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ABSTRACT Reconfigurable Intelligent Surface (RIS) technology has emerged as a key enabler for
enhancing the performance of wireless communication networks. We investigate the deployment of multiple
RISs within a cellular coverage area to enable diverse link options. We analytically characterize the impact
of spatial correlation among RIS elements and derive the signal-to-noise ratio (SNR) distribution for the
direct link to the base station (BS) and the cascaded RIS-assisted link, under Nakagami-m fading. Building
on this analysis, a comprehensive framework is developed to evaluate the average packet delay, addressing
the gap in delay analysis under spatial correlation for multi-RIS systems. Moreover, we derive a closed-form
condition to identify when the direct link outperforms RIS-assisted transmission, thus guiding link selection
and RIS-user association based on delay performance. Numerical results highlight the substantial effect of
spatial correlation on delay analysis and demonstrate that neglecting this factor can severely underestimate
network performance by leading to suboptimal link selections. A high degree of correlation concentrates
channel energy into a dominant eigenmode for single-user transmission, thereby enhancing the effective
SNR. Furthermore, the results show that the proposed delay-based selection approach accurately evaluates
feasible links with the aim of minimizing the average packet delay, achieving superior performance compared
to benchmark methods.

INDEX TERMS Reconfigurable Intelligent Surface (RIS), multi-RIS network, RIS association, 5SG and

NextG networks, packet delay, spatial correlation.

I. INTRODUCTION

HE vision of sixth-generation (6G) wireless networks
extends beyond conventional transceiver optimization to
intelligent control of the propagation environment. In contrast
to the conventional treatment of environmental objects and
channel conditions as uncontrollable, 6G seeks to render them
programmable to enhance coverage, capacity, and reliability.
In this context, Reconfigurable Intelligent Surfaces (RISs)
have emerged as a promising solution to enhance wireless
network performance. An RIS is a planar surface composed of
numerous low-cost passive elements that dynamically manip-
ulate incident signals, creating a controllable propagation en-
vironment [1]. From an energy-efficiency perspective, wire-
less signals can be intelligently redirected and reflected with-
out relying on power sources, radio frequency (RF) chains,
or complex signal processing. This capability allows for the
dense deployment of RISs across network infrastructures at
low cost and without complicated management, leading to
substantial improvements in overall quality of wireless com-
munication services.
RIS offers a wide range of promising applications for fu-
ture wireless networks. Particularly, in urban settings, where
buildings obstruct wireless links and degrade quality of ser-

vice (QoS), RISs improve coverage and reliability by intelli-
gently reflecting signals to bypass obstacles, thereby enhanc-
ing overall connectivity and user experience. Furthermore,
the geometry and lightweight design of RIS enables flexible
deployment across both indoor and outdoor environments.
It can be installed on building surfaces or carried by aerial
platforms, offering considerable adaptability in network plan-
ning. By incorporating RIS into wireless systems, an in-
telligent radio environment can be established that adapts
to varying user demands, supporting enhanced throughput,
reduced power consumption, improved coverage, and secure
communications [2], [3]. Consequently, RIS is expected to
play a crucial role in the evolution of future wireless networks.

While extensive research has explored RIS-assisted wire-
less systems, most studies focus on single-RIS deployments
[4]-[6], which offer limited coverage and channel control, es-
pecially in obstructed urban environments. These limitations
can restrict the system’s ability to meet stringent through-
put and latency requirements. To address these challenges,
some recent works have investigated multi-RIS architectures,
where deploying multiple RISs enhances path diversity, im-
proves link quality, and supports flexible transmission path
selection to meet varying QoS demands. Consequently, dense
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RIS deployment improves reliability, data throughput, and
network scalability. In [7], multiple RISs were used to en-
hance millimeter-wave (mmWave) coverage when direct base
station (BS)-user links were unavailable. A multi-RIS multi-
BS downlink system was examined in [8], where RISs ex-
tended coverage into a blind spot, enabling users to receive
signals from all RISs. The authors in [9] studied system
energy efficiency by optimizing RISs on-off control through
a matching algorithm. However, their model assumes that
each active RIS serves all users without distinction, overlook-
ing user-specific associations and thereby limiting resource
efficiency. Other works [10]-[12] further explored multi-
RIS setups. However, many studies consider that each user
communicates with the BS through all available RISs, with
reflection coefficients optimized individually, leading to in-
efficient resource utilization, high complexity, and scalability
challenges.

