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Analysis of intelligent communication system with multi-UAVs
based on SC/MRC
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Abstract: To address the issues of the increase in the number of communication devices and the co—channel
interference existing in unmanned aerial vehicle (UAV ) cooperative communication process, in this paper a
multi-UAVs system with multi-channel co—channel interference is constructed. In this system, there is a
direct link between the source node and the destination node, the destination employs either selection
combining (SC) or maximal ratio combining (MRC) technology to integrate the signals transmitted from
the source node and the optimal UAV relay. Considering the correlation between signal to interference plus
noise ratio (SINR) caused by co—channel interferences, the precise expressions for the system outage

probabilities with the SC strategy and MRC strategy separately under Nakagami-m fading channels are
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derived. To further discuss the impact of co—channel interference on the performance of the UAV

communication system, the asymptotic outage probability of the system under high signal to noise ratio

(SNR) is derived and analyzed in detail. The results show that due to the influence of co—channel

interference, the system outage probability exhibits a saturation value in the high signal to noise ratio

region; as the Nakagami-m fading parameter m increases, the system outage performance is significantly

enhanced; with the increase in the number of UAVs, the system outage probability gains more diversity

benefits before reaching the saturation value.

Key words: unmanned aerial vehicle communication; co—channel interference; selection combining;

maximal ratio combining; outage probability

0 5 7

T NHLEA 1 i H B 0% R0 2L (8 45
L, TR EUROR h Ak S PR SR A L 7 R
5 DX RO R ARG A 55 S st R B
R s 31 o Sl e R G R IR A 1
NHUE g B sl b ke, My s sl 25 A 418U 4%, ]
PAAT 85 % 0 245 61 i Y0 [T, 003 I 2465 R 55 o,
B AR FE R BMEEAE

B i 6 N HILIE {5 28 48 B PR 508 I, SCRiR
[6 ]2 To AL 4k 528 TAT 58 TR 5 2R
MEC R M R IR B B IR A Bk, 75 G
AHLEMEEE RGP Sl AFRIE L ZhEH R X fiE
LATE 2SI g €& SR I DUE (R W
2 1 L I F) O B [ AL, SCHRL O T4 1 17 rh & RETE A
HL TG AL 3 MLz o 28 0 2 B 25l [ 0 =
To N AL R 2% FR 48 o - M T B B O 05 A LE L TR
ToNAL 465 A 1 b -2 e Bk b, AR T 1%
A By 52 B H ST LB BE B AR T R . 3
BRL 10 JBFSE 1 JC A AL B 25 - H JC £ £ 38 Y AL /
AR R B AR R FE I A K S5 B — e WAL )
PR T R 2 A 2 BOR R T E
AL 265 37 53¢ 1 T 43 v BT AR 25 1 £ 5 BT AE 3R 1)
MR IA . SCHRL 1T B 52 Br i 3 5, % U8
TE NALAY K-8 B LR / A5 WL BE B AR A, DF 5T
TN [R) T 3 A PR R S0 AP {5 2 S8 T B
ARk SRR A B BC AR R
SYOR Al DUAR AT f A WP RE

T S5 B i 45 AF 55, 3 T8 A PL 4k DA J £
G0 B 2 5 AR ME DLOR TR {5 BE B 00 A2 E
FIATEEPE o O 4@ T AN AL PR B8 15 R e i A 2
P, SCERL12 95 s 2 JC APLIMPESE {5 R 4, 1l i
ARG T BE R Ay ik i X B AR A TP

PEAL SE PR AR A AL g MERE o 45 SRR BT M L TR
TN, Z T AL gkl (5 W E =T T REM 5
EIE A5 ARG 25 . SCERL 13 JWFSE T 2 e A HLEE
Bl 4k 2 40 1 1 Re A e 4 2 0 3 o f Ak T AL
e 5 FH 2y 238 43 e, 76 PR B8 A2 4 29 0 e KA IR
I 2% () A

R B SE A B/ 22 e AL 4k GE A R S BT
U553 B R R Ge vk Re BEAT T HAKR ST (H A T 52 bR
s v I 38 40 X6 JC A HLME 8 {5 2 58 00 5 i) fif
AT, Il TP LR TR b S
B 52 Ak, T A HL UM S A i 72 o b SR A7 A 3
ST 7/ R

ARSI RN ARG A  ZREY S5 H
B4 10 s ) A7 7 L % % B A0 0, e B A SR
H % #% & I (Selection combining, SC) $ A 5% f%
K H A I (Maximal ratio combining, MRC)# R &
I fE 5 . SCHIMRC B 42 i 3 00 AU 15
SRR, SCERL16 TR M kb dk Raih,
FMETEFEERSFEREMSCELZHR T L20%,
SCHRLL7 J48 1 73 T 22 B 0o Ze 9 2% 1Y 2 T fe /s
B i B £ 795 5 A 7E MRC & 4t , 7E Nakagami—m
Hix NI T MRC & 15 J7 2 M BT i 07 R AR &
SHAGBRTHWIERE. 45 EM MRCEETF
SEP T A o ARG s . SCERL 18 JTE A £k
H BT T {5 T8 T, AL MRC/SC 7 806 322 0 i 22 %
{5 5 AT AL #E ) FC 45 MR R 2609 H 1) i & 2% HL
FIHE .

