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Abstract—Drone base stations have emerged as a promising
solution to the requirements of future cellular networks which
may not be fully met by the existing terrestrial base stations.
The main reasons for the superiority of DBSs are the higher
probability of line of sight (LoS) and mobility in the sky which
provides better adaptation to the demands of users. However,
drones are complex electro-mechanical systems and more prone
to the errors compared to that of radio communication systems.
With the help of onboard sensors, failure tendency of a drone can
be estimated and this information can be used to determine the
positions of DBSs. In this work, we address the problem of DBSs’
deployment where one of the DBSs is assumed to have a high
probability of failure. Our proposed algorithm jointly determines
the positions of DBSs before a failure occurs and paths to be
followed in order to recover the network. Our simulations show
that our proposed algorithm provides significant gain in the
minimum user data rate performance of the network during
recovery phase with tolerable loss in the initial performance
compared to the benchmark algorithm.
Index Terms—Drone Base Station, Emergency Network, Battlefield Network, Particle Swarm Optimization

I. I NTRODUCTION
In the recent years, drone base stations (DBSs) have
emerged as a tool to meet the requirements of various communication networks such as emergency, congested, military
etc. DBSs satisfy the demand of these networks with the help
of better line of sight (LoS) utilization and faster mobility
compared to the conventional ground based base stations. As a
result, the deployment of DBSs have been addressed by many
researchers [1], [2]. However, current literature assumes that
drones are extremely reliable and are able to provide service
uninterruptedly. On the other hand, in practical cases, drones
are vulnerable to mechanical and electrical failures which
cause interruption in communication. Unless redundant DBSs
are deployed, which increase operational costs, it is certain that
the communication service will be negatively affected when a
DBS fails. In our work, considering the high service availability and limited number of DBSs available for deployment, we
propose a DBS deployment method that reduces the degrading
effect of a DBS loss during the repositioning of the remaining
DBSs.
The literature on DBSs can be grouped in two categories
in terms of drone mobility. In the first category, the static
deployment of DBSs are investigated considering various
constraints. In [3], the optimal altitude of a DBS was derived
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to maximize the cell coverage. Authors in [4] and [5], investigated the placement of DBSs considering energy efficiency
and different quality of service requirements, respectively. In
[6], a metaheuristic-based algorithm was proposed to find
the number of required DBSs and their positions. The same
authors also studied the DBSs deployment problem with backhaul consideration [7]. In [8], positioning of multiple DBSs
was studied using circle packing theory. We also investigated
multiple DBS deployment problem and proposed a method
that finds the optimal number and locations of DBSs for user
fairness and total capacity [9].
The second category investigates the path design of DBSs
by optimizing drone movement or radio parameters. In [10],
the authors proposed a drone mobility algorithm to improve
the spectral efficiency. In this work, drones move with a
fixed speed and update their directions at regular intervals.
The same authors in [11] proposed an algorithm to control
the repositioning of fixed number of DBSs in response to
the users’ mobility. In [12], the authors studied unmanned
aerial vehicle(UAV) trajectory problem with the objective of
minimizing mission completion time. Their algorithm provides
the set of waypoints and DBS’s speed along the route. In
[13], the formulated trajectory and power control optimization
problem was solved by an iterative algorithm that applies the
block coordinate descent and successive convex optimization
techniques.
In our previous work [14], we proposed a novel clustering
technique to handle a random DBS loss. In that case, our
algorithm does not consider the trajectories of DBSs which
causes high interference in the network. In this work, instead
of considering a random DBS loss, we assume that the
operational or maintenance data provide an insight about the
health status of the DBSs, hence failure prone DBS can be
estimated. By using this information, we proposed a new
technique to mitigate the loss of failure prone DBS. Our
proposed method determines the initial positions and routes
of DBSs after DBS failure occurs.
II. S YSTEM M ODEL AND A SSUMPTIONS
We consider a network where there is a failure prone DBS
and this information is known a-priori. DBSs use the same
frequency band and are deployed to provide TDMA-based
downlink service to static users that are uniformly distributed
in the cell. It is assumed that all DBSs are positioned at the
same altitude and the output powers and velocities are equal.
The system model is shown in Fig. 1.
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Fig. 2: System modes.
The probability of LoS between the user i and DBS j is
defined by [15]
pij
LoS =

