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Joint User Detection and Localization in Near-Field Using
Reconfigurable Intelligent Surfaces

Georgios Mylonopoulos , Associate Member, IEEE, Behrooz Makki , Senior Member, IEEE,
Stefano Buzzi , Senior Member, IEEE, and Gábor Fodor , Senior Member, IEEE

Abstract—This letter studies the problem of detecting active
user equipment devices (UEs) and localization in the near field,
wherein the base station (BS) is unaware of the number of active
(or inactive) UEs and their positions. The system is equipped with
multiple reconfigurable intelligent surfaces (RISs), which provide
a low-complexity solution for detection and localization with
additional degrees of freedom due to the additional inspection
points. Specifically, we propose an iterative detection procedure,
allowing the BS to assign pilots to detected UEs, and thereby
providing a structured channel access. Also, the problem of
multiple access interference is explored as a limiting performance
factor. The results show that, with a proper configuration of the
RISs, the proposed scheme can detect/localize UEs, augmenting
benchmark detection schemes to spatially aware UE detection.

Index Terms—Multiuser detection, access protocols, localiza-
tion, reconfigurable intelligent surfaces.

I. INTRODUCTION

AS THE number of connected user equipment (UE) devices
increases, wireless networks are expected to support

massive connectivity for Internet-of-Things and machine-type
communication applications. In such scenarios, a large number
of UEs may be connected to a base station (BS), but the device
activity is typically sporadic and only a limited number of UEs
may be active at a given point [1]. Therefore, the active UEs
may be initially unknown to the BS for a structured channel
access, and effective UE detection techniques are needed to
establish communication links. To that end, activity detection
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and the effect of geometry and device density are explored
in [2], while [3] investigates joint channel estimation and UE
activity detection in massive access networks.

Spatial awareness is a vital sensing feature for many prac-
tical applications and novel positioning techniques need to be
derived for integrated sensing and communication (ISAC) [4].
As the number of UEs increases, the probability that the BS
cannot detect/track them increases due to, e.g., blockages and
localization holes, where the BS alone cannot detect them
accurately. In these cases, the presence of reconfigurable intel-
ligent surfaces (RISs) can improve the detection/localization
accuracy as they provide a second view and bypass blockages.

RISs have gained much attention in ISAC applications, as
they provide partial control over the propagation environment
and enhance signal reception [5]. RISs of various architectures
have been considered in dedicated localization schemes [6], [7]
and in radar applications [8]. In RIS aided systems localization
may be an auxiliary application to some other procedure,
e.g., joint localization and channel estimation [9]. In spatially
aware applications, RISs demonstrate more degrees of freedom
in the near-field (NF), due to the spherical nature of the
reflected wavefronts [7], [8], [9]. Along another line of research,
RIS-assisted UE detection has been investigated in the far-
field (FF) [10]. However, to the best of our knowledge, the
problem of jointly detecting active UEs and extracting positional
information in the NF has not been investigated.

In this letter we study the problem of UE activity detection,
where the large and unknown number of active UEs prohibits
the BS of pre-assigning pilot sequences. The active UEs
proceed with unstructured and random channel access, leading
to collisions and inter-user interference among them. As
the BS tackles the problem of signal detection, we propose
that positional information may be extracted, for the active
UEs, without a dedicated localization procedure. Moreover,
we investigate the versatility of RISs in augmenting the
sensing capabilities of existing infrastructure; exploiting the
NF characteristics of the considered scenario, we design a
point-wise, RIS-assisted, scanning procedure. In that sense,
we provide an extended discussion on the practical advantages
of RIS-aided inspection and present an intuitive guide for
practical deployment and configuration of RISs for sensing
applications. We propose an iterative procedure, where the
random multipath interference is suppressed and the BS grad-
ually allocates resources among the detected UEs, reducing
the channel congestion. Also, we compare the performance of
the proposed scheme with a benchmark UE detection scheme
with no RIS and spatial awareness. Our results show that the
proposed iterative scheme can localize the NF UEs with high
accuracy.
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Fig. 1. The BS detects and localizes the activity of M UEs, with the aid of
K RISs; N different RIS configurations perform a scanning procedure as the
UEs make N transmissions.

