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ABSTRACT

Because UAV has high mobility and quick deployment, research on UAV-BS communication and resource
allocation is being actively conducted for the purpose of supporting wireless cellular networks. When each
ground node has the same priority in resource allocation, a node having a high priority may not be covered.
Thus, this paper proposed an UAV-BS placement algorithm that considers the type of and the channel access
probability of ground node to ensure resource allocation of high priority node. UAV-BS has limited available
resources by backhaul links, and ground nodes must locate within the coverage area of UAV-BS to be
provided resources. In this paper, We formulate an optimization problem having a QoS requirements of
backhaul links and ground nodes are considered as constraints, and object functions according to the priority of
nodes and the channel access probability. We evaluated the performance through simulation and the results
showed that the proposed scheme provides better coverage rate of high priority nodes and sum rate than the

previously proposed algorithm based on ground node location information.

First Author : Ajou University Department of Military Digital Convergence, alwaysses00@ajou.ac.kr, SH33]<]
Corresponding Author : Ajou University Department of Military Digital Convergence, jaslim@ajou.ac.kr, 413]%1

*  Advanced Research Dept., VC INC., hrcheon@vcinc.co.kr, %3]

** LIG NEXI1, Korea, hongjun.noh@lignex1l.com *2]¥J; heojin77 @lignex1.com, %]|<J; hyungwon.park. @lignex1.com, *3|<]

T E 1 202205-069-A-RE, Received May 2, 2022; Revised June 7, 2022; Accepted June 7, 2022

# O ATE LIGHARS] A0 R Sasioldnc
*

1285



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

Zzke) g ApadAls] 2 Al AM]A] A
ToE A A QlEeRe] EAfe] hAlEle] An~
7 S 4 olh mgk VB =] 80t U A
] T F7HR BAl AMAE AlFEE 280t
sk ollE 50, Aol MR E3gE AdellA
2] Eglg 2] Fol gl olzlgh B aE{ste]
%]+ Unmanned Aerial Vehicle(UAV)E 7|X|=o2
ARSEhE HekEe] tE] A gl

A4zt 22] UAV-Base Station(BS)& 35l
7153 wiXE wEA S = )l ZFAFEe
A3 ol 5 slokes Aol ol F5elile=
7HAA ERe v frelahr] wiiell FA vEYd=
Ap| g Algshe 29l we] = glo) w3t
24 71A =l A VB = 2]9le] ofeld Aol
AT7} 3Rk A& 1A B4l AHEAIE Al
e whjoR &85 4 gl

g UAV 7[HE 2| B4l w2 Aol 2lwis)
3 odek A A 71A=e] $1|7F A E e gled
AR EAo] LAY §1A Rt wet GeR| A, 3
2|(AtG: Air-to-Ground) A'de] 739 ARE=FS]
3wk ozl UAV-BS®] 91x]el| tigh polct. uh
kA UAV 70 A1 FAle] A5, A2 7121549
22181 WA A7) ok 32Rd mlA] A= Aok
sluR iR awE AdAs F F8U) olrk w3k
83k UAVE| pof| miz} ghels} v UAVE o}
e AR Helell weba] Fs g AR
2 JEEc

A [4), [5]914 AA=2 ohe] UAV-BSE
Fgate] BE ARALE AWBEE] $13te] HAE &
4 7Fs3F UAV wlix| &dwz]&S Alosisich o9
UAV-BSE ©|83 ufi= 35 #1419 Aok 2 74 &
It EAste] 8ol wAZE 2 4 qlck UAVE #)
Bl g AMSsle] AAS FFsh ouAl= s
71253 F917] EhEel| mE o] 7188 oflUA =
Agolc}, g whel UAV-BSS| -8-& Au|~ A
Hol|A g AR S Algd 4 g7l ZEH
S 2 HEAHA AHAE AlFEer ik wehA
UAV-BS9] 541 455 =ol7] 15l tlefsl A
e S IR s s Bl E s B e P S e e B
9‘}\1:]14-12].

