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Abstract— Reconfigurable intelligent surfaces (RIS) have 
been recently proposed as an emerging technology to enhance 
wireless coverage. In this paper, we examine the performance of 
RIS-enabled unmanned aerial vehicle (UAV)-assisted 
communications in comparison with decode-and-forward (DF) 
relaying. Our results quantify the number of RIS elements 
required to outperform DF relaying in terms of the achievable 
rate. Additionally, we demonstrate effect of the UAV height on 
the total transmit power.  
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I. INTRODUCTION  

Reconfigurable intelligent surfaces (RIS) have been 
recently discussed as an inexpensive and energy-efficient 
technology for improving the spectrum efficiency and 
coverage of wireless networks [1]. The RIS is a massive array 
of low-cost reflecting or scattering passive elements, which 
can be configured to change the incident wave phase, 
amplitude, frequency, or polarization. The RIS can be easily 
integrated into wireless communication networks to smartly 
control the random radio environment, so as to improve the 
coverage, throughput, and energy efficiency [1]. Relays are 
also widely recognized as a promising solution for wireless 
network coverage extension. Similar to the RIS, relay-
supported links experience better channel propagation 
conditions compared to the direct transmission links in case of 
weak or blocked direct paths. Relays can be classified 
depending on the relaying protocol into amplify-and-forward 
(AF) and decode-and-forward (DF) relaying. Although the AF 
relays are less complex, they also amplify the signal noise [2], 
whereas the DF relays show better performance in terms of 
signal-to-noise ratio (SNR) and achievable rate. 

 The development of unmanned aerial vehicles (UAVs) has 
recently accelerated, especially in civilian applications, such 
as traffic monitoring, drones’ photography, and delivery 
services. The unique features of the UAVs and their channel 
characteristics introduce several challenges to UAV 
communications [3]. RIS has been recently proposed as an 
emerging technology to enhance the UAV communications. 
The authors in [2] proposed a comparison between RIS and 
DF relaying-supported transmissions. Their results show that 
RIS should be equipped with a large number of elements to 
outperform the relay. In this paper, we compare the 
performance of RIS and relay assisted UAV communications, 
using channel gains modelled by 3GPP for aerial vehicles, in 
terms of achievable rate and power requirements. In addition, 
this paper also investigates the effect of varying the UAV 
height on the system performance. 

II. SYSTEM MODEL 

In this paper, we consider a downlink transmission system 
consisting of a single antenna terrestrial base station (BS) and  

 

Fig.1: RIS/relay-assisted UAV communication system. 

a UAV that acts as an aerial user equipment (UE). The 
transmission is either supported by a DF relay or an RIS, as 
shown in Fig. 1. We assume that the relay and the UAV are 
equipped with a single omni-directional antenna. The RIS is 
equipped with a uniform linear array (ULA) of 𝑀 reflecting 
elements. The links from the BS to the RIS, and from the RIS 
to the UAV are assumed to be line-of-sight (LOS) channels. 
We assume a non-line-of-sight (NLOS) channel model for the 
link from the BS to the UAV. Three different modes of data 
transmission are considered: (i) direct or single-input single-
output (SISO) transmission, (ii) RIS-supported transmission, 
(iii) relay-supported transmission.  

A. Direct transmission  

Let 𝑥 be the transmitted signal and ℎௌ௎ ∈ ℂ represents the 
channel gain between the BS and UAV, accordingly, the 
received signal at the UAV can be written as:  

                               𝑦 =  ℎௌ௎𝑥 + 𝑛 ,                                  (1) 

where 𝑛 ~ 𝒞𝒩(0, 𝜎)  is the additive white Gaussian noise 
(AWGN) with zero mean and 𝜎 variance. 

Using (1), the rate at the UAV is given by: 

                          𝑅ௌூௌை = logଶ ቀ1 +
௣|௛ೄೆ|మ

ఙమ ቁ ,                      (3) 

where 𝑝 is the power of the transmitted signal.  

B. RIS-supported transmission  

In this setup, the RIS reflects the incident signal in the 
direction of the UAV. Let Θ =  ൛𝑒௝ఏభ , 𝑒௝ఏమ , … , 𝑒௝ఏಾൟ be the 
diagonal phase-shift matrix for the RIS, where 𝜃௜ ∈ [0,2𝜋), 
𝑖 ∈ {1, … , 𝑀} is the phase shift of the ith reflecting element, 
and 𝛼 ∈ [0,1)  is the RIS reflection coefficient. Then the 
received signal at the UAV is:  

                  𝑦 =  (ℎௌ௎ + 𝛼ℎௌோ
் Θℎோ௎)𝑥 + 𝑛 ,                  (4) 

where ℎௌோ and ℎோ௎ ∈ ℂ are the channel gains from the BS to 
the RIS and from the RIS to the UAV, respectively.   

