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New Key Features of UAV-Enabled Cellular Networks:
UAV Channel Modeling and Trajectory Optimization
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ABSTRACT

UAV (Unmanned aerial vehicle) has been drawing attention as a wide range of applications in future
cellular networks. Their mobility in the 3-D (3-dimensional) space makes UAV an attractive alternative to
conventional applications, e.g. roof-top of pole-mounted BS or relay. Specifically, when the altitude of UAV is

increased, the probability of having a dominant LoS (Line of sight) is increased and thus the dominant LoS

5 o] ATR= 20194 % AW (el |2 REANY o] Aglo e dedAgke] X918 ulo} 4-8% &1 7-9)(No. NRF-2019R1C1C10068
06).
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link provides the existing cellular network with a wide coverage. Besides, by dynamically adjusting location or

movement of UAVs in 3-D space, UAVs offer an additional a degree of freedom (DoF) for conventional

cellular network. In this paper, we give an overview of the recent advances in UAV-enabled cellular network

exploiting the above advantages. In this paper, two promising research are mainly investigated: UAV channel

modeling and trajectory optimization. UAV channel modeling is first discussed on new propagation

characteristic, which is crucial for the design of efficient UAV communication. Second, we provide a

comprehensive survey focused on the UAV trajectory optimization problems, and discuss the general

formulation subject to various performance criteria. In addition, several research challenges and open problems

are tackled to figure out further research: interference management, 3D placement optimization, 3D channel

modeling, and security/privacy.

I. M

rh

(<3
.u
O

230 A7F FRE ARAR] BA o2 o] 4% UAVZE
olal v Aul, B T, o), W7)% )
So| vl Aulag 18 N Bew T
223, F4shA STk A A wake) dele] =
s dBjsl] $slixA] UAV(Unmanned aerial
VChiClC)‘;‘ §]7];<-1 ol gﬁﬁiﬂgi_ }_Ué S "y 9\}\1;}
71ze] el W TS D4 1A v
T AGEA IAE 2A4ehe Aol 2 Alofo] whee).
o]¢} T UAVE AHrE2 aljx]9} o5& & 5= 3}
e A3S B3l 71 A vIEH AR dE 5 ¢l
© TAES Eold 5 gk 71 T vlEY=s
UAVE 233 UAV 5419 2 A 714] 24 A
25 vkt el A S ol

WA, UAVE A2d o] A-gAteA] aefd 5
At ARSALEA UAVE SA] W ES| 004 UAVS
7P Ba=Ql 28 Ateoch ZFLE g A, v
/HH]/\ u]qo /\EE]U] Lo Lo O:IOﬂoﬂ/q §k8.ﬂ
I Slek fAE]ellA BRE = qla Felem e Fxt
Sh= UAV 544 AFdo] Zisislr] 3 #ksdellA] 7]
& 7 A AR A Aelhar ekl

th5-o.%, UAVE Ae|u} ggo] AR8AkE A9
s Aj 22 7]|A]={(Base station, BS) 2% Al&-5l+= 7l
ofek. ARl FAlelA A== e vlE v} -“rlﬂﬁ
8l Y& 7|Hz2]%|(Coverage) & a23}7] $Jal T3]
W 7IA=e] Faslch 7A=o24] UAVE =4
3} 31919] 41 VI ES)2E T2is}e] AapHe] wjA
= 3k AEe V| ES]A(Cellular networks)
o] Wste]l sl A $1AE vl 5= qle] W A
225 AlFelE = lepi

ARto 2 UAVE  A2G(Air-to-ground) IE=
A2A(Air-to-air) S ool AlRE He] k=

1494

(Relay node) 2 =15H= Zlolr}. HE o] 9]
75 A7F Aol n] nlE U ES S ARt 2t
o1 _‘H;‘qi 3}1]17] ,14 H ]Q_o] Hl—xﬂ%}rjr UAVE=
71 delo] meo} el A3Hl aqledx vS
S A AL AR S glo] AR EAlelA 8
e 2974E AR 7S dojel
o 0|55 AlFsh= UAVE 7|&E T4 vEY=
9‘r Agslr] S8 ook & EAlE A Exgh
WA= A= A 5759 %01‘4. A 27
g 3 g et At B2 e e
e
7}x

