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Abstract—Drone-cell can enhance both the capacity and the
coverage of Radio Access Networks (RAN) through relaying data
between base stations and potential users. In this paper, we
investigate the 3D spatial deployment problem of drone-cell in
Drone Assisted Radio Access Networks (DA-RAN), and propose
a solution based on the Particle Swarm Optimization (PSO)
algorithm. According to the drone-to-ground channel model, we
formulate the drone-cell deployment problem with the objective
to maximize coverage ratio of necessary users, while maintaining
the link qualities between drone-cells and RAN. We design the
per-Drone Iterated PSO (DI-PSO) algorithm to find the optimized
deployments corresponding to different number of drone-cells.
Simulation results show that the drone-cell deployments gener-
ated by the DI-PSO algorithm can improve RAN connectivity,
and achieve higher coverage ratio when compared with the pure
PSO based approach.

I. INTRODUCTION

One of the key challenges faced by 5G wireless networks

is how to provide ubiquitous connectivity for diversified users

and devices [1]. However, the geographical distribution of

Radio Access Network (RAN) elements, such as Base stations

(BSs) or Remote Radio Heads (RRHs), are designed according

to the long-term traffic behaviors, and have little flexibility to

be re-deployed. Impacted by the unpredictable traffic demands

and coverage holes in both spatial and temporal domains, the

rigid RANs are reluctant to maintain ubiquitous connectivity

[2]. Deploying dense BSs or RRHs to enhance network

coverage is not feasible due to the low efficiency and high

expenditure [1]. To improve RAN’s capability of supporting

dynamic demands, the emerging drone-cell technology is a

promising solution.

Thanks to the well developed flying control technologies

and commercialized drone products, the communication issues

of drone gain increasing number of attentions from both

academia and industry [3]. Equipped with specific wireless

modules, flying drones are regarded as drone-cells to provide

temporal communication services on demands. Compared with

the static BS, drone-cell has two advantages: 1) the higher

probability to maintain Line-of-Sight (LoS) connections with

ground users [4]; 2) the capability to be dynamically deployed

based on spatial and temporal variations of service demands.

Growing number of works emerging in recent years inves-

tigate drone-cell’s potential to improve the performance of

RAN. Dhekne et al. leverage drone-cells as the aerial exten-

sions for BSs, and conduct a field experiment to prove drone-

cell’s capability of improving the signal strength in coverage

holes [5]. Al-Hourani et al. build an air-to-ground (A2G)

pathloss model for low altitude platforms, such as drone-cells

[6]. Considering the probabilities of both LoS and NLoS A2G

links in different scenarios, a closed-form expression of A2G

pathloss is proposed. Based on the pathloss model in [6], some

researchers focus on identifying the optimal deployment of

drone-cell to maximize network benefits. In [7], Mozaffari et
al. use a clustering approach to find the optimal trajectories

and locations of drone-cells which collect information from

ground Internet of Things (IoT) devices. Yang et al. propose

a holistic framework using drone-cells to assist 5G networks

in flash crowd traffic scenarios, and design a ”first-selfish

and second-share” method for drone-cell deployments [8].

Bor-Yaliniz et al. formulate the 3D placement problem for

single drone-cell as a Mixed-Integer Nonlinear Programming

(MINLP) problem, and solve it through bisection search

algorithm [9]. Kalantari et al. further explore the deployment

of multiple drone-cells, and find the minimum number of

drone-cells for dedicated coverage constraint by using Particle

Swarm Optimization (PSO) algorithm [10].