L5 L RTIR AR SCHE L T SC/MRC R RE 2
T MLk MEE G R MR E TS SHWY
SAATEILE T 2 e APLh dk DMEE (5 R G20
P8, # 7 3 F Nakagami-m 3 75 15 i85 19 2 #7 #E
T VEAL 22 T P 4k B 4R 8 5 ) 2% 7E B
THRAR T RGN, BT B SREES



% 10 4 FiHM%,F A FSC/MRCH %

it % RAMIBAS & K5 T - 3403 -

I, AR EAG 5 B AR T, S BUR S5 T
(Signal to interference plus noise ratio, SINR) B4
AHOCHE o BRAE 23 BT e W, 3 b AR G 1 £ 0 1208 15
RGEW T E N 05 X ANBREIE Z 0], &5
PRAGE L 0o 14 45, W PERE B2 R T

1 RGHH

TP 1B 2% L A 30 0 2 T X LB I
RO P LN S QNS AR R A 4 £ T A
BLB LA BG4S 45 D % S5 BRI £ 9 58 069 R 55
ok U A T A L R
Y2 e N LU A4, DI D 0 o 2 50
3 0 £ T AL P 0, 2 5 0 B TE AL
2 DIV A A 0 B ELO A AL
LR PE 1 , B JE A BLA B4 4L i TR
FA 4

T JHL AT A5 K8 5 0 95 7 B ol 14 o 0
BRAE, AT B A AT P B B B R
455 R J1) = 44t A 3R 5 S A B AR AL
4k R 14 55 (0,9, H ). B #0954 D 1 4 5
(0,250, 0) m. Jo A BLHF 1 A\ ) 4 £ 5 o, LI
JE oo 18] H AT 80D AT 00 1l 1 00 << Vi, o1,
Vo WK AT, B3 m /s, FEIRLAEL P A
BLA of, ) B 2 30 8 6 BE Wt 0 HE R BUE €47
RUE . o F b2 W 4, = H 4 (d, +

/2
vt)'] S bE(S. R D K. L).

EAFENHL, -~ F —> BAHR
R amer e ey > KESSGETH
s il > LESEETH

———————

‘AQ“)
-

(0,250 m,0)

E1 g
Fig.1 System model
1.1 (FiE&E
TE M- 25 F0 25 - i 3% 00 38 {5 o B b R T /D
RUBE 5 V% — i IR DA 3 37 32 % i Nakagami-m %
T XA R Ay 2 O T A b
A S B 3 T TC 2R AL R R B AN SOR R G AR 1

154 Nakagami-m % 7% {5 8 .

1 PS5 B A% i 59 a5 1] 09 B B 5 78 R 4K
ho W& M SE [R] 43 45 19 Nakagami-m 32 3% , B
h~Nakagami-—m(m,, 2.,)o F o m,, J 5% %
g, 18R BH EL A R B 3 £ 1 RT
Qu NP 8BS BB W L=
| A fzd(,’,,“‘ JHo Ay, |2~gamma( My M/ Qs ),aT bl

BB 10 B R BURE R AL | A |'(a, 0@ (K, L))t B
TR 1 bR KR ARE 25 5 35 R K050 R 21

maux \"e" 1 (myx !
Fh”h)(x)lexp( - )E ( ! )

Quh n=20 7’1! Qa/}
(1)
ma "1 a1 ( My )
A X )= a7 oexp| — X
f‘h“"< ) ('Quh) r(m,) P 04
(2)

W AE R, TE AL AR RN B B SIS
5T SRR R I(E R 07 25 8 N 18 0 = B
MRS o T H AT P e U B | 2%
BAE ZERAN P R (1</< Q)b ik H K it
HT, B9 A DA E L HEE T,

1.2 ES5H#&5

2 T NHLPMEE {5 S BRSPS BE B 7RSS
— B VR R SRS T 4 H R S D T A
TN T4k R, % I8 S fE 7 38 T30, T APLR,
1 H P 5D A B AE T il 3R R R

