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PAPR, BER, and PSD

Optimization in 6G OTFS: Implications for
Healthcare

Arun Kumar, Sumit Chakravarthy, Nishant Gaur, and Aziz Nanthaamornphong

Abstract—The envisioned smart hospital framework leveraging
the sixth-generation (6G) technology aims to enhance healthcare
services by ensuring reliable communication across various
wireless channel conditions, including both line-of-sight and
obstructed paths. However, the traditional orthogonal frequency
division multiplexing (OFDM) approach, used in 4G and 5G,
struggles with the high Doppler shifts associated with dy-
namic environments, presenting challenges for burgeoning smart
hospital demands. To address this, orthogonal time frequency
space (OTFS) modulation is proposed. The OTFS operates
effectively across both stationary and highly mobile channels by
manipulating delay and Doppler domains. Nevertheless, a high
peak-to-average power ratio (PAPR) remains a critical challenge
for OTFS implementation within 6G smart hospitals. Elevated
PAPR levels can reduce power amplifier efficiency, causing them
to operate outside their ideal linear range and impairing battery
performance. They also contribute to signal distortion, increased
interference, and suboptimal spectrum utilization, which can un-
dermine wireless communication and data integrity. To mitigate
the PAPR issue in OTFS, this work introduces a hybrid algorithm
that integrates the benefits of the Riemann matrix optimal
phase element-based partial transmission sequence (PTS) and
selective mapping (SLM), along with A and p-law complementary
algorithms. This study compares the performance of the proposed
hybrid algorithm with traditional PAPR reduction techniques
by evaluating metrics such as PAPR, bit error rate (BER), and
power spectrum density (PSD) within the Rician and Rayleigh
fading channels. Simulation outcomes indicate that the hybrid
algorithm achieves superior PAPR, BER, and PSD performance
with only a marginal increase in complexity when compared with
the established methods.

Index Terms—6G based smart hospital, hybrid algorithms,
OTFS, PAPR, PSD.

I. INTRODUCTION

HE sixth generation of wireless communication technol-
ogy, commonly referred to as 6G, heralds a new era
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characterized by heightened data transmission speeds, dimin-
ished latency, and more sophisticated levels of connectivity. In
the healthcare realm, smart hospitals harness the capabilities
of 6G to revolutionize medical services through the integra-
tion of groundbreaking technologies such as artificial intelli-
gence (Al), the Internet of things (IoT), and instantaneous data
monitoring. This integration is poised to significantly refine the
quality of patient treatment, streamline resource management,
and augment the overall efficiency of hospital operations [1].
With the increase in the aging population worldwide, high
quality of health care services is one of the most important
constraints. Conventional hospitals require large infrastructure
and workforce to accommodate an increasing number of
patients. In the COVID-19 pandemic situation, it has been
seen that the present conventional hospital cannot provide
better health services owing to a lack of infrastructure and
trained medical health care. It was also observed that many
diseases can be perfectly cured while sitting at the hospital
if proper guidance and monitoring are provided. Hence, it
is important to use advanced technologies in conventional
hospitals to make them smart [2]. In the present scenario, the
use of advanced techniques, such as 4G radio and medical
wearable devices, has raised the standard of health services.
For example, one can obtain information about the specialist
doctor for a particular disease and take the consultation by
sitting at home. This will increase the trust and understanding
between doctors and patients. However, the hospital is still not
properly utilizing advanced sixth-generation (6G) integration.
Otherwise, it would be useful for remote health services [3].
6G revolutionizes smart hospitals by enabling unprecedented
data speed, ultralow latency, and seamless connectivity. This
empowers the real-time monitoring of patients, high-definition
telemedicine, and advanced robotic surgeries. With enhanced
network reliability, 6G ensures swift communication between
medical devices, Al-assisted diagnostics, and smart infrastruc-
ture, fostering a new era of healthcare innovation for improved
patient care, research, and operational efficiency [4]. The 6G-
based smart hospital can solve several problems in health
care and enhance the quality of service, including health
monitoring, home consultation, remote surgical operation, and
consultation with the best doctors around the world. Smart
hospitals will revolutionize healthcare services by digitizing
the infrastructure and combining all electronics and physical
assets in a unified framework. Hence, smart hospitals can pro-
vide real-time analysis of patient conditions and prevent many
uncertainties [5]. The efficacy of smart hospitals employing
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6G technology hinges on meeting a set of critical criteria,
which include extensive bandwidth, accelerated data transfer
rates, steadfast connectivity, devices that utilize less power,
and minimal latency. The implementation of a sophisticated
multi-carrier waveform within the 6G infrastructure is pivotal
for fulfilling these smart hospital requirements. Consequently,
the development of a novel waveform in the physical layer
is paramount [6]. Currently, the race for the 6G waveform
is going all around the world. the latest waveform scheme
used in 4G and 5G is orthogonal frequency division multiplex-
ing (OFDM). However, OFDM has some drawbacks, such as
bandwidth loss due to the use of cyclic prefixes (CP), inability
to support gigantic devices, latency of approximately 20 to 30
ms, and high peak-to-average power ratio (PAPR) [7]. The or-
thogonal time frequency space (OTFS) modulation is emerging
as a leading candidate for 6G waveforms owing to its multiple
benefits. These include reduced latency, robust performance
in high-speed environments, enhanced spectral efficiency, and
ability to support rapid data transmission rates [8]. Despite
its high receiver complexity, OTFS modulation is considered
suitable for 6G due to its unique capabilities. OTFS offers
robustness against delay spread and Doppler shift, making it
resilient in high-mobility scenarios, a key consideration for
6G’s focus on ultra-reliable and low-latency communication.
Additionally, OTFS’s high spectral efficiency and potential
for massive connectivity align with 6G’s goals of accom-
modating diverse applications, including IoT and Al-driven
services. While OTFS requires sophisticated signal processing,
advancements in hardware capabilities and signal processing
algorithms are expected to mitigate complexity challenges,
making it a promising candidate for next-generation wireless
systems like 6G. The OTFS can also be designed using pre-
and post-processing components in an advanced multi-carrier
waveform. The OTFS signals are implemented in the Doppler
domain, which transforms rapidly varying fading into a slow,
flat-fading channel. This implies that the signal in the DD
domain offers a higher time invariance than the signal in
the frequency-time domain. It is also seen that the signal in
DD exhibits numerous advantages, such as high robustness
of the system, sparsity, solidity, and orthogonality, which
play an important role in lowering the channel assessment
overhead in the multipath fast-fading channel. Hence, OTFS
can be integrated with a 6G radio-based smart hospital [9].
OTFS modulation offers distinct advantages over OFDM for
healthcare applications. OTFS’s resilience to delay spread
and Doppler effects ensures reliable communication in dy-
namic environments, critical for wearable health monitoring
devices in hospitals. Its ability to handle time-varying channels
and mitigate multipath propagation enhances signal robust-
ness, crucial for maintaining accurate and timely transmission
of patient data. Moreover, OTFS’s high spectral efficiency
optimizes bandwidth usage, accommodating the increasing
demand for wireless healthcare services without sacrificing
performance. These advantages make OTFS well-suited for
healthcare applications, supporting seamless integration of
wireless technologies to enhance patient care and healthcare
delivery efficiency. However, a high PAPR is seen as one
of the biggest problems in the implementation of OTFS in
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6G smart hospitals. High PAPR in OTFS implementation in
6G smart hospitals causes performance degradation of the
power amplifier used on the transmitting side of an OTFS
framework [10]. Smart healthcare devices transmit the pa-
tient’s information in the form of tiny packets and function
with severe transmit power limitations to enhance battery life,
which is crucial in smart hospital services to lower the cost of
the applications. Hence, under the transmit power constraint,
it is necessary to limit the power used in packet retransmission
of the packets [11]. To enhance power optimization in smart
healthcare, it is important to lower the high PAPR of the OTFS
framework. Although it is impossible to completely eliminate
PAPR in OTFS systems, it can be significantly reduced through
the application of specialized PAPR reduction algorithms.
Notably, the methods typically employed for PAPR reduction
in OFDM are not directly transferable to OTFS because of the
fundamental differences in their waveform structures [12]. The
research presents a novel composite algorithm that integrates
the advantages of both selected mapping (SLM) with com-
panding (SLM+ companding) and partial transmit sequence
(PTS) with companding (PTS+ companding). This innovative
approach aims to enhance performance by combining the
superior elements of these two methods. This hybrid approach
is designed to improve the PAPR and power spectrum den-
sity (PSD) performance without substantially increasing the
complexity of the system infrastructure while maintaining
bit error rate (BER) integrity. In the proposed article, the
main focus is to enhance the power amplifier performance by
reducing the PAPR, which have several other advantages for
6G based smart hospital. First of all, an a 6G smart hospital,
there will be a vast network of interconnected devices and
sensors, ranging from medical equipment to patient monitor-
ing systems. These devices will communicate wirelessly to
transmit critical data in real-time. OTFS modulation, with
its ability to combat Doppler shifts and delay spread, can
offer robust communication channels. However, one of the
challenges with OTFS is its high PAPR, which can lead
to inefficiencies in power amplification. the proposed hybrid
algorithms mitigate this issue, ensuring that communication
within the smart hospital network is efficient and reliable. Sec-
ondly, OTFS modulation is designed to operate efficiently in
time-varying and frequency-selective channels, characteristics
often encountered in indoor environments like hospitals. By
reducing PAPR through hybrid algorithms, more efficient use
of the spectrum can be achieved. This is crucial in 6G networks
where the spectrum will likely be even more crowded, with
numerous devices competing for bandwidth within the hospital
environment. Thirdly, smart hospitals rely on instantaneous
communication for tasks such as remote surgery, real-time
monitoring of patients, and coordination among medical staff
and equipment. OTFS modulation offers benefits in terms of
reliability and low latency. Hybrid PAPR reduction algorithms
contribute to maintaining these advantages by ensuring that
signals are transmitted efficiently and without distortion, even
in challenging environments within the hospital premises.
Finally, proposed algorithms directly impact the effectiveness
of healthcare applications within the smart hospital environ-
ment. From remote patient monitoring to real-time video
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consultations with specialists, these technologies ensure that
critical healthcare services are delivered efficiently and with-
out interruption, ultimately improving patient outcomes and
enhancing the overall quality of care.