Studying RIS-user association is crucial for efficient path
selection, improved connectivity, and meeting diverse QoS
demands, making it a key enabler for next-generation wireless
networks. Various RIS association policies, including ran-
dom selection, nearest RIS selection, and association with
all RISs, were examined in [13], showing that their effec-
tiveness depends on factors like the number of RIS elements
and blockage density. In [14], users were assigned to the
nearest RIS within a distance threshold, limiting the number
of users per RIS. Additionally, a distance-based criterion was
employed in [15], where each user is associated with the
nearest RIS. The authors in [16] proposed an association
method to balance passive beamforming gains from RISs, but
it lacks flexibility and scalability for diverse link selections.
In [17], an RIS-assisted cell-free network was investigated, in
which multiple BSs cooperatively serve multiple users with
the assistance of several distributed RISs. In this setup, each
user was assumed to be assisted by a dedicated RIS while
being connected to multiple BSs, with the objective of max-
imizing the minimum signal-to-interference-plus-noise ratio
(SINR) among all users. In [18], the RIS selection problem
was formulated as a one-to-one matching problem to achieve
stable RIS-User matching and improve the system sum rate.
The authors in [19] jointly considered the association between
user-RIS, active beamforming design, and passive beamform-
ing optimization in a multi-RIS-assisted wireless system. In
[20], the authors formulated a joint optimization problem that
involves active beamforming, passive beamforming, and RIS-
user association, with the aim of maximizing the system sum-
rate.

However, the majority of existing studies on RIS-user as-
sociation overlook a critical factor— the spatial correlation
among RIS elements. These works often assume uncorrelated
channels, neglecting the correlation induced by the finite
surface size and the small inter-element spacing of practi-
cal RISs, which is largely unavoidable [21]. Ignoring this
correlation can lead to inaccurate performance evaluations
and suboptimal system designs. Although some studies have
considered RIS element correlation [21]-[26], they typically
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neglect its impact on user-RIS association and RIS selection
in multi-RIS networks. Most of these works focus on single-
RIS scenarios with limited scalability or design reflection
coefficients for multi-RIS systems based on predefined RIS-
user associations, thereby overlooking the interaction be-
tween correlation and RIS selection.

Moreover, these studies primarily optimize conventional
performance metrics such as ergodic capacity, outage prob-
ability, or energy efficiency, while overlooking key QoS met-
rics like packet delay, which is crucial for next-generation
networks.

This paper studies the deployment of multiple RISs within
a cellular coverage area to provide a variety of link options.
To the best of our knowledge, our work is the first to quantify
the impact of spatial correlation among RIS elements on
both packet delay and the link selection process, an aspect
that has been largely overlooked in existing literature. The
proposed link selection and RIS association method is guided
by packet delay, a key metric for real-time applications and
overall network performance. Our contributions are outlined
as follows:

o We quantify the impact of spatial correlation among
RIS elements on both individual channel performance
and the overall cascaded RIS channel, providing new
insights into how elements correlation influences link
quality and network latency in multi-RIS systems.

o We present a comprehensive delay analysis for both the
direct link to the BS and the RIS-assisted links, incor-
porating spatial correlation effects, and evaluate their
impact on the link selection process.

o We utilize this analysis to derive a closed-form analytical
condition, based on the signal-to-noise ratio (SNR) dis-
tribution, to determine scenarios where the direct BS link
achieves superior performance over RIS-assisted paths
in multi-RIS networks. This condition identifies the RIS
options that are feasible for a user during the delay-based
selection and association process.

