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 This paper studies a cooperative relay network that comprises an unmanned 

aerial vehicle (UAV) enabling amplify-and-forward (AF) and power splitting 

(PS) based energy harvesting. The considered system can be constructed in 

various environments such as suburban, urban, dense urban, and high-rise 

urban where the air-to-ground channels are model by a mixture of Rayleigh 

and Nakagami-m fading. Then, outage probability and ergodic capacity are 

provided under different environment-based parameters. Optimal PS ratios 

are also provided under normal and high transmit power regimes. Finally, the 

accuracy of the analytical results is validated through Monte Carlo methods. 
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1. INTRODUCTION 

Enhancing and prolonging the lifetime of wireless networks under various environment has been a 

crucial mission for future green communication networks. One promising approach is to deploy unmanned 

aerial vehicles (UAVs) into practices to meet various exceptional requirements in different environment, e.g., 

disastrous land site, military in mountainous areas, and traffic control in dense urban [1]-[6]. Among these 

applications, ground equipments served by UAVs can either experience line-of-sight (LoS) or non-line-of-

sight (nLoS) links. Therefore, UAV can play a major role in enhancing throughput as well as greatly improve 

reliability [7], [8]. 

Exploiting UAV as a relay in cooperative communication scenarios has attracted many researchers 

and there are still ongoing works on such topics. In fact, UAV possess flexible deployment characteristics 

and thus various systematic parameters such as average throughput, and spectral efficiency, can be greatly 

enhanced by optimizing UAV placement in 3D Euclidean space, i.e., trajectory optimization [9]-[14], 

deploying multiple-UAV to assist ground equipment [13], [14], power control [15], [16] and resource 

allocation [17]. Power splitting-based energy harvesting (PSEH) has been viewed as a future technology that can 

exploit a portion of radio frequency (RF) signal to recharge the battery in energy-constrained equipment [18]. Up 

to now, there are many works on the performance analysis of UAV-aided cooperative relay network with 

PSEH. However, the performance under different communication environments exploiting A2G/G2A 

channel characteristic is still not reported in the literature. 

https://creativecommons.org/licenses/by-sa/4.0/
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Motivated by the aforesaid works, this paper examines the performance of UAV-aided cooperative 

regenerative relaying network under various environments, such as suburban, urban, dense-urban, and high-

rise urban. In addition, PSEH technology is employed to opportunistically prolong the flight time of the 

UAV. Particularly, the UAV harvests energy from the ground transmitter (GT) and then consumes the 

harvested energy to forward information to the ground receiver (GR). Amplify-and-forward (AF) relaying 

scheme is employed at the UAV to assist the information exchange from GT to the desired GR. Moreover, 

air-to-ground (A2G) and ground-to-air (G2A) channels are modeled with respect to LoS and nLoS 

conditions. Then, a closed-form expression for the outage probability and the average throughput under 

various environments are then provided. Optimal parameters of the PSEH receiver are also studied for 

deployment insights. The main contributions of this research can be focused on as the following: 

− We propose an UAV-assisted relay system under various environments where the relay node jointly uses 

AF relaying and PSEH protocol to help terrestrial nodes. 

− The performance of the considering system is examined over various environments, in which novel 

analytical results for the outage probability and ergodic capacity are given.  

− Then, the results are validated via Monte Carlo method. 

 

 

2. RESEARCH METHOD 

Consider an UAV-assisted relay system in which the ground transmitter (GT) wishes to 

communicate with the ground receiver (GR). Assuming that the direct GT-to-GR link is unavailable due to 

multiple blockages and heavy shadowing and thus a PSEH-enabled UAV (V) using AF relaying protocol is 

deployed to assist the terrestrial communication. The harvested energy from the ground transmitter is 

exploited to forward the information to the ground receiver. We assume the block fading model, in which all 

channels are invariant during a specific time block T but then varies independently from other blocks. All 

nodes are assumed to be equipped with a single half-duplex antenna. The A2G and G2A channels, i.e., the 

UAV-to-GR (V2R) and GT-to-UAV (T2V) channels, are modeled via LoS and nLoS small-scale and large-

scale propagation. 

