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Abstract: This paper proposes a power allocation scheme for energy efficiency maximization in a downlink Non-
Orthogonal Multiple Access (NOMA)-based Heterogeneous Network (HetNets) with considering the out-of-cell
interference and in-cell interference. The scheme contains mainly two parts. One is the power allocation
between the users at the same sub-channel, where Difference of Convex (DC) functions -programming is
exploited to solve the problem. Another is the power allocation between the sub-channels, in which
ConCave—Convex Procedure (CCCP) method and Lagrangian multiplier method are combined to solve the
problem. The simulation results show that the fast convergence property, and demonstrate that the EE
obtained by the proposed algorithms based on NOMA is at least 44% higher than that obtained by the
conventional orthogonal multiple access scheme.

Key words: Non-Orthogonal Multiple Access (NOMA); Heterogeneous Networks (HetNets); Energy efficiency;

Power allocation

515

AR BRI R A LA oLk 55 AnE% 2 i A

Vol. 42No. 11
Nov. 2020

R 5 7 2RSS m A B & . M%7
X, GRS M, FE /NG 2%,
P55y 2 57 #  4% (Heterogeneous Networks,
HetNets). HetNetstE I8 i 732438 25 14 [5] B G

Uo7 MR R T 7 o3 A AN, TR R X 5 DA A

ks F1393: 2019-07-02; CUEIF#: 2020-04-13; %% HIRR: 2020-08-31
SEEEE: BERE gxkang@bupt.edu.cn

BEWH: FFKEKET(20172X03001022)

Foundation Item: The National Science and Technology Major
Project of China (2017ZX03001022)

26 V0 FN A i P A A ) R, DT S R A
. Uk, HetNetsC&AENHESRB B EHA
(Fifth Generation, 5G)Hfi# 1R £ 45 1000x 1 K Bk ik
M —TOCHERA o
ZHARANEARMEAIE S AR EZE X, B


http://radars.ie.ac.cn/CN/10.11999/JEIT190492

FE11

WA AL BT N 2% rh B T RE LA AR IEAC 2 RN P AT IR BB i 2657

A R AL S TR B KT N — . FERORTIY
ZHEARB L, LA IEAE IEAE £ 44\ (Non-
Orthogonal Multiple Access, NOMA)H A [P 5T
wATZE . NOMA 3 2R AN [F 1) Dh 2K A
B P AE BB INAE — & AT SEBL R N St da, I
TEFN iR ) ER AT TP (Successive Interference
Cancellation, SIC)4WHLZEAT RAT THRMERE, &
Rt g e 7ML SIS R A . A T
W 25 25 B MR A5 B3, AT DAENOMA B R 51 A
F|HetNetsH, 8 &3 G567 BB A H 4]
FED) RIS IR 72, NTAERIENOMAAL 4 i
[ B 29 0 2R G 2 B AT A

T HetNets H A [7] ) 45 5] 450 57 45050 2 77 U
ANF], HetNetsA B £7 £ 15 J= A [F] & 4011 0]
MNOMAKH Z H 55 & iy 7 L5, 6157
M P EAFEE ST ik, T3 82 HetNets
ENOMA AR &5 & 1 i 1 5 2 ) @il 2 — . i & 22
() BRI 43 O 7 VR RE 8 A RO 22 Al — 5 45 i R I T
PLremaBl, Flhn, SCHER[4)7E 5 RS2 A Pt B A 4R
T, &t 7 —FE A TNOMAMIHetNets 4 & 37 5t
N SRR B R A ) BEUR S T NG o SR %
Mz B, H A B T R A P, RI5E
PEF P RRIEAR P AR 55 AR R IR A
55 e /N R ) SR AT S R A R P R UM T =
Mo SCHR[S]4 T — M T 2598 1 T &) i 5
%, ZEHIEEZEHetNets 5SNOMAL A N B S
PP ANOMAF LI E I, SEILEEAS T AT
I 5T I 2 I A B KA . (HZ VR IR B R
JE/ANX A4 SCHR[6] 3R H 1 —Fh T R 4 B
PR HAUE 32 RPCHIEA D) R L%, 125 AE
G E R HetNets FINOMAZ &7 50 H S 2 [ 2
TP R F, SEI AT P g A s KA. 3
T SE R A AUE IR, SZAUE 15200 LA
Ko SHTH ) TAEAF (AT TAE 2B NOMABLAR
BN H B HetNets FOAS [F] /9 26 v, BRI 55 06 55 ) 2%
H P R REAZIN 28 (0 F P S AL, ANRERR
AN B P 2 K P B A ), STER[T N OMA
FARWA N EHetNetsH,  SLHLAS [A] X 26 A H
IINOMAAE . — BTt 7O &% . 2R,
FEXFEOLR, AR K B [ — b P
RE N0, I EHE FAh el b P 45 5 9L,
KRR T H P umSICHI E 4. EiR TA/EH,
DA B EE AT bR I 2 it B KA. 2R
MM, Bl /N R 1) 3 B 1 28 DL A AIR T 285 R K
FUBLGIN, W5 RS I RERE In) AUk B ™ 8 .
T 2%z B RS T T A AR AT A BRI = RN
F&, BEE M (Energy Efficiency, EE), ##{EE

