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Abstract—Reflecting Surfaces (RSs) are being lately envisioned
as an energy efficient solution capable of enhancing the signal
coverage in cases where obstacles block the direct communication
from Base Stations (BSs), especially at high frequency bands
due to attenuation loss increase. In the current literature,
wireless communications via RSs are exclusively based on tradi-
tional coherent demodulation, which necessitates the estimation
of accurate Channel State Information (CSI). However, this
requirement results in an increased overhead, especially in
time-varying channels, which reduces the resources that can
be used for data communication. In this paper, we consider
the uplink between a single-antenna user and a multi-antenna
BS and present a novel RS-empowered Orthogonal Frequency
Division Multiplexing (OFDM) communication system based on
the differential phase shift keying, which is suitable for high
noise and/or mobility scenarios. As a benchmark, analytical
expressions for the Signal-to-Interference and Noise Ratio (SINR)
of the proposed system are presented. Our extensive simulation
results verify the accuracy of the presented analysis and showcase
the performance and superiority of the proposed system over
coherent demodulation.

I. INTRODUCTION

Reflecting surfaces (RSs) are lightweight and hardware-
efficient artificial planar structures of passive reflective el-
ements, capable of reflecting the received signal to several
directions. Specifically, Reconfigurable Intelligent Surfaces
(RISs) [1], which are a kind of RSs, are also able to support
a wide variety of functionalities [2], ranging from control-
lable absorption, beam and wavefront shaping to polarization
control, broadband pulse delay, radio-coverage extension, and
harmonic generation. Hence, it is expected to play a significant
role in the upcoming 6-th Generation (6G) of mobile commu-
nication systems [3], due to the fact that these surfaces are able
to both improve and extend the signal transmitted by either the
Base Station (BS) or User Equipment (UE), circumventing the
high attenuation loss and signal blockage produced by the use
of high frequency bands.

RIS is typically combined with the classical Coherent
Demodulation Scheme (CDS) [4], [5], where the knowledge
of (pefect) Channel State Information (CSI) is required for the
optimized configuration of the RIS tunable elements and the
demodulation of the signal at the receiving node. However, the
benefit of this reconfigurability property comes at the expense
of transmitting an enormous amount of signal references to
estimate the cascaded channel matrix [4], which encompasses
the joint effect of the signal propagation over the BS-RIS

and RIS-UE links, due to the fact that the minimum required
training periods equals the total number of configurations
of the RIS. Therefore, this estimation overhead becomes
prohibitive as the numbers of RIS elements and configurations
increase [6]. Time Duplex Division (TDD) is typically adopted
and the CSI is assumed to be estimated in the uplink and
then reused in the downlink. To this end, the coherence time
is always considered to be long enough to cope with the
channel training and uplink/downlink data transmission stages.
Given the CSI availability, the BS computes the best pair
of precoder/combiner as well as the set of RIS elements’
configuration, which is communicated to the RIS via a side
control link. This processing task is not straightforward due
to the fact that a non-convex design optimization needs
to be solved, increasing the operational complexity of the
RIS-empowered communication system. When Orthogonal
Frequency Division Multiplexing (OFDM) [7] is taken into
account, the complexity of channel estimation scales with the
number of subcarriers [5].

The Non-CDS (NCDS) is an alternative demodulation
scheme which does not require CSI, and hence, reducing
the undesirable signalling overhead and increasing the ef-
fective data rate of communication system. This scheme is
capable of obtaining the transmitted information by the non-
coherent combination of the received signals, no matter the
behaviour of the propagation channel. As an additional benefit,
it possesses a reduced complexity, which implies cheaper
transceiver hardware devices and lower latency for processing.
Recently, NCDS has been combined with massive Multiple-
Input Multiple-Output (MIMO) systems [8]–[10], where it was
shown to provide a significant performance gain compared
to CDS for the challenging scenarios of vehicular and low-
latency communications. Motivated by the fact that, commu-
nication systems including RISs with large numbers of passive
elements require an unreasonable number of reference signals
for the cascaded channels estimation. Therefore, we present
in this paper a Single-Input Multiple-Output (SIMO) OFDM
system with differential Phase Shift Keying (PSK) modulation
empowered by a generic RS. Our system does not require
channel estimation, and therefore, the overhead produced by
the transmission of the reference signals is avoided. Besides,
in order to circumvent the non-convex optimization problem
for the RIS configuration, we propose the exploitation of the
spatial diversity provided by a generic RS, where the surface
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can be either reconfigurable or not. Hence, the proposed
system is not only able to improve the efficiency of the
system, but it is also capable of reducing the processing
complexity, especially for broadband multi-carrier waveforms,
simplifying the massive deployment of reflecting surfaces. We
analytically characterize the Signal-to-Interference plus Noise
Ratio (SINR) of the proposed NCDS system enhanced by RSs.
Our simulation results verify the accuracy of the presented
analysis and highlight the superiority of the proposed NCDS
system over a relevant CDS one in terms of symbol error
probability (SEP).