We validate our approach through simulations and demon-
strate its effectiveness in reducing packet delay compared to
benchmark methods. Our results highlight the importance of
incorporating spatial correlation among RIS elements, as ne-
glecting this factor can lead to suboptimal link selection and,
consequently, degrade the delay performance of the network.

The rest of this paper is organized as follows. In section
II, the system model is described. Section III outlines packet
delay analysis and introduces the link selection process. The
performance evaluation and simulation results are provided
in section IV, and finally, Section V concludes this paper.

Il. SYSTEM MODEL

Consider a downlink wireless communication system en-
hanced by RIS technology, as depicted in Fig. 1. The system
comprises a BS, K users, and I RISs. Each RIS r is equipped
with N passive reflecting elements. We consider a slotted
transmission, and assume a quasi-static flat-fading channel
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FIGURE 1. User association model in multi-RIS networks.

model, where all channels remain nearly constant during each
channel coherence interval [27].

Let Dk7 hr - [hr 1;hr,27"'7hr,N]T > and 8rk £
[ gﬁkl) , g£ S gﬁkg,] € CV*1 denote the baseband equivalent
channels of the direct link between BS and user &, from the
BS to RIS r, and from the RIS r to the user k, respectively.
The direct link’s channel Dy to user k can be expressed as
follows

c (CN><1

D =d % 4 e (1)

where dj. represents the distance between the BS and user &,
6y is the corresponding path-loss exponent, s is the channel
amplitude modeled by a Nakagami-m distribution with shape
parameter m,, and scale parameter 2, , and v is the chan-
nel’s phase. Nakagami-m distribution provides versatility in
modeling different fading conditions. Thus, the amplitude
|Dy| is a scaled Nakagami-m random variable (RV) with mean
and variance given by [28]

—0k/2 F(mdA + 1/2) %)1/2

=d,
F(mdk) mdk (2)
_ -G 1 T(mg +1/2) 5
=d; "y (1 T Ty ) )

where I'(.) is the gamma function.

For the RIS-assisted link, the cascaded channel between the
BS and user k via RIS r is denoted by H, x and is modeled as
H, i = h"®, g, 1. Here, ®, = diag(/*r1,el®r2 ... &%),
where ¢, , € [0, 27) denotes the phase shift applied by the nth
reflecting element in RIS r. It is assumed that the RIS phase
shifts are configured to eliminate the channel phases, thereby
maximizing the received SNR at the user end, a common
assumption for deriving performance bounds. We consider
that the RIS elements exhibit spatial correlation. Let R denote
the correlation matrix, where the (i,j)-th entry is given by
R;; = pl"=l, with p € [0, 1] representing the correlation coef-
ficient [29]. This model implies that the correlation between
elements i and j decays exponentially with their physical

separation |i — j|. It is important to note that R is symmetric,
i.e., Rj = Rj;, and each diagonal element satisfies R; = 1.

The amplitude of the channel between the BS and element
n of RIS r, and that between element n and user k, are
respectively given as follows

Il = £ /QZRW

— lk 5/22R1/2

where 7, and [* represent the distances for the links between
the BS and RIS r and between the RIS r and user &, re-
spectively, 6, is the path-loss exponent, and ¢, ; and ﬂr(l;.) are
the small-scale fading amplitudes that follow Nakagami-m
distribution with shape parameter m, and scale parameter
Q,,,with¢ € {1, 2} for the first and second hops, respectively.
Thus, the amplitude of the cascaded channel through RIS r
can be represented as

3)
I3
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IIl. DELAY ANALYSIS AND LINK SELECTION

This section outlines the average packet delay for successful
transmissions over the direct and RIS-assisted links. The
delay analysis relies on the underlying channel conditions, the
SNR distribution across each available link, and the spatial
correlation among RIS elements.

