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Rerouting Algorithm for Load Balancing in SDN-Enabled
Smart Grid Communication Network
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(1. State Key Laboratory of Networking and Switching Technology, Beijing University of Posts and Telecommunications, Beijing 100876, China;
2. Electronic Information School, Wuhan University, Wuhan 430072, China)

Abstract: The software defined networking ( SDN) enabled architecture is becoming an effective commu-
nication method for smart grids. To achieve load balancing and fast recovery in smart grids in case of fail-
ures, the services are firstly divided into different levels according to requirements of service latency,
bandwidth and impact on the smart grid operation. Then, a mathematical model is formulated for maximi-
zing of the link availability with the constraints of service requirements and substation level difference.
Thirdly, the service rerouting algorithm for load balancing (SRALB) is exploited to solve it. Finally, this
scheme is verified in IEEE14 system, and it is demonstrated that the proposed algorithm not only guaran-
tees better performance for services but also has lower standard deviation and substation level difference
than the existing algorithms.

Key words: rerouting; link availability; substation level; load balancing

UTJUAFR B E N A R R I S E TR B Wy B e 0 [ 2R A SR, P L0 8 28 A X i
St RE FL I 48 ke O B DX U EL R R L . PRI R A TE (0 RN B B A B R ) B s A SR
FER ALl T Biya B e hl e a4 — SRR AR RO 5L R A e o B

YrFs HEA: 2019-05-10

E£TH: 2019 4FE 5 W2 w6 SFEHE I E | i ) JeE % WL 5512 78 BB 4 G B B R IS 5 0 (5700201918229 A-0-0-00)
EB®E N XIMEH (1980—) , %, /.

BIEIEE: W W8(1986—), &, BI#AR, E-mail: yupeng@ bupt. edu. cn.



#2 M

XUPRAGEE  HL ) SDN A7 194 H T [ 67 48 249 A 1) i oy A 17

(R RN 248 1) S 25 A IS 1 v, T3 1o AT Eh g
AR , Pl IHCATT A 1 e el 9 v 0 S AR M 55 T 1 1)
2 TR G SURBE BRI SAL. AR AR W &
AL BRA A B P T M B3 DGk (] A AR A
AIHEE 2 17 B T R .

FEEE R 5 T8, Chen 55 ) B X038 £ BE 6 1 T 15
0T Ml 55 B A28 AR Y TR) R, DA f5e /NG 38 4 R ZE Y
55 o0 A S ELbR G5 G B AR A s AR Bk
HEAT AR SRS, (ES AN [A] Ml 55 IR 55 JBt 2 ( QoS quality
of service) 7 >R 1Y 22 502 BN /2 | IR vl RE HH PR
34 R 3 R T 55 TR BUN 28 FE R DL
kGRS B A 3k AR e DR R R R S92 (SDN, soft-
ware defined networking ) ¥ il #§ F1 22 e A1 2 [] i %
(R A8 T B T S B S B ) o K 27 80 22 2 Tk
RO W2, SR 5 T (B3 A b [0] 3% || Fpe 2 A
R A BN 0] JF R R & Rk AT
SRR ARBAT 2 AR 55 25 S BT 7 Ha
AT L IS FHPEAN TR, R Sl 55 1) ™ A 1) SEE B
M e BURR 7 2R, Xie 2507 DL AR 1 B 1% 09 B /45 TR
LI Tl 55 5 SK AT 58 M MK, 7E Dijkstra 5%
R E oML 53R AT AT BR AR SRR AT AT AT AR
P IARA P BEAR , NITTA R AR 283 48
el G R

PSRRI T A T RAE DI S5 1R S R
FIbR, LAl 55 ) SE M FAl 90 200, SR T i 7-ag 4%
AR AR S (AR BE ST S g. Con-
stantinou %7 HRA 0 4% e B B A I LR R T —
D ) 7 B B S, B B R SR B B RCR
T E R B R A5 T v H A [) P 55 2 1 il e ]
Jfeft FH %) PR D S 0 2 B RS B B AN IS AR [
W TCTE B R . Tseng %5180 BRAG M 2% 171 28 24 16 1
b 55 HE AR R R K TP 90 e 5 e i & A I ol
55 1 PR T % PR B 5 TR A B R ) R H
Ja B X ETE AT K A

