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ABSTRACT
This paper investigates the use of Reconfigurable Intelligent
Surfaces (RIS) installed on Unmanned Aerial Vehicles (UAVs)
for a Non-Orthogonal Multiple Access (NOMA) mobile cellular
system coverage extension and sum rate maximization. The UAV
only acts as a medium to mount the RIS and therefore does not
expend any other energy aside from that used to keep it flying.

The study formulates a non-convex optimization problem to maxi-
mize the sum rate of the NOMA Cellular system by optimizing the
transmit power and the location of the UAV. Due to the complexity
of the formulated optimization problem, the study devised a heuris-
tic clustering model using the Angle of Arrival (AoA) of User
Equipment (UEs) signals at the Base Station (BS). The simulation
results show that the use of the UAV-RIS system improves the
coverage probability of the 5G and B5G network. Further, the pro-
posed heuristic clustering technique improves the system sum rate
between 8.3 to 87% depending on the transmit power of the BS.

General Terms
UAV, RIS, Heuristic K-means, clustering

Keywords
Machine Learning, NOMA, 5G, B5G, Power Domain NOMA,
Sum Rate, AoA, Coverage, Probability

1. INTRODUCTION
One of the revolutionary techniques which is anticipated to
improve 5G and B5G wireless systems is Reconfigurable Intelli-
gent Surfaces. RIS technology anticipates to create a very smart
radio propagation environment in which its conditions can be
re-engineered with the physical-layer signaling [1]. The RISs
allow wireless channel modelers to compensate the negative effect
of multipath fading by constructively combining the radio waves
i.e. reflected, refracted, scattered and diffracted from large surfaces
[2]. The core technology behind RIS concept is the metamaterials
which makes up the surfaces.

It is important to note the following distinguishable features
between RIS and other related technologies such as MIMO
beamforming, backscatter communication and relaying (DF and
AF) [3]:

—RIS are considered as a contiguous surface, thus, can shape the
wave impinging on it at any point through soft programming.

—They are practically passive in nature.
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—Also, RIS are not affected by receiver noise, and do not re-
quire analog-to-digital/digital-to-analog converters (ADC/DAC)
and power amplifiers.

—They can work on any operating frequency and thus, have full-
band response characteristics.

—RIS can quickly and easily be deployed, for example on build-
ings, human clothing, ceilings of factories and indoor spaces.

Due to these distinctive features, future wireless systems are evolv-
ing towards network functional virtualization and reconfigurable
platforms and every single aspect of the network will have the
ability to adapt itself to the changes in its propagation environment
[4]. The authors in [5], demonstrated that microwave modulators
installed separated apart have the ability to passively, complicate
microwave electromagnetic fields located in rich cluttered and
complex wireless environments. The shaping can be done using
only binary phase state tunable meta-surfaces. In their [6] attempt
to alter and or control indoor coverage, 3-D reflectors were
mounted on wireless Access Points (APs). These non-optimized
static-shaped reflector designs have been introduced decades ago
to extend the wireless coverage in indoor as well as outdoor
environments. A software controlled hyper-surfaces concept was
proposed by [7] to enable complete manipulation of the EM waves.
A lightweight IoT gateway; the intelligent surfaces comprising su-
per thin meta atoms receive commands from a controller to adjust
their behavior by steering, absorbing and focusing impinging EM
waves in any direction.

Emil Bjornson et’al in [8] provided a comprehensive tutorial
on the basic properties of RIS technology based on signal pro-
cessing perspective. The work was to serve as a complement
to existing scenarios/studies on electromagnetic and hardware
aspects [9], acoustics [10], communication theory, and localization
[8]. Tractable mathematical derivations were provided to fully
understand and analyze RIS-aided systems using signal processing.
The derived formulas were used to illustrate how RIS can improve
wireless communication, localization, as well as sensing through
simulation.