A. CHANNEL ANALYSIS UNDER SPATIAL CORRELATION
For the direct link, the squared channel amplitude 52 follows
a Gamma distribution, whose cumulative dlstrlbutlon func-
tion (CDF) is given by

M X

’Y(mdk ) ﬁ)
r (mdk )
where (., .) is the lower incomplete Gamma function. Then,

the received SNR by user k through the direct link can be
expressed as

Foa(x) = ©)

P|DJ?
No
where ¥ = P/Ny, with P denoting the downlink transmit
power of the BS and Ny representing the variance of the
additive white Gaussian noise (AWGN) at the user receiver.
Thus, the average received SNR at user k via the direct link

with the BS is given by

Elw] =%
=74

Ve = 7 D[ 0
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®
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For RIS-assisted links, and based on (5), the cascaded
channel includes N? summation terms that are correlated due
to the spatial correlation among RIS elements. To maintain
analytical tractability, the spatial correlation in the effective
cascaded channel is primarily attributed to the inter-element
correlation within the RIS structure, resulting from sub-
wavelength spacing and mutual coupling, rather than a direct
dependency between o, ; and ﬁf?.

We remark that under the exponential correlation model,
the spatial correlation between RIS elements is strong when
the indices i and j are close, and weakens as the distance |i —j|
increases due to the exponential correlation decay. This short-
range dependence is generally weak enough for the central
limit theorem (CLT) to apply, as long as the covariances
do not dominate the total variance. Specifically, when the
number of RIS elements N is large, the number of correlated
contributions per element becomes sufficiently large, which
justifies the CLT under weak dependence [30]. Consequently,
the probability density function (PDF) of Yr(f;) approaches the

Gaussian distribution with a mean of Myt = E[Yr(ﬁ)] and

: 2 (k) 2
variance of o ys 1€ Yy ~ N(/Lyr@ »TLw ).

The first and %econd moments of the effective cascaded
channel gain Y, i » through element n of RIS r, can be ex-
pressed as

2
— F m, + 1/2) 1/2
Eiy® 5 /2 lk 5,/2( Lm,, +1/2) / )
Y = T G
N N
£ > RIR)?
i=1 j=1
N N N N
E[(Y}))?] = NSNS (ua, + Ry — i)
i=1 j=1 v=1 [=1
(Mﬁm + Ru (9, MZ(@)) R*R/Ri/*R)/*
©)

where E[Y,(];)] is obtained by evaluating the expectation of

a double Nakagami-m RV [28], i.e., the product of «, ; and

B( ) To compute E[(Yr r )) ], the expectations E[a, ;o ,] and
[,B ,Br | } are derived using the definition of covariance, i.e.,

Cov(a,,,, o) and Cov(ﬂr(];), 5( ), along with the standard
expression for the correlation coefflclent between elements i
and v, and j and /, respectively. The RVs ¢, ;, o, (similarly
[3 () , By (k)) are identically distributed Nakagami-m variables,
shanng the same first and second moments, denoted by fa,

and E[a?] = @, (and g0, E[(87)?] = Q). Then,
using (9), the variance of Y, %) can be calculated as 03(“) =

E[(v5)?] - (E[r5)])?2.

)

Since Y, ,( n) is approximated by a normal distribution, the
sum Zn:l ,(ffl) can also be modeled as a normally distributed
RV. However, the resulting distribution reflects a different

level of correlation across the cascaded channel components

4

through RIS r. Therefore,

N

_ k 5
|H, - ZYr(,n) ~ N(M‘H’v"‘,alﬁr,kl)
B N
M\Hy,kl :Z/LY’_(";’) (10)
wuZ%Hwawm
n<m

where Cov(Y, %), vy = E[lr 0y %] — B[y D1E[Y %), and
this expectation can be calculated as follows

N N N N
T = ) DY R R R
i=1 j=1 v=1 I=
(k k
+ Efoy.iar] B[} ,,)B( 0]
N N N
_ —6, lk ZZ ZRi/QRl/QR,ln(QRl/Q
i=1 j=1 v=1 I=1
2
(i, + R @ = p2)) (120 + Ra(QF) — 120))

an

As |H, 4 | is a Gaussian distributed RV with mean 4, and

variance al i , the squared magnitude |H, x|? follows a non—
central chi-square distribution with one degree of freedom.
Consequently, the expected value of the channel gain through

RIS r is given by

E[‘Hr’k|2] = u\zﬂ k| +J\2H k!

