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Joint optimization method of position and beam for UAV
aided wireless communication

Han Dongsheng'? Nian Xinran' Li Ran'’
(1. Department of Electronic and Communication Engineering, North China Electric Power University, Baoding 071003, China;
2. Hebei Province Electric Power Internet of Things Technology Key Laboratory, North China Electric
Power University, Baoding 071003, China)

Abstract; UAV aided wireless communication has the advantages of flexible deployment and large coverage, but it still
has the disadvantages ol large path loss, low throughput and transmission capacity. Beamlorming technology is
introduced into UAV aided wireless communication, which can effectively compensate the communication path loss and
mitigate intra cell or inter cell interference. Therefore, this paper constructs a UAV aided wireless communication
system model. which is equipped with a uniform plane array on the ground base station and UAV to achieve
beamforming, so as to maximize the system capacity. For the nonconvex problem with high dimensional and highly
coupled optimization variables, an efficient iterative algorithm is proposed to jointly optimize the position of the relay
UAYV and beamforming vector. Firstly, the original problem is transformed into two subproblems of the position
optimization of the relay UAV and beamforming vector optimization by the block coordinate descent method, and then
the two subproblems are transformed into a convex optimization problem by the successive convex approximation
algorithm, Experimental results show that the proposed optimization theory and algorithm have good convergence
performance and can effectively improve system capacity.

Keywords: unmanned aerial vehicles; mobile relay; position; beamforming;system capacity

0 Z JUEZ IR A R T RS LB AR K
LS HE 7, TTAMLTT LA g 7 48 4t 255 e 45 o i Fn 22 ol

JEAESR , T AML (unmanned aerial vehicles, UAVYZ#;  SWp I o J6 AMLAG SRS FAw 38 4E R 58 3h b 4k , 78 25 3%
HANTRE  HEERA  RALEZRRGSEEE T AP LORZ BOREE s, DR IEE E e vl 5. 38 T+

i

ks H 1 .2023-02-06
» EEWH: HE AR IS K BT E (61771195) ; d e 5 18 AR BF b 45 3% € 00 % 4 % B 00 H (2020MS098) 5 1] 38 45 48 44 B £ 1 1]
(SZX2020034) 35 1 ¥ Bl

¢« 88



AR FAANHSALBEEE R RKESKAS X

5 20

ROEHERE

RGNS TYSAR, TAYNE RS P4k, E it
WO AR AT R H IR H R ER R
HRFRGEHRERMEH AR, Ho S5 H R4
AHLA NOMA [ 2 vh iy 24 F P S Ak iR 45, OF ELiE 4
AR e 2 St Sh A UAV {7 8 Ll & SE 00 7] 35 R 5%
KAk, Zeng % FI Zhang F" BT — AT AN B
kRGN Ak UAV (500 TR AL 5 5 38 DL K v 4k 4% 4 1
SEATIRA AL DLSE B 20 A ik B B R Mk, Wei %1
DU 8 S TR RN = 4 2 () 7 A 3 8 T X TR AL R 4k R 2% 7Y
25 & BUHAT THFSE IS T T AW RS 30 1 1) LLA 2048
NG RR, XTI ELEGRA BT L
RICHRE R B R T AN AL E BT DL R R ST RSN R
SRR E AN E N R AR E RIEA ML, #in,
Meng 45"l Hua %5 2 5 7 38 15 4 3 45 32 G0 bk R Ok
W0, kA& R =48 UAV 8l B E IR ER LA
BL/AG R S R G D3, e KAk R vk . Zhu %0
I P S 3 T I 00 o) 0 0 90 T KT 1o - A By A 4 1) A
B AL N T 303 Homeok b B A5 15 5 1 B R IR R 1
o Chen"" N, T — A A AR To AL b 2k 9 2 i 2of % 18
T G873 S T e — AR AR R R SR A TR A S B R
i 5 P WA =2 1) O A% i R R KAk, Ahined %2 %
TFY — AU ok B 4 2 BE AR Y 1R 0T BE JC AL P 45
5 R 45 B A Ak T ADLS 3235 1) % S Ul 3 6 AL Bk
VA B Jo AN BB AT 7 A R, e R PR R T R B RE AL
Hanna ZM"9 1 Gao Z-"1 2 B D A HE BT AW,
BEZEEEMITANHERAAENRE,

DL b SCRR 35 S v 26 T AP Bl JC 4 38 15 52 4 1 1R AR
T SR T 38 T i BB R R M D JT B8 AR T I A —
SCRR B IR R R AR R 5. RE AN SRR E
BEW s i TR Mg R RA & KIERIERE  RE
FENEE EE TR T MRSV IR R4
SEH S BB, XS TANE B br KGR 046 X6 B 7T 58
Y R G AN WA 2w 5 % NS T e R N a3 4
TR T i) e, 1 75 08¢ R A 20t 7 L s DX 0 i e 77 3 — ]
A HRURE B AR R TC ACPLIE (5 48 (R —
A AR A E R — % ROF B RS 15 &
S5/ W vT LASEAT 20 A IR R TE , A R R (6] 5298
BAFRELHRITRSES WIREAAE AL, BE 5 REREK
S5 PR R B (A5 SR BCR AR AR e AR
o, FERAMLE A AN AT B AR R A
IR (line-of-sight , LoS) 5 T8 4% {4 B8 48 4 1L 76 5 A3 38 A4
SR CRI 3D v S B AT 20004 e R BT, MU T4 i R G A S
550 50 AR T = B HURE VR S EAMLEE TR S
R 18 B B ROT L pl o mT A I R R T G AL
WG ARG RRR TR B S BAE T . R it i ) 7 00K 8 3
e WA TRIE [ 5t , IR Fha 8 SR R T 1o o o 1y 80 8 O o,