S5 LoS(Line of 51ght)7]- ZufA el
Aok webs, 553 Ad A4S 3 sied]
UAV 33le] of] A8l 23}t Ad wdSo] 5
Elojo} gt} A AFES UAV ALS o= o
o|®d(Large-scale fading) el #3}e] A2A A d=}
A2G AR A gloh A2A S o Al
2] Aletolu} vl Eo] 9= A 3%K(Free space)
dw PRl aebd, ek A7 A2G A
oA melg] &x] A& Far qlrh A2G AL
%o wE 7 224 (Path loss)2 22)dF melEdlz)
o}ZN(Elevation angle)oll &gt 54 2L 1
GO R el dEa olvk AR Hlo|d
(Small-scale fading) F'dol] F3}odE= UAV Adel| o
St LoS7F AlufAel 5ol wle} 2fo]AKRician)
2% 2 Bae AT} A8 Folck

2 Gela) 74 el Felole). UAV ¥
Al 75 Los ALE Qe AeIAE shsp
E5lE ol o) FAo] AV Qe 71
ool ZihH FAge] AP, axiue @ el
A el 2 BIE SR Tl e o)
UAV 219 B 9e M) Gede Relel] f19
715l Baskeh 449 e Belskn We 2t

A odode o}Fr] ¢l UAVE A3 AI71E 24357

www.dbpia.co.kr



[e]

7 B3] 719 A%e vEZe] 5% 97 VAV Y 2desh UAV A4 H45

o0t

1} UAV §1%] 2}t 2(Cognitive radio) 7]%-S =4
she Aot AssE . el ohes] 7S de]

T WA olefelm Ak M1 R A AlA
(Successive interference cancellation, SIC)S AH&-3}
o] AAE 5 = 5AE 43l VAV 5=
(Uplink) 3t o B]-2|2 v}5%]<7]| % (Non-orthogonal
multiple access, NOMA)-S H-§35h= A7} 213 F
RE)

Al WA= UAVE A1A 2A3t Al (Trajectory
optimization problem)E = Zlo|vf o] =
7|A= 224 UAV7ZL o] gsh= A3 UAV §419]
Ao vl ZEE AEAPE olck FARCE,
UAV7Z} H[aE =2]A] 3h dlo]e] A5-S g A
A ARERRS] BAl SHol|A] A|qdo] Ash= vl
HlelS wh2 A k= Ao FA4E Fobi A AR}
7} UAVe} A2 SAS 3F4] 513 Zolc) ujelA,
UAV 34le] A& Sdiskslr] flsl 71 74 =
=0 W5} 3 UAVE AL aelsle] 23
3t wAlE AAIBRAL Folok gtk UAVZE AREALZA]
o= A3l AA A3} Al T2 HdE A
2|uks w8 R 994 FA|(Traveling salesmen
problem, TSP)2] Zo]& &g3lo] TAE Follit}
B4, 7| 5ol Heflo] 2 UAVZE S84 wli= w=idd
W52 Aol F 7] oAkl A3} Al E siA
o} ghel webA, el At BRAEE UFa
TAE HE 7 RS 55 #H3E PBlock
coordinate descent, BCD)?1-g- xRg3}o] 7z} %]3}e]
W55 2 3keith B8], non-convex <t Al
ofalo]l olohd & Awlx ZARSE (Successive
convex approximation, SCA)?=- o]-g3}o] convex
He| 2 upts WAl ALl olE Hef
UAV 4 Wi} A & w57} 9l= 74 UAV
A4 wHerhs wesia A S 747 A
Al #As FAE Al
non-convex Fejo] HHFt AlfHS ZHAH
convex HE|Z Bl SCA UdvE|5-S
offict. 1 vk A ke aefstal UAV A4
Hes oA iRl Ads vA4g F HAs EAE
AlgaL Folick o] F FA3 o] Fho] 8% w7}
2| v o2 5 W] tiel] #HA3}t TAE Eold
o

& w=elil= UAV §419] Az 54 FlA
UAV Ad 2ds& 7=3= 715 UAVE] 13 A
3t FAE v AT Ak AEE Aotk UAV
Ad RS ohE ATES B9 T 3 2SR

o
]
=
i)
ol
=
ofl
T b
2
ot
e
P
~
N

AAspr] gl8) Aolwl sletrlelr} ofd oulo]a s
A meglo] e AR} FollA] ol
Zela, UAVE A3 #HAs A o 75
Ed|Z dubdel UAVE] A 323} FAle] 548
o AleprlS Alui ] o] & zlefEl ATES Fal
UAV A3 A3} FA1E o9A Alsa sl ==t
AE FEAl WEl dolR g gk

