
Near-Field Wideband Beamforming for RIS
Based on Fresnel Zone

Qiumo Yu∗, Linglong Dai∗, Fellow, IEEE, and Mengnan Jian†

∗Department of Electronic Engineering, Tsinghua University,
Beijing National Research Center for Information Science and Technology (BNRist), Beijing 100084, China
†State Key Laboratory of Mobile Network and Mobile Multimedia Technology, Shenzhen 518055, China

Wireless Research Institute, ZTE Corporation, Beijing 100029, China
Email: yqm22@mails.tsinghua.edu.cn, daill@tsinghua.edu.cn, jian.mengnan@zte.com.cn

Abstract—Reconfigurable intelligent surface (RIS) has
emerged as a promising solution to overcome the challenges
of high path loss and easy signal blockage in millimeter-wave
(mmWave) and terahertz (THz) communication systems. With
the increase of RIS aperture and system bandwidth, the
near-field beam split effect emerges, which causes beams at
different frequencies to focus on distinct physical locations,
leading to a significant gain loss of beamforming. To address
this problem, we leverage the property of Fresnel zone that the
beam split disappears for RIS elements along a single Fresnel
zone and propose beamforming design on the two dimensions
of along and across the Fresnel zones. The phase shift of RIS
elements along the same Fresnel zone are designed aligned, so
that the signal reflected by these element can add up in-phase
at the receiver regardless of the frequency. Then the expression
of equivalent channel is simplified to the Fourier transform
of reflective intensity across Fresnel zones modulated by the
designed phase. Based on this relationship, we prove that the
uniformly distributed in-band gain with aligned phase along the
Fresnel zone leads to the upper bound of achievable rate. Finally,
we design phase shifts of RIS to approach this upper bound
by adopting the stationary phase method. Simulation results
validate the effectiveness of our proposed Fresnel zone-based
method in mitigating the near-field beam split effect.

Index Terms—Reconfigurable intelligent surface (RIS), tera-
hertz (THz) communications, millimeter-wave (mmWave) com-
munications, near-field, beam split, Fresnel zone.

I. INTRODUCTION

With the emergence of new applications such as virtual
reality, holographic images, and digital twins, communica-
tions have put forward requirements for high transmission
rates [1]. Emerging technologies such as millimeter-wave
(mmWave) and terahertz (THz) communications are expected
to be adopted in the future, offering ultra-wide bandwidth
of several gigahertz (GHz) or even higher to facilitate high-
speed data transmission. However, mmWave and THz signals
are easily blocked by objects in their propagation path, re-
sulting in limited coverage range. The recent development of
reconfigurable intelligent surfaces (RIS) presents a solution to
the blockage issue, as it can provide an additional reflection
link by beamforming [2]. Meanwhile, high path loss poses a
challenge for mmWave and THz techniques [3], necessitating
high beamforming gain to mitigate the loss. Thanks to its
simple structure and low hardware cost, RIS usually consists

of extremely large number of elements (2304 elements [4], for
example) to achieve high beamforming gain [5].

As the scale of RIS continues to increase, the future RIS-
enabled wideband communication systems will work in near-
field wideband scenario, facing issue on near-field beam split,
which draws challenges for the system design, especially for
RIS beamforming. In near-field wideband systems, due to
the mismatch of frequency-dependent channel and frequency-
independent phase shift of RIS, beams of different frequencies
in near-field wideband systems are focused on different phys-
ical areas in the 3-dimensional space [6]. This effect, termed
as near-field beam split, causes the beams deviating from the
area where the user is located, seriously affecting the energy
received by the user [7]. Further, authors in [8] show that near-
field beam split can affect the receiving power even in the bore
sight direction where no far-field beam split effect occurs.