[6]°] AA= wed UAV-BS®| Au]2~ AMe{A&
7uko g Z=e] UAV-BS =% ZAsh= daelE
< Algkslaic) =3 UAVERE Ay}l A2 &4 5

1286

A& Aljtelar el wje} PelA|= LOS &S 1
#3le] LOS il §13 HHe] awde 2gich
(71914 ARz A3 AREAR] 1% ARE 7Hke R
Folzl AR dqelA] ARSAE g AWE
= darE]ES Albdnk m=gh, A =] WA
FH43}sle] FHael 4 AL £33 FHd) 7uiE]
dae|ES Algkch
[8]elA A= WlE a3 S Az eRr Fa A}
LA} okE B4 AH)s SeE e o, ke
S FY3A]7)= UAV-BS ulix] 714HS Algksleich
[9]18] A= A 2=mc) oE QoS 8718 3]
= W HN ANYAE DEehs daEES Aljte)
Atk [10]12] #1Al= UAV- BSolA E7}2] Y ES
= Exfjge] gt 7} o] Ad AEEE-S et
o] ¥ F-849l UAV-BSY wix 714S Algkslsd
ok [11]6A AR Asksks-s 2-8sle] AR
s A 7RIS SRS Efste] #Ae] v
2 AelEke 7H Qs $IRE 2 7S Aljls)
ek
o] e BT B4 A2 Al 9lolA] 5
gk what 53 2 A5 E ek ek 9l
c}. meba] UAV-BS2| §13] AAell slotr] A1 =
2] 91 Arke etk 3FA| R vl Afdo]
v 7 2 3ol 2 AAE reelA ddE]e A}
o] fw ti2n, fagljo} k= oo Fawr) o}
27] vl X598 mEste] A =o] 2
Flal w3k o] 5 efsle] UAV-BSE wliA|s|

N
B

2o 4y o

<

o

2 54l S Sdidkshke UAV-BS w13 71H&
Alokglc}, o] & 13l UAV-BS®| Au]2~ vk o

lo o

2= sk AlEeleld A3 71 A =

] 71k el vl of Alksh= 7ol |
A ree] SAETE 87 Al 2R 95
& ks vede =lsklek

thew} ek 2gellA] AlzEl w

9 ek 3ol AR Bhe] agelat
AEAIA 2 A% £, v sl AES 2



#8 wme) §3

ot
NE

485 28¥ UAV 7)A13 wlA]

. AlAE 28

E wrelils a1 13 Zeo] AE] vlE FelA
Hel UAV-BSE #H8s17] 913 UAV i 71
Aokghe), tf-te] g Au|2 e A 71
ol &l A7} BAEARE, A, Asfeh 2L
&4l elze) v Al #3A el g9lo® <l §Al
Al Al B2 3, dAAel Ed S E A
Fo= QR VES|m 5 A3 5ol
HEAo R = dAHSE UAV-B
Al Al aE Algsfol g

71 A 7RSS b mapl dES =9}
UAV-BS 78k U ES =S £3F $-831= 34 7}
gk o], UAV-BS= A4 ==0] S5 53l
BALS QAT s ok ARAlA g A
VB ZE Ao digh A2 o® ARA) F
2] ilﬂo]]x{ UAV-BS® &Jaji4] A== dolg A

+E8] bt AWk o] b wERl &
EP AREAE el = A7 aeddte] ARE-
7] AERE AR e S g

X

9]
Gl

ffote
o
o
£
of

pi: Access Probability of node i T'M'T
@: High priority node
[ J
e | L Pi
' N\ Oopt ([ 2 P1 P
[ — B S N
R x T
Cuw) n @ (xiy)
Y M node i
[ | |
node 1 node 2
| !