M, CEMASGRIEN S — HEEMEREARRE. 4
Wi, SCHR[9)7EE T NOMA F4THetNetsH, #EH
TR T AR AR BRI RS B BE R K
WHIEE S Th 2 FL SR o SR, 1% D370 e S mg
T EE N EI RS, £ e BE RiEm T
DGR AR %% o SCHR[3]/E % [E Het Nets 1 T4
ATEE N, 1 7T NOMARM L fE 3R RIL I Th
FOWEEE . AHRAE RO, R s P4 aT LA
JIT A {5 T BRI /N R0 g I 2% I e o B R TE TR
P, AR T SRR A R

Erxt ER A NOMA HHetNets4: &5t )
ROMEERNAL, LIt — B iR mHetNetsH/h
RUFLUE RS, A SCAEH RIS 8 3 UL S HetNets
JZEZEAN TR R, 2T —FETNOMA
BRI HetNets TAT IR BCH % 72T 2 1 4%
BPERERIRTAR T, CREAE R G0 b/ Y SRl ) A RN
K. BT R~ (V)IEHRREMN ST ENE
AFHRETIR T, TR T /NI RS D) BC )
RERLAG IRl . FEAZ I R, K ™ B At < A
FE vl (0 B K R IR DY ZAE AR KA (2) M A 715
T8 ) R IEASVE, RO il U 8 9 SR AN 1=
T8 BE R KA Th 2 73 e il . (3) 4 FH L 22 A
(Difference of Convex functions programing, DC
programing) YLLK [V 4 #2 /7 (ConCave-Convex
Procedure, CCCP)" 75 ¥E1E 47 T 28 Il /(1) K e«

2 RGHRE

Z e —A2)ZHetNets N TEEIE IR, i Het-
Nets FH 72 36541 36 O 3 4y 2 12504 - 1 /N ks g
W, BRI, B AER S G,
ORI AN, BB AR R 8 o
kR NS, f € {12, FY s kA P
N T PR RI 2, R 2 AN R S S s
S, 5 R4 ) P 48 S04 5 4 N TE 22
TAZi, A TSR A Bz, AN
FH P 5 7 99 P 7 SR PN OMA B )7 2ttt 47
N, 2E B SR SO 7 v 08 P2 45 5 3 47
. N T BICSICTE I P ok s b, Ak g
ATFAEEEM PR B, = o 5\ Jdi5 %
TS bR Sk S R 2, B
g AT RN R EE BRI BEVEAS 828, odEn
BRETERIL, do g TS kSIS f OB
2.1 T{TNOMA{E=S1&EH!

e SCe R N OM A JSU 12 5 o ) 7
15 BT B A . B, 33 S7E T3 b
BB P P VR 5 s, 5o, AR (1) BT 5028 A2



2658 B 7 5 F

Ziy

¥k

42 %

zf = \/atpstp+ /(L —a})phsy (1)

o, ap, (1/2 < ap < 1 )Jgkub o 17E T4
n LRIASRE T, ppFor sl FAE T itin LR
PEThE . WIT-fitin L, ek fri R P B 5

iy = D paf kg + Pio Hwiiy (2)

b 0L =Y B R T X
Sl RSP 0 = hio D [piotlo
SR TN F ok BRI BT AR, LSy A
R HESE T W PG i ~ ON(0,0)375
BIR0T7 % Ao AT FIAS . BT i
n LS PR PR A8 R = [ | /o2
e, A M £ i L P
By 550 2555 ROVHY < HE ;. HAENOMAJS,
IR, 55 P (f 0 2 BN P A
1) F 535 D K T P (1530 25K P
PR DA P 2) MR T, B2 <af <1,
L P = (p1,p2, Pr) RN KIENFHE, NWpy=
(hop3 Y )o EUESRI P 0T LU IR A 55
FIP 0155, IS 78 75 it 1 W P B £
ey