Despite the significance of RIS in future wireless system,
there are challenges associated with the optimal positioning of
the RIS to improve performance. The authors of [11] performed
downlink coverage analysis on an RIS assisted network comprising
one base station and one user equipment. The orientation and the
distance between the BS and RIS significantly influences the cell
coverage which motivated the authors to formulate an RIS place-
ment optimization problem. To solve the optimization problem,
a coverage maximization algorithm (CMA) was proposed, and a
closed-form optimal RIS orientation was obtained to produce very
good results. [12, 13] used a conjugate gradient and particle swarm
optimization scheme to jointly optimize the RIS phase shifts and
Aerial Base Station (ABS) altitudes. The formulated problem
was divided into sub-problems and was solved by applying an
alternative optimization method. A detailed system level modelling
of RIS-assisted cellular network was conducted in [12] in which
a 3-dimensional channel model between the BS, RIS and UE was
considered. It was proved that, to achieve optimal coverage, the
best RIS placement is exactly opposite the BS with a constraint of
using one RIS for each sector of the BS.

Further, the transition to mmWave implies that 5G and be-
yond systems will primarily depend on LOS in contrast to heavy
cluttered lower Gigahertz (below 6GHz) communication. If an

LOS is absent, the performance of the system degrades and
therefore necessities the development of techniques to improve
the propagation environment [14]. RIS technology is a suitable
technique designed to alter the propagation channel to improve
performance especially for cluttered users. In previous stud-
ies, UAVs serve as flying base stations which transmits signals to
users underlay thereby exerting power constraints on the UAV [15].

This study identified two main challenges in UAV and RIS
technologies for 5G and B5G NOMA Cellular Networks; power-
ing a flying UAV has been identified as one of the main challenges
of future 6G aerial networks and also optimal positioning of the
RIS to maximize system performance is another challenge of RIS.

To address the aforementioned challenges, this study pro-
posed a UAV mounted RIS scenario where the UAV only needs
power to keep it afloat (not acting as a BS). Further, the mobility
nature of the UAV is leveraged to optimally position the RIS in
order to maximize the cellular sum rate as well extending coverage.
A heuristic k-means based unsupervised learning scheme is there-
fore developed to group the UEs into two clusters (blocked and
unblocked) and the 5G/B5G cellular system allocate appropriate
transmit powers using PD-NOMA technique.

The rest of the paper organized as follows; Section II presents
our proposed RIS UAV mounted scenario, Section III gives the
received signal strength analysis. In Section IV, the results are
presented while conclusions are drawn in Section V.

2. UAV MOUNTED RIS 5G/B5G CELLULAR
NETWORK SCENARIO

2.1 Re-configurability and Intelligence of the Elements
In this section, the study develops a UAV-RIS mounted system to
provide coverage to users which are blocked by impairments such
as trees, high rise buildings, etc. This scenario is most applicable
in urban areas characterized by heavy clutter. An RIS is a planar
array comprising many elements which are passive in nature.
The passiveness lowers the cost of these devices since there is no
need to integrate it with radio frequency circuits in the surface.
A controller coherently adjust the phases of each element to alter
the phases of signals sent to users. This configuration has been
reported to provide optimal wireless systems performance for 5G
and beyond systems [20].

Re-configurability is a very vital property of RIS technology
which may be provided autonomously by the RIS controller or
externally by the BS. RIS configurations can be static or dynamic.
Static configuration is for example, used to extend coverage to
specific black spots; however, to achieve better performance, the
configuration must be dynamic or semi-static because the served
user terminal(s) may change its (their) location(s) [16]. This study
adopted the dynamic configuration to accommodate the mobility
of the user terminals. There is little SNR improvement by the
addition of the RIS to the cellular system if the elements are not
intelligent to control the phase of the signals to the users [21].
Without the intelligence and phase tuning, the elements just act
as reflectors and this could result in the cancellation of the direct
and reflected signals. Thus, it is essential that the phase of the
RIS elements are controlled in order to coherently combine the
individual element reflections. This will enable the arrival of the
direct and reflected signals with the same phase [21].
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For the above to be realized, the channel state information is
required. Several works on wireless radio resource allocation
presumed a perfectly known CSI between the transmitter and
UEs [22- 23]. The RIS setup in the system model shown below
fully implements the phase tuning, i.e. the intelligence using the
CSI from the users. This study assumes that the phase shifting
capability of the RIS is ω, and the RIS can generate phase shift in
a range of 0 to ω. The parameter ω is k-bit uniformly quantized.
That is the programmable components such as varactor diodes or
PIN diodes are controlled, to generate 2k patterns of the reflection
coefficients. For details on in-depth analysis of the phase shifting
capability, an interested reader is referred to [22].