Although many work on the issue of beam split have
arisen, only very few recent publications investigated the near-
field beam split of RIS. An intuitive solution is to adopt
frequency-dependent modules, like true time delay (TTD) and
delay adjustable metasurface (DAM), to adjust the frequency-
dependent channel. A joint design of phase shifts and delay
of the DAM was proposed in [9] to focus the beam of all
frequency to the user’s location, eliminating the gain loss
caused by beam split effectively. To reduce the number of
high-cost time delay unit, a sub-connected TTD architecture
was proposed in [10], where an end-to-end optimization for
beamforming is realized using neural network. However, the
TTD-based architectures is not practical for RIS, due to the
high insertion loss and unbearable complex structure [11].

An alternative way to address the near-beam split is to form
wideband beam with acceptable gain in the whole frequency
band. researchers in [12] partitioned the RIS into Nsub virtual
subarrays (VSA), configuring each subarray to focus its beam
at the user’s location at different frequencies. This approach
aims to achieve relatively stable gain across all subcarriers,
but the gain of each subarray is limited to 1/N2

sub compared
to the entire RIS since the beamforming gain is proportional
to the square of the number of RIS elements [13]. Therefore,
the separate beamforming design on subarrays can not get
the benefit of the whole RIS plane, resulting in severe gain
loss. Hence, an effective and practical beamforming method
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is required to deal with the near-field beam split effect of RIS.
In this work, a near-field wideband RIS beamforming

method based on Fresnel zone is proposed to address the issue
of near-field beam split without extra hardware. Fresnel zones
refer to the concentric ellipsoids whose focus points are the
transmitter and receiver. We discover that the beam split effect
disappears if RIS elements along a signal Fresnel zone are
considered and the phase of the cascaded channel via these
elements remains aligned regardless of frequency. Thus, we
reorient the coordinate system to the two dimensions of along
and across the Fresnel zones. Along the Fresnel zone, the
phase shifts are designed to be the same, so that the reflected
signal by these elements can add up in-phase at the receiver
and maximum gain can be achieved. Then the expression
of equivalent channel is simplified to the Fourier transform
of reflective intensity across Fresnel zones modulated by the
designed phase. Based on this relationship, we prove that the
uniformly distributed in-band gain with aligned phase along
the Fresnel zone leads to the upper bound of achievable rate,
where the gain loss on edge frequencies caused by beam split
disappears. Finally, we design phase shifts of RIS to approach
the upper bound by adopting the stationary phase method.
Simulation results confirm the effectiveness of the proposed
Fresnel zone-based method in mitigating the near-field beam
split effect.

II. SYSTEM MODEL

We consider a RIS-enabled wireless communication system,
as shown in Fig. 1. The carrier frequency, bandwidth and
number of carriers are denoted as fc, B, M , respectively.
The frequency of k − th subcarrier is expressed as fk =
fc + B( 2k−1

2K − 1/2), for k = 1, ...,K. We consider a square
RIS array with a side length of D. The RIS lies in the xy
plane centering at the origin (0, 0, 0) and the edges of RIS are
parallel to the axes respectively. The RIS has NRIS

1 and NRIS
2

elements on x and y axis respectively, with a total number of
NRIS = NRIS

1 NRIS
2 . The space between successive elements

along the x and y dimensions is d. The set of 3D coordinates of
element of RIS is defined as S. The coordinate of RIS element
(nx, ny) is rRIS

n = ((nx− NRIS
1 +1
2 )d, (ny− NRIS

2 +1
2 )d, 0), where

the index of element n is defined as n = (nx − 1)NRIS
2 + ny .

The base station (BS) located at rBS = (xBS, yBS, zBS) is
assumed to be with NBS = NBS

1 NBS
2 antennas with NBS

1 and
NBS

2 in the direction u1 and u2 respectively. The location of
BS antenna (n1, n2) is rBS

n = rBS + n1u1 + n2u2, where the
index of element n is defined as n = (n1 − 1)NBS

2 + n2.
A single receiver (UE) is considered with the location at
rUE = (xUE, yUE, zUE). Then the distance from n-th RIS
element at rn to UE and m-th element of BS can be expressed
as lR-U

n = ∥rn − rUE∥2 and lB-R
n,m = ∥rn − rBS

m ∥2respectively.
Furthermore, RB-R = ∥rBS∥2 and RR-U = ∥rUE∥2 are defined
as the central distance.