II. SYSTEM MODEL & DETECTION PROCEDURE

We consider the joint problem of detecting UE activity and
estimating their position. A set of K passive RISs undertake a
scanning procedure, correlating the detected signals with the
position of their source, i.e., the UEs. Fig. 1 illustrates the
considered setup. There is a BS, wall-mounted on the x-z plane,
at point pBS, equipped with a uniform planar array (UPA) of
NBS elements, i.e.,NBS = N

(x)
BS ×N

(z)
BS with an antenna spacing

of δBS, across both dimensions. There are M single antenna
UEs, with unknown positions; p

(m)
UE ∈ R,m = 1, . . . ,M ,

where R is a 3-dimensional region. The number of UEs, M,
is not known to the BS. While we present the setup for the
general case with multiple RISs, depending on the considered
area and quality-of-service requirements, a single RIS may be
considered. Each RIS is ceiling-mounted on the x-y plane, at a
fixed position, p(k)

RIS, k = 1, . . . ,K , known to the BS, equipped

with N
(k)
RIS elements, i.e., N (k)

RIS = N
(k ,x)
RIS × N

(k ,y)
RIS , with an

element spacing of δ(k)RIS. Each RIS is designed to aid with the
detection of UEs in a smaller region, i.e., the smaller region
inspected by the k th RIS is denoted by R(k) ∈ R.

A. Detection Procedure

Our proposed solution combines three key ideas that have
not been considered before within the UE detection frame-
work, as illustrated in Fig. 2. The BS broadcasts a signal,
synchronizing the UEs that proceed to a set of transmis-
sions. For the commonly considered OFDM structure, the
available subcarriers and timeslots create B orthogonal pilots,
x
(b)
q = [x

(1,b)
q , . . . , x

(L,b)
q ]T ∈ R

L×1, of L timeslots for q =
1, . . . ,Q , subcarriers, with B = LQ and a subcarrier spacing of
Wsub. The pilots are also referred to as resource blocks (RBs).
Each UE autonomously and randomly picks a pilot sequence
from a pre-determined set, leading to possible collisions. Any
detected UE is assigned an RB by the BS, for collision-free
procedure. Note that traditional uplink localization or estima-
tion schemes require a known pilot for each UE, e.g., [6], [9].

We propose to split the pilots in two disjoint sets: the
set of pilots to be randomly picked by undetected UEs, of
cardinality BR, and the set of pilots assigned by the BS during
the adaptive phase, of cardinality BA. The UEs transmit
Ñ +N OFDM frames using their respective pilots, where Ñ
frames are used during the signal processing phase to separate
the RIS-assisted link and suppress the multipath component.
For the N transmissions, the k th RIS uses N configurations
designed to scan R(k). Thus, R(k) forms N sub-regions, R(k)

n

Fig. 2. Proposed UE detection protocol with spatial awareness, multipath
suppression and adaptive resource allocation.

for n = 1, . . . ,N . Each sub-region is individually inspected
during each OFDM frame. The process is iterated periodically,
as designed by the network designer.

B. Near-Field Channel & Signal Model

The channel consists of two main components: static and
non-static. The static component, ḣ , refers to all links that do
not vary, during a single detection phase and encapsulates both
the line-of-sight (LOS) link with the BS and the multipath
generated by an unknown number of scatterers. The static link
between the BS and the mth UE, for the qth subcarrier, is

ḣ
(m)
q =

β̇
(m)
q√

K
(m)
Rice + 1

[
ψ(m)

√
K

(m)
Riceαq

(
p
(m)
UE

)
+m

(m)
q

]
, (1)

for m = 1, . . . ,M , and q = 1, . . . ,Q , where KRice is the
Rice factor, ψ ∈ {0, 1} is a binary indicator for a LOS link
and αq (p) is the BS’s NF steering vector for position p .
Essentially, ḣq is a Rayleigh (Rice) channel if the LOS is (not)
obstructed. For the qth subcarrier, the NF steering vector is

[
αq (p)

]
i
= G

(
θp,i

) db
di,b

exp
{−j2π

di,b
λq

}
, (2)

where di,b is the distance from the ith antenna to point p and
G(θ) is the scalar element gain for the angle of arrival (or
departure), θ = [θaz, θel]

T , for each element-to-element link.
In (1), m ∼ CN (0, I ) denotes the random multipath and the
scalar β̇ is the channel’s complex amplitude, given by

β̇
(m)
q =

λq

4πd
(m)
b

exp
{
jφ

(m)
o

}
, (3)

where λq is the wavelength, db = ‖pUE − pBS‖ and φo ∈
[0, 2π] accounts for the synchronization mismatch.