R} (P,a%)

afprHY' ¢
= Blog, | 1+ ! :
2 ( L (= o HE 0 %)

(1—af)p}Hy
+ Blog, |14+ ~—1~L21
&2 ( L+ &g, + b3, (3)
F
A LD DI N

F sp
Zf’:l,f/;éf H3 ppt, P o=Hy g Zi:l pio=Hi 0P
2.2 HEIRE

A, FEuh fE S EN BRI € LN
TAEE S WS S D ZIEFEDP} = P} +pel
b Hr, p SRRkl fEEFEEn FIHFEMESD)
A IS f AR S En BB RERLA
EE} = R}(P,a})/(p} +pe), MABEATIT /NS
Pyl 5 X 2% I RERCA

mee = »_ > EE} (4)

f=1n=1

Py

2.3 BEXRALIEIREAIFL AL
MRAENOMA AL AN BE AL, /NARY 0 3 [0 4%
¥ RE R R R A ] AT LA iR O

F N
maxz Z EE}’

f=1n=1
st. Cl: Rp;>RE,

N
C2: > pp < PP™
n=1

1 n
C3: §<0¢f<1

Horh, Rp R P EAE 5 1En b B4R 5
S R FRIZH P R/ ME R PPoRoR
B fI R RIEINR . 1 LR, 28R % A
C1f H ) £ RIUE S P AE TR B/ &
BR, AWEMC24E W T ARl i KR IE D)%
PR o 2 3R % At CORA DR AH [F) ki A0 7 {5 18 1 55 H
JARRGE DN ZR R T 58 P R AOE TN
3 [E@aTMEEREIT

T2 (5) T E MR T I, — Ak
AN A RIS TE S TE1E TR e}, H—1
FR AR F — e fE AT E 8 E2N 5855 FH - 1))
FOMH Tate AT MEHRELE2AN RS, A o)
VT LT D) 2B E AR A
3.1 DCERKINESEREFof

o, BRI TEIE L2
RIS P RS IE T ot Bk, Hikpi e A
B, HT T EERPIERZM, BB iii(s)
JRFF A FE1E ERe s @, BT AN

Py
Blog, |1+
2 ( 14+(1 — a?)p:}Hﬁer@f,f+¢ﬁo>
max "
ate(1/2,1) P¥+De
1 _ an ’I’LH’R
Blog, | 1+ (Sl il ¥,
1+ @gyf + @3’0
+ 7
Py + De
st. CL,C3 (6)

Ho, Rl R 5y AN F15n B P LRI P21t
B/NEDRIE R R R (6) AR N R, Rk,
X (6) AT A, BARAAL(T)

(1- a?)P?Hgf
Blog, | 1+ d Blog, |1+ —— 1= =/
2( 1+ (1 - a})p}H} (97 +@;ﬁo> 2( 1+ o7, +dy

(7)

min —
ae(1/2,1)

s.t. C1,C3

Pt + Pe

Pf + pe



%114 W RS SRS b T AR A TE A S BB N T AT IR 4 R s 2659
5854 i 3.2 FIEEBINERMK
Blog, (1+ T FEe 5 e e ) b NS AR A B R R T (5) T
af)pFHL p + Py + PTo R o L
flaf) =~ i ; ST TS, X —/NTERHCCCP %K
(1~ o) Hs R TSI R Th AR AN IR, %, R SCRR[L3]
Blog, (1 + M) SRR 2 (5) AT B
glay) = L2 Ff(an) 1 WMEP MR R, W

P+ Pe
Mig(ap)3B Rk Tafih g £, Fik, wUFHDC
programing R ATEALK M}, DC programing
B EAR: E e A DCE M R 1)
ey — RABRAER N ARAL 7 5], SR 5 R AR TEE )
I OLAC AR - ] EHEAT B SR . A R OT
¥ g(a) () kAT I R R IF, Rlg((af)o)+
V' ((a}))(a} = (a})%), FHHVg'((ef)*)Fmg(a})
FE (o) FIBE L s () IR e OB AR I ek f 75
TEEn EWIhRE S T %, F R EA] E
RN

min {q(af) = f(a}) — g((a})%)

ate(1/2,1)
~ V" (@) ef — Py @
s.t. C1,C3
HA 2 R CLRT AR AR 10 R
QpFHT p + (1 — 2T/ B)
L+ (1 =af)pfHT p + PV p+ BT >0

n\, N Iyn R2 /B (9)
(I—af)pfH3 s+ (1 —2%/7)
(I+25 s +P54) >0
g HIRR B T RER L N
Vg'(a}) =
B B s
2 (pj+pe) [ (1405 +80) + (1-af) ppHE, |
10)