Notation: Matrices, vectors, and scalar quantities are de-
noted by boldface uppercase, boldface lowercase, and normal
letters, respectively. [A]𝑚𝑛 denotes the element in the 𝑚-th
row and 𝑛-th column of A, [A]:,𝑛 is A’s 𝑛-th column, and [a]𝑛
represents the 𝑛-th element of a. diag (a) denotes a diagonal
matrix whose diagonal elements are formed by a’s elements.
ℜ(· ) and ℑ(· ) represent the real and imaginary part of a
complex number, respectively, and 𝚥 is the imaginary unit,
while ∗ denotes the convolution operation. | |· | |2𝐹 denotes the
squared Frobenius norm. |· | is the absolute value. E {· } repre-
sents the expected value of a random variable and CN(0, 𝜎2)
represents the circularly-symmetric and zero-mean complex
normal distribution with variance 𝜎2. U [𝑎, 𝑏] denotes the
continuous uniform distribution with the minimum value 𝑎

and maximum value 𝑏.

II. SYSTEM MODEL

The mobile communication scenario is built by a BS, an RS,
and a single-antenna UE (see Fig. 1). The BS is equipped with
a uniform rectangular array (URA) consisting of 𝐵 = 𝐵𝐻𝐵𝑉
antenna elements, where 𝐵𝐻 and 𝐵𝑉 denote the number of
elements in the horizontal and vertical axes, respectively, and
the distance between any two contiguous elements in their
respective axes is given by 𝑑BS

𝐻
and 𝑑BS

𝑉
. Analogously to the

BS, the RS is built by 𝑀 = 𝑀𝐻𝑀𝑉 fully passive reflecting
unit elements, whose respective distances between elements
are given by 𝑑RS

𝐻
and 𝑑RS

𝑉
. The UE is constrained to have a

single antenna element.
Regarding the signal propagation, the direct communication

link between the BS and UE (BS-UE) is assumed to be absent,
due to the presence of blockages. Therefore, the information
exchanged between the BS and UE should be transmitted
through the RS, via the BS-RS and RS-UE communication
links. Focusing on the uplink case, the UE transmits both
pilot (if needed, e.g., in CDS) and data symbols to the
BS through the RS. It is understood that other UEs may
be multiplexed in different orthogonal (time or frequency)
resources; this extension is left for future work. It is assumed
that, at each communication frame, the UE transmits a frame
of 𝑁 contiguous OFDM symbols of 𝐾 subcarriers each. In
order to avoid the Inter-Symbol and Inter-Carrier Interferences
(ISI and ICI), the length 𝐿𝐶𝑃 of the cyclic prefix must be
long enough to absorb the effective multipath produced by
the cascaded channel, namely the sum of the lengths of each
of the channel responses of both BS-RS and RS-UE channels.

BS

UE











 

RS
 





Link BS-RS 

Link RS-UE

Fig. 1. The RS-empowered wireless communication link comprising a multi-
antenna BS, a multi-element passive RS, and a single-antenna mobile UE.