2.2 System Model and Received Signal Strength
Analysis for Blocked and unblocked Users

The figure below shows the system model considered in this
paper. The UAV is only acting as a medium to mount the RIS and
therefore does not expend any other energy aside from that used to
keep it flying.

The BS is deployed on ground with transmit power (pt).
The BS serves several users within its coverage area; however,
due to the heavy clutter (high rise buildings, tress and other
impairments), many of the users are unserved. As shown in the
system model in Figure 1, some of the signals are sent to the RIS
mounted on the UAV; which are in turn reflected intelligently by
its elements to serve the blocked users.
This study assumes the unblocked users are only served by the BS
and their received signal is given as

γ = ptgtα
−n + σ, (1)

where gt is the antenna gain of the BS, α−n is the pathloss from
the BS to the unblocked users and σ is the noise in the channel.

For the blocked users, the received signal is given as

γ1 = Γptgtα
−nα−n

1 + σ, (2)

Fig. 1. System Model for RIS UAV mounted RIS

where α−n
1 is the pathloss from the RIS to the blocked users, Γ is

the reflection coefficient of the RIS given as

Γ = (ψair − ψRIS)(ψair + ψRIS)
−1, (3)

The value of Γ depends on the metamaterials which make up the
RIS. For free space (air) the impedance (ψair) is 377Ω. Note that
the above expression implements the RIS like a normal reflector
without any phase tuning. This study implements the tuning and
reconfiguration at the RIS controller. Using MatLab, this study es-
timate the channel state information and repeat the simulation to
obtain the channel phase as similarly done in [22].

2.3 Power Domain NOMA Resource Allocation
The above received signal strength analysis considers uniform
power transmission to both the RIS and the unblocked users.
However, this will put the blocked users a huge disadvantage given
that their signals passes through two routes coupled with high
attenuation, i.e. additional propagation losses (PL) from the RIS to
the users. The power domain NOMA (PD-NOMA) scheme [24] is
adopted here to allocate optimal power to both the unblocked and
blocked users.

The received signal at a given unblocked user is therefore
given as

γ
′
= h1ϵpt + σ, (4)

In PD-NOMA systems, different powers are allocated to different
users based on their PL and channel conditions. For ease of
analysis and without loss of generality, the study assumes that
all unblocked users have similar if not the same propagation
conditions and are allocated equal power i.e. ϵpt with ϵ defined as
the fraction of the transmit power allocated to the respective users.

For the users served by the RIS, the received signal strength
is

γ
′
1 = (ψair − ψRIS)(ψair + ψRIS)

−1h2h3(1− ϵ)pt + σ, (5)

where h2, h2 and h3 are the channel responses BS to an unblocked
user, BS to the RIS and RIS to a blocked user respectively. From
the principle of power domain NOMA, users with better channel
conditions are allocated less power than those with worse channel
conditions [22, 23]. From the foregoing, ϵpt < (1 − ϵ)pt. The
authors in [22] enumerated the fundamental power allocation
strategies for downlink multi-users NOMA considering different
users target rates which serves as a baseline for this study.

2.4 Sum Rate Analysis
Sum rate in wireless communication is the total achievable trans-
mission from all users connected to the network. For easy under-
standing, this study derives the throughput for both blocked and
unblocked UEs as well as the system sum rate. The throughput for
a single unblocked user is given as

Rubi =W log2

(
1 +

γ
′
i

σ +
∑K−1

=1
γi

)
, (6)

where σ is the noise in the channel and W is the bandwidth.
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The sum rate for a total (T ) unblocked users is

RT
ub =

T∑
i=1

Rubi (7)

The throughput for a blocked user served by the RIS is

Rbi =W log2

(
1 +

γ
′
1

σ +
∑K−1

i=1
γi

)
, (8)

Likewise, the sum rate for a total (L) blocked users is

RT
b =

L∑
j=1

Rbj (9)

The overall system sum rate for both blocked and unblocked is
given as

RT =W log2

T,L∑
i,j=1

Rubi +Rbj (10)

