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Abstract

Integrated Sensing and Communication (ISAC), enabling communication infrastructure to
simultaneously transmit data and sense the surrounding physical environment, is emerg-
ing as a cornerstone technology for sixth-generation (6G) mobile networks. While these
capabilities unlock new applications in healthcare, safety, and ambient intelligence, they
also introduce novel ethical and societal challenges related to privacy, transparency, user au-
tonomy, and trust, which are values fundamental to the social acceptance of the technology.
Firstly, an overview of academic, institutional, and industrial contributions on human-
centric 6G is provided, with a focus on how ethical values are addressed in ISAC-related
contexts. Secondly, this paper reviews the distinctive characteristics of ISAC through repre-
sentative human-centric use cases involving non-interactive and often invisible sensing of
people, highlighting the ethical and societal implications emerging from such scenarios. By
analyzing current standardization efforts and the scientific literature, this paper identifies
emerging trends in Key Values (KVs) relevant to ISAC, as well as open research gaps
that must be addressed to support trustworthy and value-oriented ISAC design in future
6G networks.

Keywords: Integrated Sensing and Communication (ISAC); 6G; human-centric design; Key
Value Indicators (KVIs); radar

1. Introduction
A significant technological development that has emerged over the past few years and

is currently attracting increasing attention from the scientific community is represented by
the Integrated Sensing And Communication (ISAC) approach [1]. ISAC aims to combine
sensing and communication capabilities within a unified platform by sharing resources
in terms of hardware and radio spectrum. Unlike traditional radar systems, whose sole
purpose is sensing—namely, the estimation of object position and velocity through the
analysis of echoes reflected from a dedicated radio signal—ISAC pursues functional con-
vergence. In ISAC systems, the same radio signal is jointly designed to convey data while
simultaneously enabling environmental sensing capabilities. As a result, information that
is typically regarded as a source of impairment in conventional communication systems
(e.g., multipath components) becomes a valuable resource for sensing tasks. This leads
to a dual-purpose platform that exploits radio waves both as a medium for information
transmission and as a means of perception, thereby naturally bridging the domains of
wireless communications and radar systems. Although the fundamental principles of ISAC
are already technically feasible, further advances are required to achieve full architectural
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and waveform-level integration [2]. In 2022, the Radiocommunication Sector of the In-
ternational Telecommunication Union (ITU) published the report titled “ITU-R M.2516-0
(11/2022)—Future technology trends of terrestrial International Mobile Telecommunica-
tions systems towards 2030 and beyond” [3]. In paragraph 5.2, the report illustrates how the
integration of sensing and communication into a single, unified system can be achieved and
classifies the levels of interaction between communication and sensing systems as follows:

1. CO-EXISTENCE: There are different pieces of physical hardware that produce sensing
and communication and operate using their own spectral resources without sharing
any information, interfering with each other.

2. COOPERATION: The hardware remains physically separate, but unlike previous
systems, there is the possibility of sharing information, diminishing interference, and
improving efficiency.

3. INTEGRATED DESIGN: Sensing and communication are designed to be a single
unified system, enabling joint waveform optimization and coordinated resource man-
agement. Achieving full integration requires a progressive evolution, beginning with
shared hardware and spectrum resources, in order to implement the two dimensions
into a single system that manages the two waveforms simultaneously, thanks to effi-
cient algorithms that plan and coordinate the transmission to minimize interference. A
further step would be to have sensing and communication in a joint waveform so that
they work together, enhancing the performance of the unified system. At its mature
stage, the ISAC system will enable full integration and coordination of communication
and sensing functionalities across all dimensions, including the spectrum, hardware,
signaling, protocols, and networking, resulting in mutual enhancement. Furthermore,
leveraging advanced technologies such as artificial intelligence, network cooperation,
and multi-node cooperative sensing, the ISAC system will deliver significant improve-
ments in performance, cost-efficiency, form factor, and power consumption, thereby
supporting the realization of sustainability objectives.

While ISAC concepts are being explored within 5G-Advanced evolution [4–6], their
native architectural integration is expected to characterize 6G systems. In congested-
spectrum environments, ISAC enables capacity enhancement, including:

• Increased network capacity;
• Spectrum savings;
• Reduced latency;
• Simplified hardware.

Nevertheless, such integration raises significant design challenges related to the coex-
istence of radar and communication systems. These include interference management, the
requirement for real-time decision-making, and the difficulty of simultaneously achieving
high performance in both sensing and communication within systems that were originally
optimized for only one of these functionalities.

An advanced evolution of this paradigm is Intelligent ISAC [1], where artificial intelli-
gence techniques dynamically optimize the sensing–communication trade-off. Deep learn-
ing, reinforcement learning, and federated learning approaches have been proposed to ad-
dress signal modeling, resource allocation, and distributed privacy-preserving optimization.
Despite their potential, these solutions raise challenges related to computational complexity,
the feasibility of online deployment, and the absence of unified integration frameworks.

Unlike previous generations of mobile systems primarily focused on improving
throughput and latency, 6G with ISAC introduces a perceptual dimension embedded
within the infrastructure itself. Because communication infrastructure is inherently perva-
sive and spatially distributed, sensing capabilities embedded within such systems assume
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an infrastructural character, operating continuously and at scale, significantly expanding
the application scope of ISAC in domains such as healthcare monitoring, smart environ-
ments, public safety, human–machine interaction, and context-aware services.

The pervasiveness of the infrastructure, combined with the potentially non-interactive
nature of sensing, makes ISAC qualitatively different from localized monitoring technologies.

Environmental perception, i.e., the ability to detect presence, movement, behavior, and
environmental context, can also occur in the absence of an explicit user action, introducing
implications that go beyond purely technical considerations and involve social, regulatory,
and ethical dimensions.

1.1. Ethical Invisibility

In this context of 6G ISAC, “ethical invisibility” refers to a socio-technical condition in
which the ethically relevant operation of the system remains only partially perceptible to
the persons affected by it. The issue is not limited to whether a decision can be explained
after it is made but begins earlier, with whether individuals are aware that sensing is taking
place; what kind of information may be inferred from seemingly ordinary radio interactions;
and how such inferences may subsequently shape services, system behavior, decisions, or
governance practices. In ISAC, this condition is particularly amplified by three concurrent
mechanisms. First, “infrastructural invisibility” arises because sensing is embedded into
the communication network itself rather than delegated to a clearly recognizable sensing
device. Second, “interactional invisibility” emerges because sensing may occur passively,
without an explicit user action, request, or deliberate engagement. Third, “inferential
invisibility” occurs because seemingly ordinary radio observations may be transformed
into higher-level inferences about human presence, motion, routines, proximity, or even
health-related states. As a result, individuals may become subjects of ethically relevant
observation without fully perceiving when sensing is taking place; what is being inferred;
and how those inferences may later shape system responses, decisions, or governance
practices. This makes “ethical invisibility” a distinctive concern for ISAC-enabled 6G
environments, where communication infrastructure evolves into a distributed perceptive
system. This broader understanding is also consistent with recent pre-standardization
work. In particular, the report titled “ETSI GR ISC 004” [7] identifies several key ISAC
issues related to unauthorized sensing, consent and transparency, sensing of humans with
or without network connectivity, unauthorized passive 6G RF sensing, heterogeneous
sensing capabilities, and AI-based sensing data processing. Although the report does not
use the expression “ethical invisibility”, it confirms that future ISAC-enabled 6G systems
raise concerns that go beyond conventional communication privacy and extend to the
broader visibility of sensing practices, inferential chains, and their implications for human
subjects. Within this broader condition, similar concepts such as algorithmic opacity [8]
can be understood as one possible contributing factor rather than an equivalent concept.
While algorithmic opacity primarily concerns the limited interpretability of the internal
logic through which computational models generate outputs, ethical invisibility refers
more broadly to the reduced visibility of the whole chain linking hidden sensing, inference,
and downstream consequences. For this reason, ethical invisibility may arise even before
algorithmic processing becomes the central issue—namely, when sensing is infrastructurally
embedded, non-interactive, or insufficiently perceivable to the persons affected. A further
critical issue for the assessment of this condition derives from the heterogeneous nature of
the values involved:

• Measurable and standardizable values such as environmental sustainability, energy
efficiency, and cost, which are supported by objective indicators (e.g., power con-
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sumption in watts, carbon dioxide emissions, and latency in milliseconds) and techni-
cal benchmarks;

• Subjective, contextual, and culturally dependent values such as transparency, informed
consent, perceived control, fairness, psychological privacy, and trust.

Because the latter dimensions lack universally shared metrics, their assessment re-
quires interdisciplinary approaches that complement purely technical optimization models.

Integrating these ethical dimensions into engineering processes remains challenging.
While technical Key Performance Indicators (KPIs) are already supported by comparatively
mature and formalized evaluation practices, value-oriented and human-centric dimensions
have only more recently begun to be structured in a more explicit way, including at the
pre-standardization level. However, they remain less consolidated, less quantitatively
stabilized, and less uniformly operationalized than technical KPI layers. This contrast is
also reflected in recent technical work [9] that structures ISAC evaluation through explicit
sensing indicators such as sensing probability, sensing accuracy, sensing resolution, and
sensing capacity, thereby showing that the KPI layer is already comparatively mature
and formalized.