HXT H bR XA i = R B — AR B H SR
4[]

Zhu U3 B AR KIS AT A AR A e, 19 B — AN B 3
H s X i /NS Z 5 RV F A AR & T — A58
WRRE R ZEI , LTINS Hbr X RIGE S .
Xiao %= F] H] A I % #t %5 ¥ Cartificial bee colony
algorithm , ABC) 3R fif I8 5K WA T 4 1k [ 8L, 0 R e b B A A
PR SR B A B R K. Xiao SF7C ZEAUH IR LoS 4r &
A K BT 187 T, 45 0 A F P i s i O T
B R RGN R, RGBT TR
R 1 0 SR T ol 14 KB 400 35 5 R A2 7 k5 o 3 50 T T Sk R 4
A AT B SE S B RO 1 0 B B R T # AR
VU R TT - W, BRI A S IR R L R RO AR
PR . Zhou ZU BRI T — Rl sS B AL Ak O vk 78 KB
DA EE AT i % 348 R Oy ik AT B0 R B
0] Bt 3 22y 1) e ¥ Bk AR A5 BB U TR IR 1) AR
AT 30 L 35 B B KAk F P IR 3 R A B R . R B
TETC AL P I SR T B A X 8 T B R AT 25 [ A U
(1) 3 3 i BB A e B SR 1) T B e A B AR A R A
F /N 38 FH T T8 A ML A7 4 B Ak R, B0 A e oF A
Yang %57 U H T —Fh 3 T I 0 G560 0 B R TR
J5 58 o 30 R S GR R0 A B B Al 3ok AT I HOAE TR (T, T
A4 e SRORR T B T A A b 1 B D 0 o iR B T A IR
BB, FaRSCERER I T R [E vk R SE I R IBOE , L
TR H AR X IAET T 25 00 H 09 (B E X T AL 5 3R R
B8 A WG IR AR H BTG ANLAS B ATk 5 09 B 3l 4 L
KA B 1) 788 AR R I PR R IR 7 SR S

R T RO WS FEAE I — 2 R, 78 4 R O R
T4 AR 8 T A WU B 0 258 15 B9 08 00 o 45 SCE X 4k TG
AALHE B JC R 17 &R GAsi ), 2 57 A0 7 A9 WL R 4 2, B 5 %
i TG 3 3 8 S I T HIL R T B R I A R L,
e e R [ o 485 56 240 BT, 37 2o R 4 v 4 T A L 19 23 )
B LL R R S 0 BT 1) 1, S 52 9 i R TE 3 45 11
] B R, DA A 0 TG v 5 R P 2 I A B I 00 e R
B BRI RGEG TR, R XBE T8 ANAE
I AR 16] 12 1) 28 0 4 12 A Ak O7 S AT RS2 0 B0 iE
T AR ST £ B RN AR e Y AT SE MR AR

FEWHH: o Ma XA EFEMAE; (DT MO
TR BAILIRE B |+ | F27m 50 0 4 X8 502 B B
H; E G FaRBIERMWMEBE; v (b Fm SO Xth
B — B 25

1 REEKRE AR

WME 1R AL E R DA P U LLERF
ROUT 1745 A% i 35 5, #h1E 3 9 (ground base station,
GBS) a3z 8 A 7 #2138 15 55 o (8 B T b R A 4K LA % b T
LT HEAERY SRR RS ARSI FRRE R,

« 80



546 W F W

¥ #H K

HE RO . HITEA S IEK R G R, UAV
KA h gk EE GBS MM Z 8, 7€ GBS L&
M X N KLk ¥4 16 4 %) Cuniform planar array,
UPA) f£ UAV RS My XN o B R 32 - 1 [ 51
ISR B AR IFE IS R Gt RER BG5S I E
TPk . AT A 25 RS M THT L -6 A ML (ground base station
to UAV relay, S2R) f1J& A ¥Hl-F F* (UAV relay to user,
R2D) 7 B 25 Mo L HE 6 3% , R 45 & 074l GBS S 2
[ F9 308 {5 2 S P B

Bl REHEME

1.1 RZEEER

R TAEF A4 A 2 BioR, L GBS S JE S #sr = 4
HAMRR,HXTF UAV 85 &, GBS fifH 7 Z |8
2] ZWE AT A PR AR SO R G AR T B 5 GBS Fin
FEFR—EE I, 3 H GBS fif4k UAV [ UPA #5 xoy
ST FAT S WK GBS A bR R K (0,0,0) , gk UAV A fR
RN (2e>yrshe) s AFVRFRRER N (20,y0,0),

z
(X Vg shy)
HigEUAV
-

X (0,0,0) X
K2 RGE 3D A AR

WHEAG T » UAV AT 8 B30 - BB e P s 9 it
TEASCH HE I S2R 4 M R2D 4% 1) LoS 7 &, Z 0
NLoS Jr#. 25 T i 5 i BUA M . 1 i 34 2 F T 14 5] /9 K
2R 1A B 4 T2 S K, JU) S2R O % A6 £ 20 ) B 1 ik 5%

« 90

RN
hyr = ASZRaSZR(MS9N55652R9¢SZR) oY)
Hrp, dor i S2R #E B4 K LoS B EHFE B, RN N -

dSZR = «/IieriJrhi (2)
Aex H LoS B8 1 2% BB 2K Awr = dni;ﬂ
HBEIE d, =1 m A REER KRR N B = W %

