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Beyond Per-Request QoS: Coordinating Industrial Workflows with

B5G/6G Network Capabilities
Qize Guo, Bjoern Riemer, Tarik Taleb, Yan Chen, Hao Yu, and Hemant Zope

Abstract—Beyond-5G (B5G) and 6G networks are expected
to enable more complex industrial services, which often op-
erate according to multi-phase workflows with phase-specific
communication requirements. However, current interaction be-
tween applications and networks remains predominantly request-
driven: Quality of Service (QoS) is requested at each workflow
phase transition and evaluated independently, without explicit
consideration of upcoming demand or the network’s near-term
capability. This mismatch limits the ability of both sides to
plan ahead, often resulting in foreseeable incompatibilities, even
service disruptions. This article presents a capability-aware
coordination framework for workflow-based industrial services.
Within a bounded planning window, the network exposes the
QoS profiles it can sustainably support, while the industrial
side maps upcoming workflow phases to these disclosed capa-
bilities and submits the resulting demand trajectory for joint
assessment. The framework also supports coordinated updates
when network conditions change during execution. An industrial
video inspection case study on an operational 5G/B5G testbed,
complemented by large-scale simulation, illustrates that such
coordination can improve service continuity, reduce disruptive
rejections, and increase workflow completion under heavy load.
The results suggest that future industrial networking should
move beyond reactive per-request QoS handling toward forward-
looking, capability-aware, workflow-level coordination.

Index Terms—5G/6G industrial services, capability-aware co-
ordination, network slicing, QoS management, temporal struc-
ture.

I. INTRODUCTION

INDUSTRIAL operations across manufacturing, logistics,
energy, and other industrial verticals are increasingly or-

ganized as structured workflows comprising multiple phases.
Within these workflows, network services with assured Quality
of Service (QoS) are increasingly indispensable for the reliable
execution of phases such as inspection, control, real-time
collaboration, and closed-loop operations [1], [2]. However,
as these workflows progress, the QoS requirements often vary
significantly between phases [3], [4]. For example, a robotic
inspection workflow may involve lightweight telemetry during
routine patrol, high-throughput video during active inspection,
and moderate bandwidth during reporting. In such workflows,
the overall success of the process hinges on the coordinated
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completion of all phases, rather than on the isolated comple-
tion of individual phases.

Beyond-5G (B5G) and emerging 6G networks provide
strong support for differentiated QoS in network slicing
through mechanisms such as policy control and service ex-
posure [5]. These mechanisms are well suited for individual
QoS decisions at specific workflow phases. However, available
network capability usually evolves over time due to fluctuating
traffic load, varying radio conditions, and dynamic resource
sharing among concurrent services. Meanwhile, industrial QoS
demand also evolves as the workflow progresses from one
phase to the next. Under current practice, QoS interaction
remains predominantly request-driven, whereby applications
submit new requests at phase transitions, and the network
evaluates them against the instantaneous network capability.
This request-driven paradigm can determine whether the re-
quested QoS is supportable at the current phase, but cannot
guarantee the feasibility of QoS required by subsequent work-
flow phases. To mitigate the impact of this limitation, several
concepts and mechanisms have been developed. For example,
the 3rd Generation Partnership Project (3GPP) Alternative
QoS Profile [6] supports fallback to pre-configured profiles
when the current one becomes unsustainable. While effective
for reactive degradation handling, it neither discloses which
profiles are expected to remain supportable in the near term
nor accepts QoS requests expressed over a sequence of up-
coming workflow phases. Therefore, these mechanisms do not
resolve the limitation. To address this issue, QoS interaction
needs to evolve toward proactive coordination between near-
term network capability and evolving workflow demand. The
network should expose bounded near-term capability, while
the industrial application should express the evolution of its
QoS demands across upcoming phases, including acceptable
degradation options.

This article introduces a capability-aware coordination
framework for forward-looking QoS interaction in workflow-
based industrial services, targeting current B5G systems and
their evolution toward 6G networks. The framework is struc-
tured into three key constructs. A planning window defines
the finite future interval over which coordination is carried
out. Within this window, the network exposes a capability
envelope, namely the set of QoS profiles it expects to sustain
together with their validity bounds. Based on this exposed
capability view, the industrial application side constructs a
demand trajectory that maps upcoming workflow phases to
feasible profiles and specifies acceptable fallback options when
the preferred profile cannot be sustained. The framework
therefore enables workflow-level feasibility assessment and co-
ordinated adaptation across multiple upcoming phases, rather
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than treating each QoS request as an isolated decision.
The main contributions of this article are as follows:
• We identify the key limitation of current request-driven

QoS interaction for industrial workflows: it provides
no bounded forward-looking coordination scope within
which evolving workflow demand and near-term network
capability can be considered jointly.