Ethical and human-centric values, i.e., Key Values (KVs), unlike technical KPIs, can-
not be fully captured through objective performance indicators alone. Their assessment
typically involves interdisciplinary approaches and qualitative instruments such as stake-
holder engagement, surveys, or participatory evaluation methods, highlighting the inherent
complexity of integrating subjective dimensions within engineering frameworks.

While the issues of human-centricity, sustainability, inclusiveness, and reliability are
increasingly acknowledged as guiding principles for next-generation networks in strategic
visions and policy-oriented discussions on 6G, it remains unclear to what extent they are
systematically addressed within the scientific and technical literature on ISAC.

1.2. Related Works on ISAC 6G

From a technical perspective, in fact, a growing body of contributions has addressed
ISAC from architectural, signal processing, and system integration viewpoints [10–13].
Table 1 summarizes representative technical contributions cited in this section, highlighting
the limited treatment of human-centric and ethical aspects in the current ISAC literature.
Recent surveys emphasize waveform co-design, resource allocation, distributed sensing
architectures, and AI-enabled optimization strategies in future 6G networks [10].

Table 1. Representative technical contributions on ISAC cited in the Introduction and their treatment
of human-centric aspects.

Ref. Contribution Type Stakeholder Focus Area Human-Centric/Ethical Aspects

[1] Survey Academic Intelligent ISAC and AI-driven
optimization Not addressed

[2] Cross-layer
framework

Academic
/Industrial

KPI–KVI relationship in ISAC
design Conceptually discussed

[4] Technical overview Academic 5G architectural evolution Not addressed
[5] Technical overview Academic Beyond 5G/6G requirements Not addressed
[6] Survey Academic 5G–6G technological evolution Not addressed
[10] Survey Academic ISAC architectures and AI/ML Not addressed

[11] Survey Academic Layered ISAC architecture and
testbeds Not addressed

[12] Technical perspective Academic Human and environmental sensing Marginally discussed
[13] Survey Academic ISAC and digital twin for healthcare Application-oriented

[14] Survey Academic AI-enhanced ISAC framework, use
cases, and technical challenges Marginally discussed

https://doi.org/10.3390/telecom7030052

https://doi.org/10.3390/telecom7030052


Telecom 2026, 7, 52 5 of 28

Table 1. Cont.

Ref. Contribution Type Stakeholder Focus Area Human-Centric/Ethical Aspects

[15] Technical framework Academic Cooperative ISAC networks Not addressed
[16] Technical framework Academic Networked ISAC infrastructure Not addressed
[17] Technical review Academic 6G KPIs and standardization Not addressed
[18] Survey Academic Security and privacy in ISAC Security-focused

[19] Experimental
platform Academic Real-time ISAC prototyping Not addressed

[20] Survey Academic
Evolution of ISAC across RF/optical
RF, single-/multi-cell, and
multi-modal sensing

Marginally discussed

[21] Technical overview Academic
6G-enabling technologies,
communication and sensing issues,
and deployment challenges

Marginally discussed

[22] Standardization-
oriented perspective Academic

ISAC channel modeling and ETSI
perspectives for scenario-aware
evaluation

Not addressed

[23] Overview Academic
AI in 6G ISAC systems: waveform
design, signal processing, resource
management, and applications

Marginally discussed

This
work Review Academic Human-centric ISAC use cases and

value analysis Core focus

Networked and cooperative ISAC frameworks further extend this perspective to-
ward multi-node infrastructure, addressing synchronization, resilience, and security
challenges [15,16]. In parallel, several technical reviews address standardization challenges
through a KPI-centric perspective, mapping the evolution of 3GPP Releases 15–20 against
the requirements of future 6G services, such as immersive communication, everything
connected, and high-precision positioning [17].

Recent survey literature [20] has also started to frame ISAC through a broader evo-
lutionary perspective, spanning the transition from RF-only to optical RF systems, from
single-cell to multi-cell architectures, and from unimodal to multimodal sensing while
jointly discussing emerging issues of privacy, security, and standardization. Broad 6G
overviews [21] likewise position ISAC alongside other enabling technologies such as RIS,
edge intelligence, and advanced communication architectures while emphasizing that pri-
vacy, security, and societal inclusion remain part of the wider challenge of 6G deployment.
From a standardization-oriented perspective [22], ETSI-related work further shows that
legacy communication-centric channel models are insufficient for ISAC, thereby motivating
scenario-aware evaluation frameworks and sensing-specific channel modeling approaches.

Although aspects of privacy, security, and regulation are occasionally mentioned [18],
the primary focus remains on architectural evolution, technical robustness [10,16], and the
definition and optimization of KPIs [17].

Similarly, the paradigm of Intelligent ISAC has been proposed as an AI-enhanced
evolution of ISAC architectures [1] and further systematized in recent surveys [10]. Even
in this domain, ethical implications are predominantly framed in terms of algorithmic
efficiency, system security, or operational reliability rather than in relation to human
autonomy, agency, transparency, or broader societal impact. Another recent and highly
relevant contribution in this direction is the survey reported in [14], which provides an
updated technical overview of how artificial intelligence can substantially strengthen ISAC
capabilities in future 6G systems. In particular, the paper presents a general framework
in which AI is tightly coupled with sensing and communication functions, highlighting
improvements in rapid data processing, sensing strategy optimization, intelligent resource
management, adaptive decision-making, and multimodal information extraction. It also
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discusses representative application domains, including intelligent manufacturing, smart
transportation, climatic monitoring, and medical health, showing how AI can support
non-contact monitoring, anomaly detection, and privacy-preserving distributed learning.
At the same time, however, the perspective remains predominantly techno-functional:
even when privacy, security, or explainability are mentioned, they are mainly addressed
in terms of data protection, model robustness, interpretability, and system performance.
In this sense, such contributions confirm the growing maturity of AI-driven ISAC from
an architectural and operational viewpoint while still leaving the broader human-centric
and ethical implications of non-interactive sensing, such as user awareness, autonomy,
transparency, and ethical invisibility, comparatively underexplored. This trend is further
reinforced by recent overviews of AI in 6G ISAC, which highlight waveform design; signal
processing; resource management; edge intelligence; and application domains such as
healthcare, smart cities, and industrial automation while also identifying data scarcity,
hardware–AI co-design, and security/privacy as major open challenges for scalable 6G
deployment [14,23]. Experimental and open-source platforms such as OpenISAC [19]
further demonstrate the feasibility of real-time ISAC implementations and enhance research
reproducibility. These initiatives represent a crucial step toward practical validation and
the lowering of experimental barriers; however, they rarely extend the analysis to human-
centric considerations beyond regulatory compliance or data protection.

Finally, recent works [2] have also proposed cross-layer perspectives that connect
system design parameters to both KPIs and KVIs, highlighting the importance of evaluating
ISAC technologies beyond purely technical metrics. However, despite this growing body
of literature, the ethical and human-centric implications of sensing-enabled communication
infrastructure remain comparatively underexplored.

To address this gap, this paper investigates the extent to which such values are
explicitly recognized and framed within existing research and institutional discourse. To
guide this analysis, the review is structured around the following research questions: RQ1:
Is the theme of human-centricity addressed within the current discourse on ISAC? RQ2: If
so, how and where is human-centricity conceptualized and integrated across ISAC-related
sources? Unlike existing surveys predominantly focused on architectural optimization and
performance metrics, this study adopts a comparative cross-stakeholder perspective to
examine how human-centric considerations are framed across academic research, industrial
visions, and standardization initiatives, with the aim of outlining the ethical contours of
ISAC systems and contributing to the development of socially aligned and responsible
6G ecosystems.

The specific contribution of this review is not to propose a general value-oriented
framework for 6G, which has already been discussed in prior strategic and institutional
documents, but to focus specifically on ISAC as an emerging sensing-enabled 6G paradigm
and to examine its ethical and human-centric implications through an integrated review
perspective. In particular, this work contributes by: (i) developing the concept of ethical
invisibility for ISAC-enabled infrastructure; (ii) comparing how key values are framed
across academic, institutional, and industrial sources; (iii) synthesizing representative
human-centric ISAC use cases involving passive or non-interactive sensing of people;
and (iv) interpreting these scenarios through recent standards-oriented developments,
especially ETSI ISAC documents.

The remainder of the paper is organized as follows. Section 2 describes the methodol-
ogy adopted for the structured review. Section 3 presents the results addressing the two
research questions. Section 3.1 first identifies the body of literature, discussing human-
centric aspects in ISAC and 6G, and Section 3.2 extracts the recurring KVs emerging from
these contributions through a cross-stakeholder analysis. In parallel, institutional and stan-
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dardization reports are examined in Section 3.3 to identify representative human-centric
ISAC use cases and to analyze how ethical and value-oriented considerations are reflected
within emerging 6G application scenarios. Finally, Section 4 summarizes the main findings
and outlines future research directions.

