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Performance analysis of opportunistic scheduling based on threshold
judgment for multi-user PLC/RF communication systems

XU Tian, LIU Xiaoyu, KONG Huaicong, ZHU Liwen, LIN Min

(School of Communications and Information Engineering, Nanjing University of Posts and Telecommunications, Nanjing 210003, China)

Abstract: For power line communication ( PLC) and radio-frequency ( RF) transmission systems with
decode-and-forward relay technology, a multi-user opportunistic scheduling scheme based on threshold
judgment is proposed. Given that PL.C and RF link channel fading follows the lognormal distribution and
the correlation Rice distribution, respectively, the closed-form expressions of the outage probability and
the normalized average feedback load of PLC/RF systems are derived by the proposed scheduling
scheme. Then, by analyzing the asymptotic performance of the system outage probability under high SNR
conditions, the simple closed-form expressions of the system diversity order and the array gain are
obtained. Finally, the simulation demonstrates the correctness of the theoretical analysis, and further
reveals that the proposed scheme can achieve good outage performance while reducing the feedback load,
thus providing reference and basis for system design in practice.

Keywords: power line communication ( PLC ) ; radio frequency ( RF) communication; multi-user

scheduling ; outage probability

PR AL 45 1 T £kl R BOR A L, B O i A REE B ML MRS A RS ) T
(Power Line Communication, PLC) BEW% 7573 F| F 2 i JCTT AR AR O T AR R ST N BRI
A B E ) FE AR e A E AR R R Gl A AR T — — ANV AT TR RE H HL R 5 W K TN A6 4

I #5 B 88 .2022-05-25; 1&[6] H #§ . 2022-08-24 AT RLE ; http . //nyzr.njupt.edu.cn

ELWB . HAEPREESH (61720106003 ) 58 B 5 H

EEBN K, B WA M GEEES) , B 1t 882, i+ 4 S0, linmin@ njupt.edu.cn

Sl AR AR, X T FUMER, 25 3T RR W HL 2 B A2 P PLC/RF REEMERE BT [ J]. 55 5t Ml s R 22223 ( A SR B2 M) |, 2023,
43(1) :29-37.



30 BT E K FFIR(AARFFR)

2023 4

RTINS, BT, PLC B8k 66
FEL I R L [ i R 22— R Tl 5
XEHT T —EWATE, Bilan, SCIR[ 71888 17—
e T c s 3 A% WSO B 7L AR E PLC W45 K R
e SCHR[ 8 1 BT E T —Fh L T W i S g gk kAR
PGIR AL W R 5, R T AE SEPR I FH S, PLC &R
GiVERER ) Z B R VR PR 5 BRI PFE & Pl
PR IAERZE R HL, kT A R
RGVERE A E R T Gk UMEL i i) PLC 4
A B, SCHER[ 10T 3 T 3 K5 & i
PLC AR #EAR AL 3 3 5 898 1Y A B2 e M R 52
PERE S T RESF M LR A SCEk[ 11480 T
— R XCT XA PLC Hdk RS0, IR0 T H B2 A Ik
g A X B I 25 ( Log-Normal , LN) 55 8 LAY
R G5 D 2w AR IR RE ; SCHERT 12 ] BF58 17— Fh R
B & MU PLC R4k RS0, I T R &R
[V GICIETS i

5 PR SCHERATIE R PLC B 5 ARM L, PLC 5
143 ( Radio-Frequency , RF) ¥ U HITR & R 48 v] LAAE
AN (A A3 3 90 L PN AR, ke fe R 4% B B 10 1 4
FAN , PLC/RF REfFL T PLC K Lk sz A
R, PRI, B 2 #H G2 35 % PLC/RF R 48
FFTRFSE, B, SCEk[ 13 ]0F5E T 5 AE S 5 imi B
(%) PLC/RF 815 2 Ge 78 BE L W 1 FH v i 14 e, 4
T RGBT R T SR AL R A A ik
SCHK [ 14 ] WF 5% 0 4K R FH PR 09 5% % ( Decode-and-
Forward , DF) P33~ PLC/RF R Geh) W ~FX L 4E
BB UL SCE Y FE A e Re . AESCk [ 15] 1R
HEMR TG ENEL T, £NIRA PLC/RF
(2 e A MR AE STk [ 16 ] P R PLC #E %
A RF 58500 IR AN LN 4345 A SCSERT 43 A 19 2%
F 508 T XUk PLC/RF 815 RG89 H 7 2%
2L KA FIE A kR