Sl s fo MBI ; o FIR LoS EAEMFE R I s M
psor N S2R G FE (AN FA R0 A RAR
4 kR

Osr = hy

arctan
(3

Yr
$ser = arctan —
TR

aSZR(MS7NS ’6SZR’¢SZR) ﬂﬂ GBS Liggxpﬁlﬁﬁu E{]E‘F
T[] B, RN

"
Aox (M, Ny ’6&1{755521{) - [Uszk,l sA 2R.2 ’"'9aSZR.MS><NSj -

2x . - -

1 J*_WRJI sinfgpr (mg 1Deospgyptlng Dsinggpn
————(1,~se
VMg X Ny

2
Je—d, sinf gy, (M —1)c08$ o, —(N o —1)sing oy |
eASQR 1 S2R S SZR S SZR } T (4)

S, d, RS R FER , 4, — 5
FRTRE H - R2D B 8K 10 {2 280060 17 0 1 2«

hyp = ARZDaRZD<MK’NR’6R2U?¢R2D) (5)
;H\:EF' » drsn 9 R2D %%H@ LoS %ﬁ%'{g%ﬁﬂﬁ%vﬁﬁﬁ
dRzI):\/(xR_xr))2+(yR_yr))2+hé (6)
Aweo B LoS BRFHEMEH RZERARN den = d: H
R2D
Orep TN pren 7 R2D 5 1 BAM A1 AN 5 18] A1, R A
N/(IR *xn)z + (yR - J’D)Q +hf<
frop = arctan n
A )
Yr 7 Y
$ren — arctan
LR Xp

Arop(My s Ny sOron s pren) K 4k UAV 3557 5F 1 B 51
B S il Al &, /s R

oMy s N sOren spren) = [amn s@rns s s@rmann, 1T =
_
VMg X N¢

2 . 7 -
s Sinfgory [(Mp—1) cospp,r | (Np—Dsingp, ]

2w . . -
J@dz sm[?RZD[(mR*I)A:osg&RZD‘f’(nR*l)sm¢R2D7
{1, ,e yeve,

. (8
St 4, KSR R RN d, =

2
TEAR ST B A S T, GBS LR P [ 4k UAV
KiEFS s1, Hk UAV RITR Py AP K% S s, B
B s | =1,=1,2, H 2l 2, 4835 UAV &
F P bR EIE S WA




AR FAANHSALBEEE R RKESKAS X

5 20

zr = hirws /Pss, +n, 9
Zp = hEZDWR VPrs,+n, (10)

o, n, BRI UAV LRI N 0,25 N of M9 IR
IR 5 n, FORAEH AL IO ME K 0, 25 H of MO RSHT 1
7 5 we Fm GBS Ab B30 R RRIE W B, we = [ws, s
wess wsagn, )T € CS Y wi Rk UAV Gb
BRI IE 1 &, we = [wriswre @i, | €
C MR BB R B B we R w0 2 AE B
(constant modulus, CM) 25, Bl ws Fl wy B —IF I & BYAE
39 1 AT RN

1
‘ [ng m | -

- ————.m — 1927"'9MS ><N§
VMg X Ny
an

1

(W] = ——
My X Ny

sn = 1,2, Mp X Ny

(12)
i o 17 5 ) AR BiE 58, 3 3] GBS Al UAV Z ) Bl K
UAV 5 R P65 B L 0 513208

‘hngWs ‘ 2Ps | Asr |2 |a?2RWs‘2Ps

Vsr = Z ~ Z 13)
(o) (o8}
hHo w 2f)
Vrem — |R‘D72R|R (14)
02

HILAEEEH GBS 5 UAV M LA & UAV 55 F | 15

T AL BRI B R A
| h?zRWs ‘ ZPS
RSZR = 10%2(1 +'}'52R) - 1ng(1 +7Z

(o]

) A

| Asor |? |a;{2RwS|2PS

log, (1 + P ) =
o1
P _ )
log, (1 + 167r2f;afd522§ lalews | (15)
Ryon = log, (1 4+ 7o) (16)

ML % a2 PR L4531 S2R 4 8% A1 R2D 46 B% 1915
HEDHIA

Cyur = Bgrlog, (1 + yer) an

Crean = Bronlog; (1 + 7gan) (18)

Hp, Box 7 GBS il UAV [8] ({5 B 4 55 B N
UAV FIH P[] B4R TE 7 55 .

TEZAG T UAVAE AR Z 4k 75 AT BE AN T 17
S S GBS MR P # TG MALEAS =
A

C = min(Cgpg»Cryp) &=

| Asor |7 |a;{zRWs|2Ps
2

min [B srlog, (1 + ),

01

Baplog, (1+ 2

02

as

‘ AR2D ‘2 |aIR12DWR|ZPR)j|

1.2 @R
B, GBS M P EAAL T4k UAV 5% GBS

BT, S2R BEMEALMIE B i A W BRI AR Cor K
B IR R2D 4 % 04 12 50 B0 B w2 A0 X 800 , 45 2 0 7 1 1
B Crop SUAMIXTE/N, M, Y4k UAV BB 3 H P 4800
I A AFAE SR ), R R E RE AR RN, H
W, B a4k UAV 7 B 1 AR W AE L , S2R B 2% A R2D 4 i
{14 77 T3] 40 A £ 2 2 B0 22 B 302 S5 T ) 2 T R
Flr i weowe AW . 3 AT UAV B3 30tk 8K
St bt 18] [ B S5 5 L% 3y 1) R o A i 2 R 2B BRI U TR
PR MR SRRSEBE BT, Hk, 251
Sy Ak UAV By=8 8] 7 & L S2R 4 B R2D 46 B 19 14
MU LERBENEFHNENREAE LN,
S, A SO RS AL TP 4k UAV 8928 A8 (2psyrohw)
AP AT 2 {wsowe), HRKH AR, Bkl

Ao ] AT Bl AN
max C
Awgowporap s yp kg b
1
st Cof [ws] ., | = ——=———m = 1,2,++,M;s X N;
M X Ns
1
C2: ‘ [w[{]n | = ———n=1,2,- 9MR><NR
My X Ny
CB:RSZR > O
C4:RR2D > O