2. Methodology
This paper adopts a structured narrative review methodology aimed at analyzing

how human-centric considerations emerge within the evolving discourse on ISAC in the
6G ecosystem. As communication networks progressively integrate sensing capabilities,
understanding whether and how human-related implications are addressed becomes a
key analytical objective. To guide the review process, the study is structured around two
overarching research questions:

• RQ1: Is the theme of human-centricity addressed within the current discourse
on ISAC?

• RQ2: If so, how and where is human-centricity conceptualized and integrated across
ISAC-related sources?

These questions are investigated through a comparative screening of academic publi-
cations, industrial reports, and institutional or standardization documents.

The literature search is conducted using combinations of keywords such as “ISAC”,
“Integrated Sensing and Communication”, “6G sensing”, “human-centric 6G”, “ISAC
ethics”, “ISAC values”, “ISAC use cases”, and “6G use cases”. These terms are queried
across scientific database Google Scholar, institutional repositories, and relevant project
or standardization portals. To capture the multi-stakeholder nature of the emerging 6G
ecosystem, the screening process considers three main categories of sources:

1. Academic literature: Peer-reviewed journal articles and conference papers addressing
ISAC and 6G architectures, sensing-enabled services, or human-related implications
of wireless sensing technologies;

2. Industrial and consortium reports: White papers and technical reports produced by
industrial alliances, research consortia, and 6G initiatives;

3. Institutional and standardization documents: Reports and technical specifications
issued by standardization and pre-standardization bodies such as ETSI, 3GPP, ITU,
and IEEE.

The inclusion criteria focus on documents published between 2019 and 2026 that
explicitly address 6G functionalities involving human presence, activity, or interaction.
Particular attention is given to scenarios characterized by passive or non-interactive sensing,
where individuals may become subjects of environmental sensing without direct user
interaction. Conversely, contributions exclusively focused on low-level signal processing,
waveform optimization, or purely algorithmic performance were excluded unless they
explicitly discussed sensing-enabled applications involving human-related implications
(e.g., privacy, trust, transparency, or societal impact).

Under these inclusion criteria, the number of eligible industrial/consortium sources
remained smaller than the academic and institutional subsets, since fewer publicly available
industrial documents addressed human-centric or value-oriented ISAC implications with
sufficient explicitness for comparative qualitative coding. After the screening phase, the
selected documents are analyzed through a structured qualitative extraction process aimed
at answering the research questions and identifying recurring value-related dimensions
within the ISAC discourse. For each document, a set of analytical attributes is extracted,
including: publication type and year, stakeholder category (academic, industrial, or institu-
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tional), technological focus, application domain, and the presence or absence of explicit
references to human-related implications.

To address RQ1 and RQ2, particular attention is given to how human-centric consid-
erations are framed within the documents. RQ1 is addressed through a binary presence
analysis verifying whether human-centric considerations are explicitly mentioned in the
examined sources, while RQ2 investigates how and in which contexts these considerations
are conceptually framed. Value-related statements emerging across the screened corpus
are thematically analyzed in order to identify recurring KVs associated with ISAC-enabled
infrastructure. These values represent high-level and long-term principles that express soci-
etal expectations regarding how infrastructure should operate and interact with individuals
and communities. They are subsequently grouped into a reduced set of conceptual cate-
gories recurring across the literature, including sustainability, inclusiveness, security and
trustworthiness, human-centricity, cyber–physical integration, and network-of-networks
perspectives. Each document is qualitatively coded using a four-level scale (0–3) indicating
the degree to which a given value is addressed:

• 0 = not mentioned;
• 1 = implicit or marginal reference;
• 2 = explicit but non-central treatment;
• 3 = core and structurally integrated dimension.

To reduce interpretive ambiguity, the 0–3 coding scale is anchored by explicit decision
rules. A score of 0 is assigned when no direct or indirect reference to the value can be
identified in the source. A score of 1 is used when the value appears only as a fleeting,
implicit, or marginal reference, for example, as a desirable background property unrelated
to the contribution’s main framework, design rationale, or evaluation criteria. A score
of 2 indicates that the value has been explicitly discussed, perhaps through a dedicated
paragraph or subsection, but remains secondary to the source’s main technical or strategic
objective. A score of 3 is assigned when the value is recurrent and structurally integrated
into the contribution, for example, shaping its vision, objectives, methodological rationale,
or evaluation framework. An illustrative example of a score of 1 is the brief mention of
the phrase “privacy and security concerns” in [14], which understood as one of several
technical limitations or contextual challenges. This, alone, if isolated and without the dedi-
cated section, would be a 1. However, since the paper then truly develops the topic with
a specific section, overall, it is considered more appropriate as a 2 for security/trust. As
an illustrative example of level 2, recent technical studies on AI-enhanced ISAC explicitly
address privacy and security issues and discuss privacy-preserving mechanisms such as
federated learning or differential privacy while maintaining a predominantly technical–
functional focus on improving system performance, optimizing resources, and addressing
implementation challenges [14]. In contrast, Level 3 is used for contributions where values,
such as sustainability, reliability, and inclusion are integrated into the overall vision and
evaluation logic of future 6G systems, such as in the Hexa-X conceptual framework that
explicitly links 6G to the human, physical, and digital world while considering sustain-
ability, reliability, and digital inclusion [24]. As a consistency-oriented robustness step, a
second evaluator independently re-codes four documents spanning institutional, academic,
and industrial sources using the same six-value scheme. Table 2 reports the item-level
comparison between the second evaluator’s coding and the consensus version ultimately
adopted in Table 3.
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Table 2. Intercoder consistency check on a subset of four double-coded documents. For each
document, the table reports the scores assigned by the two evaluators across the six KV dimensions,
together with the absolute differences, their sum, the corresponding mean absolute difference, and
the exact agreement rate.

Source Entry Sust. Incl. Sec./
Trustw.

Human-
C.

Cyber–
Phys.

Net of
Nets ∑ |∆| Mean

|∆|
Exact

Agreement

What Societal
Values Will
6G Address?

Evaluator 1 3 3 3 3 0 0
Evaluator 2 3 3 3 3 0 0

Abs. diff. 0 0 0 0 0 0 0 0.000
6/6

(100.0%)

6G Positioning
and Sensing
Through the Lens. . .

Evaluator 1 3 3 3 2 1 0
Evaluator 2 3 3 3 2 0 0

Abs. diff. 0 0 0 0 1 0 1 0.167
5/6

(83.3%)

A Deep Dive into
KVIs for Ethics-
Aware Networks

Evaluator 1 3 1 1 3 0 0
Evaluator 2 3 0 1 3 0 0

Abs. diff. 0 1 0 0 0 0 1 0.167
5/6

(83.3%)

6G Indicators
of Value and
Performance

Evaluator 1 3 1 2 1 2 3
Evaluator 2 3 1 2 0 1 0

Abs. diff. 0 0 0 1 1 3 5 0.833
3/6

(50.0%)

Overall absolute difference 7 0.292
19/24

(79.2%)

Overall, 19 of 24 judgments were identical (79.2%), with a total absolute difference of
7 points and a mean absolute difference of 0.292 across all coded cells. Most discrepancies
were limited to one point and were concentrated in the more architecture-oriented cate-
gories of cyber–physical integration and network of networks. The final values reported
in Table 3 therefore correspond to the consensus version reached after discussion of the
discrepant cases.

The obtained scores are then analyzed across stakeholder groups (academic, industrial,
and institutional) in order to highlight differences in emphasis and conceptual alignment
and synthesized into a comparative table of human-centric 6G ISAC literature.

These values form the basis of the comparative analysis presented in Section 3 and
are visually summarized through a radar-based representation of average value emphasis
across document categories.

In parallel to the literature analysis, representative ISAC use cases are examined
in order to investigate how human-centric considerations materialize within concrete
application scenarios (RQ2). The identification of use cases primarily relies on institutional
and standardization documents, which provide consolidated visions of future 6G services
and sensing-enabled applications. In particular, the ETSI GR ISC 001 report is considered
a central reference, as it consolidates and systematizes ISAC use cases emerging from
multiple sources, including academic research, industrial initiatives, and standardization
activities. Within this corpus, the analysis focuses on scenarios in which human beings
play a direct role either as active participants in the interaction or as passively sensed
entities embedded within the environment. These use cases are selected according to
three criteria: (i) the presence of sensing functions involving human presence, behavior,
or proximity; (ii) the relevance of the scenario within emerging 6G service visions; and
(iii) the potential ethical implications associated with non-interactive or continuous sensing.
The selected use cases are subsequently categorized according to the role of the human
subject (active user vs. passively sensed individual), the type of sensing performed (e.g.,
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motion recognition, proximity detection, or health monitoring), and the technological
context in which the sensing capability is embedded (e.g., healthcare, smart environments,
or industrial settings). This classification enables a structured interpretation of how human-
centric considerations emerge within ISAC-enabled scenarios and provides the analytical
basis for the comparative synthesis presented in Section 3.3.