The structure of the paper is outlined as follows: Section I
presents the introduction, Section II details the literature re-
view and contributions made, Section III describes the system
model, and Sections IV and V present the simulation results
and conclusion of the paper, respectively.

II. LITERATURE REVIEW

OTFS modulation exhibits superior performance compared
to the OFDM waveform, particularly under conditions in-
volving high mobility. However, PAPR remains a significant
problem in OTFS waveforms. The authors in [13] utilized
an auto-encoder and deep-learning-based PAPR reduction ap-
proaches. Simulation results demonstrate that the proposed
algorithm for PAPR reduction effectively lowers the PAPR
in OTFS systems while maintaining a constrained BER. How-
ever, the complexity of the algorithm increases owing to its
use of complex algorithms. In [14], the authors proposed
an airy function-based companding algorithm to minimize
large amplitudes of the OTFS. Compared with conventional
companding techniques, the proposed algorithm exhibits su-
perior performance, with airy companding demonstrating a
marked improvement over the traditional methods. However,
the proposed approach does not retain the BER performance
of the framework. In [15], the peak power of the OTFS symbol
was minimized using exponential and hyperbolic methods.
Parameters such as Ber, PAPR, and the attenuation factor were
estimated and analyzed. The results of this study reveal that the
proposed approach outperforms the conventional companding
and clipping methods. In [16], the PAPR of the OTFS, OFDM,
and generalized frequency division multiplexing (GFDM)
were analyzed and compared. It was observed that the PAPR
increased linearly with an increase in the number of subcarriers
for OFDM and GFDM. However, in the case of OTFS, the
PAPR upsurge coincides with an increase in the number
of Doppler domains. The experimental results indicate that
orthogonal OTFS modulation achieves a considerable reduc-
tion in PAPR compared with OFDM and GFDM. In [17],
the authors compared the PAPR performance of OTFS and
OFDM and introduced a DFT-spread OTFS waveform under
an AWGN and Doppler channel. The authors noted that the
DFTS-OTFS achieved a PAPR gain of 2.2 dB and 1.8 dB
compared to conventional OFDM and OTFS. In [18], the
PAPR of the OTFS was analyzed by applying normalized
and companding algorithms. The simulation results revealed
that the normalized p-law outperformed the normalized A-law
and conventional companding methods. However, we noticed
degradation in the BER performance of the proposed approach.
The authors in [19] introduced three PAPR algorithms, namely
log root companding, root companding, and the p-law-based
companding algorithm, for the OTFS waveform. The perfor-
mance of the algorithms was analyzed under different Doppler
bins and delays. The experimental results revealed that the
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proposed PAPR approach outperformed the conventional p-
law method. The authors in [20] proposed a novel wavelet-
transform-based SLM and PTS to lower the high peak power
of NOMA symbols. The experimental outcomes of the study
reveal that the proposed model obtained a PAPR gain of
2 dB and 2.9 dB as compared with the PTS and SLM
approaches, respectively. The proposed system, on the other
hand, represents an increase in computational complexity. The
DSI-based PTS algorithm was used to minimize the PAPR
of the NOMA signal [21]. The DSI reassigns the power and
reduces the peak value, resulting in the mitigation of high-
power variations. The findings of the study demonstrate that
the proposed model surpasses the PTS technique, delivering
a 3 dB gain in PAPR. In [22], researchers presented a hybrid
algorithm designed to decrease the peak power in the NOMA
waveform. Experimental evidence suggests that the hybrid
algorithm substantially diminishes the PAPR, achieving a gain
of 3.2 dB over conventional algorithms. However, the proposed
algorithm increases the complexity of the framework. The 4G
radio currently utilizes OFDM. The authors of [23] proposed
an SLM technique aimed at reducing the high peak amplitude
of OFDM symbols. The proposed SLM reduced the original
PAPR by 1.6 dB. Researchers introduced a hybrid method that
minimizes the peak power of OFDM [24]. The hybrid method
achieved a PAPR reduction of 3.2 dB. However, the upsurge
was complex, and BER was noted in the proposed model. The
contributions of this study are as follows.

