5 R S
R, oM kA ERFEETIRSBE
FH . W P ulE TS BRSNS 2
FETA5 G S M S 2 B, A TEEnfE
5 Pt AT SUADCEC I, b AR S i B AR S
o ZEFEATERA
SC,, (u) = SC; (u) (9)
ST N B s T TS TE I B G 1 Hom N
PF_SCS = [PF_SC,(1),-, PF_SCs(n), -,
PF_SC, (N)] (10)
Hrp, PF_SC, (n)& TE5EnZE£IIR, S5
2% o P RIS 42 B e B RCR AT HET . 4 P
WA F5En i, MATFEEn S EH+1
ANH P H A+ IANH PR L RCH AN & HAS
P AR A Ao i SR P g b T 2B 575
B EMR R, BT (EiEnl, APA
w; P P AT 3 S AR SRR . AT R A
niw (u5) = i (k) (11)
TS IE 5 P (R VT 7 v 1T DAJSE PR B4 — A
ANV B Rk b, BAREER R IR
(DWIEALTh 2 A TR {238 VAT (2)FI4A
WL FIFL KA A0 T HE g f 2 ULRC I T IR A
RUCE M 5 (3)iFHECG;, (n) KA 05
R, HEn R FEE NS H R (4)0
F{FLLY # 0, BRI ¢ {Fl,}, HRIEPF_UE, (u)
I P MR S S ) TS, R R
CH AT F P 8 vh 26 B RS 315 v RS B RO 1
F . Rz P EAFEH P u, WK P uds
mEEL S, BN T EER P u S %
HIFPF_UE, (u); (5)EELI(2), SE,(3), LB
(4), BERE—DMH SEEH LRI
4 ETeEmMmThESE
AP S TEERTILZ G, BT RN T
KON . E/NRIESE TR, SRS E AR K
o E CRIREE RN B bR B H R 7 IhE,
B AAF B0 T 25 op g H- 2 4 5 B 38 BE 2 (i
PR RRS. T ERG) MR RES R, Kt
ARGV B R NS E SIS T

o C(PSPYM) O (PS,PM)
BV A= e
L

0 (13)

i, BENE 1S 2/ TR I il s 1) B L A B IR R B
DRSPS SINH AR RE AT 50

Sx M L UL S'x
r;l%(C’s(P ,PMY —t*pl (P7F)

v (n) logy (SINR}, (n))+wy, (n) <log, (1+SINR;}, (n))
(14)

SINR,, (n)
1+SINR;, (n)’

S SINR, (n) S
(1 + SINRh (n)) — Wfiz(n)log2 (SINRh (n)) o

4SINR;, (n) = SINRy, (n)bf 2(9) 455 .
U555 /N TR S B A et 3 1 R A

N H
Cy (PS) = 5 33 (vi () log,SINR,, (n) + i (n))
n=1h=1

(15)

S

H o+, (4 (n) = Wh, (n) = log,

Sy

R, () Hh A il AU ik

=~ (pS pM\ _ s
pi>r51):1a)%g>005 (P , P ) tps (P) (16)

TE 45 52 t R % B 0k T R4y EPM G L T
(1) 2 KT/ D2 i PSR ) .
IR E AR R, AT SRAS A
xR (1) FAT2H RS, 53
&C, (PS,PM) — tp, (P¥)
ap;,(n)®

B s
=Nk (n)

1
A7) VLI (1) A2 SRR o 5 3 L 1) AL
FINRLA% B H 778

L(P%,a% B (n)) =Cs (P, PM) — tp, (P%)

+ 0 (Pha = ps (P7))

N H
+3°3 85 (n) (C3 (h) — Cuain)
n=1h=1 (18)
oo, o185 (n) R A BT H IR T . 2 (11) %8
v 785Ky

d(@ G (m) = max L(PS.a"Gi(m) (19

: S S 2
azofél,%?mzod (o, B, (n)) (20)

Zh e WIS BT H e 1o R B35 (n), shEETHE H /Y
EVIIORYIE S T
X (5) A NAKKT %M it . 4
oL (P*,a*, B; (n))