• We propose a capability-aware coordination framework
built on three constructs, namely a planning window,
a capability envelope, and a demand trajectory, to sup-
port workflow-level feasibility assessment and structured
adaptation across upcoming workflow phases.

• Through a case study on B5G-based industrial video in-
spection and large-scale simulations, we demonstrate that
capability-aware coordination improves service continu-
ity and workflow completion compared with conventional
request-driven operation, especially under heavy traffic.

II. BACKGROUND AND RELATED WORK

We focus on a specific coordination problem between the
vertical industry and the mobile network: how to align evolv-
ing workflow QoS demand with near-term network capability
across multiple upcoming phases. This problem arises when
workflow phases impose different QoS requirements and net-
work capability varies over time. Existing work addresses parts
of this problem, but lacks workflow-level, forward-looking
coordination between the evolution of industrial QoS demand
and projected network capability.

One relevant line of work is resource reservation and service
renegotiation. Protocols such as Resource Reservation Protocol
(RSVP) [7] establish per-flow guarantees through signaling
across forwarding elements. Service Level Agreement (SLA)
lifecycle and renegotiation approaches [8] similarly support
bilateral adjustment of service parameters. These mechanisms
are important for reserving or modifying QoS profiles, but
they are not designed to coordinate upcoming workflow phases
against a bounded view of near-term network capability.

A second relevant line of work is intent-driven and agentic
networking [9]–[11]. These approaches improve how objec-
tives of applications are expressed, interpreted, and translated
into management actions. Their main contribution lies in
abstraction and automation. By contrast, the issue addressed in
this article is how to coordinate projected network capability
with the QoS evolution of a workflow during execution. In this
sense, the proposed framework is complementary: it provides a
structured coordination layer within which higher-level intent
or agentic functions may operate.

The proposed framework is aligned with recent 3GPP
developments. The Network Exposure Function (NEF) and
Policy Control Function (PCF) provide the architectural foun-
dation for application-network interaction [5]. Predictive QoS
notification, enabled by the Network Data Analytics Function
(NWDAF) [12], allows the network to anticipate QoS changes
for an active session and alert the application in advance.
However, this mechanism remains unidirectional and session-
scoped: it informs the application of possible degradation, but
neither accepts upcoming demand information from the appli-
cation nor supports workflow-level assessment across multiple

phases. Alternative QoS Profiles [6] support reactive fallback
when the current profile becomes unsustainable, but do not
disclose which profiles are expected to remain supportable in
the near term. At the API level, Quality on Demand (QoD)
enables applications to request QoS treatment for individual
sessions [13]. These mechanisms are important enablers, but
they do not provide a bounded view of near-term supportability
across upcoming workflow phases.

The target scope of the proposed framework is consistent
with many industrial deployments. We focus on workflows
with known phase structures and phase-specific QoS require-
ments, such as scheduled inspection, periodic patrol, and
batch processing. We also assume operation in fixed or well-
controlled coverage, as is common in factories and campus
networks, together with near-term network capability that can
be projected from current state and committed demand. These
assumptions make bounded capability disclosure meaningful
while remaining realistic for the intended application domain.
The framework is less suitable for highly ad hoc or human-
driven workflows whose phase structure or near-term network
supportability cannot be projected with sufficient confidence.

The proposed framework introduces a workflow-level coor-
dination layer on top of existing QoS interaction and service
exposure mechanisms, rather than replacing them. By com-
bining bounded capability disclosure, workflow-level demand
expression, and structured runtime adaptation, the framework
enables forward-looking coordination across multiple future
phases rather than isolated request-driven QoS handling.

III. COORDINATION FRAMEWORK

This section explains how the planning window, capability
envelope, and demand trajectory are realized through the
interaction between a network agent and industrial agents,
and how a two-stage protocol maintains their alignment during
workflow execution. Fig. 1 illustrates the architecture for one
network agent and one industrial agent for clarity. In practice,
one network agent can coordinate with multiple industrial
agents, each managing one or more concurrent workflows.

A. Network Agent: Capability Envelope Lifecycle

The network agent is responsible for the generation, mainte-
nance, and exposure of capability envelopes. Each capability
envelope provides the industrial agent with a bounded view
of the QoS profiles that can be sustained within the current
planning window, without revealing internal resource alloca-
tion or scheduling details. In networking terms, the capability
envelope is a scoped QoS supportability summary rather than
a raw bandwidth value: it may reflect bandwidth, latency, jitter,
reliability, validity bounds, and fallback options as supported
by the underlying network domains. The capability envelope
lifecycle comprises three functions: generation, consistency
maintenance, and scoped exposure.