K
YVsr, — hSR, Ps x5+ z A/ P1K hK/(R‘Ik + Wk, (3)
k=1

L
Vsp — hspa/ Ps x5+ 2«/ Pl, /ll,,D-T/ + wep (4)
=1

Ao MR S B AE T 50 Fl e, 2300 o TG
AMLRAEFTH B 58 DA L THAF 5 P
U5 S RS Py R P, 435 o T AL R, Ak
FH Y 52D Ak S8 TP IEAY A S PR we T
wep 739K R, D HUE 5 175 SR

A B AE S BT Y 46 bR R (R MR 1L (Signal
to noise ratio, SNR) , H: & X A5 5 TR 5=
D230 bl . A S B JE TR A 7E , kit
AR S5 5 19 SINR #E47 HAK Y R G2 M fg 43 17 -
SINR A5 5 Uy % 5 T4 e 5 Dy Sy e (i . =
TN R R D A R R TR AE S AR S Y
SR I, R A D R UE 5 B SINR 7397 3%
NH



¢ 3404 - FHRKFEFR(TF K % 55 %
PSdSRDf‘|hSR,‘Z P\gdSROTK|/lSR’|2 iﬂs?‘j

Vsr T g = P.do ‘

2 Y+ N dr )
;Phdmﬂ hKlR,| -+ N, 0 yn,r):rg}gfg(}/[g,n): ZI;’;\;O ?§§(|h”| ) (11)
(5)  Af iy ARAETAPLAY SINR, &, H A1
Podyi hoo|’ Pudii bl VAR EERR R 55 LA DL

Ysp = 7| =

MNPy b + N Z N
=1

2

o

K , L
AH:. Y= EP:,dEfR’] hKAR, ‘_ ,Z:ZPI,CZ;?)'| hl,,n
k=1 =1

W TET M AT YR Z RS
1 A AR BN -

i K

my g K— 1
MEK,R, o
MNy) = ——— X—X
X( ) PIA‘C]K,‘;Q‘,-Q&R, F(”’“\’AR,K)
meg,r, Y
expl —————— (7)
Plde/,RT,QKlK
m mpl Z”llwl(i 1
B P B
’ Prdr iy Qp I ( mpp L)
mpp=z
expl ——— (8)
( PI‘,dL,;I)T'QL,D

g, TR R TE R Qe BT BB HGK
FeR I T AR A Bk sy FOR FEVE IR L %
RS R R I TR A R

TE 55 I I, 25 T8 A BL b 4k R I B A0 ok i
PR V5% B L TC A WL T 2k A Y R A
Bl BEREI AR R R SINR Sk T o 7 B
Yo BT A TE A ML A9 AR T 4 4 C

M A A C oz 4 BT A TE A DL R fiE
TR YT S B, S RS EE MR . 4 C
Az, AR & g P55 H BT 5 ] K SINR
[ 6 AL o 4k , SR P A 03 26 2 DM AU 4 4 44 1
JE B RHT 0 L BN A B R R i £ 5 T
LA A -
mfwmfaz+iﬁfmﬁﬁwm<w

X P S JE AHLH 4k ) K 5 T 5 2 RO RS

% R I R 5 S IR R T s wen N H B

DWW T AW R AR5 s S8 AE . By
HDHEWE S 1 SINR KR W

 Pudih] heo|

yR,D_W

AN RS Cih e AR 4k 5 H By A

[i] (14 Bz K STNR 6 £ #5 4% T6 A ML AY a3 A&, 7T DA F

(10)

P v Ak e 1 B A0 15 5, B F A9 A5 R A SC 8k
MRC G I UGS . 2R M SC B, B AMLEME
F 2K 5 Hn o B S SINR Ry % = max(ysn, yR,n>; 4
K MRC B 3 313 SINR 4y = yop + vrno

2 R SC M (1 2 48 B o0 Bir

Hh A AR R 1A 1R RGP W I R R AR
B2 80, FL O/ IR T 3 1 B 0% 1) SF 2 0 MR L R
{5 18 FE V& o A AL o AT 3 A H A SR T SC
SRS (1) 22 8 vh A <
2.1 RASCHRMH RSB PETHER

MR 2 Jo A HL b gk 28 5 2ok 72, R SC SR m
FR 2R GRS T o BT ARE 3R SCOA < 3 — I B2 LAY 5 AR
FIETA To ANAL 28 2 oK BB M A 019 R A5 25 56—
R B A7 7E 43 TC A HL AL D) A B 5 5 A5 R L (H 5
OB B R SR BE A i i TE L K B AR
B B, By 4 25820 245 R it e AR 38 3R 5k
2 HP

Pfu(;:Pr(CZ@)Pr(}/SD<y\h)+

Q
M S pr([C|=q)Pr(y < y,)  (12)
¢=1CCR,

Ko Pr(C= ) 15 368 T 9847 75 915 B0 T it
ARG CHEEIERPr(|Cl=q¢) Mg M TA
Lk D e B T A R . P C =)
FPr(|Cl=q) 4% m .