Cs:0 < Pg < PI™

Cy:0 << Pp << P2™

Cr:(zrsye) € [0,2p] X [0,30]

Cothg™ < hg < hg™

20)

Hop,Co M Co SR8 I AR 1) & A 1E B (CMD &
HC, M C AT ESER R /ANREH R, KR UAV 5
GBS K& UAV 5/ 2 6] B b 28 35 7 2, DL 4E 35 b 1T 5
v 5P Z AR R e fE g C 1 G BaRfES A
SHoh R p ARG, BORNRER L R AE , o PE™ A1 PR™ 4 3
i GBS Fii gk UAV fl R & 213 C, Rox % GBS Fi A
Jr2Z IR E gk UAV s 2930 G, BRI 4k UAV BT 78
FoA AR R AR S35 R/ AT R AR R AT

Tt PR AR B K AR 1 ) L T K E A RBCRS AR U RR
B A ARG A0 ™ 29 3 A BB A AR o AR AE T R R
TREHEAT A BORMR . RTZE R (20) 1, BAR R C 9
BREGC AN C, FSAME | DwsD, | A | Dwed, | b
B AN 2555 TN L 3 R 5 i R Ak A SR, ik C
C, HIEMAH;C, A1 C, KFSZEMEY Ror A Rop K
BRI J0, BRI — A R A ek AR R T S 22 O U
FRAMFEAE HI C f1C, HARMAR, 25 E.C.
Co Gy M C, ¥R M 43R, I BRI & we,we ZEEAR
B SEE (xeyrohe) BEERBEBRAELE. G, %k
A W 25 B PR R L 68 P A B AL TR AR i
(TR

« 91 o



5 46 & woF o

¥ #H K

2 BERBEEEXRY

AT R HT 1 4R EBEATOR AR . b TR
SRAFAL IR S 1 5 » 2R F R AR T a2 4 TR L 43 ik 14
'ﬂ@ ARt UAV {3 B 08 A a8 A0 382 o KR ) &2 4 16 Jm)

LR RS PN EEE: {wrsyrshet Fi
{wsswie ) s SRJE R FH &SR N 8 AT 19 75 1 35 AUSR A 40 Ak I F)

FAVE L A — KBRS T
2.1 W4k UAV L E ik

FEE g UAV A B A0 ) R, B2 3 R 1) i ws
M owes RRMEALE P UAV AL E ., PHikst20) mf ik
HITFIBA.

max C
[E Y

s.t. Gy —GC

SR TR A C3 R C4 iR rE, N DR ZE —
AR RAR AR . O TR R AN R, 1A T B AL AR
d JF SR 22 18 T R OE SR A X (2D B R AR B AL T &R .
AR AR C3L B dsi™” zd%i“i{% r YK AR (Y )R

@D

FIRARME K d i FE doe'” REIEAT— WY R B T
dos < [ds” T + 2d g EdSZR —ds'"] A psr
@22
BEFRLSEE fow = [abuws|® A (@& 7 RARTE
5 r YOEAUH R T Gl AL

AT — B R A TS
‘aSZRWS|2 < | (a5 7w ‘ : + V fex [(a?zx) m] "

I:a]S_IZR - (aglzk) m]é Nser (23)
Hr,
Y fer [(a?m) w] o)) T
vfsm [(ailzk) m] 2
VS ex[(agr) 7] = .
V fexr [(a?ﬂ() m] (MGXN )
24)

) _ o &)
. ](1) = 2asr., "
- r

wswsy T+ 2a52R.MS><NS '
H o)

vfszxz [(aSZR) .

- >
Ws,2 Ws,2 et o 2“32R“MS><NS "

vfszlz [(a?m)

Ws,1 Ws,y +

. &)
2a gx,2 Ws,mxn, Ws.1

—_ o S5}
1o = 2a9k,1 " wsaws,: +

”» &)
Zase., Ws.MgxNg Ws,2

H o) o &)
vaZR[(aSZR) ](M XN T Zagry " Ws1 Wy ><Ng+

25521(2 wawaX'\Jg+ +2052waw us‘wx\ W, MgxNg
(25)
ZIE TSR R RHERAS ,Usue il 7]52R(r) AR R 2T

N-W O Hszrser 2L HAT M RE RS

T = (,uszR + Uszn)z _2 (/uszkz + 77521?2) <

?{[#SZR(T) + Y]SZR(r)]Z + 2[/1521{(” + 7]ssz]H X

« 92

[(,USZR + 7]3212) - (,ussz + ﬂszkw)j} -

1 . . .

?{ [#szkm} + 2/lszk< )[pszk _;lszR( 1+

[7752[<m]2 +2|:7752R“)]H|:77§ZR7 77‘§ZR(T>]} S (26)

Hs pox” 0 R O RRTER r YRR B R AL
{E’ Esr )_'7 M s2R T 2R H@Lﬁa

[:JEE %TX?#F&I%* Cuﬁf‘ﬁfﬁ dignw %‘%i‘ﬁﬁéﬁ' r Yj’\

AT 0 R TR T AAE X d sty LA E AT dxin” AbHEAT
— R RIS
dt < [dwn™ 1P +2d w6 [dy —dein” | A pwen
@20
BN RSB S0 = awowe |75 A (@in) 7 FR
S r B B R B AAE 3 Jarowe | 7E (agen)
AT — B B RIT AT AR
laowe |* < | @in) T we| "+ frop [@r) 1"
Cawn — (@rn) 1 A gron (28)
Hip, Vfenl@h) "IHITEETRREEBRS