TS Y, R SCERAIFZE T B R
KL RF 144135 F i PLC/RF 815 R 4, Mk &
B RE FH R R R B I 1) 2 R A T 45 iR 45
BB Z T R, AR SCIFSE T £ P
T PLC/RF {5 RS, 407 T RGN hlrvERE, B
Je, K AR S B Sl T PLC 4 % & 0 & P 4k,
Tk SR DF PIMSCRE 42 Ui 31 /) {5 5 15 2 3 4
RF 8B R IE LGP N TR ZH P e, hakcR
HZ PR %, 1R85 TR B Jr 075 I 15
HIEAE S (BRI AE e PR RE RN ARG TR , T7 SCik
(18] i th AL 23 I8 B T R Re AR TR Bt i Mg, 1R

ARG R KB R, A, AR SCHE e i T
— BT BRI L2 8 B 5 %8, 1% 05 ERESAE
Wk B £ 2 1 TR B AR AR A A i PR RE . IR, F IR
PLC 4% J% 32 15 SeW 75 FUBK o 2 75 1 52 ), I A5
TE VR AR LN 434, 10 RE 6 H R M AH 56 3630743
i, B4 PRSI R N RGN P Wi
FH—E -2 R B gk A & &k X, A TiE—2
ST RGERIPERE, 08 i SR MR LU AR Ry
W ARE 3 30T 0 2 38 2R AR A5 22 G0 11 0 45 15 0 B 371 3
5o A, RO ELIRE T B 434 G IE A 1 L
R Tr ZE e

T NERARFER R R R E ()" FR
FERF R ILEI L ) E[ - ] R BrE s s,
- I RRBBLE R, || - | RN PIEEL
C ™" TN m x n (IEIERE, CN(u,0”) FoR
YR . T2 8 o B mBENLI 1
1 EESESEE

mE 1 iR, AKSCHR T — M ZHP SR
IR A AUk PLC/RF W15 R 40, 1% &R G0 Hh IR 1 05
S HHkRFMM A D, ,D,, -, D, AN, HIES
EMAH PR AR KL, P4k R LA N R K
&, ERARGEH VAT S ME S PLC BE B
Rikghak R, i dk R R DF I OKAF 5 7% &
R EE R P, TERTER G O b K15 M LG
FAE H PR R T O B R TE A B
B, UR T A S REM N S H PGS, b gk R
V8 Ve TR M B A R P, O LK A TE AR
BT B P, DL AR E 322 W50 P 48 S R
FER P, 53CBR[ 13- 16 ] BT AF5E i B8 2 AR
R b, AR SC TR HL S 0 v JF B
I S B

fﬁﬂ PLCHERS E‘

/1IN

$ 3-8

1 M

B 1 REERE



%1 S

K E LR TFIIRRAI B ALAIAER % A P PLC/RF %Sl ab o7 31

1.1 {FE#ER

TEXT PLC 518 @A bR T 2% JE A5 8 0 = V% Fr
M, BB S AR FE S L R SR, T, AT

LI PLC {ZiE i 327 1
h = ’;” (1)

P - d:x
X, b, o8 PLC BERSHY/ N 5875, d, FORIRTY
S BRE R AR RS, o FOREEE IR T, ik

PLC {538 (/N EE 295, RN LN 2315, AR 4 SCilik
[16], h, W% B RS

1 (Inx —,up)zj
exp| - —— 2
xO'p«/Zfrr p( 207 )

L, w, Ao, 350 lnﬁp A YA (E AN 22
X RFAGIE , HACARE R a] DI
8

= d?f (3)
A, g, 3R RF FE I/ NRE TR, d, R P4k R
FIHFP D RIS, B R B N7, % RF
BRI/ INRE TR g, IR S o041, AR B8 Sk
[19], AR HAR I % AR

o frtee e @
Ak, K R HIH T, g, = a(6,) LN,
a(0,) HFEH) R E, KRR N
a(6,)=1[1,exp(jvd,sind,) , -,
expG(N = 1)wd,sing,) |" (5)