38 1. UAV-BS #]x] Az 24
Fig. 1. System model of UAV-BS placement

21 Raee B o

a8l 13 o] Ak AR Akl Bk
el Al UAV-BS thi-a =1t EAlshs 3748 71
g}l RS UAV-BSS] 7AMIA] v, (;, v)e &
A2 #Hrt Hw, of7]A A<l i= 2 AR} G
o siwsid, (x,, y,, h,)E UAV-BSS] HEE e}
wick

Ay AdErolt A TA7F HAFE AFRellA,
ZF A meo] Al AR AR UIESIA AR 2E
A= Aol el 2ebd < gl 2E A
2] Ad A TS s g AR 2l
oA &gAJe] "olA|A ¥lr}k weh UAV-BS7} A
2 e v aE AT o, 7 o] Edys)

%ml

oWl EL HlEi= R thE7|el] AMgA}o XM:“‘%‘)—
2 o2kl PRk olu, kx 8] HEEES
p,2} Al

w3l rrmi) $adhe Au|ad] St tEE
2 AR]zo] Ffel ue) $A1e9E ol A=
o & rrrl | 2 AFHE K FUEE &
2| F3& sy, Fduke 2psle] oo ‘3%% =
= 38l AMAES S S ¢ 3
ch ARl == AIAE W S

e F33) HEEhEe met AA) & =

°ﬂ/‘ = k=9 8L HE 2 A kT
oul A ' R en, e 2] Rl
gk W o, & Aol

AREALELR] Bl gl dubA el Akeke FAls)
7] $13}¢] Matern Cluster Process(MCP)E 53t 2]
2B oR AMAl FE RIS AMSPILE ol
Poisson Point Process(PPP)E 2H] #1313t Aoz &
2 A~E]Q] FAlel sfledsl= F-2% (parent point)d} F
H2E v, Fel2E 9 A% (daughter point)2]
5 7 HAEE AE o5t o] vehd £
gk

itz =r

(€]

,otherwise

A7 f(2)E U= Gholu, re FelsE W
ajl =

o2 FuAe FHOE Fes WAL WAF
S 4 kel YEE TS A Felnle

-10
fz
N

il
£
F“n_u

O
rﬂ
o,
o

127 RE=L
e Ae A gAREe] AR Bl Rk,

2.2 UAV-BSe} K& = 7+ Aidz

UAV-BS$} AAF AR} 7 AtG(Air—to—Ground)
A el tjeksl melo] AlgkE| L g} ubw
AEA 2] odubdel AG REe BE23Hpr) °M
7] witel] mEle] wEAE flste] B =Relde
FSPL(Free Space Path Loss) Z®-8 7 ]‘3&355:' =g
o acla=

FSPLofA] =4 $HAellA] gjr] el Ajwela) ~
Mefedell osl] = £Ale] A Wk, &9 &
vhe} 2ofElR]el] o)gt AZ £ s e

dFo] Ark 71A= whx|2] AlE] wHAl= A

$71-]] WES thFr] witell HarH]l AR A
L% thEcka 7Pgglc) olw), FSPL 2dllel4] UAV

_E

1287



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

o} == § Alo] LOS £} NLOS #H=4] HA*(dB)
ool A2 <A mde o8y Pl

47rdifc
L;os=20log| —— |+ Nz0s
@

4md,
Lyros=201log

2}
elxe] Az A Houé s ],
Wl 2% d= d, = \/r] +hi 2 Fo)2 UAV-BS9}
== Alele] Atk 7= UAV-BSS] =4k 9=}
ke i Aol 3 A=

(yi—y,)* = vepd & sl
Nioss Mazes= 2F7F LOS 2 NLOS 3HellAie] Z7}

o

L(h,:1;) = Lyos¥ Pros+ Lzos™ Paos 3)

UAV-BSE= 7= &4 AL, Bl 2k 4]
& Bol k=of thalixlrt §Al ——% 3= 5= slek
meba] ths 2718 RSk s iRk SAle] Bah
< 4 ek

L(h,r;) < Ly, ©)

UAV-BS+= A4 xele] LOS 4L HAsE]
At} F27 1 =2e 2 nlsEof gt o] 3
ol we} HefAe =4 36l Al 5 9l
AL g A 1% A4%E 7 164 Zel 6
2} ®718eP? w3k UAV-BSE A wezs 7}
A& A=A vlgdsflof AAF =248 LOS d4E&
& 4= glek aree] whebA] 352 areelAl= LOS
S BAE 5 9o, v U2 kol e $Al
S Aok & A% A} EAFCE o]ol Az
ﬂoﬂ u}2 UAV-BS7} &+

h, = Rtan (6,,) 5)