1) One of the main contributions is examining how well
different hybrid algorithms work by considering factors
such as PAPR, BER, and PSD. These include tradi-
tional SLM, PTS, A-law, p-law, and Riemann matrix
phase-generation-based SLM and PTS integration with
companding approaches. By conducting a comparative
analysis of the performance of these methods, we can
obtain valuable insights into their ability to effectively
reduce the PAPR while maintaining appropriate BER
and PSD features.

To investigate how OTFES affects the BER performance
of different systems using hybrid PAPR reduction tech-
niques, which can increase the throughput of the frame-
work. This offers a thorough understanding of the resis-
tance of the system to BER and PAPR performance.
To confirm the integration of different companding ap-
proaches with the improved SLM and PTS methods
for sub-blocks s = 4. This simulation-based validation
contributes to verifying the efficacy of the suggested
strategies in practical settings and offers insightful in-
formation for possible integration with OTFS-based 6G
smart hospital systems.

The 6G-based smart hospital demands several aspects,
such as high spectral access, low power requirements,
high through- put, and low latency. The OTFS waveform
can be utilized in 6G to fulfil the demands of smart
health. The OTFS in 6G enables efficient data trans-
mission in smart hospitals, enhancing communication
for real-time monitoring and control. This technology
ensures reliable connectivity, reduces interference, and

2)

3)

4)
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supports diverse medical applications, ultimately opti-
mizing healthcare delivery, improving patient outcomes,
and fostering innovation in the smart-hospital ecosystem.
However, an increase in the high PAPR may affect
the performance of the OTFS waveform. Hence it is
important to designed a PAPTR algorithms which can
reduce the PAPR and enhanced the performance of the
framework.

III. SYSTEM MODEL

An OTFS was implemented using ISFFT and SFFT on the
transmitting and receiving sides of the framework. The OTFS
symbols are modulated using a Doppler domain, which is
transformed into a frequency-time domain using an ISFFT.
Accurate assessment of the peak power is crucial for OTFS
systems. To achieve this, the OTFS signal was translated
into the time domain through the application of a Heisenberg
transform [25]. A PAPR reduction technique is employed at
the transmitter end to attenuate the high peak power of the
OTFS symbol. Subsequently, the signal in the time domain
was converted back into the Doppler domain using a Wigner
transform at the receiver end of the OTFS system.

The OTFS symbols are represented as [26]

| Kol . l
_ 127 ( SR — e
Yk =2 >0 D ylk e (@ 2))
n=0 m=0
A Heisenberg transform is applied to (1), which results in
a time-domain OTFS signal given by [27]

K—1L-1
s(t) =Y Y ylk, e D f (= kT), (2)
n=0 m=0
where fi, represents the transmitted pulse of an OTFS wave-
form. The discrete time domain of s(¢) is acquired using
Nyquist sampling, represented as [28]

K-1
1
s(v,w) = e Z Ykl fey ([v+w — KLkr),  (3)
k=0
where g[k] = fo;ol y[n, v]e??™ ", v =0,1,---, K — 1 and

u = 0,1,---, L—1. Finally, the PAPR of the OTFS is estimated
as

maxy, o {|s(v + ul)|?}

Ay Ao+ uz>2}> @

It is important to accurately estimate the PAPR. Hence, a
CCDEF is utilized to determine the PAPR characteristics of the
OTFS waveform for larger and smaller thresholds, which are
defined as [29]
Prob(PAPR > s(v+ul)) =1 — Prob(PAPR < s(v + ul))
-1— (1 _ e—s(v—&-ul))t,

PAPR 45 = 10log; <

®)

t
Prob(PAPR < 5(1} + Ul)) =F (es(v+ul))

_ (1 7 675(v+ul))t‘ ©
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A. SLM

SLM is regarded as one of the most popular PAPR reduction
algorithms because it maps the multi-carrier waveform symbol
into several unconstrained symbols by weighting the phase
rotation elements. Ultimately, a signal that exhibits a reduced
PAPR is selected for transmission. Nevertheless, the necessity
for side information and the execution of IFFT operations
introduce complexity to the process [30].

The steps involved in designing the SLM are as follows [31].

Step 1: The OTFS signals are modulated using a 64-QAM
transmission scheme to generate the OTFS symbols given by
s = {So, Sl, cey, SNfl}.

Step 2: In this step, the OTFS symbols are segmented into
sub-blocks of size N subcarriers, given as s = Zg;ol Sh.

Step 3: The phase sequence elements give weights to the
OTFS sub-blocks (s) ®7 = [®F, &7 --- &% |7, where p is
the row element of the particular matrix.