I 7 H, 3 A 40U A K L 55 1 H e A A
W 2% 1 BRI TR 25 5 B BIESR DRI R 15 2% 2 A
A I QAR A TR [ 670 280 X5 47 1) 55 B oy ERAA 1y
B HE L XA SO Y In) B —. A B R B
P Jm S sk | S5 47 SDN Al {5 284 R LASE % ]
FER B, 27675 I ST E - YR 5 I A i BT
Vi Sl 1 A 9 22 A TR R A A ) AR Y I T 1) 67
I 55 3% i A B9 (SRALB, service rerou-
ting algorithm for load balancing) #£47R fi# | fc ) 4

{5 L RIZE ST
1 (B

T PR MG AF R L S5 ) o BEA A
BRI HT 4 A D7 TR R AT A A
1.1 #EZEN

SDN {75 2R 48] DR Ay R 24 i 1l K 2 4 | 4B v
BRSBTS PO nY B el W See U, B REE
o7 R4 R L DR £ P r ol 5 5 S e AT AR A
WESR T A e MR AE ) 5 A A N 4%
S e W B R i TR S PR

B 145 T 3T SDN B (5 2840, e s A
I 25 By [ Bsf > FH 55 48 rh 4 i O =50 i 1 i 2 R A
ZE 55 0 B T A B B A, I [ ) AR
P 1P A WA G2 R A4S S SDN 2 1l 5 35 X
G RIS B B R 0 R AT I PR AR O 4
B %45 SDN A2 #Hl.

TP B

e S

5 e

) PRURERE

e P ORI ERE

[ Gk E

ol

L l—»

SivsE G %%&%m%\‘sm*ﬁ"ﬁ

T F Y P TP T p i 4 1 B

=

! ogmefll] J
QRIPHL
e i

TTPR J
B
e e 4 E’i
—d A4 N .
i} H

A

— "

Bl 1 ST SDN (1% Ak e o 81

o

1.2 MHRERNS

T {5 25 B o T, O ORI 4 B
SR E AT R AR AT, MR A 55 B SRR QoS 22 57
PR RO L RS AR 3B 1T B B AR B R b 55 Ak
IR 425,

1) SERPHEIR S X s 7R B L 4t
BRI S e N 15

2) SER PR R, X H AR E 8 AT R K
SCADA/EMS B4 5t B2l 45 e st h 2

3) SEMPHEEIR —, X H MR s T E A
SRS 55 IR HE R 35

4) SRHPEERAL, XA N — 1S B



18 b 5T MR R 2 %

%43 &

BRI 55 LB N 4.
1.3 EEGE

WREIAN R G(V,E, W, W,) , V R B A
A el JE B 0 Y SDN S AL R HE il 4 1 42
VIR 28 TR 8 B ISR J W3 {5 il %
M , LE 1R 4 Th 050G W, W, 53 i s 4%
I (EERE ) B AT A SE RN E. TR AR T ARk
A T 592070 R % 0 A I 34 2R 5, i LA LA
HE BRI AT AR RS F(L,,
Ly) L, (LG5 A e B 1 2 A s s, E A 53 i
BEbE P S ARG, ORI LR S Yl g5 4
GRS =1s,5, 8,0 n WSS E s, S THE k4
A%k e(1,2,-++,n). BRWIESHN—TICH s, =
(hysdy byt p) FEH by dy by oty p SRR 5,1
B LR TR IHE TG SR ROl 55582, PRIl 55
s, MBS A. Ry ) B A, & LR R A
.

1) TR SR Gl AE T RUTE R b i AR
JI 55 LT A7 W il R O, —ROR T, uh AN
H R A GRR e, FEREBR K, A8 Xl AR T
TR 2 | Uil R R R XTI T A
K. 33k FE ol P AP I — A (R 7R AR B 39 i)
W, (AT RN E A E XL

2) AT EE. Y ARCAT FH RE R AR AT Y A Y
U AT HEEAARE Sy, T T ] £ B AT ST R
ZAN P R I T 238 T 0 a5 Y I A A R RE T K
P TS AN R JE AR 4% 7 2 G RIS 2 ) 1)
2 v SR A U AL L 45 B i Y 3
15 P B Re e o 1 3 55, 2% BB 59219 AR I B It
AR AT YT 9 ST T8 S R A R R S X
AT I

N X F;