1288

. Mok 71

E AollA= UAV-BSE]| vix] 7]H& Akt A
A xee $x Y Xd““%*} T37A] aEste] 5
il E $8k HH3} EAE T8t
gtk HAs) HAE A3l Sdste] e Al
el Awgit
AR A k= 3 A oot gt
Hlo]e]-8(data rate)> 23}o] FAlE(sum rate)
| thslsle e Aogivl ro] f3dl mE
9= Fibe dlolE e wE Ao}
At 7lEAE detlar 7gsle] okead Zel &

A Jn

2 ofl ;lf tlo rlo

o
\
i
o,
Lo
%

Eﬁ « o, Bi=p e s (1+a) (©6)
i=1

o]7|4 N& Au)~27} H Q3 2a)8x) 42 e}
Wtk UAV-BS®] 2E ALgate] #43hg p = Ay
-Es}uq A9l 7ke g 0~1 /\].o]_,] ke Zer)a 7}
A} UAV-BSEHE 7t ey} st glo]g)
%52 2l 3%7)50H, UAV-BSOIA] =g w4
RA %E%»]: dlolE] & p, « o 2 UERd
= ARSAE A Aol g, 9, B o)1

AR thga o] vehd < gl

:{ ; node i of high priority @
, node i of general priority

{1 ,nodeli in coveragearea ®)
,node i notin coveragearea

UAV-BST= W& B35 53| ARAlolA] vES]
5 Adgieh wEiA WE =] gk AlkRrls
bt zdo] vhehd 4 glek

D <R ©)

3714 R*= UAV-BS7} 2t #9] 7153} dlolg]
%5g vehdcl webd UAV-BSEHE AMEAP}

BIE 3 dole] e g R e 4 gk

), AFEAE 751 QoS 2AE 25417 o,
AeA) 2o o] seeel AT ALl 5 ol
o} webd] olell wjet 2218 chgw} o] vehd



=
HE
Tr

1
1o,
o
ot
N2,
)

£35S 123 VAV 7|A3 wjA]

PLi * lu’z = PLmaX’ VZ (10)

1714 PL,= AH8AF i7F 418 A5 oigt 7
2 EAE e, PL, = AHEARE] QoS S
ek WelelAM Hd A T’ AR SS9
wlgh},

reo] f3do] digh Wl o9 AR A AR
w02 19] k& = o]zl Wigpe]7] wiitell ool

gk Alekzzl-e o537 o] 2l 4 9l
a; 1 € (0,1) an

50 BAGee) Ak olgale] 314
(o)

st 2AE hest o] vl 4 gk

N
max Eﬁz *Hy

i=1
subject to
al *
27"7' = R
i=1
PL, s, < PL
a; p; € (0,1)

Vi (12)

max ’

Lmin = Ly =z

Ymin = Yu = Ymax
h... <h, <h

min max

oi71ellA ,, y,, h,© UAV-BS2| 32}5] #} o]
M ox L T Y Y 22 23 ellA 9] H 5
@ HA9gs vepdck oa A b= A
UAV-BS®| 4 34 2= 2 2] 58 352 o]=
UAV-BS9| =7|, &= A& A|2Fx271¢] SWaP(Size,
Weight and Power) Z71ol] uje} AlgHEIcl 2] (12)
o] HAs} A= £F A vlAY FAMixed
Integer Non-Linear Problem)® MOSEK <WHE %
3 275 W=E3sl= UAV-BSS| 32K wijx] fxs
AL 4= 9lrk

V. 85

HI

.I
=

& el ARE A4 =

< 2% UAV-BS uiA] 7Hie] AsAlss ¢

lo
o
Ir ol
NE,
ot
b
o
e

N BT B o B R B M
Table 1. Urban environment parameters
Parameter Value
9.61
b 0.16
Mros 1 dB
INLos 20 dB

