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Research on Coverage Performance of UAV-assisted Ground
Emergency Network with Poisson Point under Distance Constraint

WU Yunga®”,YAO Yuanyuan™” ,PAN Chunyu®", YUE Xinwei" LI Xuehua®"

(a. School of Information and Communication Engineering;b. Key Laboratory of Modern Measurement & Control Technology,
Ministry of Education,Beijing Information Science and Technology University , Beijing 100101, China)

Abstract;In order to ensure the communication quality of ground users, a user-adaptive access scheme
based on the distance constraint is proposed in the scenario of emergency communication with a large
increase in the number of users. Firstly, to avoid the interference caused by the overlapping area of
unmanned aerial vehicles( UAVs) ,Poisson Point under Distance Constraint( PPDC) is proposed to model
the location of UAVs. Secondly,the Base Station Load Transfer Protocol ( BSLTP ) is introduced, and when
the number of connecting base station users exceeds a given threshold, the overloaded users are served by
UAVs. In addition, the coverage performance of the ground base station and UAV is analyzed, and the
overall coverage probability of the system is obtained. The influence of UAVs’ height,coverage radius,and
the density of a surge of users on the network performance is analyzed. Finally,the simulation verifies the
accuracy of the theoretical results,and the network coverage performance can be effectively improved by the
proposed deployment scheme.

Key words: emergency communication; unmanned aerial vehicles ( UAV ) ; distance constraint; Poisson
point process( PPP) ; coverage performance
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Fig. 1 UAV assisted ground network deployment
under emergency communication scenario
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Fig. 3 Coverage probability of UAV, GBS and
system under different UAV altitude
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Fig. 4 Coverage probabilities of UAV, GBS and systems
under different base station coverage radii
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Fig. 5 Influence of new user density on

system coverage probability

%64 5 5y R BRI AR T, A5  TE A B 2SR 0 A LA Bl b T 1 22 090 45 B2 5 M RE AT 5 52
M e PR 6 4 th T [ M T L7 2 94 5005 0
sl Oy | UAVuiRS0m T RIS Hu B A RE R A 2 ST S R B

.ot e AL 6 HT AT Hy /N2 B A FRE 2R 5, (A
R \ ---UAV, . 'R,=30 - e — x
os | & oGrare ] B SR R M 3 T A48T AHL
] 2 GBS,,;R=30~50m| | . . N ;
. 9 R SEEN G S TR, P R G R RE
03 S T UAY
02}t / Y RIS
o1f o
0 - e b—t—s—0 1.0
-40 -30 -20 -10 0 10 20 ook —a =1 |
SINRH /dB o i
A A 08f oo sl
(a) T AL b T vl 75 55 A0 46 PR i - -
Lo = 0.6f | g
P # 0.5 I, &
0.9% o BSLTP,:R,=50m [ | By
0.8 BSLTP,,,:R,=50 m 804 e o
o BSLTP,:R=40m W& g3l Beog
w 07 " paLrp | BSLTP,R=40m | - g
8 0.6 o A BSLTP,,:R,=30m 0.2
# (s -~ BSLTP,,;R=30m | | 0.1
m O —— NBSLTP,;:R,=30m N S
§ 04 01 2 3 4 5 6 7 8 9 10
¥ 0 3 NBSLTP FABLE E/ 107
0.2 : ,
o1 E6 ZTHREMANREBSMEANZM
0.0 ) ) L Fig. 6 Influence of path loss between air and
40  -30 20 -10 0 10 20 ground on system coverage probability
SINRI {E/dB
(b)) REBEEMF

4 LHERIE

AR SRS TCAMLAS B R P s 1 20l (5 5
7] 50, 2 B 31 TG ML) BB AIL S 28 2% 7= A 7 2 IX R A
S R T —FE TR AR AE N A
T TEIARA R B A HURIE T, 51 T 6l % 4
Sk P B (1 BSLTP #8380, 76 ™ 838 14 175
T, YR BN B 1 P B T 2 e A Ay
FHP 3 T AL R R 55, DA fiff e 56 08 8 8% ) fa
S A A FLZE I8 E T Fr i PPDC 5K I LA &
BSLTP BMSC R #9478 56 M REAS 31 T 4 2% 2 7,
R SCIITHR T G0 T I0 AT LAl By 1 X 246 v o s 1 e
BFRIBTRA —E NS E L,

T2 SR S T AN Sk
RIS B, 6 G MLl By e i 19X 445 14 P RE 2R A 5 A 2%
4EFt

SE

[ 1] ZENG Y,ZHANG R,LIM T J. Wireless communications

with unmanned aerial vehicles: opportunities and
challenges[ J ]. IEEE Communications Magazine, 2016,
54(5) :36-42.

