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increase throughput and spectrum efficiency. In this

Performance Analysis of Fair UAV paper

using non-orthogonal multiple access technology for

MAC Protocol Based on Uphnk efficient communication in indoor disaster

NOMA in Indoor Disaster environment. The proposed algorithm considers a
realistic environment using a new path loss model.

we propose a UAV scheduling algorithm
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. L throughput and fairness through scheduling. In
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algorithm can improve throughput and fairness than
E

2 9 conventional MAC protocol.

Unmanned aerial vehicles (UAVs)& AW Ayt LM 2
dgelA AR vEYZL S9E oW 35 VIR
oIske. sk s Z 2] A 20 % S ml A
j%e e Hlxﬁj_ cHAlS 7]€“ j%alg = Unmanned aerial vehicles (UAVs)&E &2 o]5A
ASE RERE TRIP] AR 1SS PSR g g g Q) T4 WL BAL Solel
9] = A 514 o] F9-A
el RIS A A WA SRR g g, e AV B4k 750 A9
sAE ¢8R vds 71ss AREsE UAV A F= FA 7R GFL- & 5 9lr) E3] A
2A%ER FaElEe AR Agkels dwElEl o as AW UEYIS 243 5 9 A3

& AREA wdE aEsel wrh 88l 7 o] UAVE T4 7| Fos 2437 918 77}
o el A, SATUE ST R E gam o s, e dzed mde 2
31]' %——Xg/\éi E-Xol-ﬁd—‘:]‘ A]%Eﬂo]/‘\j Z‘ET’]', Z‘”Cd'ﬁl—é— oé’ %94 _é__ E—y = v]_E%?S‘]—X] ?]_._7 74394 ﬂ:‘ _ri_—__i]_‘j]_
RIS 7S] MAC EREST wls| AelEst #lsl7] Wil Al A Ak gl Akl ekl
faimess SRlelx gl == 2 Flsisich WA, B Tl A%e] = E312 pelgl A

s 1= b ) = yid

=% Azed  mdd owkam oS

1

¢

r
K

8

Key Words : Indoor  Disaster  Environment, o
Unmanned Aerial Vehicle (UAV) (non-orthogonal multiple access, NOMA)< -8t
Non-Orthogonal Multiple  Access 2AEHY MAC EREZS Algkitk UAVE 7
(NOMA), Medium Access Control o] A o5 FUska k== NOMAE &3
(MAC) UAVelA FAlol dlolelE A% JD} A58 Ax)

Agksl= MAC EZEEZo| 7|&EdHch =&
fairness =9l A5o] 3kAtE = S skelsoich

B QTE AR s} sk vARRAA VENZ)E SoITAE Alsle] Agom Sasgi]
t}.(UD190033ED)

+ First Author : (ORCID:0000-0002-7949-6445) Ajou University Department of Artificial Intelligence Convergence Network,
kjh990220 @ajou.ac.kr, A A, A3

°  Corresponding Author : (ORCID:0000-0003-4716-6916) Ajou University Department of Electrical and Computer Engineering,
jkim@ajou.ac.kr, A, FAI3]
& 0 202201-012-A-LU, Received January 20, 2022; Revised January 31, 2022; Accepted January 31, 2022

607

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "22-04 Vol.47 No.04

. AlAE 28

B rellA] aefshs Alad Bl she] UAV
o} N7RS] A k=g A, dEe] EaE
*F%‘ ol AFge]7] whitel]l Alulell EAlshs

= UAVSE BALE @k UAVE 54 o]E4e] 9]
or, re= wAH SRS aefsiglch AW reE
< delels A5 uf wHa o] 7lsdt A9
UAVelAl Al dHlolelE 418l UAVE AW
o] §JaEs W] $I3F HAH] $xE 2h=ch
o]& $J3ll UAVE ==9] signal to interference plus
noise ratio (SINR) A ®Z &3 glojo} gt} glzl=
=9 SINR %2 th33 o] magch

SINR ;1 = Py + Gy+ Gyy— PLyy 1
7(P]\2+2* GVJFPL‘vmz)*UQv M

SINRry = Pry + Gyt Gy PLyy, — o, @)

Py B0 AE 99, Gy, Gy A7 =L
UAV?| ghelL} o5, PLUV% UAVS} §lg)a »e
Afele] AE EA, PLyE 19 2T Ao AR
EAE SRt & A ofmIRhe V1] Aol

-~

T

PL=PL,+PL,,+PL,, 3)

PL,, =g, +9,(1—cos(6))?, )]
Gy o= A T AlFelH, = el WAl F

3} A2 Ae]e] Zwole)