ﬁ¢Jm%F%%ﬁﬁ;m%%ﬁ%%%%%ﬁﬁ,

T4k R Bl 'S 2 AR KL, I B T 515 5 b B
FRRE IR A T AR AR 3] 22 2k b 4k 1) 42 51 #1120
d, FRREMEITTAFE . Woh, R () by @2 g, N
B, @, =E[ g, g'] FR BB, g, e
CY™ RRMLF MO E S HEILRE g, ~
CN(0,1,).
1.2 E5E3R

mE 1 R, A EE AR 2 DR, T
AN ok B TR S A5 ST PLC 85I & %
shrhdk R, I, Thak R BEUE ST IR N

ye(t) = /P hx(t) +n, (6)

X, PRIRET SRS A n, RN T
BEBR MR T PLC BE % TP b el 45 AR D

Ji (x) =

h,

B RSB I BEALBE S YT, B T 75 500
FEXT R GRS 30 5 75 LR K b R RS (Y 5, 7R
WAEIE T, Kk F Middleton Class A 15 71 X5}, g 28
M AR DR, PLC R A M S i I
WA n, FBK R 7S n, 41 AR, FEAE 26 5% B pR R
NN
®© A gm 2

=Y em!A ﬁ;Tmexp(— ;j (7)
KH, N, =N, (m/A +T)/(1 + T) Fne IRt
Bf SRR DR Ny = N, + N, T35 B D)
N, ORI (- D2 N, 3RORE SRS Y

N ;
SRR, T :ﬁ’,m MRAEIE N A BTEAA A1
I, ARIEECC6) , Hrak R A% R L n] AR

Pl h,I° o
Vi = N’ =(1+1)/(m/A+T)y, | h,1°
(8)
N, Ps f— St
K, v, = N F7R PLC BEFE PG (R L,
s 0

TESS AN B, i dk R SR AT DF BRSO el 2
WIE S RGP . BRI, ARy, /N T HE iR
SEMBIME vy, , WAk mT LB A 515 505 5, &
W A RE SN RS . BRI, @ 3R J2 15 L2 i
(CIER=N
0 Yr < Y

¢ = (9)
1 Y = Y

WIS kCk e 11,2, M)) AP mBE s 2 %
P
yu(t) = /Py b wox(1) +n, (10)
Ko, P Ak R ATy T3 AR
TR {2 AR R A 058 & AP 0 — 1t
0 .
s dORE B i w, = P e
N

(10) 55 kA itk A R LE T LSRR
Pl Wik, 1

Ya = o = 'yllkﬁpz | W;tl g, ?
k
(11)
P — S
K, §, = FoR RE BERSIGF £ 50
oid®
E¥E

2 ETRABHZAPEAETR

N TRTFRGERE, S P o Hasib &
GRS A A R T T T BRI A AL 2 R



32 Bl K F AR (8 RFFR)

2023 4

2, T LAYk /D A 5 Bt 1) ep 4k SR TR
BEBTPE, E R AT B2 51
B P() 5 y, MERRA
P(t) = card{ S} (12)
X, card | S| FIRES S FIUEANEL, S Fnbrat
fEME LR TR TBRE A P S A, FEREFR AT, R
FAEE B ( Data-Aided , DA) Al 50k 004715 M2 HL AL
TF, B R [ 2% S0P 8, I ad R gk
TR IR PRE M L FE BRI (5 e LK T I
BRITRRAG P o e RS e e B P £,
S T (RS M L N R A5 TR, B & A 1A
JERWT RS LA i, Rt 2SS 3 2% AT
RER I T4, S IEEARZS [ AT LA
D=1,8,8,, S| (13)
X, DFTRZSHE BUITA L (1 7 {5 e LR/ T
FIRR, S, Fneh n AN ER T4, HIL, ATLIE X
Vi < Vpsio€ [1,2, M} S =
{')’d,' =Yy

i €S,
- ’)I_I‘IJS:SH
Jjes,

(14)
Yi <7Vr

Kop A S, FoR S, R D Pigab g, T
YRR k™ Fom N

(%) P(1)=0
kT o= 15
{argr&xwdk} P(t) >0 (%)
MR GE R i AR R EE v, RN
_{0 P(t)=0 (16
T max(y) PO > 0 )