In this paper, the BS-UE LOS channel is assumpted to be
blocked. As the gains of NLOS channels are usually negligible
in mmWave/THz band, only the BS-RIS and RIS-UE LOS

Fig. 1. System model.

channels are considered. The received signal of the k − th
subcarrier can be expressed as

yk =
(
hR-U
k

)T
ΘHB-R

k vkxk + nk, (1)

where, xk ∈ C is the transmitted signal from the BS with
power of s, and n ∼ CN (0, σ2

n) is the additive write Gaussian
noise. The RIS elements are assumed to follow the constant
reflection amplitude constraint [14] and the reflection coeffi-
cient matrix can be written as Θ = diag(w), where w =[
ejϕ1 , . . . , ejϕ(xn)

]
. As the near-field LOS channel model are

considered [7], the entries of RIS-UE channel vector hR-U
k ∈

CNRIS×1 and BS-RIS channel matrix HB-R
k ∈ CNRIS×NBS

can
be written as[

hR-U
k

]
n
=

c

2πfklR-U
n

e−j2πfkl
R-U
n /c (2a)[

HB-R
k

]
(n,m)

=
c

2πfklB-R
n,m

√
NBS

e−j2πfkl
B-R
n,m/c. (2b)

Here we assume the array size of BS is relative small
compared with RIS, due to the high hardware cost of BS
antenna system. The far-field assumption is adopted in such
a small aperture. In this assumption, distance term lB-R

n,m in
(2b) is approximated by lB-R

n,m = ∥rB-R
n − (rB-R

n,m − rBS)∥2 ≈
lB-R
n − ξ1m1d − ξ2m2d, where lB-R

n is the distance from the
center of BS to n-th RIS element, ξ1 and ξ2 are the angles-
of-departure (AoD) at BS side and m is decomposed to
m = (m1 − 1)NBS

2 + m2. Then the BS-RIS channel matrix
can be rewritten as

HB-R
k = hB-R

k

(
hBS
k

)T
, (3)

where hB-R
k is the near-field array response at RIS with[

hB-R
k

]
n
= c

2πflB-R
n
e−j2πfkl

B-R
n /c and hBS

k is the far-field array
response at BS with

[
hBS
k

]
m

= 1√
NBS

ej2πfkd(ξ1m1+ξ2m2)/c.
Then the system model can be written as

yk = wThC
k

(
hBS
k

)T
vkxk + nk, (4)

where hC
k = hR-U

k ⊙hB-R
k denotes the cascaded channel of RIS.

As our work is focused on the beamforming of RIS, the
beamforming of BS is assumed to be ideal, i.e. vk =

(
hBS
k

)∗
.

Then the equivalent channel from the BS to the UE can be
expressed as

gk = wThC
k

(
hBS
k

)T
vk =

√
NBSwThC

k . (5)
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Fig. 2. A series of Fresnel zones of the communication system with a BS and
a UE. The transmission length lB-R + lR-U remains the same on each Fresnel
zone.

III. FRESNEL ZONE MODEL FOR RIS CHANNEL

The equivalent channel gk in (5) is the summation of sub-
channels via elements over the 2-dimensional RIS plane with
non-linear phase terms due to distance, making beamforming
design complex. In this section, the concept of Fresnel zone
is introduced to deal with the RIS cascaded channel. Then we
will show that RIS elements on a single Fresnel zone will not
suffer from beam split effect, followed by a coordinate trans-
formation which can reduce the problem to a 1-dimensional
integration across Fresnel zones with linear phase term.

A. Introduction to the Fresnel Zone

In the context of radio propagation, Fresnel zones refer to
the concentric ellipsoids whose foci are the transmitter and
receiver. The property of ellipsoids ensures that the signals
reflected by RIS elements on the same Fresnel zone have the
same route length l = lB-R + lR-U, as shown in Fig. 2.