Fig. 1: System model of |D| = 4 DBSs deployed in normal
mode. Transition mode starts after the DBS failure occurs.
Remaining DBSs move along the direct path to their degraded
mode positions minimizing the time spent for network recovery.
There are 4 modes of the system which are illustrated in
Fig. 2. In the normal mode, DBSs are deployed and provide
service to the users. When the DBS failure occurs, transition
mode starts. In this mode, the remaining DBSs start moving
to their new positions. Transition mode finishes and degraded
mode starts when all DBSs reach to their new positions. In the
recovery mode, a new DBS is deployed from the operation
center and DBSs move to their normal mode positions. In
our study, we do not investigate the network performance of
recovery mode.
We represent the sets of users and DBSs by U = {1, ..., U }
and D = {1, ..., D} respectively. The set Dj denotes the users
associated with the jth DBS. The positions of the ith user and
jth DBS are denoted by (xi , yi ) and (xj , yj ) where i ∈ U,
j ∈ D, respectively.
For the channel model, we use the probabilistic path loss
model proposed in [15] and [3]. The LoS and NLoS components between ith user and jth DBS are as follows:

γ
4πdij fc
P Lij
=
10
log
+ ηLoS
(1)
LoS
c

γ
4πdij fc
P Lij
=
10
log
+ ηN LoS
(2)
N LoS
c
where dij is the distance between the ith user and the jth DBS,
γ is the path loss exponent, c is the speed of light (m/s), fc is
the operating frequency (Hz), ηLoS and ηN LoS are the mean
additional losses (in dBs) for the LoS and NLoS, respectively.
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where rij is the distance between the ith user and
jth
p DBS in the horizontal plane and calculated as
(xi − xj )2 + (yi − yj )2 ), α and β are environmentdependent parameters, hj is the altitude of DBS j.
The mean path loss is formulated as:
ij
ij
ij
P Lij = P Lij
LoS pLoS + P LN LoS (1 − pLoS )

(4)

We assume that DBS-user association is based on the
received signal power. Let αi be the DBS selected by the
user i,
αi = arg max Rij (xj , yj , hj ),
(5)
j

where Rij (xj , yj , hj ) is the received signal power from the
jth DBS at the ith user terminal and expressed as
Rij (xj , yj , hj ) = 10

PT +Gij −P Lij
10

,

(6)

where PT is the transmission power (in dBm) of a DBS and
Gij is given by [16],
(
Gij =

29000
,
2
θB

ifrij ≤ hj tan θ2B

0,

if rij > hj tan θ2B

(7)

where θB is the half power beamwidth of the DBS antenna.
The capacity of a DBS is equally shared amongst the users.
Let Nj , be the total number of users connected to the jth
DBS.
Nj =

X

∀j ∈ D,

(8)

1, if
αi = j,
0, otherwise.

(9)

I(αi = j),

i∈U

where I(αi = j) ∈ {0, 1} defined as,
(
I(αi = j) =

3

Then, the data rate of the ith user is formulated as

DRi =



W
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P
log2 1 +

Nαi
N0 W +
Rij (xj , yj , hj )
j6=αi

(10)
where N0 is the noise power and W is the channel bandwidth.
In the transition mode, DBSs start to move to their new
positions via the shortest route (a direct line). DBS-to-position
assignment, which determines the waypoints of DBSs, is made
considering the total distance travelled by DBSs is formulated
as follows:
min

