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Abstract: An adaptive virtual resource allocation algorithm is proposed based on Constrained Markov Decision
Process (CMDP) for wireless access network slice virtual resource allocation. First of all, this algorithm in the
Non-Orthogonal Multiple Access (NOMA) system, uses the user outage probability and the slice queues as
constraints, uses the total rate of slices as a reward to build a resource adaptive problem using the CMDP
theory. Secondly, the post-decision state is defined to avoid the expectation operation in the optimal value
function. Furthermore, aiming at the problem of “dimensionality disaster” of MDP, based on the approximate
dynamic programming theory, a basis function for the assignment behavior is designed to replace the post-
decision state space and to reduce the computational dimension. Finally, an adaptive virtual resource allocation
algorithm is designed to optimize the slicing performance. The simulation results show that the algorithm can

improve the performance of the system and meet the service requirements of slicing.

Key words: 5G virtual network slices; Resource allocation; Constrained Markov Decision Process (CMDP);
Non-Orthogonal Multiple Access (NOMA)

Vol. 40No. 12
Dec. 2018

515 SL HBAT RAEVE R REOE I 4, W] DU AS R H

BB AW, A S Ry, A FHIHRORIE T fR

W2 U) Fr BR Bg T A o e8] g — FhH L

Wcks F1393: 2018-01-30; CEIF#: 2018-08-16; 4% HRR: 2018-08-23
SEEEE: e tangl@cqupt.edu.cn
FETH: EHEKERFERES(61571073)
Foundation Item: The National Natural Science Foundation of

China (61571073)

G TUIR BT T, 7T DL R iR 52
&7 VIR oy RO R . SCHR[3]4E 52 2 Th Z R
(RIRFRE XI fo K A RE AU TE 26 I 2% ) i ARk i R
1M, FEVLA A5 21 04 R AU BEIBAT 75 18 21 B IR 1Y
DRI SCER[4]R Q2 2 it — sl B B
BEALALTT 58, R RGMERE. Tk D7 SAE I Il K3
BN, WRESMIG “4ERE” [


http://radars.ie.ac.cn/CN/10.11999/JEIT180131

B A%

12

FRIEAZ 2 hbHR N R G 5 T 52 PR ZR B IR G S A ) o0 226 170 P Rl 00 9 050 70 B ik

2963

N TSGR N A v I R,
[ i 76 20 I FH A RS B2 R, & TNOMA (AFIExE £ 4k
FEN) BB IR 5 e AR A T I . SCHR[6-—-9]7E
NOMA RS , NHFHIE T RRKIIIRS T X,
(A A R R P AR RN % 75K

B CA B, AR SCHREH T T CMDP(3ZFR
R B R Ve SR AR ) RN 5 D) 1 3 R 40 R 43
Befvk. ARSCHITTER EBEATE: (1)/ENOMA RS
H DL A TR AT D) R BRI R, VIR
SOEZRMEN IR, B CMDP RS ) 2 ¥ H & M
R AR (2) 8 G RFORDS, Hdk
THRACEREF RIS HE,; £ X MDPR “4EfE
GEHMET A, BT IR RRIE S, E LR
H, BRUCGKERESHE, WO E4EE; (3)%
TH T —Ff B I8 R LR o B 5, I AR
SEMAW R B 2], shaS TR 4y BL sk mg, TE3%
SV F QoS T =R E R (AL V) P B
2 MEYHEERE

KRG =E. EiZa5%, AL

BYVF, KELRMARRMOLS, S0 H
kAN T2 T BERIBN,  BEUR IR P 2 AR H I 2
IV A A5 12 SRS 43 B B YR .
2.1 HIHBHREER
Rk, et BFZIPH P 2R ECNA(t), A(t)n]BA
1
zWFE&@ (1)
Hordr,  A(t) et 2000 i EHAH P, iR A
I 250 Fr o
2R, TRt Z], YR E s R s L2
i S O AU P ) 4R 2 4 A AR R £ U
e, ENOMA RS, RHIEERHBEARNAF
P Re o, NEEE RS P s> 1
R, ) P I P SR SRR B ) 7 SR A
Bl € LN an(t) < 006 ?E)‘(Qs(t) = (an(t))iyﬁﬂ‘
Bty BHYRIRRBn Y Al T P BB B . TR
ZI TR 227U R I BAFI AR T 3R R A