R
Hp A N R s i TR EEE TN
AN S F, L C, 0 MR (i, ) 1)
A T LR Tt

3) BERSA] FHEE. 4 %0 R R Y R 250k
R 2 SR K o T A 2 TN O =9 B = e i = O s K
B T S S SRR AL B BT LUBE I T FH Y
SR R T T R A S R R A iR
S B W T S R P R R A G B
TN

JVigeV, (i) ek (1)

o PN v Gy eEr ()
N WEERS (i, ) TS, s LB AL Y
;= () "V (i) € B (3)
v Bl 45 e 22 ELAT AR SR A A,
S QoS 2 S0l 45 7 B th 55 S 2R A, R 2 %
I B2 SR /N 75, B 1 v
BRI
min 2 Z a)ijxfjl, (i,j) ek’ (4)
jer

skeS phe

Hor py W55 s, (056 | 48845 ol hy 0-1 25k,
i {1, BEAR p) GadHERK (i)
Polo, HAw

BEAh, 26 Rl 45 T 75 9 2 LA 21

1) WSFEAR
fi-xl=0,VpjeP s, eS8 (6)

xi = (fi/M)=0,VpeP s S (7)

1 Hi=L,
DAY ﬁf’={1, #ii=d, (8)
J:(i,j) e’ J:(i,j) eE 0’ %‘i:m
FErP T 2 DRI R R (L, L) 1
W55 s FEBEAE py LA B RVEE I (i, j) Z I G
F, v =0 of) =0, 2 =1 off >0. #3144
SRR B R 7E R T AUAL TR A R R A T R

Tt
2) LR
W55 s, BUHE SE SR b, /N T HIT 28RS T i
H (i, ) RN
b,<F,;,,¥Y(i,j) ek s, €S (9)
3) MfIELYR
5 B0 T 00, it 281 i ) ) S0, 5 TG e e
LA A | b 380 A8 M 55 o % R B IS, AR R
55 s, BAHEE T, AT 7R
Th =t +1, +1 (10)
oo, R R 2Rl 55 TCI AL I A 5 ¢, SRy 42 il
S B AD BN S 5 ¢y ANl 55 T B B R AE Y 55 PE
RE; s, N2 (11) BIZITR @ TR Y A A [ (B
0<Ty<e¢ (11)
4) Wi R IR
<Y PR 45 40 28 0 X3 &) 4 SO # T all
5538 5 A 5 S A R S GO ) i A T kS
i, A LS AR Ak RAE R = R 3 A5 T T B 1



#2 M

XUPRAGEE  HL ) SDN A7 194 H T [ 67 48 249 A 1) i oy A 19

15 DX I FEL PO e Sk S R S R, AT A R
AR 2 AR e F il 2 8] A AT A AT ]
I DX 3 P AR i) ) ity 5CRI R B | 5 DG AN K B A2
b ARG E T RS BT MR K 1
KTl 55 A5 e B 0 TR 422 38 R 1 A% A XU, T oy
RUEEDCG 0l R RGO B VIR DG, H R ey | ol
SRS R O R, R I X A AR A g 25 PR
wmr .
A=l -71<8,Yijep,,m,,7,=0,1,2,j=i+1
(12)

Hoor, oo AR AR sk AR, 6 i S
SO 2% .

25 b, 75 B AR HE R B T 1) M 55 £ 4838 A 1 AR
AR T

min Y Zpkwijxf;l, (i,j) eE'

spES ke

s. L (5)(6)(7)(8)(9)(10) (11)(12) (13)
1.4 RESH

X 2 2R R JE T AR E P2
AT B3R i (] 81 ( NP-hard, non-deterministic polyno-
mial- hard ) , P AT SR A RE ST 02 A 75K (Bl T
TG AL AE A il AR A B YRR AR
PR SRR O CSIGR |, TE kb IR 5 A% (KSP, k shor-
test paths) FVE BN i BEAR IR LY 4L BRI T
T 1) $72 8 K 4 4 % b FEAR 3800 (SRALB) |, LAZR G
FE I 55 5 SR A AL B I AR A .
2 HirHid

SRALB FEM AU -

1) MERILRAL, BB R E G R BE i 4R
B F RZREL SRS S, TR AR S e i A
BRI 284N G

2) ¥ S DL SRS HET

3) S s LS m m B 5 s, AR PSR
Ml 55 DL Se AR ], DB HILIE B — 2%0ll 55

4) FIWNIE S5 s, L d, 550 RE # A i s L,
SR AR ARAR ], $AT 6) s WIMIHAT 5)