A (8) & — M FrER LA )RR, T DR A AR 2% Y
MR A CHREAT R SR AR (8) T 2 4y L A
FAERIP . KL, BRI R E T A
ORI SRR A TEE LR BEE T

()\}l)*7(’y}l)*7f:1727"'7F;n:1727"'7N ’ ;Z'FE_ i—]
A=Ay =y, PrORE(11) BIfE
F K
mgxzzk?[R}‘ — 5P} +pe)
f=1k=1 (11)
s.t. C1,C2
C3: R} —~7 (0} +pc) >0
[l Pl R 55 (12) HAEX =A%, v =~
AR SR {1
T +pe) T Pt
TL:1,2,"',N; f:172a"'aF (12)
HERR X T(5), ® R
L(P7 67 ﬁ? 0’ n)
F N 2
=22 5 (Z Ry - Rizq>
f=1n=1 k=1
F N F N
DD ESWACES Y
f=1 n=1

f=1n=1

F N
+3 D N (R} =7 (0 +pe)) (13)
f=1n:1
2
15&9? :p? +Pe, g?(P) = <Zk_1 Rz,f Rfeq) ’
N
LB Vg (P) = PP =3 pf. RAESCHR[14]
TH4.2.8, BFriz-Johnftib & 4E, 1E1E6*, B,
0%, n*, e

6L F N
o DY NH(VREP) - 1}Vg}H(P))
f=1n=1

F N F
+3 D BIVIHP)+Y 05V (P)=0,Yf,n (14)

f=1n=1 f=1

®1 FEENAPHESEETFEE

DC programing %43 it K7 5%

LA, BE () IRaRE: BEEAERS c=0; BERRERIRE Cnax LL LA BIELIE: TR

a((@?)®) = F((a)°) - g((a}) ).
2. repeat

3. A (8) KR T A I T ()"

de=ctl (@f)F = @), HH(e))) = [(@)) = g((@})°)

5. until Q((a?)c) - Q((Oﬂfl)671) S M or C > Cmax

6. ()" = (a})°




2660 m F 5 B B % F42%
oL nyE( _ U(P) = Ugayel (P) — Uzayea (P)
— (A ) =0, Vf, 15
oy (X" +pe) fn (15) s.t. C1,02,C3 } (23)
P N
n\* oL n n,nrrn % ﬁx: EP ’ Ucavel(P) = Z Z )\?)\? [BlogQ(l—i-
— H — B = n=
57 o(87) < [afpf br ¥ (1 ? ) pyH1f+q>1f+¢1o)+B1og§( Ay, + B
A+ (L—a})ppHT + BT 1+ ) D30)], Ueavea( Zf 12 Af[Blog2 +(1-
+(1—a})pjHs, + (1 - 2RB> af)PHH] +9151 g P+ Blogz(l + 05+ Do)y
(0 +pe)] - B (1) %6 (24)
(14 @?,f + @711,0))} =0,Yf,n mgX{Ucavel (P) — Ueave2(P)} (24)
(16) s.t. C1,C2,C3
n 8L - n max il n o ﬁﬁiﬁj/ﬁﬁ7 m‘uﬁﬂchavel(P), cave2( )jj?%
O gy = O (Pf - ;pf> e FPHINBE . I Uewca (PR LA R COCP
oL (17) 77?2, ﬁﬁ%‘ﬁl\%ﬁ(/( )EFIE/J[EIJ‘B \EI_J UcaveQ(P)r
() ——= = ()[R} =7} @} +pe)] =0,9f,n FATAT LR PAe A . RAAD IRIE S W #2.
o(77) Dy oX(24) AT BLE R AR — 7 5
(18) sk
017C2aC376* Z 07/8*70*577* Z 0 (19) P7)+1 = argmax {Ucavel (P) — PTVUL»&VGQ(PU)}
figko* =0, fEX(15)F, HTFHEMNP, BT (25)
X(16), X (17)F(19)AT LA 2 [V1, V8, -, VRIT AVUeaveo (P) 1E 5PV IR
> BpVEPI=0. 3 (B0 @) oy, B(1 - ap)HY, 2
f.nel(p*) fmel(p*) In2(1+(1— af)p"Hﬁf—&—@l’f—l—@{"O)
F N F F H{Lf
o, I(Pr) = fin ;;gﬂp*):m;% +m_§¢?m3<1n2(1+(1—a&)pkHﬂm+¢?,m+@?,o)
Hn
(P*) = *ETESlater AT E, HIEP!, W ln2(1—|—@" +¢S,O)> (26)