Cwm | [ e ] -
T | B AT — Lo LR
— =
~
Bl R A
| Lo INaRIN b
CEALE
w12 vipE | | AR | epese
s || s || gite
A
b / ¢ ;{jﬁ;&:\s lEH:&,
i 7 P 2,(s, §)
2 ML ADP
/\ A o
Y
_ e |
&Q\S ﬁlﬂ§7r| T
i =
g W U B
K1 &4 5K
’E}])—Tlﬁ%R‘Bl L
iSRG -
LR A BIF L7 RB1 |-
£ Wl (A BB A7
s || V2RO ‘ "
: s VI 14£ RBn
VIR L 19iE R BAF s
g : RBn
Ut L £ RBn
I [

-

P 2 )b R A



2 %

40 %

2964 BT 5
Q) =D_>_ QL) @)
leL neN
B0 SCEYIAFIAR I QR
Q=timsup > F{Q(1) 3)
T=o0 teT

2.2 NOMAR Fi&R%E

RGeS R A R
TR, (R R MR DY A
A BB A TR e T
WRESENP, WP=" i, p, At
R PRI %

FENOMAR F AP REgs el 76T Hkm Lifi
Bk 15

Yiom = NimSm + Wim (4)

S,y R, 0 BT T A m L 5
I 15 RECRIMR S, W TIN5

2
m °

RAEER AN, AT S 8om LR i
ﬁé%ﬂ\jrz m*

g

pi,mFi,m

Tim = Blogy | 1+ (5)

ky,
1+ Y pjmlym
=1

Hrr, BT EBmEN T, T, WA i 8T
P L (CINR)

BGE DI BENIFEIES AM, € XRA
PR R

M kim
R;M: Z Z Tk,m (6)
m=1 k=1
NOMA Gt ¥4 & i 2 o
PIl=1— Pr{Vr;,, > R} (7)

3 MEYIRPHERSECMDPERR

AN T2 WX 25 U1 v 1 0L U 2 T ) A
WA — A2 IR R BR PR FE (CMDP), H A
TLREH: RGURE. HBATH. IREFHBEKL R
SRR
3.1 RGRE

AR SCAE 5 1 AR AS P EIR S w() FIAMER S
w(t) . i, WERESw() IR V) A HE IR
RBn PR INR S EAE D . & LN, () NHE
JERRB A LA VIR AT 3BEEG P () AT BLI
T EBEmPI T RRLE, W RGN A RS w(t) 7] EA

RIRN
u(t) = (Uln(t))leL,neN
= (Nln(t)v Plyy?(t))leL,neN,men (8)

AMER A w(t) AT H B S ) A BUE . AN
F B B 50 Pl 55 75 SR DA BIIRAS SE Al e s«
w(t) = (wilt)) ey (9)
Horb, wi(t) Nt SRS UL IS, FAddh,
FIH 2R (10) TSI B EREAN T35 1) S A R
Ri(1) (10)
e, oA ToRN 2 miE, »RR AT Re
(1 KIS E TR, Dygor, gV IFTTEABIBA BT 1)
LRSI EE,  Ry(t) U IAE 24 H0 S A B AR B e
2, RNV R HE 2RI BRE R
3.2 HBLITA
& LAPRES s B AR SR AT RIS
A= {an(t), Bu(t)} (11)
Hordr, () 27 SRR B A U] A 1) 43 B 2
FRLEEEEAT N Bin(t) R ZIN YD F 1 BE 7800
AT N
3.2.1 FARNRSERE %7 VBB R )
BCRoRLEE, il — BN PR
i 2 F AR P mA R TR o B B IR n A ()
TR mIRS Ok TS T30 2 DUR 2645

k
Paae > Y (PR (8) £ aa(1)) (12)
i=1

FERE— I 2B E DR BCRLEE e, W] LAAS 2%
TR KRS k] (1) :

_ 1 + 1 + 21)&
2 4 P[[;(t) + Oém(t) (13)