MATLABS ARg3led AJEdlo a
#], UAV-BS % 3732 =4 S 7Hsisia,
ol w2 Ad 2dl Haee 113 2o ZHsisict
[6]

Aok 71 AsH7HE $lske] 2 =ellA
Al¥gE UAV-BS w¥ix] 91| 7%} 7|22 A4 =
2] $)x] ARE 7o g 7§ UAV-BS wi=] $1]
71%8] =8| o) S-S HrIsolar AlEdelxd
W W= B 29 FHrh BE ARl
2km X 2km 3ol MCP 7]8ke] S| 2~El8] 37
< 7PEa, SRlsE v, FEA EH 2Ae
T 3 200 vERdeh ARgAfeke) elEls AR]
9 27} g2 rg Q7EE QoSk thEA % 29}
Zho] I AlEdo| A =2 A vl
< A xxo] 20% 2 HAH L, AHEERES B e
=) 0~1 ARSlFtellA] TdRER 71k

MRS 915 UAV-BSEHE] A duke ALgat
9 T Al 52 A k=9 75
AR ARESISATh (s ol A A
ARgAtel et dlolE Sl & Fe 7
 glow, oo} o] vepd 5 gl

p

!

N
SN= Pt Tt (13)

i=1

E 2. AEHelAl uisl W
Table 2. Simulation parameters

Parameter Value
Frequency (f) 2GHz
Pathloss threshold (P, ) 100 dB
Radius of cluster (7) 200m
Radius of coverage (R) 500m
Average number of parent points 3
Average number of daughter points | 40
Maximum serving rate(R*) 50Mbps
User QoS requirement (7;) 0.5/1/1.5/2Mbps

1289



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

Auehs 12 S 25 F(epl B 2=
o] faoll | Wl o F 53l AR 5 gle
ot Ao] vERict

= o (14)

s BAS 918 thge] 3714 ARl SellA] Al
Hlojdg Sabatlet A Wl AwelA] WS W
3AA7P Bk}, F WA= UAV-BS7E 3] #]
9 7FsEl dlole] 4wg WSk A7 n|malc) A
A FeoE] 1AL Welsly Agxle] BEZ
Ze]ate] wlmgich 3714 Aluhe]2elx] WakA7 W
G ool Umz] MS5e 2713HS 418 Al Al
a)atoich

2 WAR AHEA] 9E(R)S 500meol|A]HE]
50m4 750m7HA] WBHAZIHA] AS-S wlal B4e)
ek As} melzi a7 29} 28 33} o] 27t R
o W Ak} AW 2o $AES] e
= »}EMMD}

A2 ul A%vw 7 Fo121 Ae]A] o
oA o] e o] ARgALSelA vES IS A9
& 5= 9l7]el 7415%&121 ubgo] 2713t w}a} Alkah
P e B S R R e B e R R
9] o) nlgo] 713 BRld 4= glrk w9
T aelzellA] Algkrle] 71 913 A1 suk wix]
7193} A v njale] Also] Holhe el
& 4 glrk.

T AR 2 A Vs dole £R(RHS
50/80/100/130/150/200 MbpsZ WIA|A7} B|2L

—

r>

&

Based on anly posiion information ]
45 — % —Based on position + state informaton
= = Random Deploymant
40
a5 s ¥
s B
& e
& 30 & - -
= L-
PE=1 S
=
E 2
|
wn
15
10
5
[}
500 550 GO0 650 T 750

Radius of Coverage (m)

T3 2. AR el whE FAE Hlal
Fig. 2. Comparison of sum rate according to radius of
coverage

1290

n

Based on only posiion informaton
18 |- — # —Based on pasition + site Eioemation
= — Random Deployment

(M)

ha
1
¥
1
I
-

HIH Bt = |p IpE

500 550 GO0 650 T00 TS50
Radirs of Covarage (m)

T2 3. AR Wl e A Thedt w2
=] 5 oula

Fig. 3. Comparison of the number of covered high
priority nodes according to radius of coverage