3. Results and Discussion
This section reports the outcomes of the screening and qualitative coding pro-

cess described in Section 2. Overall, a total of 24 sources are retained for analysis
and grouped into three categories: academic 6G value-oriented literature (9acad), insti-
tutional/standardization documents (11inst), and industrial/consortium reports (4ind).
Figure 1 summarizes the distribution of the analyzed sources across categories and is in-
cluded only to provide a quick descriptive overview of the final corpus composition; it
does not represent a validation or inferential step of the analysis.

Figure 1. Distribution of the analyzed corpus across source categories.

3.1. Answer to RQ1 (Binary Presence Analysis): Yes

Human-centric considerations are present in the overall ISAC-related discourse, but
their explicit treatment is uneven across stakeholder categories. Projects such as Hexa-
X and Hexa-X II, together with industrial white papers and interdisciplinary initiatives,
emphasize an important shift in the approach for next-generation networks [25–27]. This
reflects the recognition that technological advancement alone does not guarantee social
acceptance or positive societal impact. These new considerations redefine the approach to
system design by starting from high-level requirements, i.e., KVs, shared by all stakeholders
(users, families, and industry). These are translated into operational objectives, i.e., KVIs,
aiming to anticipate long-term societal impacts and guide more meaningful technological
development. Consequently, evaluation frameworks are progressively expanding beyond
KPI-centric paradigms to incorporate those values. Unlike KPIs, which quantify technical
performance, KVs articulate dimensions such as sustainability, inclusiveness, security and
trustworthiness, and human-centricity. The need to achieve societal values in technological
development is reflected in recent institutional initiatives. In particular, the ISO/UNDP
PAS 53002:2024 standard [28] introduces a structured approach for organizations seeking
to demonstrate their contribution to positive social impact in alignment with the United
Nations Sustainable Development Goals (SDGs). This standard provides a structured
framework for self-assessment, reporting, and certification of the social value generated
by an organization, thereby contributing to trust-building among citizens, companies, and
institutions. Specifically, it offers guidelines on how to:

• Identify and manage stakeholder impact;
• Integrate the Sustainable Development Goals (SDGs) into operational strategies;
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• implement due diligence, reporting, and stakeholder engagement processes.

Although not specific to telecommunications, this publicly available specification
signals an urgent and cross-sectoral demand for transparent, verifiable mechanisms capable
of linking technological development to societal benefit. The rapid introduction of such
standards highlights a broader institutional shift: ethical and social value generation is
no longer treated as a peripheral consideration but as a strategic dimension requiring
structured articulation and accountability.

Several European projects and strategic documents advocate for a value-oriented
development of 6G. It has been highlighted that the rapid and pervasive advancement of
digital technologies, often progressing faster than public communication and collective
understanding [29], does not automatically guarantee socially positive outcomes. The
effectiveness of technological solutions depends not only on technical performance but also
on social acceptance and conscious, collaborative societal adoption [29,30]. In this sense, the
adoption of new technologies cannot be taken for granted but must be actively built through
transparency, inclusiveness, and stakeholder dialogue. This value-oriented perspective can
also be interpreted in light of the challenges encountered during 5G deployment, where
insufficient ethical dialogue often hindered social acceptance, regardless of the advertised
technical performance [31]. The initial emphasis on performance indicators (KPIs), such as
speed and latency, generated public concerns related to the perception of more invasive
infrastructure and to the lack of perceived necessity, contributing to a narrative in which
unfamiliar and poorly understood aspects assumed a central role. In response to these chal-
lenges, initiatives such as Hexa-X and Hexa-X II, together with interdisciplinary projects
such as EthicNet [27], promote a vision of 6G grounded in sustainability, inclusiveness,
and trustworthiness as guiding principles. Within this framework, the adoption of KVIs
aims to measure the alignment of technologies with fundamental societal values [24,26].
Similarly, tools such as ELSI-SAT [32] seek to integrate ethical, legal, and social consid-
erations into technological development processes, fostering interdisciplinary reflection
already at the design stage. From a broader perspective, in management and technological
governance domains, the success of a project or product is increasingly interpreted as a
balance between cost, time, and quality. In this view, quality no longer refers exclusively
to traditional KPIs but also encompasses ethical, social, and environmental dimensions.
Within this framework, KVIs play a complementary role to that of KPIs, reflecting social
acceptance, sustainability, and trustworthiness and potentially exerting a decisive influence
on the overall success or failure of technological initiatives. As highlighted by Wymeersch
et al. [25], the evolution toward 6G must be examined through the lens of trustworthiness,
sustainability, and inclusiveness, particularly as communication infrastructure begins to
integrate perceptive and decision-making capabilities. In that contribution, based on the
Hexa-X project [33], the correlation between KPIs and KVIs is emphasized, proposing the
quantification of the latter based on the effects generated by the former, with the aim of
contributing to the United Nations Sustainable Development Goals (SDGs). The Nokia
Bell Labs white paper [26] further reinforces this perspective, underscoring the need to
orient 6G development toward objectives that are not only technical but also value-driven
and human-centric. The document proposes a reference model for value-oriented 6G
networks, including measurable indicators related to environmental sustainability, social
inclusion, respect for fundamental rights, and trust, highlighting the centrality of these di-
mensions in the systemic design of emerging technologies. Despite this growing emphasis
on value-oriented design, the specific implications of integrating pervasive and distributed
sensing capabilities within communication infrastructure have not yet been the subject of a
structured synthesis. In particular, the perceptive, infrastructural, and often invisible nature
of ISAC introduces distinctive challenges related to autonomy, transparency, consent, and
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social trust, which qualitatively differ from those traditionally associated with communica-
tion networks. The need for a more systematic approach is further supported by review
studies in the domain of intelligent environments employing non-intrusive technologies
for elderly monitoring [34]. These studies highlight how perceived effectiveness and user
motivation are critical determinants for the adoption of technology, especially in contexts
involving continuous or non-visible monitoring. They also emphasize the fragmentation
and heterogeneity of the existing literature, characterized by inconsistent indicators and
metrics, limited comparability, and a lack of robust quantitative approaches and shared
instruments for the assessment of effectiveness and social acceptability. In light of these
observations, a gap emerges between, on the one hand, the technically detailed analyses of
ISAC architectures and, on the other hand, the value-oriented strategic visions for 6G. A
systematic review explicitly and integratively addressing the ethical and human-centric
dimensions of ISAC-enabled sensing as distributed perceptual infrastructure remains
lacking. This gap motivates the present analysis. This evolution reflects a gradual shift
from a predominantly KPI-centric paradigm centered on throughput, latency, reliability,
and spectral efficiency toward a value-aware perspective in which KVIs are introduced
to capture sustainability, inclusiveness, trustworthiness, and broader societal alignment.
Although the KPI–KVI relationship has been increasingly discussed in strategic 6G visions
and governance frameworks, the broader ecosystem is still primarily engaged in defin-
ing relevant KVs and exploring possible methodologies for their quantification through
KVIs. Although value-oriented design is increasingly visible in strategic 6G visions and
governance frameworks, the operationalization of these values remains comparatively
less mature than the KPI layer. Recent efforts have begun to structure such dimensions
more explicitly, including through pre-standardization work, but shared and quantitatively
stabilized value-oriented metrics for ISAC are still limited.

As highlighted in [35], several projects funded by the Smart Networks and Services
Joint Undertaking (SNS-JU) are increasingly adopting structured methodologies to assess
alignment with these objectives through the introduction and progressive formalization
of KVIs.

It is important to distinguish between KVs and KVIs. KVs represent the fundamental
principles or normative objectives to be pursued (e.g., sustainability, inclusion, and trans-
parency). In contrast, KVIs are qualitative and/or quantitative metrics used to assess the
degree to which such values are achieved. Unlike KVs, which express overarching ethical
or societal orientations, KVIs are typically applied during the deployment and operational
phases of a technology in order to evaluate the extent to which a given value has been
realized. As such, they are necessarily context-specific and calibrated to the characteristics
of the application scenario, since they aim to express, often in terms of degree or percentage,
the measurable manifestation of an underlying value. Therefore, KVIs function as opera-
tional instruments that translate abstract principles into observable parameters, enabling
assessment, monitoring, and comparison of technological impact over time. However, iden-
tifying universally applicable metrics for inherently subjective or context-dependent values,
such as trust, informed consent, or perceived fairness, remains challenging. In these cases,
KVIs cannot rely solely on objective technical measurements but must incorporate qualita-
tive and contextual approaches, including stakeholder engagement, surveys, interviews,
or perception-based assessment methods. A relevant next step for human-centric ISAC
research is the translation of high-level KVs into scenario-specific KVIs. In the case of ISAC,
these indicators should not be treated as universally fixed metrics but should be derived
from at least three design dimensions: (i) the role of the human in the sensing process, for
example as an active user, passive sensed subject, or bystander; (ii) the degree of sensing
visibility and interactivity, ranging from explicit and user-aware sensing to background,
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non-interactive, or infrastructurally embedded sensing; and (iii) the governance conditions
under which sensing is deployed, including the availability of consent procedures, trans-
parency mechanisms, and accountability safeguards. In addition, KVIs for ISAC should
also be distinguished according to the stage at which they are applied. In sensitive domains
such as healthcare, assisted living, and smart indoor monitoring, some KVIs may be used
ex ante as part of an acceptability-oriented assessment aimed at understanding whether
a technology is perceived as appropriate, understandable, and socially acceptable before
deployment. Other KVIs should, instead, be reapplied during actual operation in order
to verify whether the real conditions of use remain aligned with the intended value as-
sumptions, for example, in terms of perceived transparency, trust, control, proportionality,
and acceptance over time. Under this perspective, transparency-related KVIs may include
awareness that sensing is taking place, clarity of the sensing purpose, accessibility of the
sensing policy, and perceived adequacy of the information provided to affected individuals.
Trust-related KVIs may, instead, include perceived reliability of the system, confidence
that sensing is not manipulative or harmful, perceived protection of privacy, confidence
that sensing data will not be repurposed beyond the declared context, and confidence in
the presence of clear governance and accountability mechanisms. In scenarios where user
agency is relevant, additional indicators may concern the perceived ability to intervene,
refuse, or meaningfully control sensing operations. These examples are not proposed as a
definitive measurement framework but as preliminary ISAC-oriented principles for future
KVI development in human-centric domains such as healthcare, ambient assisted living,
smart indoor environments, and safety-critical public spaces. At a more operational level,
recent multi-user ISAC studies [36,37] have also introduced service-oriented notions such
as Value of Service (VoS) to guide spatiotemporal resource reuse and heterogeneous service
provisioning. Although this notion of value differs from societal KVs and KVIs, it con-
firms a broader shift from purely performance-driven optimization toward service-aware
and context-aware design criteria. The study reported in [35] reviews several approaches
adopted within European projects, including:

• HEXA-X II [38], which proposes an advanced methodology to map 6G use cases
against the SDGs through a classification of societal benefits and the identification
of ethical and performance requirements, placing particular emphasis on sustain-
ability—articulated into environmental, economic, and social dimensions—although
without proposing quantitative KVIs metrics;

• FIDAL [39], which integrates social and environmental metrics into its performance
indicators, establishing a direct correlation between technical KPIs and KVIs and
promoting stakeholder collaboration at all levels;

• CENTRIC [40], which focuses on user-centric scenarios and employs an iterative
methodology to estimate the contribution of KVIs to human and social values;

• 6G-INTENSE [41], which adopts a qualitative mapping of relevant SDGs and use
cases, with attention to socio-economic benefits and expected impact;

• TRIALS-NET [42], which proposes a systematic value-assessment framework in-
spired by the SDGs and oriented toward citizen impact, based on a multi-stakeholder
analysis methodology.

3.2. RQ2: Cross-Stakeholder Value Emphasis

Building on the results of RQ1, the following subsection (i) analyzes how and where
human-centricity is framed across categories (RQ2) and (ii) synthesizes the subset of contri-
butions explicitly addressing human-related ISAC sensing scenarios through a comparative
table of human-centric ISAC literature.
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Classification in Meaningful Categories

In evaluating the vision and ethical–technological priorities emerging from major
6G studies and initiatives, six categories of KVs are identified, each reflecting a central
dimension in the development of future mobile networks. Those include both normative
societal values (e.g., sustainability, inclusiveness, human-centricity, security, and trustwor-
thiness) and systemic infrastructure-oriented principles (e.g., cyber–physical integration
and network-of-networks architectures) that characterize the envisioned structure of fu-
ture 6G ecosystems, making these architectural properties fundamental enablers of the
value-oriented one. Among the identified dimensions, human-centricity represents the
conceptual core of this review. In this work, it is therefore interpreted as the ethical principle
guiding the responsible integration of humans within sensing–communication ecosystems.
More specifically, the six identified dimensions do not operate at the same conceptual
level. In this review, human-centricity is treated as the overarching normative orientation,
since it expresses the principle that future sensing–communication infrastructure should
remain aligned with human needs, rights, agency, and acceptable forms of interaction.
Within this perspective, sustainability, inclusiveness, and security and trustworthiness
are interpreted as substantive normative dimensions that qualify what responsible and
socially acceptable 6G evolution should mean in practice. In contrast, cyber–physical
integration and network of networks are treated primarily as systemic and architectural
enablers: they describe structural properties of emerging 6G ecosystems that expand
sensing, coordination, and service capabilities while also shaping the conditions under
which normative values may be realized or placed under tension. These dimensions
are therefore analytically distinguishable but strongly interdependent in ISAC scenarios.
For instance, cyber–physical integration may enhance responsiveness, safety, and context
awareness in healthcare, industrial, or mobility environments while simultaneously inten-
sifying questions of transparency, proportionality, autonomy, and continuous monitoring.
Similarly, network-of-networks architectures may support inclusiveness, resilience, and
service continuity across heterogeneous infrastructure but also increase complexity in gov-
ernance, accountability, interoperability, and control over sensing-related data flows. In this
sense, human-centricity functions as the interpretive principle that guides the evaluation
of how the other KVs and architectural dimensions interact in concrete ISAC-enabled
application scenarios.

A brief description of these categories is provided below in order to facilitate the
interpretation of the comparative table.

Sustainability refers to the extent to which a contribution analyzes and promotes
the reduction in the environmental impact of networks (e.g., energy efficiency, responsi-
ble resource usage, and alignment with the Sustainable Development Goals) while also
considering economically and socially sustainable operational models.

Inclusiveness evaluates the attention devoted to ensuring equitable access to 6G
technologies across different social groups and geographical areas, aiming to reduce the
digital divide and promote fairness, accessibility, and non-discrimination.

Security and trustworthiness concern the ability of technologies to guarantee pro-
tection, reliability, and trust at the technical level (e.g., resilience, data protection, and
system robustness).

Human-centricity refers to the extent to which systems are designed to adapt to human
behavior, needs, and rights, considering aspects such as user experience, transparency,
autonomy, ethical interaction, and trust at the societal level (e.g., transparency, acceptability,
and risk governance).
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Cyber–physical integration reflects the integration between the physical and digital
worlds through intelligent networks enabling sensing, actuation, and remote control, as
typically observed in ISAC systems, digital twins, and cooperative robotics.

Network of networks indicates the degree of attention devoted to the vision of 6G as
convergent infrastructure composed of multiple heterogeneous and interoperable networks
(e.g., mobile, satellite, Wi-Fi, IoT, and edge-to-cloud networks) cooperating in a coordinated
and flexible manner.

Beyond these recurrent categories, several studies also highlight complementary
ethical dimensions such as transparency, accountability, and governance mechanisms.
However, these aspects typically emerge as cross-cutting regulatory or design principles
rather than as explicitly structured KVs within 6G architectural visions.

Table 3 provides a comparative synthesis of the main KVs identified across the litera-
ture and strategic reports on 6G. The inclusion of our previous study [43] further contributes
an ethical perspective specifically focused on sensing technologies in human-centric scenar-
ios, consistent with the ISAC paradigm.

To further clarify how value-oriented considerations are addressed within the exist-
ing ISAC discourse, a comparative screening of representative academic, industrial, and
institutional documents is conducted. The objective is to verify whether and how KVs
are explicitly framed as central design dimensions. In addition to the major European re-
search projects and emerging standards cited in Table 3, the present work also builds upon
the findings of our previous review [43], in which the most relevant KVs associated with
millimeter-wave radar technologies in ambient assisted living scenarios were identified and
systematically categorized. Recent studies have begun exploring the operationalization of
ethical values through KVIs, proposing preliminary frameworks for ethics-aware network
evaluation [44].

The analysis focuses on six recurring KVs that consistently emerge across the screened
corpus, namely:

• Sustainability;
• Inclusiveness;
• Security and Trustworthiness;
• Human-Centricity;
• Cyber–Physical Integration;
• Network of Networks.

Each document was examined to determine whether these values are: (i) explicitly
articulated as guiding principles, (ii) implicitly mentioned without structured integration,
or (iii) not addressed. To reduce the subjectivity inherent in qualitative coding, a subset of
four documents was independently re-coded by a second evaluator using the same criteria.
As reported in Table 2, the item-level comparison showed an overall agreement of 79.2%,
with a mean absolute difference of 0.292 across the coded cells. The discrepancies were
limited and did not alter the general comparative patterns emerging across stakeholder
categories, although they helped refine a few borderline scores before finalizing Table 3.
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Table 3. Comparative overview of recurring KVs across institutional, industrial, and academic resources (qualitative coding: 0–3). Coding: 0 = absent;
1 = implicit/marginal; 2 = explicit but non-central; 3 = core/structurally integrated.