N
= (Zﬂylﬂfj) (Z Uy(k) +2 Z COV r M Yr(ljr)L))
n=1 n<m
(12)

Thus, the expected SNR received by user k through RIS r is
given by
Eb’r,k] =3 EHHhle] = 7E[|Hr,k‘2] (13)
Spatial correlation among RIS elements has a significant
impact on the link performance and the expected received
SNR. In particular, higher levels of correlation concentrate the
channel energy into a dominant eigenmode. By configuring
the RIS to align its phase shifts with this dominant eigen-
mode, the reflected signals can be coherently combined at the
intended receiver, thereby enhancing the effective SNR. This
effect is particularly pronounced in scenarios where the RIS
serves a single user or a single data stream, as the constructive
combination of signals in the dominant mode maximizes
the achievable array gain. As a special case, consider the
scenario where the channels experience Rayleigh fading, i.e.,
m,, = m,, = 1. In this case, the mean values of the channel
amplitudes are given by

(k)
_ i, (14)
Hg® = B
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We examine two limiting cases of spatial correlation among
the RIS elements, specifically the fully correlated and un-
correlated cases. In the fully correlated case, p = 1, which
implies R; = 1 for all i,j. Therefore, using (9) and (14), the
statistical moments of the cascaded channel through element
n in RIS r can be expressed as

REly®1 =T z=6./2 (jky=5./2 /Qr ng) N2
[r,n] 4rr (r) 1 2 (15)
BI(VG)] = 75 (075 Nt 0,08

Using (10), the mean and variance of the overall cascaded
channel |H, | for the fully correlated case are given by

= 3 A0 N 0, 00
/ ) 2 (16)
o2, =N Q00 (- T)
Thus, the average received SNR at user k is E[y, x] =
5 0 (=0, QRN
For uncorrelated elements, the correlation matrix reduces
to the identity matrix, i.e., R = Iy. Consequently, the
covariance between channels corresponding to any pair of
elements n and m vanishes, i.e., Cov(Yr(’IZ), Y,(,Ii,,)) = 0, since
the expectation values satisfy E[Y,(,Iﬁz) Y,(]f,z] = E[Y,(ﬁ,)P =
717—; o0 (K =0r Q) Qg) Accordingly, the expected SNR re-
ceived by user k through RIS r with uncorrelated elements is

given by B[y 4] = 7 7% ()70, ) N (5 (V= 1)+1),

Itis evident that when all RIS elements are fully correlated,
the SNR scales as NS, whereas in the uncorrelated case,
it scales only as N2 when the entire RIS is used to serve
one user. This difference illustrates that, by optimizing the
RIS phases to align with the intended user, a strong spatial
correlation can significantly enhance the constructive com-
bination of reflected signals. These findings underscore the
importance of incorporating spatial correlation in RIS design
and optimization to fully leverage the potential of intelligent
reflections in wireless communication systems.

B. PACKET DELAY AND LINK SELECTION
The objective is to minimize the network’s average packet
delay, a key metric for supporting delay-sensitive applica-
tions. Therefore, selecting the most appropriate link for each
user is essential for efficient communication. Depending on
user location, available links may include direct and RIS-
assisted paths, with some users limited to direct links and
others relying on RIS connections. For instance, as illustrated
in Fig. 1, user 1 has four feasible links: the direct link and
RIS-assisted links via RIS 2, RIS 3, and RIS 4.