Step 4: A sequence of OTFS sub-blocks is generated, such
as

SP =185, 87, Skl
where S? = S, - ®P, forn=0,1,---, N — L.

Step 5: The peak value of the OTFS symbols is determined
by applying the IFFT to SP, which results in s? = IFFT(SP).
Finally, the lowest PAPR value of the OTFS symbol from S?
was selected for transmission [32].

SLM can effectively reduce the high PAPR value of the
MCW. However, the SLM approach increases the complexity
of the framework because of the number of phase-element
searches involved in the method [33].

B. PTS

PTS is considered one of the most efficient PAPR algorithms
because it enhances the PAPR performance while retaining
the BER performance, which results in an increase in the
computational complexity of the framework [34].

The input symbols are divided into a number of sub-blocks
of size N. An IFFT is applied to each sub-block to estimate
the peak amplitude of the signal. The OTFS symbols are
multiplied by the phase-rotation elements. To lower the peak
power of the OTFS signal s, we select the optimal phase
elements [35]

N
§= Z @nsn- @)
n=1

An IFFT is applied to the OTFS signal to estimate the high
peak amplitudes of the signal, given as

N
s = Z ©nIFFT(S,,). (8)

n=1

The (8) can be written as

N
$= ) Pnsn. ©
n=1



In (9), the phase elements are selected to minimize the PAPR
of an OTFS symbol given by
2

N
(@1, P2, -+, ¢n] = argmin | max Zapnsn (10)
n=1
The OTFS signal with minimal PAPR is represented as
N
5= Z Pnbn. (11)
n=1

It should be noted that the PTS increases the complexity of
the framework, as a large number of computations are required
to obtain an optimal phase search. Hence, the search for the
optimal phase elements is restricted to a smaller number of
phase vectors to lower the search complexity of the model.

C. Companding Algorithm

The Companding algorithm significantly reduces the high
peak amplitude of the OTFS waveform. The basic principle
of the companding method is to compress and decompose the
number of subcarriers on the transmitting and receiving sides.
A-law and p-law are complementary algorithms that can be
applied to lower the PAPR and spectrum leakage of the OTFS
waveform [36].

1) A-law: A-law companding methods reduce the high
peak power by compressing the signal on the transmitting side.
The A-law expresses the OTFS signal s(t) in the time domain
with the compressor parameter C' [37]

Gl i s < 4
f(s) = sgn(s) { R “ (12)
1+1£1(c‘*s)|)7 if & <ls| <1

2) p-law: The plaw companding technique is utilized to
decrease the PAPR of the signals, providing a broader dy-
namic range than that of the A-law technique. However, a
notable drawback of this method is the introduction of signal
distortion. p-law gives the OTFS symbol s(¢) its value [37]

7o) =san(s) { S

}, -1<s<1. (13)
D. Proposed SLM + Companding Algorithms (SLM+A-law)
and (SLM+p-law)

In this section, we propose a hybrid algorithm to improve
the PAPR and PSD to optimal values with minimal com-
plexity and BER, as shown in Fig. 1. Combining SLM with
companding is a potent strategy in communication systems
to address the challenge of a high PAPR. The SLM intelli-
gently modifies the phase of selected sub-blocks of data to
reduce the signal peaks, effectively lowering the PAPR. Con-
currently, companding, a compression-expansion technique,
reduces the dynamic range of the signal and further mitigates
the PAPR. This collaborative approach not only diminishes
the PAPR, but also enhances the BER by minimizing signal
distortion. In addition, it optimizes the PSD, contributing
to the improved spectral efficiency. The synergistic effect
results in an enhanced signal quality, lower distortion, and
better overall system performance. The Reimann matrix-based
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SLM is combined with competing algorithms, such as A-
law (SLM+A-law) and p-law (SLM+p-law). In SLM, OTFS
symbols are segmented into a number of sub-blocks. An IFFT
was performed to estimate the peak value of an OTFS symbol
in the time domain. The Riemann matrix is utilized to produce
an optimal phase element factor and reduce complexity by
removing the corresponding row and column of a given matrix,
as follows [38]

m(r,c) = {r — 1if  divides ¢, (14)

m(r,c) = {—1for different scenarios. (15)

For instance, let us consider the dimension of the braiding

matrix M x M dimension, and the b,, is optimized by the

scaling of 1/M represented as 1/M x b,,. Let us consider an
OTFS signal in the time domain, represented as [39]

T

s =[S0, 51, -+, Sn-1] . (16)

The OTFS symbols are segmented into a number of subcar-

riers, n = 0,1,---) N — 1. The OTFS symbols are weighted

with the phase elements generated by the b,,, given as follows

a7

pP — [bg,bﬁ’,m,bfv_l]T

The OTFS symbols are weighted with the phase element given

by

Sh =1, S (18)

The amplitude of the S%; is estimated by using IFFT
transform, represented as

siy(t) = TFFT (S%) , (19)

sy (t) = by, n - TFFT (Sn) . (20)

Finally, the PAPR reduction is achieved by selecting the
symbol with the lowest PAPR value

N 2

Z by S (1)

n=1

VN

p .
1> Omas -+ 0y, v = argmin | max

21
Further, to reduce the number of papers and improve the
spectrum leakage, competing algorithms such as A-law and
p-law are applied to the OTFS signal. The PTS + A law is
expressed as follows

TG, EIR@I<E
F (SR (8) p s = sEN (K () 111:13(0\5;’ @®1) ;.
a Ty S lshOI<1

The PTS +p-law is represented as

In(14p|sR, (t)]
1 (58 0),1 100 = s (55, (0) { LoD,
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Fig. 1. Proposed SLM+Companding methods.

E. Proposed PTS + Companding Algorithms (PTS+A-law)
and (PTS+ p-law)

Integrating PTS with companding is an effective strategy
in communication systems to alleviate the detrimental impact
of a high PAPR. The PTS strategically redistributes signal
peaks, lowering the PAPR and minimizing signal distortion.
Companding, a compression-expansion process, further aids
in reducing the dynamic range of the signal. This tandem
approach not only curtails the PAPR but also enhances the
BER by mitigating signal distortion and improving the PSD
by optimizing the spectral efficiency. Overall, this synergistic
solution results in more efficient use of the available band-
width, ensuring better signal quality and system performance.