5) an2R L, S 0, 0 H Y SUA KA, PR
SR FEE A WSS 6)

6) R L K AN 2l 557 BRI HE P RS
bR, IR 6, N (3) TR AR ZRIRES T B4
HERE AT FHEE

7) RS s, A K FAE /NS plLps, o
pr, O E 1=1;

8) HIWT YT HEAR pt (1 <I<K) T R ZF AW
S A A R AL ) 9) s BT 10) 5

9) HesZ X BEAR , I B I 4 v A5 1 R R
To BERSTE B S = S\ {5, |, MK M &3 fh
G' %7 S =@, FIEL L B EE W 3) 5

10) WE I=1+1,$0479); WR 1 >K,EHEF
BRI bS5 KB R e 3)
2.1 BE#“ESH

TEALBE 6) rh Ry 1Tk I AT B R SR
BRI PTFEE  T A E 24 E R O (VI +
E"1), B3R 7) P ki e 22 0 [0 2 24 0 O(Kn
VI (1VIlogl VI + 1E'1)) {H K 245 R 5
BRI R PTA 200, BT LASE PR SRALB YA (1] 52 2% i
I8 /N FIZAH.
2.2 TEMIBRR

VPR SRS, FH A A o 25 0 Rl 55 T AR
W 245 T o A 2 A A PPN R AR, bR 2 (N T
AR A S WA B .

{p = J' E' (iZ (U, -U,)> (14)

J) el

U, =1E17" 3 U, (15)
(i,j) eE'
Hopr U B (i, ) B AR 98, U, 0 P
5 L.
3 MEER

3.1 SHIEE

B ERLRY K SERR, R IEEE14 BEEZR R
SR . R T ) R G R R R
FLZE B MO, i LK A T R — 722 FEL 3 1Y) SDN 58 $
BL IR G  — A0 1 3 BN Rk N .
MZEFRFNANEL 2 Frs, P35 S 3, 10 4
IR 15 4530, SDN = Hl 2R 5B A 6 F K. N
S B TR RGBS I B 40 ) 2R R ik A
[i) B A % B AT A B

BERE PR 954 1 Gbit/s, SDN 32 #a L F- 4 HE BA
W R BTIE S 0.1 ms, #2816l #5840 AT IEH 0. 01 ms,
K=10,6=2. 30% .30% .25% 15% WY i Fb43 5]
AR TE N 2 .20, 4,100 Mbit/s [ %5, Hird 70%
B 55 LL 500 kV 3l 5 AT 220 kV YR A, S5 TR A
FHEE AR AL 3 Bh% 15 55 B 95 5, HAx 30% k55
AU B BT SO VR BELEE RS 7 FLRECH 500.



20 = [ A S R N e g 5543 %
(B) SONph il 26
B 500 kv i
B 20 kv s
B 1ok
— 500 kVEREE
— 220 kV& s
— lokvZgs 0 MM i1 160 6
09 (472’\3\1@ \\\\\\\\\ \§¥§ ///(160,633)
10
K2 IEEE14 755 R G M HTH
3.2 ERaM 215
T L S8 AL R 60 09 46555 3% (LB, load 219 S NoiMERA
205 b’
balancing of traffic algorithm) 7' FIHE T Z2 55 Il 37 200 F Bl Bt
——N=1,LBT

58 B9 H % & ¥k (MFRA, multiple link failures
based rerouting algorithm) U AR, o AR
AR O35 PRSI SE il i 5520 22 3 D7 T
SARSCEAT UL i TR ROk 3 i
SRR BN, AL TREBOIRAS BT A
IBERZ 2 AR AOTEIE. 181 3 45 Hh TR R BE
B (1L, interrupted link ) b 559K & R 5 252wl
FALZ IR X B IV, 28755 e R 4% o 1) %5 i

W RIE N, =1 B2l 55 8o 15 i RESE
AR 55, I B A S e SR 55 B
SIRE T . FEN, =2 B L5550k 50 Bl
SR AN 2. 1%.

1.0

Ni=1

0
2%

25
X

0.8

X XK KN
RRRRKS

X X
2

A"

R

‘0

N
XX

06
R

= 04

9

3
%!