Building on the previous analysis, the received SNR ~; of
the direct BS-user k link under Nakagami-m fading follows a
Gamma distribution, whose CDF is expressed as

Sk
mg, 0d,
a4

F(mdk )

F.,(0) = (17)

For the RIS r-assisted link, the CDF of v, x can be given as

follows
( \V )\r,k \/g )
Ty 41 , ﬁgwr,u

where Q. (a,b) is the Marcum Q-function and defined in [31],
and \, ; = “\211, e

The delay analysis employs an adaptive M-QAM modu-
lation scheme, where the modulation order is dynamically
adjusted according to the channel conditions. To evaluate
the average transmission delay of a packet, the SNR range
is partitioned into L distinct regions, each associated with
a specific modulation level determined by the underlying
SNR distribution. In region v, a modulation scheme with
constellation size M,, = 2" is employed, where v= 1,2,3,...,
L. For the adaptive discrete-rate strategy, the SNR switching
thresholds are determined based on a target bit error rate
(BER,;), and given by [32]

F,,(0)=1-0, (18)

o — [erfc™*(2BERy))?, v =1.
v 2Ko(2" - 1),

where erfc=1() is the inverse complementary error function,
and Ko = — In(5BERy;).

The average link data rate of the adaptive M-QAM scheme
with discrete rate is the sum of the data rates (log2[M,| = v)
associated with the individual L + 1 regions, weighted by the
probability a, = |, :V”“ P~ (7)d~ that the SNR ~ falls in the
v-th region [33]. Therefore, the average data rate for the user
k can be expressed as

L Ou11
Re=BcY (log2 (M,)]. /6 p,y(’y)d”y>
v=1 v

L
= By g v.d,
v=1

where B; denotes the bandwidth allocated to user k. The
probability a, is given by

19

(20)

0u11
a = /9 py(V)dry = Fy(Bos1) — Fy(6,) Q1)
where ~ represents either v or -, ;, corresponding to the
direct and RIS-assisted links, respectively. For each feasible
link, whether direct or RIS-assisted link, the probability a,
for all SNR regions is determined based on (17) and (18).
Subsequently, the average packet delay, Dy, for transmitting
a packet of size Q bits, is calculated as the packet size Q (in
bits) divided by the average data rate Ry (in bits/second) in
equation (20), that can be expressed as Dy = Q/Ry.

To select the optimal transmission path for each user, we
adopt a delay-aware link-selection strategy that jointly con-
siders the expected received SNR and the resulting packet
delay. The direct link between user k and BS outperforms
the RIS-assisted link » when it provides a higher expected re-
ceived SNR, i.e. when E[vx] > E[~, «]. Using (8) and (13), the
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distance condition under which the direct link outperforms
the RIS-assisted link r can be expressed as

1/8
Q /K

dy < i > i >
Sy, P T o, 02 425, Cov(t ¥

(22)

This condition serves as a criterion to determine whether an
RIS link can provide a higher SNR than the direct link. An
RIS r is considered a feasible option for user k only if this
condition is not satisfied.

For a given user k, the expected SNR is first evaluated
over all feasible paths, including the direct link and RIS-
assisted links, while explicitly accounting for the spatial cor-
relation among RIS elements. For each candidate path, the
expected packet delay is computed by incorporating both the
statistical characterization of the cascaded channels and the
effects of spatial correlation, providing an accurate estimate
of the effective service time per path. The path that minimizes
the expected packet delay is then selected as the preferred
transmission link. This approach ensures that the chosen path
maintains high link quality while directly targeting latency
reduction. Notably, neglecting the spatial correlation among
RIS elements may result in suboptimal link selection, which
can degrade system delay performance. For example, ignor-
ing the correlation among RIS elements during the selection
process can result in an RIS-assisted link being incorrectly
perceived as incurring a higher delay than the direct link,
leading to its exclusion, even though it may in fact offer
superior delay performance. Finally, after determining the
optimal path for each user, the average delay across all users
is calculated to assess the overall network performance.

