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Paramete 6G Benefits

Extremely high data speeds Compared to 5G, 6G is anticipated to offer even faster data speeds. Faster transmission of big medical
datasets, high-resolution imaging, and real-time video feeds may be made possible by this
exceptionally high data rate capacity. Applications for collaborative healthcare, remote diagnostics,
and telemedicine can all be greatly improved by this.

Precision medical applications of terahertz communication New opportunities in precision medicine may arise from 6G’s prospective feature, terahertz
communication. Advanced diagnosis and treatment planning are made possible by the highly
accurate sensing and imaging made possible by terahertz frequencies. This may result in more
focused medical treatments and individualized treatment plans.

Improved communication in real time Applications like augmented reality (AR) and virtual reality (VR) can function more smoothly and
responsively because to 6G networks' extremely low latency. This could facilitate collaborative virtual
consultations, immersive medical training, and AR-assisted procedures in the healthcare setting.

Extensive device networking for internet of things healthcare | 6G can effectively enable the widespread adoption of 0T devices in healthcare thanks to its even
higher connection density. This covers a broad range of wearables, monitoring tools, and medical
sensors. As a result, patient monitoring, preventive care, and overall healthcare management are all
improved by a more extensive and integrated healthcare ecosystem.

Advanced integration of Al Advanced artificial intelligence (AI) technology integration can be made easier by 6G networks. This
covers machine learning apps, predictive analytics, and Al-driven diagnostics. More sophisticated
healthcare solutions may result from the smooth interaction between devices and Al algorithms
made possible by the improved connectivity and data rates.

Green and sustainable communication Energy efficiency and environmentally friendly communication technologies are anticipated to be
prioritized in 6G as environmental sustainability becomes a bigger priority. 6G-enabled smart
hospitals might use less energy, which would lessen the negative effects of healthcare operations on
the environment.
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Paramete

Interpretability

Challenges

One issue with Al in healthcare is that some algorithms are
“black boxes,” making it challenging to figure out how they
arrive at particular conclusions. In healthcare settings, where
doctors must trust and comprehend the reasoning behind
Al-driven suggestions, this lack of interpretability can be a
challenge.

ow 6G can help

6G networks facilitate real-time communication between Al
systems and healthcare providers, enabling the exchange of
comprehensive justifications for Al-generated suggestions.
6G-enabled augmented reality (AR) devices, for instance,
might instantly superimpose explanations onto patient data
or medical images, giving medical professionals a clear visual
representation of Al reasoning.

Fairness and bias

Al systems trained on inadequate or biased data may
unintentionally exacerbate or prolong existing inequalities in
healthcare outcomes. Ensuring justice and fairness in Al
decision-making is essential to giving every patient access to
high-quality care.

How 6G can help: 6G can facilitate the transfer of massive
datasets required for training AI models on a variety of
representative data sources due to its high bandwidth and
low latency. Furthermore, the federated learning capabilities
of 6G networks allow several institutions to cooperatively
build AI models without exchanging private patient data,
thereby reducing the risk of bias and promoting justice.

Security and privacy:

Health information is extremely private and governed by
stringent laws, such as the Health Insurance Portability and
Accountability Act (HIPAA) in the US. When implementing
Al systems in smart hospitals, data security and patient
privacy protection are top priorities.

To safeguard data transferred between IoT devices, Al
systems, and cloud servers, 6G networks include
cutting-edge encryption techniques and improved security
features. Hospitals can use differential privacy and secure
multi-party computation over 6G networks to analyze
sensitive patient data while maintaining patient privacy and
regulatory compliance.

Robustness and reliability

To guarantee patient safety and care continuity, Al systems
installed in smart hospitals need to be robust and resilient.
Serious repercussions for patient outcomes could result from
system malfunctions or inaccurate Al forecasts.

How can 6G be useful? 6G networks’ ultra-reliable
low-latency communication (URLLC) capabilities, which
offer low latency and high dependability, enable
mission-critical applications such as remote patient
monitoring, telemedicine, and surgical robotics. By lowering
the number of single points of failure and processing data
closer to the point of collection, redundant 6G network
designs and edge computing resources can significantly
improve the resilience of Al systems
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Network dependability
and coverage:

5G

o The challenge is in providing dependable and stable 5G service over
the hospital’s grounds, particularly in difficult-to-reach locations like
basements and specialized medical units.

Real-time monitoring and vital healthcare applications may be
interfered with by uneven coverage.

6G

The challenge lies in creating and deploying communication
devices that use terahertz frequencies to transfer data at a
quicker rate.

Ensuring dependable communication at these higher
frequencies and overcoming obstacles related to

signal attenuation.

Latency e While 5G brings low latency, it is important to sustain low latency o The challenge lies in achieving and sustaining ultra-low latency
continuously for applications such as real-time patient monitoring to facilitate new applications like augmented reality (AR) for
or remote surgery. surgical help and medical training.

o High latency can affect the real-time responsiveness of vital medical o The real-time responsiveness necessary for vital medical
applications and jeopardize the efficacy of remote treatments may be hampered by high latency.
healthcare services.
Security issues: o Handling cybersecurity issues brought on by the rise in connected o Keeping an increasingly data-intensive and networked

devices and the network’s transmission of private patient data.
Unauthorized access to patient records resulting from security
breaches puts patient privacy and the accuracy of medical data
at danger.

healthcare environment secure and private is a challenge.
Cybersecurity risks have the potential to jeopardize private
patient information and interfere with medical operations.