The baseband representation of the received signal y𝑘,𝑛 ∈ C𝐵
at the BS in the 𝑘-th subcarrier, with 1 ≤ 𝑘 ≤ 𝐾 , and 𝑛-th
OFDM symbol, with 1 ≤ 𝑛 ≤ 𝑁 , is given by

y𝑘,𝑛 = q𝑘,𝑛𝑥𝑘,𝑛 + v𝑘,𝑛, (1)

where 𝑥𝑘,𝑛 ∈ C denotes the symbol transmitted from the UE at
the 𝑘-th subcarrier and 𝑛-th OFDM symbol, whose transmit
power is E

{
|𝑥 |2

}
= 𝑃𝑥 , v𝑘,𝑛 ∈ C𝐵 represents the Additive

White Gaussian Noise (AWGN) vector which is distributed
as

[
v𝑘,𝑛

]
𝑏
∼ CN

(
0, 𝜎2

𝑣

)
, and q𝑘,𝑛 ∈ C𝐵 is the effective RS-

empowered cascaded channel frequency response, which can
be decomposed for 1 ≤ 𝑘 ≤ 𝐾 and 1 ≤ 𝑛 ≤ 𝑁 as

q𝑘,𝑛 ≜ H𝑘,𝑛𝚿𝑛g𝑘,𝑛 =
𝑀∑︁
𝑚=1

[ψ𝑛]𝑚
[
H𝑘,𝑛

]
:,𝑚

[
g𝑘,𝑛

]
𝑚
, (2)

where H𝑘,𝑛 ∈ C𝐵×𝑀 is the channel frequency response matrix
between BS and RS, g𝑘,𝑛 ∈ C𝑀 accounts for the channel
frequency response vector between RS and the single UE of
interest, and 𝚿𝑛 ≜ diag (ψ𝑛) ∈ C𝑀×𝑀 is a diagonal matrix
accounting for the effective phase configurations applied by
the passive reflecting elements of the RS at the 𝑛-th OFDM
symbol, where ψ𝑛 ∈ C𝑀×𝑀 is defined as

ψ𝑛 ≜
[
exp

(
𝚥𝜓𝑛,1

)
· · · exp

(
𝚥𝜓𝑛,𝑀

) ]
, (3)

with 𝜓𝑛,𝑚 for 1 ≤ 𝑚 ≤ 𝑀 representing the phase shift of the
𝑚-th passive element of the RS panel.

The channel frequency response for both links (BS-RS
and RS-UE) are independent and identically distributed (IID)
random variables. Hence, the propagation channels (BS-RS
and RS-UE) at the 𝑘-th subcarrier and 𝑛-th OFDM symbol
are modelled as

H𝑘,𝑛 ≜
√︁
𝐿𝛼A𝑘,𝑛,

[
A𝑘,𝑛

]
𝑏𝑚

∼ CN
(
0, 𝜎2

𝛼

)
, (4)

g𝑘,𝑛 ≜
√︁
𝐿𝛽b𝑘,𝑛,

[
b𝑘,𝑛

]
𝑚
∼ CN

(
0, 𝜎2

𝛽

)
, (5)

1 ≤ 𝑏 ≤ 𝐵, 1 ≤ 𝑚 ≤ 𝑀,
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where 𝐿𝛼 and 𝐿𝛽 denote the large-scale gains of the BS-RS
and RS-UE links, respectively, and A𝑘,𝑛 ∈ C𝐵×𝑀 and b𝑘,𝑛 ∈
C𝑀 model the small-scale fading for their respective channels,
according to a Rayleigh distribution. Hence, the average gain
of each link is 𝜎2

ℎ
= 𝐿𝛼𝜎

2
𝛼 and 𝜎2

𝑔 = 𝐿𝛽𝜎
2
𝛽
, respectively.

Moreover, it is assumed that the channel between BS and RS
remains quasi-static, while the channel between the RS and
UE may suffer from time variability given as

E
{( [

g𝑘,𝑛
]
𝑚

)∗ [
g𝑘,𝑛′

]
𝑚

}
=

����𝐽0

(
2𝜋 𝑓𝑑

Δ𝑛

Δ 𝑓

(
1 + 𝐿𝐶𝑃

𝐾

))���� , (6)

Δ𝑛 = 𝑛′ − 𝑛, 1 ≤ 𝑘 ≤ 𝐾, 1 ≤ 𝑛 ≤ 𝑁, 1 ≤ 𝑚 ≤ 𝑀,

where 𝐽0 (·) denotes the zero-th order Bessel function of the
first kind [11], and 𝑓𝑑 and Δ 𝑓 represent the Doppler frequency
shift experienced by the signal transmitted from the UE and
the distance between two contiguous subcarriers, respectively,
both measured in Hz.

