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Mobile-health (m-health) is described as the application of medical sensors and mobile computing to the healthcare
provision. While 5G networks can support a variety of m-health services, applications such as telesurgery,
holographic communications, and augmented/virtual reality are already emphasizing their limitations. These
limitations apply to both the Quality of Service (QoS) and the Quality of Experience (QoE). However, 6G mobile

networks are predicted to proliferate in order to solve these limitations, enabling high QoS and QoE.

e-health healthcare internet of things m-health quality of experience 6G

multimedia

| 1. Introduction

The healthcare industry has constantly adopted the latest technologies with the goal of improving the overall
healthcare of the global population. The use of technology has significantly changed the way in which healthcare is
provided [l and it has had far-reaching impacts on delivering healthcare facilities to the general population,
including those living in remote locations and in underdeveloped countries [&. The advancements in technology
have enabled the diagnosis of complicated diseases, and currently, sophisticated medical treatments are carried
out easily. For instance, advancements in medical imaging technology have led to an increased understanding of
the internals of human physiology, and this technology has become an important tool for diagnosing patient
diseases, and conditions [Bl. One of the most important applied technologies in healthcare is communications
technology. The use of network and communication technologies has, over the decades, providing numerous
benefits to healthcare. The earlier communication technologies, such as wired telephone lines, fax technology and
networking technologies, supported quick and easy communication lines for the exchange of simple diagnostic
information such as patient reports, treatment options, prescriptions, etc. The advent of wireless communication
and the advancements in internet and satellite communication technologies have provided a significant boost to the
delivery of healthcare . They are necessary to revitalize primary healthcare since they contribute to the
personalized monitoring of chronic diseases, increase access to healthcare for rural populations, and optimize data
measurement and management. Patients must have to visit hospitals; it is generally a time-consuming and labor-
intensive process that involves the participation of both the patient and healthcare workers. It often requires the
management of several different healthcare aspects, making this process even more confusing and overwhelming.
Hence, researchers turned towards smart healthcare using technologies such as wearable sensors enabled
technologies, artificial intelligence (Al), and the Internet of Things (loT) RIEIA, Moreover, the authors in &

conducted a comprehensive review of E-Health Practices and Technologies from 2014 to 2019. E-Health refers to
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a range of technologies that utilize the internet to enhance the provision of healthcare services and improve the

overall quality of life.

| 2. m-Health (Mobile-health)

The rapid increase in mobile phone penetration across the globe has led to the advent of applications that deliver
services in different areas, including healthcare. Several nations across the globe are adopting mobile-based
technologies for healthcare. The World Health Organization (WHO), in their report on mobile-based technologies
for healthcare, declared that over 80 percent of their member nations had made efforts towards the adoption and
implementation of mobile technologies for health in their countries . These technologies are popularly referred to
as m-health technologies, where medical sensors and mobile computing for healthcare were the original definitions
of mobile health (m-health) 29, m-health works on the concept of any-time, anywhere access, exploiting the best
connection features of emerging wireless communications and network technologies in a heterogeneous
environment. Hence, it provides an alternative to the traditional healthcare delivery system and assists this system
by bridging the gap between terrestrial boundaries and rural and urban areas. However, it is largely driven by
successful business and market sectors. It still aims to reach the tipping point for clinical adoption and healthcare
delivery efficiency. The three technology pillars of m-health, including telecommunications, computing, and medical
sensing, drive this growing popularity. A massive number of smartphones and devices connected to a large number
of mobile health applications are used worldwide by both patients and healthcare professionals. These services
continuously generate structured and unstructured datasets, revealing new healthcare insights, but also creating
some challenges. Today’s m-health apps are increasingly coupled to wearable sensors and Internet of Things (IoT)
devices (8. These applications are becoming common in everyday health, wellness, and clinical applications,
including chronic disease tracking and management, remote patient data collection and monitoring, diagnostics
and treatment, healthcare resource management, patients’ education and awareness as well as healthcare

professionals’ training 24,

| 3. Multimedia Communications in m-Health

The different types of data transmitted via m-health applications could include text, image, and video data. In
recent years, there has been a significant increase in medical imaging/videos for diagnostic purposes. Medical
imaging technology advancements have resulted in portable scanning machines that have made producing
medical images and videos easier. Subsequently, medical images and videos are also becoming an important part
of the data transmitted via m-health applications 2. Many use cases directly touch our lives and are now more
complete and intuitive using multimedia technologies. Systems and services have been developed to use the
benefits of multimedia technology, e.g., medical images and videos can be supplied to remote clinicians for
consultation, and they can also be disseminated for educational and awareness purposes. As an added
convenience in emergency situations, ambulances may be outfitted with portable scanners that capture and
transmit diagnostic information to hospitals. Tele-consultation via video conferencing and remote patient monitoring

sharing medical data can make individuals with chronic diseases see their doctors regularly and lessen the
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requirement for patient—physician visits. Gesture recognition and speech recognition are two technologies that are
frequently used in conjunction with telemedicine in the smart medical home. Informing patients about diagnosis,
surgery, and treatment is critical to their understanding of medical processes. Many patients are being educated
using visual, audio, interactive, and internet content to supplement traditional paper-based information. As a result,

medical video streaming is becoming an increasingly important component of m-health applications.