3 RgMERESR

N T VAT TR W LS 98 B2 5 %8 T PLC/
RF 3815 RGEAIERE, AT 40 0 T T R Gy P Wi
HEFNH P2 S 5t 67 2 P ik =K
3.1 REFEIERES T

F GRS E SO BT S R R AR T
TSGR E (1 B AE y,, WOMER S ARG i 42 94 2 5
PR kT iR TR T IR R
Po=Pye <vu) * Py > Y ) P(Vye < Vi) =

Fo(va) + (L =F, (ya ) F,, . (vy) (17)

H TR RGP WE SR G Rk TR e E
F,(x) fIF, . (x) BRENX, 18 PLC H#EEH, RAE
SCHR[ 23], LN 43 A Al Gamma 23047, I, v,
(A ARE 2% 2 R AT AR R

i eXp( _ A)Am ﬁ my xm]*l exp| - ﬁx
m=0 m! Qm F(m]) Q

m

(18)
X, m, = 1/(exp(40'12:) - 1) & Gamma 7R

Jol®) =

m
S8, (71 1 Gamma AR ESE, 2 = (m/A +

T)/(1 +T)ygexp(2u,) /(1 +m)/m ,L'(+) i
hpri B, PEMTATARE] v, 09 R0 A0 R ECH

P ()= [ g, (=
w exp( _A)Am x m, my tmI’] m,
A I Y de =
2 L.m r(m) "0,

=oe A1 m,
g’o m) F(ml)y(m' ij
K, y(-, ) HTFATEE Gamma PREL,
16 RF BT AR50 (14) FIA(16) , F,, . (x)
Al PAZRIR

(19)

M
HFY(II;(7T>
k=1
X < Yr
F, (%)=
. H [Fydi(’},[hz) - F”L('yT) ] HF”](')’H )
ieS, I.Egu
X =Yy

(20)

T RAT y . B RPN A R, T SE AT B

Y o WOME R 1L pRKIC, I 1 — 2045 31 R AR 3 A1 e
B, M PHHT v, WBEREE R

EE1 vy, MBEREERBERRHN
= exp( - Zi)k/zb[)k)
x =
fm»< ) g{) 2byY
( X j 1 ZDk X g
exp| — — | —
P 2by Yy ) 1 T+ 1) \2bp4] g,
(21)
1
L, Zy = SNK/(THK) by, = o
Gavas! Zo NK,./(1 +K,) ,b, IN(1 +K,)

la (6,)" @ ||3,T(+) 5 Gamma BEHL.
AE R . LI
R (21) i — 2153y, 19 B0 R AL
Fika
Fo() = [ £, (0de =