 

2.1.  The A2G/G2A channel model 

In this paper, the A2G and G2A channel model proposed in [19] is adopted. Particularly, let ℎ𝑋𝑉 be 

the channel coefficient between node 𝒳 ∈ {𝑇, 𝑅} and the UAV, thus  

 

ℎ𝑋𝑉 = {
𝑔𝑋𝑉√𝑎𝑋𝑉𝑑𝑋𝑉

−𝜀 , 𝑓𝑜𝑟 𝐿𝑜𝑆 𝑙𝑖𝑛𝑘𝑠

𝑔𝑋𝑉√�̅�𝑋𝑉𝑑𝑋𝑉
−𝜀 , 𝑓𝑜𝑟 𝐿𝑜𝑆𝑛 𝑙𝑖𝑛𝑘𝑠

 (1) 

 

in which 𝛼𝑋𝑉 and �̅�𝑋𝑉 are the attenuation coefficients under LoS and nLoS condition, respectively, 𝑑𝑋𝑉 is the 

distance between X  and the UAV and 𝜀 is the path loss exponent. Accordingly, the probability of LoS 

connection can be modeled by Bernoulli distribution with parameter [19] 𝜌𝑋𝑉 = [1 + 𝜓𝑒𝑥𝑝(−𝜔(𝜃 − 𝜓))]
−1

, in 

which 𝜓 and 𝜔 are the environmental parameters, 𝜃 = 180𝑎𝑟𝑐𝑡𝑎𝑛(ℎ𝑉 𝑟𝑋𝑉
−1 𝜋⁄ ) denotes the elevation angle of 

the UAV with ℎ𝑉 being the distance between the UAV and the ground, and 𝑟𝑋𝑉 is the distance between node 

X to the projection of UAV in the ground. In addition, the probability of nLoS link also follows Bernoulli 

distribution with parameter �̅�𝑋𝑉 = 1 − 𝜌𝑋𝑉. Further, the small-scale propagation of the A2G and G2A link is 

modeled by Nakgami-m fading for the LoS links and Rayleigh fading for the nLoS links. Particularly, the 

PDF of the channel power gains |𝑔𝑋𝑉|
2 and |�̅�𝑋𝑉|

2 follow Gamma and exponential distribution, respectively. 

Hence, the PDFs of |𝑔𝑋𝑉|
2 and |�̅�𝑋𝑉|

2are given by [20], 

 

𝑓𝑋𝑉2(𝑥) =
1

(𝑚𝑋𝑉−1)!
(
𝑚𝑋𝑉

Ω𝑋𝑉
)
𝑚𝑋𝑉

𝑥𝑚𝑋𝑉−1𝑒
−
𝑚𝑋𝑉
Ω𝑋𝑉 , 𝑥 > 0 (2) 

 

𝑓𝑋𝑉2(𝑥) =
1

Ω𝑋𝑉
𝑒
−

𝑥

Ω𝑋𝑉 , 𝑥 > 0 (3) 

 

respectively, where Ω𝑋𝑉 specifies the average channel power gain. In addition, the corresponding CDFs can 

be expressed as (4), (5); 

 

𝑓𝑋𝑉2(𝑥) = 1 − 𝑒
−
𝑥𝑚𝑋𝑉
Ω𝑋𝑉

∑
𝑥𝑚

𝑚!
(
𝑚𝑋𝑉
Ω𝑋𝑉

)
𝑚𝑚

𝑋𝑉−1

𝑚=0 , 𝑥 > 0 (4) 
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𝑓𝑋𝑉2(𝑥) = 1 − 𝑒
−
𝑥𝑚𝑋𝑉
Ω𝑋𝑉 , 𝑥 > 0 (5) 

 

2.2.  The A2G/G2A channel model 

During the first time slot, the GT broadcasts unit energy information signal 𝑆𝑇. Therefore, the 

received signal at the information receiver in the UAV can be formulated as (6), 

 

𝑦𝑉 = √(1 − 𝛽)𝑃𝑇ℎ𝑇𝑉𝑠𝑇 + 𝑛𝑉 (6) 

 

in which 𝑛𝑉~𝒞𝒩(0, 𝜎
2) specifies the additive white Gaussian noise (AWGN) with zero mean and variance 

𝜎2, 𝑃𝑇  denotes the transmit power and 𝛽𝜖(0,1) denotes the power-splitting ratio. 

At the UAV, a portion of the received power is exploited for energy harvesting. Assuming that the 

power harvested from the AWGN is negligible, the harvested power due to PS-based EH scheme can then be 

given by [21]-[24] 𝑃𝑉 = 𝜂𝛽𝑃𝑇|ℎ𝑇𝑉|
2 in which the coefficients 𝜂𝜖(0,1) presents the DC-to-RF conversion 

efficiency. 