2.5 Sum Rate Maximization
Our aim is to maximize the system sum rate through the use of
the UAV installed RIS and the optimum NOMA power allocation.
Several studies have analyzed and devised objective functions with
associated constraints to maximize the sum rate for both terrestrial
and UAV based non terrestrial networks [23]. This paper therefore
formulated the optimization problem below:

max
p
RT s.t.Vuav ∈ U

T∑
j=1

pj

L∑
i=1

pi ≤ Pmaxpi,j > 0∀i, j (11)

where p = p{i, j}, j ∈ {j.....l}, i ∈ {i.....L}

Constraint (1) ensures that the UAVs position is guarded
within a certain volume of space U whereas (2 and 3) ensures that
the sum of the allocated powers do not exceed the overall available
power and each must also be positive respectively.

Optimizing the transmit power and location of a UAV sys-
tem is difficult due to the UAVs continuous mobility [24]. To
mitigate the above difficulty, the authors in [25] proposed a
low-complexity scheme to maximize the sum rate of NOMA-UAV
networks through updating the decoding features. This method
though effective is not applicable to the current study since the
UAV is not a BS but acting as a medium to mount the RIS.
Thus, the formulated optimization problem is a non-linear, i.e.
non-convex and computationally expensive to solve particularly
when the number of blocked and unblocked users grow larger.

Solving non-convex optimization problems is very difficult
and time consuming. Some of the methods of solving these type
of optimization problems are the semi-definite relaxation (SDR)
method [26], Gauss randomization method, Stochastic Variance
Reduced Gradient (SVRG) method, Stochastic Gradient Descent
method, Mini-batching method and Momentum method.

Motivated by the similar propagation characteristics that ex-
ist between users within a given location, the study develops a
simplified k-means-based machine learning scheme which groups
the users and allocate same powers to those within a given cluster.

2.6 Fundamentals of K-Means Unsupervised Leaning
It is a methodology in the field of unsupervised machine learning.
K-means algorithm attempts to find each data point (hereafter,
a user) a cluster represented by a centroid. The algorithm first
chooses the K centroids and determine the number of clusters
[28]. Each user is then assigned to the closest centroid based on
its Euclidian distance. Thus, each collection of users assigned
to the same centroid forms a cluster. The assignment of users to
clusters is repeated until the centroids remain unchanged. The
figure below illustrates a group of users put into different clusters
for an unsupervised machine learning model.

As indicated in Figure 2, all the red and blue datasets/users
belong to clusters one and two respectively with their centroids
marked by the black cross. X = {xi}, i ∈ U is the set of
M-dimensional points to be clustered in K-clusters.
The application of k-means clustering for NOMA cellular networks
has been studied in research community to allocate resources to
users in different clusters [29]. The clustering of users is done
based on their distances from the available centroids. The distances
are usually computed heuristically using the Euclidean distance
formula. The number of clusters and centroid selection is done,
either randomly or based on a predefined rule such as the leader
election [30].

Due to the integration of the terrestrial network with the RIS
installed on the UAV, there is the introduction of extra layers of
complexity. For example, the BS needs to learn the AoA of the
blocked users signals at the RIs; when the signal is refelected
from the RIS to the BS in the uplink, there will be the need to
re-estimate the signal again to get the AoA of the refelected signal
at the BS. Also, the BS needs to designate the centroids for the
k-means clustering model either randomly or through the leader
selection. This makes the application of the conventional K-means
clustering technique to the model considered in this study very
difficult and hard to implement. A simplified, but accurate learning
model is thus, needed to group the users for effective NOMA
power allocation.

Fig. 2. Illustration of K-means Clustering
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2.7 Proposed Heuristic K-means based Clustering
Model

A simplified clustering model is therefore developed and imple-
mented in this study as shown in Figure 3, below. This model
follows the conclusions drawn by authors in [31] that for optimum
performance the number of clusters in any unsupervised K-means
clustering machine leaning model must be two.