TACEE 21
3 (16) P i Al
__B 37 (L+ B () SINRY” ()
HN “— In2p; (n) (1+SINR; (n))
B (1+ B (n))SINR; (n o
HN In2p; () (13 SINRS ()~ @+ 1) _(22)



nﬂk

5 1

R BT RENENWZIFIEL 2 0 RS TR L 1241

W RS, A EEn L, NI
AN P IR
P, (n)
SINR; (n) .
1 sINgs () (L B0 ()
T -1 2
(148 (n))SINRY () HNI2 , |
,»; P +SNR () T B @Y
(23)
N R B R Bk, X hi ks B H ST o F1 85 (n)
HEAT BT
o (I+1) =[a" (I) = 01 (P — ps)l (24)
Bi(n) (1+1) = [B; (1) — 02 (C;, (n) — Cusn)] ™ (25)

Ho, DRSO, (2] = max (x,0), 61510, 925
Ko AA8) MBI TIEE, FH(19)M0(20)
B sh R E s, ik SR AR B H R T A
A (18) BT Hr, fEF LA E 2B vH & i) HE Uk
S, BARSE(BED IR FTR:

(1) MIEAIEARIREL = 0, 72 53k 5 /N LU,
IZhR A EPY (VFIPS (1), LR, R
Mgt i RIER IR B Lnax, LA B H T o fil
Bi(n), HKO RO, (2)IERBPM (& MET,
A (18), K (19), K (20)THH /N EE S E KA
TEE LM R SR, Sl=1+1,
(3)ELIE(2), H|C* (P (1), PM* (1)) —tps| <e
{5 ak, S B PR R TR R P (D).

SR A7 TNV R N A R LB S S e
R I R B P, 8% 5k 58 E 1
BERIBCEAER, AL e 2 S B L, AR
FRECRARL IR RO, R TRDARE B 7 92 55 HE 2 3l F e
RS BLPM,

N, g AN S BT R R A M T 2R A T
IEAREE, BAOD IR (5E2) I R FR:

(1) A3EARZR 5 K = 0; (2) WAL FE it Th %
43 FC B P (4) /N 7R 35 ik oy 3R g3 BE AR BEPS (4),
W R R AA M 18 25 B KB AR B s (3) 455 5
SELIR D, I R LTS N R s ) B A R
BRI TIERE(PS (i + 1), P (i)); (4)73%)
AN ISR R T R Ay AR B S, Ol SR T R
IS DR TSERE(PS (i 4+ 1), PM* (i +1)); (5)
THR(4), SBG), HIERRIIERIKE  max .
5 {AEDH

PR B E N ANFRLIE S AN S =6,
ARG % B =30 MHz, SN T{EESH4E3MH
F, AWGNIIREZ [ N-174 dBm/Hz, K

HL R W FEThE Nper = 0.3 W, B REub i KINZ N
PM =15W, /NSRRI NP, =10 W,
FE I 5 H P 2 8 B NE T M50 m, AN
8] B e /N EE S 10 mo

FANFEuh B KA P 2 B B A SRk 1
Fime HdrRRIus SHPMESE, LoRpREER
BB

®1 TRBERAAR

R A

S B P Pl(r) =15.3+37.61gr
52 FL B N L 3k ] P Pl(r) = 15.3 4 37.61g7 + Ly
JINTEY S 3 80 R Pl(r) = 38.46 + 201gr + 0.7r
IEIEREIS Py = max (2300 R )
AN +0.7Rs +2Luy
sy 0" (GREE) )

+0.7Rs + Lw

Ti RSB E R 2R

*2 HESH
ZH 18
TR A5 Rm 500 m
INEIIEE AR R 10 m
BBE R Lw 10 dB
ARG HB 30 MH
R TES 2 GHz
MHOES PR RR T % 8 dB

W1ER FETEES P ILE G, EHSE
LAOIE LT, /NI 1 v B4 (5 38 ) RE R A0
LEREIRAREE I AN ST IR . iz 2kl A
105 7f51E, EIBREE TRZEY P, DG AR