ATV ISR LA R N

Finax (1) =

M
()= Q5(t—1) = D kn () + A (14)
m=1
3.2.2 YIRFHERSES RS s AR 5 —Fh )
FBCAT RSV A #8241
SRR RIS e RAE,  H DR 4y Bk B © 28 5/
{8, W25 RENZY) R 4 BN T3R8 . ASCE X
Bin(t) = {—1,+1} o XHEEYH, HEH 7B
2L RS 55 iR - B 0 Th 26 7 Bl ks B — 3
3.3 KEEBHIE
RGNS I RN
s(t+1) = s(s(t), as(t), w(t+ 1)) (15)



H12 B A%

FRIEAZ 2 hbHR N R G 5 T 52 PR ZR B IR G S A ) o0 226 170 P Rl 00 9 050 70 B ik 2965

RGN IR u(t) K K R (16) s
Uln(t+ ) (Nln(t + 1) Pln (t + 1) leL,neN,men

)
= (¥ (Uln(t>,5m( t), ¥ (uln< t), (1)),
(NMU)Pm()i@mﬁﬁv

RM<Z}3”

i=1

(Nln(t) + /Bln(t)a Pﬂf(t) =+ Oq,,,(t)),
_ . (16)

k
Puin > Y K(PI(1) % (1)
=1

j304177( )) < Rnax

k
Paas < D K(PI() £ (1))
=1

Hor, wVFEP 5 5 R IRN,(H) FPT () %
o RGHIAMERIR A w(t) BT U1 A F - Bl
UL BRI E MY RES, HITAER, R
GUANKTRN S R 558 B2 2] (3 R AT B 37
3.4 [EIIRFE

T g € I, H{EREVT (s) AT 67 &

Nl!(t

—E" {Zwms, ) [s(t) =
t=0

(17)
Heb, NIRRT, 2,(s, )N 5] #E
(EREP SO EIE 4=
s AR R E =X (18) Fr 7

Vi(s) = E™{02,(s, s
@)aﬁgs{ (5,8)

Hy V() [s(t) = s, a4(t) = a}  (18)
xR, AR s T A IR AN

7*(s) = argmax V*(s) (19)
TE SRR R, (s, 8" )N
L
s >=Zwl<t>Rl<t> (20)
Hrb, wi(t) ARGV MRS w(t), R(t) A5
ﬁﬁ%mﬁfﬁﬂﬁﬁio

BEUR 7 C 58 B B V) s, B IR A e 4
JEvl R, Ha(16) 015, R(6)w=X(21) i,

E(Pi (1) % ant)) Do

N ) Knm
Z Z B, log,

n=1 m=1 k=1

M-

Hnin S

=1

Nl(

]\,.
Z (Pln ial" ))[I]m

)

43mwiaMﬂ>ggm

k‘P”’ :|: n F[WL
Bulog, | 1+ — KPR £ an() |

1+§: (Pirt) £ an(®))

>

n=1 m=1

vm*

am>§:@% imﬂg B %ﬂ<2y0ﬁ@iaww
i=1

DRI PR AR A B 28 H AR AR T I BA A A e A
ESIES) = N ACIE TR 8

ma}quT {ZQ s, s)}

t=0
s.t. Q()<:Qmm (22)
3P < P
leL

R (22) AT, Q1) J9 8 2 RGEH T

BIF, Quax WRGRVFHIE KBNS ZPOM

NERGHIT B Wi, E&ﬁ%%Tﬁﬁ%ﬁk
R .