419

& zlssiole). Ae) 2=
o w2 ket 7wl
T el

R'7} Z7ksba 5% ﬂtﬂalﬂ 3o el $1xI3}
= Ak&xk—ﬂ hsto] =2 QoS A& 7H= A
2 A o2 2P| “Jlfoﬂ e Z1Rt
=1 mﬂ Al G Ul ZE AEAE AMEA
23 74gnr) o] B AR AE 5 gl7]el §-
AES7E 8 re] % 7R a3 5ok &
old & lok wbd, I3 49} selx ®BRl RV}
100Mbps7HA]+= Adse] ZA AR, o] FRE =
F7khe FAI7E 2187 "k ol AweE|x] 9
o] A|gk=]7] wiitell, Awz|A] dg Ul AAEE =
T A7) witelels S o 5 slek AmEA

= 7% 45} 59} 7o)
Ee $Aleg] e

:G*HE

50

Based on only position inffarmabion
45 — # —Based on position + stale information
— * —Random Deploymerd
40
g ———————"%
=
T e
-
*

§' 30 P
= -
- -
@ 5y
[
% 20
wl

15

10

5

0

50 100 150 200

Maximum senving rate of UAY (m)

a2 4. Fe) A9 AP delE Sme] BE kg va
Fig. 4. Comparison of sum rate according to maximum
serving rate



o
=
HE
Tr

1
1o,
o
ot
NE

A&e5S 7187 UAV 7|AF ul#

30
Based an enly posilion infermatien

= 4 — Based on position + state informaticn |
— # = Random Deployment

25

S0 100 150 200
Maximum serving rate of UAV (Mbps)

a2l 5. Ho) A% APsa dele] Swel W Au AP
:r_O O/K—]_,_H L\:o] —,—-H]

Fig. 5. Comparison of the number of covered high
priority nodes according to maximum serving rate

sele] sl 29 40k s ot wE PO %
Phske AL e 4 ek
A WA Ze)aE umm—a— 100meilA] 100m*)
600m7}7] WEAFIRA A5-g wlam Aelc)
Avhe 23] 6, 79} o] 7 roll B g
AAahs e $Aw9] eme] 4w vehisic
Ze)2E) W Al 2714 Aufel es) e Al
ARgAE WA S Qi a8 ohAlR, chekat
Aol RxolA e Balal] slalel e
v gelesr] el A A0 1 WA
a7l slo] ek Azl ool AU 4 ol
AHgAle] 47} FolEr). wela FelsE W] %

o
HGRE ik W AN 2 A s
G7b FolE: ARE HAF 5 gik W, Fox

Based an only position infarmaton
45 — % —Based on positon + stale information
— + — Random Deployment

o 8
!

+
i
I
I

i

'

Sum rate ( Mbps )
na
e
'l
L

0 .
100 150 200 250 300 350 400
Radius of Cluster (m]

450 500 550 60O

a7 6. 22|2E uPel wE ke wlal
Fig. 6. Comparison of Sum rate according to radius of
cluster

0
Based on arly postion infarmaion
= # = Based on position + stale information

25 — * — Random Deployment
=
- 20
-
ul
I
4~ 15 B
(| I
| T,
L= ) - S

10 S

B
— ¥
L

0
100 150 200 250 300 350 400
Radius of Cluster (m)

450 500 550 B0

a7 7. FElaE e e A sbed 2 e
we9) 5wl

Fig. 7. Comparison of the number of covered high
priority nodes according to radius of cluster

OOm oAl
©4149]

200med wjrc} ket 7

o] g7h ] S 4%

=

=<
m\.l

B =felxE A4 e 90x 2 {33 Ad
A% Eh_roﬂ W $A1591E 288 UAV-BS2| wlij%|
7S Al”keidel. A4 =2 913 AR 7|k
© 2 3} UAV-BSY #x= A o] §3 2 g}
W= z19le] &84 mEER] Eelew d3bEe]x]
Jeatch 53], o 54l #7E 3lo] dut r=e}
i $AE9) 2o ) EAlskRs Al
0 4212 gl wljx] 7|Ho] Q=) Aok |He
ks 2819} s 8ol i ARSAFES] 941
915 228k UAV-BS| vl 9135 Alekz7ls o
g #A43t TAE S8 2bHQl 91HE AXKR
71E A e A ARE gk 7]“@} H)
o] AlbrIHe] eI Awshs e S|
A Aol 3HE Al gl A Sl i}oLs}
otk AEelde 371 Alvte|LelA] 2las)
v AlEElold Al AnjE|A] HbPe] S,
UAVZ}E FY 2|9 7Fs3E dloly] &57F S52,
2 2E WS 2= oo Aso] =3t