exp( = Zp,/2by,) i 1 [Zbkj 2 [1) -I-1
2b,y, = 0T+ 1) \2b,) \2by,




%14 HORF TR MALAIRAES S A P PLC/RF & SR04 33
15 () 4 REMBHEILLES T
Dk I dk
$30 (22) (RAS (20, T35 F, L (x) 33k BT AR R SRS R AR M
x5 ], 30E— AR T R R R TSR A 2R 2
HHE (17) R (20) , R G b M = ) W ke 3k 50
HA/C(VT) x <Yy Hﬂﬁ(ZS)éﬁﬁo
- ;S P (x) = FZ 1r
F%/k*<x) HA (7T> + 241 I;I[A (x) —A(’yT)] oul(x) 7R<x) + kI:II Vlzlg(yT) +
O(x) x <Yy
HA,(x) X =Yy 2M -1
ies, S IIF(x) - FZ (v ] - (28)
<23) n=1ie§,
xp( = 22/2b,) & [17;(vp) +0(x)  x=v,
A, Ay = P o ”120 T F(IH o o
SN N N X2 (18) HEATHHORTF, 0T LR 8 17, (x) 9
Di Y
) @) ) A (=235
exp( — 4y, D
IR KR (19) PR (22) IRAR (17), IR B () = T P 000 (29)
e LRI £ ik sk "
- ’ wul . I, WTAE FT () MR
Pnut = 2 ﬂ(ml ’yly hl] + Z e A" 1 mx)™
m=0 ' F 1 !2 ! * = 71
’ ZlA (lm) » F7 (%) ’Z,O ! T(m +1) (Qn} (30)
m, . . . .,
(1 - Zo em' T )? (m, 4’}/ D B (29) F=t(30) 1C AR (28) i, AT 5 5 p
e TR A 14 2 15 R
HAk(')"r) Y < Vr w = e An 1 m Y m "
M M-y P = "12;0 m!  T'(m, +1) ( 0, ] '
H (VT) + 2 H[A(')’uz) - (24) |- i e A" 1 m Yy )" y
e “ oml T(m +1) 0
Ayr) ] HAj(7|12> Yia =V 2V -1 xp( = Z2./2b..
JIERE \ zHep< »/ D,>%+O(_1J
32 PA—HEHRERE s, 2byYa Yai
A—ALSE35 ) ik ik F A R R 2 e Y Y < Vr
TSR, O SR A B I BT 8 H exp( = Zin/2bn)
BU5 20 B M 2 R, 5 h o 2,9,
- _E(P(1)) 2 xp( = Z3./2b,,
P50 2 SIS o
b PHZ B PR E(P(1)) R
oM_ | H |:eXp( - Zl)i/Zbl)i) _
E(P(1))= X 1S, 1 T =F, (v 1 TTF, (rp) S 2y, m
' e xp( = Z2./2b,
(26) : p(zb » D‘)%} + 0[_1j
Lt AR (22) Rt (26) , F—fL 2 I v Yo _
ﬁﬁ%‘:{ﬁ_‘j@ Y1h2 = YT
T TE g =Y =7 — oo B, ZRGEH P ISTRE K [0 07
= 2|S|H<1—A(7T>>HA(7T 355N

(27)



34 BT E K FFIR(AARFFR)

2023 4

1 min(my,M) 1 min(mqy,M)
Y Y

(32)
Hr
i efAAm 1
m=0 m! F(ml + 1)
[ MY i Jml
(m/A +T)/(1+ Texp(2,) /(1 +m,)/m,
m, <M
v exp(~ Z3/2by,)
H 2b Yr my = M,y, <v;
k=1 Dk
0= M 2
1—[ eXp( - Zl)k/Zbl)k)y N
k=1 Zbl)k !
M_ 2
zil 0l exp( - ZD/2bDj)7T
n=le§” 2bD]
H |:eXp( - ZZi/Qbm) eXp( - Zf)i/zbl)i) :l
i€$, Zb/)i Yue 2bl)i !
m, =M,y =Y,

WARS IR 6, MPEFIE L G, 7000

G, =min(m, ,M) (33)
1

G = 34

%o (34)

H 2 (33) Ml (34) AT LA 1, PLC/RF IR & 1%
R GRS B B U PLC BE K 9308 S 500 P
BesE | i RF BE 5 1015 18 2 505 0 2 50 1 14 1)
HAE X RGBT R

5 MEZRSHSH

AR A7 8 5 AL B UE BRI 2 A9 IE B
AT TR TR Ik g X R G b B PR RE B 2 ), I
X B 7 58 SCRR [ 18 ] iy B R 5 A
T B 0 P IR RE IS — AL 2 R T Rt AT T
Lo, Hor SCik [ 18 1 SR AL B 7 %8, WV 4
ARt B AR 35 B 5 {5 M L A K B R P R AT R
FEAF B A INTCRR IR UL, SR T An T 280k & | Bk
AP M = 5, Gamma AR ST m, =10, S
T K =1, P4k S BME y,, =7 dB, TR
y, =8 dB, B S y,, = 7 dB, Middleton
Class A R R BHA =0.2,T=0.2, By, =
Yar =7Vo