Finally, the non-static component, h̄ , refers to all links
between the mth UE and the BS via the RISs, as they vary
with each RIS configuration. For the qth subcarrier, we have

h̄
(m)
q,n =

K∑

k=1

H k ,q diag{ω(k)
n }r (m)

k ,q (4)

where ω marks the RIS configuration, r denotes the channel
between each UE and the RIS and H denotes the channel
between the RIS and the BS. The channels involving the mth

UE, the ith element of the k th RIS and jth BS antenna are

[
r
(m)
k ,q

]
i
=

G
(
θ
(m)
k ,i

)
λq

4πd
(k ,m)
i,r

exp
{−j2π

d
(k ,m)
i,r

λq
+ jφ

(m)
o

}
, (5a)
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[
H k ,q

]
i,j

=
G
(
θk ,i

)
G
(
θk ,j

)
λq

4πd
(k)
i,j

exp
{−j2π

d
(k)
i,j

λq

}
, (5b)

where d
(k ,m)
i,r and d

(k)
i,j denote the distance from the ith RIS

element to the mth UE and the jth BS antenna, respectively.
Note that h̄q,n is non-static, as it varies among different
frames.

The received signal during the nth OFDM frame is

yq,n =
√

Psym

M∑

m=1

h
(m)
q,n ⊗ x

(m)
q,n + z q,n ∈ C

(NBSL)×1 , (6)

for q = 1, . . . ,Q , where Psym is the transmit power per

symbol, h
(m)
q,n = ḣ

(m)
q + h̄

(m)
q,n and z q,n is a circularly-

symmetric Gaussian-random vector ∼ CN (0, σ2z I ).

III. RIS DESIGN & DEPLOYMENT

Each RIS needs to constructively reflect the signal for
any UE in R(k)

n , while signals from other sub-regions are
suppressed. For some configuration ω, the metric

H k ,q diag{ω}αk ,q (p) = ΛΛΛk ,q (p)ω, (7)

is proportional to the received energy, via the k th RIS, from a
potential UE at point p and ΛΛΛk ,q (p) = H k ,q diag{αk ,q (p)}.
The design problem is formulated as

ω
∗(k)
n = arg maxω

∑

p

Q∑

q=1

∥
∥ΛΛΛk ,q (p)ω

∥
∥2,

such that: |ωi | = 1and
∑

p̄

Q∑

q=1

∥
∥ΛΛΛk ,q (p̄)ω

∥
∥2 < ε, (8)

where the sum over p (sum over p̄) refers to some set of
sampled points inside (outside) of the corresponding sub-
region. Without loss of generality, let us sample the set of
points corresponding to the center of mass of each sub-region.
Note that (8) requires the true NF channels in (5b) (BS-to-
RIS) and a set of sampled points in R, inspected via the NF
steering vector in (2). Thus, the RISs are configured around
the spatially dependant NF channels, creating a point-focused
beampattern. Furthermore, the first constraint in (8) relates to
the passive nature of the RIS, while the second restricts the
integrated side-lobe level below a desired threshold, ε. The
design problem in (8) is non-convex and there may be no
feasible point satisfying the second condition. As a result, a
relaxed design problem needs to be considered. Let us define
the continuous and differentiable objective function

J
(k)
n (ω) =

∑

p

Q∑

q=1

∥
∥ΛΛΛk ,q (p)ω

∥
∥2 − fps(ω)

−
∑

p̄

fSL

⎛

⎝
Q∑

q=1

∥
∥ΛΛΛk ,q (p̄)ω

∥
∥2

⎞

⎠, (9)

where the passive RIS penalty function, fps(ω), is defined as

fps(ω) = βps

NRIS∑

i=1

(|ωi | − 1)2, (10)

while the side lobe penalty function, fSL(χ), is defined as

fSL(χ) =
βSL

1 + e−αSL(χ−εSL)
, (11)

