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Global Mobile Data Traffic from 2016 to 2021
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[1] CiscoVisual Networking Index: Global Mobile Data Traffic Forecast Update, 2RAB1, Online]https//www.cisco.com,
clenus/solutions/collateral/servigaovider/visualnetworkingindexvni/mobile-white-paperc11-520862.html
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Evolving Toward Smarter Mobile Devices
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11.6billion in 2021
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Why We Need Drone - mounted Base - stations (DBSs)?

U Drone-mounted base-stations(DBSs) have several advantages:
1) it can fly across a hazardous area,
1) It can be easily mobilized (high mobillity),
i) it can change its altitude to provide guaranteed QoS based
on UE intensity [2 ].

U Sample use cases of using DBSs for communication:

temporary large-scale or unexpected events such as Olympic games,
football games, concerts, and some other application scenarios [3].

[2] S.SekanderH. Tabassum and E. H-@ier Brane Architedtiveufor 56G/B5G Cellular Networks: Challenge
Trends, and ProspectdE EE Communications Magazingol. 56, no. 3, pp. 9803, Mar. 2018.

[3] I. Bucaille, S.Hethuin A. Munari, R.Hermeniey T. Rasheecand S Al | sopp, A Rapi dly de
applicationsAerial basestation with opportunistic links for unattended and tempogagnts absolute x a mp |IEEE O
Military Communications Conferenciov. 2013
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Prototype of DBS and IBFD

U Nokia had developed a 4G base station weighing only 2Kg in 2016,
which was successfully mounted on a commercial quad -copter
to provide coverage over a remote area in Scotland [4 ].

U AnIBFD WIiFi radio communication prototype is demonstated in [5],
and it can also be used for the 2.3GHz and 2.5GHz LTE bands.

U Several projects by the industry have already been
initiated , such as Project Aquila by Facebook,
Cell on Wings (COW) by ATT, and Google projects |

such as SKYBENDER that are designed for drone-based
internet services.

[41 . B. Times, fNoki atatians toatifg dtomes taebolutioniseri U rea |b adsG urthitpr/evmie
ibtimes.co.uk/nokigeetrial-mobile-basestationsfloatingdronesrevolutioniserural4g-coveragel 575795, 2016.
5] D. Bharadia E. McMilin, and SKatti, AFul | dupl eACMBI&EAAMM pp. IV5 3B Aufp. POAST .
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DBS with IBFD Communications
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Fig. 4. Full duplex and half duplex communications with DBSs.
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Path Loss Model

Free space pathloss (FSPL)
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Fig. 5. Low Altitude Platforms radio propagation in urban environment [6].

[6] A. Al-Houranj S.Kandeepan and S. L ar d altéude formagimumicouerdge oL Al PEr&ess
Communicationg.etters vol. 3, na 6, pp. 568572, Dec. 2014.
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Path Loss Model

U Probabilitiesofa LoS( )and NLoS ( ) transmission between a
transmitter and a receiver.

o=t d))

P
Here, aand b are constants depending on the environment (rural,
urban, etc.), — AOA @)&li the elevation angle, # is the altitude of a

DBS, and r is the horizontal distance, respectively [4], [11 ].

(o]

U Themean pathudeddss u 1Is
— 4= ¢cml T QG w G
"Qis the carrier frequency, cis the speed of light, d stands for the

distance between adrone-BS andauser(Q +vQ 1 ).— and- are
the average additional losses for LoS and NLoS connections.

+eml T Qw0 - o
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Communication Model

U Let i p asthe signal to interference plus noise ratio (SINR) of the
ith UE towards the jth BS.

,
h| | h F] TQ p
[ { ~ . T
" " __RA'Q phQ p
E |1 -
U Let %o; be the data rate of the ith UE fromthe jth BS.
%o, QRO £ @ i5) U
U The data rate of the backhaul ™Qis formulated as:
- o UR*"h)\~ 5
Q T ae (P 0 h Q p )

I is the total backhaul bandwidth for a DBS, 0 j is the transmission
power from the MBS tothe jth DBS,"O B 1y 70 is the residual
Sl experienced at the DBS.
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Notations and Variables

U 0:the number of DBS.

0 @ ho :the location of the ith UE.

i 0 :the maximum transmission power of a MBS.

U 0 :the maximum transmission power of a DBS.

U 'Q :the minimum data rate for each UE.

U —:the power spectral density of the  jth BS.

i 0y Q p:thetransmission power of the MBS towards the jth DBS.

1 . binary variable: 1 if the ith UE is associated with the jth BS.
wr, : the bandwidth of the  jth BS allocated to the ith UE.
N i : the transmission power of the jth BS allocated to the ith UE.
whoRQ : 3-D co-ordinates of the jth DBS; Qs the altitude.
0 : the total transmission power of the  jth DBS towards its associated UEs.
. the total throughput of the  jth BS, =B %oy;.

G- G- e e e
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Problem Formulation

max > @, (7) Ne QO Z—

mj:yjahj:wi,j ,b-j,,j J

s.t.:
Y wi;=1, Viel
J

wi j+ =1,7" = arg;(maxs; ;), Yielu

Z‘beé,j < f;, VjieB
i

P; < Pp, VYjebB

> big kGt Y Pry<Pu, V=1
@ VNEN N

Gij > Wi *dmin, VielU,j€B
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Heuristic Algorithm

Algorithm 1: Dynamic-DSP Algorithm

i'l' for;€eB do T TTTTTTTTTTTTTTTT

12
1
13
1
14
1
1
lS

Input : (¢, yi'°) and other parameters in Table I;
Olltpllt! {:Bj, Yi, hj}, Wi, j, bi,j;

get x; and y; with the highest weight;

calculate the weight of UEs in C; by Eq. (17);
remove UEs in the coverage of the jth DBS;

calculate SINR of all UEs and all BSs;

"6 get h; with the best average SINR of all UEs; ~~~
7

calculate the UE association based on the best SINR;

8 allocate the bandwidth and power to UEs in MBS according

to Eq. (13);
assign the redundant bandwidth and power to the UE which
has the best SINR in MBS;
L=0,D=1,D;=1, P} = Pp/2""' vj;
while D > 0& L < Linar do
set maximum available power P;"** =3~ PV

15

16

17
18

23

for j € B’ do

allocate the bandwidth and power to UEs by
Eq. (13);

assign the remaining bandwidth and power to the
UE which has the best SINR;

if |(D_; ¢i.; — f5)/f5| < e then
DJ':O,H.HCID:Zij;
B continue;
if >, ¢i; > f; then

set P+t = pp /2(L+D+1,
L J ’

else

set PJLH = —Pp /2 D+,

L=L+1,andD=Zij;

24 update b; ; zpi,j/Cj, wi,j, and Pj;

U  The complexity of the Dynamic -DSP algorithm is:

6(—I7Y1I6| ——161 ¢! 0 8] dé(lﬂ)))-
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Example of Finds a Horizontal Location for a DBS
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