2.0
1.8
o) 1.6
fin 1.4

1.2
1.0
0.8
0.6
0.4
0.2

0

SBSHEA T+
MBEEZR (x10%it/T)

B UK

—FfEFil1 = F5iH6
-~ T5iH2 - FEIHT
—— {583 —- T{5IES
—+ T5iE4 < TEIE9
—— FElEs - TAEIE10

K 1 SBS1H & R IE AR



1242 R =

f&

HEEIERIE kML A CRRERRCE, KT R
s IEACEEAT RIS 6K, 5 E 1 e B RCR
2o TS, BRI AE. BONRREIER P A6
BAME, PR E TG 2 A — 2. [,
FATE AT ARSE A 1TH S AL 5 TR e, AF
NHARBLRAAAS [ZR 0T 2 P H K P

K125 B350 ) 2 2 ik il 55 /N R Bkl £ i AERE R
AR R T RIRER AR AL 2k . 2R S 2 A0
PR, BT AP (14 il 2 8 E [R]— AR Z i
S, RMEAEEARAR S WSS A L T o il 26 B ) 4R
WIfE, et Wt RLURARS 58 2 )5 i 2 W
IR T HrH R R A% R BE S SEELIZRXUT 2 (8]
WM, AEREZEXUT A B R R E AR . LS H
ST SR, AEIMABTER R A IR, 1
FEXT5 AT CAAE R 5 (i e 2 5 sh 2 (1 252 5 2
SR, A0 WAL S AR T

Klafor 1 AR J5 ik BE BT R g B A0 2038
M BL R e B RCR B ARl b Y P B A2tk . 1A
FRTBVE . AR SCOHEMIE T DL AFEINOMA-
EQ(NOMA 4 45 v [ 5 Th 73 B I3 ) B R 7y Bl 7
ZWEREm. MES5ERZMNOFDMARK 4,
NOMA M)A T BFE R T B Rl
I BRGNP 2% o 1 B R AT B 4
e AR B 36 I LN B, AT EAF
FERINOMA A EE DRI AR T T IL27%

11.5
11.0
10.5
10.0
9.5
9.0
8.5
8.0

MBSHIBEE T (x10°bit/J)

1 234567 8 910
EESANVE: ¢
Bl 2 MBSHE AR Bk AR

= 45 e}
T
f4ﬂ/;ﬁ
e i il bt Sk Bt ol phlh
— 7
2 351/
ﬁ /
SEEUN ~+-SBS 1
bl —~+ SBS 2
8 —~ SBS 3
g 25 & SBS 4
——

n 2.0 L— :

1 2 3 45 6 7 8 9 10

B E
K 3 SBSHIAE B AR FIIEA BRI

S HA2E
55
=
= 50
Zo45
= 40
X
~ 3.5
8 30
=
i 25 "
#2020 NS RS
% s —=NOMA-EQ
B 1'0 —OFDMA

0 10 20 30 40 50 60
Tl A P e
B 4 AF DR B 7 Lh
6 ZERiE
AT T NOMAXLZ W 2% A 1) B 5 R00R 1)

A, JERER T EE S R VLA R AT SR Sy
B, SEILRERRCRAIIUAL . ASORE P 45 Hh i B RAR

AT L BT DL C 5 T A 2 B S A 1 [ R
B SEHE T A5 T DL [ S AR 30U A R DL i) Rt
ATACEE . SR AR A /N T B R AL i R R
RS RN EXUT, NSl R AE T R iE
KKTIRAL AR B ORI DIFR 20, A
CURRERNS, Z TR N AR SR INSE. R)EiE
Hr R R R AR R SR AR R 3l S 25 B U SR
& B HTH B R R A T . 7 A RR Y,
ASCHFERE LI T R B T RE BRI I Zh &
SrC, FRENTEARURIAE R R BT, A
HARTHRER AR

2 F x|

(1] ZHANG Haijun, FANG Fang, CHENG Julian, et al.
Energy-efficient resource allocation in NOMA heterogeneous
networks[J]. IEEE Wireless Communications, 2018, 25(2):
48-53. doi: 10.1109/MWC.2018.1700074.