K 2 FRTEAR SR T, PLC HE R (1 B J7 28 ik
PRI X R G W BE R, (L B

FAYPRE KR R E T = 10,0.3,11, M
Al LUA SRR B 5 LA R S B 45 R W) A A
U, I ELAE B (M LU B 55 9 i 22 38 =5 31 Y il Ze %
I R T RE R A X A S A E R L R OC R
HEPRN - 6, 85N 1gO, iE T AR RE
WAk 3 A 5 ek ORIk 3 8 X HE S IR I . Bl
EHRM AR RS DR A TR, &
Grirh W Re AR A, ORI REE T 3G K, ko
M 7 I 2R ek /)N Middleton Class A 575 4] Jhk ipr i g sk
AR AN, T BASAEXT 2R 48 0 i ik o b bE e

S0 X2 N Y Gamma ST IRSE m, KT
FUPEL M B, PLC 8 I B S5O R R 4E G,
RSG5 G, B M,

1 01)

S| ——HELe AT
10 * Monte Carlo
S L
-6 L 1 Fy
10 0 5 10 15

7/dB
2 BA%BRRER RS R ET AR R

P 3 FR AR R P R BE 7 2T 1 &R 40 P IR %
ik h 2, i AP B TTR v, = 18,9,
10} dB, MEHATLUE H AR ST 7 26 v Bk B
PAT T OCHR[ 18] 48, Ham it T4 B %€, f H.
B RS TR AN AR SO S8 vh B R bk 2
SCHR[ 18],

10°

SR

104 AI07% (3,210 dBY dBS dB)

i

* Monte Carlo

SCER[18] 7%

0 5 10 15
y/dB
B3 FREEEFZNPEIERELER

Pl 4 7R AR 3007 SAEAS A P 80 1 ik



%1 i

R LF A TFIIRAMALAAES S A P PLC/RF & %4t 547 35

it DIEP IR P B M = 13,4,5) . MIEHATLL
AL B BB, R G000 R W REAE AR 4, Ul
ARG T B3I, R GE kA 1 2 P e SR AE

100
107"
M_ 10—2 L
=
E=)
71073
107 | — iy
* Monte Carlo
- e N
107 i i N
0 5 10 15

y/dB
4 AERAPHTHREHHIERELE

Kl 5 RN TR T RGN H— TR
i, PiEP BRI RETTR v, = 18,9,10] dB,
FIEMELL y = 10 dB, MEIHATLIE ) Fe i
R R B 3 oA 2, SCHR 18 ] 7 28 9 VA — L F- 2 I A5t
PRI, TIA SO 28 010 2R 40 1 0 — A6 [ 5t 10
BRI BT TR A P B0 3 T )N 1 B A
SCHT SERBAE AR/ I 5t £ 2 [ s AR AR AR I 1 v
PERE.

[ VOLRES
[ ESGiES
it r g

R
4
HPEL

B 5 ARAEARMNE—UFHRERIFLLR

3

5

6 HFRIE

ARICHE ST T Rl BB e e b Ak BOR B TR
PLC/RF (Lo R M TERE, B0, 4RHh T —Fh kT
TR Z2 P L R T5 56 . LU, 7 PLC i
RF B B T 5275 53 1) IR D X 0 2 285 A FAH DG 3

Wi A AR 4 R T B B 5 28 PLC/
RF Z 48 HH T 5 1A — b - 359 I i £ 3 14 P
SPAN WA 7> W7 \S 11U s o TR (=1 8 b Y Bl N o el
R T HEPERE 15 31 R 458 43 4 B R R 4 15 5 1Y) 1]
MG REA, e, WAL BRI
SYHTRE P | R) A 2R WA S 2 O gt A b
5t B B [ e 34 R AR A 00 1) v I 1 7, O HL B
F BN, 225800 3 — 10 - 24 S5 67 28 78 I
N T T R AR AR A, A i — DA SE PLC/RF S8 AH
RERMETAHINS %,

Bt %
EIEK R (4) IRAE] w)' g, 7TLATE 5]