WV fsx [(aSHZR) w] T
= ’Eéﬁﬁég)%%[g.ﬁ #Rznm n 77R2Dm ﬂ‘»*ﬁﬁ%éqZ
ﬁi&fﬁ:X‘T M R2D Y R2D ﬂﬁi_‘ @qﬁﬁﬁﬂﬁg

o (,LleD + 77R2D)2 B

Geron” + ran”)
pxepon = . A R2D 7Jr2D <

1
? {l:/lebm + 7]R2Dm:|2 + ZE/JRsz + 77R2r)(r):|n X

[(/lmn + ‘/]Rzn) - (/JRzn(r) + 77R2D<r) ‘)] }—

(r)]Z +2ﬂRQD(r>[ﬂRZD (r>:|+

1
7{[#[{20 T MR2D

EV]RZDM 1"+ ZI:??RZL)(r>:|H[77R2D - 77R2U(r)]} A 29
Forry peron ™ Fl pron” RARTESR v WK AU 1 )5 3 I
ﬁﬁf_ﬁ Eren y‘j M R2D Y R2D R N
WG s b R OO0 AT 2R R

'[B log, (14— L
min 2R 108, 16 f

ERZD

2Es9k) ’

2

¢ Py
Brsplog, (1+ Wsrmn) °

S 52D WAL g S A R ARE R (30D,
wre.

2P5
T

max
fog yg byt

{min [B serlog; (14

c’Py
By.plog, (1 + Wﬁezu)} }

(30)

¢*Ps
st o :log, (14 W&za) >0

.2

¢ Py
167 fz 75R20)>0

Cs7C87(22)v(23)9(27)v(28)
fEdb i R, D AR AR 200K Co M Co B

Cio:log, (14



AR FAANHSALBEEE R RKESKAS X

5 20

(30 Y (22).(23).(27),(28) . Cy . Cyo» I M A TR,
HHE T Cy A Cy ZEMA T, )R] A 52 H bR o8 50 M
PRAC. Ik, (300 S —A~ M A4k (B RR , BT LA o 45 4 5 A
o7 ¥ 8RR 2% i CVX 47 SR RTY, X th &k &
(21 AT A48 B i@ g
2.2 EERBEEEMRK

T U R Y ) & A Ak el B, R E D 4k UAV B
{xrsyrohrls RIRBURAR 0B REIE & {ws,we) o 2R
i, Mgk UAV {7 8 [ ER. LoS B G M i/ . 7
Oy el e RS A N =N i Dl i =g S AT 53
KO I TR

max C
{ws,wR‘r (31)
s.t. C,—GC;

RGO T H b EHN, HAREM C.C..C
PLE Cy 3B, R 31 g — ANk ™ 15 A .

B AR ZAR Cy  ws ) FORTES  YGE T
JRTBERAUAE, X |asews |* FE we'” AbHEAT — B R R IF
CIE=E

lagews |* << [agews” |+ 7 far [ws” 1"
[stwsm]égsm (32)
Hrr,

Ve [ws” T
o V Fax W ]
V far [ws'” ] = . (33)
VL [ws” ] (MXN g

) _ - &)
VfSZR [WS ] 1 = 2agp109r i Ws,1 |

- ) - 2
2asr1a R, Ws,2 Tt 2a S2R, 1 A 2R, MX N TS M XN g

- r _ - )
vaER [WS . ](2) = 2agradgr Ws1 | T

- ) - )
2agr 2GR Wsz | T+ 2agrk2a S2R, Mg XN WS, Mg XN

&) _ - )
vaZR [Ws ’ ] (MgXNg) — ZaSZR,MSXNSaSZR.IwS.I "4

» " 4. - )
ZaszR.ng‘vgaszR.zws.z + +ZCZSZR.MSXNgaSL’R.MgXNSwS,ng:\'g

(34)

Wl B £ X AR AR Cy s H we'” SRR FESR + WA

E"JJ%%B%%{E 9Xj‘ |aIIL<Izr)WR | ? E WR(Y) ﬁjﬁﬁ?—‘%\ﬁ%ﬁﬂ:
CIESH

‘ aLIZI)WR ‘ : < |ung)wR<r) | P4 Y fren [WRM] n

[we —wr” ] & grop (35)
Ho 7 fron Wi ] M EARE Vferlws”] 1
SRR .
e H AR R AT R8O
. | Asr ["Ps
min [BSZRlogz (1+ Tgszx) s

PURES
BRleogQ(l_‘_izgRZD) °

02

F38b s i F U RETE 1) i ws R owe AR ECEES L H ws
M owe BRATTRHAA —4 CM A0, X P BT AR AT
Co MGy BAE M . BT X IX — L & e 295K G, 1 G
FFI Y R 3t e AL R M 20T I8 A S0 (31D ) R AT % A &
BAE A (36) ) -

Aor |PPs
max {min [B srlog, (1 + LJS
Lwgawp o1

Zwr) s

| *
R2D

A Py
728?2[))
[P

sct.Cous| ws] ., | <

BRzI)Ing 1+

om = 1,2, ,Ms X Ny

M, X Ny
Co:| W, | <——wn = 1,2,-+,My X Ng
M, X Ny
C,3:10g2(1+u%2‘2psgm) >0
:
c]4,1og2<1+%gmn> >0
;
C,,C,s

(36)

KOO FRAENAR C,.C,.Cy A1 C, Fbp=(36) H

B Cy .Cp, JCos A1 Coy, M HIMAR, FFHHA TR C, 1 C,

KFS 20 K 0T, I AT A0 H A sl Bl o 91, 25 1, 3 (36)

