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Abstract—The integration of reconfigurable intelligent surfaces
(RIS) with non-orthogonal multiple access (NOMA) is a promis-
ing solution for improving connectivity and spectral efficiency in
next-generation wireless networks. However, joint optimization
of all RIS elements could be computationally challenging. This
letter proposes a quality of service (QoS)-driven RIS partitioning
for downlink RIS-assisted NOMA systems. Herein, the RIS
is dynamically divided into sub-surfaces assigned to different
user subsets. User requirements are captured through utility
functions, and the resulting constrained optimization problem is
solved numerically to maximize system performance. Numerical
results confirm the effectiveness of the proposed RIS partitioning
strategy.

Index Terms—non-orthogonal multiple access (NOMA), recon-
figurable intelligent surfaces (RIS), RIS partitioning, quality-of-
service (QoS) optimization.

I. INTRODUCTION

HE evolution toward sixth-generation (6G) wireless net-

works entails increased system complexity and resource
demands, driven by the need to support integrated commu-
nication and sensing functionalities [[1]]. In this context, non-
orthogonal multiple access (NOMA) and reflective intelligent
surfaces (RIS) have emerged as key enabling technologies
to enhance quality-of-service (QoS), spectral efficiency, and
massive connectivity. Unlike conventional schemes, power-
domain NOMA (P-NOMA) allows multiple users to share the
same time-frequency resources through power multiplexing
[2], [3]]. In downlink transmissions, higher power is allocated
to users with weaker channel conditions, while users with
stronger channels apply successive interference cancellation
(SIC) to decode and cancel weaker users’ signals before de-
tecting their own. Meanwhile, a RIS comprises a large number
of reconfigurable elements that manipulate incident signals
via adjustable phase shifts, thereby shaping the propagation
environment and enabling virtual line of sight (LOS) links
even under blockage conditions [4]], [3].

Several studies have investigated the integration of RIS
into NOMA-based communication systems [[6]—[11]. However,
jointly optimizing all RIS elements in large-scale deployments
results in high computational complexity and increased pro-
cessing latency. To address this challenge, RIS partitioning has
emerged as an effective solution by dividing the array into
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multiple sub-surfaces, thereby enabling more tractable opti-
mization, mitigating interference in non line of sight (NLOS)
scenarios, and supporting high-performance communications
[12]-[18]. Despite these advances, existing RIS partitioning
approaches mainly focus on beamforming optimization, or
learning-based partitioning strategies. Furthermore, RIS par-
titioning strategies in NOMA systems are typically limited
to two-user settings and seldom address QoS-aware resource
allocation in scalable downlink multi-user systems.

Motivated by the above limitations, this paper proposes
a QoS-driven resource allocation framework for downlink
RIS-assisted multi-user NOMA systems based on dynamic
logical RIS partitioning. Specifically, logical RIS sub-surfaces
are dynamically assigned to individual users, reducing the
optimization complexity and mitigating inter-user interference
in NLOS scenarios. Utility functions are introduced to model
heterogeneous QoS requirements, and the resource allocation
problem is formulated, following the line of reasoning of
[19]-[21], as a constrained optimization problem aimed at
maximizing the overall system utility. The resulting optimiza-
tion problem is non-convex and available only in implicit
form, thus requiring numerical optimization techniques to
obtain practical solutions. Numerical simulations demonstrate
the effectiveness of the proposed framework, showing that
dynamic power-aperture product (PAP) allocation provides
higher system utility and a fairer distribution of spectral
efficiency than a conventional static allocation strategy under
heterogeneous QoS requirements.

The letter is organized as follows. Section [[I} introduces
the downlink RIS-assisted NOMA system and formulates the
QoS optimization problem with RIS partitioning. Section [[TI]
presents the user quality metric together with the proposed
solution. Section [[V]evaluates the effectiveness of the approach
through simulations. Finally, Section [V] concludes the letter
and suggests possible future researches.

II. PROBLEM FORMULATION

A RIS-assisted downlink P-NOMA system serving multi-
ple users under a QoS-driven RIS partitioning framework is
considered. The system comprises a base station (BS), a RIS
shaped as a uniform rectangular array (URA) equipped with
N = N, x N, reflecting elements, and K single-antenna
NOMA users, as illustrated in Fig. |1} Obstacles are assumed
to block the direct BS-user links, forcing communication to
occur exclusively through RIS-reflected links.