Vi (P') <0, Vfin
B, Kk
Vit (P*)'(P'—P*) < §}(P’)

. BT PORET P

—gf(P%), Vf,n € I(P)
(21)

4d = P’ — Pl (20) FIz(21) AT 457

( >
fnel(p*)

H5RX(20)HEF & Kiko™ >0,
(B RE(H) /e 5(87)" /o, @it (16)5(18),
AR (13). B EY] = (0F)", A= (AP,
W(14). R (15) KA (17) NN (11) KK T %A+,
LS To7 = (V)7 AF = (A, PAR(11) I —
M s

WA H L, X(5) AT A a(11), i
RA(11)ARK M (5) . H2(11) BIPLAL in LA
153

T
(B?)*VQ?(p*)) d<0 (22)

RGOS

WA HPFORPXINIEE S, B 5ERYE SCik[11],
#J# minorization B F G &

U(P)>G(P,Q), UP)>GP,P) VP,Q ¢ 87)
Kk, GAHUR R AIFEQAET U, MEmininori-
zation B %= P HIEAC N

P! = argmax {Usave1 (P) — PTVUeuea(P)}
" (28)
Y HAYPY = argmax {G (P, PV)}a# | P — P||
< E{EEAT . Uk, AT RURZE 5 ik B AR B A AR

H, ZIEARENE AU B S, B

U(Pv+1)b > G(P”'H,PU)C > G(PU,PU)E _ U(Pv)
(20)

Forhb esit 2 (27) /8 8], ol DU I (28) 78 5.

PR SCHR[11], 5 F 22 830 B M4 2 minorization B 31
G BT —Uevez (P) MR BB AT 3, A 55
= (30) 7.



FE11

WA AL BT N 2% rh B T RE LA AR IEAC 2 RN P AT IR BB i 2661

- Ucach (P) 2 7UC§LVO2 (Q) - (P - Q)TVUC:LVOZ (Q) )
VP,QeP (30)

U(P) = Ucavel(P) - UcaveQ(P) 2 Ucavel (P)

- Ucave2(P) - (P - Q)TVUcaveQ(Q)
VP,Q P (31)

5 X minorization R # A
G(P7 Q) éljcavel(P) - UcaveZ(Q) - (P - Q)T
' VUcaVOZ(Q)aVPa Q ep (32)
PRI, AT DA 28 (33) 0 7 R A A o R (24)

P! = argmax {Ucave1 (P) — P"VUiye2(PY) } (33)
PcP

it
3(25) AL, AT AR AIKKT (Karush-
Kuhn-Tucker) A M 5 14 K 3K 43 1% 1) # 1) % f
fidg, Ep
E(Papaw) :Ucavel(Pv) - PTVUcave2(P)

F N
S 5o}
f=1 n=1

F N
+Y > wi(RE, - Ry (34)

f=1n=1
FEDNRLIFXEAZ ' = [o1, p2, -, pF], w = [w1, w2,
ey wr], wp = (whwd 0N R LR, AL

i I g X (35) R IRAF T 2873 T ) e DL
OL(P,p,w)

=0 35
ot (35)

Py=p}~*
U AR VR SR AR 2 (35) - TR AT A B
IS A R, w, o + LWOEIRIE AN
N
pfv-‘rl — va +o, (Pjrcnax _ ZP}L> ,

n=1

(W)™ = (WH)" + 0u(RE = Rity) (36)

Hor, 0,00 9 UCBE BEAR AL SV G 2B K
SERIN RFSUR Y IELSS
3.3 HESHENH

ThEe oy B E I B 2 B E A FE W 7, —
S FEEN P RS TEFHEEREM, 5
— o FEE R DR LR R EW . i
M A B E Bk A (8). R4 SCHk[16]), KX (8)ME
FPENO(S,), HpS, NEAFEE LI H 4.
FEARHS, =2F, WM =C-0(2F)%), CHT1E
TE N P DR N T R AR AL, OKME N
Caxo TSN IR SEEN FEZRERA
CCCPJiiE. HILZEIEME AL AW = Vig(1/¢),
VRZ S RIERIREL,  BRAE N Vinax o
4 FEZR

AN PR H T E A e A TMATLAB
fid . FHIZFIETEIEAR Z hE8 N (OFDMA ) f£ 4
THOL R AT L. MRS HA T AR
MNFEE LR ECh2, DNUEESRE =4, TE
EHCAN =10, BAFEERWFEAB =30 kHz,
PRAAHER ¥ = -3, W% (o} ;)* = 70 dBm,
AT R e = -3, BATEE LB
FEAP. =0.01 W, Z5ig e W 2% h A F{51E B
MIRAPY = 32.73 dBm, {REAREI = =1073,
B KIERIRECA Cnax = Vinax = 20, FEF IEZZ 2 41k
BEANTEE ER R — N H P . W—HA
L HZATEIE.