Ref. Source Stakeholder Sust. Incl. Sec./Trust Human-C. Cyber-Phys. Net-of-Nets
[25] 6G Positioning and Sensing Through the Lens. . . Academic 3 3 3 2 1 0
[27] Toward the EthicNet: Challenges and Enablers for Ethics-Aware Networks Academic 2 2 3 3 1 1
[24] Toward 6G — Hexa-X Project’s Key Findings Academic 3 3 3 2 2 2
[32] From Applied Ethics to Innovation Practice: Ethics-by-Design Approach Academic 2 2 2 3 1 1
[35] Survey on SNS-JU Projects Evaluation Methods toward SDGs Assessment Academic 3 3 2 2 1 1
[43] A Narrative Review on KVIs of mmWave Radars for AAL Academic 3 3 3 3 1 1
[44] A Deep Dive into KVIs for Ethics-Aware Networks Academic 3 1 1 3 0 0
[45] Sustainability in Telecommunication Networks and KVIs: a Survey Academic 3 2 2 1 1 1
[46] Techno-Social and Regulatory Challenges in Future 6G Networks Academic 1 2 3 3 1 1
[47] 6G Vision, Value, Use Cases and Technologies Institutional 3 3 3 3 3 3
[48] What Societal Values Will 6G Address? Institutional 3 3 3 3 0 0
[49] Key Drivers and Research Challenges for 6G Institutional 2 2 2 2 3 3
[50] NGMN 6G Drivers and Vision Institutional 2 2 3 2 2 2
[51] ITU-R IMT-2030 Framework and Overall Objectives Institutional 2 3 3 2 2 3
[38] Hexa-X-II D1.3 Environmental and Social View on 6G Institutional 3 3 2 3 2 2
[40] CENTRIC Deliverable D5.3 KPIs/KVIs and Benchmarking Institutional 2 2 2 3 3 2
[39] FIDAL Requirements, Architecture and Methodologies Institutional (SNS-JU Project) 2 2 2 2 3 2
[41] 6G-INTENSE Requirements and PoC Scenarios Institutional (SNS-JU Project) 2 1 1 1 3 3
[42] TRIALS-NET Large-Scale 6G Trials and Societal Impact Institutional (SNS-JU Project) 2 2 2 2 3 2
[7] ETSI GR ISC 004 V1.1.1 (2026-02) Institutional/Standardization 3 2 3 3 2 1
[52] Next G Alliance: Roadmap to 6G Industrial 2 2 3 2 2 3
[53] AI-Native and Sustainable Communication (Samsung 6G Vision) Industrial 1 2 2 2 3 2
[54] 6G Indicators of Value and Performance (Nokia Bell Labs) Industrial 3 1 2 1 2 3
[26] Technology innovations for 6G system architecture Industrial 3 2 3 1 3 3

AVG Academic (n = 9) 2.56 2.33 2.44 2.44 1 0.89
AVG Institutional (n = 11) 2.36 2.27 2.36 2.36 2.36 2.09
AVG Industrial (n = 4) 2.25 1.75 2.50 1.50 2.50 2.75
AVG Overall (n = 24) 2.42 2.21 2.42 2.25 1.85 1.75
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The screening highlights a structural asymmetry across stakeholder categories. Aca-
demic contributions often approach value-related dimensions from an analytical and
conceptual perspective, whereas institutional and strategic documents tend to explicitly
articulate sustainability, inclusiveness, trustworthiness, and human-centricity as founda-
tional design principles. Industrial white papers typically occupy an intermediate position,
integrating value-oriented language while maintaining strong alignment with technological
feasibility and deployment considerations.

This divergence suggests that while value-awareness is increasingly present in 6G
discourse, its depth and centrality vary significantly depending on the stakeholder perspec-
tive. The comparative aggregation of qualitative scores across academic, institutional, and
industrial sources reveals differentiated patterns of value emphasis. Academic literature
shows comparatively balanced attention across sustainability (2.56), security and trustwor-
thiness (2.44), and human-centricity (2.44), with inclusiveness also receiving substantial
emphasis (2.33). In contrast, cyber–physical integration (1.00) and network-of-networks
perspectives (0.89) remain considerably less central, suggesting that the academic discourse
is more analytically and normatively oriented than infrastructure-centered. Institutional
and standardization documents exhibit the most balanced profile, with similar empha-
sis on sustainability (2.36), security and trustworthiness (2.36), human-centricity (2.36),
and cyber–physical integration (2.36), while inclusiveness (2.27) and network-of-networks
(2.09) perspectives remain clearly present but somewhat less dominant. This reflects a
governance-oriented framing in which societal alignment is increasingly coupled with sys-
temic and architecture-aware visions of future 6G ecosystems. Industrial and consortium
sources display a more deployment-driven configuration. Security and trustworthiness
(2.50), cyber–physical integration (2.50), and especially network-of-networks (2.75) per-
spectives emerge as the most emphasized dimensions, whereas human-centricity (1.50)
and inclusiveness (1.75) receive comparatively less central treatment. This suggests that
industrial white papers tend to frame value-oriented concerns primarily through the lenses
of reliability, large-scale integration, and architectural feasibility. Because the industrial
subset remains limited (n = 4), these patterns should be interpreted as indicative tenden-
cies within the currently available industrial value-oriented 6G discourse rather than as
representative of the industrial landscape as a whole. Figure 2 visually summarizes these
differentiated emphases across stakeholder categories. The intermediate radial ticks (e.g.,
0.5, 1.0, and 1.5) are included only as visual reference points to facilitate reading and do not
carry an independent inferential meaning.

Figure 2. Average emphasis of KVs across stakeholder categories based on the qualitative coding
(0–3). Intermediate radial values are shown only as visual reference points.
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To complement this descriptive comparison, we conducted an exploratory inferential
analysis across stakeholder groups. Given the ordinal 0–3 coding scheme and the small, un-
balanced group sizes, the Kruskal–Wallis test was used as the primary between-group com-
parison, while one-way ANOVA was reported as a sensitivity analysis. As shown in Table 4,
statistically significant between-group differences emerged for cyber–physical integration
(H(2) = 12.23, p = 0.0022; F(2,21) = 10.08, p = 0.0009) and network-of-networks (H(2) = 11.84,
p = 0.0027; F(2,21) = 10.00, p = 0.0009) perspectives. No statistically significant differ-
ences were observed for sustainability, inclusiveness, security and trustworthiness, or
human-centricity (all p > 0.05 in both tests).

Table 4. Exploratory inferential comparison of stakeholder groups across the six KV dimensions.
Kruskal–Wallis is reported as the primary non-parametric comparison; one-way ANOVA is included
as a sensitivity analysis.

KV Dimension Acad. Inst. Ind. Kruskal–W. H(2) p-Value ANOVA F(2,21) p-Value

Sustainability 2.56 2.36 2.25 1.00 0.608 0.35 0.710
Inclusiveness 2.33 2.27 1.75 2.48 0.290 1.21 0.319
Security & Trustworth. 2.44 2.36 2.50 0.15 0.927 0.07 0.932
Human-Centricity 2.44 2.36 1.50 4.85 0.089 2.94 0.075
Cyber-Physical Integr. 1.00 2.36 2.50 12.23 0.002 10.08 0.001
Network-of-Networks 0.89 2.09 2.75 11.84 0.003 10.00 0.001

These results should be interpreted cautiously and are presented as robustness-
oriented support for the descriptive patterns rather than as a basis for strong population-
level claims. While a shared normative vocabulary is emerging across the 6G ecosystem,
the weighting and depth of integration of KVs vary significantly depending on stake-
holder positioning. In ISAC-enabled infrastructure, this divergence becomes particularly
salient. The transformation of communication networks into distributed perceptive systems
amplifies ethical tensions associated with transparency, proportionality, and autonomy.
While these challenges are widely acknowledged in value-oriented 6G visions, they are not
yet systematically operationalized into shared, scenario-specific evaluation instruments
for ISAC-enabled sensing. Overall, the findings suggest that 6G value-awareness is pro-
gressing yet remains unevenly embedded across technical, industrial, and institutional
domains. ISAC acts as a magnifier of these asymmetries, given its infrastructural and often
non-interactive sensing nature.

3.3. ISAC 6G Human-Centric Use Cases

Following the methodological approach described in Section 2, representative ISAC-
enabled application scenarios are examined in order to investigate how human-centric
considerations materialize within concrete technological contexts. In particular, the analysis
focuses on use cases in which human beings play a direct role either as active participants
in the interaction or as passively sensed entities embedded within sensing-enabled envi-
ronments. These scenarios provide a concrete lens through which the societal and ethical
implications of ISAC can be interpreted. With the growing emphasis on native sensing
capabilities in 6G networks, several standardization bodies and research initiatives have
begun formalizing ISAC-enabled use cases. Among these, the ETSI GR ISC 001 report plays
a central role by consolidating and systematizing scenarios emerging from academic litera-
ture, industrial initiatives, and standardization activities. Building upon this consolidated
framework, this section examines selected ISAC scenarios through a human-centric ana-
lytical lens. ISAC use cases are currently defined and standardized through the combined
efforts of international standardization bodies such as ETSI, ITU, and 3GPP, complemented
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by pre-standardization activities conducted within IEEE, one6G, NGMN, and European
research initiatives under the SNS-JU framework.