The proposed downlink framework employs SIC for user
separation while dynamically partitioning the RIS to control
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Fig. 1. Notional representation of the considered RIS-assisted downlink
NOMA communication system.

the allocation of PAP to each useﬂ Specifically, disjoint
subsets of RIS elements are assigned to different users, form-
ing clusters whose aggregate PAP can be tailored to meet
individual QoS requirements. When sufficient PAP is available,
each user can receive the amount required to achieve its
target QoS; otherwise, the total available PAP is dynamically
shared among the K' NOMA users. Each user U; exploits
the allocated PAP; to achieve a specific QoS, quantified by a
quality metric ¢;(PAP;). These quality metrics are mapped into
utility functions that measure the satisfaction level associated
with the achieved performance. The RIS controller determines
the optimal PAP partition by maximizing a weighted sum
of individual utilities, thereby accounting for heterogeneous
service requirements and user priorities. Letting PAP =
[PAP1,...,PAPK]T, the optimal RIS partitioning is realized as
the solution to the following constrained optimization problem
(19, [21]), 122]

K
max u(PAP) = ;wiui(Qi(PAPi))

K
s.t. Z PAP; < PAP,,
=1
PAP; > PAPyy. i=1,...,K

with PAP,, the total available PAP at the RIS, whereas
u;(+), and w;, @ = 1,..., K, are the utility function and the
priority weight associate to the i-th user. Finally, PAP .,
i =1,..., K, guarantees that the ¢-th user’s communication
is performed with a minimum QoS level.

Notice that, if the utility function w; (¢;(PAP;)) is continu-
ous and convex in PAP;, the overall objective is convex and
the optimal allocation can be derived from the Karush-Kuhn-
Tucker (KKT) conditions [[19, Chap. 5]. In the considered RIS
partitioning framework, however, the quality metric lacks a
closed-form expression, making the optimization problem only
numerically tractable. Moreover, although Problem P shares
the same mathematical structure as the formulations in [19]],
[21], [22], it differs substantially because it is based on a
different quality metric.

IThe PAP is defined as the product of the average transmitted power and
the effective antenna aperture.

III. QUALITY METRIC AND UTILITY FOR RIS
PARTITIONING

The allocation strategy in Problem P relies on the figures
of merit ¢;(-;-) and utility functions u;(-), ¢ = 1,..., K. This
section defines these quantities to explicitly characterize the
proposed RIS-partitioning framework.

A. P-NOMA communication range with RIS-PAP allocation

In this P-NOMA context, the considered quality metric is
the maximum communication range R* at which the achieved
spectral efficiency meets a prescribed value C*. Transmission
relies on the superposition of power-domain signals, which
inherently introduces intra-cluster interference analyzed in
terms of signal to interference plus noise ratio (SINR).

Before evaluating R*, consider a BS transmitting a super-
position of non-orthogonal waveforms z;(¢), i = 1,..., K,
to K P-NOMA users through a RIS, where each waveform
is weighted by a power coefficient F;. Assuming an additive
white Gaussian noise (AWGN) channel, after matched filtering
with respect to xy(t) and sampling, the received signal at user
k is given by

e = Py Brgron + I + wy, )

where gj, denotes the RIS beamforming gain and

Iy = Brgr Z VPja; 3)
ik

represents the intra-cluster interference from other NOMA
users. Here, (5 models the RIS-user channel propagation
and receive antenna effects, and «j denotes the informa-
tion symbol of user k, satisfying the unit-power constraint
E{|ax|?} = 1. The additive noise term wy is modeled as
complex Gaussian with zero mean and variance 0,%.

It is worth recalling that, in downlink P-NOMA, users
are ordered according to their channel quality, with higher
transmission power allocated to users experiencing weaker
channels. Consequently, users with better channel conditions
perform SIC by successively decoding and removing the sig-
nals intended for users with weaker channels before decoding
their own signal. Therefore, after interference cancellation,
the residual interference experienced by user k originates
only from the signals intended for users with better channel
conditions, namely those indexed by j > k under an ascending
channel-quality ordering. Accordingly, the SINR at user k is
given by

_ Pilgil? 18|
Yo = — , @)
2 2 2
> Pilol 18l + of
j=k+1

where the summation term in the denominator accounts for
the residual interference from users that have not yet been
canceled; moreover, 0']% = kpTsB is the noise power at the
k-th receiver, with T, and B the respective noise system
temperature and effective bandwidth.