4 BWREBENEEXZT

AL CMD P i G743 3 RG MR,
BRI 25 5 BN “AERICHE” ) 2 X
PLE R, ASCR T ADP (G sh M) 5
%, B REBMRINAENHEESE, RERE
IR



2966 B 5 fF B ¥ M %40 5
Ey&%%%& s(t-1) s(t)‘:(u(t), w(t)) s(‘f+l)
SR PHRAS (1), 45 RGENIRAS 5 I o
SEA TR AL R SRR = = = S
S(t) = up,(t) = (N (1), Pz%,m(t))leL,neN,men V(1)) | f“'(S“(t)) v
= un(t +1) N N )
(Nln(t+ ) Plrnn(t + 1))l€L,n€N,m€n B 3 R ERE
=5
(5(), a,(8)) (23) Vs = max { )+ Va(Sl'n( ))} (25)
S 1) = 1), 1
v >7 (i,(tt huti+1) Hrp, Ve (S“( £)) NAE R B AL THE . 24(S4() N
= §°(5°(1), w(t + 1)) (24)
e . RO RO T S (¢) BB E MR AL, 1n1(26) s
ﬁ(Qi?) ‘k’:—‘&‘(24)E':"Ij("l*“s"ln(t)\%l]jg_"_‘l)ﬁj ﬁUj‘jtfﬁ:/(lJ Q(l(S l( )) — E{Qa(s, s )}
()5 PR A+ LN 2 SR RDIRES . RGUIRE B
Fly i g e A 3T 1 S e DRIS ) (26)
FRAE J5 TR FORA I S, 0T UK R A8 ok i X =1
(18)&% 5 Hyx(25) Heh, RY(S() = (27) Fis.
N Np(S%t) kn "
Ry(S(t Z ZBmlogg 1+ [pln(S (t) + an(5*(@)] Lim (27)
n=1 m=1 k=1
1+Z [Ph(S"(8)) % aun(S“(8)] Tjm
Jj=k+1
B 5 RFOIRE T HIBAZIAE B LA R i 22 52 FINFBLAG B H A, Aoy AE BRI EBIA 0 (25)
720 (28) W28 (29) AT LARE L2 (31)
Q'(5"(1) = Q(t) = lim 1TQ<t> (28) (", X1, A3) = argmax L(m, o) (31)
PY(S°()) = Jim ——EZW“ tﬁ%ﬁ&mﬁ%@@%%ﬁ%%aﬁ¥z
zeA >‘1+ = )‘i + §1(QW*1-A2(t) - Qmin) (32)
— ut _
N Z;}p (%) A?1==A§+<2< pI¥AD) P&i) (33)
€A

4.2 BFRRENEZEIIT
AT G RIS BB B &R . X
TR A (22), ASCRIH bt B H B iR 4
HAAFARN H b R L
(7’1’ /\1,)\2)

—Znss M(Q() = Quin)

&(}Z;Ewwﬂﬁ)
= 7lwlrn lT’ Z"tha(S S ) - /\1(Q(t) - TQmin)

00 =0

~Jim g % (;m” m@]
=025(1) — M(Q"(Sp(1) — Quin)

—Xo(P(S}, (1) — Pk (30)

HRis B H R BN A E R S b, AL R
Ban=(34) Fis

Yj'( $)= max

max {250 41750} o

JE IR IR PR
WRYERIM AT B RIE M LR E, SIS A

%77: {’1717 M2, 77h}T s h e h%%’ﬁ/ﬁiﬁj‘@ﬂﬁ?ﬂ E':]
*1 BEMEN
S % ik
P (1) + an(t) VI DhR A IR
Nia(t) + Bal) VI LT B
(P (8) + an(1))? VI DhR S BRI T
(Nin(t) + Bin(1))? VIR T AT
(Nu(t) + Bi(1)) (Pfy (1) + cun(1)) VIR A Ih R FeRL S 5 TR 5

IR




12

B AR ARIER 2 RN RGP AL T 52 BR IR AR S R ) 0 2% 170 P Rl 0 9 95 20 e B ik 2967

%%ﬁ##?ﬂio *E?E%@%ﬁﬁﬂ%x = {Xl(sa)>x2(5a), T
Nn(S9) TP 2k 56 K3t (35) R B A R
V(st) =nTx = Y moxa(8°(1) Ws)  (35)

heh
H 13 (35) A R BOEAL, T LR AL 1] A
(34) il

I*/(s): max {L"(S”’(t)) +VZ nhXh(S”'(t))} (36)

as(t)€As heh

E(36)F, RAFEHSHnEn, RIAT1F3]
it . MABEEEE RS0 En, X
(37 .