Pr(C:@>:ﬁPf<}’SR/<7“‘>:

o
Dp(u<wy ﬁ,(y>dy}
(13)
Pr(|Cl=¢)=
E‘Pr(yw,>ym)k€]:[ Pr(ys <ya) (14)

Kt Pr(yse = ya) J TS SE A C P TE A ML
Uk R, BEGS 7 15 B IO LR TH3 4 5



% 10 4 HiE%,F AT SC/MRC % 4% % R AMIBAZ £ %454 - 3405 -

yaolY + No)‘ )

Pr<75R,>71h>_Pr(hSI | - Py d‘:R

m K
Y nMsg, N, 2
exp| — - X
Pgyd g Qs F(??z,(/fk‘K)
a1
e o C’ZIL <m2 + }nKARrK>A]{“ (15)
_ .+ K
=0 my—0 ml! Nén) /11,(A1+A2)m Mk,
N Y nwMskR, Mg, R, -
LA, = A, = : o [,

Psd s Qsr, ' P dg% Ok,
Pr( e < yu )i F XI5

Y nsgR, N,

Pr(}’sre/<7\h>: a Psdg Qg

1—exp

m;=0 m,=0

ok K
el g ( Col (ot i K ) AT 87 )

22 mi! NG (e K ) (8,44,

) S
(16)
¥ = (15) = (16) 43 AR A K (13) At =L

(14), BT 5E s Pr(c =) mPr(|C|=q).
R (12) Pr(yqn<yﬂ,)ﬂ\7%—ﬁ“f|3ﬁ H iy

TR R R A Y SR R AR R AU

yth(Z+ No) ‘ Z)

Pr<751><71h)Pr(‘hSU‘2< Psdgy

my L
—1— exp( o YIh]\j(;?nSf) ) 4 >
Psdsy Qg F(m[‘/[)14>
me, — 1 my CI/IJ;JI“(m4 + m]‘[[)L)Agu
my+m; L (17)
A=\ myl Ng (A AN
. YwMsp mp,p
Hrf.A,= A= o o ffiY

PodsS Qs Pid. Qo
A CAR Rz U Pr(y™ <<y, ) BIE SR TR
WS CAEZS i, B Ay o508 o 1% 5 m 0
5 RN I R A TE AL P 4B B R A 1 S Bk
A B i A M2 o i T TP T | 1Y i B g
SINRHIXHE, Pr(( ™ <y, ) i BRI AR T

Pr(y*<y.)= Pr<maX(ysn, Vo)< }’m)

jIp%um<<%Z+N0%x

PR R,D

}’m(ZJF No)

Prl|he| <
r(| 5D| Psdsiljar

|z)fz(z)dz (18)

}’m( Z+ f\]o)

R,dR,D[

EWa%#M$mﬂmA?: Iﬁﬁﬁ

f 19 18 D R BE S Eh il 15 T A AL TP 4k R {5 5 1Y

R o — 2 e A

. Z N
ﬂf%mJ<”ﬂ;m%%:

q g
q (/(/[J

> ——ex
q,:o(—l)['

GELW Pr(| heo| <

~ quyn(No+2)
PR‘ dl;?; Uli,l)

) (19)

7m<z + 17\70) ) \

e WA A
Psdyy® |
W
4 o Z+ N
Pr(| he |Z<M| Z)_
Pydgy"

1 exp( - 7l 2 Jrf\fo)?nm ) .

Psdsy Qsp

gy — 1 my

22

my=0 my=0

R (19) (20010 A R (18) , TH5 1Y Pr( ™ <

}’m)ﬂ‘?:
. [ Craet —A;N,
Pr(yM <th> Z ql(ZXpiA) o))

A“’( D mep— 1 my

eXp((A3+A5) X DB

¢ =0 my;=0 my=0

(20)

my m ™3
(///1J ! ylthI)
ms! N~ "\ Psdsp" Qsp

)

(71)11(/‘11(/;/11“1-‘(7774 + 771[4/1)14>Ag;,;
7773! N(;’“il/hr(mll/DIl)(As—’—ALL_'_AS)/II\iI]l,J,L
(21)

Aopo A, =— DTN g bR BT E)