Subsequently, the UAV amplifies the received signal 𝑦𝑉 with the variable gain factor 𝐺𝑉 =

√
𝑃𝑉

(1−𝛽)𝑃𝑇|ℎ𝑇𝑉|
2+𝜎2

. Accordingly, the amplified signal received at GR can then be formulated as (7), (8): 

 

𝑦𝑅 = 𝐺𝑉ℎ𝑅𝑉𝑦𝑉 + 𝑛𝑅 (7) 

 

= 𝐺𝑉ℎ𝑅𝑉√(1 − 𝛽)𝑃𝑇ℎ𝑇𝑉𝑠𝑇⏟                
𝑎𝑚𝑙𝑖𝑓𝑖𝑒𝑑 𝑖𝑛𝑓𝑜𝑟𝑎𝑚𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑔𝑛𝑎𝑙

+ 𝐺𝑉ℎ𝑅𝑉𝑛𝑉⏟      
𝑎𝑚𝑝𝑙𝑖𝑓𝑖𝑒𝑑 𝐴𝑊𝐺𝑁

+ 𝑛𝑅⏟
𝐴𝑊𝐺𝑁

 (8) 

 

in which 𝑛𝑉~𝒞𝒩(0, 𝜎
2)denotes the AWGN at the GR. 

Subsequently, the received signal-to-interference-plus-noise ratio (SINR) can then be given by (9) 

and (10); 

 

𝛾𝑒2𝑒 =
|𝐺𝑉|

2|ℎ𝑇𝑉|
2(1−𝛽)𝑃𝑇|ℎ𝑇𝑉|

2

|𝐺𝑉|
2|ℎ𝑇𝑉|

2𝜎2
 (9) 

 

=
𝛽(1−𝛽)𝛾𝑅𝑉(�̅�𝑇+𝛾𝑇𝑉)

2

𝛽𝛾𝑅𝑉�̅�𝑇𝛾𝑇𝑉+(1−𝛽)�̅�𝑇𝛾𝑇𝑉+1
 (10) 

 

in which 𝛾𝑇𝑉 ≜ |ℎ𝑇𝑉|
2, 𝛾𝑅𝑉 ≜ 𝜂|ℎ𝑅𝑉|

2 and �̅�𝑇 ≜ 𝑃𝑇 𝜎2⁄ . In addition, at the high transmit signal-to-noise ratio 

(SNR) regime (�̅�𝑇 → ∞), thus 𝐺𝑇 → √𝜂𝛽 (1 − 𝛽)⁄ . Hence, the received end-to-end (e2e) can then be upper 

bounded as (11) 

 

=𝛾𝑒2𝑒 ≤
𝛾𝑅𝑉�̅�𝑇𝛾𝑇𝑉
𝛾𝑅𝑉
1−𝛽

+
1

𝛽

≜ 𝛾𝑒2𝑒
𝑢𝑝𝑝

 (11) 

 

2.3.  Performance evaluation 

In this subsection, we study the performance of the proposed system. Specifically, bounds for the 

outage probability and Ergodic capacity are introduced and later expressed in exact analytical-forms. The 

tightness of the proposed bound will be discussed in section 3. 

 

2.3.1. Outage probability  

The outage probability (OP) is defined as the probability the e2e SINR falls below a predefined 

threshold. In other words, the OP at the ground receiver can be formulated as (12), (13); 

 

𝑃𝑜𝑢𝑡 = 𝑃𝑟{𝛾𝑒2𝑒 < 𝛾𝑡ℎ} (12) 

 

≤ 𝑃𝑟{𝛾𝑒2𝑒
𝑢𝑝𝑝

< 𝛾𝑡ℎ} ≜ 𝑃𝑜𝑢𝑡
𝑙𝑜𝑤 , (13) 

 

where 𝑃𝑜𝑢𝑡
𝑙𝑜𝑤  specifies the lower bounded e2e OP. From (13), it is depicted that 𝑃𝑜𝑢𝑡

𝑙𝑜𝑤 = 𝐹𝑒2𝑒̂ (𝛾𝑡ℎ), where 

𝐹𝑒2𝑒̂ (𝑥) specifies the CDF of the upper bounded e2e SINR. From (11) and (13), the CDF 𝐹𝑒2𝑒̂ (𝑥) can then be 

rewritten as (14); 
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𝐹𝑒2𝑒̂ (𝑥) = 𝑃𝑟 {�̅�𝑇𝛾𝑇𝑉 <
𝛾