In this section, we propose a modified PTS approach in
which the phase elements are optimized as follows

5= [50,517"',51\771]71 (24)

Applying IFFT in (24) results in
s(t) = IFFT (S), (25)
s(t) = [30751,"',SN—1]T (26)

The optimized phase element vectors are generated by a
Riemann matrix, which lowers the PAPR by multiplying by
the OTFS symbol s(t). The phase sequence of the Riemann
matrix is given by [40]

R (r,c) = {r -1

-1, else

r
for - 27)

where r and c represent the row and column, respectively,
and R,,. Let us consider that the dimensions of R,, is given
by N x N and the elements optimized in R,, are scaled by a
factor of 1/N as 1/N x R,,. The element in the corresponding
P-th row is a component of P or —1, 1 < P < N. Hence, if
the value of R,, is 1, then there is a phase shift of the signal,
and the value of p results in an amplitude change of the OTFS

Optimized Phase elements generated
by Riemann matrix

transmission

Companding
Algorithms (A-law
and Mu-law)

signal [38]. The multiplication of an OTFS symbol with the
R,, phase elements is given by

N
$(t) = > RynSn- (28)
n=1

The PAPR is minimized by selecting the optimal value of
phase elements

|Rm1, Rm2, - Rypn | = argmin | max

N
> RpnSn
n=1

(29)

To further enhance the PAPR performance with optimal

BER and PSD, companding methods were applied after the
PTS. The PTS +A-law is given as

Clstt)] if [s(t)] < &
) a1, = sgn (8B, (1)) { HHn(C)’ ¢ )
I (s( ))A—ldw g (SN( ) {ﬂﬁi’(g;)% if % <|s(t)] <1
(30)

The PTS +p-law is represented as

F(5(8)) 110 = 50 (5(1)) {% if —1<s(t)<1.

IV. SIMULATION RESULTS

This section is dedicated to the evaluation and comparison
of the performance of the traditional and newly proposed
PAPR reduction algorithms with respect to the OTFS wave-
form. Simulations were performed using MATLAB 2019. We
utilized parameters such as N = 256 subcarriers, 64-QAM,
256-FFT, 20000 symbols, and sub-blocks (2 and 4) with Rician
and Rayleigh channels. In Fig. 2, we perform PAPR analysis
of multi-carrier waveforms such as OTFS, NOMA, FBMC,
and OFDM under a Rayleigh channel without applying PAPR
algorithms. It is seen that the PAPR values of 9.2 dB (OTES),
10.6 dB (NOMA), 11.3 dB (FBMC), and 12 dB (OFDM) are
obtained at the CCDF of 1073.

It is determined that OTFS modulation exhibits a PAPR gain
of 1.4 dB, 2.1 dB, and 2.8 dB over other modern waveforms
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Fig. 2. PAPR analysis of advanced waveform under Rayleigh channel.
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Fig. 3. PAPR analysis of advanced waveform under Rician channel.

such as NOMA, FBMC, and OFDM respectively. The supe-
rior PAPR performance of the OTFS in Rayleigh channels
is attributed to its distinctive time-frequency processing ca-
pabilities, which effectively minimize amplitude fluctuations
and bolster signal resilience. This enhances communication
dependability, particularly in environments with challenging
fading characteristics.

Fig. 3 illustrates the PAPR analysis of various advanced
waveforms in a Rician channel, excluding the application
of PAPR reduction techniques. At a CCDF of 1072, the
PAPRs for OTFS, NOMA, FBMC, and OFDM are recorded
at 8.2 dB, 9.7 dB, 10.2 dB, and 11.2 dB respectively. It is
observed that multi-carrier waveforms exhibit improved PAPR
performance in Rician channels compared with Rayleigh chan-
nels. The superior PAPR performance of the OTFS under
Rician conditions can be attributed to the adept handling of
multipath scenarios. OTFS not only proves to be more reliable
than other contemporary waveforms under Rician channel con-
ditions but also demonstrates increased robustness by utilizing
its time-frequency processing to effectively mitigate variations
in amplitude.

In Fig. 4, the conventional and proposed hybrid algorithms
under a Rayleigh channel were applied to the OTFS waveform.
The main objective is to determine the PAPR and reduce
it to an optimal value. At the CCDF of 1073, the PAPR
values of 8.8 dB, 8.6 dB, 7.7 dB, 7.2 dB, 6.8 dB, 6.6 dB,
6.1 dB, and 5.8 dB are obtained by the A-law, p-law, SLM,
PTS, SLM+A-law, SLM+pu-law, PTS+A-law, and PTS+pu-
law, respectively. It was observed that the hybrid algorithms
outperformed the conventional methods. However, the pro-
posed PTS+u-law obtained significant PAPR minimization
compared with contemporary PAPR methods. The hybrid al-
gorithms reduced the PAPR to 3 dB compared with the OTFS
waveform (8.8 dB). The combination of SLM, PTS, and
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Fig. 5. PAPR analysis of OTFS under Rician channel.

complementing algorithms enhances the PAPR performance
in OTFS. SLM reduces PAPR by applying phase sequences,
optimizes phase factors, reduces peaks and compresses the
signal, reduces dynamic range, and further mitigates peaks,
collectively improving the OTFS communication efficiency
and reliability.

The PAPR of the OTFS waveform was estimated under a
Rician channel for the proposed hybrid and conventional PAPR
algorithms, as shown in Fig. 5. The original PAPR of the OTFS
is 8.6 dB at the CCDF of 10~2, which is reduced to 7.9 dB
by A-law, 7.7 dB by p-law, 6.8 dB by SLM, 5.9 dB by PTS,
5.6 dB by SLM+A-law, 5 dB by SLM+u-law, 4.5 dB by
PTS+A-law, and 3.8 dB by PTS+u-law, respectively. Hence,
it is noted that the PTS+p-law obtained a gain of 0.7 dB to
4 dB as compared with the other proposed methods.