QR
XXX

103

RN

TRXIXRRXY
R

XS

%!

2%
R
XX
R

.9,
XX
R

KRAXIHAXXRIAXXIIHAXKKY

R RIS XXIXLS]
20200020202 0% 02042020102 020202020 0 %0 %"

X

lele!

&S

RS

0.2

XX
2>

XS

RIRRRXIIRKE

%S
R

SRRRRRRLLR

%
KRR
X

QR

R

LR K
XXX
XX

X

Y

XS

RXRRRXLRIXLS]

0

%S
XS
%!
X
let

R
3

%
X
R
X

2

%
KX

X

2
R

\.
k>
%

X IXIK R KR KX KR X RN
RN

X
RS
R

% 72 VAL

0

—_
=)
—_
W

K3 b5 IRE RN T

Bl 4(a)RoR N, =1 I 554 B IR A ) 46 i
#rifE 22 (STDBLD, standard deviation before link dis-
rupted ) S AN [ 55325 T Uit £ s A 22 B 55 19 28 A 1
UL ATRAA Y LBT ZCR fclf, SRALB 5 LBT #£1,
MFRA ROR—M. 32l LBT A% S84 #% T 1Al

il

|
30

10 15 20 25 35 40 45 50
Il 55 H
(a) N=1, A ELIY 35 BT A HIL R ARHEZEXT L
250
20k —e—N,=2,STDBLD
——N,=2,MFRA
230 F
A 220 - 3
& —=—N,=2,SRALB
=or ——N,=2,LBT
2 200
190
9
180 1
170 1 1 1 1 1
10 15 20 25 30 35 40
oIl 55 %

(b) N, =2, AN[el 55 BT 4 S0 i bR 2 X L
K4 R[S T AR E2EXT

B, UL A3 A B A F A T MFRA 025 8T 55 B Ok
RO PR 22, DAL B 2 25 A Ak SR O 0 SRALB Al
LBT, Jf H B & i 55 2038 /i, SRALB 8 ok 8 42 i
LBT, Ut A SCH 2 A 0 1 38 . B 4 (b) 2R
N, =20 B Te bR A8 fb. S5 4 (a) M L, AT
BT AT 2 2 B 0k Bl R TRk AR
Hh DRI fefE o0 45 AT B H BT, DT 3 30— 260k 55 TG
oAl A My SRR R T NV, = 1 B 2% 3%
P FLAANZZ 5.



#2 M

K 5(a) B IAE N, =1 B[R T 452
P52 s} SE B 55 50 6 R B, v LU S Bl A L
SRR I SRR AR A Ml 55 B BE {45
o) 245 Tl 2 Ml 55 5 2K 0 nT L BE AR D | Rl 55
B TR AT R AR, FEAH TR 45 20T, SRALB
()0l 55 - Y5 Pk 2 st S f /)N, MFRA % 55 T SRALB,
LBT Hykfm K. B S(b) AT N, =2 BT
Al 55 - X st SiE I 57 5% 0 ol 55 B0 AR A A I S R
PEK 6(a)MF, 5 N, =1 BHHH L ,MFRA .SRALB ,
LBT (14l 55 - 25 ¥k 52 1sF %€ 43 ) 42 /&5 T 55.81%
45. 67% M1 35. 54%.

20

18F o
N,=1,MFRA

, 1°r  EEN-1,SRALB

E 14 [DN=1,LBT

3 i

=

]

=

®

=

&

B

N =2, MFRA
BSE N,=2,SRALB

S-E Y 55k &2 i iE /ms

6 7

5
Ak 554k
(b) N=2, AR BTl 55 P34 A I E T EE

B S k55 P AL B EXT H

Bl 6(a) 45 N, =1 ISR B3k T 28 3 0 %
=Bl S5 E AR ARG B, W LA S 6l 55 500 [
B, SRALB JIT 28715 f ()~ F- 250l 1 A5 90 2% e /N, MFRA
5 LBT MHit. Bl6(b)SHH T N, =2 BERFEEIET
SRk S AR 22 A S5 B AR AR S L. FTRLE
Bt 5 M 95 B 3G, P38 3k w1 A 2 A S G R
TEAHRDIE 5530 T 30k s A g 22 i A2 ka3 5 ]
6(a)tHiI.