stk

_&

EF—U mi*i

References

[1] M. Mozaffari, W. Saad, M. Bennis, Y. H.
Nam, and M. Debbah, “A tutorial on UAVs

1291



The Journal of Korean Institute of Communications and Information Sciences "22-09 Vol.47 No.09

(2]

(3]

(4]

(3]

(6]

(7]

(8]

1292

for wireless networks: Applications,
challenges, and IEEE
Commun. Surv. & Tuts., vol. 21, no. 3, pp.
2334-2360, Mar. 2019.
(https://doi.org/10.1109/COMST.2019.2902862)
Y. Zeng, Q. Wu, and R. Zhang, “Accessing
from the sky: A UAV
communications for 5G and beyond,” in Proc.
IEFEE, vol. 107, no. 12, pp. 2327-2375, Dec.
2019.
(https://doi.org/10.1109/JPROC.2019.2952892)
L. Zhang, H. Zhao, S. Hou. Z, Zhao, H. Xu,
X. Wu, Q. Wu, and R. Zhang, “A survey on
5G millimeter communications for
UAV-Assisted  wireless IEEE
Access, vol. 7, pp. 117460-117504, Jul. 2019.
(https://doi.org/10.1109/ACCESS.2019.2929241)
E. Kalantari, H. Yanikomeroglu, and A.
“On the and 3D
placement of drone base stations in wireless
cellular networks,” 2016 IEEE 84th VIC-Fall,
Sep. 2016.
(https://doi.org/10.1109/VTCFall.2016.7881122)
M. Mozaffari, W. Saad, M. Bennis, and M.
Debbah,
power-efficient deployment
aerial vehicles,” in Proc. IEEE ICC, pp. 1-6,
2016.
(https://doi.org/10.1109/ICC.2016.7510870)

A. Al-Hourani, S. Kandeepan, and S. Lardner,
LAP
coverage,” [EEE Trans. Wireless Commun.,
vol. 3, no. 6, pp. 569-572, Jun. 2014.
(https://doi.org/10.1109/LWC.2014.2342736)

M. Alzenad, A. El-Keyi, F. Lagum, and H.

open problems,”

tutorial on

wave

networks,”

Yongacoglu, number

“Optimal transport theory for

of unmanned

”Optimal altitude for maximum

Yanikomeroglu, “3-D placement of an
unmanned  aerial vehicle base station
(UAV-BS) for energy efficient maximal

coverage,” IEEE Wireless Commun. Lett., vol.
6, no. 4, pp. 434-437, Apr. 2017.
(https://doi.org/10.1109/LWC.2017.2700840)

E. Kalantari, M. Z. Shakir, H. Yanikomeroglu,
and A. Yongacoglu, “Backhaul-aware robust
3D drone in 5G+ wireless
networks,” IEEE ICCW, Paris,

placement

in Proc.

(9]

(10]

[11]

[12]

[13]

(14]

France, May 2017.
(https://doi.org/10.1109/ICCW.2017.7962642)
M. Alzenad, A. El-Keyi, and H.
Yanikomeroglu, “3-D placement of an
unmanned aerial vehicle base station for
maximum coverage of users with different qos
requirements,” IEEE Wireless Commun. Lett.,
vol. 7, no. 1, pp. 38-41, Sep. 2017.
(https://doi.org/10.1109/LWC.2017.2752161)

J. H. Park, H. Baek, S. Choi, J. S. Lim, C. H.
Lee, and H. W. Park, “Power-Efficient UAV
base station placement considering position
and accessibility of individual nodes,” J.
KICS, vol. 46, no. 1, pp. 66-73, 2021.
(https://doi.org/10.7840/kics.2021.46.1.66)

