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I. Introduction
With the increasing trend of unmanned aerial vehicles (UAVs) applications,
UAV-based base station(BS) has gained signiﬁcant popularity for rapid
deployable networks. In practice, to achieve high-speed or reliable wireless
communications with the UEs, the ﬂight altitude of UAVs is not very high in
the consideration of the limited power supply and the path loss (PL). On the
other hand, if the ﬂight altitude is too low, the multi-paths generated by the
earth surface or buildings may cause non-light of sight (NLoS) fading affect,
leading to the lower capacity for the given transmitting power and the
limitation of the coverage size. Therefore, it is worth to explore the ﬂight
altitude property in the low-altitude scenarios, so as to maximize the coverage
size. In addition, the directional antenna equipped at the UAV is also an
important fact for air-to-ground communications. In order to improve the
energy-efﬁciency under the limited power supply in UAV, the directional
antennas are always selected to focus the transmitting power to the ground
coverage. Intuitively, under the given transmitting power and the ﬂight
altitude, when the beam angle is small, although each UE has the good signal
quality in the coverage area, the coverage radius is short, which greatly
constrains the communications service. If the UAV selects the larger beam
angle to expand the radio coverage, the transmitting power will be diluted in
the air, causing the lower signal noise ratio (SNR) or capacity in the coverage.
Under this situation, the effective coverage area in which the capacity is
larger than the threshold is also limited. Therefore, selecting the appropriate
ﬂight altitude and beam angle to maximize the coverage area is a important
problem in the UAV communications.

affected by the obstacle, such as trees or buildings on the ground, causing the
higher PL.
On the other hand, according to the antenna property [2],the relationship
between the antenna gain and the angle of the sector antenna can be
approximately expressed as:

Ga (dBi ) = 10lg ( 9.7 / ( E ,3dB   H ,3dB ) )

(3)

where  E ,3dB and  H ,3dB are the elevational angle and horizontal angle of the 3dB
gain. To maximize the wireless coverage, we set  E ,3dB=  H ,3dB=Θ. Meanwhile, for
easily calculation, we also make the assumption that when the UEs are out of
the antenna beam, they can not get the reliable links with the UAV.
For the given H and θ ≤ Θ, the transmitting distance between the UAV and UE
n in the antenna beam is H/cos(θ). According to the channel model in Eq. 1 and
antenna gain in Eq. 3, we can get the received SNR by n is shown as:
 n ( H ,  ) = 10lg ( P) − Ga ( ) − PL( H ,  )

(4)

where Γn denotes the SNR with dB, and is affected by H and θ. For the value
of Ga(θ),if θ ≤ Θ, Ga(θ) follows Eq.3. Otherwise, Ga(θ)=0.Therefore, the
capacity between UAV and n is
 /10
(5)
C ( H , ,  ) = lg (1 + 10  )
n

2

where  2 denotes the noise power. We use effective radius of radiation to
quantify effective coverage area. To maximize the effective coverage area in
which C> Cth , we must adjust H and Θ synchronously under the given
transmitting power P. Obviously, it is a typical joint 2-D optimization
problem and can be formulated as:
arg max R = H tan( th )
H ,

Subject to :
C ( H , ,  th ) = Cth ,
C ( H , ,  )  Cth

for

   th ,

P  Pmax ,

th  ,
0    ;

III. Simulation Results
Fig. 1 System model: the aerial base station (ABS) equips the directional antenna and hovers over
the UEs to provide the communication service with different altitudes and coverage sizes.

Here we utilize the particle swarm optimization (PSO) [3] to ﬁnd the optimal
solution by 2-dimensional search.

II. Analysis
Here we consider a typical low altitude coverage scenario wherein one UAV
hovers in the air to provide the wireless coverage for the UEs on the ground.
The ﬂight altitude is set as H and the beam angle of the directional antenna
equipped at the UAV is denoted by Θ, for the purpose of the energyefﬁciency. To guarantee the basic wireless channel capacity in the coverage
area, we set a capacity threshold Cth to decide the effective coverage area, out
of which the UAV can not communicate with the UEs, as shown in ﬁg. 1. In
detail, the air-to-ground channel is modeled by the equation:
PL =

 LoS −  NLoS
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Fig. 3: The local optimal R vs. Θ

Ⅳ. Conclusion
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Fig. 2: The coverage radius vs. the ﬂight altitude H. (a) P =27dBm; (b) P =30dBm; (c) P =33dBm

Where  LoS and  NLoS are the mean additional losses for light of sight (LoS) and
non-light of sight (NLoS). Here NLoS is caused by the obstacle between the
transceivers under low altitude communications. The value of (  LoS ,  NLoS ) pair
is different under different kinds of scenarios. f shows the carrier frequency. R
denotes the coverage radius. a and b can be calculated by the following
equation:

z =  Cij ( )i 

(b)

(2)

j =0 i =0

where z represents a or b. (α,β,γ)=(0.1, 750, 8) for suburban scenario [11].
According to the above equations, for the same transmitting distance, when the
UAV has the lower ﬂight altitude, the PL will be larger than that for the higher
altitude. This is because the radio signals in lower altitude situation could easily

In this paper, we proposed the energy-efﬁcient coverage strategy for UAVbased BS under the constraint of the transmitting power. After modeling the airto-ground channel in low altitude scenario, we set up the relationship between
the antenna beam angle and antenna gain. Finally, we formulated the coverage
problem as the 2-D optimization, and found the optimal parameters by
introducing PSO to ﬁnd the optimal solution.
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