IV. PERFORMANCE EVALUATION

In this section, we investigate the impact of spatial correlation
among RIS elements on delay performance and its influence
on link selection and user association. Packet delay depends
on factors such as average transmit SNR, the number of
RIS elements, and transmission distances. We also analyze
system performance and RIS selection under different fading
conditions. To validate the derived analytical expressions, we
conduct Monte Carlo (MC) simulations. A large number of
channel realizations are generated using Nakagami-m fading
for all feasible links of each user. The direct and cascaded
RIS-assisted channels are then obtained, and the SNR perfor-
mance is evaluated without relying on assumptions made in
the analytical derivation, such as the CLT.

The BS is placed at the origin (0,0) and assisted by I = 5
RISs to support K randomly distributed users. Unless stated
otherwise, system parameters include a 100 MHz downlink
bandwidth, a path loss exponent of 2.2, p = 0.5, and a packet
size of 1500 bytes. The Nakagami-m fading parameters m,,
and m;,, are selected from the set [0.5, 1, 2, 3], based on fading
severity, while the scale parameter €2 is set to 2. We divide
the SNR range into six regions, L = 6, each assigned a
modulation order based on predefined boundaries targeting
a BER of 1075.
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FIGURE 2. Average network packet delay versus average transmit SNR for
systems with and without RIS element correlation, when p = 0.5.

We compare our delay-aware selection approach against
two benchmarks: random selection among feasible links and
shortest path selection, which represent naive and distance-
based approaches, respectively.

Fig. 2 illustrates the average network packet delay versus
the average transmit SNR 7 for systems with and without con-
sidering RIS elements correlation. In the considered setup,
users are randomly distributed, and for each user, a set of
feasible links is determined based on the distance condition in
(22), which specifies whether the direct BS link outperforms
a given RIS-assisted link. The link exhibiting the highest
received SNR is then selected to maximize the data rate and
minimize the transmission delay. The results demonstrate the
importance of considering RIS elements correlation in delay
analysis, as neglecting it leads to inaccurate packet delay
estimations and suboptimal link selections that significantly
degrade performance. As observed in Fig. 2, incorporating
RIS correlation substantially improves the delay performance
across all transmit SNR values. This is because a higher cor-
relation concentrates channel energy into a dominant eigen-
mode when serving a single user at a time, with RIS phase
shifts configured to coherently combine the N reflected sig-
nals at the receiver. In contrast, ignoring correlation results
in fewer coherent combining, lower received SNR, and in-
creased packet delay.

In Fig. 3, the average packet delay is shown as a function
of the average transmit SNR for different correlation levels
of RIS elements. The results show that a higher correlation
significantly improves the delay performance. When p = 1,
the delay remains nearly constant at a low value across the
SNR range, indicating efficient coherent combining of the
reflected signals. As the correlation decreases, particularly
at p = 0.5, the delay increases notably and becomes more
sensitive to the changes in transmit SNR. This behavior
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FIGURE 3. The relationship of average packet delay and average transmit
SNR for different correlation levels of RIS elements.

demonstrates that a stronger correlation enhances the RIS en-
ergy focusing capability, resulting in better effective received
SNR and reduced packet delays. Fig. 4 illustrates the average
network packet delay as a function of the average transmit
SNR for three different link selection strategies: delay-aware
selection, shortest path selection, and random selection. In the
delay-aware path selection, the link with the highest expected
SNR and lowest delay is selected to optimize network perfor-
mance. In contrast, shortest path selection chooses the closest
link, ignoring channel conditions and delay, while random
selection assigns a link randomly from the available direct
and RIS-assisted options. The results demonstrate that the
delay-aware approach consistently achieves the lowest packet
delays across all SNR values, highlighting the effectiveness
of incorporating SNR and delay expectations into the link
selection process. For example, at a transmit SNR of 55dB,
the delay-aware selection reduces packet delay by approxi-
mately 75% compared to both the random and shortest path
approaches. Although the shortest path selection outperforms
the random approach, it still yields higher delays compared
to the delay-aware method, as it neglects channel conditions
and may select suboptimal links in terms of SNR. Random
selection results in the worst delay performance, reflecting
the inefficiency of random link decisions.