Although various approaches are proposed to explore op-

timized drone-cell deployments, the communications between

drone-cells and BSs are ignored in many works. To access

the core network services demanded by users, it is inevitable

for drone-cells to connect RAN, and ensure highly reliable

drone-to-RAN (D2R) links. Therefore, the 3D deployment

of drone-cell is not only affected by user distributions, but

also constrained by the qualities of D2R links. In this paper,

we investigate the spatial deployment problem for multiple

drone-cells, considering the D2R link constraint. Leveraging

the A2G pathloss model in [6], a framework of Drone Assisted

Radio Access Networks (DA-RAN) is proposed. The drone-

cell deployment problem in DA-RAN is formulated as a NP-

hard optimization problem, with the objective to maximize

the coverage ratio of drone-cell while guaranteeing channel

qualities between drone-cells and the target BS. To solve

the problem, a per-Drone Iterated PSO (DI-PSO) algorithm

is designed to find optimized deployments corresponding to

different number of drone-cells respectively. Compared with
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the pure PSO based algorithm used in [10], the DI-PSO

algorithm can converge to the optimized deployments with

less variances which achieve higher coverage ratios.

The remainder of this paper is organized as follows. The

DA-RAN framework and the system model are presented in

Section II, followed by the problem description in Section

III. The DI-PSO algorithm is proposed in Section IV, with

simulation results in Section V. The conclusion is given in

Section VI.

II. SYSTEM OVERVIEW

A. Drone Assisted Radio Access Networks

Fig. 1 shows the framework of DA-RAN. Similar with

the Cloud-RAN (C-RAN) architecture, drone-cells perform as

aerial RRHs to their corresponding BSs. Each BS deploys a

group of drone-cells to relay data transmissions in demanding

areas (DAs), such as coverage holes or traffic burst spots.

According to the spatial and temporal variations of DAs,

the 3D deployment of drone-cell can be adjusted by the

BS flexibly, which enhances RAN’s capability to cope with

dynamic traffic.

Base 
Station

Traffic Burst

Drone-cell

D2U Link
D2B Link

Users

Coverage 
Holes

Fig. 1. Drone Assisted Radio Access Network

Three types of communication links are involved in DA-

RAN: user-to-BS (U2B) links, drone- (D2U) links and drone-

to-BS (D2B) links.

U2B links: U2B links are classic Up/Down links in RAN

without drone-cell’s involvements. U2B links co-exist with

D2U and D2B links in DAs without being interfered by them.

D2U links: D2U links bridge drone-cells and users in DAs.

To alleviate interference and bring additional resources for

traffic burst scenarios, the D2U links are expected to be

carried by different spectrum from the licensed U2B bands.

Currently, the TV White Space [11] and the WiFi bands

used by commercialized drone products [12] are available

candidates.

D2B links: Drone-cells communicate with the correspond-

ing BS through D2B links. Since all the data exchanges

between BS and users covered by drone-cells are transmitted

via D2B links, both capacity and reliability of D2B links have

to be guaranteed. The millimeter wave (mmWave) technology

is a promising solution for D2B links. First, hovering drone-

cells can maintain relatively quasi-static status to the BS

during the intervals between adjacent deployments, which

prevents the frequent re-directing of beam in highly dynamic

scenarios [13]. Second, the maximum transmission range of

IEEE 802.11ay, a typical mmWave technology, is extended to

one kilometers, which is adequate for D2B communications

[14]. Meanwhile, the MAC protocol of D2B links can be

customized to promote performance [15]. For instance, since

all drone-cells are released by the operator of RAN, simplified

authentication process is considered to reduce latency.

B. System Model

Considering the 3D deployment of drone-cell within one

BS’s coverage. The BS is set at the origin point (coordi-

nate (0, 0, 0)) with coverage radius RBS . Without loss of

generality, the coverage area of BS is modeled as a mesh

which consists of multiple square grids. Dedicated number of

grids are randomly chosen as DAs to be covered by drone-

cells. Since real DAs cannot dramatically change in high

frequency, the distribution of DAs is a quasi-static scenario for

each deployment of drone-cell. So the BS deploys drone-cells

based on the current DAs scenario, and re-deploys them when

the scenario changes to new one. To simplify the analysis,

we assume that users are uniformly distributed over the BS

coverage area.
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Fig. 2. A2G Pathloss Model