Multimedia services are time-sensitive, where efficient network systems are required to ensure service quality 31,
Due to the potential loss in quality in the video between the source and the destination, the quality of video
transmission in m-health applications must be maintained at high levels so that the change in quality remains
imperceptible. Further, medical videos carry sensitive data that determine patient diagnosis, and at times a loss in
quality may impact the diagnostic understanding that can be gleaned from the medical videos. Thus, it is crucial
that the quality of video transmission from source to destination is maintained at high levels in m-health

applications.

| 4. QoE of Multimedia Communications in m-Health

To ensure that the quality of video transmission is maintained, a quality assessment needs to be carried out at the
destination. Quality assessment is a process that employs methods to measure the quality of the video received at
the destination compared to that of the video at the original source. There are two approaches to quality
assessment; one is measuring the Quality of Service (QoS), and the other is Quality of Experience (QoE) 24l In
networking and communication applications, the QoS is a method of assessing the service quality that the network
provides 2. |t is a network-centric measure that measures the quality of the data transmission provided by the
communication network. The QoS measurement includes metrics that measure the key performance indicators
(KPIs) of a communication system. These KPIs include metrics such as the percentage of data transmitted, the
amount of data lost during transmission, channel throughput, speed of data transfer, system fairness, etc. On the
other hand, QoE is a user-centric evaluation approach that reflects the degree of delight or annoyance of the user
with the service used 181, In the case of video transmission, the QOE of a user is the perception of the video quality
by the end-user L1[8 The QoE puts the focus of quality assessment on the user’s perspective and typically
considers many factors surrounding the context of the application 1. There are two broad categories of QoE
evaluation: subjective and objective evaluations. Subjective evaluation methods are based on the Human Visual
System (HVS), which largely depends on observation by human subjects. The subjective evaluation method uses
an evaluation score known as the Mean Opinion Score (MOS), a mean score of the users’ opinions about their
perception of the video’s quality. On the other hand, objective evaluation methods use mathematical models that
act as quality metrics to measure the audio or video received quality, such as Peak Signal to Noise Ratio (PSNR),
Mean Square Error (MSE), etc. A list of subjective and objective QoE assessment metrics are listed in Table 1 and
Table 2, where more details and explanations about all these metrics can be found in 292 Given that QoS
primarily focuses on the technical elements, whereas QoE is centered around customer service and satisfaction, it

is plausible to include QoS as an inherent component within the definition of QoE.

Table 1. Subjective assessment metrics for multimedia quality evaluation.
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Metrics

Mean Opinion Score (MOS)

Differential Mean Opinion Score
(DMOS)

Single stimulus (SS) or Absolute

category rating (ACR)

Absolute category rating-hidden
reference (ACR-HR)

Degradation category rating (DCR) or
Double stimulus impairment scale
(DSIS)

Double stimulus continuous quality
scale (DSCQS)

Pair comparison method (PC)

Subjective assessment methodology for
video quality (SAMVIQ)

Single stimulus continuous quality
evaluation (SSCQE)

Simultaneous double stimulus for

continuous evaluation (SDSCE)

Description

A widely used metric that evaluates the overall quality of multimedia

content by asking users to rate it on a scale from 1 to 5 or 1 to 10.

Measures the difference between the user’s rating of the quality of

two versions of multimedia content.

The most basic method of subjective assessment, where the viewer

rates the quality of a stimulus on a predefined scale.

A variant of SS/ACR method where the reference is hidden from the

viewer.

The viewer is presented with two stimuli—the original and the
degraded version, and the viewer is asked to rate the quality of the

degraded stimulus.

Similar to DCR/DSIS method, but the viewer is presented with a

continuous scale to rate the quality of the stimulus.

The viewer is presented with two stimuli, and the viewer is asked to

select the stimulus with better quality.

A standardized subjective assessment methodology for video

quality evaluation that involves multiple test conditions and scales.

The viewer is presented with a stimulus and asked to continuously

rate the quality on a scale.

The viewer is presented with two stimuli, and the viewer is asked to

continuously rate the quality of both stimuli.

Table 2. Objective assessment metrics for multimedia quality evaluation.
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Metrics

Peak signal-to-noise ratio (PSNR)

Structural similarity index (SSIM)

Multiscale-SSIM (MS-SSIM)

Moving picture quality measure (MPQM)

Video quality metric (VQM)

Visual information fidelity (VIF)

Visual signal-to-noise ratio (VSNR)

Motion-based video integrity evaluation
(MOVIE)

Video multimethod assessment fusion
(VMAF)

Spatio-temporal reduced-reference
entropic (STRRED)

STRREDopt

Description

Measures the difference between the original and the compressed

multimedia content.