B o] AL o) Rl 24l A Al
55 Ao R UAVEL AT 7F Ald mde]el] o]
AR} 34el4] dubdel UAVE] A4 243} &
Aol tigh B2 2 Ak 2AES oherh 473
A 7R F2 Delo] 2 o]8%] UAVE] A A3}
of Tl zleYw]o] L AT-52] T3S vhfoiic). 5%
o] UAV FAle] tlefdl o1 Hol5-g oolu v 4
23k}l 64olx A2S #ov whyeldi).

I. He 2ee

712e]| X|AF Xd(Terrestrial channel) 222l 3
g Q7= wol Ald=e] AN UAV Ad-L 7]
o A Ade P 553 EAE R BR 7]
Fofl A FAlA ARgEE A 2ds adE
UAV Aldel 288k A A3sl] Esich A4
Ad3} v L w) UAV gL ohea} 2 548
7Wlch A WA, UAVE T2 58 1% $xstm
2 LoS7F Au-d gHgo] o) F Al 2= UAVE]
917] o)%Foll wet A2 wizksHA Wl 54
7HIek vt g gale] o] oA 3H4 F7lo]
A4 Al thErs Afolo] EAlgich uleia o]
213l E4]S nledsli= UAV Al wdlglo] s,

UAV ;e 37 A2A(Air-to-air) 23} A2G
(Air-to-ground) AL Z EHa 4= ik A2A A
gl 9= UAV Zke] B4l AES ovlshe] &2
UAVS] %9} LoS &2 gl dubdoz 7icdit
AHF 8%HFree-space) wdll® wdla] Hc} x|k
A2A Ad3} =] A2G AES UAVSL #Ael 917
ke B4 whd ko] A vehiie] UAVE 9],
S} (Elevation angle), EA1&730l w2 kgl Ad
B35 7HIeh by Aol olzl’t A2A ATt
A2G Adellxe] tjEA]el 7 2L (Path loss) 2@
I Zeat s dlo]d melef] thax] Abuficl

e

2.1 Z2eA 2
3l 5ollA] o] Fo]A = UAV 7H] EAl(A2A)2] 4
4 I UAV Aleolof] ubsEo] 2 Za6}#] $7] o

1495

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-09 Vol.45 No.09

o, & LoSE 7t wjebs A2A Ad =l
Z 2HF 33 A mddle] F2 AlgEIth A2G A
o] 7§ AellE, A159] 4K Scattering)o] A9 9=
Al E(Rural) Ao vl UAV w7} o) o} A4
bt} LoS7t A2l RAEe] 9)S w 2 a7t A
ndle] A2G AR AREEI) olzigh A ¥k Al
Zele] zpARE A2 ofefjol|A Al 4= )]

2.1.1 AR B AL =2

A 32k A welle e B} o] = qls) 1A
£ Alse] Alete] w EAshA] ek oAkl
el g vehfck o2 oM LoS7} ®
$ $A18] Wil 1% J(Shadowing)®] d3- -
Al 7Fsstekar oA AR 37E A melef| 4 2]

AREAL

£

o,

gl

_

4
PLpep = 20l0g(dsp ) +2010g(£) +2010g(77r) (D

o2 vEhflefxict. 714, Jog el 1091 4=
Zrolek ofuf <1y 1>F F3l E]l 5 SlRe] W
dyy = \/((hLIAvihG)2+d§D) s dyp =

A171e] 33817} 2349 A2l ojulste, f 2
7 Alze] $41 T3k, Wl Sl gk ol
dyay @ hg & 22 UAVSE}R 214 ko] Folo|rk
o mle AR S A1} $4118] A% o
3o e AREAS 5 5 vk A
Aol slek.