The A2G pathloss model proposed in [6] is used to analyze

D2U and D2B links. The probability of LoS A2G link is [6]:

P(LoS) =
1

1 + a exp(−b(arctan( hr ) − a))
, (1)

where h is the altitude of a drone-cell, r is the horizontal

distance between the drone-cell and the other communication

node (user in DAs or the BS). The constant values a and

b are determined by different types of environment, such as

rural, urban, etc. Neglecting antenna heights of BS, users and
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drone-cells, the mean A2G pathloss model can be expressed

as follows [6]:

PL(h, r) = 20 log(
4π fc

√
h2 + r2

c
)

+ P(LoS)ηLoS + (1 − P(LoS))ηNLoS,

(2)

where fc (in Hz) and c (in m/s) are the carrier frequency

and the speed of light, respectively. ηLoS and ηNLoS are

average additional losses for LoS and NLoS links which are

environment-dependent. For instance, in urban environment

the parameter list (a, b, ηLoS, ηNLoS ) is (9.61, 0.16, 1, 20).

The A2G pathloss versus altitude under different r and fc
are shown in Fig. 2. By increasing the altitude, all pathloss

curves decrease first then increase slowly. This is because

in low altitude space, pathloss is mainly determined by LoS

link probability, raising altitude leads to sharp increasing

of P(LoS) which decreases pathloss curves; while in high

altitude space P(LoS) remains nearly constant for all altitude

values, so the pathloss curves are dominated by free space

attenuation instead. Apart from the altitude, A2G pathloss is

also influenced by horizontal distance r and carrier frequency

fc . Increasing r can raise all pathloss values on a curve and

change the curve’s shape. Increasing fc impacts the first term

in Eq. (2), and shifts up the whole curve with a constant value.

III. PROBLEM FORMULATION

Considering NDA number of grids are randomly chosen as

DAs in each deployment scenario. For the jth DA (0 ≤ j ≤
NDA), the boolean parameter ε j is defined to show its coverage

states:

ε j =
⎧⎪
⎨
⎪
⎩

1 if DA j is covered by a drone-cell,

0 if DA j is not covered.
(3)

Our objective is to maximize the summation of all ε j through

deploying drone-cells in appropriate positions. Assuming NDC

number of drone-cells is released by the BS, the pathloss

between drone-cell i (0 ≤ i ≤ NDC ) and DA j can be

calculated through Eq. (2). We define that DA j can be covered

by drone-cell i as long as the pathloss level between them is

less than threshold γdu . Since that, the Eq. (3) can be updated

as follows:

ε i j =
⎧⎪
⎨
⎪
⎩

1 if PL(hi, ri j ) > γdu,
0 if PL(hi, ri j ) ≤ γdu, (4)

where hi is the altitude of drone-cell i, ri j is the horizontal

distance between drone-cell i and DA j. Since each DA is

uniformed as a 20m × 20m grid, whose size is relatively too

small to affect A2G pathloss significantly, it is feasible for us

to calculate ri j as the distance between drone-cell i and the

geometric center of DA j.
Three constraints are considered in the deployment problem.

First, the maximum number of users served by one drone-cell

is:

Cu = �CDC

R
�, (5)

where R is demanded data rate of users and CDC is the

capacity of a drone-cell. To simplify the analysis, we assume

that both R and CDC are same for all users and drone-cells.

