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Abstract—This letter introduces a novel partitioning scheme
for reconfigurable intelligent surfaces (RISs) that simultaneously
consider RIS identification and beamforming. The proposed
scheme dynamically and efficiently allocates RIS elements
between identification and beamforming users, considering the
different performance metrics associated with each of them.
By employing a dynamic partitioning algorithm that efficiently
manage the RIS resources (elements), the scheme significantly
enhances the signal-to-noise ratio (SNR) while maintaining reli-
able identification performance. Finally, theoretical analysis and
computer simulations are provided to demonstrate the validity
of the proposed scheme.

Index Terms—Reconfigurable intelligent surfaces, beamform-
ing, user identification, wireless communication.

I. INTRODUCTION

ECONFIGURABLE intelligent surfaces (RISs) are
Rincreasingly being recognized as a transformative tech-
nology for the physical layer in sixth-generation (6G) wireless
communications. These surfaces consist of metamaterial
elements that can be dynamically controlled, offering the
potential to greatly enhance wireless systems by providing
unprecedented manipulation of electromagnetic waves [1]. By
adjusting the phase, amplitude, and polarization of incoming
signals, RISs can strengthen communication links, improve
energy efficiency, and reduce interference [2]. The broad
applicability of RISs has been explored in various wireless
communication scenarios, such as non-orthogonal multiple
access (NOMA) [3], multiple-input multiple-output (MIMO)
systems [4], and index modulation techniques [5], among
others.

Beyond their applications in information communication
systems, RISs have also been utilized in localization tech-
nologies. For instance, radio-frequency sensing systems that
incorporate RISs have been developed for human posture
recognition, emphasizing the importance of optimal RIS con-
figuration to minimize recognition errors [6]. Hybrid RISs,
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which combine active reception elements for sensing and
processing, have shown to enhance channel estimation effi-
ciency by requiring significantly fewer pilot signals than
fully reflective RISs [7]. Additionally, RIS-assisted integrated
sensing and communication systems have been investigated in
multi-user scenarios. In these systems, joint optimization of
transmit beamforming and RIS settings is performed to strike
a balance between communication performance and target
detection capabilities [8].

Recent papers [9], [10] provide a comprehensive treatment
of RIS hardware architectures, control protocols, and signal-
processing techniques. Although these works outline numerous
communication enhancements enabled by RISs, they com-
monly presume that user devices already know which RISs are
present and can uniquely identify them-a practical gap that
our paper aims to close.

Recently, the authors in [11] studied the RIS detection and
identification (RIS-ID) problem and introduced a simple scheme
to address it. Building upon this foundation, our work proposes
a novel partitioning scheme that jointly considers identification
and beamforming within a single adaptive framework. By
dynamically allocating RIS elements into two functional
subsets, the proposed scheme balances detection probability
for identification users and SNR performance for beamforming
users, thereby enhancing overall system performance.

The remainder of this letter is structured as follows: In
Section II, we introduce the system model, detailing the RIS
configuration and the approach for simultaneous beamforming
and identification in a two-user scenario. Section III presents
the theoretical analysis, where we derive the outage proba-
bilities for both unsorted and sorted RIS element allocation
schemes. Finally, Section IV provides simulation results that
validate the performance of the proposed scheme under various
transmit power conditions.

II. SYSTEM MODEL

We consider a single-cell wireless network in which
a single-antenna transmitter (7;) communicates with user
equipments (UEs) via an RIS deployed to enhance wireless
communication performance. RIS is uniquely identifi-
able through its predefined phase shift reflection pattern
(PSRP) [11]. For clarity and tractability, this letter focuses on
a single-RIS configuration, although the proposed framework
can be readily extended to multi-RIS scenarios.

In the initial state, all N elements operate in identification
mode, reflecting a predefined spatial reflection pattern (PSRP)
with fixed phase shifts of 0 and 7 to enable nearby UEs to
detect the RIS. Once a UE successfully identifies the RIS,
it begins communication through the RIS-assisted link, the
RIS transitions to a hybrid operational mode in which its
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elements are dynamically partitioned between identification
and beamforming tasks according to the proposed channel-
aware allocation algorithm. This operational design ensures
that the RIS continues to serve connected users while remain-
ing discoverable to additional users in the environment. As
illustrated in Fig. 1 for the hybrid phase, the RIS serves two
user equipments UEs: UFE; (beamforming user) and UFE»
(identification user). The RIS comprises N passive reflecting
elements, which are dynamically divided into two disjoint sub-
sets: the beamforming set (BFset, %) and the identification
set (IDset, 7D). Specifically, N — N’ elements are assigned
to BF to enhance the signal-to-interference-plus-noise ratio
(SINR) for UE; via passive beamforming, while the remaining
N’ elements are allocated to 7D to enable RIS identification
for UEs.