A Ak L AT L) S bR o Y O A TR SR g
W CVX AT RAE XA B E 2 (3D Jo) B A] LAAS 2 e

B SCHk[ 14 AT, 78 Cuy  Crp R BT FT38) H, X 3R

WY ) & M HEAT R st LA TR 3 — 4k, X R G R A B

REMRE M ERIR N, Ao B EZ REmEF N —41E, L

HY R R =K, AT R A — b X A 205 88 3%

BN, B, TEX R (36) HAT R Z )G, M H TR W

BEIEATH—1L, IR CM 295, 23 B we™ il we ™ R

FRAEAE T — 1B I IR R () 2, B

EWS*]m: ! I:wS]m 9771:1929""M5><
«/MSXNS | I:wS]m‘

Ny 37

EWR*]n: ! EWR]" ’n:1729"'7MR><
f\/MRXNR | EWR:|"|

Ny (38)

LT b 34 A [ R 53 B SR A L A SCEE X b 4 8 AP
B LR R WA A, SR — A R TTR
FERE — A P gk UAV 7 & R B E =) & 85 1k
(Joint optimization algorithm for relay UAV position and
beamforming vector, PAB) & ¥k, 115 1 Fis , 834K Rk
B2 (B0 MR & {zrsyeohe) A (36) ML &
{wsswr ), FEM P (20) o] B, 2440 48 71 R4 B 47 88
BEZZ/NTRENE e 308 B R REMRRE ron B 7T
BRI 4k UAV (L8 {zgoyrohe) KR EIE o) &

¢« 03



5 46 & woF o

¥ #H K

{Wswa} ) ﬁﬁﬁﬁgiuﬁk%%%gﬁc

x1 HEUVAVEEMERBEREHESRAALERX
Bk 1 gk UAV G608 F RO n) B AL Bk
BN HIRE 22 sy @ A sws@ L we O WEER K
Br=0
i 4k UAV (i B {xr,yrohe) MR IBIE W&
{ws™ swg ™}
1. WHILEC“™ —C™ > ¢ B r < rp DO
2. BEBERBIE M E (ws” owe” TR (30,
KB R T UAV A {2y k)
3. WE gk UAV ALE {2 sy she ) il IE 2R 7 7]
BC36) AR AR IR & (ws'” we )
4, r=r+1
5. END WHILE
6. HRIE (37, (38) H— L /Y 7] 2

2.3 HEWKSEST

— 7 TS R B A bR T I R 0 R O Y O R R
X (200 AT T AL AR BT — AN R BT U 1 =X (200 5
S KKT G, ] DR IER s i lies k. 55— 4 1 .
AL R PAB B B, R F OWLG +
N0, Hob L &R sk = 20 ik R B, Noi =
max{Ms X Ng,Mg X Ny},

3 MAXGIEXRBHESN

o B AR SCHE S B9 TE B TR L R T AG PAB BLE B A
ROk AT B 8 — A S BR N F  5 A  5  EEXECG P 4E
VN DA B L s N S = W A
MATLAB -5 2547 7L S0 5. S8 Hh B o A8 b i
TE R (0,0,0), I/ A AR 1 E R (600, 500,0) , H A% 5 5 AH
SRR 2 R

£2 HMAXHBEHEXSH
5 PR X i
RT" UAV /g5 1 100 m
A UAV & k& 1 300 m
ot UAV ghIg T —110 dBm
o JH P R g i )y —110 dBm
P GBS Bk & TR 20 dBm
P UAV R &5 % 20 dBm
B GBS 5 UAV [Al{5#E 7 58 1 MHz
B UAV 5 R F (a7 i 58 1 MHz
Mg X Ny GBS K45 R~ 4X4
My X Ny UAV R[5 R~ 4X4
fe ESRL RS 28 GHz
a LoS JE & M#E R 0.95

e« 04 o

FERCAY ST R, A AR SO % 07 52 S5 SCER 15 48 Hh Ay
TR L 28 5 HEAT X LA BT A 5T . BRIV AL+ Dk R
WAL 7 58 A r B AR AL + S BRI T &
Horp o BEHL RO AL O SR R T AT T L P B L
R4k UAV A8 85 R PAB 530047 I R BB
R . OB A 5 AR IR T 6 = A
PAB &k ik UAV A Btttk , B B M B G,
1) FE S 1 1) 5 T A5 SR B A TR R [ B . ARE ST A
N7 3 PSR RS 5 R AT X A< ST $E ik
PRI AT AN BEAY

Bl 3 58 T PAB BLILFE 3 F KL M5 R~TF i sk
PERE. W R ARERRBE BN 7w = 30, FHERE N e =
10 *. MEH T RIE B, B SRR KRR AR
BRI B T ReoE R, fl 5 R 28 B4 51 R~ 9 AS 7 3
K BEBHMREREMEWHE A, XEH T PABRLAS
= =00 &5 iy B R U ROl A Y o WP N R IN
A 3IX3E, Bkt T RERFERS, Y RER SN
4X4 F5X5 WL Bk Bt 9 AN 10 Wk 8. X
FHABEE R IFF R ~F 88, e SR 7% B9 10 AL IR Bl 1
e ZE b SRR SR L ARSI B ECA T gk T A ML B
MERWE N BN RGAEERA T RESHY, B AW
Pt i 4k TE AL Ar B A R | &, 7T DL KR REA

5 108

6F

w
T

.
T

RER B/ (bits)

[’}

—a— FTRPABHE, 343
- JTRPABHIR, 4x4
—o- FTIRPABHIE, 5%5

)
£y

746 % 10 12 14 16 1820

BARKH
Bl 3 MgX Ng=MyXNg=23X3,4X4,5X5TF,
3C B 4 3 B MO S X L

Bl 4 i T Pr™=P3*=20 dBm B, AR F T B4
KREEREMEIIRS WEAXL TR, BIEHETLE S, M
BEREFEHI R R SOt T ENRATEA
Wi K, 5 1 R 22 BB T 40 /0N 5 10 2 B R A 0L R R 1)
BHAE LM A B R T, 3RS 5w A 5 1
. MEIRIRRER B, BAREET 5 1 il & 10 S SRBE o %6
MBENLF 2 UAV N BT ETWREG AR, W E XL
FIRSH R 28 BT HC P ECS UAV i
BRI 10 B A 7 58 00 P AR 4R 240 T 55 A1 T 2 o