1−𝛽
+
𝛾

𝛽

1

𝛾𝑅𝑉
} (14) 

 

= ∫ 𝐹𝛾𝑇𝑉
∞

0
(
𝛾

1−𝛽
+

𝛾

𝛽𝑥
) 𝑓𝛾𝑅𝑉(𝑥)𝑑𝑥 (15) 

 

respectively, in which 𝜆𝑇𝑉 ≜ Ω𝑇𝑉𝑑𝑇𝑉
−𝜀𝛼𝑇𝑉 , 𝜆̅𝑇𝑉 ≜ Ω𝑇𝑉𝑑𝑇𝑉

−𝜀 �̅�𝑇𝑉, 𝜆𝑅𝑉 ≜ ηΩ𝑅𝑉𝑑𝑅𝑉
−𝜀𝛼𝑅𝑉 and  𝜆̅𝑅𝑉 ≜ ηΩ𝑅𝑉𝑑𝑅𝑉

−𝜀�̅�𝑅𝑉. 

By calculation, the upper-bounded e2e CDF can be given in closed-form as (16), 

 

1 2 3 4( ) 1 ( ) ( ) ( ) ( ),F G G G Ge2e TV RV TV RV TV RV TV RV  (16) 

 

in which 1( ) ( , , , ; )G G m mTV RV TV RV , 2 ( ) ( ,1, , ; )G G mTV TV RV , 3( ) (1, , , ; )G G mRV TV RV  and 

4( ) (1, , , ; )1G G TV RV  where the self-defined function ( )·G  is presented by (17); 

 

2

2

1 1

2 1 1

2 1 2 1 2

2 1 2 1

1

1 2 1 2

0

2

0 2

2 1 1 1
( , , , ; ) exp

( 1)! 1 ! 1

1
2 ,

mm

m

m k
km

m k

k

m m
G m m

m m

m m m m m m
K

k

TV

T T

T
T

 (17) 

 

in which 𝐾𝑣(𝑥)denotes the v-th order modified Bessel function of the second kind. 

Proof: In order to derive (15) in closed-form, the CDF 𝐹𝛾𝑇𝑣(𝑥)and the 𝑓𝛾𝑅𝑉(𝑥) are required. Recalling that the 

probability of LoS and nLoS paths are modeled by Bernoulli distribution, thus 

 

   
2 2

2 2

( ) ( ),

( ) Pr Pr

g g

F x g x g x

F x F x

    

   

=  + 

= +

XV

XV XV

XV XV XV XV XV XV

XV XV XV XV

 (18) 

 

) ( ) ) ( ),( ) ( (g gf xx f xf      = +
XV XV XVXV XV XV XV XV XV  (19) 

 

in which 𝑋𝜖{𝑇, 𝑉}. By adopting the above results, we can rewrite (15) as (20); 

 

𝐹𝑒2𝑒̂ (𝛾) = 1 − 𝜌𝑇𝑉𝜌𝑅𝑉 ∫ [1 − 𝐹|𝑔𝑇𝑉|2 (
𝛾

(1−𝛽)𝜆𝑇𝑉
+

𝛾

𝛽𝜆𝑇𝑉

1

𝑥
)]

∞

0⏟                      
𝐺1(𝛾)

1

𝜆𝑅𝑉
𝐹|𝑔𝑅𝑉|2 (

𝑥

𝜆𝑅𝑉
) 𝑑𝑥  

−𝜌𝑇𝑉�̅�𝑅𝑉 ∫ [1 − 𝐹|𝑔𝑇𝑉|2 (
𝛾

(1−𝛽)𝜆𝑇𝑉
+

𝛾

𝛽𝜆𝑇𝑉

1

𝑥
)]

∞

0⏟                      
𝐺2(𝛾)

1

𝜆𝑅𝑉
𝐹|�̅�𝑅𝑉|2 (

𝑥

𝜆𝑅𝑉
) 𝑑𝑥  

−�̅�𝑇𝑉𝜌𝑅𝑉 ∫ [1 − 𝐹|�̅�𝑇𝑉|2 (
𝛾

(1−𝛽)𝜆𝑇𝑉
+

𝛾

𝛽𝜆𝑇𝑉

1

𝑥
)]

∞

0⏟                      
𝐺3(𝛾)