The PAPR performance of the conventional and hybrid
algorithms with sub-blocks (s = 4) under a Rayleigh chan-
nel was estimated, as shown in Fig. 6. The PAPR of the
OTFS was 9.2 dB at a CCDF of 1073. The PAPR of the
OTES is reduced to 6.2 dB by SLM (s = 4), 5.6 dB by
PTS (s = 2), and 5.2 dB by SLM+A-law (s = 4). 4.5 dB
SLM+p-law (s = 4), 4.1 dB PTS+A-law (s = 2), and 3.2 dB
PTS+u-law (s = 4), respectively. It is concluded that the
most favorable PAPR is achieved by augmenting the number
of sub-blocks in the transmission scheme, with the proposed
PTS combined with p-law companding outshining the other
PAPR reduction schemes presented in this work. An increase
in the size of the sub-blocks within the hybrid algorithms
amplifies the PAPR performance in the Rayleigh channels.
The utilization of larger sub-blocks enhances signal diversity,
which counters the deleterious effects of fading and contributes
to a more effective peak reduction. This, in turn, leads to an
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Fig. 6. PAPR analysis of OTFS under Rayleigh channel for sub-blocks (s=4).
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Fig. 7. PAPR analysis of OTFS under Rician channel for sub-blocks (s=4).

enhancement in the overall PAPR profile of the system.

The PAPR curves of the OTFS waveform under a Rician
channel for different subblocks (s = 2 and 4) are shown
in Fig. 7. At the CCDF of 1073, the PAPR of the OTFS
signal is reduced to 5.9 dB (SLM s = 4), 5.2 dB (PTS
s = 4), 4.8 dB (SLM+A-law s = 4), 4.2 dB (SLM+u-law
s = 2), 3.6 dB (PTS+A-law s = 4), and 2.9 dB (PTS+u-
law), respectively. The results show that the proposed PTS+p-
law outperforms contemporary PAPR methods. Furthermore,
it is concluded that expanding the sub-block sizes in the pro-
posed hybrid algorithms within a Rician channel enhances the
PAPR performance. Larger sub-blocks contribute to increased
signal diversity, mitigate Rician fading effects, and improve
the peak reduction capabilities. This leads to superior PAPR
characteristics and overall transmission efficiency in the Rician
channels.

Several PAPR algorithms can effectively reduce the high
peak power of multi-carrier waveforms without compromising
the BER performance. Hence, it is important to retain the
throughput performance of the framework while minimizing
the PAPR value of advanced waveforms. Therefore, it is im-
portant to analyze the throughput performance of the proposed
algorithms using the OTFS waveform. In Fig. 8, the BER
curves of the advanced waveform are determined using a
Rician channel. The BER of 1072 is acquired at the SNR of
7.5 dB, 8.3 dB, 8.7 dB, and 9.4 dB by the OTFS, NOMA,
FBMC, and OFDM waveforms. Hence, OTFS without the
PAPR reduction obtained an SNR gain of 0.8 dB, 1.2 dB, and
1.9 dB as compared with the existing waveforms (NOMA,
FBMC, and OFDM).

The BER of an OTFS under a Rician channel is estimated
using the conventional and proposed hybrid schemes, as shown
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Fig. 9. BER analysis of an OTFS waveform under Rician channel.

in Fig. 9. The main focus was to analyze whether the BER
performance was retained by the proposed algorithms. At
the BER, the SNRs of 5.1 dB, 5.5 dB, 5.8 dB, 6.1 dB,
6.3 dB, 6.5 dB, 7 dB, and 7.2 dB are obtained by the A-
law, p-law, SLM, PTS, ALM+A-law, SLM+pu-law, PTS+A-
law, and PTS+p PAPR schemes. The PTS+p-law obtained an
efficient throughput compared with existing methods. Hence,
it is concluded that the proposed hybrid algorithms retain their
BER performance while reducing the PAPR of the signal.

Fig. 10 shows the BER performance of an OTFS waveform
under the Rician channel for subblocks (s = 4). For sub-
blocks s = 4, the BER of 1073 is achieved at the SNR of
6.1 dB (SLM s =4), 5.6 dB (PTS s =4), 5.3 dB (SLM+A-
law s = 4), 4.8 dB (SLM+u-law s = 4), 4.2 dB (PTS+A-law
s =4),and 3.7 dB (PTS+u-law s = 4), respectively. It is seen
that the hybrid algorithms outperform the conventional algo-
rithms and have superior throughput performance. Hence, it is
concluded that an increase in sub-blocks can efficiently retain
and improve the BER performance without compromising the
PAPR performance.

The enhancement of PSD in 6G-based smart hospitals
optimizes wireless communication, boosts data transfer rates,
and accommodates diverse medical applications. This im-
provement ensures efficient spectrum utilization; minimizes
interference; and supports a robust, high-capacity network,
ultimately advancing the quality, speed, and reliability of
healthcare data transmission.

In the proposed article, SLM combined with p-law and A-
law companding techniques outperform original OTFS due
to their ability to reduce PAPR without compromising BER
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Fig. 11. PSD performance of OTFS under Rician channel (s=4).

performance. SLM optimally redistributes the signal con-
stellation, mitigating high peak amplitudes, thereby reducing
nonlinear distortion effects. Meanwhile, p-law and A-law
companding introduce controlled nonlinear transformations,
effectively compressing dynamic range and enhancing signal
robustness against channel impairments. Consequently, while
PAPR is reduced, BER performance improves, demonstrating
the synergy between PAPR reduction techniques and error
mitigation strategies in improving overall system performance.

In Fig. 11, we analyzed the performance of the conven-
tional and proposed hybrid algorithms when applied to the
OTFS waveform. It can be seen that the hybrid algorithms
obtained a PSD value of —1390 (SLM+A-law s 4),
—1436 (SLM+p-law s 4), —1618 (PTS+A-law s 4),
and —1881 dB (PTS+u-law s = 4), respectively, as compared
with the OTFS (—1320). Hence, increasing the sub-block size
to four in the hybrid enhances the PSD. This expansion results
in a more effective distribution of transmitted power, thereby
reducing spectral regrowth. Larger subblocks mitigate signal
distortions, minimize out-of-band emissions, and improve the
overall PSD. Consequently, this leads to a more efficient and
spectrally compliant communication system with enhanced
power spectral density.