%,



AR FAANHSALBEEE R RKESKAS X

5 20

1010
9 e
e
z A e
T—;; ///n;gf“”/*«/
1 L 0
£ ° P
£ T
s
3 X o kR
2 e JITHRPAB S5
—o— BEHLAL B -+ R AR AL
1 - (L B ARG F A R R IR T
% 3 2 5 6 7 8
KERREH R~
B4 mRRKRGEAFEMRXLHIIR T (Mg, Ng, Mg, Ng) )
A5 4k h 26 B

B 5T Ms X Ng = My X Ny = 4 X 4 i, RFEJ
BETNMRKBREARME UAV B Py~ bl 4.
MBI LLE 1 BE RS TIRAE K, SR ENRER
LR BT HAHR T HMPM TR, AT 50N
) B R TR R M KR R R 18, X RN
UAV RS2 &, th gk UAV &L TPt sk, A
SHEEFRE TR, RAFERIK. b0l 5 Bk
B, E MBS UAV B BRRIE | R G A 2
A R REAE R I e LAY I B &R T 540 W
FhIEEHE TS 2, S RAE B S IR RGBT B 7 2 4
BT HARPIR T EVERE I A B

12

X100

-9~ L7
| e BTRPABHIIR
—o— LA B+ BRI BAR L
—- i B AR A+ T e e R ORIR

<

o
T

RYGAR/(bits)
N

'
T

0 5 10 15 20 25 30 35 40

UAVE KRS T2 /dBm
B5 mAKREKRE UAV R KEHIR PR™ K
A5 4kl 2% 14

B 6 LR T Py =Py*=20 dBm, Mg X Ny = M, X
Np =4 X4 B, AFEHFETHRRKREZRE = GBS- B
BRI, B R 6 TLIER, FEE GBS HIEE W
BRI MRS 2 B T e 3, 302 R S R B 3 R R 3L
TG AR AR AR . FEE 6 P, TR Oy vk R A
T ) i 0 B RO Y 7 48 M R AR GBI, T A AL 4k
UAVIIBFRENRGEARMEES N INIE TR, Bl

X FEKRE GBS H PR, UAV Al 32 R B Y K. 7E
THOLT - i TREPLIEE UAV 78, W) H 8 B A 07 B J i ]
REME tL LA X &K

106
g0 10

7.5% ~o- L7 .
AN i FER PABﬁ‘ﬂE
3 —o— BHALALE B RIRFE R
—s RLEAR AL ) 1] B SRR TR 12

700 N\

RERE/(bits!)
woow o o
< » W < L

>
93

4.0+t

35 , . . . \ . )
200 300 400 3500 600 700 800 900 1000

GBS-F FH#E#/m
6 WmARGAERM GBS IEE A k2

B 7R T Pi*=Pi*=20 dBm, Mg X Ng = M, X
N = 4X 4R, MRGAES UAV WITHEMELLR,
LELE R R BEE UAV AT B A3, 70 5% i £k 09 A
RAGARYENI BT BT X BRE RGN
ZFRXRENEE N UAV WITEE &5 8 F 174
AN A7 B B A 45 5 4 M EU ARG 1 B AR B B e, AT
RGBT R LR,

]
o~ FTHRPABSLI

—o- BEALALE VBRI AL

e BB AL+ T RSB

RE

0 . . . . . . . X
100 200 300 400 500 600 700 800 900 1000
UAV AT R /m

B7 RRKAGAEERE UAV REKNELIELE

AR SCFEFRFIE T TR D AT /9 48 o AL B
oL I 17 2R G AR IR AL, 7 Th 24 0 A HIL2S [0 B | b 1 2 2
2 IIE SN W2 IR E NG il 2 P SV S iy A
[ L AE AR (CVD SE LA F T S il i B G LAk T 4k B AL AE
BHBABIE MR, R RGA R S R AR
DA B v 2k EL o AR B B 00, AR SO oy Y — B AT 3y
AR PAB S5k, SR R AR AR TR R i 20y & 1) AL 4 S 7 A
T IRl L AR SR Y HE B 1 Gl O Y O ¥k RS AUOR T IR

e« 05



4 46 % L . N S - S

AL BRAS B LA T 4 TE PGB AN PR () . SEBe4% [18] MENG H. YANG L, PAN C, et al. Throughput

REW AR B WS P AT AN B IR & maximization for full-duplex UAV aided small cell

MERGSAEMATRESHY, iedEwigin ke A7, IF wireless systems[ J ]. IEEE Wireless Communication

HIBZAEF RN ERETE., Letters, 2020, 9(4): 475-479.

& %37 [14] HUA M, YANG Z, WU Q, etal. 3D UAV trajectory

17 DONG R, WANG B, CAO K. Security enhancement and communication design for simultaneous uplink and
of UAV swarm enabled relaying systems with joint downlink transmission [ J ]. IEEE Transactions on
beamforming and resource allocation [ J ]. China Communications. 2020, 68(9): 5908 5923.
Communications, 2021, 18¢9): 71.87. [15] ZHU L, ZHANG J, XIAO Z, et al. Millimeter-wave

[2]  ZHANG J, LIANG F, LI B, et al. Placement fulbduplex — UAVrelay:  Joint  positioning.
optimization of caching UAV-assisted mobile relay beamforming, and power controllJ]. IEEE Journal on
maritime communication[ J]. China Communications, Selected Areas in Communications, 2020, 38 (9):
2020, 17(8); 209-219. 2057°2073.