Measures the similarity between two images or video frames.

An extension of SSIM that considers the structural information of

images at multiple scales.

Measures the quality of the compressed video based on the

perceptual quality of individual frames.

Measures the quality of the compressed video based on the

distortion of individual frames.

Measures the visual similarity between two images.

Measures the difference between the original and the compressed
multimedia content based on the perceptual quality of individual
frames.

Measures the quality of the compressed video based on the

amount of motion.

A perceptual video quality metric that combines several objective

metrics to predict the subjective quality of the video.

A reduced-reference metric that measures the quality of the
compressed video based on the spatiotemporal distribution of

entropy.

It is a computationally efficient variant of STRRED.
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Metrics Description
Spatial efficient entropic differencing for A reduced-reference metric that measures the quality of the
quality assessment (SpEED-QA) compressed video based on the spatial distribution of entropy.

) A no-reference metric that measures the quality of the compressed
No reference bitstream (NR-P) ) o ) .
video based on the statistical properties of the bitstream.

) A no-reference metric that measures the quality of the compressed
Pixel-based no-reference (NR-B) ) o ) )
video based on the statistical properties of the pixels.

Blind/referenceless image spatial quality A no-reference metric that measures the quality of images based

evaluator (BRISQUE) on the statistical properties of the pixels.

The natural image quality evaluator A no-reference metric that measures the quality of images based

(NIQE) on natural scene statistics.

Psychovisual-based image quality A no-reference metric that measures the quality of images based Recently,
evaluator (PIQE) on the human visual system. [22] tures that

‘essionals
include bandwidth, packet delay, jitter and packet loss tolerance, quality of the image, frame rate of the video
received, real-time streaming when required, the direction of flow (uplink/downlink), mobility, etc. 23, Measuring
QoE can be complex, as several factors need to be considered that influence the end user’s QoE. The authors in
(24] term these factors as “Influence Factors” (IF) and define them as: “Any characteristic of a user, system, service,
application, or context whose actual state or setting may have an influence on the Quality of Experience for the
user”. The m-QoE is the concept of traditional QOE seen from the perspective of healthcare applications. It is
defined as the overall acceptability of m-health applications as perceived by end-users, where the end-users are
the patients and healthcare professionals 2. The m-QoE perceived in m-health systems is generally influenced by

the system, context, and human influence factors (IFs).

| 5. The Role of 6G towards Multimedia Communications

Smart healthcare must be able to monitor health, diagnose diseases, and treat patients remotely with services
such as Hospital-to-Home (H2H) services, emergency services, ambulance services, Intelligent Wearable Devices
(IWD), etc. These services send the patient data remotely over the internet and then analyze them at data centers.
Healthcare networks must provide mobility, high capacity, low latency (1 ms), green communication for patient

safety, and continuous connectivity availability with high reliability. For these requirements, the sixth generation of
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wireless communication (6G) is regarded as the ideal solution for hosting healthcare networks 28127 Figure 1
depicts the healthcare network architecture in 6G; this diagram depicts the network’s key deployment tiers,
including intelligent sensing, intelligent access, and intelligent cloud. This 6G architecture will enable many
processes, such as security, flexibility, and intelligent resource management. This figure displays the slicing
architecture of 6G networks, where different network slices enable different applications. The devices in the
sensing layer gather data and deliver it to the next level. At this level, the nodes, users and devices connect to the
radio access networks technologies such as massive MIMO, small cells, and advanced modulation techniques are
implemented. Lastly, in the cloud layer, intelligent resource allocation, network management and optimization are
performed. These different layers provide flexibility to the system on different levels, and a wide range of
applications benefit from the network. This figure envisions such a scenario, demonstrating all layers and their key
technologies.
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Figure 1. The 6G healthcare network layers.

The development of 6G communication technologies addresses some of the issues discussed in previous

subsections, particularly in connectivity, data rates, network compatibility, and guaranteeing high levels of QoS and

QOE for m-health applications 2824 A high data rate of at least 1 Thps, extremely reliable, further-enhanced

mobile broadband (FeMBB), ultra-reliable low-latency communication (URLLC), long-distance and high mobility

communications (LDHMC),

ultra-massive machine-type communications (umMTC), and extremely low-power

communications (ELPC) are all features of 6G technology. QoS also incorporates parameters such as mobile
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broad bandwidth and low latency (mBBLL), and massive low latency machine type (mLLMT), revolutionizing many
applications. The 6G technology must execute all desired characteristics to achieve good QoE. Thus, 6G
technology will be groundbreaking in many fields as providing high QoS and QoE will enable new applications such
as telesurgery, holographic communications, augmented and virtual reality, five-sense communications, and tactile
internet. QoE will also play a vital role in intelligent transportation services and autonomous vehicles such as
intelligent cars, drones, and ambulances (31],
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