XU AG4E . HhL 7 SDN 3 135 160 oo i ) 67 45480 85 14 5 S 21
8
77 N,=1 ,MFRA
7+ BB N~=1,SRALB
o [ N,=1,LBT
i :
s 4
=
"3y
B
21
1
0
9 10
() N=1, AR FL T A3 5 SRR
12
N,=2,MFRA
1oL EBN,=2,SRALB
[ ~,=2,LBT
#
X8
&
€ 6
hay
< 4
2
0 i

W58
(b) N=2, RRIE T T3 5 AT I

Ko SFHuhi S gExT L

4 HRIE

LA IS AT ILPRER G 5 TR T R 55 B AR
BRI i AT FHRE B ] FHEE Ml 55 I SE 2 30l 55 4%
ZERFINER PN T — o I ) 97 44087 19l 55 o o B
MR AR R, AR L S A AL
HATAE o8 A A B A 2R HBA AR A L 55
PSRRI I S A i A 2, DA T Xt R r R i
TR B A BRI 552 BN 55 B ol 4 P s E A O
PRI I BAT —E 2% T L

SR

[1] Lei Hangtian, Singh C, Sprintson A. Reliability analysis
of modern substations considering cyber link failures[ C ] Y
2015 IEEE Innovative Smart Grid Technologies - Asia
(ISGT ASIA). New York: IEEE Press, 2015 1-5.

[2] Chen Xingyu, Zhao Puyuan, Yu Peng, et al. Risk analy-
sis and optimization for communication transmission link
interruption in smart grid cyber-physical system[ J]. In-
ternational Journal of Distributed Sensor Networks, 2018,
14(2) . 155014771875603.

[3] Cheng Zijing, Zhang Xiaoning, Li Yichao, et al. Conges-

tion-aware local reroute for fast failure recovery in soft-



22

= AN IR NI S

%43 &

(4]

(5]

(6]

(7]

(8]

ware-defined networks[ J]. Journal of Optical Communi-
cations and Networking, 2017, 9(11) ; 934.

Thorat P, Raza S M, Kim D S, et al. Rapid recovery
from link failures in software-defined networks[J]. Jour-
nal of Communications and Networks, 2018, 19 (6):
648-665.

Xie C, Xu F, Ghani N, et al. Load-balancing for ad-
vance reservation connection rerouting[ J]. IEEE Com-
munications Letters, 2010, 14(6) : 578-580.

AR, INGA, I8, & —Fh TR H T
R IL 55 IR 51 ISR [ T]. IR | 2017,
41(9) : 3066-3073.

Cui Limin, Sun Jingyue, Li Shanjun, et al. An algorithm
for business resource uniform distribution in power com-
munication network based on entropy [J].

Technology, 2017, 41(9) : 3066-3073.
Constantinou C K, Ellinas G. A load balancing technique

Power System

for efficient survivable multicasting in mesh optical net-
works[ J]. Optical Switching and Networking, 2016, 22 .
1-8.

Tseng Po-kai, Chung Wei-ho. Joint design on load balan-
cing and survivability for resilient TP networks [ C] //The

[9]

[10]

[11]

(12]

15th International Symposium on Wireless Personal Multi-
media Communications 2016. Taipei: IEEE Press, 2017 .
1-6.
Dorsch N, Kurtz F, Girke F, et al.
failover for software-defined smart grid communication
networks[ C] /2016 IEEE Global Communications Con-
ference (GLOBECOM). New York: IEEE Press, 2016.
oM, M, BOMREE, GE B RUSIC G A Y Hy
JrEAE M Sk (1], E BT R AR,
2019, 39(9) : 2713-2723.

Enhanced fast

Li Bin, Lu Chao, Jing Dongsheng, et al. An optimized
routing algorithm with load and risk joint balance in
electric communication network [ J ]. Proceedings of the
CSEE, 2019, 39(9) . 2713-2723.

Torres J L' S. Vulnerability, interdependencies and risk
analysis of coupled infrastructures: power distribution
network and ICT[ D]. Grenoble; University Grenoble
Alpes, 2013.

Yang Xuwei, Xu Hongli, Huang Liusheng, et al. Joint
virtual switch deployment and routing for load balancing
in SDNs[ J]. IEEE Journal on Selected Areas in Com-
munications, 2018, 36(3) : 397410.