3.3.1. Standardization-Driven Human-Centric Use Cases

In April 2025, the European Telecommunications Standards Institute (ETSI), through
the Integrated Sensing and Communication Industry Specification Group (ISAC ISG), pub-
lished ETSI GR ISC 001 V1.1.1 (2025-03) [55], proposing 18 advanced 6G use cases based on
ISAC functionalities. ETSI GR ISC 001 builds upon prior academic and industrial contribu-
tions, including foundational surveys on ISAC (e.g., [56,57]), automotive initiatives [58],
and e-health-oriented white papers [59], consolidating them into a structured 6G use-case
framework. The report identifies performance requirements, integration levels, operating
frequency bands, and the associated KPIs necessary to support each scenario. While primar-
ily framed from a technical and KPI-driven perspective, several of these use cases involve
direct and continuous interaction with human subjects, either as active participants or as
passively sensed entities. The report specifies the performance requirements necessary to
support the proposed use cases, with particular reference to levels of ISAC integration and
operating frequency bands. It further introduces the KPIs associated with each scenario,
framing the expected societal benefits primarily through performance-oriented metrics, an
aspect that is particularly relevant for the value-oriented analysis developed in this study.
Among the presented cases, those in which human beings act as active or passive subjects
of the technological interaction rather than merely as elements of the surrounding context
are of particular interest. In this direction, ETSI proposes the following scenarios:

• Use case on human motion recognition;
• Use case on body proximity sensor;
• Use case concerning outdoor healthcare-oriented sensing scenarios and care settings

in which remotely operated robotic systems are used to support the monitoring and
assistance of senior citizens;

• Use case on collaborative robots based on digital twinning.

Notably, in all these scenarios, the network transitions from data-transport infrastruc-
ture to a perceptive system capable of interpreting human presence, behavior, or proximity
beyond traditional communication functions. As a consequence, individuals become em-
bedded within sensing-enabled environments as continuously observable entities, raising
ethical concerns related to transparency, consent, proportionality, and information control.

In the same report [55], ETSI also maps ISAC use cases proposed by other bodies,
supporting a multi-stakeholder view of the emerging landscape and justifying its own
choices aimed at addressing the identified gaps. More specifically, the 3rd Generation
Partnership Project (3GPP), the body responsible for 6G standardization, in the TR 22.870
report titled “Study on 6G use cases and service requirements” [60], identifies three macro-
categories, with a particular emphasis on sensing, environmental monitoring, and human
movement tracking. Within the macro-category “Object Detection and Tracking”, 3GPP
includes scenarios involving the detection of humans in indoor and outdoor environments,
ranging from intrusion-related monitoring in (5.1) and around (5.6) smart homes to the
identification of pedestrians or other moving entities near critical infrastructure (5.22), as
well as sensing-enabled immersive services (5.25) and public-safety applications such as
search and rescue (5.27). Within the Motion Monitoring category, the cases most relevant to
the present review are 5.15, 5.24, and 5.29, which respectively concern:

• Contactless monitoring during sleep;
• Sensing-supported observation of sports-related activity in roaming conditions;
• Coarse gesture recognition for application navigation and immersive interaction.

In ITU-R Report M.2516-0 (2022) [3], it is highlighted that ISAC capabilities can enable:
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• High-accuracy positioning, tracking, imaging, simultaneous localization, and mapping;
• Gesture recognition and physical activity monitoring;
• New services for future customer application scenarios such as context-aware immer-

sive human-centric communications and healthcare/e-health applications.

In the one6G Working Group white paper “6G and eHealth: Use Cases and Potential
Service Requirements” [59], ISAC is framed as an enabling pillar for next-generation
healthcare infrastructure. The document emphasizes its contribution in:

• Personalized medical monitoring, including vital-sign sensing in medical care units;
• Medical logistics supported by robotic fleets (Medical Goods Logistics with Robotic Fleets);
• Safe and context-aware mobile robotic platforms in nursing wards (Safe Context-

Aware Mobile Robotic Platforms in Nursing Wards).

In these scenarios, sensing-enabled communication systems support continuous pa-
tient monitoring, human–robot interaction, and adaptive care environments. Beyond
technical feasibility, one6G explicitly addresses regulatory compliance, ethical responsi-
bility, and sustainability considerations, thereby situating ISAC within a systemic and
value-sensitive vision of future healthcare ecosystems.

The NGMN Alliance, in its “6G Use Cases and Analysis” report [61], frames future 6G
networks as multi-sensory and service-aware infrastructure supporting immersive inter-
action, digital health, industrial automation, and societal resilience. While not explicitly
structured around ISAC formalization, the report anticipates sensing-enabled communi-
cation paradigms in which human-centric services, sustainability, and trustworthiness
are identified as foundational design principles. NGMN emphasizes the transition from
connectivity-centric performance optimization to value-oriented network evolution, high-
lighting the need to align technological capabilities with broader societal objectives. This
perspective complements ISAC standardization efforts by situating sensing-enabled ser-
vices within a strategic framework focused on long-term societal impact.

3.3.2. Literature-Driven Application Domains

Beyond standardization, the scientific literature extends ISAC-enabled services across
multiple domains and levels of architectural maturity, including distributed sensing, intelli-
gent coordination, and data-driven evaluation [62–66].

Human Motion and Behavioral Recognition

Works on ISAC-enabled human-centric sensing investigate motion/activity recog-
nition, gesture detection, presence inference, and micro-movement sensing for smart
environments and human–computer interaction [62,63,65]. Architecture-oriented analyses
further emphasize that fine-grained sensing capabilities may enable inference of sensitive
human-related attributes, thereby increasing the relevance of privacy and transparency
requirements [65].

Healthcare and Assisted Living

Healthcare is repeatedly identified as a high-impact ISAC domain, covering remote
monitoring, outdoor healthcare sensing, vital sign-related sensing, and assisted living
scenarios [62,63]. Distributed and intelligent sensing-and-communication frameworks
highlight how multi-node coordination may improve responsiveness and robustness for
safety- and care-related services, including human-centric monitoring and context-aware
assistance [66].
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Industrial and Collaborative Environments

Industrial settings (Industry 4.0) are often discussed as a key deployment context
where ISAC supports human–robot collaboration, proximity-based safety, shop-floor sit-
uational awareness, and digital twin-enabled coordination [63,66,67]. In these scenarios,
workers may become continuously sensed entities within cyber–physical infrastructure,
making questions of proportionality, governance, and acceptable workplace monitoring
particularly salient [67].

Urban Safety and Mobility

Urban sensing and mobility scenarios include pedestrian/vehicle detection, pro-
tection of vulnerable road users, search and rescue, and infrastructure-supported safety
services [63,66]. In these contexts, infrastructure-level sensing can enhance public safety but
may also blur the boundary between safety-oriented monitoring and pervasive surveillance,
especially under non-interactive operation [66].

Environmental Reconstruction and Sensing as a Service

The literature also emphasizes large-scale environmental sensing functions (e.g., map-
ping, imaging, SLAM, and sensing as a service) that can implicitly capture human presence
within reconstructed scenes [63]. Dataset-driven contributions provide benchmarks for
evaluating ISAC performance in tasks such as 3D reconstruction and moving-target de-
tection across complex environments, strengthening empirical grounding for such use
cases [68]. Additional dataset-oriented efforts specifically targeted at human sensing in
distributed and multimodal mmWave-ISAC settings support gesture recognition, pose
estimation, localization, and person identification, highlighting both the methodological
importance and the current scarcity of open human-centric ISAC benchmarks [69].

Table 5 synthesizes how major standardization bodies and research contributions
frame human-centric ISAC use cases, highlighting both their technical orientation and their
emerging value dimensions.

Table 5. Comparative overview of human-centric ISAC use cases across standardization and re-
search bodies.

Source Use-Case Domains Human Role Framing Logic Emerging Value
Dimensions

ETSI ISG ISAC

Motion recognition;
proximity sensing;
healthcare monitoring;
senior-care robotics;
collaborative robots
(digital twinning)

Active and passive
subject of sensing

KPI-driven technical
performance
framework

Transparency; consent;
continuous monitoring;
data control

3GPP (TR 22.870)

Object detection;
human tracking;
motion monitoring;
gesture recognition;
public safety scenarios

Predominantly passive
sensed entity

Service requirements
and performance
metrics

Surveillance concerns;
contextual privacy;
autonomy

ITU-R M.2516-0

High-accuracy
positioning; imaging;
activity monitoring;
immersive
human-centric
communications;
e-health

Mixed: service
recipient and sensed
subject

Capability-oriented
vision framework

Data ownership;
proportionality;
society-scale sensing
impact
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Table 5. Cont.

Source Use-Case Domains Human Role Framing Logic Emerging Value
Dimensions

one6G (e-Health WG)

Vital-sign sensing;
robotic medical
logistics; context-aware
nursing robots

Patient as central
monitored entity

Systemic and
regulation-aware
perspective

Ethical compliance;
sustainability; human
oversight; medical
governance

NGMN Alliance

Digital health;
immersive interaction;
industrial collaboration;
societal resilience

Human as ecosystem
participant

Value-oriented and
sustainability-aligned
network evolution

Trustworthiness;
long-term societal
impact; value
alignment

Academic Literature

Sensing as a service;
smart environments;
distributed sensing;
HCI; industrial safety;
urban monitoring

Context-dependent
(often passive subject)

Architecture-,
performance-, and
dataset-driven analysis

Function creep;
secondary data use;
transparency; trust

In the following section, the KVs and KVIs emerging from the literature and standard-
ization efforts are examined, in order to assess the coherence between human-centric use
cases and fundamental societal values.