D−1
X D−1
X

dlk clk

l=1 k=1

subject to
D−1
X
l=1
D−1
X

clk = 1,

k = 1, .., D − 1,

clk = 1,

l = 1, .., D − 1,

(11)

of a DBS failure which we assume it is known a-priori.
Although, the utilization of failure-prone DBS is not preferred,
the number of reliable DBSs available may not meet user
demand and necessitates deployment of failure-prone DBS.
Our proposed algorithm aims to improve the network
performance in transition mode, where the worst service is
provided to the users, by determining normal mode positions.
In transition mode, DBSs start moving towards their degraded
mode positions which are determined by Eq. 12. When all
DBSs reach their positions, transition mode ends and degraded
mode starts. The duration of transition mode, T (sec), is
determined by the DBS which travels the longest path. The
following problem is formulated to optimize normal mode
positions of DBSs so that network performance of transition
mode is improved. Here, at each time period ∆t sec, user
data rates, DRi (n∆t ) where i ∈ U and n = [1, .., N ] where
N = ∆Tt , are calculated using the new positions of DBSs that
moves along the direct path to their degraded mode positions.
Our algorithm first optimize the positions of reliable DBSs
and then optimize the position of failure prone DBS denoted
by Df p . The first problem is formulated as follows:

k=1

where clk ∈ 0, 1 is a binary indicator variable and equals
to 1 if the lth DBS is assigned to the kth position, dlk is
the distance between the DBS l and new position k. The first
constraint indicates that each DBS is assigned to only one
position and the second constraint indicates that each position
is assigned to a single DBS.
III. FAIRNESS AWARE D EPLOYMENT OF DBS S (FAD)
In our previous work, we have proposed a DBS deployment
technique, which maximizes the sum of the logarithm of user
data rates [9]. It is shown that with minor loss in total linear
capacity (sum of user data rates), significant improvement
in fairness, which is measured by Jain’s fairness index, is
obtained. FAD problem is formulated as
X
max
log(DRi )
x,y

i∈U

subject to
q
x2j + yj2 ≤ rc

max

xR ,yR

N
1 XX
log(DRi (nt∆ ))
N n=1
i∈U

subject to
q
∗
R 2
2
(x∗j − xR
j ) + (yj − yj ) ≤ rS

∀j ∈ {D − Df p },
(13)
where (x∗j , yj∗ ) are the positions of DBSs which are found by
Eq. 12 for reliable DBSs, rS is the radius of a circle where
R
R
the solution is searched and xR = [xR
=
1 , .., xD−1 ] and y
R
R
[y1 , .., yD−1 ] are the positions of reliable DBSs which we try
to optimize for improving transition mode performance. Note
that both FAD and RAD use the same degraded mode positions
that are found by solving Eq. 12 with D = |D| − 1.
After finding xR and yR , we need to update the position
of failure prone DBS,so that the interference is managed and
performance of normal mode operation is improved. In this
case, Eq. 12 is solved given xR and yR .

(12)
∀j ∈ D,

where x = [x1 , .., xD ] and y = [y1 , .., yD ] denote the locations
of DBSs and rc is the radius of the cell. Note that altitudes
of DBSs are assumed to be constant.
The solutions of Eq. 12 with D = |D| and D = |D| − 1
provide the positions of DBSs in normal mode and degraded
mode, respectively. In transition mode, DBS-position assignment is found by solving Eq. 11.
IV. R ESILIENCY AWARE D EPLOYMENT OF DBS S (RAD)
As being a complex electro-mechanical system, drone is
vulnerable to failures over time caused by electrical, mechanical or software problems. Considering user demand for
high availability (e.g. in emergency or military scenarios), we
proposed a deployment technique to handle negative effects

V. S IMULATION R ESULTS
We have performed extensive simulations to evaluate the
performance of the proposed algorithm. The results are obtained by using 100 different networks, where each has 100
uniformly distributed users. The simulation parameters are
presented in Table I. We use |D| = 4 and |D| = 5 for our
simulations. For the evaluation of algorithm performance, we
consider the following:
N
1) Minimum user data rate in normal mode, DRmin
.
T
2) Minimum user data rate in transition mode, DRmin
.
3) Number of users not fully served in transition mode,
T
Nout
. We determine a threshold of 500Kbps for this
metric.
Minimum user data rate is an important metric for the
evaluation of network performance, because each user needs
to use services such as voice and some amount of data for
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TABLE I: Simulation Parameters
Definition