1

𝜆𝑅𝑉
𝐹|𝑔𝑅𝑉|2 (

𝑥

𝜆𝑅𝑉
) 𝑑𝑥  

−�̅�𝑇𝑉�̅�𝑅𝑉 ∫ [1 − 𝐹|�̅�𝑇𝑉|2 (
𝛾

(1 − 𝛽)𝜆𝑇𝑉
+

𝛾

𝛽𝜆𝑇𝑉

1

𝑥
)]

∞

0⏟                          
𝐺4(𝛾)

1

𝜆𝑅𝑉
𝐹|�̅�𝑅𝑉|2 (

𝑥

𝜆𝑅𝑉
) 𝑑𝑥 

(20) 

 

In (20), analysis for the above integrals is analogous to one another. Particularly, the first integral 

can be given as (21); 

 

𝐺1(𝛾) ≜ ∑
1

𝑚!

𝑚𝑇𝑉−1
𝑚=0 (𝑚𝑇𝑉)

𝑚𝑒𝑥𝑝 (−𝑚𝑇𝑉
𝛾

(1−𝛽)𝜆𝑇𝑉
)

1

𝜆𝑅𝑉

(𝑚𝑅𝑉)
𝑚𝑅𝑉

(𝑚𝑅𝑉−1)!
  

×∫ 𝑥𝑚𝑇𝑉−1 (
𝛾

(1 − 𝛽)𝜆𝑇𝑉
+

𝛾

𝛽𝜆𝑇𝑉

1

𝑥
)
𝑚∞

0

𝑒𝑥𝑝 (−𝑚𝑇𝑉

𝛾

𝛽𝜆𝑇𝑉

1

𝑥
− −𝑚𝑅𝑉

𝛾

𝜆𝑅𝑉
) 𝑑𝑥 

(21) 

 

By applying binomial theorem, i.e., (𝑥 + 𝑦)𝑚 = ∑ (
𝑚
𝑘
)𝑚

𝑘=0 𝑥𝑚−𝑘𝑦𝑘 and then adopting [25], 

(3.471.9), we then further express 𝐺1(𝛾) as (25), 
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𝐺1(𝛾) ≜
2

(𝑚𝑅𝑣−1)
𝑒𝑥𝑝 (−

𝑚𝑇𝑣

𝜆𝑇𝑣

1

1−𝛽

𝛾

�̅�𝑇
)∑

1

𝑚!
(
𝑚𝑇𝑣

𝜆𝑇𝑣

1

1−𝛽

𝛾

�̅�𝑇
)
𝑚

𝑚𝑅𝑣−1
𝑚=0   

𝑥∑(
𝑚
𝑘
)

𝑚

𝑘=0

(
1 − 𝛽

𝛽

𝑚𝑅𝑉

𝜆𝑅𝑉
)
𝑘

(
𝑚𝑇𝑣𝑚𝑅𝑉

𝜆𝑇𝑉𝜆𝑅𝑉

𝛾

𝛽�̅�𝑇
)

𝑚2−𝑘
2
𝐾𝑚2−𝑘 (√

𝑚𝑇𝑣𝑚𝑅𝑉

𝜆𝑇𝑉𝜆𝑅𝑉

𝛾

𝛽�̅�𝑇

2
) 

(22) 

 

In addition, the integrals 𝐺2(𝛾), 𝐺3(𝛾) and 𝐺4(𝛾) can be analogously expressed via the above equation, 

which can then be expressed via the defined function 𝐺(𝑚1, 𝑚2, 𝜆1, 𝜆2; 𝛾). Subsequently, we then obtain the 

desired result. 

 

2.3.2. Ergodic capacity 

Considering fast fading scenarios and the e2e performance is dominated by the channel condition, 

thus a more suitable performance metrics is Ergodic capacity which can capture the dynamic variant 

characteristics. Accordingly, the Ergodic capacity is defined via the received e2e SINR observed during the 

effective transmission time block, or in other words, 

 

𝐶𝑒𝑟𝑔 =
1

2
𝐸[𝑙𝑜𝑔2(1 + 𝛾𝑒2𝑒)] (23) 

 

≤
1

2
𝐸[𝑙𝑜𝑔2(1 + 𝛾𝑒2𝑒

𝑢𝑝𝑝
)] ≜ 𝐶𝑒𝑟�̂� (24) 

 

Consequently, the upper bounded Ergodic capacity, 𝐶𝑒𝑟�̂�, can then be given by [26], 

 

𝐶𝑒𝑟�̂� =
1

2 𝐼𝑛 2
∫

1

1+𝛾
[1 − 𝐹𝑒2𝑒̂ (𝛾)]