III. PROPOSED RS-EMPOWERED SYSTEM BASED ON
DIFFERENTIAL MODULATION

The proposed NCDS based on differential modulation [8]–
[10] enhanced by an RS not only does not require training-
based channel estimation in order to perform the demodulation
and decision, but it also avoids the complex non-convex
optimization problem to get the phase configurations for the
RS. In this section, we detail the steps for performing the
modulation and demodulation steps.

At the UE, the data symbols are differentially encoded in
the time domain before their transmission as:

𝑥𝑘,𝑛 =

{
𝑠𝑘,𝑛, 𝑛 = 1

𝑥𝑘,𝑛−1𝑠𝑘,𝑛, 2 ≤ 𝑛 ≤ 𝑁
, 1 ≤ 𝑘 ≤ 𝐾. (7)

where 𝑠𝑘,𝑛 denotes the complex symbol to be transmitted
at the 𝑘-th subcarrier and 𝑛-th OFDM symbol, that belongs
to a PSK constellation and its power is normalized (i.e.,��𝑠𝑘,𝑛��2 = 1). Note that the differential modulation only requires
a single reference symbol 𝑠𝑘,1 at the beginning of the burst in
order to allow the differential demodulation, which represents
a negligible overhead. The differential modulation can be
also implemented in the frequency domain with the same
performance [10]. Before data transmission, the power of
differential symbols 𝑥𝑛

𝑘
is scaled according to 𝑃𝑥 .

Given (1), the BS performs the differential decoding as

𝑧𝑘,𝑛 =
1
𝑀𝐵

(
y𝑘,𝑛−1

)𝐻 y𝑘,𝑛 =
1
𝑀𝐵

4∑︁
𝑖=1

𝐼𝑖 , (8)

2 ≤ 𝑛 ≤ 𝑁, 1 ≤ 𝑘 ≤ 𝐾,

𝐼1 =
(
q𝑘,𝑛−1

)𝐻 q𝑘,𝑛𝑠𝑘,𝑛, 𝐼2 =

(
q𝑘𝑛−1𝑥𝑘,𝑛−1

)𝐻
v𝑘,𝑛, (9)

𝐼3 =
(
v𝑘,𝑛−1

)𝐻 q𝑘,𝑛𝑥𝑘,𝑛, 𝐼4 =
(
v𝑘,𝑛−1

)𝐻 v𝑘,𝑛, (10)

where 𝐼1 includes the useful symbol 𝑠𝑘,𝑛 to be decided, how-
ever, it is polluted by the effective RS-empowered cascaded
channel. In addition, 𝐼2 and 𝐼3 represent the cross-interference
terms produced by the noise and the received differential

symbol in two time instants, while 𝐼4 is exclusively produced
by the product of the noise in two instants.

The symbol decision is performed over the variable 𝑧𝑘,𝑛
in (8) without the knowledge of the CSI, and hence, the
undesirable cascaded channel estimation can be avoided. Note
that our proposal is flexible since it can be used for any
kind of RS, either reconfigurable or not. Hence, 𝚿n can be
either randomly set without any restriction when the panel is
intelligent (RIS) (𝜓𝑛,𝑚 ∼ U [0, 2𝜋]), or take advantage the
existing configuration set by a non-reconfigurable one. It will
be shown in the performance evaluation results that the pro-
posed NCDS-based approach provides substantial gains over
the baseline CDS, both in terms of computational complexity
and achievable performance.

IV. ANALYSIS OF THE SINR AND COMPLEXITY

In this section we provide the analysis or the SINR and the
complexity comparison with the traditional CDS.

A. Analysis of the SINR

According to (8)-(10), there are interference and noise terms
produced by the differential decoding. The received symbol
𝑧𝑘,𝑛 should be compared to the transmitted symbol 𝑠𝑘,𝑛 taking
into account the channel gain in order to characterize these
undesirable effects, which can be expressed as

E
{��𝜎2

ℎ𝜎
2
𝑔𝑠𝑘,𝑛 − 𝑧𝑘,𝑛

��2} = 𝜎4
ℎ𝜎

4
𝑔𝑃

2
𝑥 + E

{��𝑧𝑘,𝑛��2} −
− 2𝜎2

ℎ𝜎
2
𝑔ℜ

{
E
{(
𝑠𝑘,𝑛

)𝐻
𝑧𝑘,𝑛

}}
,

(11)

where the expectation is performed over the subcarriers and
OFDM symbols. According to [9], the four terms given in
(9) and (10) are statistically independent due to the fact
that the channel frequency response, noise, and symbols are
independent random variables, and the noise samples between
two time instants are also independent. Hence, the two terms
in (11) can be simplified as