AR <29 1>ellx] B 4 ool A2G FAle]
785 UAVE| zol7h U7, 52 AdEe] w2 34
dME Alse]  AlRk 3A(Diffraction), WM}
(Reflection) 2 18} T} 271 whAlslA =} o]g]

— LOS path
.......... » NLOS path

a8 1. UAV 7]ake] 74 541 313
Fig. 1. UAV-based wireless communications environment

1496

42 UAV o7t IAu 53 AeliEo] W
dellA] Alshelc) webA] 2 32 Ad 2l o
Fek B7elMe] A2G AE-S dlEshr]el 2 six
th A2G Ad-E % B4 I ClE =44, ZE
Fo] H BE ol A FHI=EolS ¥
oz} 338l FrkgellA ] UAVE] 9x]9k= ol
oJg)r}. gk A8k LoS7} 2418 Bhgo) e &
A2A Ad3) B wEe w) A2G A ARdew
ol Eof| 2Jgt Al AT Aslel e ulmA F s}
ol o]z’ BA& ukedsly] 9)six] UAVE akwe}
oF7ztell wpE & o] AU Ad mullglo] o] Fojx]ok
gl oledt S ukdd A2G AREA ndw
UAVE] w59} b8 ukeddl Ad mllo] dE2o]
ol

o, o]2|gh o] o5 offjella] Abwirt.

U

(e}

=

0

iy
o

&
)

=

Lo

i
rltz )

o

2.1.2 1= o Z=2EA ZH(Altitude dependent

path loss model)

UAVS] T} 7bakes ol el <Jh dat
N5 AlRle] Fol57] Wel $AT LosE 741
3}5o] Z78c) w3k UAVY) Zold2 Hrail
A57h Fol ek oleiat 4& wedal] Sl =¥ [7]
ot wme] SEshe selle ghe A
log-distance 73 254 2d-S AlQlslic) A 2417

7t slejolele] ghe ofels) o] wle Fek

PL=al0log(ds,) +X, + X, )
a= maX(paI +pa2log(hUAV)’2 ) 3)
X, =P, +pﬁzlog(min(hUAV,hFSpL)) “)
o =p,, +p,log(min (Ayyhpg ) )

P, =82, p, =—2.1°13, hpg = Aol 2HF ¥
7} PR JAR]7] 98] L= UAVY o) &
vlghc} X += afo] 00]a XF AAP) o2l A
W< (Random variable)o]™] =] &35 Hledgh
UAVS %7t S o
(1.5m < hyyy < 120m) AlF A1) AE2] vES
H(Cellular network)ellA] Zggt wd g Aok=|gic)

Qo] mEls E3] UAVE =ol7} Z7igtel wet
EF A oo} AREA A5 a7} ARt S

L%

[e)
o] mEle

www.dbpia.co.kr



=/ ] e A

ge) V=92 3 Q7 VAV A4 25 UAV A4 245}

150 -

PL (d,,=10000m)
140 =

PLegp, (d,,=10000m)
——FPL (d,,=1000m)
—==PL g, (d,,=1000m)
—PL (d,,,=500m)

130 -

o
S PLgp, (d,,=500m)
& 410 b
100 »\
00 |mmm—m= e
80 . . . . . ,
0 20 40 60 80 100 120

T8 2. 3 o) A wde] AR
Fig. 2. Path loss of altitude dependent channel model

2 % glek ol UAV/} o] $14845 4159 &
shs} Aelel] w2 Al52] 24417} %oaiﬁ: At
vlaiel, Al AREA A5 4% HEHow 22
Fesbl So] ol A Bl A {JE A4
s} Fdaih < 2> ol Auie 388 %
o]7} 3om 2349 e} ARglo] A FabelAe)
AREA PLyg, 3 SHIAHE AL 31T 5 9

o}

2.1.3 &8 M4 2=(Probabilistic channel

model)

A2G Adelrl o] D736l webs] UAVS) A
A vk 7ol Los7b 9& S A 91 S ok
apebd], ekt A4 chate] 917, ohEe] Soh 7
& ekl el gk Ao} EAek) 9k ol Lo
2} NLoS(Non-line-of-site) & 714 &Eo] 2% Ad
welslel] glojA] aref=|ojof drh 0|23l ol W
= AellA] gEA AAd el S A8ste] A
o Vpehjgion, s‘zlg;d A wel HALS Lose}
NLoS7} &A% &8 A}8-3}o] LoSolAe] HELE
215} NLoSel|42] ﬁi,_ -8 AL Ao}, 252
w2elS ARSES wfe] Hi AREAE