Since users are uniformly distributed over the BS’s coverage

area, Eq. (5) can be transformed to calculate maximum number

of DAs can be covered by one drone-cell:

CDA = � CDC

RρuSDA
�, (6)

where ρu and SDA are the user density and the area of one

DA respectively. The second constraint is maintaining the

qualities for every D2B links. Defining a pathloss threshold

γdb , we argue that any drone-cells being deployed must

guarantee their D2B pathloss level PL(hi, rib) less than γdb ,

where rib is the horizontal distance between drone-cell i and

the BS. The third constraint is the interference. Since all

D2U communications are carried by the same spectrum band,

inter-drone-cell interference can be involved when one DA is

covered by two or more drone-cells simultaneously. To prevent

this issue, we define Ij as the indicator of inter-drone-cells

interference suffered by DA j:

Ij = max{
NDC∑

i=1
ε i j − 1, 0}. (7)

When DA j is uncovered or covered by only one drone-cell,

Ij equals to 0; otherwise Ij equals to the number of interfering

drone-cells.

Finally, the 3D drone-cell deployment problem can be for-

mulated as an optimization problem to maximize the number

of covered DAs U:

max
xi,yi,hi

U =
NDC∑

i=1

NDA∑

j=1
ε i j −

NDA∑

j=1
Ij

s.t. CDA ≤ NAmax

PL(hi, rib) < γdb

Ij ≤ NImax,

(8)

where (xi, yi, hi) is the coordinate of drone-cell i being de-

ployed at. NAmax represents the maximum number of DAs can

be covered by one drone-cell, NImax indicates the maximum

allowed interference level suffered by one DA.

IV. PER-DRONE ITERATED PARTICLE SWARM

OPTIMIZATION

Similar with the classic BS planning problem [16], the 3D

drone-cell deployment problem in Eq. (8) is also recognized

as NP-hard [10]. Due to the complex pathloss model in

3D space, the optimal solution is hard to reach through

mathematical deductions. So heuristic algorithms, such as ge-

netic algorithm (GA), PSO, etc., are considered as alternative

choices. Compared with other algorithms (e.g. GA), PSO is

employed by both [10] and [16] for following advantages:

1) fewer numerical parameters are required which simplifies

the implementation; 2) lower computational cost and faster

convergence speed can be achieved [17]. Inspired by [10] and

[16], the pure PSO algorithm used for deploying drone-cells
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in our proposed DA-RAN can be expressed as Algorithm 1.

According to the PSO algorithm, the velocity vector of particle

l at iteration t is defined as follows:

V(l) (t) = φV(l) (t − 1)

+ c1φ1(W(l,local) (t − 1) −W(l) (t − 1))

+ c2φ2(W(global) (t − 1) −W(l) (t − 1)),

(9)

where φ is the inertia weight determining convergence speed.

c1 and c2 are personal and global learning coefficients re-

spectively. φ1 and φ2 are positive random variables. With the

V(l) (t) obtained from Eq. (9), W (l) (t) is updated as:

W(l) (t) =W(l) (t − 1) + V(l) (t). (10)

Algorithm 1 Pure PSO algorithm for Drone-cell Deployment

in DA-RAN
1: Generate L random particles as initial population. For each

initial particle W(l) (0),l = 1, . . . , L, it is expressed as a

random vector with size NDC .

2: Re-generate the invalid elements in each W(l) (0) vector

until they meet all three constraints in Eq. (8). Randomly

generate initial velocity vector V(l) (0) for each particle.

3: Calculate U (l) (0) through Eq. (8) for each W(l) (0). Set

U (global) = max{U (l) (0), l = 1, . . . , L}, W(global) =

W(l) (0) which achieves the U (global) . Set U (l,local) =

U (l) (0), W(l,local) = W(l) (0). Define maximum iteration

number MIte.

4: for t = 1, . . . ,MIte do
5: for l = 1, . . . , L do
6: Calculate W(l) (t).
7: while W(l) (t) exceeds Eq. (8) constraints do
8: Re-generate the invalid elements in W(l) (t).
9: end while

10: Calculate U (l) (t),V(l) (t).
11: if U (l) (t) > U (l,local) then
12: U (l,local) = U (l) (t), W(l,local) =W(l) (t).
13: end if
14: if U (l,local) > U (global) then
15: U (global) = U (l,local) , W(global) =W(l,local) .