Capability Envelope generation. The network agent contin-
uously monitors network-side supportability inputs through the
State Monitor, including RAN radio conditions and resource
availability, slice and GBR budgets, transport or core process-
ing margins, and policy constraints. Based on these inputs
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Fig. 1: Capability-aware coordination framework with a capability-bounded network agent and a phase-driven industrial agent.

and committed demand trajectories, the Feasibility Evaluator
projects which QoS pro�les can be sustained over the planning
window under current load. This projection forms an internal
capability timeline, namely a time-bounded view of support-
able pro�les and their validity bounds across the planning win-
dow. Because this timeline already re�ects admitted demand
trajectories from multiple industrial agents, each newly derived
capability envelope is consistent with existing commitments
rather than being evaluated in isolation. Generating envelopes
from a shared capability timeline therefore helps prevent over-
commitment when multiple work�ows share the same slice.

Capability Envelope consistency. The capability timeline is
updated whenever either side of the coordination problem
changes. When a new demand trajectory is admitted, the
corresponding commitment is recorded and the affected valid-
ity bounds are revised accordingly. When network conditions
evolve, for example due to capacity reduction, resource release
from neighboring work�ows, or changes in radio quality, the
Feasibility Evaluator re-assesses the active window. If a previ-
ously admitted trajectory segment can no longer be sustained,
the network agent triggers Stage 2 coordination for the affected
industrial agent. Consistency is thereby maintained proac-
tively: the network agent detects emerging con�icts before they
manifest as service disruption at subsequent phase transitions.

Capability Envelope exposure. From the capability timeline,
the network agent derives a capability catalog that orga-
nizes admissible QoS pro�les and their projected validity
intervals. The Capability Exposure function then scopes this
catalog for each industrial agent, producing an agent-speci�c
envelope that includes only the pro�les and bounds rele-
vant to that agent's planning window. Internal capacity plan-
ning, scheduling logic, cross-agent allocation decisions, and
domain-speci�c resource states remain hidden. The exposed
envelope thus provides the industrial agent with suf�cient
information to construct a feasible demand trajectory, while
keeping network-internal decision making encapsulated.

B. Industrial Agent: Demand Trajectory Lifecycle

Each industrial agent manages one or more work�ows and
maintains a demand trajectory for each. The demand trajectory
is a coordination object visible to the network agent: it encodes
selected QoS pro�les, phase ordering, expected durations,
business priority, and permissions for adaptation. Its lifecycle
comprises construction, validation, abstraction, and update.

Demand Trajectory construction. Starting from the work-
�ow phase structure maintained by the Work�ow State Tracker
and latest capability envelope cached after M1, the industrial
agent assigns a QoS pro�le to each upcoming phase within
the planning window. The Pro�le Selector chooses pro�les
that satisfy work�ow requirements while remaining within
the disclosed admissible set, taking into account degradation
tolerance, business priority, and whether the work�ow permits
pro�le upgrades or downgrades at phase boundaries. The result
is a draft pro�le assignment covering the full planning window.

Demand Trajectory validation. The Feasibility Checker val-
idates the draft assignment as a whole against the cached
envelope, ensuring that the selected pro�le sequence remains
consistent across the planning window. This work�ow-level
check avoids the failure mode of per-phase selection, in which
pro�les appear admissible individually but become infeasible
once the full sequence is considered over overlapping time
segments. Final con�rmation remains with the network agent,
but local validation helps avoid unnecessary renegotiation.

Demand Trajectory abstraction. Before submission, the in-
dustrial agent abstracts the validated assignment into a demand
trajectory suitable for network-side evaluation. The trajectory
retains phase ordering, expected durations, selected pro�les,
business priority, and upgrade or degradation permissions. It
hides work�ow-internal structure, including alternative execu-
tion paths, local decision rationale, and proprietary process
logic. This abstraction ensures that the network agent receives
the information needed for feasibility assessment and resource
con�guration, but no more. For example, the inspection tra-
jectory contains idle, routine patrol, active inspection, and
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Fig. 2: Two-stage coordination work�ow between the network
agent and industrial agent.

cooldown segments, each with an expected duration, preferred
pro�le, lower admissible pro�le, and adaptation permission.
The capability envelope then indicates which pro�les remain
supportable within the corresponding validity intervals.