The intersections of ellipsoids of Fresnel zones and the
RIS plane are a series of ellipses. It’s hard to determine
correspondence between the RIS elements and the Fresnel
zones, due to mismatch of continuous-shaped Fresnel zones
and the discrete spacing of RIS. To address this, we use an
imaginary continuous RIS (I-RIS) to approximate the RIS with
discrete spacing. The I-RIS contains an uncountable number
of virtual elements lying in the set SC = {(x, y)||x| <
D/2, |y| < D/2}. The overall reflection gain of the virtual
elements within the area of an original RIS element should
equal the gain of that RIS element. Therefore, the weight
of the virtual element located at (x, y, 0) is normalized to
w(x, y) = ejϕ(x,y)/d2. As the elements of the discrete RIS
can be regarded as spatial sampling of continuous I-RIS, the
accuracy of the approximation can be ensured by the Nyquist
spatial sampling theorem. Similar to the expression in (5), the
equivalent channel for I-RIS system is expressed as

g(f) = g0

∫ D
2

−D
2

∫ D
2

−D
2

ejϕ−j2πf(l
B-R+lR-U)/cdxdy, (6)

where g0 =
√
NBSc2

4π2f2RB-RRR-Ud2 is the basic path-loss. Here we
write the equivalent channel g(f) as a function of frequency
to simplify presentation.

The idea of continuous spacing I-RIS is just a mathematical
technique to aid the analysis and beamforming design as it can
fit the continuity of Fresnel zones. Our subsequent analysis and
phase design for the I-RIS closely approximate the discrete

RIS, and the phase design will be applied at the locations of
the discrete RIS elements

The reason that we introduce the Fresnel zone is that
the beam split effect disappears when only virtual I-RIS
elements on one Fresnel zone are considered. Specifically, sub-
channels via elements on the Fresnel zone have aligned phase
−2πfl/c as they share same route length l, ensuing an in-
phase combination of signal at the receiver. As the phase of
these elements is designed to be the same, the gain keeps
maximized and the beam keeps focused to the UE’s location
regardless of frequency. Therefore, elements along one Fresnel
zone do not suffer from beam split effect. When more Fresnel
zones are considered, the signal reflected by elements on
different Fresnel zones cannot keep aligned phase as frequency
changes, resulting in the gain loss. In other words, the beam
split effect only occurs across the Fresnel zones. Therefore,
our design can focus only on addressing the beam split across
different Fresnel zones, instead of the whole RIS plane.

B. Coordinate transformation based on Fresnel zone

In this subsection, we transform the Cartesian coordinate
into the proposed Fresnel-zone coordinate with dimensions
that are along and across the Fresnel zones on the I-RIS plane.

The Fresnel zones of the system are a set of concentric el-
lipsoids whose foci are the transmitter and receiver. The semi-
major axis length of the ellipsoid is defined as a. According
to the property of ellipsoids, the length of reflecting route is
l = lB-R + lR-U = 2a. Besides, the intersection of the Fresnel
zone and the plane z = 0 where the RIS is located is an
ellipse, which has a function of√

(xBS − x)2 + (yBS − y)2 + zBS2

+

√
(xUE − x)2 + (yUE − y)2 + zUE2 = 2a.

(7)

In order to simplify the subsequent process, coordinate trans-
lation and rotation are adopted so that the two roots in (7) have
symmetry format. Specifically, we establish a new Cartesian
coordinate system. The origin is the projection of the midpoint
(xc, yc) = (x