A. Detection and Identification Phase

Here, there is only UFE; in front of the RIS and it
tries to detect and identify nearby RISs as shown in Fig. 1
(a). Initially, when the RIS has not yet been discovered
by any user, all of its elements are allocated for RIS-ID
purpose, detecting and identifying the RIS, UE; benefits
from the entire RIS surface being dedicated to the identi-
fication process, ensuring an accurate detection before any
partitioning or beamforming tasks are initiated. After the
first UE connects to the RIS controller, some elements
continue to serve the identification operation in the sub-
sequent stages, as determined by the proposed dynamic
allocation algorithm. The received signal y,, 1 at UFE1, asso-
ciated with the m-th symbol reflected by the RIS, can be
written as

Ym,1 = x(f%@mfm) + N, (1)

where x = 1 is the baseband sample of the unmodulated carrier
signal transmitted from the full-duplex UE; [12], and n,, is
the additive white Gaussian noise (AWGN) component. Here,
f,, € CN*X1 represents the complex baseband channel vector
between the RIS and UE; during the identification phase as
can be seen in Fig. 1 (a). Here, we refer the reader to the
system model and performance analysis associated with this
phase detailed in [11].!

B. Beamforming and Identification Phase

In this phase, as shown in Fig. 1(b) consider two UEs (UE;
and UEg) where UE; has already detected, identified, and
connected with the RIS controller module to use the RIS for
beamforming its signal of interest as explained in the previous
subsection. This beamforming capability is achieved by con-
tinuously adjusting the phase shifts of each RIS element within
the range of [0, 2], enabling coherent signal reflection toward
the intended user without requiring active RF components.
Next, the RIS must dynamically partition its elements to fulfill
two simultaneous functions. A subset of elements is allocated
to perform passive beamforming for the user already connected
to the RIS controller (UEy), while the remaining elements
are reserved for RIS identification (RIS-ID) to assist other

INote that the RIS-ID concept proposed in [11] has been practically
validated and tested in a real-world experiment in [13], showing the potential
of this novel concept.
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Fig. 1. RIS partitioning scheme for two-user case: (a) RIS-ID phase
(b) Hybrid phase: partitioned into RIS-ID and RIS-BF.

potential users (UE») in discovering the RIS. Let m denote
the index of the received symbol at the UE. The channels from
the UE to the RIS and from the RIS to the UE are denoted
by hyg o, and hgy o € CN>1, respectively. In addition, the
vectors vy, € CV*! and g,,, € CV*1 represent the channel
from the RIS to the user and the channel from the BS to
the RIS, respectively. Both v, ~ CN(0, P:G,R),Vm, and
gm ~ CN(0, P¢34R),Vm, are modeled as Rayleigh fading
channels, where CN(0,02) denotes the complex Gaussian
distribution with zero mean and variance o2. Here, P; is the
transmit power, 3, and 3, represent the path gains for the vy,
and g,, channels respectively, 0 denotes the N-dimensional
zero vector, and R € CNXV ig the RIS spatial correlation
matrix constructed as in [14]. The correlation between the
w-th and @-th elements is given by sinc(w). Here,
u,, is the position vector of the w-th element, determined by
its horizontal and vertical indices and spacing and A is the
signal wavelength.

Here, C denotes the set of complex numbers. It is assumed
that the RIS-UE, link exhibits channel reciprocity under
a time-division duplex (TDD) framework, where the uplink
and downlink channels are identical and operate at the same
frequency during the identification process. Under the chan-
nel reciprocity assumption, we have hyg ,, = hgpy , =
h,, ~ CN(0, P;SR),Vm. The RIS-UE channel is modeled as
Rayleigh fading. Also, ® denotes the RIS phase shift matrix,
where ©,, = diag(e’ Q}n, Y ean) matrix can be partitioned
into two subsets representing the phase shift matrices asso-
ciated with the IDset and BFset elements. This allocation is
based on instantaneous channel gain metrics, where elements
with stronger gains toward the connected UE are selected for
beamforming, while the rest continue to assist potential users
through identification, as detailed in the following sub-section.
The ID-set does not apply any intelligent beamforming; only
the elements assigned to the BF-set are phase-optimized to
participate in RIS-assisted communication. Then, the received
signal at UE» for the m-th reflected symbol, denoted by y, 2,
can be given as