The model is principally built on the AoA of the UEs sig-
nals at the BS of the cellular network. The BS determines the AoA
based on the direction of the signal as illustrated on the Cartesian
plane in Figure 4.
The implementation of the model through an algorithm is as fol-
lows
[H] algorithmHeuristic Unsupervised Learning Algorithm [1]
Start BS Estimate CSI to obtain AoA of Users Collate AoA of new
users at the BS Create an unstructured database of the Users AoA
Apply Heuristic K-means clustering scheme to group users 0o ≤
AoA ≤ 270o, classify UE as a unblocked user if 270o ≤ AoA ≤
360o, classify as blocked user Re estimate the CSI to obtain AoA
value. Repeat step 2 to 7

3. RESULTS AND DISCUSSIONS
3.1 Impact of Increasing the Surface Area of an RIS,

DF and AF Relays
It has been well established by research that increasing the number
of the RIS elements improves the wireless system’s performance
[32]. The figure below shows that, the larger the surface area of
the RIS, the better the system performance. To increase the surface
area, more elements are added to the RIS. The figure further
compares the use of an RIS with that of a Decode Forward (DF)
relay using a multi-antenna system deployed at the same place [32]
and an Amply Forward (AF) relay. For smaller surface area, the
DF and AF systems perform better than the RIS until it reaches a
surface area of one square meter (1m2) when the RIS performance
outperforms the AF and DF by following a square law fashion
as compared to the direct proportionality of the DF and AF systems.

In cooperative communications systems, AF amplifies the system
noise as well interference despite its simplicity in implementation.
On the other hand, DF decodes the signal, correct errors, remove
and or suppress noise before relaying it which makes it give
superior performance despite the complexity involved in its design
[32]. Thus, a better performance of DF over AF relay is clearly
shown in the results as well.

Fig. 3. Illustration of K-means Clustering

Fig. 4. Illustration of BS Determination of UEs AoA

Fig. 5. Effect of Increasing Surface Area of RIS/DF/AF Relay on Spectral
Efficiency

Parameter Description Value
Fc Carrier Frequency 28GHz
h Height of RIS (UAV) 500m

NxM Number of RIS Elements 10x20
dn, dm Inter Element Spacing 5.4x10−4

3.2 Effect of RIS Phase Control on SNR
The following simulation parameters in Table I are used for subse-
quent results unless otherwise stated.

From the results demonstrated below, the use of the RIS without
phase control gives suboptimal performance. This results is ex-
pected because, as explained in section 2.1, the elements operate as
reflectors which results in the cancellation of the reflected and di-
rect signals. The figure further shows improved SNR performance
with perfect RIS phase control. Interestingly, the SNR performance
in the LOS and NLOS are at par confirming the established conclu-
sion in literature that RIS helps to alter the propagation environ-
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Fig. 6. Effect of RIS Phase Control on SNR

Fig. 7. Comparison of Coverage Probabilities for RIS Mounted UAV and
no RIS Scenarios

ment to improve performance. In nominal terms, the RIS gives ex-
tra 9.8958dB gain in SNR which represents 53.21% (on dB scale).
On the linear scale this corresponds to 300% performance gain.
Details of the RIS configuration and simulation can be found at
mathworks.com.

3.3 Coverage Probability Performance of RIS
Mounted UAV

Figure 7 demonstrates the coverage probability performance of a
cellular system deployed with and without an RIS installed UAV. At
lower SINR thresholds, the RIS mounted UAV with the proposed
clustering model gives excellent performance than a scenario with-
out the deployment of the RIS. This because, most users are cut out
of connectivity by blockade when the RIS is absent. For an SINR
threshold of say -5dB, the coverage probabilities are 13% and 52%
for a system without and with UAV RIS deployed respectively. An-
other insight reveled is the perfect match of the simulation and an-
alytical results.

3.4 Sum Rate performance with a reflector and RIS
The sum rate performance of the UAV mounted RIS and a conven-
tional signal reflector is evaluated here. As can be observed from
Figure 8, the system sum rate is best when there no clutter and no
RIS and or reflector. Thus, the cellular system operates just as the
legacy network without any propagation impairments. However,
when clutter is introduced to mimic a realistic scenario, it is ob-
served that the clutter and RIS scenario outperforms the clutter and
reflector scenario. This result is expected since the RIS improves
the channel gain.

Fig. 8. Comparison of Coverage Probabilities for RIS Mounted UAV and
no RIS Scenarios

Fig. 9. Sum Rate Performance with and without Proposed ML Clustering

3.5 Sum Rate performance with and without ML
clustering

The figure above demonstrate the superiority of the proposed clus-
tering learning technique over a conventional cellular system op-
erating in a clutter or clutter free environment. It also shows that
the use of the RIS even without the proposed technique bring some
performance improvement. The explanation from above applies to
this scenario as well.