In Fig. 5, the average packet delay is shown as a function
of RIS-user distance for a selected user, comparing the cases
with and without considering the correlation of RIS elements.
When the correlation is considered in the analysis, a slight in-
crease in the packet delay is observed with distance, as shown
in the inset plot, where the values range from approximately
2 x 1075 t0 2.002 x 10~° seconds. Therefore, by capturing
the correlation effects, the system can sustain lower delays
over longer RIS-user distances, whereas ignoring correlation
leads to rapid delay degradation as the distance increases.
Fig. 6 shows the average packet delay versus the correlation
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FIGURE 4. Average packet delay versus transmit SNR for different link
selection strategies, when p = 0.5.
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FIGURE 5. Average packet delay versus RIS-user distance with and
without considering RIS element correlation.

coefficient p for different transmit SNR values. The results
show that higher correlation leads to lower packet delays, with
the effect being more pronounced at lower SNR values. As p
increases, the delay rapidly decreases, reflecting the improve-
ment in effective SNR. These results highlight the importance
of optimizing RIS fabrication and properly accounting for the
spatial correlation between RIS elements, as neglecting it can
significantly impact the delay performance. Therefore, corre-
lation should be carefully considered during system analysis,
link selection, and RIS association processes.

Fig. 7 illustrates the impact of RIS element correlation on
the average network data rate during the selection process.
The selection criterion jointly considers both the expected
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FIGURE 6. Average packet delay variation with the correlation coefficient
for different transmit SNR values.

received SNR and the associated delay, ensuring that each
user is assigned the most reliable transmission path. It can be
observed that accounting for RIS element correlation results
in a significantly higher network data rate across the entire
SNR range. This improvement arises because the correlation
among RIS elements influences the effective channel gains,
and incorporating it in the selection process avoids inaccurate
assessments of link quality. In contrast, ignoring RIS correla-
tion often leads to the selection of suboptimal links, causing
a substantial reduction in overall network performance.

Furthermore, the analytical and MC simulation results ex-
hibit strong agreement in both scenarios— considering corre-
lation and ignoring it, thereby confirming the validity of the
proposed analytical expressions. Overall, the results highlight
that accurate modeling of RIS element correlation is crucial
for link selection strategies, as overlooking it can lead to
erroneous decisions that severely compromise the achievable
data rate and delay performance of the network.

V. CONCLUSION

This paper studies link selection and RIS-user association in
multi-RIS networks to minimize average packet delay. We
analyze the effect of spatial correlation among RIS elements
on the SNR distribution and derive a closed-form condition
to identify when the direct link outperforms RIS-assisted
links. The average packet delay is then evaluated considering
adaptive M-QAM modulation. Results show that accounting
for RIS correlation significantly improves delay performance,
while neglecting it leads to suboptimal selections. Although
correlation is not actively controlled, considering its effect
enables more accurate delay assessment and more reliable
link selection. In particular, strong spatial correlation concen-
trates channel energy into a dominant eigenmode for single-
user transmission, thereby improving average data rate and
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FIGURE 7. Average network data rate versus transmit SNR, with and
without RIS element correlation, for p = 0.5.

delay performance. The delay-aware selection introduced in
this work achieves a significantly lower average delay than
random and shortest-path methods. In future work. we will
explore the impact of spatial correlation in large RIS deploy-
ments, where elements are partitioned to serve multiple users
simultaneously. We will also explore channel rank or degrees
of freedom metrics, investigate imperfect channel estimation
and alternative correlation models to further optimize RIS-
assisted systems.
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