Ym,2 = T [(hm)Temhm] + gm [(hm)T@mvm] + Tom,2

=z E h’IQTL,ie](bMJ +z § hr%L,iejgmﬂ

icelD ieBF

signal by IDset signal by BFset
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2
and can be expressed in a more compact form as follows

ymz 2wl 4 2RBF 4 gl 4 4B 4 . )
where N’ is the number of reflecting elements, dedicated for
the RIS-ID process. Here, ¢, denotes the modulated data
symbol transmitted by the 77 at the m-th interval as part of
the RIS-assisted communication process through UEj.

In the simpliﬁgd form represented at step I of (3), we
have E%D = i\é D h3n7iej Pm.i o represent the aggregated
contribution from the RIS identification elements. The term
@%D = i\é D vm7iej¢7’L’ihm7i captures the interference
contribution from the base station via the IDset. Similarly,
we set ﬁ?F = vaeégl hfmiejemai to represent the self-
interference caused by the RIS beamforming elements, while
fJQBF = Zf\é%é\{-l vm’iej emﬂ'hmyi includes the interference
contribution from the base station via the BFset.

In light of (3), the received signal y, 1 for UE; is defined
as:

gt = am (7 + 52 ) + & (APF 4 WD) 4 nt, @)

. / .
Whelce, we have AP = %ID hm7,—63¢:nv1gm7,—, 9P =

N Om,i PBF _ N-N 1O i
Zz‘eIBDva,iejAd;m’]:ﬁm,is h%g = ZieBS’-‘ hm,ie] " Gm,is
and U7 =} i ar Ui €7 g i

C. Elements Partitioning

The RIS divides its elements between IDSet and BFSet
based on the CSI of UEj, as follows. The elements with the
highest channel gain are allocated for passive beamforming,
while the others are left for identification. This is because,
for passive beamforming, having high channel gain is directly
proportional to the obtained beamforming gain, while for RIS-
ID, channel gain does not directly affect the miss and false
detection probabilities. Therefore, the SINR at UFE; can be
boosted without effectively degrading the RIS-ID performance
at UFs.

The partitioning process starts by calculating the channel
gains for each RIS element using the channel coefficients v
and g. These gains are then sorted in descending order to
prioritize elements with the highest gains. The N /2 elements
with the highest gains are allocated to the BFset, enhancing
the received signal quality at UE;. The remaining elements
are assigned to the IDset, ensuring the RIS continues to be
detectable by other UEs (UE»). Accordingly, IDset elements
are adjusted for RIS-ID [11] while BFset elements are adjusted
for passive beamforming. In what follows, we measure the
performance of elements sorting algorithm by deriving the
outage probability at UEj as the user with the highest priority.
The dominant computational step in the algorithm is the
sorting of RIS elements based on their channel gain. The
computational complexity of process is therefore O(N log N),
which remains efficient even for reasonably large RIS sizes.

III. THEORETICAL ANALYSIS OF OUTAGE PROBABILITY

The outage probability is characterized as the probability
that the SINR is lower than a predefined threshold r:

Poyt = Pr(SINR < 7). (5)
From (3), the SINR at UE; is expressed as:
Dl
SINR /55, = 1 . (6)

~ ~ 2
|6+ RBF + AP| "+ 5

In what follows, we first derive the outage probability when
the elements are randomly partitioned between the IDset and
BFset, and then derive it for the ordered case according
to proposed elements partitioning procedure. To the sake of

simplicity, we substitute the SINR expression as
A=Y B=#uP +aP¥ D (7)

The term A = @PF corresponds to the effective combined
signal at the receiver from the beamforming RIS elements.
According to Appendix A, T;PF is a summation of i.i.d.
products of Rayleigh fading coefficients, which leads to a
non-zero mean complex Gaussian distribution due to the
law of large numbers. Therefore, the term |A|2, being the
squared magnitude of a non-zero mean complex Gaussian
variable, follows a non-central chi-square distribution wi~th one
degree of freedom. On the other hand, B = P + hPY +
E{D represents the aggregate interference at the receiver. As
detailed in Appendix B, each component is a summation of
zero-mean complex Gaussian terms, which yields a zero-mean
complex Gaussian random variable overall. Hence, the mag-
nitude squared |B|? follows a central chi-square distribution
with two degrees of freedom.