∼

0
𝑑𝛾 (25) 

 

2.4.  Optimal power splitting ratio 

In this subsection, the value of 𝛽∗ optimizing the e2e performance is formulated. First, we formulate 

the optimization problem as (26), (27); 

 

𝛽∗ =
𝑚𝑎𝑥

0 < 𝛽 < 1𝛾𝑒2𝑒 (26) 

 

=
𝑚𝑖𝑛

0 < 𝛽 < 1
𝛾𝑅𝑉�̅�𝑇𝛾𝑇𝑉

1−𝛽
+
�̅�𝑇𝛾𝑇𝑉

𝛽
+

1

𝛽(1−𝛽)⏟                
𝑓(𝛽)

 (27) 

 

 

Since 
𝛾𝑅𝑉�̅�𝑇𝛾𝑇𝑉

1−𝛽
,
�̅�𝑇𝛾𝑇𝑉

𝛽
, and 

1

(1−𝛽)
 are convex over the domain 𝛽𝜖(0,1), their sum is also convex. Hence, there 

exists a unique 𝛽∗𝜖(0,1), minimizing the objective function 𝑓(𝛽), obtained via the solution of the equality 

𝑓′(𝛽) = 0. Accordingly, 𝛽∗ can be obtained as (28); 

 

𝛽∗ =
√�̅�𝑇𝛾𝑇𝑉+1

√�̅�𝑇𝛾𝑇𝑉+1+√𝛾𝑅𝑉�̅�𝑇𝛾𝑇𝑉+1
 (28) 

 

 

3. RESULTS AND DISCUSSION 

In this subsection, Monte Carlo simulations are carried out to validate the analysis in previous 

sections. Various systematic insights are also presented for practical deployment purposes. For simplicity, let 

us assume that 𝛼𝑇𝑉 = 𝛼𝑅𝑣 ≜ 𝛼 and �̅�𝑇𝑉 = �̅�𝑅𝑉 ≜ �̅�. In addition, the environmental parameters adopted in the 

Figures 1 and 2 are provided in Table 1. 

 

 

Table 1. Environmental parameters 
 𝜓 𝜔 𝛼  �̅�  

Sub-Urban 4.88 0.43 0.1 21 
Urban 9.61 0.16 1 20 

Dense Urban 12.08 0.11 1.6 23 

High-Rise Urban 27.33 0.08 2.3 34 
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Other simulation parameters are provided as follows. The path loss exponent for the A2G and G2A 

links are 𝜀 = 2, the noise power density is -144 dBm/Hz and the bandwidth is 10 MHz. Further, the shape 

factors are 𝑚𝑇𝑉 = 3 and 𝑚𝑅𝑉 = 2, the distances are ℎ𝑉 = 2  (m), 𝑑𝑇𝑉 = 2 (m) and 𝑑𝑅𝑉 = 2 (m). Finally, the 

optimal curves utilize 𝛽∗ in (28) whereas other curves use 𝛽 = 0.8 and 𝜂 = 1. 

Figures 1 and 2 show the e2e outage probability and the Ergodic capacity versus the transmit power 

of the GT under different environmental parameters in Table 1, respectively. It is observed the simulation 

result in (12), (18) is tightly matched with the upper-bounded result using (16) which shows the effectiveness 

of the proposed analytical bound. In addition, Figures 1 and 2 show that as the transmit power at the GT 

increases, both e2e OP and Ergodic capacity can be effectively improved. Under various environments, the 

system operates badly in the sub-urban region whereas best in high-rise urban areas. 

 

 

  
  

Figure 1. Outage probability versus the transmit 

power, 𝑃𝑇(dBm), under various environments 

Figure 2. Ergodic capacity versus the transmit power, 

𝑃𝑇  (dBm), under various environments 

 

 

4. CONCLUSION  

In this paper, a unified UAV-aided regenerative relay network is proposed which jointly utilizes 

PSEH and AF protocol to assist the transmission of terrestrial nodes over various environmental settings. 

Exact expressions of the outage probability and Ergodic capacity in the high transmit power regime are 

provided. In addition, optimal operational parameters of the energy harvester in the UAV are examined in the 

normal/high transmit regime. All results are verified by adopting numerical methods and Monte Carlo 

simulation which shows the effectiveness of the proposed upper bound. The results show that high-rise urban 

is the most suitable environment to implement UAV as a relay whereas sub-urban is the most incompatible. 
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