0 = argmmE{% [V - V}}Q (37)

o, Vo) A THE, VIREAME . LR Hy
Va(n) T S8 S FIREHLES B ik (38) AT -
YV, VA(S*(1) )

_ (avawa(t) m

OV (S°(t) |n>>T

8771 T aﬁ\h\
= (xa(S“(1), -+ i (S“(1))) "
= x(S"(%)) (38)

SR IR T R, R = (39):
n—mn—p(V'(S(t—1)|n)
—Ve(S(t))x (St —1)) (39)

2.(37) R I REA BB Vo(S(8)) ik = (40),
G REAS AR VR SRR S (¢ + 1) MO B0 8T 75+

VI(S(0)= max, {L°(S°(0) +7 V(SL(0)} (10

W) 24 i B e SR AT D R AR R N

(s)=arg maX{L”’(S“(t)) —l—’yz nhXh(S“(t))} (41)

heh

Fk RGP R IR 2R .
5 MehmESERS

A /NGERF AT R BT IR B & N il A S
M SCHR[13,14] P NOMA RS R & ¥fd, FIA
MATLAB T HATHEY . N TR % E LT
PERE, (7 ESCIG A NP B 22 ST Be A
Bto 5 B —JLRrLL600 A 1, HA BB
40083, MAREYBL200E #. BfA RS 5 H W
R3FR.

N T AR ILAR ST T NOMA ) 45 1)

* 2 ETEOEESANERAENEE

BN xn (S*(): HEREG ~: FTHIRTS
Wl n: SR A, o PASBHET

1) while a new time period starts do

10) KAESM BB B w (1) RIREASE
11) RNEH SRy, R4E0(35) EH i H s

(

(2) t= 0;n< 0; A, o= 0; //¥ItEk
(3) for (t=1;t<= T; t++)

(4) while

(5) while

(6) HRE 3(40) BB A R 201
(7) if >0 then

(8) MR (39) S H S H0m &
(9) End if

(

(

ARAS [ 0L bR B0
(12) end while
(13) AR 2 (34) RN B s AT 9 ik B B o i 4
(14) HRAE 20(32) FI (33) BT AL, Ao
(15) end while
(16) end for
(17) end while
*3 RGHESHE
i ESH 1 B AE
FHBAL 64
FEU R T F 33 dBm
PRAEAFE 133.6+35lg(d)
LA R L4 1
FUCR R4 1
Kl e 55 Ve 500 m
AT B N A 1~4 (1Y)
SYBEAT Sy T AL a = {0.25,0.50, 1.00}
SYEEAT I TR p=1
PIR 175K (5 ms, 200 kbit /s)
YIF 2Kk (10 ms, 500 kbit/s)
P 3k (50 ms, 1 Mbit/s)

Jr B & N R PR e 5% (Power Granularity
Uncertain - Approximate Dynamic Programming,
PGU-ADP)PERE, H AR 53R [4] T PG U-
QLEVEAISCHR[15]) F I PGC-FE L AT LA

P4 72 HE AN 7 S0 A v A UMM AR A F
oo w7 AT LR B, FERT400 )5 R 5% 31 Bir
B, IEME SRR R ZEROR, 8 A Wy
21, A AUMA 5 REAAE I 22 BRI, FE400 8 1
MRl E . 7EfE200 8 BRI B, 280
EANIRRIE M ATIRS AW B, EEEhEN, HA



2968 B 7 5 F

BEThE, HiEUMESHEREEEARSE.

W58 4 Dy o BokL B 43 5310280.25, 0.50, 1.00 H.
R W P, 53 50 8 0.3F10. 615, H T A 2 11
o TEPoa=0.3%MF, WJLVEH, BEHE SR
a3, R EoREOR, Hig, M P
KF1T0L AR, a=0.250F Wit R K FHEA
o TEP=0.65%MT, HWERE IR, of
A°80.25, 0.50, 1.00 L A& EEAKR, HY
a=0.250F, FEER B ENEER K, B2
S PRk E, HZE N T T R A
0.5970, KT a=1.00F1a=0.501% ..