IoT device integration:

Scalability

Regulatory and ethical
considerations:

Tailored healthcare
services:

The challenge is in efficiently incorporating a wide variety of [oT
gadgets and medical apparatuses into the 5G network.

The potential advantages of connected devices in healthcare may be
limited by poor integration, which might impede data flow

and interoperability.

The challenge is in making sure the 5G network can expand to
handle the growing volume of data and the growing number of
linked devices in smart hospitals.

Impact: Poor performance and network congestion might result
from inadequate scalability.

.

5G networks are used by smart hospitals to handle and transfer
enormous volumes of patient data, including private medical
records. It is crucial to comply with legal requirements and provide
the greatest levels of data security and privacy. Concerns around
illegal access, data breaches, and the possible exploitation of patient
information are raised by the interconnectedness of the systems and
equipment in smart hospitals.

Ignoring these privacy and security issues may have unethical and
legal repercussions, damage patient confidence, and result in
noncompliance with regulations.

Creating and deploying 5G networks that are capable of meeting the
many and unique requirements of the healthcare industry. Within a
smart hospital, various medical specialties and departments can
need different network setups and capabilities to serve their own
devices and apps.

Ignoring this issue could lead to subpar performance for some
healthcare services, which would reduce the potential advantages of
customized and specialized solutions. It could result in ineffective
care delivery of specialist treatment.

Ensuring smooth interoperability across various devices
becomes a crucial concern as the quantity and variety of
IoT devices in smart hospitals rise. Effective integration may
be hampered by the absence of common data formats and
communication protocols among different device kinds and
manufacturers.

Healthcare providers would find it challenging to integrate new
ToT devices into the 6G network in the absence of defined
protocols, which could result in inefficiencies, data silos, and
possible disruptions in the flow of operational and patient data.

The expansion of wearables, medical sensors, and IoT devices
in smart hospitals presents a major scalability barrier for 6G
networks due to the sheer volume of linked devices. Every
device needs a dependable connection, and network scalability
becomes more important as the number of devices rises.

The performance of vital healthcare applications and services
can be negatively impacted by inadequate scalability, which
can cause network congestion, lower data transfer rates, and
possible communication disruptions.

Smart hospitals generate enormous amounts of data due to the
growing demand for real-time video streaming,
high-resolution medical imaging, and other data-intensive
applications. 6G networks face scaling issues in effectively
managing this spike in data traffic and guaranteeing the
efficient transmission of big datasets.

The challenge is addressing moral questions about the
application of cutting-edge medical technology, such Al-driven
diagnosis and therapy.

Establishing trust in the use of 6G technology in healthcare
settings requires adherence to legal obligations as well as
ethical norms.

The challenge lies in creating 6G networks that are specifically
designed to meet the demands of healthcare applications.
Impact: The efficacy of cutting-edge healthcare services and
solutions may be restricted by inadequate personalization.
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Key technologies in 5G Key technologies in 6G

5G New Radio (NR):
The standard for 5G networks’ air interface is called 5G NR. For a variety of devices, it
provides reduced latency, increased connectivity, and quicker data rates.

Communication in terahertz:

Description: Extremely fast data rates and accurate sensing are made possible by
terahertz frequencies, which may be employed in 6G. Terahertz communication
has the potential to improve imaging technology in smart hospitals and enable
more precise diagnosis.

Slicing a network:
Network slicing within the expansive 5G infrastructure enables the creation of virtual,
isolated networks tailored to specific needs. In smart hospitals, network slicing allows
for the segmentation of the network to cater distinctively to various healthcare
services and applications. This technology provides the flexibility to allocate resources
efficiently, ensuring that each healthcare function receives the necessary network
support to operate optimally.

Explainable AT and integration with AL

It is anticipated that 6G would further incorporate Al into the communication
network. In healthcare applications, explainable Al—which offers openness in Al
decision-making—may be essential. AI systems may become more prevalent in
healthcare administration, treatment planning, and diagnosis.

Enormous IoT connectivity:

In smart hospitals, the implementation of medical sensors, wearables, and other
connected devices is made easier by 5Gs huge support for IoT devices. Real-time
4data collecting and monitoring are made possible by this technology.

Communication in quantum:

One prospective 6G feature is quantum communication, which provides higher
security while sending private medical information. It might be used to safeguard
patient privacy and maintain the accuracy of medical records by securing
communication routes inside smart hospitals.

Cutting edge computing:

Edge computing lowers latency by bringing processing power closer to the data
source. Edge computing improves the functionality of healthcare apps in smart
hospitals, including real-time diagnostics and remote patient monitoring.

Medical bioelectronics:

The field of bioelectronic medicine focuses on manipulating the electrical
impulses produced by the body using electronic equipment. 6G could make it
possible for smart hospitals to use closed-loop systems and cutting-edge
bioelectronic therapies for individualized and accurate treatment plans.