Let us observe now that [21]]
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with Ag’“k the effective area of the k-th user receiving antenna,
G is the transmitting antenna gain, and L the total system
loss. Hence, following the above definitions, 7 in can be
expressed as

GT Arx k

47rR2L

GT Arx k 2 (6)

+
T dm R2L

Py

Ve =

>

j=k+1

In order to jointly account for transmit power allocation and
RIS aperture, the PAP allocated at the RIS to the k-th user is
introduced, that is

PAP), £ Py Agis, @)

where Agys is the effective RIS aperture. As a consequence,
the SINR for the k-th user under P-NOMA with SIC in (6)
becomes

PAP) A™F
NR2L, PAP;,
=Ty ’ )
PAPjA™E )\QRQL 2
Z 2 P2 O Z PAP rxk Ok
j=k+1 MR Ls j=k+1 Ae
(®)

with A the operating wavelength.
Finally, the spectral efficiency (in bps/Hz) of user k is
expressed as [23]

Cr =logy (1 4+ i) . 9)

By imposing a target spectral efficiency C*, i.e., C = C*,
the corresponding SINR requirement can be obtained as

=207 1. (10)

Substituting v, = ~* into (@) and solving for Ry, the
maximum communication range for the k-th user becomes

(PAP’“ Z PAP) (11)

j=k+1

This expression explicitly shows how the maximum com-
munication range depends on the RIS aperture, the allocated
power, the residual P-NOMA interference, and the receiver
characteristics, providing a direct link between physical re-
sources and achievable spectral efficiency. Finally, it is worth
noting that, when the number of users becomes large, the
proposed methodology can be extended to consider grouped
or clustered users, with each group associated with a sub-
surface or a set of resource units. This strategy would reduce
the dimensionality of the optimization problem in large-scale
scenarios. Exploring this extension is left for future work.

X,k
A

Ry = | e
k AL o}

B. Utility function and optimization algorithm

Once the quality metrics are defined, the optimal allocation
of PAPs among the NOMA users is obtained by solving the
QoS optimization Problem P. In this framework, the RIS
controller maps the quality metrics into utility functions that
quantify the satisfaction level of individual users. Accordingly,

the utility of user ¢ is modeled as a non-linear function of its
associated quality metric [24]], [25]

0, R < Ry,
w(f®) =3 (2" R, <R<R,. (2
1, S R > R,,
Here, R, and R,, are the threshold and objective ranges

for the ¢-th user, respectively, and R denotes the target com-
munication range R*. The exponent &; controls the curvature
of the utility function. In fact, £ > 1 emphasizes values close
to the objective, whereas 0 < §; < 1 gives a faster initial
increase.

Now, to solve the challenging, non-convex RIS partitioning
Problem P, the iterative optimization algorithm proposed in
[26] is employed. The algorithm uses an interior-point ap-
proach, which addresses a sequence of approximate problems
with non-negativity-constrained slack variables and equality
constraints. These approximate problems are easier to solve
than the original inequality-constrained formulation and can
be tackled either by directly solving the associated KKT
conditions via a linear (Newton) step or using a conjugate
gradient method [27].

IV. PERFORMANCE ANALYSIS

In this section, the effectiveness of the proposed approach is
validated through simulations, where as in [21]], Problem P is
solved using the MathWorks MATLAB® Quality-of-Service
Optimization for Radar Resource Management tool [22],
which performs constrained minimization of the objective
function.

The considered scenario comprises a RIS-assisted downlink
with a BS serving K = 3 NOMA users. It is assumed that
the BS operates at fy = 1 GHz, and for each user, the RIS
observation range is set to 500 m. The remaining simulation
parameters are B = 100 MHz, T, = 916 K, A® = 0.01 m?,
and L, = 40 dB. Moreover, in the simulations, a residual in-
terference factor of 10~2 is considered for numerical stability
as well as to model imperfect SIC. Finally, the minimum PAP
for all users, PAPpin,, ¢t =1,..., K, is set to 0 W-m?.

In the considered scenario, the spectral efficiency from @])
for the three NOMA users is shown in Fig. [2] as a function
of range, assuming PAP values of {20,10,5} mW-m? for the
users. In the figure, the corresponding range limit for each
user is also indicated. QoS values beyond these limits are set
to zero. The target spectral efficiency (C* = 1 bps/Hz) is
highlighted as well. The corresponding range values R* for
each user are then obtained by numerically solving C(R) —
C* = 0 with respect to R*.

Fig. B[a) shows the quality metric as a function of the RIS
partition assigned to each user. As expected, increasing the
allocated RIS partition improves quality until the range limit
is reached, after which additional elements provide negligible
gains. For the considered parameter settings, the three curves
are nearly overlapping.