Algorithm 1 RIS Configuration Design for Inspected Points
1: Set design parameters for the penalty functions, i.e.,
βps = 0.1, βSL = 0.1, αSL = 0.1, εSL = 0.1

2: Initialize ω
(k)
n as random configuration

3: repeat
4: Compute ∇J (ω

(k)
n ) in (12), using (13)

5: Update ω
(k)
n using (15) with converging step size, μ

6: until Convergence

with βSL, αSL and εSL being design parameters.
Essentially, (10) penalises any non-unit element configuration,
while (11) penalises any side-lobes exceeding a threshold
(sigmoid activation). The gradient of the objective function
in (9) is

∇J
(k)
n (ω) =

[
∂J

(k)
n (ω)

∂ω1
. . .

∂J
(k)
n (ω)

∂ωNRIS

]T

, (12)

where the i th partial derivative of (9) is given by

∂J
(k)
n (ω)

∂ωi
= 2

∑
p

Q∑
q=1

Ak,q,i (ω,p)− 2
βps(|ωi | − 1)ωi

|ωi |

−2
∑
p̄

Q∑
q=1

f ′SL

⎛
⎝

Q∑
q=1

∥∥ΛΛΛk,q (p̄)ω
∥∥2

⎞
⎠×Ak,q,i (ω, p̄),

(13)

where we define Ak ,q,i (ω,p) =
∑NBS

b [ΛΛΛk ,q (p)]i ,b [ΛΛΛk ,q (p)
ω]b and f ′SL(χ) is the derivative of (11), given by

f ′SL(χ) =
dfSL(χ)

dχ
=
αSLβSLe

−αSL(χ−εSL)

1 + e−αSL(χ−εSL)
. (14)

Maximizing (9) over ω can be carried out through the gradient
ascent method, i.e., for the �th ascent iteration we have

ω[�] = ω[�−1] + μ[�]∇J

(
ω[�−1]

)
, (15)

where μ is the converging gradient ascent step. The process
is presented in Alg. 1, for each sub-region R(k)

n .
RISs can be introduced in various practical scenarios,

augmenting the system’s sensing abilities and offering new
degrees of freedom. In particular, each RIS does not need to
inspect the whole region, offering flexibility and favourable
points of inspection. For example, consider the UE placement
across the x-y plane. The wall-mounted BS requires high angu-
lar resolution (azimuth) and range resolution to distinguish
different UEs. On the other hand, the ceiling-mounted RIS
requires high resolution in the angular domain only (azimuth
and elevation). Each RIS needs to have a strong LOS link with
the BS and the small area it inspects, directly underneath it.
The range resolution is proportional to the available bandwidth
(BW), while the angular resolution is proportional to the
number of antennas/RIS elements. For indoor scenarios, the
BW requirements for sufficient range resolution could be
unrealistically high, as indicated in Table I. Moreover, the
number of RIS elements dictates the shape of the RIS reflect-
beampattern and the achievable side-lobe suppression. Thus,
the RIS design that achieves proper RIS inspection requires
that the considered RISs are sufficiently large for the desired
performance level.

Authorized licensed use limited to: TEL AVIV UNIVERSITY. Downloaded on August 10,2025 at 10:58:31 UTC from IEEE Xplore.  Restrictions apply. 

GiannaA
Pencil

GiannaA
Pencil



MYLONOPOULOS et al.: JOINT USER DETECTION AND LOCALIZATION IN NEAR-FIELD USING RISs 61

TABLE I
CONSIDERED GEOMETRY & RESOLUTION REQUIREMENTS

IV. UE DETECTION

In this section, we exploit the non-static signal component
over different frames for UE detection. The RIS-assisted link
is designed to produce a combination of frames that depend
on the static channel exclusively, i.e., when certain known
RIS configurations are combined, only the LOS and the static
multipath link is observed by the BS. The transmitted pilots
and the corresponding RIS configurations can be designed
such that there is an ñ where ẏq,n = 1/2(yq,n + yq,ñ ) and