Virtual reality (VR) and augmented reality (AR):

High-bandwidth and low-latency connections are made possible by 5G, which makes
immersive technologies like AR and VR possible. These tools can be applied to surgery
planning, patient education, and medical training in smart hospitals.

Holographic immersion technologies:

It is possible that 6G will enable cutting-edge holographic technologies, enabling
realistic and engrossing 3D experiences. This has the potential to improve patient
education, team-based surgery, and medical training.

Renewable energy and ecological technologies:

The focus of 6G is anticipated to be on sustainable technology and energy
efficiency. By using energy harvesting technology to power IoT devices, smart
hospitals can lessen the environmental effect of their healthcare operations.

Blockchain:

Blockchain guarantees safe, unhackable data interchange and storage in
6G-based smart hospitals. It increases data integrity, uses smart contracts to
automate procedures, and fosters interoperability to increase efficiency and trust
in healthcare operations.
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1: procedure IMMUNONET(X, W, b)
2 Input: X - Input data, W - Weight matrices, b - Bias
vectors

3: Output: X&) - Output of the last layer

4 Initialize input layer: X(© = X

5. forl=1to Ldo © Iterate over layers

6 Linear Transformation: Compute pre-activation:

7 Z0 = X1, WO O

8 Non-linear Transformation: Apply activation
function:

o X0 = fO(zZ0)

10: if 1 < L then

I Dropout Regularization: Apply dropout to

- XO with probabilty

: X O = dropout(X ), p)

: Batch Normalization: Normalize X() using
batch statistics

14: X® = batchnorm(X®)

1s: end if

16 end for

17: return X (%) & Output of the last layer

15: end procedure
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Model Vari: Accuracy (%) %) Recall (%)

Full ImmunoNet (CNN + LSTM + Topology) 98.1 975 984 97.9 099
CNN-only (No LSTM, No Topology) 928 913 935 924 094
NN + LSTM (No Topology) 95.6 949 96.1 955 097
NN + Topology (No LSTM) 9.3 95.7 970 9.3 098
LSTM-only (No CNN, No Topology) 90.1 89.0 913 90.1 092

MLP-only (No CNN, No LSTM, No Topology) 874 86.5 88.0 872 090
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Treatment modality Ef (%) SE (%) PS (%
Immunomodulators 80 20 75
Corticosteroids 70 30 65
Biologic therapies 85 15 80
Disease-modifying antirheumatic 75 2 70
drugs (DMARDs)

Ef, Efficacy; SE, Side Effects; and PS, Patient Satisfaction.
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Patient Gender Disease type  Symptom

ID duration
(months)
001 45 Men Rheumatoid 2u
arthritis
002 32 Women  Systemiclupus 36
Erythematosus

003 50 Women Multiple sclerosis 18
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Patient ID  Treatment modality Adherence (%)

001 Biologic therapies %0
002 corticosteroids 80
003 Disease-modifying antirheumatic 85

drugs (DMARDS)
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Accuracy (%) (95% Precision (%) Recall (%) F1-Score (%) p-value (vs.

Cl) ImmunoNet)
SYM 921 (+14) 910 932 92.1 0,002 (significant)
RF 945 (£1.2) 93.8 95.4 94.6 0.015 (significant)
k-NN 88.2(x1.8) 87.4 89.1 882 0.001 (significant)
LR 90.3 (£1.5) 89.5 9.2 90.3 0.007 (significant)
LSTM 95.6 (£1.1) 94.9 96.1 955 0.042 (significant)
1D-CNN 96.3 (£0.9) 57 97.0 963 0.065 (not significant)
MLP 93.4(£1.3) 925 94.0 93.2 0.004 (significant)

ImmunoNet 98.1(£07) 97.5 98.4 97.9 - (reference)
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Parameter Value

Number of layers (L) 5
Dropout probability (p) 05
Batch size (B) 64
Learning rate (¢) 0.001

Number of epochs (E) 100
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Require: Training dataset D={(x;, yi)}]_,, base
classifiers {Cq, Cp, ..., Cp}, meta-learner M

Ensure: Final prediction y

1: Split D into Dirain @nd Dpera for training base
classifiers and meta-learner respectively.

2: for each base classifier Cx in {Cy, Cy, ..., Cp} do
3: Train Cx on Dirain
4: end for
5: Initialize meta-training dataset Dpeta_train < 9
6: for each (xj,yj) in Dpeta do
7: Obtain predictions {p1, p2, ..., pn} from
{C1,Ca, ..., Cp} ON X5
8: Form meta-instance z; = [p1,p2, ..., Pnl
9:  Add (zj,yj) to Dpeta_train
10: end for

11: Train meta-learner M on Dpeta_train
12: Prediction Phase:
13: Given a new instance x:

14: Obtain predictions {p1, p2, ..., pn} from
{C1,Ca, ..., Cp} ON x
15: Form meta-instance z=[p1, ps, ..., Pn]

16: Use M to predict y from z
17: return ¥
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Receiver Operating Characteristic (ROC).
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Precision + Recall
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