3.6 Impact of Clutter, Reflector and RIS on Sum Rate
The results in Figure 10 and the summary in Table 2, demonstrate
the significant role the RIS plays in increasing the sum rate. The
absence of clutter also means the UEs are able to receive signals
in LOS from the BS which results in high performance. Further,
the results demonstrate that increasing the maximum BS transmit
power corresponding increases the system sum rate. This is because
an increase in the BS transmit power enables it to allocate high
powers to the UEs especially the blocked users to improve their in-
dividuals rates which translates to the overall system performance.
However, increasing the maximum BS transmit power means that,
the cellular system will be operating on macro cells which comes
with other challenges such as inefficient spectrum utilization and
harmful interference issues. A right balance must therefore be en-
sured to reap the benefits of the proposed technique.
The result from the above figure is summarized table 2 below:
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Fig. 10. Impact of RIS, Reflector and Clutter on Sum Rate

Scenario Sum Rate bps/H
10dBm 20dBm 30dBm 40dBm 50dBm 60dBm 70dBm 80dBm 90dBm

With clutter and Reflector 1.3238 2.1709 4.47996 7.5555 10.8354 14.1513 17.4725 20.7943 24.1163
With clutter and RIS 1.4195 2.892 5.6242 8.8236 12.126 15.4453 18.7669 22.0888 25.4107
No clutter, No RIS 1.6195 4.0153 7.1742 10.4739 13.7923 17.1739 20.4358 23.7577 27.0796

3.7 Impact of ML Clustering on Sum rate
From the results depicted in Figure 11 and summarized in Table 3,
it is evident that the heuristic unsupervised machine learning clus-
tering technique improves the system sum rate between 8.3% to
87%. Increasing the BS transmit power also improves the sum rate
as explained previously.
The result from the above figure is summarized Table 3 below:

4. CONCLUSION
To extend coverage to blocked 5G/B5G users in densed ur-
ban settings, this paper proposed the use of a Reconfigurable
Intelligent Surface installed on a flying UAV. Signals from the
5G/B5G BS are reflected to blocked users by the RS and vice versa.

An optimization problem is formulated to maximize the sys-
tem sum rate through appropriate power allocation and UAV
positioning. Due to the non-convexity of the formulated problem,
a heuristic k-Means based unsupervised machine learning model
which classifies the users into clusters based on the Angle-of-
Arrival of their signals at the BS is proposed. Optimal transmit
power is thereby allocated using power-domain NOMA technique
to maximize the system sum rate.

The use of a Reconfigurable Intelligent Surface on a flying
UAV is very effective in extending mobile connectivity to users
(blocked) especially in densed urban environment. The study re-

Fig. 11. Impact of proposed ML Clustering on Sum Rate

Scenario Sum Rate bps/H
10dBm 20dBm 30dBm 40dBm 50dBm 60dBm 70dBm 80dBm 90dBm

No clutter, No RIS 1.6195 4.0153 7.1742 10.4739 13.7923 17.1739 20.4358 23.7577 27.0796
With clutter, RIS and No ML clustering 1.9797 4.6848 8.0166 11.3509 14.6748 17.9971 21.319 24.641 27.9629
With clutter, RIS and ML clustering 3.7037 6.6393 10.2671 13.6706 17.0059 20.3294 23.6516 26.9735 30.2955

veals that when an RIS is deployed, on a flying UAV, the coverage
probability for a given SINR (eg. -5dB) is improved by 39% i.e.
(13% for no RIS, 52% for RIS). NOMA resource allocation is one
of the key enablers of 5G and beyond networks. Power Domain
NOMA is most widely studied, it allocates optimal power to users
primarily based on their propagation losses. Thus, low power is
allocated to users with adverse PL whereas high power is allocated
to UEs with poor channel conditions. The heuristic K-means based
unsupervised Machine Learning developed in the study aids the
BS to allocate appropriate transmit power to UEs. The sum rate
performance is improved between 8.3% to 87% depending on the
5G/B5G cellular systems BS transmit power.
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