3] YONG Z, WU Q. RUI Z Accessing from the sky: A [16] CHEN Q. Joint position and resource optimization for
tutorial on UAV communications for 5G and beyond[ ] |. multi-UAV-aided relaying systems[J]. IEEE Access,
Proceedings of the IEEE, 2019, 107(12); 2327-2375. 2020 8: 10403-10415.

(47  WEIZ, FENG Z, ZHOU H, et al. Capacity and delay |1/ AHNED S,  CHOWDHURY M Z. JANG Y M.
of unmanned aerial vehicle networks with mobility[J]. Energy-efficient UAV  relaying communications  to
IEEE Internet of Things Journal, 2018, 6 (2), serve ground nodes [ J ]. TEEE Communications
1640-1653. Letters, 2020, 24(4) . 849-852.

[5] HAN D S, SHI T H. Secrecy capacity maximization [18] HANNA S, KRIJESTORAC E. CABRIC D. UAV
for a UAV-assisted MEC system [ J J. China swarm position optimization for high capacity MIMO
Communications. 2020, 17(10) . 64-81. backhaul [ J ]. IEEE Journal on Selected Areas in

(6] GUPTA L, JAIN R, VASZKUN G. Survey of Communications, 2021, 39(10): 3006-3021.
important issues in UAV communication networks[ J . [19] GAON, LIX, JIN S, et al. 3-D deployment of UAV
IEEE Communications Surveys & Tutorials, 2016, swarm for massive MIMO communications[ ] |. IEEE
18(2): 1123-1152. Journal on Selected Areas in Communications, 2021,

(7] W, BERUE, BREEGR. 45, J0 AL AR A 89(10: 3022-3034.

[ 2 )RR M B ST D). i fE A& . 2020, 41(2). [20] XIAO Z, ZHU L., XIA X G. UAV communications
123-130. with  millimeter-wave beamforming: Potentials,

[8] ©%, pel, BHEd, % HTHA2I 2T AN scenarios. and challenges[]]. China Communications,
b gk AR e [T ). B TR S LA R 2022, 2020, 17(9) . 147-166.

36(7): 9-15. (21] #RWiEeE, BRmZE, FI5E. BA WRBREHARE 4G

[9] HU D, ZHANG Q, LI Q, et al. Joint position, RSP MR LI] |70 &BEAR, 2016,
decoding order, and power allocation optimization in 39(2): 4-7.

UAV based NOMA downlink communications [ J 7. [22] MOZAFFARI M. SAAD W, BENNIS M, et al. A
IEEE Systems Journal, 2019, 14(2). 2949-2960. tutorial on UAVs for wireless networks: Applications,

[10] ZENG Y, ZHANG R, LIM T J. Throughput challenges, and open problems[]J]. Communications
maximization for UAV-enabled mobile relaying Surveys & Tutorials , IEEE, 2019, 21(3): 2334-2360.
systems[J]. IEEE Transactions on Communications, [23] HUANG Y, WU Q, WANG T, et al. 3D beam
2016, 64(12) . 4983-4996. tracking for cellular-connected UAV [ ] ]. IEEE

[11] ZHANG G. YAN H Q. ZENG Y, et al. Trajectory Wireless Communication Letters, 2020, 9 (5).
optimization and power allocation for multi-hop UAV 736-740.
relaying communications[J]. IEEE Access, 2018, 6; [24] ZHU L, ZHANG J, XIAO Z, et al. 3D beamforming
48566-48576. for flexible coverage in millimeter-wave UAV

[12] WEI Z, WU H, FENG Z, et al. Capacity of UAV communications | ] |. IEEE Wireless Communication
relaying networks [ J]. IEEE Access, 2019, 7. Letters, 2019, 8(3): 837-840.

27207-27216. [25] XIAO Z, DONG H, BAI L, et al. Unmanned aerial

96



HES FAANBI AL BEEER R RBESRALT % 20
vehicle base station ( UAV-BS) deployment with [30] YANG L, ZHANG W. Beam tracking and
millimeter-wave beamforming [J]. IEEE Internet of optimization for UAV communications [ J]. TEEE
Things Journal, 2020, 7(2). 1336-1349. Transactions on Wireless Communications, 2019,

[26] XIAO L, SHI J, SURAWEERA H A, et al 18(11): 5367-5379.
Statistical 3-D beamforming for large-scale MIMO [31] DAYAN A, GIOVANNI H, LUCAS S. A tutorial on
downlink systems over Rician fading channels [ J]. the CVX system for modeling and solving convex
TIEEE Transactions on Communications, 2016, 64(4) . optimization problems [ J]. TEEE Latin America
1529-1543. Transactions, 2015, 13(5) . 1228-1257.

[27] 2%, B, KR8 % BTEFERNBSTEREE  EEEN

[28]

[29]

o EL] AR, 2021, 42(2);,
266-274.

ZHOU F, WANG R. Joint trajectory and hybrid
beamforming design for multi antenna UAV enabled
network[ J]. IEEE Access, 2021, 9: 49131-49140.
PRig B, SR, ST B B8R B T8 AL BE B E
AR LT]. EAM T B R, 2022, 41(6):
80-85.

BRI BRI A R, SRS 8 O E2GE

HHHAR R

E-mail: handongsheng@ncepu. edu. cn

SRR LRI A EBWIFT T I A BB RO

E-mail:625307872(@qq. com

E=t I LA S 71 T AR = 3 L o v 2

SR T & NNvE2 2=Ri L

E-mail; lir@ncepu. edu. cn

« 97 o