Bl6 92 U) A P s n, AR R AR
EHE . PGC-FHEPEERRD B, H1)
R BB100 28 A5 T R4S F R B0 R i, 1
WARLE . PGU-QLJT R 7EH 7 U A i ek 56 AU
SN, HEEL, ESE—EH R, MEEHR, 5
PGU-ADP7 £+ F. AXPGU-ADPTE, UL
B, MR —EHAT EFRRE, P EER180
I AR 2

BT8P Easn, AL T FBAFIR
ERE . BHELLEH, PGC-Fi7r £HIAFI
Rk, PGU-QLJT L& - B3 n, A

300
250
5
¥ 200
fo
150
100
s0 I — A
SRR
0 100 200 300 400 500 600
31

P 4 3226001 1) A B BR B0 fOMEL 5 REAE LR

0.6
0.5
M 04
% e K=
=5 0.3 e o= B < B
n Ay
x o
0.2 /)(A,}Ye
A
0.1 ::g’/d
0 50 100 150 200 250
iVak:
—w— a=1.00, P =0.3
—a- a=0.50, P, R
-e- a=0.25,

—— a=1.00, N
—— a=0.50, P,,,=0.6
—— a=0.25, P,,,=0.6

5 ANFEZEAT N B LIRAFAE T, PR B

S #40%

400
350

300

£ 250

=

= 200

® 150

)

* 100 —— PGC-F
=0 —a— PGU-QL

—— PGU-ADDP
0 50 100 150 200
R

6 RRATTRET, SRR

—— PGC-F
—— PGU-QL
—e— PQU-ADP

.
=N W ke N e

SERIRUE A (A

0 20 40 60 80 100 120 140 160 180
PRS-t

TARBETTET, FEIBAFIFRE R H

%, KXPGU-ADPH X, MH PP E KT 140k,
A Z AR s EH T T A 56 P 38 i 2 A 386 i, (BAE
FHEUNT 14000 7 B BAL 3

6 ZERiE

ASCEE X TE LB N U B 0L 3 TR e Ak
W, 4R T 3T CMDP IR Y) Fr 1 38 B R 1L %5
PR HIEPGU-ADP . %5005 8 Se k3 9] b %%
TR Z R, D) FIRAS (V1A SRR T A
FIKE); RJE, BHCMDPE i$ ) 2 % R [ 3E
ST i A B ALY, 38 5 BOAR Th AR B K
SO ARTE, (R R IR AR AR, WA
FIEE R S IE TR B AL Bsh & E IR H —
Rl R E3E N TR, JEF HIRIE R, [
SERELW, ZEVEN DU AF IR E R AR MR, T
JEF P IRIIR 5% 7R

2 % X

(1] G, 5KME, BE2R, A5 T WL U0 R 28R oA RS B
ESPECANET]. T 515 Bk, 2017, 39(8): 1812-1818. doi:
10.11999/JEIT161322.
TANG Lun, ZHANG Ya, LIANG Rong, et al. Virtual
resource allocation algorithm for network utility
maximization based on network slicing[J]. Journal of
Electronics & Information Technology, 2017, 39(8):
1812-1818. doi: 10.11999/JEIT161322.

[2] SALLENT O, PEREZ-ROMERO J, FERRUS R, et al. On


http://dx.doi.org/10.11999/JEIT161322
http://dx.doi.org/10.11999/JEIT161322
http://dx.doi.org/10.11999/JEIT161322
http://dx.doi.org/10.11999/JEIT161322
http://dx.doi.org/10.11999/JEIT161322
http://dx.doi.org/10.11999/JEIT161322

12

B AR ARIER 2 RN RGP AL T 52 BR IR AR S R ) 0 2% 170 P Rl 0 9 95 20 e B ik

2969

8]

(4]

[5]

(6]

[7]

(8]

[9]

radio access network slicing from a radio resource
perspective[J]. [EEE Wireless
166-174. doi: 10.1109/

management
Communications, 2017, 24(5):
MWC.2017.1600220WC.
PARSAEEFARD S, DAWADI R, DERAKHSHANI M, et
al. Joint user-association and resource-allocation in
virtualized wireless networks[J]. IEEE Access, 2016, 4:
2738-2750. doi: 10.1109/ACCESS.2016.2560218.