Fig. 3[b) shows the utility function from (T2} for different
values of the parameter £ = {0.5,0.7,1,1.3,1.5}. The ob-
jective and threshold ranges for the three NOMA users are
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Fig. 2. Spectral efficiency (bps/Hz) for each RIS-assisted NOMA user,
assuming an initial PAP allocation of {20, 10,5} mW-m? for the three users.
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Fig. 3. Quality metric and utility function. Subplot (a) depicts the Quality
metric as a function of the allocated RIS partition for the different users.
Subplot (b) shows the utility function versus quality metric R* for different
values of the exponent &.

set to R, = 400 m and R; = 50 m, respectively, which can
be adjusted according to the specific requirements. Commu-
nication is considered valid within a segment defined by two
concentric circles centered at the allocated RIS elements, from
a minimum distance corresponding to the RIS allocation up
to the maximum range of interest, determining the maximum
achievable utility. The curves illustrate the utility function
behavior before and after the threshold and objective ranges, as
well as the effect of the exponent £, which emphasizes values
closer to either the objective or the threshold. In the following
simulations, ¢ is set to 0.7 for all users.

The first simulation considers RIS partitioning under nom-
inal operational conditions (i.e., without optimization), where
each user achieves its maximum utility. In this case, every
user uses all required RIS elements (maximum utility PAP)
to satisfy its nominal spectral efficiency objective. Fig. [] (left
side) illustrates this distribution with a bar chart of the PAP
allocated to each user. The maximum utility is obtained with
PAP = [72.7,73.0,73.2]7 mW-m2, resulting in a total PAP of
approximately 218.96 mW-m?, i.e., the sum of the individual
maximum utility allocations.

Comparing the bar chart in the left-hand side of Fig. [{
with the utility-versus-resource curves in Figs. [3[a)-(b), it is
evident that under nominal conditions all users achieve their
maximum utility, with the quality metric for each user meeting
or exceeding its target. In realistic scenarios, however, the total
RIS resources may be insufficient to assign the ideal PAP
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Fig. 4. PAP allocation resulting from RIS partitioning for three NOMA users.
The left figure corresponds to nominal operational conditions, while the right
figure shows the optimized allocation obtained with priority weights w =
[0.5,0.3,0.2]T.

to every user, as some resources must be reserved for other
communication tasks, as well as for their mutual interference.
Consequently, the RIS controller must compute an optimal
PAP allocation subject to a maximum PAP budget.

In the considered case study, the maximum available PAP
is set to 50% of that required under nominal operational con-
ditions, i.e., 109.5 mW-m2. Furthermore, the priority weight
vector is set to w = [0.5,0.3,0.2]7, assigning lower priority
to the user experiencing the best channel conditions. Solving
Problem P under these constraints yields the solution shown
on the right-hand side of Fig. f] corresponding to the PAP
allocation PAP = [63.2,29.7,16.6]7 mW-m?.

To further interpret these results, Fig. ] reports, for each
NOMA user, the optimal PAP allocation as a function of
the corresponding R*, together with the achieved utility. As
expected, the RIS controller assigns a larger portion of the
available PAP to user 1, which has the highest priority, result-
ing in R* = 372.8 m and the largest utility value. Similarly,
user 2 attains a relatively high utility with R* = 255.1 m due
to its intermediate priority weight (0.3). Conversely, the lowest
performance is observed for user 3, for which the allocated
PAP yields a utility of only 0.53, owing to its lower priority
weight of 0.2. Finally, the proposed approach is compared with
a conventional static PAP allocation strategy, adopted as the
reference benchmark. Under the static allocation, the achieved
spectral efficiencies are Cy = {0.44,0.64,1.19} bps/Hz,
revealing an unbalanced performance across users. In contrast,
the proposed optimization yields C), = {0.88,0.73,0.66}
bps/Hz, reducing the disparity among users and providing a
more balanced allocation that better accommodates heteroge-
neous QoS requirements. These results highlight the benefit
of dynamically optimizing the PAP allocation according to
user-specific utility functions rather than relying on uniform
resource partitioning. It is worth emphasizing that the proposed
framework redistributes the available PAP to maximize the
overall system utility while accounting for heterogeneous QoS
requirements. As a result, although both approaches achieve
a similar aggregate spectral efficiency, the proposed solution
provides a considerably more balanced distribution of spectral
efficiency among users.
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Fig. 5. Optimized RIS partitioning and corresponding utility for the three
NOMA users (subplots a)-c)), with priority weights w = [0.5,0.3,0.2]T.

V. CONCLUSIONS

This letter presented a framework for efficient RIS partition-
ing in downlink RIS-assisted NOMA systems. By dividing the
RIS into multiple sub-surfaces assigned to different users, the
approach reduces optimization complexity and mitigates inter-
ference in challenging propagation conditions. Utility-based
metrics were used to capture individual user requirements,
and the resulting constrained optimization problem was solved
numerically. Simulation results confirm the validity of the
proposed strategy. Future works may extend the framework
to uplink scenarios, as well as multi-cell deployments.
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