K 1 <
wig = [ owla0) + [ Wl g, -
H H
K a<(0,) 1 a(0,) .,
——a(0,) + D g, =
1+K /N 1+K /N

a'(0,) .
[ K JN + [ 1 (A)(pi/zgk
1 +K 1+K /N
(B 1)
La(0)" D =V=[V, V] =[1 Ve .,
LVl ejﬁNJ uék = [gkn'"’gkw]To Iy aH(0k> dj/i/z gk
Al 3R
a"(0,) @7 g, =l V1 gyexp(il,) +
LV, gkzeXp(jfz) +oee LV gkneXp(jZN)
(B 2)
W m AR E i IE A XS FRE, | V| g, 5
I Vn |gknexp(j§n) Iﬁjé}%ﬁ5ﬁj?u | Vn | gknexp(jgn) =

1 -
X +jY XY, ~ N[o,2| I/ 2) , W a"e,) @

g, ~CNO, [ VI)o FrLLL w)' g, | HEREZE bR

2 2
X X +Zl) ZDx
i b, 2b, “Lb,

(K 3)
N
2N(1 + K)

I a"(0,) @7 |15,1,() NI 0 MEIE %R
PRI %K, Y E@T%%%E%é&ﬁu@ﬁf (x) =

Y dk
1 _ g
e (V7)) KR
2.9 g%

K, z, = JNK/(1 +K) b, =



36 MR K F F IR (AR FR) 2023 4
5 ) based on indoor double media with wireless channel and
SE A power line[ J]. Proceedings of the CSEE, 2017, 37(9):
[1] MAJUMDER A, CAFFERY J J. Power line communications 2589-2599.(in Chinese)

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[J]. IEEE Potentials, 2004, 23(4) . 4-8.

QIAN Y W, ZHANG C, XU Z W, et al. A reliable oppor-
tunistic routing for smart grid with in-home power line com-
munication networks [ J ]. Science China Information Sci-
ences, 2016, 59(12) . 1-13.

GHETH W, RABIE K M, ADEBISI B, et al. Hybrid power-
line/wireless communication systems for indoor applications
[C] //11th International Symposium on Communication Sys-
tems, Networks & Digital Signal Processing ( CSNDSP ).
2018 1-6.

DE M B A DIB L, FERNANDES V, DE L FILOMENO M,
et al. Hybrid PLC/wireless communication for smart grids
and Internet of Things applications [ J]. IEEE Internet of
Things Journal, 2018, 5(2) . 655-667.

LT, EWEE, BHEE, R ICA U
R ARG A& R Ak [T]. ) A S fksisr, 2021,
41(6): 171-179.

SHI Yanping, WANG Lijiao, LI Xiucai, et al. Adaptive
relay protocol for power line-wireless hybrid media commu-
nication system [ J ]. [Electric Power Automation
Equipment, 2021, 41(6) ; 171-179.(in Chinese)
SENDIN A, SIMON J, URRUTIA I, et al
deployment and architecture for smart grid applications in

Tberdrola[ C] // 18th TEEE International Symposium on

PLC

Power Line Communications and its Applications. 2014
173-178.

B, T 5 A WORE SV B9 AIR IR PLC 465 % i 7
EL1]. Ak dg, 2022, 42(3) : 210-217.

CUI Ying. Low-voltage PLC network routing method based
on improved genetic ant colony algorithm [ J ]. Electric
Power Automation Equipment, 2022, 42 (3). 210 -
217.(in Chinese)

W, e, £A, & T ER R L E
SR IARGEL T ], R HUHE LR 2 4 (A SRR
M), 2016, 36(6) : 39-44.

YANG Feng, ZHANG Jinya, WANG Yan, et al. Photovol-
taic module monitoring system based on DC power line car-
rier communication [ J ]. Journal of Nanjing University of
Posts and Telecommunications ( Natural Science Edition) ,
2016, 36(6) : 39-44.(in Chinese)

PRI, SRR T, BRI . 28 P JCL A H Ty 2B BT P
PR s RGEPEREMT T[T ], HE B AL TR 4k, 2017,
37(9) : 2589-2599.