P IR 7 R[]/ 3 0k B KR 36 Th 6 5 g
k%, HAPREL, =2kbps, HEF &I, AN
W 55 2R G0 I R R S B o Rl e KR T 2 ¥ 3
M3GK, TR R IE D) 1 e — e fR R B4R
AR SR AR T S AR RE D, TR
T/NRLIE B K IR RERR . SRTITEPP™ = 3 W LLJS R
R 2 T P4, R DR g 8 I sl e K Rk T
TEHR i ) 2 A e 0 1 [ Bt 19 T 1o 2% B AEAAS

*®2 FREENWERSEEE

CCCOP{S 18 )2 43 Bl 532

0 0
L WAL BB 0 = 0, BREERIEE > 0. WEMAILPY, BRI s, 15(2] ) :U(@ﬁ +m)

(p° =Ry (0°)/ (0P +pe )

2: repeat

3: P B B ESRAR(P*) VRl PY+ 1o (P ) 3 2 3K(35) M3 (36)

4: HHER(12)EHOF) TR .
5: WHEv=v+1

6: until

F
ngx{Ej<vauw<@?wx1+ﬂ(uﬁqv+pJ/B>—(v?V«pw”+quﬂ}
f=1

SgOI‘U>Vmax




2662 BT 5 FE R ¥ & F4a2%
4.0 3.8 g
= b9 = |
Z 35 e Z 36 NOMA |
Z 30 : z 34 < OFDMA |
— // = 32
X 25 X
- = 3.0
e 2.0 /// e
m\;ﬁ / NOMA E 28
5 -
a 0 - OFDMA @ 26 Pt vrod g o
1.0 2.4

05 1.0 1.5 2.0 25 3.0 3.5 4.0
P»;HHN(\K'>

B 1 AR D3R K BERUE

[ Sl (8] ) R P 900 10 24 A% 4 BE T AN D R T AR 1Y
FLAEE BRI, RERUERE T 7 1H, ASF S22kl iy
KKIENREIE . BLoh, BATIERT LI, fE5
AN, ETFNOMAM RGREMINL —H
T3 TOFDMAR R GRER L . P fE Py =
1 WiRF 5 4t i) BE R0k B3 T OFDMAF £ 4t RERUR
[ VR

K24tk 7 AR R S AN 5 R 5
MIRERER R, Hh PR =1W. dEmH, AN
UG 5 ARSI BE R o B A Y T 5 SR A 1 T sk
Mo PUATERIFEA ST IR, B i R R 20
KHP IR, T BRER PR, BT
NOMA M I Zh 2 Z2 LB T 5 5 A2 A [ I 43 _L 1) B

__Lo4
0.92 /®/€ D
0.80

0.68 o
0.56
0.44 /
0.32 /

v 0.20
o

0.08 @
0123456738910

AR EL
(a) DC programingH)# 43 e R F 5%

A

HRE (X10°tib/J

O~

0 04 08 12 16 20
R, (kbps)

P 2 AN[F] P AR RN ) BE AR

Infetan, BCRR P AERTIOFDMAM S K, Hhg
P e 2, RILEAR R AR R R T,
OFDMA [ RER— B AL T BURHIKF.

K343 25 H T DC programing T F K ¥ 7 fic
HAEMCCCPEIE Yy 24 Bo VR U St e o AR
SR RE, =2 kbps, HAE3(a) HIhEHE
Rl F SRk s B, Re B N AL (518 T I RERL
fH. MBI DL B EEEEAR 4R 2 5,
REAE B TA20E . BI3(b) 58 Th 2 4 e B2 i
SHEl. Wz LLE A CCCPTTE, M
EIEASIK LG RERE T A g . B3 AT LUE
o, AR R PR SRR R B A AR G e S Bk AR
RHH A

