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ABSTRACT

In this study, a beam-division multiple-access (BDMA) based UAV relay is considered. The BDMA-based
relay UAV transmits signals to multiuser UAVs. Using virtual uplink and Lagrangian dualities, a beamforming
vector that minimizes power consumption and sustains quality-of-service (QoS) is designed. Numerical results
verify that the designed beamforming achieves the minimum required power consumption irrespective of the QoS
threshold for the optimum beamforming performance, compared to a zero-forcing (ZF) beamforming scheme.
Furthermore, the numerical results for the minimum required power consumption in terms of the number of

antennas at a relay UAV and the position of the user UAVs provide the direction of future work.
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Fig. 1. System model. A relay UAV equipped with N
antennas transmits signals to K user UAVs equipped with a
single antenna by virtue of BDMA.

1123

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-06 Vol.45 No.06

Qg

hk:d_'z[l exp (jrsinby) --- exp(jTr(N—l)sinHk)]H
k

3

(3ol 6, FA UAVEL ] w2 UAV Alo]9
azimuth V=& Jefx, o] ] ZA UAVE} BE
i UAVE 538 o4 vlsfglctar 7pAlsh,

GG)\,/471'°;11 NE I o], G $4
OPEﬂ‘Jr ol5, G Al gtelLt oSS ok, <t
et *}°H @j% /22l 7P gkl

24
=

Bh

. AH|

ra

B

ok

2 ol M= kA ' UAVE quality-of-service
(QoS)E BARI} FAlol, T UAVS] A Aws
223451 BDMA 4 243} 2415 9435k, 24
3t A& gl A Pellx] AF% SINR, &
=79 threshold ~, oJAke.2 WAshe 4m) WS 2
sstshe 248 B oot ol Ale 4 alck

minimize ZHW”E
Wi WE . “

subject to  SINR; > v

3714, ¢ #A3} A= NP-completedt 4]

A HEE Bl A wE e de 4
ek 4 zﬂu S el wl, L Aok 24

SeEd 4 o} 1
A7 % ik HASE A @) WE HELS g
o] 5 p,oh 991 27] e u,el el w, = /oy
= EAY 5 Qow, 9 A4 T ulg Pt

Epkz} Fdale. dg FAE oo 143} 24

=1
A P A e A e A
24 cAle)

|

3.1 Jhab abek 23 M

Aol 7W A w3 A A (virtual
uplink duality theorem)< E3ll A3} TA& W3t
ch dubdow sl {3 AT A "2 Al v

1124

& A7) o7l ol sleF =e] Wz
WE7} o2 223} AleF A E 3RS 7| A=
W, A3k Bla= 7t HAs)l Aok 27600k I3RS 7)
27] wiZelt}. webs, 7P ARk |= A Ael

g

S ol o 92 1S A g2 B sl

ol

I~

o rlr

o,

nkef mE XA ZL"«] 277} B Edst
H Z g =0"1 (74, 1= [1,.,1]), FJ3
Ho] grog sl 4= gl 4 E}F/‘i«] SINR &
% Y=ol o] FFsshch Thesh gol A

to ot réi

‘u{];'z 0 0
0 —2 0
D= o D NG
0 0 1K
L |uAhK‘

uh;hffay, i #Fk,
[Flyo=1¢ ° , ©)
0, 1=k,

i X_]E:] H-“E% p= [pp 7p]g] = X“-/]‘G]- a, U ](Oﬂ
disle] 541 SINR, = 7, vH 20| 3 5 3l
ok

(I-DF)p =Do @)

olsh vhME 4% ae] Ay WHg

a=1g,...q, )= A2k, SINR & thes} 7o) %
A% 4 gk

(I-DF")q = Do ®)

o] uwj DF9 ZHu xgle] 1w}l 2o,
Perron-Frobenius Al &J3le] p=(D"'—F) o,

(D —F) o= A WHE 2 5 glek
ha e e

Ris

Ipll, =1" (D'~ F") "o =o" (D'~ F) "1 o

=1"(D'-F) o =|lal|,

www.dbpia.co.kr



& WS ohie] FUI A S 7ML s

“ H
A 92 Ak =271l Walldlss, At 3 hh,” o

minimize kz Ok
prug iy, >1 (10)
uyf (Ziy&k piyihhf + I) ug

2
[Jug|[” =1

subject to

AN p = 7HE AT W8] A A
29, (9)9] #A3} Al WEn wEee}
< A eHE w7 el Eske 2
o & 5 glom, o] mf 12 ylxv

o) #HAe] goleh. HAAel ghoz Sl
standard function approach® <
Moz odopll AuE Fa 53 =zel
7] wlefe}l AHS Q1L 4 Qr) HHY
A3 Ba A (9F e S ot
25 12 2gd & ek