CHEN Zhixiong, HAN Dongsheng, QIU Lijun. Research

on the performance of cooperation communication system

[10]

[11]

[12]

[13]

[14]

(15]

[16]

[17]

[18]

[19]

[20]

CHENG X L, CAO R, YANG L Q. Relay-aided amplify-
and-forward powerline communications[ J]. IEEE Trans-
actions on Smart Grid, 2013, 4(1) . 265-272.
AHIADORMEY R K, ANOKYE P, JO H S, et al. Per-
formance analysis of two-way relaying in cooperative
power line communications[ J]. IEEE Access, 2019,7.
97264-97280.
RABIE K M, ADEBISI B, SALEM A. Improving energy
efficiency in dual-hop cooperative PLC relaying systems
[C] // International Symposium on Power Line Communi-
cations and its Applications (ISPLC). 2016: 196-200.
PADHAN A K, SAHU H K, SAHU P R, et al. RIS as-
sisted dual-hop mixed PLC/RF for smart grid applications
[J]. IEEE Communications Letters, 2021, 25 (11):
3523-3527.
MATHUR A, BHATNAGAR M R, ATY, et al. Perform-
ance analysis of a dual-hop wireless-power line mixed co-
system [ J ]. IEEE Access, 2018, 6:
34380-34392.

EL SHAFIE A, MARZBAN M F, CHABAAN R,

operative

et al. An artificial-noise-aided secure scheme for hybrid
parallel PLC/wireless OFDM systems[ C] // IEEE Inter-
national Conference on Communications. 2018 : 1-6.
YANG L, YAN X Q, LIS, et al. Performance analysis of
dual-hop mixed PLC/RF communication systems [ J].
IEEE Systems Journal, 2022, 16(2) . 2867-2878.
XUBL, BhKE, BRIE, 5. HT HNBISON ik o)
PEIRAa 7 (1] r U R 2 24l (SRR A IR
2021, 41(6) : 29-34.

LIU Kai, ZHONG Yongyan, CHEN Juan, et al. Data
compression about Internet of Things based on HNBJSON
[J]. Journal of Nanjing University of Posts and Telecom-
munications ( Natural Science Edition), 2021, 41(6):
29-34.(in Chinese)

ZHAO Z 'Y, XU G J, ZHANG N, et al. Performance a-
nalysis of the hybrid satellite-terrestrial relay network with
opportunistic scheduling over generalized fading channels
[J]. IEEE Transactions on Vehicular Technology, 2022,
71(3): 2914-2924.

HUANG Q Q, LIN M, WANG J B, et al. Energy
efficient beamforming schemes for satellite-aerial-
terrestrial networks[ J|. IEEE Transactions on Communi-
cations, 2020, 68(6) . 3863-3875.

KRB, PR EEESAIIM]. Jb5T. Bk
JiAE:, 2000.



%14 HORF TR MALAIRAES S A P PLC/RF & SR04 37
[21] RICE M. Data-aided and non-data-aided maximum likeli- Nanjing University of Posts and Telecommunications

(22]

hood SNR estimators for CPM[ J]. IEEE Transactions on
Communications, 2015, 63( 11) 4244-4253.

U, FRRIG, BN, . EHF MBORA SEi TR
WA RGERE T[] f'al—i)ﬂ HIE L 2724 (11 AR
RR), 2021, 41(5) ; 36-44.

ZHAO Bai, GUO Yuqing, HUANG Qingquan, et al. Per-
formance analysis on aeronautical broadband satellite

communication system in EHF band [ J]. Journal of

(23]

(Natural Science Edition), 2021, 41(5): 36—-44.(in
Chinese)

KOSTI T M. Analytical approach to performance analysis
for channel subject to shadowing and fading[ J]. TEE Pro-

ceedings -Communications, 2005, 152(6) : 821.

(WAEG S F %)

(R BRI OB ) (R BT 2308 12 (O 75 Bl ——

=
)=}

FA

SR R £ BB BT 2 AR AR S TR U , S B P4 R A T AR R 284 ATl E A

e A TIRE ) A b SCRHE I T %

ﬁ@)#Eﬁﬂ(*@%ﬁ%?(%ﬁmw%¥*Mﬁﬁ$lﬂﬂﬁﬂ§ﬂﬁﬁﬁﬁwﬁluﬁ%%ﬁfi

il 4 K AT

%ﬁﬁﬁﬁmﬁﬁﬁﬁﬂﬂ$ﬂhﬁﬁéiﬁo

B A AT 43, VR B AU S BEAS TURR M — PR 2R AT, A [) b S 2 A

AT Gy 43R