Prdy$oip

Fe I SC 58 W ) 22 40 b T M 2 A0 RS i P X 2
7% o
2.2 %P3 SC % B G o U 48 2

YT AT DT ML i 65 A I e R T 1 R
P A% 1 TR 4 B B R S 345 1 40 SR 08 2R L AR T I
GRIF T R SC W 1) 2R G0 W0 b W HE R . 75
R A U S 1 A VRS /P - A
Pr(yse = yu) F Pr(ye <y ) % % 15 K 4
UIVR

my g K
Ng—=0 1 My g #
Pr{yse,—=7vuw) = — X
( " ) F<ﬂlKlR,K> PI/:de?g;\QKkle,
e L ( VMg, B F(m1 + mK_R,K)
m=0 PsdsiR[fTQsR, m,! (Al + A, )NI‘JMI'\‘N’K
(22)



- 3406 - +

oK FF

# (T F ) % 55 %

Ny—>0

(751)<7lh> ~ 1=
Am A’”ml F(m; + 7”11)[‘)
= =0 ms) F( mLDL)<A3 + A4)mh’”m1‘

mgy, — 1 my

(23)
710, 753 Pr( s <<y ) FOHTIE AR -

Ny—>0

Pr(ySR/ < y\h> ~

i K
1 Mk,r 4
1— K X
P,d 30
I'{mgp K 1, AKRAIKR,
mgp — 1 m F + K
Y Y nMsg, my 1 Mg,r,

)y

im0\ Psdsi Qs | m (A, +a,)" """
(24)
Ny 0 1, Pr(max(yso. o)< ya ) B9 #F
IEREAN
Pr(max(ys. yx0) < 74) ~
o[farrec-n)
2 (ot 2
e At er(— 1) (my 4 myp L) AY
me=0 \ 1) F(mL,DL)(AS+A4+A5)”1;+]"""JL

(25)
44 (12)~30(14) (K (22)~K(25) , Bia
5 31 H A7 RUOR T SC SR 9 28 G0 h B

3 R MRC 5% W& 19 2 48 H W o B

AT 53 BE H T Pr( Y <y, ) R I MRC
R (14 28 G5 v DR R
3.1 RAMRCRMEH RS EH R R

2 H B 5 SR T MRC 30 B, 2 42 rb W HE
RRIKXN

P;}ﬁf“"zPr(CZ@)Pr(ySD<ym)+
Q
Z 2 Pr(’C‘Zq)Pr(yMM<ylh) (26)
A Py <y, ) WAECH C IS T R A

MRC 5 22 I AL PR Hh 2 4% i B o 51 35 SINR
T W S AE y, RS . BT TSR
it %) 3 SINR AR 26 1, Pr( ™ <<y, ) W3t 8 2
B WS

PI'( Y sp + YR.D < ylh> -

Psdss"| | ’
SZSL|J\[ZD ax<‘ hR,D‘ >< }’m):
z’z) >

J;J;Pr(maxO hrp ’
f‘mr( z) fz)dxdz (27)

<Z+No>}’1hfp*d;r)a"hsn‘z
Prdr}

Prdyi

p
f 74N,

)< ®,

Xi.0,= o HIEM

(z+ NO)}’rh
Pgdgy
(ZJF NO))’m
Psdsp

SR R ] M | A< i,

Pf(}’sr) + yR,,D<yth>:O; %,l |hsn|2>

— IR A1
Pr( ysr)+7re,r)<7\h ):

i i

. (=+No) vw
J J P Pr(max(’hk,n‘-><@1
S () A2 dadz =
(jzpsdsr)a'
Pk,dlzla; Ué,n
C]IPsdsr)a'
PR,dI\T:)] 0'1_?,1)

2,z)><

q
Msp

co(—1)"x,, =2 =
Z q( ) 1 an

=0

(28)
Zc (—1)" X, 20
v ‘QSD

=

é’[ Mmsp _ quif;}i
Osp Py dre DORD
A" exp(—AsN,)

AYRE A ( ms,)) I < mL[,)L>
po | Cho D(n+mpp L) Ny ™"
y RCERURRUTL A ()
n=0 7775[)(A4+A5) ot
» qlpsds?i:”
O Prdriyorn
X, =( 0. )A41 exp(— >No) _

(A +a,)""

i X B A O

mgp

B L, X, R A N

A N th
)exp( —ASNO—GW}) X

My my pl
(men ) 4
.
Osp F(m,‘/nL Pydsy"

om, ms—m yl "
cpr ( me + mypp L) VAYS I(Pdhs,“‘)

mep— 1 ms

2 2,

mg+my plL
m;=0 mg=0 A, i
ms! N’“’”( ro +A4+A)
SIJ
(30)
Msp o Q1Psd;rf'

ﬁqj:Ar):