3.3.3. ETSI GR ISC 004 as a Standards-Driven Ethical Framing of Human-Centric ISAC

A recent and particularly relevant pre-standardization contribution for the present
review is ETSI GR ISC 004 V1.1.1 (2026-02) [7]. Rather than focusing only on technical
performance, the report also provides a structured analysis of the sensitive implications of
ISAC-enabled 6G systems, covering security, privacy, trustworthiness, and sustainability.
In total, the document identifies 19 key issues, including 15 related to security and privacy
and 4 related to sustainability, and complements them with broader considerations of
sensing-data ownership, accountability, and trustworthiness. For the purposes of this
review, ETSI GR ISC 004 is particularly valuable because it does not remain at the level of
generic principles. Instead, it introduces explicit operational notions such as sensing policy,
sensing consent, and sensing transparency and distinguishes different types of sensing
targets in ISAC-enabled 6G Systems (6GSs), including humans with and without network
connectivity. From a human-centric viewpoint, one particularly important distinction
concerns whether a person is sensed while connected to the network, sensed while not
connected to it, or connected only for communication while sensing-related processing is
carried out through other entities or system components. This distinction matters because
awareness, consent, intervenability, and accountability may vary substantially across these
conditions. In parallel, ETSI clusters the main concerns around unauthorized sensing;
consent and transparency; secure handling and integrity of sensing data; passive and
heterogeneous or cooperative sensing; AI-based sensing-data processing; and sustainability-
related aspects such as power consumption, spectrum efficiency, environmental footprint,
and well-being. In this sense, the report offers not only a technical taxonomy but also
a standards-oriented basis for interpreting the ethical tensions of human-sensitive ISAC
deployments. It also provides a complete list of key issues and, in Annexes A and B,
proposes a preliminary and interpretation-based mapping of such issues to use cases. This
makes the report especially useful as a standards-driven reference for understanding how
human-sensitive ISAC concerns are currently being structured at the pre-standardization
level. Table 6 offers a simplified overview of how the report is organized, adapted only to
clarify the logic through which ETSI structures the topic. To highlight the analytical value
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of this report for the present review, Table 7 provides an ETSI-derived interpretive synthesis
focused only on the dimensions most relevant to the present human-centric analysis.

Table 6. Simplified organization of [7] relevant to the present review.

Part of the Report Main Role in ETSI
Document

Why It Matters for This
Review

Foundational section (4)

Establishes the conceptual
basis of the report,
including the core notions
used to discuss security,
privacy, trustworthiness,
sustainability, and
sensing-related governance

Provides the vocabulary
needed to connect ETSI’s
approach with our
discussion of awareness,
user control, and ethical
invisibility

Issue-focused sections (5
and 7)

Organize the main
security/privacy and
sustainability issue families
addressed by ETSI

Help identify the main
ethical risk areas relevant
to human-sensitive ISAC
scenarios without
reproducing the full ETSI
issue list

Consolidation sections (6
and 8)

Bring together broader
considerations on
trustworthiness,
accountability,
sensing-data handling, and
sustainability-oriented
objectives

Show that the report
moves beyond issue
identification toward a
more governance-oriented
reading of ISAC
deployment

Interpretive annexes (A–B)

Relate the issue families
to [55] use cases through
preliminary
relevance-based mappings

Support the case-by-case
interpretation of
human-centric ISAC
scenarios across different
application domains

Several aspects of this ETSI report are especially relevant to the present review. First,
the report operationalizes notions such as sensing policy, sensing consent, and sensing
transparency, which are directly connected to our discussion of awareness, user control,
and ethical invisibility. More specifically, ETSI GR ISC 004 gives operational form to policy,
consent, and transparency by linking them to concrete governance questions: what sensing
data are collected, for which purposes, by which entities, under which access and retention
conditions, and with which possibilities for authorization or refusal. They shape whether
affected individuals can know that sensing is taking place, understand its declared purpose,
and meaningfully intervene. This link becomes especially salient in relation to humans
not connected to the 6GS due to a lack of direct interaction, for whom ETSI explicitly
recognizes risks of unawareness, reduced intervenability, and limited control. This link
is particularly clear in Key Issue 7 and Key Issue 8. Second, the distinction between
human sensing targets with and without network connectivity provides a particularly
useful lens for understanding why human-centric ISAC cannot be reduced to conventional
communication privacy alone. Third, the report explicitly shows that concerns such as
unauthorized sensing, consent and transparency, AI-based sensing-data processing, and
sensing-data ownership or accountability are now entering pre-standardization reflection
in a more structured way. In this sense, ETSI GR ISC 004 is relevant to the present review
not because it already provides a complete ethical theory of ISAC but because it makes
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explicit, at the standards-oriented level, a structured set of concerns that strongly overlaps
with the human-centric issues discussed in this paper.

Table 7. ETSI-derived analytical dimensions used in this review to interpret ETSI GR ISC 004 [7].

Analytical Dimension ETSI-Derived Focus Relevance for This
Review

Governance notions
Sensing policy, sensing
consent, and sensing
transparency

Provide an operational
entry point for discussing
awareness, user control,
and the broader condition
of ethical invisibility in
ISAC-enabled
environments.

Human sensing conditions

Humans sensed with
network connectivity,
humans sensed without
network connectivity, and
communication-connected
humans involved in
sensing-related contexts

Clarify why human-centric
ISAC cannot be reduced to
conventional
communication privacy
alone, since awareness,
consent, and
intervenability may differ
substantially across
sensing conditions.

Security and privacy issue
families

Unauthorized sensing,
consent and transparency,
secure handling and
integrity of sensing data,
passive sensing, heteroge-
neous/cooperative sensing,
and AI-based sensing-data
processing

Help structure the main
ethical risk areas emerging
in ISAC scenarios.

Sustainability perspective

Power consumption,
spectrum use,
environmental footprint,
and well-being-related
considerations

Shows that ETSI frames
ISAC not only as a
privacy/security matter
but also as a broader
socio-technical issue
involving resource use and
societal impact.

Use-case interpretive value
Preliminary mapping of
issue families to use cases
in [55]

Supports a case-by-case
reading of human-centric
ISAC scenarios and makes
comparison across
application domains more
systematic.

A complementary security-oriented perspective in [70] further suggests that future
networks must protect not only the confidentiality of transmitted data but also the integrity
of the system’s perception of physical reality. In ISAC-enabled environments, this includes
threats such as sensing eavesdropping, spoofing, deceptive jamming, and perception
manipulation, which reinforce the ethical relevance of trustworthiness and accountability.
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4. Conclusions
This paper presents a structured review of human-centric and value-oriented dimen-

sions emerging in the 6G discourse, with particular attention to ISAC scenarios. The
analysis shows that value-awareness is increasingly present in strategic visions of future
mobile networks. Institutional and policy-oriented documents tend to explicitly frame
sustainability, inclusiveness, trustworthiness, and human-centricity as guiding principles,
while industrial contributions emphasize system reliability and deployment feasibility.
However, when focusing specifically on the ISAC domain, the review highlights a signifi-
cant asymmetry. Within the broader universe of ISAC-related literature, contributions that
explicitly address ethical implications, human-centric design, or societal impact remain
relatively limited. Most ISAC studies are predominantly oriented toward architectural
design, sensing performance, waveform optimization, or resource allocation, with only a
small subset of works discussing human-centric implications in a structured manner. As a
consequence, ISAC infrastructure represents not only a technological evolution of wireless
systems but also a paradigm shift toward perceptive networks whose societal implications
require interdisciplinary governance frameworks.

The main contribution of this review lies in consolidating and comparatively ana-
lyzing human-centric ISAC use cases, together with the KVs shaping 6G development,
thereby clarifying areas of convergence and highlighting remaining asymmetries across
stakeholders. By providing a structured synthesis of the current value landscape surround-
ing sensing-enabled infrastructure, this work supports a more informed interdisciplinary
dialogue at the intersection of wireless engineering, governance, and ethics.

Future research may further explore how key values can be operationalized through
measurable KVIs and integrated a priori into the design, evaluation, and governance of
ISAC-enabled systems. Recent work [37] also suggests that ISAC, itself, may represent
only an intermediate step toward broader integrated heterogeneous service provisioning
platforms, where sensing and communication are combined with positioning, computa-
tion, control, and other functionalities. This possible evolution would further amplify the
human-centric and governance relevance of value-oriented design in future wireless in-
frastructure. Related resource-allocation studies further indicate that user-specific value-of-
service metrics may increasingly guide spatiotemporal reuse decisions in multi-user ISAC
systems, suggesting that notions of value are beginning to enter even the operational design
layer [36]. Bridging the current gap between value-oriented visions and their concrete
implementation will be essential to ensure that future sensing-enabled 6G infrastructure
evolves in the form of socially aligned and ethically responsible perceptive networks.
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