BS+xUE

2 , yc =
yBS+yUE

2 ) of the transmitter receiver
connection on the RIS plane and the x-axis direction is set as
the direction of the transmitter pointing to the receiver. The
coordinate translation can be written as{

x′ = (x− xc) cosα+ (y − yc) sinα

y′ = −(x− xc) sinα+ (y − yc) cosα,
(8)

where α = arctan yBS−yUE

xBS−xUE is the angle of rotation. Then the
ellipse in (7) can be expressed as√

(x′ + u)2 + y′2 + zBS2 +

√
(x′ − u)2 + y′2 + zUE2 = 2a,

(9)
where u = 1

2

√
(xBS − xUE)2 + (yBS − yUE)2 is half of the

projection length of transmission route to the plane of RIS,
and b =

√
a2 − u2. (9) is not the standard form of a ellipse,
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Fig. 3. The intersections of Fresnel zones and the RIS plane are a series of
ellipses. A new coordinate system is set on the ellipses with axes of semi-
major axis a of Fresnel zone and angular coordinate θ.

making it hard to analyze its properties. So we rewrite it into
the standard form

(x′ − x0)
2

a2k20
+

y′2

b2k20
= 1, (10)

where x0 = 1
4u

zBSs2−zUE2

(a2−u2)2 is the center of the ellipse, and k0 =√
1 +

(zUE2−zBS2)
2

16b4 − 1
2
zBS2+zUE2

b2 is the correction factor for
the semi-major axis and the semi-minor axis, and the length
of both semi-major and semi-minor axes become k times of
the original. The series of ellipses are depicted in Fig. 3.

In classical polar coordinate system, the Cartesian coordi-
nates x and y can be converted to the radial coordinate r and
the angular coordinate θ. In the Fresnel zone system, we use
the length of semi-major axis a to replace the radial coordinate
r, while the angular coordinate θ remains the same meaning,
as shown in Fig. 3. Then the transformation of coordinate can
be expressed by using the trigonometric functions{

x′ = ak0 cos θ + x0

y′ =
√
a2 − u2k0 sin θ.

(11)

After the transformation of coordinate, the point
set of RIS elements changes from SC to V0 =
{(a, θ)| (x(a, θ), y(a, θ), 0) ∈ SC}, where x(a, θ) and
y(a, θ) are the original Cartesian coordinates of the point
(a, θ) in the Fresnel zone coordinate. Then the equivalent
channel can be rewritten as

g(f) =

∫
a

e−j2πf
2a
c

∫
θ

g0e
jϕ(a,θ)J(a, θ)dθda, (12)

where J(a, θ) =
∣∣∣∂(x′,y′)
∂(a,θ)

∣∣∣ is the absolute value of the Jacobian
of the transformation. Note that the inner integral along the
Fresnel zone in (12) is frequency independent. So the beam
split effect will not occur when the I-RIS elements on same
Fresnel zone are considered. The phase ϕ(a, θ) is designed to
be the same along the Fresnel zone with semi-major length
a, i.e. ϕ(a, θ) = ψ(a), so that the reflective intensity of each
Fresnel zone can always reach its maximum value.

The inner integral then becomes a real value integral of the
Jacobian

v(a) =

∫
θ∈V(a)

g0J(a, θ)dθ, (13)

where V(a) = {θ|(a, θ) ∈ V0} is the set of angle of point
which lies in the region of RIS. The value of integral v(a)
is regarded as the reflective intensity of Fresnel zone with
semi-major length a. With the aligned phase design along the
Fresnel, the equivalent channel can be rewritten as

g(f) =

∫
a

v(a)ejψ(a)e−j2πf
2a
c da. (14)

Here we get a one-dimensional integral across the Fresnel
zones, with phase term −j2πf 2a

c linear to the integral variable
a. Further, the integral across the Fresnel zones can be
transformed to a Fourier transform. If we use transmit delay
t = 2a/c to replace a, the integral becomes

g(f) =

∫
t

vt(t)e
jψt(t)e−j2πftdt, (15)

where we use vt(t) = c
2v
(
t c2
)

and ψt(t) = ψ
(
t c2
)

to simplify
writing, without change of their physical meaning. Therefore,
the equivalent channel g(f) is the Fourier transform of Fresnel
zone intensity vt(t) modulated by phase design ψt(t).

IV. UPPER BOUND OF ACHIEVABLE RATE IN WIDEBAND
RIS SYSTEM

In this section, an upper bound of achievable rate is pro-
posed for wideband RIS-enabled system. The result shows that
the upper bound is reached when the channel gain distributes
evenly in-band without out-of-band leakage.