16: end if
17: end for
18: end for

The pure PSO based deployment algorithm treats the combi-

nation of NDC drone-cells positions as one particle represented

in vector form. Since W(l) (t)’s elements (each drone-cell

position) are dependent with each other during iteration, the

diversity of the particle searching space is inadequate. Though

computational costs and convergence time can be reduced

in this way, the probability of falling into local optima is

raised. Besides, the vector formed W(l) (t) is hard to be

re-generated to ensure all its elements fits the constraints

simultaneously, especially the interference constraint which

requires the neighbor elements to be adjusted too.

To alleviate the aforementioned issues of pure PSO algo-

rithm, we propose the DI-PSO algorithm which employs PSO

algorithm independently on each drone-cell. The detail of DI-

PSO is shown in Algorithm 2. The particles in DI-PSO are not

vectors but positions, due to the different particle structure, the

updating functions of particle velocity and position are revised

as follows:

V (l)
d

(t) = φV (l)
d

(t − 1)

+ c1φ1(W (l,local)
d

(t − 1) −W (l)
d

(t − 1))

+ c2φ2(W (global)
d

(t − 1) −W (l)
d

(t − 1)),

(11)

and

W (l)
d

(t) = W (l)
d

(t − 1) + V (l)
d

(t). (12)

Algorithm 2 DI-PSO algorithm for Drone-cell Deployment in

DA-RAN
1: Initiate uncovered DAs set A(1) contains all DAs.

2: for d = 1, . . . , NDC do
3: Generate L random particles W (l)

d
(0)(l = 1, . . . , L) as

initial population of drone-cell d.

4: Re-generate the invalid W (l)
d

(0) until they meet all

constraints in Eq. (8). Randomly generate initial velocity

V (l)
d

(0) for each W (l)
d

(0).

5: Calculate U (l)
d

(0) with input A(d). Set U (global)
d

=

max{U (l)
d

(0), l = 1, . . . , L}, W (global)
d

= W (l)
d

(0)

which achieves the U (global)
d

. Set U (l,local)
d

= U (l)
d

(0),

W (l,local)
d

= W (l)
d

(0).

6: for t = 1, . . . ,MIte do
7: for l = 1, . . . , L do
8: Calculate W (l)

d
(t).

9: while W (l)
d

(t) exceeds Eq. (8) constraints do
10: Re-generate W (l)

d
(t).

11: end while
12: Calculate U (l)

d
(t),V (l)

d
(t).

13: if U (l)
d

(t) > U (l,local)
d

then
14: U (l,local)

d
= U (l)

d
(t), W (l,local)

d
= W (l)

d
(t).

15: end if
16: if U (l,local)

d
> U (global)

d
then

17: U (global)
d

= U (l,local)
d

,

18: W (global)
d

= W (l,local)
d

.

19: end if
20: end for
21: end for
22: Calculate Anew (d) as the set of DAs newly covered

by drone-cell d.

23: Update A(d + 1) = A(d) − Anew (d).

24: end for

For each drone-cell d, PSO algorithm is used to calculate

its best deployed position in 3D space. With each drone-cell

being independently deployed, the spatial ergodicity of DI-

PSO is increased which leads to higher probability of finding

global optima. Meanwhile, the set of DAs to be covered by

drone-cell d (A(d)) is updated by each drone-cell iteration

with only uncovered DAs remaining in it. This mechanism
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can reduce the times of re-generating W (l)
d

(t) through prevent

inter-drone-cells interference in a proactive way.

V. NUMERICAL RESULTS

Several simulations are conducted to demonstrate the ef-

fectiveness and advantages of proposed DI-PSO algorithm.

Considering the single BS scenario in urban environment,

the simulation parameters are listed in Table. I. WiFi bands

are chosen as carriers fc for their usages in previous works

and commercialized drone products [18] [12]. To reduce

interference, 5GHz and 2.4GHz WiFi bands are allocated to

D2U and D2B communications respectively. Both γdu and γdb
are set within the range used by related works [9].