Based on (4), the SNR at the UAV can be written as: 

                              𝛾 =
௣ห௛ೄೆାఈ௛ೄೃ

೅ ஀௛ೃೆห
మ

ఙమ .                            (5) 

To minimize the transmit power, the RIS elements phase 
shifts are selected to coherently combine the signals from 



different paths. Hence, the maximum instantaneous SNR at 
the UAV is written as: 

                         𝛾 =
௣ห௛ೄೆା௛ೄೃ

೅ ௛ೃೆห
మ

ఙమ  .                               (6) 

Using (4) and (6), the maximum rate at the UAV can be 
written as: 

                  𝑅ோூௌ = logଶ ቆ1 +
௣ห௛ೄೆା௛ೄೃ

೅ ௛ೃೆห
మ

ఙమ ቇ .                  (7) 

C. Relay-supported transmission 

The relaying system transmission is divided into two 
stages; in the first stage the BS sends the signal to the relay, 
and the signal received by the relay can be written as: 

                           𝑦ଵ =  ℎௌோ𝑥ଵ + 𝑛ଵ ,                               (8) 

where ℎௌோ ∈ ℂ is the channel gain from the BS to the relay, 
𝑥ଵ is the transmitted signal from the BS, and 𝑛ଵ ~ 𝒞𝒩(0, 𝜎) 
is the AWGN at the relay. In the second stage the relay 
decodes the received signal and forwards it to the UAV. 
Therefore, the signal received by the UAV can be written as: 
                                  𝑦ଶ =  ℎோ௎𝑥ଶ + 𝑛ଶ ,                            (9) 

where ℎோ௎ ∈ ℂ is the channel gain from the relay to the UAV, 
𝑥ଶ  is the transmitted signal from the relay, and 
𝑛ଶ ~ 𝒞𝒩(0, 𝜎) is the AWGN of the second stage. 

 The UAV receiver performs selection combining to obtain 
the desired signal. Utilizing (8) and (9), the SNR of the DF 
relay-supported transmission can be expressed as [2]: 

               𝛾 = min ቀ
௣భ|௛ೄೃ|మ

ఙమ ,
௣భ|௛ೄೆ|మ

ఙమ +
௣మ|௛ೃೆ|మ

ఙమ  ቁ ,               (10) 

where 𝑝ଵand 𝑝ଶ are the powers of the transmitted signals from 
the BS and the relay, respectively.  

Using (10), the rate at the UAV is: 

𝑅ோூௌ =
ଵ

ଶ
logଶ ቆ1 + min ቀ

௣భ|௛ೄೃ|మ

ఙమ ,
௣భ|௛ೄೆ|మ

ఙమ +
௣మ|௛ೃೆ|మ

ఙమ  ቁቇ .  

(11) 
The values 𝑝ଵand 𝑝ଶ are optimised to maximize the rate using 
[4, proposition.1], while maintaining the same power as the 
RIS case.  

III. NUMERICAL RESULTS AND DISCUSSION 

In this section, simulation results are represented to 
evaluate each transmission mode. The channel gains are 
modelled using the 3GPP Urban Micro (UMi) for aerial 
vehicles “from [4], Table B-1”  with a carrier frequency of 3 
GHz. We extended the setup in [2] to a three-dimensional 
setup to fit the used channel models as illustrated in Fig. 2.  

Fig. 3 shows the achievable rate for SISO, RIS with 
varying number of elements, and DF relaying. It is observed 
that RIS needs more than 100 elements to improve upon the 
DF relay performance. Fig. 4 shows the transmit power that is 
needed to achieve a rate of R = 6 bit/s/Hz for different 
transmission modes and different UAV heights with (𝑀 =
150). The SISO scenario requires the highest power and the 
DF relay-assisted transmission requires the least power.  It can 
be also noticed that the gap between RIS and DF relaying 
decreases as the UAV height increases, and RIS achieves 
better performance than the DF relaying in the case of high 
altitudes. The reason is that for higher UAV altitudes the 
channel gain for NLOS link slightly improves. On the other 
hand, it becomes worse for the LOS link, and the relay-
supported links experience better channel gain compared to 
the direct transmission in case of weak direct links. 

 

Fig.2: The simulation setup for IRS/relay-assisted UAV 
communication system. 

 

Fig.3: The achievable rate for different transmission modes as 
a function of distance d, with a fixed UAV height h = 25 m. 

 

Fig.4: The transmit power needed to achieve a rate of R = 6 
bit/s/Hz as a function of UAV height, with d = 70 m.  

IV. CONCLUSION  

A comparison between the performance of RIS and relay- 
assisted UAV communications was presented. Results show 
that the RIS should be equipped with more than one hundred 
elements to match up to a single DF relay performance in 
terms of achievable rate. It was also observed that an RIS with 
sufficiently high number of elements attains a better 
performance, in terms of power requirements, in the case of 
high UAV altitudes.   
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