E
{��𝑧𝑘,𝑛��2} = 1

𝑀2𝐵2

4∑︁
𝑖=1
E
{
|𝐼𝑖 |2

}
, (12)

E
{(
𝑠𝑘,𝑛

)𝐻
𝑧𝑘,𝑛

}
=

1
𝑀𝐵
E
{(
𝑠𝑘,𝑛

)𝐻
𝐼1

}
, (13)

and the SINR of the proposed NCDS approach (𝜌𝑛𝑐) can be
defined as

𝜎4
ℎ
𝜎4
𝑔𝑃

2
𝑥

𝜌𝑛𝑐
=𝜎4

ℎ𝜎
4
𝑔𝑃

2
𝑥 +

1
𝑀2𝐵2

4∑︁
𝑖=1
E
{
|𝐼𝑖 |2

}
−

− 2
𝑀𝐵

𝜎2
ℎ𝜎

2
𝑔ℜ

{
E
{(
𝑠𝑘,𝑛

)𝐻
𝐼1

}}
.

(14)

Assuming the IID Rayleigh channel model and following
the manipulations given by [8]–[10], each of the expected
values in (14) can be expressed as

E
{(
𝑠𝑘,𝑛

)𝐻
𝐼1

}
= 𝑃2

𝑥𝐵𝜎
2
ℎ𝑀𝜎

2
𝑔 , E

{
|𝐼4 |2

}
= 𝐵𝜎4

𝑣 , (15)

E
{
|𝐼1 |2

}
= 𝑃2

𝑥 (1 + 𝐵)𝐵𝜎4
ℎ (1 + 𝑀)𝑀𝜎4

𝑔 , (16)
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TABLE I
COMPLEXITY COMPARISON BETWEEN THE PROPOSED NCDS AND THE

CONSIDERED BASELINE CDS.
System Optimization

Complexity
Total Number of

Complex Products
CDS [12] O

(
𝑅𝑡 (𝐵3 +𝑀)𝐾

)
𝐵𝐾

NCDS − (𝐵 + 1) (𝐾 − 1)

E
{
|𝐼2 |2

}
= E

{
|𝐼3 |2

}
= 𝜎2

𝑣𝑃𝑥𝐵𝜎
2
ℎ𝑀𝜎

2
𝑔 . (17)

Substituting (15)-(17) into (14), yields the following expres-
sion for the SINR of the proposed NCDS approach:

𝜌𝑛𝑐 =
𝑀𝐵

𝐵 + 𝑀 + 1 + 2𝜎2
𝑣

𝜎2
ℎ
𝜎2
𝑔𝑃𝑥

+ 𝜎4
𝑣

𝜎4
ℎ
𝜎4
𝑔𝑃

2
𝑥𝑀

, (18)

which indicates that not only the number 𝐵 of the BS antennas
improves the system performance, but also the number 𝑀 of
the RS passive elements helps to reduce the interference and
noise terms. Hence, the spatial diversity can be obtained from
both the BS and RS.

B. Complexity Analysis

The complexity evaluation for both CDS and NCDS are
summarized in Table I. For the NCDS, the differential en-
coding, the transmitter (i.e., the UE) requires 𝐾 − 1 complex
products at each OFDM symbol, where the receiver (i.e.,
BS) needs the same number of complex products for the
differential decoding at each RF chain before the symbol
decision, resulting in the total of 𝐵(𝐾 − 1) products. On the
contrary, the CDS not only requires complex products for
performing the post-coding, but it also requires to solve the op-
timization problem to obtain the BS combining vector and the
RS phase configuration. In order to constrain the complexity,
the considered baseline CDS implements the iterative method
of [12] at the expense of reducing the performance, whose
complexity linearly scales with the number of algorithmic
iterations required iterations, 𝑅𝑡 , the number 𝑀 of RS passive
elements, and the number 𝐾 of OFDM subcarriers.

V. PERFORMANCE EVALUATION RESULTS

Several numerical results are provided in this section in
order to show the performance of the proposed NCDS, as
compared to the considered baseline CDS, and the accuracy of
the analytical results. Additionally, in order to provide a better
understanding and show the validity of our proposal, we also
evaluate it using a geometric wideband channel model [13],
[14].