BEGA D, GRAMAGLIA M, BANCHS A, et al. Optimising
5G infrastructure markets: The business of network
slicing[C]. IEEE Conference on Computer Communications,
Atlanta, USA, 2017: 1-9. doi: 10.1109/INFOCOM.
2017.8057045.

AKPAKWU G A, SILVA B J, HANCKE G P, et al. A
survey on 5G networks for the internet of things:
Communication technologies and challenges[J]. IEEE
Access, 2018, 6: 3619-3647. doi: 10.1109/ACCESS.2017.
2779844,

ZHANG Zihan, XIA Qinghong, YU Guanding, et al. Power
control, user scheduling and resource allocation for downlink
NOMA

information[C]. 2017 9th International Conference on

systems with imperfect channel state
Wireless Communications and Signal Processing, Nanjing,
China, 2017: 1-6. doi: 10.1109/WCSP.2017.8171063.

ZHU Jianyue, WANG Jiaheng, HUANG Yongming, et al.
On optimal power allocation for downlink non-orthogonal
multiple access systems[J]. IEEE Journal on Selected Areas
in Communications, 2017, 35(12): 2744-2757. doi:
10.1109/JSAC.2017.2725618.

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.
DAWADI R, PARSAEEFARD S, DERAKHSHANI M, et
al. Power-efficient resource allocation in NOMA virtualized
IEEE Global Communications
Conference, Washington D.C., USA, 2016: 1-6. doi: 10.1109/GLOCO
M.2016.7842162.

wireless networks[C].

[10]

[11]

[12]

[13]

[14]

[15]

Bt 5,

IR 2,

ZHANG Qi, ZHU Quanyan, ZHANI M F, et al. Dynamic
service placement in geographically distributed clouds[C].
2012 IEEE 32nd International Conference on Distributed
Computing Systems, Macau, China, 2012: 526-535. doi:
10.1109/ICDCS.2012.74.

ISLAM S M R, AVAZOV N, DOBRE O A, et al. Power-
domain Non-Orthogonal Multiple Access (NOMA) in 5G
systems: IEFE
Communications Surveys & Tutorials, 2017, 19(2): 721-742.
doi: 10.1109/COMST.2016.2621116.

CHEN Tianyi, MOKHTARI A, WANG Xin, et al.

potentials and challenges[J].

Stochastic averaging for constrained optimization with
application to online resource allocation[J]. IEEE
Transactions on Signal Processing, 2017, 65(12): 3078-3093.
doi: 10.1109/T'SP.2017.2679690.

POWELL W B. Approximate Dynamic Programming:
Solving the Curses of Dimensionality[M]. NJ, Princeton:
Wiley, 2007: 129-144.

FANG Fang, ZHANG Haijun, CHENG Julian, et al.
Energy-efficient resource scheduling for NOMA systems
with imperfect channel state information[C]. IEEE
International Conference on Communications, Paris,
France, 2017: 1-5. doi: 10.1109/ICC.2017.7996360.

RAI R, ZHU H, and WANG Jiangzhou. Resource
scheduling in Non-Orthogonal Multiple Access (NOMA)
based cloud-RAN systems[C]. 2017 IEEE 8th Annual
Ubiquitous Computing, Electronics and Mobile
Communication Conference (UEMCON), New York City,
USA, 2017: 418-422. doi: 10.1109/UEMCON.2017.8249102.

L9734, HdR, FEWTF T 1 B — AT i = M
2%, RIIEEMLE . IR E LTI LSS
19934E 4, BULAR, WEFUTT i A o 2% e 401 B 7 .

My o, 19924EAE, WA, BFR T RONRIZ L.
MRk 55, 196784, ##%, WELAESN, FEHFTTHNNA

WE. ZEAERAIES AR, T RBNEEMS. 7
Feyie B3 X 245 55


http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/JSAC.2017.2725618
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/JSAC.2017.2725618
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/JSAC.2017.2725618
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/MWC.2017.1600220WC
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2016.2560218
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/ACCESS.2017.2779844
http://dx.doi.org/10.1109/JSAC.2017.2725618
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/JSAC.2017.2777672
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/COMST.2016.2621116
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690
http://dx.doi.org/10.1109/TSP.2017.2679690