Y. M. Park and C. S. Hong, “Deploying UAV
based on reinforcement learning for
UAV
environments,” JOK, vol. 47, no. 7, pp. 700-
706, 2020.
(https://doi.org/10.5626/JOK.2020.47.7.700)

S. A. Al-Ahmed, M. Z. Shakir, and S. A. R.
Zaidi, 3D UAV base
placement by  considering

throughput maximization in

“Optimal station
autonomous
coverage hole detection, wireless backhaul and
user demand,” J. Commun. and Netw., vol. 22,
no. 6, pp. 467-475, 2020.
(https://doi.org/10.23919/JCN.2020.000034)

A. Fotouhi, H. Qiang, M. Ding, M. Hassan, L.
G. Giordano, A. G. Rodriguez, and J. Yuan,
“Survey on UAV cellular communications:
practical aspects, standardization advance-
ments, regulation, and security challenges,”
IEEE Commun. Surv. & Tuts., vol. 21, no. 4,
pp. 3417-3442, Mar. 2019.
(https://doi.org/10.1109/COMST.2019.2906228)
Y. Wang and Q. Zhu, “Modeling and analysis
of small cells based on clustered stochastic
geometry,” [EEE Commun. Lett., vol. 21, no.
3, pp. 576-579, Mar. 2017.

(https://doi.org/10.1109/LCOMM.2016.2572085)



it
S
=
HE
Tr

1
1o,
o
ol
NE
)

23158 w28 UAV 71X %]

Z 8 2 (Hyoungwook Choi)

2022 29 : ol Felsta
A ek b

2022 64~ g

<ol ¥4 W=

[ORCID:0000-0002-6653-318X]

o X M (Jaesung Lim)

19831 2 o} FtlEta A=A}
& AL

19851 2% : KAIST %A%E4l
A Ak

19941 8% :KAIST TIAEE
Al dha}

199541 94~1998+1 29 : SK

el Adal4d

199811 3U~&A) : opthigha ] A Eggtehat

=
=3

20061 84~&A : olFHEta e UES = o
:IL"{HHX o]'

<Al ol 2 SIAEAl, FAVIEN=, S
AegAl

[ORCID:0000-0003-0080-9398]

A & & (Hye Rim Cheon)

2006 : o5t st
Sl

20111~20194 : o} 3t
A8t upap

201913~2020 29 : o}FulE}
I ARAA AT AT
«

20201 39~20211d 294 o}FuliEta AFg)=bed -
e

2021 294~2022 29 : ol 5Tl ARSIl
% s

20221 49~ A : (B FFATA A

<A Eol MAC ZZEZE, Full duplex, 434,
LIPA/SIPTO, F<17] VB = &

[ORCID:0000-0001-7613-3123]

A}

= & & (Hongjun Noh)

20084 2% :olFtdlw AW
o g o)

20158 24 ol st A4
ehstal bt

20153 3Y~&A]: LIGY =~
C41974  ASEAAAN

e 97
T AR, AR oAl Alde) Bl
[ORCID:0000-0001-6138-742X]

&  Zl (Jin Heo)

&

19961~2003'd : grefoli gt
AL 7] Ao 7 FE] 33
At
2003%3~20054 : hefol
A7 | A A 53-8
Ab
2005 109~A) : LIGY %
C4ld7a  AEEAAAN
Wt A
<Flitel HsolEEAl, EeAIS AT,
HF 99 541, MIMO-OFDM
[ORCID:0000-0002-9087-0098]

1

o
& R

4t & @ (Hyungwon Park)

1999%3~2003 : o} 5t 3}t
AR 2 Z5re gkt shat

20031~20054 : o} st
AB At Mt

2005'3~2009'd : o} 5o &}

ey e

2009 9U~¥AY : LIGH %

CAldT-A AegAAA N €4t

<Atk SAEE A TS AEEA, olss
4, 5G

[ORCID:0000-0002-3698-0691]

E

1293