ẏq,n =
√

Psym

M∑

m=1

ḣ
(m)
q ⊗ x

(m)
q,n + ż q,n . (16)

The procedure to make such a design is not trivial. The
coherence time of the channel, the cost of having multiple
transmissions and the overall desired application are some of
the factors that may shape the RIS design process. Here, we
consider that the UEs transmit Ñ frames separately, for this
procedure. However, this is not a necessity, and is a strategy
to simplify notations. The frames designed to aid with the
signal extraction may need to be part of a more complex
transmission procedure. A thorough investigation of the pilot
design and transmission strategy that achieves (16) is left for
future consideration. Considering the case with Ñ = N , a
simple design is to set ñ = n − Ñ and

x
(b)
q,n = x

(b)
q,ñ , ω

(k)
ñ = −ω

(k)
n , ∀n = 1, . . . ,N . (17)

Thus, we can utilize (16) to isolate the non-static component
of the signal, as ȳq,n = yq,n − ẏq,n , where

ȳq,n =
√

Psym

M∑

m=1

h̄
(m)
q,n ⊗ x

(m)
q,n + z̄ q,n . (18)

The energy received via the RIS’s reflection changes over
time, as the RIS uses different configurations, employing an
iterative scanning procedure. The combination of all RISs’
contributions in (18) can be plugged into

f
(b,k)
n =

∣
∣
∣
∣

Q∑

q=1

(
t
(k)
q,n

(
ω
(k)
n

)
⊗ x

(b)
q,n

)H

ȳq,n

∣
∣
∣
∣ , (19)

for b = 1, . . . ,B , and n = 1, . . . ,N . The output of (19)
is essentially a filter matched to the cascaded channel for
the point-wise inspection via the corresponding RIS, for each
individual RB, producing a total of KB sequences of length N.
Each sequence, f (b,k) = [f

(b,k)
1 , . . . , f

(b,k)
N ]T ∈ R

N×1 is

TABLE II
SIMULATION PARAMETERS

connected with the region R(k) inspected by the RIS and it
tracks how much energy is reflected by the k th RIS over the
N OFDM frames. If ω

(k)
n is designed according to Alg. 1, to

inspect R(k)
n , then the energy detector

f
(b,k)
n

H1

≷
H0

γ

{
H1 : ∃UE(m∗) ∈ R(k)

n s.t. : x (m∗) ≡ x (b)

H0 : �UE(m∗) ∈ R(k)
n s.t. : x (m∗) ≡ x (b)

(20)

indicates the presence of a UE, m∗, within the inspected
region, R(k)

n , using the bth available pilot. In (20), if the
received energy exceeds the set threshold γ, hypothesis H1

where there is a UE in R(k)
n is assumed to be true. Otherwise,

the null hypothesis, H0, of no present UEs is true. Essentially,
the energy detector in (20) augments the traditional concept of
signal detection to incorporate the spatial information of the
corresponding signal. The corresponding spatial information
is extracted from the scanning procedure, undertaken by the
RISs.

Complexity Analysis: The complexity of our proposed
detection procedure scales with the desired inspection reso-
lution. In particular, there are NK sub-regions, and each one
requires B iterations of (19) for each possible pilot, i.e., N
OFDM frames and NKB × QLNBS complex multiplications
are required. Note that the computational complexity scales
linearly with each parameter and no exhaustive search
is required, in contrast to many traditional localization
algorithms [6].

V. SIMULATION RESULTS

Consider Fig. 1 and the simulation parameters given in
Table II. We consider the 6 GHz band, as one of the 5G bands.
Other frequency bands are also applicable. For the considered
geometry, the Fraunhoffer distance is at 29.78 m (28.78 m)
for the BS (RIS). Any propagation path is much smaller for
the considered geometry, highlighting the validity of the NF
assumption. However, our core idea can be extended to an FF
scenario, if the RIS configurations are designed accordingly.
The element gain is modelled as G(θ) = cos2(θaz) cos

2(θel).
An extended version of this letter is available at [11].