Assuming the transmit power P; for both the T, and UEq,
(5) can be rewritten as

SINR |A‘2 ®)
UE, —
LR+
Submitting (7) in (4), we get
2
o
Pout :Pr(|A|2 < r<32+>). )
Py
Defining a new random variable Y = |A|%2 — r|B|2, (8) can
be rewritten as
2
Pout = Pr (T < m), (10)
Py
where, the characteristic function of Y is given as:
jwpd ) 1
N = . (11
() exp(l — 2jwo? (1- 2jw0124)0'5(1 + 2jwro?) an

This expression follows the statistical moment-generating
function approach for SINR distributions, building on the Gil-
Pelaez inversion theorem as detailed in [15].

A. Outage Probability for Unsorted Element Allocation

To find the cumulative distribution function (CDF) of T,

we apply Gil-Pelaez’s inversion formula [15]:
P(Y <)== - l/oo I [e ™70y (w)]
2 ™ Jo w

where the integral is computed over the imaginary part of the
product of the exponential term and the characteristic function.
The upper limit for the integration is set appropriately to avoid
numerical errors. Finally, we evaluate this expression for y =

2 . aye
% to obtain the outage probability Pqyt.

dw, (12)
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To analyze the outage probability, we derive the means
and variances of the random variables A and B. The mean
and variance of A are derived based on the product of two
independent and identically distributed (i.i.d) Rayleigh faded
channels. The mean of A is py = (N — N/)JU,BFO'Q’BF%,
and the variance of A is 04 = (N — N/)O%’BFO';BF(l -
7{—;) For large values of N, A can be approximated as a
Gaussian random variable using the central limit theorem
(CLT). Similarly, the mean and variance of B are determined
by considering the components of B, which are i.i.d. Rayleigh
fading channel coefficients. The mean of B is zero, up = 0.
The variance of B is 0% = O’iIDN/O'%’ID + UE,BF(N -
N’)U}Q%BF + O’;IDN/O'}QMID. Like A, for large N, B can also be
approximated as complex Gaussian random variable according
to the CLT (see Appendix A and B for detailed derivation).

B. Outage Probability With Channel-Gain-Based Element
Sorting

In our proposed scheme, we enhance the channel gains by
sorting the RIS elements based on their channel gain values
and selecting the top BFset elements for beamforming. This
sorting significantly improves the effective channel gain and,
consequently, the SINR at the UE.

For the sorted case, the mean of the channel gain A is given

by ’LLAsorted - (N B N/)\/U%BFsortcd \/O%BFsortcd %’ and the
2
= (N=Nod, ok, (=T

. . 2

variance is o
L. Asorted . /UBFsorted gBFsorted .
Similarly, the variance of the noise term B in the

: 2 =) 2
sorted case is o = N'o o
9 Bs2orted 9 UIDsorted2 gIDsorted
N — No o + N'o see
( ) hpp 9BForted IDgorted hIDsortcd (

Appendix B for ‘detailed derivation).

The CDF of the random variable for the sorted case is com-
puted using Gil-Pelaez’s inversion formula where W, teq(w)
is the characteristic function of the sorted case, and the integral
is computed over the imaginary part of the product of the
exponential term and the characteristic function. The upper
limit for the integration is set appropriately to avoid numerical
errors. Finally, we evaluate this expression for y = %’f to
obtain the outage probability Pout.,..oq = P(Ysorted < ¥)
(see Appendix A and B for detailed derivation).

IV. SIMULATION RESULTS

In this section, we present computer simulation results for
the proposed elements partitioning algorithm. The simulations
were conducted over a transmit power range from —10 dBm to
45 dBm was considered, with the RIS configurations involving
a total of N elements, partitioned into BFset for beamforming
and IDset for identification. The wavelength \ was calculated
based on a carrier frequency of 1.8 GHz. The path loss for the
channels was computed using the standard formula, and the
channels were modeled as Rayleigh fading. The noise power
was assumed to be —130 dBm, which is a practical value for
uplink communications. The simulations in Fig. 2(a) showed
that the sorted RIS configuration consistently outperformed the
unsorted configuration, particularly at higher transmit power
levels.

Specifically, as shown in Fig. 2(a), the sorted RIS partition
consistently outperforms the unsorted configuration, especially
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at higher transmit power levels. This result underscores the
effectiveness of the proposed algorithm in optimizing RIS
configuration to achieve better signal enhancement.