7l mae %] W o welskn % Rt &
e seista oA vk webd o @Al Bl
FE] e AR 3 Ft £UE Tefslo}
g A A £ Thest o] BT 4 9
PL=PL,+PL,,+ PLg,,. +PL,,, 3)

2 F3} £ thew) ze] EAT,

608

PL o = g1 +9,(1—5in(6))?. (©6)
II. Heksl= MAC Z2EE

UAVE 9], ofl2 ahaahe wlae hla e
o 28] 19} 23 2% B Ereld 7 Qe A
28] BEla} A EE AAjelrh UAVLE Z7] of
oA $1= ulsskaA dole] g 52 Telap]
28l =wlt} polling frames A$gcl k=B
el w3t SeR wuAbe) RS H2 response
frameS 53} 919 adexe 13 49 =
7]_ y_»u H]‘)]EV]' 9] AL:&J-_Q 7]—%6]61‘1—1;]- o] J,].;G KN
T3l EAle] Begdh meg 2w vEaL 43t UAVS)
_,41] o] that B8 x|ojFc) nAw B EXAS &
UAVS] #Z$]4]&= F g3 =2] SINR F 22 7k
SINR®| Zth7} 5= #1232 A4t UAV $13]9}
nlA s o] o] AeixH, 2AEYL Fal UAVE
1A ol vl saia nlAa oz yE dlole]
g SA1gkek olu) 1 =t 43 o) w4
% 2ozl UAV] 32$]7)= 3 m=o] dlo]e]
2 e 9lAne) 1 ese) dlole g ke 9
2wt 7] witel] 3] ws Adejel gk A1
B A2]ghe}. o] AAks AAH, oA 2 sl tﬂ

Ko

F

<UAV flies up and down repeatedly>

UAV v
\ FUSE‘M o iy fm Users X

users X [OH users X
> )
®

fm usez O

Userl O Tu;m (o]

Buffer status Buffer status

userz X

o= =

UAV

: Polling frame
 Response frame
: ACK frame

: Data frame

a8 1. Asd
Fig. 1. System Model

Initial Collection Data Transmission

P P P P P A A P
R R R R R  Datal R
BFt =1 BF2=0 BF3 =0 BF4 =1 BF3 =0 Data4 BF2 =1
H BFt =1 BF4 = 0
+ P:Polling frame
- s B | % W [ =]

2 5 5 4

Response
B 5 4

. 2A1%3 MAC Procedure
. 2. Scheduling MAC Procedure

u
Q@
N

www.dbpia.co.kr



=2 A Ay 3ol Abskel 3 NOMA 7]4Fe] Fair UAV MAC Z2EZ¢] A

b

oL
s
s
2

o Aefol] tHE ARE AT o qlek mebA oA
2AET & 71AL UAVE o= nlsishdA
dH3 m=o] dHelHE alshs hEAel IS
MRy

v. o 7}

oIr
0E

4.1 ANEzold A

H =FoalE MATLABS #Hgale] A]Edlo]Ad
S A A 2449 HJE $]8) saturation
31738 71 slsitl. UAVE =9 44 A3 gl
o], e =7] 5o AlEHelAd IjeprlE=
IEEE 802.11ac %3 #h& AHsideil 78e] 23t
o] 2 m=E 7k, 7k Fdlle kvl o) A =
gkl AE2] FolE 10 ~ 100 m 7] (5Z ~ 50
), &, =9 /IFE 10 ~ 100702 ZHA]7|9 2+
Ztoll tial] 3,0000% Al E#o]xde Safsleink Ayt
AARE Teiste] e MCS @, SINR AR 2
dB, data ratet= 6.5 Mbps = A3}k

£

4.2 AE2folMd Az}

7 32 7|0 AR &4 wde] niwE ¢4
s FHellA AW =71 10070 o o, 1% F]F ok
geollA] 1= v]&sh= UAVE ARS3te] sl $1x]l
o] me]F B4l Auld-s vehdich Aokl 27
Z8 e UAVZE AR A4S 318sle] SNRS
Aikslar SNRe| 7} == $1x]elM 5A41E& 3]
o, 71& AR A md3) Agkele AR &4
5 FE AL aEEhA] ok H= #HA
|4 EAle] 7hssieh webA, 71 AR &
Aloksle AR £4 mdle] v|wE ¢15) 7]
E 36l Adere 2egsiick s
2 &4 e 3 55 aEE] o
I uebA, 7|E A2 mds A}
o e AEEs 2
rT el upE Aelge] WskE et
et Algksls Alawl mellofla] 7]Ee] Hlo| g Al
7} NOMAE 2838 u] MAC Z2EF3} Agks)
= 2AEY 7HF MAC ZREF A5-S vla B4s)
g 712 AAZEE MAC ZR2EFS o] f
olE1E %15 w| FEo] WAs] wlitell Azldo]
oz}, 3[Rt AlgksH= MAC Z2EFe| 7