Figure 3 compares the performance of a system operating
with or without RISs, either for a single (left) or multiple
(right) active UEs. As illustrated in Table I, direct inspection
by the BS requires unrealistically large BW to achieve the
desired resolution. The total channel BW for the BS inspection
is set to 1.188 GHz (Q = 100,Wsub = 12 MHz), as opposed
to the case with RISs in Table II (BW = 30 KHz). As the
LOS probability and the multipath level vary, the simulations
show that a strong LOS is imperial for the performance of
such a system, as the probability of detection experiences
saturation. For perfect LOS conditions, the BS inspection
seems to outperform the RIS-based system due to the stronger

Authorized licensed use limited to: TEL AVIV UNIVERSITY. Downloaded on August 10,2025 at 10:58:31 UTC from IEEE Xplore.  Restrictions apply. 

GiannaA
Pencil

GiannaA
Pencil



62 IEEE WIRELESS COMMUNICATIONS LETTERS, VOL. 14, NO. 1, JANUARY 2025

Fig. 3. Performance with and without RIS, for a single active UE per RB
(left, M = 1) or multiple (right, M = 3). The solid / dotted lines indicate
strong (KRice = 1) / weak multipath (KRice = 10), respectively.

Fig. 4. CDF for multiple detection phases and different resource management
Strategies: Adaptive and Non-Adaptive.

direct link. However, this comes with the cost of significantly
larger BW.

When multiple UEs are active within an RB, the inter-
user interference significantly affects our ability to properly
detect active UEs and estimate the position of the signal
source, regardless of the inspection method and the considered
resources. The performance degradation is more prominent
when no RISs are considered, and the LOS link is obstructed.

If the BW is not increased, the UE detection may be reduced
to a standard energy detection (ED) problem, as considered
in [3] (black line), i.e., there is no RIS, and no position
information is extracted. Essentially, the RISs transform UE
detection to spatially aware detection, without degrading
the detection performance. Note the saturated probability of
detection in standard ED, when multiple UEs are active with
the same RB. Without the RISs, the standard ED problem
completely fails to combat the multiple access problem; the
BS can not distinguish when multiple UEs access an RB.

In addition, when the LOS is obstructed and no RIS is
utilized (orange and yellow lines), the BS still detects the
activated resource blocks when the transmitted energy is suf-
ficiently large, through the random multipath links. However,
no spatial information is extracted from the random multipath
and the probability of false detection significantly increases.
Lastly, the probability of false detection slightly increases for
high transmit power in the RIS-aided localization, since the
side lobes of the RIS response produce false alarms. However,
a stricter side-lobe suppression could be incorporated in the
design of the RIS configuration in Algorithm 1.

Figure 4 shows the cumulative distribution function (CDF)
for the number of detected UEs, for different numbers of
detection phases and for different channel access strategies
(Psym = −50 dBW). There are 25 active UEs and 50 available

RBs. Strategy A refers to our proposed solution; a set of
RBs is reserved for detected UEs (BR = 25,BA = 25).
Strategy B refers to random channel access for each detection
phase, without separating the detected and the undetected UEs
(BR = 50,BA = 0). Strategy B allocates all RBs for the
random access, making it more effective when the detection
procedure is performed only once. However, for multiple
iterations of the detection procedure Strategy A outperforms
Strategy B, since the detected UEs no longer interfere with
the undetected ones, while Strategy B does not adapt with
multiple iterations. Even a single iteration is sufficient to
efficiently decongest the channel access, as multiple UEs
are detected and do not interfere in upcoming detections
procedures. With our proposed adaptive strategy practically
all the UEs are detected for more than one iteration (J > 1).
In general, multiple iterations over different RBs provide a
more favourable detection environment, as the channel access
is structured, and fewer collisions are expected.

VI. CONCLUSION

We have proposed an iterative algorithm for detec-
tion/localization of an unknown number of UEs. Our proposed
adaptive detection process allows the BS to control the
allocation of resources for the detected UEs and increases the
probability of detection, as multiple iterations are considered.
Moreover, we have shown that the restrictions on the BS
placement for specific geometrical configurations lead to infea-
sible requirements for proper inspection, while the presence
of RISs reduces the required BW significantly and improves
the localization/detection performance by bypassing blockages
and providing a second view on the UEs.
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