TABLE I
SIMULATION PARAMETERS

Simulation Parameters Numerical Values

BS coverage radius RBS 900m
(a, b, ηLoS, ηNLoS ) (9.61,0.16,1,20)
D2U fc 5GHz
D2B fc 2.4GHz
(γdu, γdb ) (97dB,110dB)
DA size 20m × 20m
NAmax 15
NImax 2

Fig. 3 shows one drone-cell deployment generated by the

DI-PSO algorithm where NDA equals 20 and NDC equals 10.

The triangle dot is the BS, square dots indicate DAs and

circle dots represent drone-cells. DAs covered by the same

drone-cell are denoted as the same color as the drone-cell’s.

In this example, 19 out of 20 DAs are covered by drone-cells

with only one DA locating near the edge of the BS coverage

uncovered. Since all drone-cells have to guarantee D2U and

D2B pathloss less than γdu and γdb simultaneously, the

marginal location of the uncovered DA implies no drone-cell

can be allocated for it without breaking pathloss constraints.

The label of each drone-cell in Fig. 3 represents its iteration

order d in DI-PSO algorithm. The first deployed drone-cell is

allocated 5 DAs, while the fifth to tenth drone-cells can only

occupy 1 DA by each. This trends is caused by updating A(d)

per-iteration with only uncovered DAs being left. The A(d)

updating can be regarded as one kind of greedy mechanism

which ensures DI-PSO algorithm finding maximal coverage

for any NDC .

Fig. 4 compares the coverage performance between pure

PSO and DI-PSO algorithms with different number of drone-

cells. Using the same DAs scenario shown in Fig. 3, 100

times simulations are conducted for each algorithm under

each drone-cell number. As shown in Fig. 4, two algorithms

are comparable with only 1-2 drone-cells being deployed.

By adding the number of drone-cells, the DI-PSO curve

keeps increasing linearly. While the pure PSO curve fluctuates

around half of total DAs number with little increasing due to

the limited diversity of its particle searching space. Besides,

little variance is achieved by DI-PSO algorithm for each NDC ,

which indicates DI-PSO’s stability of converging to optimized
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Fig. 3. Drone-cell deployment example generated by DI-PSO algorithm, a)
3D view, b) 2D projection on X-Y plane.

results. For pure PSO algorithm, the variances are relatively

larger.

Fig. 5 shows the coverage ratio compirasion between two

algorithm under 20, 50, 100 number of DAs scenarios re-

spectively. The number of drone-cells are fixed as 10. For

each DAs number, 100 kinds of DA distribution are generated

for two algorithms running Monte Carlo tests. As Fig. 5

indicating, coverage ratios of both algorithms are decreasing

by increasing the number of DAs. Since larger number of DAs

leading to higher density of DAs within the fixed BS coverage

area, the serious inter-drone-cell interference caused by the

high DAs density is the main reason decreasing coverage

ratios. Comparing with the pure PSO algorithm, the DI-PSO

algorithm achieves higher coverage ratios and maintain less

variances in all scenarios.
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VI. CONCLUSION

Leveraging the drone-to-ground channel model, the 3D

deployment problem of drone-cell in DA-RAN is formulated

by us, with an optimized solution based on the DI-PSO

algorithm being proposed. Comparing with the pure PSO

based solution, higher DAs coverage ratio and more stable

convergence can be achieved by the DI-PSO approach. With

drone-cells’ capabilities of providing LoS A2G links and

enabling dynamic deployments, this paper expects to shed

light on the DA-RAN research. In future, the drone-cell

allocation issue among multiple BSs should be investigated to

enhance the flexibility of DA-RAN. Meanwhile, considering

the limited battery capacity of each drone-cell, the drone-cell

scheduling mechanism should be explored to maintain drone-

cell’s capability of providing long-term services.
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