The enhancement of PSD in 6G-based smart hospitals
optimizes wireless communication, boosts data transfer rates,
and accommodates diverse medical applications. This im-
provement ensures efficient spectrum utilization; minimizes
interference; and supports a robust, high-capacity network,
ultimately advancing the quality, speed, and reliability of
healthcare data transmission. In Fig. 12, we analyzed the
spectral access performance of the advanced waveforms for
a 6G-based smart hospital under a Rician channel. The
PSD values obtained by PTS+u-law, PTS+A-law, SLM+pu-
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Fig. 12. PSD anlaysis of proposed hybrid algorithms.

law, and SLM+A-law are —1320, —1070,—830, and —670
dBm/Hz, respectively. PTS+p-law obtained a significant PSD
gain of —230,—470, and —630 dBm/Hz as compared with
contemporary algorithms and successfully reduced out-of-band
radiation as compared with contemporary waveforms. Hence,
the PTS+u-law in OTFS can efficiently utilize the spectrum
and accommodate a greater number of pieces of information,
which will be ideal for a 6G-based smart hospital.

200

A. Complexity Analysis

SLM is a PAPR reduction technique that introduces com-
plexity owing to the exhaustive search for optimal phase
sequences. The computational load increases significantly as
it explores a vast solution space to minimize the PAPR,
striking a balance between effectiveness and computational
efficiency. The PTS complicates the implementation by shap-
ing the temporal profile of the transmitted signals. The design
of optimal pulse sequences involves intricate considerations
of the filter characteristics, requiring a delicate balance be-
tween complexity, bandwidth efficiency, and PAPR reduction
performance. Combining SLM with Companding introduces
synchronization challenges between the spatial and amplitude
compression-expansion processes. This complexity arises from
the need for sophisticated algorithms to effectively coordinate
and calibrate these two operations. PTS combined with com-
panding adds further intricacies by simultaneously optimizing
the temporal and amplitude aspects. Coordinating pulse shap-
ing and companding functions requires intricate trade-offs to
achieve PAPR reduction without compromising signal quality,
adding complexity to the design and implementation of these
algorithms. Hence, the complexity of these PAPR reduction
methods stems from the intricate trade-offs between compu-
tational load, synchronization, and optimization, highlighting
the challenges in achieving an effective PAPR reduction while
maintaining system efficiency. Table I lists the complexity of
the proposed method.

The combination of SLM, PTS, and companding techniques
offers advantages over DFT spread OTFS signals in PAPR
reduction and overall system performance. SLM and PTS
efficiently redistribute signal energy, mitigating high peak
amplitudes and reducing PAPR without significant signal
distortion. Companding techniques, such as p-law or A-law
companding, further compress the dynamic range of the signal,
enhancing robustness against nonlinear distortion effects. In
contrast, DFT spread OTFS signals lack these specific PAPR
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TABLE I
COMPLEXITY.

No.| PAPR Complexity

reduction
algorithms

1. | SLM C = O(K.MNE), where K is the computa-
tional effort per candidate phase sequence, MV
represents the search space size, which accounts
for exploring different phase sequences for each
sub-block, and E is the computational effort in-
volved in evaluating the PAPR for each candidate
sequence.

2. | A-law C = O(KanwN), where Ky is a constant
factor representing the computational effort per
sample, and N is the number of samples in the
OTFS signal.

3. | p-law C = O(K1awN), where K, 1 is a constant
factor representing the computational effort per
sample, and N is the number of samples in the
OTFS signal.

4. | PTS C =O(NK . (log, M)VE)

5. | SLM+ com- | C=O(K.MVE)- (Kp1wN)

panding

6. | PTS+ C=0O(NK . (logg M)NE) - (Kp1awN)

companding

reduction mechanisms, leading to higher PAPR values and
increased susceptibility to nonlinear distortion. Consequently,
the combined SLM, PTS, and companding approach ensures
lower PAPR levels, improved signal quality, and enhanced
spectral efficiency, making it preferable for reliable and ef-
ficient communication systems, especially in challenging en-
vironments. See Table II for a comparison of the proposed
article with the published work.

B. Comparative Analysis of the proposed hybrid methods

In Table III, we have compared and analysed the proposed
hybrid methods for an OTFS waveform with Rayleigh and
Rician channel.

The PAPR performance of the hybrid PAPR algorithms are
analyzed and compared with conventional methods. It is seen
that the proposed methods obtained an optimal performance
in Rician channel as compared with the Rayleigh channel.
The graph reveals that the proposed PTS+pu-law obtained
a superior performance as compared with the contemporary
waveforms (5.8 dB in Rayleigh and 3.8 dB in Rician channel).
The PAPR performance of the hybrid PAPR algorithms with
sub-blocks (s = 4) for the Rayleigh and Rician channel is
estimated. It is seen that the proposed methods obtained an op-
timal performance than Rayleigh channel just by increasing the
number of sub-blocks(s = 4) in Rician channel as compared
with the Rayleigh channel. The graph reveals that the proposed
PTS+pu-law obtained a superior performance as compared
with the contemporary waveforms (3.2 dB in Rayleigh and
2.9 dB in Rician channel). The BER performance of the hybrid
algorithms with and without sub-blocks (s = 4) is analyzed.
It is seen that the hybrid method with sub-blocks (s = 4)
outperforms the contemporary methods. It is also revealed that
the PTS+u-law (s = 4) obtained an efficient BER performance
of 1073 at the SNR of 3.7 dB. The PSD performance of the
proposed hybrid algorithms for Rician channel is estimated.
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It is noted that the proposed algorithm significantly lowers
the sidelobe to enhance the spectral access of the framework.
It is concluded that the PTS+p-law (s = 4) outperforms the
contemporary algorithms by obtaining the PSD of —1881.
The PAPR reduction in OTFS modulation contributes to
the advancement of smart hospital technology by improving
wireless communication reliability, extending device battery
life, enabling remote healthcare services, and enhancing over-
all patient care and operational. Some application related to
PAPR reduction with smart health care are given below:

1) PAPR reduction enhances the reliability and efficiency
of wireless communication channels between wearable
health monitoring devices and hospital systems. This
ensures accurate and timely transmission of patient data,
facilitating remote monitoring and enabling healthcare
providers to make informed decisions promptly.

2) Implantable sensors and devices benefit from PAPR
reduction in OTFS signals, as it enables efficient and
reliable communication with external monitoring sys-
tems. Reduced PAPR helps extend battery life in these
devices, minimizing the need for frequent replacements
and improving patient comfort.

3) PAPR reduction supports robust and low-latency com-
munication links essential for telemedicine applications
within smart hospitals. By reducing signal distortion and
interference, OTFS modulation with lower PAPR en-
sures high-quality audio and video transmission during
remote consultations, enhancing the patient experience
and enabling effective virtual healthcare delivery.