3.9
= 3.7 4 rJ N—P—
= 35
= 3.3
= 50
z 27
o 2.5
=X 21
I 1.9
217

1.5

01 2 3 45 6 7 8 910
AR
(b) COCP{EIEThH 4 L vk

Kl 3 Hikiisikag

5 ZERIE

A AR N FINOMA R HetNets K AT ™
%, {EHEZEEN TR T, BT Nk
L R GRS R A R . R R TE R IEAS
PR, RIS /N TR B3 X 4% B 205l LA A D B R AR
B FETE BE RO B 7 ) . T 1) R 43
IR AL Z 02 N TP s AR i, AR
AL SRR BB P RSN 1. Ba
FR AR 2R RS TE I D R e ) AL, {5 LS
KR, FrifHERRAEIER R, REE R
KM FE I 5

& % XM

(1] DAMNJANOVIC A, MONTOJO J, WEI Yongbin, et al. A
survey on 3GPP heterogeneous networks[J|. IEEE Wireless
Communications, 2011, 18(3): 10-21. doi: 10.1109/MWC.
2011.5876496.

[2] DAI Linglong, WANG Bichai, DING Zhiguo, et al. A
survey of non-orthogonal multiple access for 5G[J]. IEEE
Communications Surveys & Tutorials, 2018, 20(3):
2294-2323. doi: 10.1109/COMST.2018.2835558.

[3] FANG Fang, CHENG Julian, and DING Zhiguo. Joint
energy efficient subchannel and power optimization for a

downlink NOMA heterogeneous network[J]. IEEE


http://dx.doi.org/10.1109/MWC.2011.5876496
http://dx.doi.org/10.1109/MWC.2011.5876496
http://dx.doi.org/10.1109/MWC.2011.5876496
http://dx.doi.org/10.1109/COMST.2018.2835558
http://dx.doi.org/10.1109/COMST.2018.2835558
http://dx.doi.org/10.1109/MWC.2011.5876496
http://dx.doi.org/10.1109/MWC.2011.5876496
http://dx.doi.org/10.1109/MWC.2011.5876496
http://dx.doi.org/10.1109/COMST.2018.2835558
http://dx.doi.org/10.1109/COMST.2018.2835558

FE11

K X

SR T I 2 R T RE R AR IEAZ AR N T AT DR M R A

2663

(4]

[5]

(6]

(7l

(8]

(9]

(10]

(11]

Transactions on Vehicular Technology, 2019, 68(2):
1351-1364. doi: 10.1109/TVT.2018.2881314.

MOKDAD A, AZMI P, and MOKARI N. Radio resource
allocation for heterogeneous traffic in GFDM-NOMA
heterogeneous cellular networks[J]. IET Communications,
2016, 10(12): 1444-1455. doi: 10.1049/iet-com.2016.0011.
SONG Zhengyu, NI Qiang, and SUN Xin. Distributed
power allocation for nonorthogonal multiple access
heterogeneous networks[J]. IEEE Communications Letter,
2018, 22(3): 622-625. doi: 10.1109/LCOMM.2017.2789282.
NASSER A, MUTA O, ELSABROUTY M, et al.
Compressive sensing based spectrum allocation and power
control for NOMA HetNets[J]. IEEE Access, 2019, T:
98495-98506. doi: 10.1109/ACCESS.2019.2929185.

NI Dadong, HAO Li, TRAN Q T, et al. Power allocation for
downlink NOMA heterogeneous networks[J]. IEEE Access,
2018, 6: 26742-26752. doi: 10.1109/ACCESS.2018.2835568.
STEFANO B, CHIH L I, THIERR Y E, et al. A survey of
energy-efficient techniques for 5G networks and challenges
ahead[J]. IEEE Journal on Selected Areas in
Communications, 2016, 34(4): 697-709. doi: 10.1109/JSAC.
2016.2550338.

QIN Zhijin, YUE Xinwei, LIU Yuanwei, et al. User
association and resource allocation in unified NOMA
enabled heterogeneous Ultra dense networks[J]. IEEE
Communications Magazine, 2018, 56(6): 86-92. doi:
10.1109/MCOM.2018.1700497.

AN L T H and TAO P D. The DC (difference of convex
functions) programming and DCA revisited with DC models
of real world nonconvex optimization problems[J]. Annals of
Operations Research, 2005, 133(1): 23-46. doi: 10.1007/
$10479-004-5022-1.

SRIPERUMBUDUR B K and LANCKRIET G R G. On

the convergence of the concave-convex procedure[C]. The

[12]

[13]

[14]

[15]

[16]

22nd International Conference on Neural Information
Processing Systems, Vancouver, British Columbia, Canada,
2009: 1759-1767.