PL,w= PL()SPLL()S+ PNL()SPLNL<1S (6)

avg

o]a, o]wj PL, ¢ PLy .= LoS, NLoSell4¢] =
A4S ofvlslan B o, Py st LoS, NLoSE 71
FE-5 origith ol Ay & 1— B o Az

International telecommunication union(ITU)el|4]
= AelEolvt B 4, MR, Folo} e 3|

4o w2 slejulelE AT, i [35]elA
ITUGIA] Al g8l Tjeolel 2 Algs)e] o2t o)
4 A9 mxle] ARk, o] weleld LosE 7}
4 ge

1
P18 = T aexp(—blo—a)

(@)

[e3

= Fojxlel, o]u] i A I} UAV Alo]e] of
e vehln Bl m10elel AREAe A6

o

=
St AZEA ] S]] A2EA 84 nE At
o] LoS<¢} NLoSel| ujehs bzt
PLy o= PLpsprt7os (8)
PLy1os™ PLpgprt 7nLos 9

o2 2dE =k ] 24 FA2vlE q, b,
Nlos<> urban, sub-urban, dense urban 5] 5413
73l w2} gho] AAF). o]u] NLoSell4] LoSellA 5
o} o w2 Aup EAo] glems gy o m s BT
o 2 #E 7HHek gt

<713 3>+ urban FHF<lr]e] UAVE| Eolel| u}
2 Auaie u‘rE‘rﬂJ 7ot} urban EH A A

AFI AE S a=9.61, b=0.16, n =1,
TLes =202 3k 713lek 2341 A2 d,,7F 4
oIl A-F el FolETE UAVE =ol= o}
Ak webs] <27 3>ell49] hy,y o STk o
o =)= oulsiy 97} e 1oSE 7 B8

10
105
100 -

95 |-

90

PL (d,,=300m)
PL, ¢ (0,p=300m)
——PL (d,,=100m)

—==PL _(d, =100m)

PL[dB]

85

80 -

751 o
. —PL (d 5=50m)
£ O o =
Lo (@,p=50m)
65 . . . . . . .
0 100 200 300 400 500 600 700

hUAV (m>

J8 3. F84 A mde) Am &
Fig. 3. Path loss of probabilistic channel model

1497

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-09 Vol.45 No.09

o] 1¢) +H3A HlBE HeEA 58 LoSe| AEE
Az 28 gok ol UAV £ol7} Arjete 23t
4 A7t vk A4S v e 7l H 22 LoS
AR £33 bl 223 UAV Fole= 23K A

o) e} chac)

22 272 Holg 2

2ot slo]d mEle] - 7]Ee] A FAlellA
AHEE mElSe] UAV AdeMe F2 AReg
th LoS7} A3 75 2o Aqh 3 mllo] At

sele sla] F= Abgse] olu) Ade

K o, 1
- 10
h \/H+1€ +\/m+1 s (10)

o2 mda =, oju] k= 2}o|At K-factore|th

A 2 0,9 A%E 7= Loset
= gla F WA -2 oETdRe) FAaE ) o]
u] b= o] 002 HAke] 18] HA4 7A@
o WE b, ~ ON(0,1) ]t} =je]Aqt K-factor:

I PAlE= Alse] AH 7 Algts]o] o7
25 B3 A= Ame] o] vE-S vehdick
s A1k K-factor7} 02] #h-& 7Hxlcts A8k
27} EANEHA] e ovlsta glel At Hole

E 1. UAV AdelMe] aqfm solw mell
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oMe UAVE 1%9] <2 2lo]Ag K-factor3-
velflo] A2G AES wmdE s 2lo]Algk
K-factors- UAVE] %29 32 wdls]l slo] A2A
Al o] 24k 3o ofgt AlEo] whalg Hkeds)
7% sl 1 9]of t}2 wel2 Nakagami-m &
o] Afr doly R AMEY|E Fhdvh <3
1>ell M= o2l gt Afi dlo]y mdlo] th3A]l o
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. UAV #HIH 23t Exlo| st

kA 21EgE Ble} 3Fo] UAVA= LoS7} Alulj=iel A
g 23S o4 5 e & Aol ok =
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9 S AT 5 ik AL UAVE] dAl#el
45 9lslx= dlole] A5 xd=7 UAVZE A
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dlo]e] A A|dell djsl] AEd, FA vES =]
AEES FAdstelr] S1sliA] UAVZE 5413 el
FHE ol 71| vlslsle] UAVS} 5413 tia) 7t
o] Al Fodof gtk o714, UAVZE &4 3 215