Value

U
fc
rC
W
N0
a, b
ηLoS , ηN LoS
θB
PT
N0
∆t
v
h

Number of users
Carrier frequency
Radius of cell
Bandwidth
Noise power spectral density
Environmental parameters
Mean path loss
DBS antenna beamwidth
DBS transmission power
Noise power spectral density
Timeslot interval
Speed of DBS
Altitude

100
2GHz
2000m
20M Hz
−170dBm/Hz
9.61, 0.16
1dB, 20dB
140◦
30dBm
−170dBm/Hz
500ms
30m/s
500m

8

× 105

7.8

Minimum Data Rate (bps)

Parameter

FAC, D=5
RAD, D=5
FAC, D=4
RAD, D=4

7.6
7.4
7.2
7
6.8
6.6

N
T
TABLE II: Gains (%) in DRmin
and DRmin
for FAD and
RAD, respectively

rS

N
DRmin
for (D = 4, D = 5)

T
DRmin
for (D = 4, D = 5)

50
150
250

(2.77, 2.46)
(6.67, 7.76)
(9.66, 11.08)

(27.04, 7.58)
(40.8, 13.03)
(52.55, 20.14)

6.4
50

100

150

200

250

radius (m)

Fig. 3: Minimum user data rate in normal mode.
5.5

× 105

running important applications. In emergency or high reliable
networks, the main aim is to provide uninterrupted data flow
to users at a rate which satisfies the critical needs of users.
Our proposed algorithm is designed to improve transition
mode performance with acceptable loss in normal mode operN
T
ation. To better understand tradeoff DRmin
and DRmin
are
N
evaluated together. Fig. 3 and Fig. 4 illustrate the DRmin
T
and DRmin
performance in normal and transition modes,
respectively. Table II presents the gains, in percentage, of FAD
in normal mode and RAD in transition mode with respect to
each other for rS = 50, 150 and 250.
When D equals to 4 and rS = 150, RAD provides a slight
N
loss (%6.67) in DRmin
but significant increase (%40.8) in
T
N
the DRmin . Considering already high DRmin
, some loss can
be tolerated in the normal mode, however in transition mode,
even a slight increase is critical to run services provided by
the DBSs. When D is increased to 5, we still observe a
T
considerable increase (%13.03 for rS ) in DRmin
but it is
much less than the performance increase provided by DBSs
T
when D = 4. We expect to see less increase in DRmin
when
D is increased because the network becomes saturated. In
previous work [9] we have shown that increasing D causes
excessive interference at some point and leads to performance
loss .
In Fig. 5, the average number of users which receive less
than a threshold rate, 500Kbps, in each time slot is illustrated
for FAD and RAD. When rS = 150 and D = 4, average of 2
more users exceeds the threshold rate in each time slot. On the
other hand, when D = 5, the gain drops considerably and only
0.47 more users in each time slot exceeds 500Kbps compared
to that of FAD. As we explained, increasing D leads to loss
in the performance of RAD technique.

Minimum Data Rate (bps)

5
4.5
4
FAC, D=5
RAD, D=5
FAC, D=4
RAD, D=4

3.5
3
2.5
2
1.5
50

100

150

200

250

radius (m)

Fig. 4: Minimum user data rate in transition mode
VI. C ONCLUSION
In this paper, we have studied the problem of DBS deployment considering a scenario, where one of the DBSs is
known to be failure-prone. First, we described the behavior of
a network in terms of system modes. Then we proposed a technique that determines the initial positions and routes of DBSs.
The results showed that in the transition mode, the proposed
algorithm provides significant increase in the minimum user
data rate performance with tolerable performance decrease in
normal mode.
The model can be used for communication scenarios, where
uninterrupted flow of information has high priority and there
is a knowledge about the health status of DBSs to be deployed
on the field. Optimization of power outputs and velocities of
DBSs can be studied as a future work.
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Number of Users below 500Kbps

5
FAC, D=5
RAD, D=5
FAC, D=4
RAD, D=4

4.5
4
3.5
3
2.5
2
1.5
1
0.5
50

100

150

200

250

radius (m)

Fig. 5: Number of users having less than 500Kbps in transition
mode.
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