—ay _2 ©
Osp PR,dR‘(lz)l OR,D



% 10 #1 Hil R

¥, T SC/MRC # %

e, A A (15)~x(17) 2 (26) .5 (28)
~(30) 1B P MR i R iA =X
3.2 XA MRC KRR ZR S aE Bt =

i 2% (28) BT, Pr(ys + yrp << yu) 10 A 2
Fak A Bk B, I, 24 B 9T 5 CR H MRC

msp 91Psds‘71)ar
g, H——= B Pr(yso + v <y
Qs Pudibiohs (ot yi0 <)
) R
Ny 0
PT<751)+ }’R,n<}’1h> ~
Zq: (—D)"Crr(n+mopL) Ay ALt
“n=0 msnF(msD)F(m,ﬁ,nL)(A4+A5) ok
(31)
3 Poda® . .
%/Imb[)# g1 i 51)2 Hd’,,ﬁ\:ﬁﬁi&:—&ﬂﬂ:
Osp PR,dR,?)[ OR.D
N0

Pr()’sn + YR.D < }’m) ’;
Msp g
( Osp ) ,,Z::o

¢ mg—1 CqF
ZZ{

=0 m;=0

Cc ( A,
(71)’“ A4+A5

)mui)

ms er,DL)AZ’ b AT
1) ms! F(m, DL)

(—
SD */115,*111,/,)1,
(e (et a0
‘QSI) P d%[ P dSI)

(32)
254 30(22)(24)(26)(31)(32) Bl el 15 5] H
B 71 5 R F MIRC 55 W 18 387 30T mP R ARE >R e ik 2

4 {5 B Ko H

AR Y 38 o B Dy B0 A SCERE M . AE LA

W T SR AE IR EE T, % & Nakagami-m 3
HEAEHE MY 828 0,=3, 1% H #E R R—=
Lbit/(s*Hz '), 76 A 1 B A 18 0 F JE A AL AR b5 Ky
(0,0, H), 7E5E 75 B350 J0 ANHLEG ¥ | A2 40 FE
ZBTC AN HLECER R 0 T R B R AR S s )
w i, Ps=28dB,P,=8dB,m,=2,H=50m,
=0.4,Q=3,K=4,L=4,y,=2%— 1, It
A, SR A Bt ?Iquly(y—l/N())f/Ejﬂ%LTTo
F 248 T AR JE AML k50 T y 5 i
BRI LR . My e —25~10dB LR M, H iy
I v AR R B o 1 K B W/ 5 Y y>10dB
B, BB SR G e, B 29w
LA 25 T AP 48 855 1 1% JE A BLEME

K % RANIBAZ R G M - 3407 -
10°¢
©T®-9-0.6-0-0-0-6-0-0
¥ 05t A
B 10 0=1,3,5
f -s~o‘°'°'9~6-o—e-e
—SCHERM b
* SCIhEME ‘o
107 --- MRC B {l o0 a0
° MRCOB‘E{E o-8-8-5-0
25 20 15 10 50 s 10 15
y/dB
B2 ZGHHHMESyHXE

Fig. 2 Relationship between system outage
probability and y

AR R GEARAF R 45, h WP RE 2 2 B T .

3 25 1 L PR 3 s i) 2R G
LR K e 5 R L 2% AF T B i AR . M TEA
PLrb k5 H A Ak i 38 P i 5, &
Girh Wi R M R O 2 ILE TR R e TR
R LA PR, A G WA 08 T 10 R,
W AL 3l 2 ROl O, BT RG0SR B KO 0524
SEIE TP AFAE IS 2R G804 b W R 7 v £ 1 LE X
RS, L, RGEEBTCRN N 0, H R G
T ABE 3 B o 10 R R RN R LSS SRR, 3

TE T LB 1 2 25 (0 v I B SRS A0 A S R
10
10°F

% -

10— i
- SC BIETH

MRCEFEFHR

-20 -15 -10 -5 0 5 10
y/dB

B3 RMDUMEETHREERNENRE

RETRERRE y RS 2

Fig.3 Curve of system outage probability vearying

—20

-30 25

with y when mimber of co—channel

interference at R, and D varies

Kl 4R T A [F Nakagami-m 25 S 5T ¥
SRR R . BEE m, B, B B9 AT
£8P BRI ABE 3R A 5 D0 T DR O A 2 RN R
TS, m,, AT 7R B 3k B 00 EE S B AR
1 I S AL B B S £ 1) T R A
TR ARAG T R 25 o AR Y e, 3R BT R
MRC 5 W 19 22 52 v I 1 8 £2 7 et 2 ) A28 g ok



- 3408 - THXEFF

(T % k)

% 55 %

[msr,msp,mxr,mrp]
=[2,2,2,2]

10

il iy

Yo %olg
10710 — SC HifH “a. 0 ®:b-0-0-0-0-0-0
« SCEfE ./
--- MRC #Hig{H NS®-0.5.5-0-0-4
°© MRC {jEfE