Scenario Channel Fading Parameter Reference

Rician K-factor [dB]

Suburban A2G Rician 353 +0.65h 5y 0 <hyyy < 10m [12]
~ 1296 —17.4log(hyay), 16m < hy,y

Suburban Rician K-factor [dB]

Near urban A2G Rician Suburban: kK =14 in L-band, x =28.5 in C-band [13]
Near urban: £ =12 in L-band, K =27.4 in C-band

Hilly/Mountainous A2G Rician ljlcllglg Ii(I;faIlf-tl());nEIile]Q. 4 in C-band [14]

2

Rician K—factor—%

Outdoor A2A Rician 2‘; [15]
p=06.469,0 = ah{,y +c
a=212.3,b=—2.221,c=1.289

Open field A2G Nakagami-m | Nakagami-m factor=4.05 [16]
Nakagami-m factor has a log-normal distribution

Suburban A2G | Nakagami-m | with the mean 7) and standard derivation & [17]
1.12 < np < 1.58, 1471 < £ < 2.705
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= ARgAke} 7|25 k] Ad 3 =2] QoS(Quality
of service)’} £o 2 HA 52 v]43FEH o]
4=t

YA, 5 2 A7k UAV7ZE Foi=l 9155 5
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Table 2. Objective functions for joint optimization of UAV trajectory and communication resource

Mission
Communication throughput Secrecy rate Outage probability complete
[4],[27-31] [36] time
[241,[37]
g u(Q(1), P(1)=
5 |MguPO= [ Ehos (1 12, @0P0) | dQUPO=P,,
g fo E[logy (147, (Q(®).P(t)]dt|” © —1og, (1+~,,.(Q).PEN*dt| =Pr(7,(Q).PE) () | c@)=T
;. ~  m-th user/lUAV’s SNR Moy legitimate user’s SNR Yn: SNR threshold
% Veve: €avesdropper’s SNR
u(Q[n].P[n])=
g | ul@ln)Pln))= " _
28| "N Eloe. (L4 (Q@.p(e)) | AQUIPID=F, _
25| Simn@mpi) | 2E0RRQOPOD T 0 ) ph,) | 4@iD=T
A —log, (147,,.(Q(). P())]*
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Table 3. Constraint functions for the UAV trajectory and communication resource

Communication resource constraints,

Jointly trajectory and communication

UAV trajectory constraints, hjU AV . joint
constraints, gp
o . > Information-causality constraints
> average/minimum/maximum power n
constraints D log,(1+p, [ilv,,[i]) <
i=2
Oépm[n]épma ”5]1
. i : log,(1+p, [il,, [i]
> Initial/final UAV’s locations Z"}; [V”]' a transmit power of moth | 2glow(1 . [y, [i]
1=q. ..., Nl=aq. ) o p,.[n],p,[n]: the transmit powers of
% 1= dniar G NI=gaa > User scheduling and association | ' ’ p.
. the relay and source, respectively
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» Maximum speed K Yrd [n],'ys,_ [n] the effective SINR
Voin <vlnl= Vinax Z Y m [n]<1, Vmn from relay to destination and from
m;1 source to relay, respectively
» Collision avoidance constraints E fT. [n]<1, Vkn
2 2 k=1 ind H
doin = an [n]*q[n]H ,  1#m . n]€{0.1}, Vhnm > Minimum SINR constraints

» Obstacle Avoidance constraints

la, In}=r]= dy.i,

r: a location of the obstacle
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H. =<h, n]<H

min max

ldt)—gl<d
station

base station

o, [n] € {0,1}:a  user association
indicator, ie. «,, [n]=1 if user k
is associated with UAV m at time n 7
and o, [n]=0, otherwise
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g: a location of a ground base

d: a coverage radius of a ground

’Ym(qm [77']7 P, [n]):
S(Qn ["]7 D ['!L])

ground +[acrial(% [n] P [n])+02 a
the interference power from

I

ground:
existing ground transmitters,

[aerial(qm ['H,], Dy, [n]):

the interference power from other
UAVs

I" : SINR threshold associated with
quality-of-service (QoS)
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