A. Baseline RIS-Empowered System Based on CDS

According to [4], [5], [15], [16], RIS-empowered systems
based on CDS require to perform a channel training stage
before the data transmission stage. This channel training stage
mainly consists of three tasks: cascaded channel sounding,
optimization for the desired RIS configuration, and parameter
feedback. Moreover, previous works [1], [6], [17]–[19] always
assumed that the coherence time (𝑇𝑐) is always long enough

so that the duration of channel training does not penalize
the duration of the data transmission stage. However, even
with low mobility, the cascaded channel will suffer from a
certain time variability and its estimation must be periodically
updated. Consequently, the precoder/combiner and RIS phase
configuration need to be updated accordingly.

To take into account the inefficiency produced by the
channel training stage, it is assumed that the data rate penalty
due to channel sounding is lower-bounded by taking only into
account the channel sounding time, since the feedback time
is typically assumed to be negligible, and the optimization
time is difficult to quantify due to the fact that the time
required for solving the design optimization problem depends
on the chosen numerical method and the amount of resources
assigned for this task. Following [20], the coherence time
measured in seconds is given by 𝑇𝑐 = 0.423/ 𝑓𝑑 and the
coherence time measured in the number of OFDM symbols,
𝑁𝑐, can be computed as

𝑁𝑐 =
Δ 𝑓

𝑓𝑑

0.423𝐾
𝐾 + 𝐿𝐶𝑃

. (19)

The effective transmitted power at the UE can be defined as
𝑃eff
𝑥 ≜

𝑃𝑥

𝜂𝑐
, where 𝜂𝑐 represents the efficiency factor that takes

into account the coherence time and the number of RIS passive
elements to be sounded. This efficiency factor is given by

𝜂𝑐 ≜ 1 − 𝑇𝑟
𝑇𝑐

≤ 1 − 𝑀

𝑁𝑐
. (20)

According to [6], the time and/or power resources devoted for
performing the cascaded channel sounding are penalizing the
overall performance of the system.

B. Geometric Wideband Channel Model

For a more realistic performance evaluation, the two links
(BS-RS and RS-UE) are characterized with a geometric wide-
band model [13], [14], made up of the superposition of several
separate clusters, where each of them has a different value of
delay and gain. Note that this channel model is able to account
for the spatial correlation considering both the given antenna
array response of the BS and RS, as well as the geometrical
positions of all clusters/rays. The propagation channel model
recommended for 5G [21] is chosen. The power-delay profile
follows an exponential distribution whose standard deviation is
the DS; the azimuth angles of arrival/departure are modeled by
a wrapped Gaussian distribution which is characterized by the
Azimuth angular Spread of Arrival and Departure (ASA and
ASD); and the zenith angles of arrival/departure are modeled
by a Laplacian distribution, also characterized by the Zenith
angular Spread of Arrival and Departure (ZSA and ZSD).

A summary of the simulation parameters is provided in
Table II, the location of each network node is given by
the Cartesian coordinates (𝑥, 𝑦, 𝑧) measured in meters, and
𝑓𝑐 denotes the carrier frequency. The channel propagation
model adopted for the simulation results corresponds to the
3GPP factory scenario of size (60m,120m,3m), with the goal
to evaluate the 5G performance [21]. Regarding the phase
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TABLE II
SIMULATION PARAMETERS

BS location (0,0,3) f𝒄 3.5 GHz ASD 7o, 30o

RIS location (3,0,3) 𝚫f 30 KHz ASA 12o, 50o

UE init. location (6,1,1) K 1024 ZSD 25o, 130o

L𝜶 -48 dB σ2
𝒗 -94 dBW ZSA 30o, 150o

L𝜷 -59 dB N 140 symb. DS 0.15 ms

configurations for NCDS, these values are randomly chosen
no matter the coherence time.

C. SINR results

Figure 2 shows the SINR performance as a function of the
UE transmit power 𝑃𝑥 in dBW of the proposed NCDS for IID
Rayleigh channel model. As clearly shown, the performance is
better when either the number of antennas at the BS or number
of passive elements of the RS are increased. It is also plotted
in this figure that the SINR analysis given in (18), shown with
black solid lines, accurately characterizes the RS-empowered
system performance.