10 : —
25 20 -15 -10 -5 0 5 10 15

y/dB

B4 mETUMNRGEPEHBEREyHELHBL
Fig.4 Curve of system outage probability with respect

to y as m varies

FHSCkms B R g Wi bEfE . (BN, m,
3 AF PR B R A S8, AN RN B m, B HL
1B LA RS TERE

K 5Ca) fE 5(b) 4Bl 45 7 24 B A B
FH SC 5w A1 MRC 5 g s, o A ML & AT # v H
(15 5 R A 3 . e A LN 9D 46 A & d, (0,
—240m ) H, [ B 075 550 CAT , v Wik 252 52 7 08/
F e /ME L IS TC ANPGRS B 097 5E B )
AbFETRAT, R G W E R R S B T R A R
g, AL S ol DUE Y /0 v O ARE S5 X 1Y)
A B JC A WL s AR 8] 5(a) AT 5(b) B /)y
e BT M % ok 1,76 <X 10 S AT 1. 44 X 1010, %

10 10
20 5
B [R]/s 300

(a) SRAISCHEmE

w
(=}
L

FhTABEE /1071

—
W
L

_
=T
_
(=]
(3]
(=)
_
(=]
_
LG
[3®)
(=)

B 18l /s 300 *ﬁ;\ﬁ/(m'g )
(b) SRAAMRCSR NS
E5 TANCITH RS R ER T ik
Fig. 5 Curve of system outage probability
during UAYV flight

I3 B9 0 AL 5 4 67 L A B 43331 O (0,236, 50) m
F1(0,243,50) mo

5 45 i

(D Aefs B it B b, d i B b 4 150K
W, Ve P B LR T AN BL P AR R AT 65 B AR i, BEAS 4R
GEUEHH R AME 5 i ey ] Sk

(2) 32 3L38 T B 52w, 2 G0 P B 5 7
{5 W L DX St B4R A, 25 20 05 v L3l T 90 i
TR, 28 5 v W 1 e 2 AR

(3) 70 AALIE {5 ik 7 Hh A o7 B P B e i 2
RGMEREMLS . BUAL, Y TR ANLECE I 2 7Rk
PR AME Z /T, RGP R SRS 2 A9 0 5
4 45, REAE IR AN IE TSR A9 RGEVERE TR [

S E WK

[1] Zhang S H, Zhang H L., Song L. Y. Beyond D2D:
full dimension UAV-to-everything communications
in 6G[J]. IEEE Transactions on Vehicular Technolo-
gy, 2020, 69(6): 6592-6602.

[2] Gamal C, An K, Li X W, et al. Performance of hy-
brid satellite-UAV NOMA systems[C]//IEEE Inter-
national Conference on Communications, Seoul, Ko-
rea, 2022: 189-194.

(3] Bebrs, metd, =0, 55 . 1hm 6G 1Y Jo A HLE 15 25

I BT 50 B, 2022, 44(3): 781-789.
Chen Xin-ying, Sheng Min, Li Bo, et al. Survey on
unmanned aerial vehicle communications for 6G[J].
Journal of Electronics &. Information Technology,
2022, 44(3): 781-789.

[4] Dabiri M T, Safi H, Parsaeefard S, et al. Analytical
channel models for millimeter wave UAV networks
under hovering fluctuations[J]. IEEE Transactions on
Wireless Communications, 2020, 19(4): 2868-2883.

[5] fafs, B#EEH, £48, 5. TN Z 25 50

WAL £ B BRI G LA B 0] AR R AR
TR, 2023, 53(3): 913-922.
He Ying, Fan Jun—song, Wang Wei, et al. Joint opti-
mization of secure communication and trajectory plan-
ning in unmanned aerial vehicle air-to-ground[J]. Jour-
nal of Jilin University (Engineering and Technology
Edition), 2023, 53(3): 913-922.

(6] 378k, BRigr, #E08, 55 . JCAWLACHE i akim 5 S -
PR AL BTy R Ay BEAF SR (0], BT S5 E B W,
2021, 43(12): 3554-3562.

Zhang Guang—chi, Chen Jiao, Cui Miao, et al. Tra-



%

10 #1 HiHER,F R TSC/MRCHH & S RAMIEBIE 2 %M

3409

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

jectory optimization and power allocation for UAV al-
Jounal of Electron-
ics & Information Technology, 2021, 43(12): 3554~
3562.

Tran H, Dang V H, Niyato D, et al. Outage proba-

ternate relay communications[J].

bility minimization in secure NOMA cognitive radio
systems with UAV relay: a machine learning approach
[J]. TEEE Transactions on Cognitive Communica-
tions and Networking, 2023, 9(2): 435-451.