[2] %hEIgE, FL% BT 56 AT AHLE BE 4L M i Ni 2
BEFARLT]. BHIHEIAR ,2020,60(11) :1290-1296

[ 3] GUPTA N,AGARWAL S,MISHRA D. UAV deployment

for throughput maximization in a UAV-assisted cellular

- 237 -



www. teleonline. cn

R

2024 4F

[4]

(5]

[6]

(7]

[8]

(9]

[10]

communications[ C ]//Proceedings of 2021 TEEE 32nd
Annual International Symposium on Personal , Indoor and
Mobile Radio Communications. Helsinki; IEEE, 2021,
1055-1060.

WANG L, ZHANG H, GUO S, YUAN D. Deployment
UAVs in UAV-assisted

cellular networks with the knowledge of statistical user

andassociation of multiple

position [ J ]. IEEE Transactions on Wireless
Communications , 2022 ,21(8) :6553-6567.

MEI W, ZHANG
interference coordination: a cognitive radio approach
[J]. IEEE Wireless Communications Letters, 2020, 9
(6) :799-803.

BOSCHIERO M, GIORDANI M, POLESE M, et al.

Coverage analysis of UAVs in millimeter wave networks

R. UAV-sensing-assisted cellular

a stochastic geometry approach [ C ]//Proceedings of
2020 International Wireless Communications and Mobile
Computing. Limassol : IEEE ;2020 :351-357.

RIHAN M, SELIM M M, XU C, et al. D2D
communication underlaying UAV on multiple bands in
disaster area: stochastic geometry analysis [ J ]. IEEE
Access,2019,7:156646-156658.

ZHANG S,LIU J,SUN W. Stochastic geometric analysis
of  multiple unmanned  aerial  vehicle-assisted
communications over Internet of Things [ J]. IEEE
Internet of Things Journal ,2019,6(3) :5446-5460.
MOULIN F D S, WIAME C, OESTGES C, et al.
Stochastic geometry-based modelling of mobile uav relay
networks under realistic fading [ C ]//Proceedings of
2021 IEEE 93rd Vehicular Technology Conference.
Helsinki.IEEE,2021.:1-7.

ARMENIAKOS C K,BITHAS P S,KANATAS A G. SIR
analysis in 3D UAV networks: a stochastic geometry

approach[ J]. IEEE Access,2020,8:204963—-204973.

- 238 -

[11] SHUKLA S,THAKUR R, AGARWAL S. Particle swarm
optimization algorithms for altitude and transmit power
adjustments in uav-assisted cellular networks [ C ]//
Proceedings of 2021 IEEE 93rd Vehicular Technology
Conference. Helsinki : IEEE,2021;1-6.

[12] Rl & <0 FE RO, 55, 1H 25 20000 FE R T G
HURE S s 4L R PERE 20 #r [ 0], LT~ 5 05 B2 4l
2022,44(3) :951-959.

YAOY Y,WU Y G,ZHU Z Y, et al. Modeling and
performance analysis in UAV-assisted cellular networks
with clustered edge users[ J]. Electronics,2022,11(5) ;
828-839.

SONG X, YIN C,LIU D. Spatial throughput characterization

in cognitive radio networks with primary receiver assisted

[13]

[14]

carrier sensing based opportunistic spectrum access[ C]//
Proceedings of 2014 IEEE Global
Conference. Austin;IEEE ,2014;1065-1070.

Communications

EE BT .

S5RIE 40,1998 44 F P50 AR DR, 2020 423K T
sprppr g BUONAR RS A, ARG 7 1 S D AALE S
HAR TCLRMAE AR,

BREBIE  <r, 1988 AFEA T ma AR M, 2017 4F 3K 42
O, BRI, EEATIE 07 A o438 7 B AR T AL
WEHAR e RmahmES,

EEW L, 1989 44 T H B, 2019 AE AR I 12
07, B8R B2, EZRE I 7 W 3L T AN TR R ol (5
M2 RS R IRE AR AN EHAE,

E#E 59,1985 44 T E N, 2018 R 12
A7, R R 82 , EEERTSE 7 1) Ry o2 {7 R4 R \NOMA
HAR BReERmAEGES,

2 A 1977 R4 T AL HIMN, 2008 4F 3K A2
I, BUREAR , FEWSE 5 0 R JC k38 5 O A B 5
AR BEREN G AL,