Here, the number of subcarriers is assumed to be infinite.
This assumption renders the result general, as any subcarrier
configuration can be seen as sampling of the continuous
frequency band. The achievable rate can be written as

R =

∫ fc+B/2

fc−B/2
log2

(
1 +

|g(f)|2 Sx
Sσ

)
df, (16)

where Sx is the energy of signal and Sσ is the power spectrum
density of noise.

The achievable rate is bounded by∫ fc+
B
2

fc−B
2

log2

(
1 +

|g(f)|2 Sx
Sσ

)
df

(a)

≤B log2

(
1 +

Sx
Sσ

∫ fc+
B
2

fc−B
2

|g(f)|2 df

)
(b)

≤B log2

(
1 +

Sx
Sσ

∫ +∞

−∞
|g(f)|2 df

)
(c)
=B log2

(
1 +

Sx
Sσ

∫
t

v2t (t)dt

)
,

(17)

where (a) holds due to the Jensen’s inequality and (c) is
based on the Fourier transform relationship between g(f)
and vt(t)e

jψt(t) in (15) and the Parseval’s theorem. Here,
Eg =

∫
t
v2t (t)dt is considered as the energy of channel, which
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is maximized since vt(t) is at its highest reflective intensity
along the Fresnel zone. Therefore, B log2

(
1 + Sx

Sσ
Eg

)
is the

upper bound of achievable rate for phase configuration of the
I-RIS in LOS scenario.

Additionally, we analyze the condition for the achievable
rate to reach its upper bound. The equality in (a) is at-
tained when |g(f)|2 remains constant in the frequency band
[fc−B/2, fc+B/2] and the equality in (b) is achieved when
no gain leaks out of the frequency band, i.e. g(f) = 0, f ∈
(−∞, fc−B/2)∪ (fc+B/2,+∞). Therefore, the ideal gain
spectrum to reach the upper bound can be written as

ĝ(f) =

{√
Eg

B f ∈ [fc −B/2, fc +B/2]

0 otherwise.
(18)

Note that the upper bound proposed here is suitable for
the continuous I-RIS with infinite number of subcarriers.
Real systems with discrete spacing RIS and finite number
of subcarriers can be seen as the sampling in both space
and frequency domain. The proposed upper bound and ideal
condition are still valid in real systems, as no additional
benefit in rate can be obtained through the sampling procedure.
Besides, the ideal gain is not reachable, because the band-
limited spectrum of gain can not be formed by a time-limited
signal vt(t)ejψt(t). In the next section, we will propose phase
design for ψt(t) to approach the ideal gain spectrum.

Algorithm 1: Near-field Wideband RIS Beamforming
Based on Fresnel Zones

Inputs: The location of BS (xBS, yBS, zBS) and UE
(xUE, yUE, zUE); designed bandwidth B; center
frequency fc

1. Translate the coordinate system by (8).
2. Determine the semi-major axis a of Fresnel zones

with proper division in [amin, amax], and calculate
inner integral v(a) by (13).

3. Obtain phase design across Fresnel zones ψ(a) by
(19).

4. Calculate phase shift ϕn by (20) for n = 1, ..., NRIS.
Outputs: The phase shift matrix Θ = diag(ϕ1, ..., ϕn).

V. WIDEBAND BEAMFORMING BASED ON FRESNEL ZONE

In this section, Fresnel-zone-based near-field wideband
beamforming is proposed to approach the ideal gain and
mitigate the loss caused by near-field beam split.