DoD T, Le AT, Liu Y W, et al. User grouping
and energy harvesting in UAV-NOMA system with
AF/DF relaying[J]. IEEE Transactions on Vehicular
Technology, 2021, 70(11): 11855-11868.

WSy, AR, 2203, A BE T IC AL AR Y
25 Hb B3 TR 25 T8 A AL SR 0 A 2 T R (7). 3 Jk
iz, 2023, 27(2): 209-223.

Jing Wen-long, Zhou Cheng-hu, Li Yong, et al. De-
velopment and applications of the UAV remote sens-
ing network based on the intelligent UAV base station
[J]. National Remote Sensing Bulletin, 2023, 27(2):
209-223.

J1Y H, YuK, QiulJ, et al. Massive MIMO and se-
crecy guard zone based improving physical layer secu-
rity in UAV-Enabled uRLLC networks[J]. IEEE
Transactions on Vehicular Technology, 2023, 72(4):
4553-4567.

Hoang T M, Nguyen B C, Le X H, et al. Outage
probability and throughput of mobile multiantenna
UAV-assisted FD-NOMA relay system with imper-
fect CSI[J]. IEEE Systems Journal, 2023, 17(1):
1477-1488.

Bithas P S, Moustakas A L. Generalized UAV selec-
tion with distributed transmission policies[J]. TEEE
Transactions on Communications, 2023, 71(2):
741-756.

Dang V H, Tran H, Ho T D, et al. Throughput op-
timization for NOMA energy harvesting cognitive ra-
dio with multi-UAV-assisted relaying under security
constraints[J]. TEEE Transactions on Cognitive Com-
munications and Networking, 2023, 9(1): 82-98.
Nguyen M D, Le L B, Girard A. Integrated UAV
trajectory control and resource allocation for UAV-
based wireless networks with co—channel interference
management[J]. IEEE Internet of Things Journal,
2021, 9(14): 12754-12769.

Ssettumba T, Abd El-Malek A H, Elsabrouty M, et

al. Physical layer security enhancement for Internet of

[17]

[20]

[23]

Things in the presence of co—channel interference and
multiple eavesdroppers[J]. IEEE Internet of Things
Journal, 2019, 6(4): 6441-6452.

Swaminathan R, Roy R, Selvaraj M D. Performance
comparison of selection combining with full CSI and
switch-and-examine combining with and without
post-selection[J]. TEEE Transactions on Vehicular
Technology, 2015, 65(5): 3217-3230.

FETLZE, SRR . B T o/ i i By 2795 R B 1E
MRC ZGERYPERE T HT[T]. L7274, 2007(7): 1246~
1250.

Cheng Wei-jun, Zhu Bo-cheng. Performance analy-
sis of multi-node cooperative MRC system with mini-
mum routes[J]. Acta Electronica Sinica, 2007(7):
1246-1250.

Zhao H, Tan Y Y, Pan G F, et al. Ergodic secrecy
capacity of MRC/SC in single-input multiple—output
wiretap systems with imperfect channel state informa-
tion[J]. Frontiers of Information Technology &. Elec-
tronic Engineering, 2017, 18(4): 578-590.
Dang-Ngoc H, Nguyen D N, Ho-Van K, et al. Se-
cure swarm UAV-assisted communications with co-
operative friendly jamming[J]. IEEE Internet of
Things Journal, 2022, 9(24): 25596-25611.

Singh S K, Agrawal K, Singh K, et al. On the per-
formance of laser-powered UAV-assisted SWIPT en-
abled multiuser communication network with hybrid
NOMAL[J]. IEEE Transactions on Communications,
2022, 70(6): 3912-3929.

Singh C K, Upadhyay P K, Lehtomaki J. Perfor-
mance analysis and deep learning assessment of full-
duplex overlay cognitive radio NOMA networks un-
der non-ideal system imperfections[J]. TEEE Trans-
actions on Cognitive Communications and Network-
ing, 2023, 9(3): 664-682.

Ozduran V, Mohammadi M, Ansari I S, et al. Per-
formance analysis of uplink non-orthogonal multiple
access in the presence of co—channel interference[J].
IEEE Transactions on Vehicular Technology, 2023,
72(9): 11590-11602.

Mg, R, ORER, AF L T AR I IR Y L
HAETLBE P BERSIU]L B 516854k,
2023, 45(7): 2350-2357.

Ye Ying-hui, Tian Yu-jia, Lu Guang-yue, et al.
Outage performance of commensal symbiotic radio
based on energy harvesting[J]. Jounal of Electronics
&. Information Technology, 2023, 45(7): 2350-2357.