Figure 3 illustrates the SINR performance comparison as a
function of the UE transmit power 𝑃𝑥 in dBW of the proposed
NCDS between the IID Rayleigh and the geometric wideband
channel models, considering 𝐵 = 2×2 antennas at the BS and
different values 𝑀 for the number of RIS passive elements.
As expected, the performance for the IID channel model
corresponds to the best case for all simulated 𝑀 values. On
the other hand, for the particular case of geometric wideband
channel, the performance depends on the spatial correlation.
When the angular positions of the clusters/rays are separated
(i.e., high AS), the performance is better compared to the low
AS case.

D. CDS vs NCDS

The efficiency factor for the CDS, as defined in (20), is
evaluated considering the parameters given in Table II, which
are taken from the 5G numerology [21]. The CSI of the
cascaded channel is obtained hypothetically assuming that
the first 𝑀 OFDM symbols out of 𝑁𝑐 (coherence time) are
exclusively devoted for reference signal transmission. This
is a larger overhead than supported in the 5G standard,
but, as explained in Section V-A, it is the minimum that
allows a CDS-based RS. In Table III, the efficiency factor
is numerically evaluated for various values 𝑀 of the number
of the RS passive elements and UE speeds according to (20).
As indicated, an RS equipped with large numbers of elements
can be only applied in scenarios without or with very low
mobility, while an RS with small numbers of elements can be
exploited in scenarios with some mobility. It is noted that the
exploitation of an RS with large 𝑀 values using CDS will
also have a negative impact on the system complexity.

The performance comparison in terms of SEP between the
proposed NCDS and the considered baseline CDS is illustrated
in Fig. 4 for 4-DPSK and QPSK modulations, respectively.
To provide a fair comparison between the two schemes, we
have defined the efficiency factor 𝜂 = 𝜂𝑐 for CDS and 𝜂 = 1
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Fig. 2. SINR performance in dB of the proposed NCDS for the IID Rayleigh
channel model for several values of number of antennas 𝐵 and passive
elements 𝑀.
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Fig. 3. SINR performance in dB of the proposed NCDS for the IID Rayleigh
and the geometric wideband channel models for various values 𝑀 of the RS
passive elements, AS, and for 𝐵 = 2 × 2 BS antenna elements.

for NCDS. This highlights that NCDS does not suffer any
penalization, unlike CDS. Moreover, it can be deployed at
any mobility scenario, exploiting the fact that the differential
modulation can be implemented in the frequency dimension, as
shown in [10]. As also concluded from Table III, the proposed
NCDS significantly outperforms CDS for large 𝑀 values for
the number of RIS passive elements. Moreover, even for the
small 𝑀 values, the NCDS outperforms CDS, due to the fact
that the latter is not able to obtain accurate channel estimates.
This happens because the UE’s transmit power is in general
limited, as also are the amount of resources that can be devoted
for CSI estimation while maintaining a reasonable efficiency.
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TABLE III
EFFICIENCY FACTOR FOR THE CDS

3 km/h 10 km/h 20 km/h 30 km/h 40 km/h
M= 32 0.9475 0.8251 0.6484 0.4754 0.3043
M= 64 0.8951 0.6503 0.2967 0 0
M= 128 0.7902 0.3005 0 0 0
M= 256 0.5803 0 0 0 0
M= 512 0.1607 0 0 0 0
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Fig. 4. SEP performance comparison between the proposed NCDS and the
baseline CDS for 4-DPSK and QPSK, respectively, various numbers 𝑀 for
the RIS elements, 𝐵 = 2 × 2 BS antennas, and using a geometric wideband
channel model with low AS (ASD=7o, ASA=12o, ZSD=25o, and ZSA=30o).

VI. CONCLUSION

This paper studied NCDS based on differential decoding as
a promising technology for RS-empowered OFDM wireless
communications. The proposed scheme is capable of trans-
mitting information avoiding any channel training stage, where
neither pilot symbols nor the requirement for solving complex
design optimization problems for the BS and RS parameters
are needed. The NCDS will enable the advantages of mas-
sive numbers of RS passive elements, as well as supporting
medium/high mobility and/or low-SNR scenarios. In contrast
to CDS, the presented analysis of the SINR revealed that the
NCDS performance is not only improved by a large number
of BS antennas, but it can be strongly improved by enlarging
the number of the RS passive unit elements.
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