NJR
[ 2L

¢

N

d
o
=

H
E
=
E
3
i)
o fo
% N
i o
Lol

ox o ofN rlo i o @

] HU

IN

o}'-L

o

N

2 30,
o b

gﬂﬁi.—%

o N oy,

< Y

L
flo
i

K

dwElE 1 7 A =3 243 daelE
t=1

Initialize p(1) =1for k=1,2,..., K, and ¢
while |py,(t) — pp(t —1)| < € do

1. Beamforming vector update:

pr(Hui’hihi ue

ukH(Z ik Pivihi hH+I)uk

and the corresponding vector uy for k =1,2,..., K

2. Power control update:

pe(t +1) = 2Epy(t)

t—t+1
end while

Find py = max|y,|j=1

daE]F 1e4] W= W g 9 F Se A
= At LGk 3l (generalized
eigendecompositlon)% &3l H Rkt a2 e
£ 2= wAlet el

pe(hehf we = (Z pi(t)yih;hf + I) w, (11
i#k

o]+, MMSE filter 2~ Wiener filter2}= =d3gk
AFE QA sEe) dxElE 164 p, 3ol 5335}

W, @l o 23 Nz wels et o)
= 7 Sk
251 o?
| =M (12)
Pr o?
& hHu.,—| i=]
My =4 70 ’
7 { ~ [, i, 42
Wi = vPrUg (14)

M= WE Mo )i 8as ojnldet

3.2 2}azkX|oF MTHA
B oAM= gfaER| gk AAdS Egsle] FAE
thEch 94 £A4| 4)F convex3Al AAIE] <4
o g, ol A= w2} ej""wk—t— SINR 7} % ¥]&

391 AL B AR 208 chosh go) 2 4
QA ek

1
7Re(hfwk) > ;?lhfwi\"’ﬂ (15)
k 1 v

714 Re( - )& AFEE Yehlle Qaks 9fv]
gel e PR AlF 2712 second-order
cone AeF FAo] =i Slaterd] AF FA
qualification®| W5t 224, APAE 2435 -
A= strong duahty% 1H5-51w] Karush-Kuhn- Tucker
(KKT) ZHES #A o] £740 o8] daFwgt
F7lolek. olel g 54 @)ell A= wSstal (4)
of] thgl 2= R|gt S o) o] AHojdd 4= )

&

L(Wla 7WK/\17 /\A) =

1 16
Elwkl\2+ZAk —Ih P11 - — /2| 1O

=1 Vo

o

01714 A, = 0= 1A SINR Aok 2719 2h1sd

1125

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-06 Vol.45 No.06

A st o714 stationarity KKT 3718 o]-8-5h4,

2] yxe) el thewh vk

(1N+2—hhH) h, 2(

i=10

1\, x
—1h n
’Yk-) FWk

A7 L NN w8 ™o} Al (17)lA
/\k/02(1+1/7k)hfwk% 7kt weA wee

=
o 7@% og - oleh e 28e) ) e

Wi W TR} 7o) H318 5 glrk

Wi = Vhw T Vi

-1
‘(I\+Z hh”) h, RIGHTIRIGHT!

18)

o] uf, SkA| Bl AT #Ae| FhellA] Ak 271
(15)7} SA& wERiths Zle & 5 9l 2}x] K
7ol A3 Alemite] ke RlIEH Xdaﬂ:% &l

olar, (13) Ao2HE] p=M 'o¥} o] %H
(<3}

AT

oAl =] HlEw® wWElE 3P| $siM=
AL odps Zhem ==, o) AL LA E 19
o %7)8}s)a fixed-point 7]1%3—% 53 & &
QAT o] uf) gt %o Wz W)= -1l A4
e AR Fdsct

1 o
4

& e g %

threshold %t % -w——cr T ]’Uq (v =
7} RAEE 304 Aot
I3 2+ v UAVI $A] UAV Afole] Zher}
3 29| Deployment 15 W23, FA UAV 41 b
B N=4,6,100]9, ZF 2¥=] #Eeje} Al
A 71eg #4¢] Wz ezl 485 o, SINR
thrshold v, #tell w2 Am]E= e 1+7‘£ ik
o]ZFr), Ao Hlxw] wWElE /\]._9_5‘}1:‘14_, ZF ¥ xn)

vV k), feasibility

1126

1 wellE e 3
Table 1. Parameter for numerical simulations

o’ -123 dBW
d.Vk 100 km
G =G, -1.5 dB
N 0.02 m
K 4

Required power (dBW )

—&— Zero forcing
— & —Optimum (14}
—&— Zero foring
— & —Oplimum {14)
—&— Zero forcing
— & —Optinum (14)

-10 5 1] 5 10 15 20
SINR th nuhn]d (dB)

T2l 2. zF Wxn] wlg (s0= ulz)e] Alhyzk 22 WlzH]
] ca whAe] shAl) A4 SINR EEIRE die] Beg
aw] A, FA UAVE 47l9] ke (24D, 6779 <t

v (37, 10749 el (@RS 7R ok
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