Figure 2(b) compares the miss—detection probability Piiss
of the baseline (unsorted) and proposed channel-gain—sorted
RIS configurations. The derivation and analysis of Py, used in
this comparison are provided in detail in [11]. For all array sizes
(N = 64,128, 256) and for the entire range of the normalized
threshold 7, the two curves overlap, indicating that channel-
gain sorting does not impair identification accuracy. Coupled
with the SNR gains observed in Fig. 2(a), this confirms that
the proposed partitioning strategy enhances communication
performance while preserving reliable RIS identification.

Figure 2(c) compares the outage probability of the base-
line (unsorted) RIS configuration with that of the proposed
channel-gain-sorted configuration over a wide transmit-power
range. Both theoretical predictions and Monte-Carlo simula-
tion results are plotted, and their close agreement validates
the accuracy of the analytical model. The sorted configuration
achieves up to an order-of-magnitude reduction in outage
probability thanks to the SNR gain provided by allocating the
strongest elements to the BFset. As the transmit power exceeds
roughly 25 dBm, the curves converge, indicating that the link
becomes noise-limited rather than element-allocation-limited.
These results confirm that the proposed sorting algorithm can
improve reliability without compromising the fidelity of the
theoretical analysis.

In summary, the results confirm the effectiveness of the
proposed joint beamforming and identification scheme, which
integrates a dynamic partitioning algorithm and element sort-
ing to optimize SNR performance. While the element sorting
plays a key role in enhancing the SNR, the proposed scheme
also maintains reliable identification accuracy. This balance
between beamforming and identification demonstrates the
practical utility of the system in dynamic wireless environ-
ments, all while preserving the expected SINR distribution.

V. CONCLUSION

This letter has presented a novel partitioning scheme for
RISs that integrates user identification and beamforming
in a dynamic and adaptive manner. The proposed scheme
enhances SNR by efficiently sorting and allocating RIS ele-
ments based on channel gains. Importantly, this improvement
in SNR is achieved without degrading the miss detection
performance, ensuring reliable identification performance.
Simulation results have validated the effectiveness of the
proposed scheme, demonstrating its ability to optimize com-
munication performance in varying channel conditions while
maintaining robust identification accuracy. The strong align-
ment between theoretical and simulation results underscores
the practical utility and robustness of this approach in dynamic
wireless networks. Future work can explore extending this
scheme to scenarios with multiple RISs or incorporating
machine learning techniques for further optimization.

APPENDIX A

MEAN AND VARIANCE OF A

In this section, we derive the mean and variance of
the random variable A. The channels are assumed to be
independent and identically distributed (i.i.d.) Rayleigh faded.
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BF

equal to g BF

Let A be where  7; =
Zive%é\_{/ vm,i,BFejem’igm,i,Bp is the product of two i.i.d
Rayleigh distributed random variables, vy, ; gr and gy, ; BF-

For Rayleigh distributed random variables v,, ; gp and
9m,i,BF With parameters o, gr and o, g, respectively,
the expected values are Elvy,;pr] = o,pry/5 and
E[gm 1, BF Og, BFf

Therefore, the mean of A is given by E[4] = E[sPY] =
0yBFOgBF7- Lhe variance of A can be calculated as
Var[4] = Var[pPF] = E[|oPY?] — (E[#PF])2. Since oPF
Ui, BF Ym,i,BF, With both v, ; pp and ¢, ; BF Raylelgh
distributed, we have E[|oPF[?] = o2 BFO’; pp- Therefore,

Var[pP¥] = UU,BF”;BF(I
2
A becomes Var[A] = (N — N') - o2 BFO'g r(l— T5)-
According to the CLT, as the number of RIS elements
N increases, the distribution of A approaches a Gaussian

distribution. Given the calculated mean and variance, A can
be approximated as

A~ N<(N - Nl)”y,BFUg,BFg: (N - Nl)”iBF”thBF <1 B 71LZ>>
(13)

T6)» and the overall variance of

APPENDIX B
MEAN AND VARIANCE OF B

In this section, we derive the mean and variance of the ran-
dom variable B. The channels are assumed to be independent
and identically distributed (i.i.d) Rayleigh faded.

Let B be defined as B = 9P + (APY + hiP), where /P,
hl , and h{D are the products of two i.i.d Rayleigh distributed
random variables.