FANG Fang, ZHANG Haijun, CHENG Julian, et al. Energy
efficiency of resource scheduling for non-orthogonal multiple
access (NOMA) wireless network[C]. 2016 IEEE
International Conference on Communications, Kuala
Lumpur, Malaysia, 2016: 1-5. doi: 10.1109/ICC.2016.
7511239.

CHEN Qimei, YU Guanding, YIN Rui, et al. Energy-
efficient user association and resource allocation for
multistream carrier aggregation[J]. IEEE Transactions on
Vehicular Technology, 2016, 65(8): 6366-6376. doi:
10.1109/TVT.2015.2472558.

BAZARAA M S, SHERALI H D, and SHETTY C M.
Nonlinear Programming: Theory and Algorithms[M]. 3rd ed.
New York: Wiley, 2013.

YE Qiaoyang, RONG Beiyu, CHEN Yudong, et al. User
association for load balancing in heterogeneous cellular
networks[J]. IEEE Transactions
Commaunications, 2013, 12(6): 2706-2716. doi: 10.1109/TWC.
2013.040413.120676.

KHA H H, TUAN H D, and NGUYEN H H. Fast global

on Wireless

optimal power allocation in wireless networks by local D.C.
programming[J]. IEEE Transactions on Wireless
Communications, 2012, 11(2): 510-515. doi: 10.1109/TWC.

2011.120911.110139.

ik X %, 198944, T4, BRFUT R RIS, dEELE

REAE RS

HERANBOR . a3 1) 2.
Lo, 19724, AR RN, BT AR S BRIEAS |
KEHE N TR,

TS RO


http://dx.doi.org/10.1109/TVT.2018.2881314
http://dx.doi.org/10.1109/TVT.2018.2881314
http://dx.doi.org/10.1049/iet-com.2016.0011
http://dx.doi.org/10.1049/iet-com.2016.0011
http://dx.doi.org/10.1109/LCOMM.2017.2789282
http://dx.doi.org/10.1109/LCOMM.2017.2789282
http://dx.doi.org/10.1109/ACCESS.2019.2929185
http://dx.doi.org/10.1109/ACCESS.2019.2929185
http://dx.doi.org/10.1109/ACCESS.2018.2835568
http://dx.doi.org/10.1109/ACCESS.2018.2835568
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/MCOM.2018.1700497
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1109/ICC.2016.7511239
http://dx.doi.org/10.1109/ICC.2016.7511239
http://dx.doi.org/10.1109/TVT.2015.2472558
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TVT.2018.2881314
http://dx.doi.org/10.1109/TVT.2018.2881314
http://dx.doi.org/10.1049/iet-com.2016.0011
http://dx.doi.org/10.1049/iet-com.2016.0011
http://dx.doi.org/10.1109/LCOMM.2017.2789282
http://dx.doi.org/10.1109/LCOMM.2017.2789282
http://dx.doi.org/10.1109/ACCESS.2019.2929185
http://dx.doi.org/10.1109/ACCESS.2019.2929185
http://dx.doi.org/10.1109/ACCESS.2018.2835568
http://dx.doi.org/10.1109/ACCESS.2018.2835568
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/MCOM.2018.1700497
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1109/ICC.2016.7511239
http://dx.doi.org/10.1109/ICC.2016.7511239
http://dx.doi.org/10.1109/TVT.2015.2472558
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TVT.2018.2881314
http://dx.doi.org/10.1109/TVT.2018.2881314
http://dx.doi.org/10.1049/iet-com.2016.0011
http://dx.doi.org/10.1049/iet-com.2016.0011
http://dx.doi.org/10.1109/LCOMM.2017.2789282
http://dx.doi.org/10.1109/LCOMM.2017.2789282
http://dx.doi.org/10.1109/ACCESS.2019.2929185
http://dx.doi.org/10.1109/ACCESS.2019.2929185
http://dx.doi.org/10.1109/ACCESS.2018.2835568
http://dx.doi.org/10.1109/ACCESS.2018.2835568
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/JSAC.2016.2550338
http://dx.doi.org/10.1109/MCOM.2018.1700497
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1007/s10479-004-5022-1
http://dx.doi.org/10.1109/ICC.2016.7511239
http://dx.doi.org/10.1109/ICC.2016.7511239
http://dx.doi.org/10.1109/TVT.2015.2472558
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2013.040413.120676
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TWC.2011.120911.110139
http://dx.doi.org/10.1109/TWC.2011.120911.110139