V. CONCLUSION

The 6G-based smart hospital demands several aspects, such
as high spectral access, low power requirements, high through-
put, and low latency. The OTFS waveform can be utilized in
6G to fulfill the demands of smart health. The OTFS in 6G
enables efficient data transmission in smart hospitals, enhanc-
ing communication for real-time monitoring and control. This
technology ensures reliable connectivity, reduces interference,
and supports diverse medical applications, ultimately opti-
mizing healthcare delivery, improving patient outcomes, and
fostering innovation in the smart-hospital ecosystem. However,
an increase in the high PAPR may affect the performance of
the OTFS waveform. This article presents a hybrid algorithm
that combines SLM, PTS, and companding techniques within
Rayleigh-Rician channels. Conventional SLM and PTS are
enhanced through phase element optimization via the Riemann
matrix coupled with A-law and p-law integration, reducing
the PAPR and BER while improving the PSD in the radio
system. Hybrid algorithms, such as SLM+A-law, SLM+pu-law,
PTS+A-law, and PTS+pu-law, demonstrated enhanced perfor-
mance over traditional methods. Furthermore, the proposed
algorithms were analyzed by increasing the number of sub-
blocks (s = 4). Increasing the sub-block size improves PAPR
by providing more possibilities for phase weighting. A larger
sub-block allows for finer granularity in adjusting the phases of
the individual sub-blocks, enabling a better cancellation effect
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TABLE II
COMPARISON WITH EXISTING WORK.

Ref.

Remarks

[41]

System model: DL algorithms
1) The article presents experimental results and performance evaluations to demonstrate the effectiveness and efficiency of the proposed algorithm
in reducing PAPR in OFDM systems.
2) The article has not comprehensively addressed all relevant performance metrics such as computational complexity, spectral efficiency, and
SLM with number of sub-blocks.
3) The proposed article provides no comparison between other waveforms such as FBMC, NOMA, and OTFS.

Simulation parameters:
e BER and PAPR analysis is performed
o Waveform: OFDM
o Channel: Rayleigh channel

[42]

System Model: DL-autoencoder
1) The article provides experimental validation of the proposed method, which enhances the credibility of the research findings. This includes
simulations or real-world implementations, validating the effectiveness of the proposed approach.
2) The article has not discussed the performance of the parameters in Rician channel.
3) The article has not discussed the computational requirements and PSD and comparison with other contemporary algorithms.

Simulation parameters:
e PAPR is implemented
o Waveform: OFDM
o Channel: Rayleigh channel

[43]

System model: ANN based SLM
1) The article may lack a comprehensive comparison with existing PAPR reduction techniques in OFDM waveform. Without a thorough
comparison with other advanced waveform, it could be challenging to assess the effectiveness of the proposed algorithm against state-of-the-
art approaches.
2) The SLM is integrated with Neural network algorithms but the article does not provide the intricacy of the framework.
3) The sub-blocks analysis is not performed under different condition and PSD of the waveform is not discussed in the presented paper.

Simulation parameters:
e PAPR and BER is implemented
e Waveform: OFDM
o Channel: Rayleigh channel

[44]

System model: SLM with auto encoder
1) Lack of comparative analysis with alternative PAPR reduction techniques, hindering assessment of its effectiveness relative to existing methods.
2) Insufficient discussion on the robustness and generalization of the proposed scheme across diverse channel conditions and system
configurations.

Simulation parameters:
e PAPR and BER is implemented
o Waveform: OFDM
o Channel: Rayleigh channel

[45]

System model: DL based Tone Reservation
1) Tone reservation method based deep learning for PAPR reduction may face challenges in handling nonlinear distortions, complex channel
conditions, and high computational complexity.
2) Additionally, it may require substantial labelled training data, limiting its applicability in scenarios with limited datasets or varying channel
characteristics.

Simulation parameters:
e PAPR and BER are implemented
o Waveform: OFDM
o Channel: Rayleigh channel

Proposed
algo-
rithm

System model: SLM+A-law, SLM+p-law, PTS+A-law, PTS+p-law with s = 4

1) SLM exploits diversity gains and computational efficiency, reducing PAPR effectively. Additionally, p-law and A-law companding introduce
nonlinearity, aiding in PAPR reduction with simplicity and low complexity.

2) Unlike deep learning, these methods require less training overhead, are robust to channel variations, and offer better performance in scenarios
with limited labeled data or computational resources.

3) BER and PAPR analysis of advanced waveforms such as OFDM, FBMC, and NOMA with OTFES are performed.

4) The complexity analysis is provided in the proposed work.

5) The proposed algorithms are compared with A-law, p-law, SLM and PTS in Rician and Rayleigh channel considering the sub-blocks analysis.

Simulation parameters:
e PAPR, BER, and PSD are implemented
o Waveform: OFDM, FBMC, NOMA, and OTFS
o Channel: Rician and Rayleigh
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TABLE III
COMPARATIVE ANALYSIS OF PROPOSED HYBRID ALGORITHM.

PAPR algorithms PAPR ( dB) Rayleigh | PAPR ( dB) Rician chan- | BER of 102 SNR (dB) | PSD value in Rician

channel nel Rician channel channel
SLM+A-law 6.8 5.6 6.3 —670
SLM-p-law 6.6 5.0 6.5 —830
PTS+A-law 6.1 4.5 7.0 —1070
PTS+p-law 5.8 3.8 7.2 —1320
SLM+A-law (s = 4) 52 4.8 53 —1390
SLM+p-law (s = 4) 4.5 42 4.8 —1436
PTS+A-law (s = 4) 4.1 3.6 4.2 —1618
PTS+p-law (s = 4) 32 29 3.7 —1881

and reducing amplitude variations. This enhancement helps
minimize the signal peaks, enhances the overall signal quality,
and reduces the PAPR in communication systems. In con-
clusion, the proposed algorithms were found to significantly
improve battery longevity and spectral efficiency, which in turn
enhances the dependability of wireless communications. This
advancement ensures that medical devices maintain robust and
efficient connectivity, which is essential for the uninterrupted
transmission of data crucial for patient monitoring and other
healthcare applications. Efforts to minimize PAPR for OTFS-
based 6G smart hospital systems will focus on the refinement
of algorithms and the investigation of adaptive strategies to
guarantee both efficient and dependable wireless communica-
tion in healthcare settings.
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