Demand Trajectory update. When Stage 2 is triggered by a
capability noti�cation (M3), the industrial agent's Adaptation
Logic evaluates the impact of the change on the phases of
the demand trajectory. Depending on work�ow policy, it may
accept a lower admissible pro�le, temporarily downgrade a
non-critical phase to protect a higher-priority one, defer an
affected phase to a later interval where capacity is expected
to recover, or replan the remaining phase sequence altogether.
If resources become temporarily insuf�cient, the framework
therefore supports controlled fallback rather than abrupt ser-
vice failure. When capacity is restored, previously degraded
segments may also be resumed under updated constraints.
The revised demand trajectory is then re-validated against the
updated capability envelope and resubmitted through M4.

C. Two-Stage Coordination

The coordination protocol operates within the planning
window, a rolling window whose length is set by the network
agent according to how far ahead network capability can be
projected with suf�cient con�dence. The window typically
spans multiple work�ow phases and is long enough to cover
at least the next critical phase transition. As time advances,
expired segments are removed and newly projected capability
is appended. Industrial agents update their demand trajectories
accordingly to maintain alignment within the active window.
This rolling process provides continuous coordination without
requiring explicit session restart or repeated full renegoti-
ation. Accurate capability prediction enables precise plan-
ning and demand-trajectory management within the planning
window, while inaccurate prediction may cause suboptimal
pro�le assignment and more frequent runtime updates, such as
downgrades, upgrades, or trajectory revisions. Therefore, the
planning-window length, capability-update threshold, and no-
ti�cation policy should balance coordination accuracy, predic-
tion stability, and signaling overhead; M3 is triggered mainly
when validity bounds are crossed or admitted trajectories are
affected. Fig. 2 illustrates the two stages operating within this
window.

1) Stage 1: Feasibility Assessment: Stage 1 establishes
initial alignment between projected network capability and
work�ow demand. It begins with message M1, in which the
network agent discloses the capability envelope for the current
planning window. The envelope speci�es which QoS pro�les
the network can sustain, together with their validity periods
and associated capacity bounds. These bounds re�ect projected
capability under current resource allocation, existing service
commitments, and expected near-term capacity evolution.

Upon receiving M1, the industrial agent caches the capabil-
ity envelope and constructs a demand trajectory following the
lifecycle described above. It assigns a pro�le to each upcoming
phase, validates the sequence against the cached envelope, and
abstracts the result for submission. The demand trajectory is
sent in M2, carrying phase ordering, expected durations, se-
lected QoS pro�les, business priority, and permitted adaptation
ranges. This allows the network agent to assess whether the
demand sequence can be sustained over the planning window,
rather than evaluating each phase independently.

The network agent evaluates M2 against available resources
and existing commitments within the same planning window.
If the proposed demand trajectory is feasible, the network
agent con�rms the selection, records the demand trajectory
in the capability timeline, and applies the corresponding QoS
treatment through slicing and policy control mechanisms. The
industrial agent can then proceed with work�ow execution
under a jointly assessed plan. If the demand trajectory cannot
be fully supported, the network agent identi�es the affected
phases or time segments and moves to Stage 2.

2) Stage 2: Capability-Constrained Adaptation: Stage 2
restores alignment when network capability changes after
initial con�rmation, or when a previously con�rmed demand
trajectory can no longer be sustained. This may happen
because capacity has dropped, a higher-priority work�ow has
been admitted, or radio conditions have deteriorated.

When such a change is detected, the network agent sends
M3, a capability noti�cation that identi�es the affected phases
or time segments for which the current pro�le assignment is no
longer supportable. The noti�cation may also include admissi-
ble alternatives that remain feasible under updated conditions.
These alternatives do not prescribe a single response; instead,
they provide the industrial agent with a bounded capability
view for coordinated adaptation. In some cases, no admissible
alternative is available for the affected phase or time segment.

Upon receiving M3, the industrial agent evaluates the
impact on work�ow execution using its Adaptation Logic.
Depending on work�ow policy and the adaptation range
declared in the original demand trajectory, it may accept a
lower pro�le, downgrade a less critical phase to preserve a
higher-priority one, defer a delay-tolerant activity to a later
slot, or replan the remaining work�ow altogether. The revised
demand trajectory is re-validated against the updated capability
envelope and returned in M4.

Upon receiving M4, the network agent veri�es that the
updated demand trajectory is feasible under current conditions,
applies the revised QoS con�guration through slicing and
policy control mechanisms, and updates the capability time-
line accordingly. When a capacity reduction affects multiple
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