Since there is no coherent phase alignment, the mean of B
is zero as E[B] = E[5/P] + E[(APF + 1[P)] = 0.

The variance of B is given by the sum of the vari—
ances of the individual components: Var[B] = Var(#{P) +
Var(hBF) + Var(hID) Each P follows a complex normal
drstrrbutron CN(0, O'U IDOQ ID) resulting in a variance of

N'o? IDU 1p- Similarly, hBE follows CA(0, O'%L BFJ? BF )
with a variance of (N — N")o? BFO’ pp- Lastly, h{D follows
CN(0, O’h IDO’g p)> yielding a variance of N’ ah IDgg ID-
Summing these variances gives Var[B] = N'o IDO’? m +

Ne2 2 12 2
(N = Noj, rog sr T V'O 1n9g 1D-

Normalized Treshold

(b) Miss detection probability (P,iss) for

Outage Probability
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According to the CLT, as the number of RIS elements
N increases, the distribution of B approaches a Gaussian
distribution. Given the calculated mean and variance, B can
be approximated as

B~ N(O’ NlOi,IDU_Z,ID + (N - N’)U)QL,BFU;BF + N/U)QL,IDU;ID)
(14)

REFERENCES

[1] E. Basar et al.,
intelligent surfaces,”
2019.

[2] C. Pan et al., “Reconfigurable intelligent surfaces for 6G systems:
Principles, applications, and research directions,” IEEE Commun. Mag.,
vol. 59, no. 6, pp. 14-20, Jun. 2021.

[3] A. Khaleel and E. Basar, “A novel NOMA solution with RIS partition-
ing,” IEEE J. Sel. Top. Signal Process., vol. 16, no. 1, pp. 70-81, Jan.
2022.

[4] E. Basar and A. Khaleel, “Reconfigurable intelligent surface-empowered
MIMO systems,” I[EEE Syst. J., vol. 15, no. 3, pp. 4358-4366, Sep.
2021.

[5] E. Basar, “Reconfigurable intelligent surface-based index modulation: A
new beyond MIMO paradigm for 6G,” IEEE Trans. Commun., vol. 68,
no. 5, pp. 3187-3196, May 2020.

[6] J. Hu et al., “Reconfigurable intelligent surface based RF sens-
ing: Design, optimization, and implementation,” IEEE J. Sel. Areas
Commun., vol. 38, no. 11, pp. 2700-2716, Nov. 2020.

[71 H. Zhang et al., “Channel estimation with simultaneous reflecting and
sensing reconfigurable intelligent metasurfaces,” in Proc. IEEE 22nd
Int. Workshop Signal Process. Adv. Wireless Commun. (SPAWC), 2021,
pp. 536-540.

[8] R. Liu et al., “Joint beamforming and reflection design for RIS-assisted
ISAC systems,” in Proc. 30th Eur. Signal Process. Conf. (EUSIPCO),
2022, pp. 997-1001.

[9] E. Bjornson et al., “Reconfigurable intelligent surfaces: A signal pro-

cessing perspective with wireless applications,” IEEE Signal Process.

Mag., vol. 39, no. 4, pp. 135-158, Mar. 2022.

M. Cui et al., “Secure wireless communication with the aid of recon-

figurable intelligent surfaces,” IEEE Trans. Commun., vol. 68, no. 7,

pp. 4242-4254, Oct. 2021.

A. Khaleel et al., “A simple detection and identification scheme for

reconfigurable intelligent surfaces,” 2024, arXiv:2402.12565.

K. Keykhosravi et al., “RIS-enabled self-localization: Leveraging con-

trollable reflections with zero access points,” in Proc. IEEE Int. Conf.

Commun., 2022, pp. 2852-2857.

R. Vural et al., “A practical validation of RIS detection and identifica-

tion,” IEEE Trans. Veh. Technol., vol. 74, no. 10, pp. 16590-16594, Oct.

2025.

E. Bjornson and L. Sanguinetti, “Rayleigh fading modeling and chan-

nel hardening for reconfigurable intelligent surfaces,” IEEE Wireless

Commun. Lett., vol. 10, no. 4, pp. 830-834, Apr. 2020.

A. M. Mathai and S. B. Provost, Quadratic Forms in Random

Variables: Theory and Applications. New York, NY, USA: Dekker,

1992.

“Wireless communications through reconfigurable
IEEE Access, vol. 7, pp. 116753-116773,

[10]

(11]
[12]

[13]

[14]

[15]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