[2] XIAO Zhenyu, ZHU Lipeng, CHOI J, et al. Joint power
allocation and beamforming for Non-Orthogonal Multiple
Access (NOMA) in 5G millimeter wave communications[J].
IEEE Transactions on Wireless Communications, 2018,
17(5): 2961-2974. doi: 10.1109/TWC.2018.2804953.

8] WU Zhanji, LU Kun, JIANG Chengxin, et al.
Comprehensive study and comparison on 5G NOMA
schemes[J]. IEEE Access, 2018, 6: 18511-18519. doi:
10.1109/ACCESS.2018.2817221.

[4] ZENG Ming, HAO Wanming, DOBRE O A, et al. Energy-
efficient power allocation in uplink mmWave massive
MIMO with NOMA[J]. IEEE Transactions on Vehicular
Technology, 2019, 68(3): 3000-3004. doi: 10.1109/TVT.
2019.2891062.

[5] ZHU Kun, HOSSAIN E, and ANPALAGAN A. Downlink

power control in two-tier cellular OFDMA networks under


http://dx.doi.org/10.1109/MWC.2018.1700074
http://dx.doi.org/10.1109/MWC.2018.1700074
http://dx.doi.org/10.1109/TWC.2018.2804953
http://dx.doi.org/10.1109/TWC.2018.2804953
http://dx.doi.org/10.1109/ACCESS.2018.2817221
http://dx.doi.org/10.1109/TVT.2019.2891062
http://dx.doi.org/10.1109/TVT.2019.2891062
http://dx.doi.org/10.1109/TVT.2019.2891062
http://dx.doi.org/10.1109/MWC.2018.1700074
http://dx.doi.org/10.1109/MWC.2018.1700074
http://dx.doi.org/10.1109/TWC.2018.2804953
http://dx.doi.org/10.1109/TWC.2018.2804953
http://dx.doi.org/10.1109/ACCESS.2018.2817221
http://dx.doi.org/10.1109/TVT.2019.2891062
http://dx.doi.org/10.1109/TVT.2019.2891062
http://dx.doi.org/10.1109/TVT.2019.2891062

5 1

R

T RBERCRIIXUZ IR 2 R G5 A

1243

(6]

(7l

(8]

(9]

(10]

IEEE
Transactions on Communications, 2015, 63(2): 520-535.
doi: 10.1109/tcomm.2014.2382095.

CHEN Zhiyong, DING Zhiguo, DAI Xuchu, et al. An

uncertainties: A robust Stackelberg gamel[J].

optimization perspective of the superiority of NOMA
compared to conventional OMA[J]. IEEE Transactions on
Signal Processing, 2017, 65(19): 5191-5202. doi: 10.1109/
TSP.2017.2725223.

RITE, MRIR, IR, & BT ARLELZZHLARGE N Z M
PO ERMEET]. 515 B4R, 2018, 40(9): 2080-2087.
doi: 10.11999/JEIT171220.

WU Guangfu, DENG Tianyin, SU Kairong, et al. Multi-user
grouping optimization algorithm based on non-orthogonal
multiple access systems[J]. Journal of Electronics &
Information Technology, 2018, 40(9): 2080-2087. doi:
10.11999/JEIT171220.

ISLAM S M R, AVAZOV N, DOBRE O A, et al. Power-
domain Non-Orthogonal Multiple Access (NOMA) in 5G
and challenges[J]. IEEFE
Commaunications Surveys & Tutorials, 2017, 19(2): 721-742.
doi: 10.1109/comst.2016.2621116.

XIANG Lanhua and CHEN Hongbin. Energy-efficient and

systems: Potentials

fair power allocation approach for NOMA in ultra-dense
heterogeneous networks[C]. International Conference on
Cyber-enabled Distributed Computing and Knowledge
Discovery, Nanjing, China, 2017: 89-94. doi: 10.1109/
CyberC.2017.54.