$ kel ~AEY At w} dolHE 2%
317] wftel] 5o WAYEHA] =tk wEkA] Akt

]

= daelFe] 71 il =2 Aees ek =3

p

ul

g,
f
=

=

o> o fg &

~ o (g o
e
o

T
T
ol L o
o Ko
¢
o

=)

o,

M R
)

r

il

op
;%
o

]
i
fr

=
U

<108

PAAEEEE

457 —&—Proposed path loss
—&— Conventional path loss

Throughput (bps)

w

[l
o

0 10 20 30 40 50 60 70 80 95 100
Altitude of UAV

T2l 3. UAV z%ef w2 AHel& s}
Fig. 3. Throughput based on the altitude of UAV

108

12¢ = 1S3 & 1=

—&— Scheduling HD +NOMA (Proposed) | |
—+—Scheduling HD (Proposed)

10} Random access HD + NOMA [4]
——Random access HD

Throughput (Mbps)

e

10 20 30 40 50 60 70 80 90 100
Number of nodes

a8 4. k= il wE A=E ws)
Fig. 4. Throughput based on the number of nodes
g Al EHo|AdS 7180 Algkshs A2 2l
A43h, T At et ol 7 2l BE
UAVZE HA o] QAR o] F3le] =i A|sle
2 AR AT IAgle] T AFRgE 2] wiE
olet

I8 5% faimess A% 715 98] packet
inter-transmission  time  (PITT)<]
distribution function (CDF)E A3}l PITT+
Fert AFle AEE F 1 ok Al s )
A7) Al A7-& slelael, ol PITTS] CDEZH
FA e TS o] S A7k el 9A
S}ER fairness”} ¥rial & 4= Qlrk =7} 1007
o o PITTS SAT A3}, 7| 447N MAC =
ZEFE 5| 'WAISPHA contention window 7} 7]
2)7] witel vk A AHE ke w7iA] 22 HE
o} 3L Algkshe duEEe 2AEH S S &

cumulative

609

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "22-04 Vol.47 No.04

f‘/
0.8 /.f
06 f
L f
] {
Q /
04 I
/
f Scheduling HD +NOMA (Proposed)
0.2y / Scheduling HD (Proposed)
Random access HD + NOMA [4]
| Random access HD
0 ) T T T
0 0.2 0.4 0.6 0.8 1

PITT (s)

& 5. PITT2| CDF (N=100)
Fig. 5. CDF of PITT (N=100)

E glo] %3] wie] ;em5e] Ago] Wl o

2y,

E =Rl AES AR mds o]43]
BRI A VsS4
EFE ARk Aljlehs WA ~AEE S E6
71%2] MAC Z2 &2 87} 2]2]83} faimessS
A7 &= qlek AlEHeolAd A¥) 7]Ee] MAC Z2E
= 2] 229 Nt SRR SE EE
718 7] wiitel] Melg Adee] S7skich =
gl fainess SN & sl S8tk

ofo
2
>
X,
N
oft,
>
@)

610

(1]

(2]

(3]

(4]

References

N. H. Hyung, et al., “Performance analysis of
random access protocols according to GCS
deployment in multi-UAV wireless networks,”
J. KICS, vol. 46, no. 6, pp. 965-973, Jun.
2021.

H. Shakhatreh, et al., “Unmanned aerial
(UAVs): A
applications and key research challenges,”
IEEE Access, vol. 7, pp. 48572-48634, Apr.
2019.

IS Committee, “IEEE std. 802.11 ac-2013,”
IEEE Std. for Inf Technol, pp. 1-425, Dec.
2013.

Y. Kwon, H. Baek, and J. Lim, “Uplink
NOMA using power allocation for UAV-aided
CSMA/CA networks,” IEEE Syst. J., vol. 15,
no. 2, pp. 2378-2381, Jun. 2021.

vehicles survey on civil

www.dbpia.co.kr



	실내 재난 환경에서 상향링크 NOMA 기반의 Fair UAV MAC 프로토콜의 성능 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 제안하는 MAC 프로토콜
	Ⅳ. 성능 평가
	Ⅴ. 결론
	References