Specifically, we propose phase design for ψt(t) in (15) to
approach the ideal spectrum ĝ(f) in (18) which can reach the
upper bound of achievable rate. Recall that in (15), g(f) is
the Fourier transform of a phase-modulated wave vt(t)ejψt(t),
where the intensity vt(t) is fixed and ψt(t) is the modulating
phase to be designed. Stationary phase method is a widely
used approach for phase-modulated signal design in the field of
radar, which can be adopted to approach the desired spectrum
[15]. Based on the stationary phase method, we provide a

nearly closed-form expression of the design of phase shifts on
Fresnel zones,

ψ(a) =
4πB

c

∫ a
amin

∫ a1
amin

v2(a2)da2da1∫ amax

amin
v2(a2)da2

+
4πa

(
fc − B

2

)
c

. (19)

Finally, the phase of each RIS element can be calculated.
The phase shift configuration of each RIS element takes the
value of the designed phase of the Fresnel zone which it
belongs to, i.e.

ϕn = ψ

(
lB-R
n + lR-U

n

2

)
. (20)

In practice, the integral for calculating v and ψ(a) is
realized through numerical integration, with the integration
interval [amin, amax] properly divided. This division can work
effectively when the interval between two integral points is
less than half the spacing of the RIS elements.

The algorithm of near-field wideband beamforming based
on Fresnel zone is summarized in Algorithm 1. The algorithm
exhibits low complexity, as the computational complexity is
not greater than O(NRIS) in each step.

VI. SIMULATION RESULTS

In this section, simulation results are provided to validate the
effectiveness of the proposed wideband beamforming method
based on Fresnel zone.

We consider a near-field system with a square planar RIS of
side length D = 1m. The TX is located in (5.6m, 5m, 12.6m)
and the RX is located in (−4.2m, 5m, 5.6m). The carrier
frequency fc is set as 30GHz. We use half-wavelength spacing
of the RIS elements. The bandwidth is set to B = 2.5GHz with
K = 256 subcarriers. It is assumed that the location of the
TX and the RX, equivalently the channel HB-R

k and hR-U
k are

known at the RIS controller.

Fig. 4. Beamforming gain at different frequencies.

The beamforming gain at different frequencies is shown
in Fig. 4. It can be observed that the beamforming gain
is approximately flat over the frequency band, close to the
optimal gain spectrum in (18). Compared with the classical
narrow band beamforming, the proposed method can mitigate
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losses at the edge frequencies and overcome the near-field
beam split effect. Besides, although the VSA-based method
[12] can also achieve a flat in-band gain, the gain is low
due to the separate design of subarrays. Note that about 3dB
loss still exists for the proposed method at the very edge
of the frequency band. One can choose a wider bandwidth
Bdes = 1.2B for beamforming design as shown in Fig. 4.
This adjustment can increase the gain at edge frequencies, but
at the expense of lower in-band gain and higher out-of-band
leakage. A trade-off to determine the value of Bdes can be
made in practice.

Next, we provide the simulation results for average achiev-
able rate. In each random experiment, the TX and the RX
are randomly located in the distance range [7m, 13m]. We
investigate the average achievable rate as a function of transmit
power, as shown in Fig. 5. The proposed method exhibits
a 50% increase in achievable rate compared to the classical
beamforming and a 30% increase compared to the VSA-based
beamforming [12], while maintaining a marginal deficit of
less than 5% relative to the optimal benchmark. Furthermore,
employing solely 2-bit phase shifters, the proposed method al-
most approaches the performance of continuous phase shifters,
despite its lower hardware complexity and cost.

Fig. 5. Simulation results of average achievable rate vs. transmit power.

VII. CONCLUSION

In this work, we have addressed the near-field beam split
effect in RIS-aided wideband communications, a critical issue
that leads to significant beamforming gain loss. To tackle
this problem, we propose a novel near-field wideband RIS
beamforming method based on Fresnel zones, representing
the first introduction of the principle of Fresnel zones from
electromagnetic measurement into RIS communications. This
approach offers a fresh perspective for RIS beamforming,
leveraging the inherent properties of Fresnel zones to enhance
the performance of wireless communication systems. Through
simulations, we demonstrated that our method can effectively
mitigate the near-field beam split effect, resulting in a nearly
flat gain across the entire frequency band. This was achieved
without increasing the hardware complexity or cost, which is
suitable for practical implementation in RIS systems.
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