LI Xunan, LI Chong, and JIN Ye. Dynamic resource

[11]

[12]

[13]

[14]

BT

allocation for transmit power minimization in OFDM-based
NOMA systems[J]. IEEE Communications Letters, 2016,
20(12): 2558-2561. doi: 10.1109/LCOMM.2016.2612688.
HOJEIJ M R, FARAH J, NOUR C A, et al. Resource
allocation in downlink Non-Orthogonal Multiple Access
(NOMA) for future radio access[C]. The 81st IEEE
Vehicular Technology Conference, Glasgow, UK, 2015: 1-6.
doi: 10.1109/VTCSpring.2015.7146056.

FANG Fang, ZHANG Haijun, CHENG Julian, et al. Joint
user scheduling and power allocation optimization for
energy-efficient NOMA systems with imperfect CSI[J].
IEEE Journal on Selected Areas in Communications, 2017,
35(12): 2874-2885. doi: 10.1109/JSAC.2017.2777672.

SAITO Y, KISHIYAMA Y, BENJEBBOUR A, et al. Non-
Orthogonal Multiple Access (NOMA) for cellular future
radio access[C]. The 7th IEEE Vehicular Technology
Conference, Dresden, Germany, 2013: 1-5. doi: 10.1109/
VTCSpring.2013.6692652.

PAPANDRIOPOULOS J and EVANS J S. SCALE: A low-
complexity distributed protocol for spectrum balancing in
multiuser DSL networks[J]. IEEE Transactions on
Information Theory, 2009, 55(8): 3711-3724. doi: 10.1109/
tit.2009.2023751.

e 53, 198244, BIEER, WHFOTT EARARAT WAl R
TEEGETE.
B, 199454, A, WEFUIT 1R RS B JE 4 (R R

sl


http://dx.doi.org/10.1109/tcomm.2014.2382095
http://dx.doi.org/10.1109/tcomm.2014.2382095
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.11999/JEIT171220
http://dx.doi.org/10.11999/JEIT171220
http://dx.doi.org/10.1109/comst.2016.2621116
http://dx.doi.org/10.1109/comst.2016.2621116
http://dx.doi.org/10.1109/CyberC.2017.54
http://dx.doi.org/10.1109/CyberC.2017.54
http://dx.doi.org/10.1109/LCOMM.2016.2612688
http://dx.doi.org/10.1109/LCOMM.2016.2612688
http://dx.doi.org/10.1109/VTCSpring.2015.7146056
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/VTCSpring.2013.6692652
http://dx.doi.org/10.1109/VTCSpring.2013.6692652
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tcomm.2014.2382095
http://dx.doi.org/10.1109/tcomm.2014.2382095
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.11999/JEIT171220
http://dx.doi.org/10.11999/JEIT171220
http://dx.doi.org/10.1109/comst.2016.2621116
http://dx.doi.org/10.1109/comst.2016.2621116
http://dx.doi.org/10.1109/CyberC.2017.54
http://dx.doi.org/10.1109/CyberC.2017.54
http://dx.doi.org/10.1109/LCOMM.2016.2612688
http://dx.doi.org/10.1109/LCOMM.2016.2612688
http://dx.doi.org/10.1109/VTCSpring.2015.7146056
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/VTCSpring.2013.6692652
http://dx.doi.org/10.1109/VTCSpring.2013.6692652
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tcomm.2014.2382095
http://dx.doi.org/10.1109/tcomm.2014.2382095
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.1109/TSP.2017.2725223
http://dx.doi.org/10.11999/JEIT171220
http://dx.doi.org/10.11999/JEIT171220
http://dx.doi.org/10.1109/comst.2016.2621116
http://dx.doi.org/10.1109/comst.2016.2621116
http://dx.doi.org/10.1109/CyberC.2017.54
http://dx.doi.org/10.1109/CyberC.2017.54
http://dx.doi.org/10.1109/LCOMM.2016.2612688
http://dx.doi.org/10.1109/LCOMM.2016.2612688
http://dx.doi.org/10.1109/VTCSpring.2015.7146056
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/VTCSpring.2013.6692652
http://dx.doi.org/10.1109/VTCSpring.2013.6692652
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tit.2009.2023751
http://dx.doi.org/10.1109/tit.2009.2023751

