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Abstract: The convergence of artificial intelligence (AI) with the physical world is reshaping the future of intelligent systems through real-
time perception, interaction, and control within physical environments. To support this new paradigm, 6G networks are envisioned as critical 
enablers, offering ultra-low latency, high reliability, and service-aware intelligence to facilitate seamless human-machine collaboration. This 
paper proposes a functional framework that integrates Agentic AI into the 6G architecture, introducing the concept of Agentic AI-Enabled 6G 
Network Services (AA6NS). In this framework, user intents are translated and processed across the application layer, core network (CN), and 
radio access network (RAN), where Agentic AI dynamically manages task-level quality of service/quality of experience (QoS/QoE), orches⁃
trates multi-device service groups, and enables real-time network adaptation. The proposed architecture with the new 6G techniques estab⁃
lishes a foundation for future physical AI applications across domains such as autonomous mobility, smart manufacturing, and remote robotics.
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1 Introduction

The rapid proliferation of intelligent devices, the increas⁃
ing complexity of digital ecosystems, and the emer⁃
gence of new paradigms, such as next-generation wire⁃
less communication networks, the industrialization of 

intelligent agent devices, and ubiquitous artificial intelligence 
(AI), are stretching the limits of 5G capabilities.  6G networks 
are envisioned to address these challenges and serve as an 
intelligence-native infrastructure that supports real-time 
decision-making, automation, and context-awareness[1–2].  The 
transition to 6G is expected to further intensify these dynamic 
changes, placing higher demands not only on network manage⁃
ment, optimization, and operational control, but also on en⁃
abling a user-centric ecosystem in the real physical world.  As a 
result, the integration of AI with 6G networks has emerged as a 
transformative trend in networking[3].

During the 5G-A phase, by embedding AI capabilities 
across various network layers, AI/machine learning (AI/ML) 
functions have gradually found deployment in various net⁃
work optimization use cases, including load balancing, en⁃
ergy saving[4], mobility optimization, network slicing, cover⁃

age and capacity optimization[5], channel state information 
(CSI) prediction, beam management, and positioning[6]. The 
6G era demands a new AI paradigm—one that is not just 
embedded into the network but is native to it, capable of au⁃
tonomous decision-making across distributed and multi-
agent environments[7]. Ref. [8] introduces a novel frame⁃
work to integrate Agentic AI with 6G networks to enable 
self-design, self-running, self-reflection, and self-recycling 
in the 6G core network (CN).

A new technological leap—physical AI—is emerging[9], 
where AI is no longer confined to the digital realm but increas⁃
ingly integrates with the physical world. This paradigm envi⁃
sions AI systems that can perceive, interact with, and influ⁃
ence the physical environment in real time. Physical AI en⁃
ables intelligent interaction with the real world through sys⁃
tems such as robotic controllers, autonomous machines, and 
AI agents. In this context, future 6G networks can serve as a 
critical enabler, acting as the infrastructure layer that seam⁃
lessly connects humans, AI agents, and machines. By provid⁃
ing ultra-low latency, high reliability, and service-aware intel⁃
ligence, 6G networks can facilitate real-time, bidirectional 
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communication between AI and physical systems, paving the 
way for seamless human-machine collaboration in domains 
such as smart manufacturing, smart transportation, smart 
healthcare, and remote robotics.

While current intelligent 5G networks and conceptual 6G 
AI architectures have made progress in integrating AI for net⁃
work optimization, they lack real-world implementations and 
practical use cases involving cross-layer collaboration of Agen⁃
tic AI. The absence of cross-layer AI agent collaboration hin⁃
ders the realization of ubiquitous intelligence in 6G—a net⁃
work that can autonomously understand, reason, and act. Moti⁃
vated by these limitations, we propose a novel framework: 
Agentic AI-enabled 6G Network and Service (AA6NS). This 
architecture envisions the 6G network as a key component to 
achieve full-domain integrated AI within the network infra⁃
structure that supports:

• Intent-driven service orchestration, where the network in⁃
terprets high-level user intents and dynamically translates 
them into the service-aware information for cross-domain 
transfer;

• Adaptive real-time quality of service (QoS) management, 
allowing the network to proactively adjust network parameters 
in response to changing user goals and real-time environmen⁃
tal conditions;

• Task-level agent group management, enabling the dy⁃
namic formation and coordination of service groups to accom⁃
plish complex, multi-step tasks.

The remainder of this paper is structured as follows. Section 
2 introduces the concepts of Agentic AI and AI agents, and re⁃
views related work on AI/ML for next-generation radio access 
networks (NG-RAN) from the standard perspective. Section 3 
presents the proposed integration framework for enabling 
Agentic AI in 6G networks and Section 4 describes a set of 
representative scenarios demonstrating the capabilities of the 
proposed AA6NS. Finally, Section 5 outlines the key technolo⁃
gies for future research and concludes the paper.
2 Background and Related Work

An AI agent is an automated, intelligent entity capable of 
interacting with its environment, acquiring contextual informa⁃
tion, reasoning, self-learning, decision-making, and executing 
tasks, either autonomously or in collaboration with other AI 
Agents, to achieve a specific goal, as defined in 3GPP SA1 
WG[10]. They can function across a wide range of domains, 
from autonomous vehicles to intelligent personal assistants, 
embodying behaviors with decision-making processes similar 
to those of humans.

Furthermore, Agentic AI refers to an autonomous, goal-
oriented functional framework that empowers AI agents to per⁃
ceive, reason, plan, and execute actions in dynamic environ⁃
ments. It provides the capability to orchestrate heterogeneous 
demands through intent-driven, multi-step tasks, involving 
multi-agent cooperation and autonomous optimization. The 

comparison between an AI agent and Agentic AI is summa⁃
rized in Table 1.

Agentic AI represents a transformative shift in the design 
and deployment of intelligent systems. By equipping AI agents 
with autonomy, adaptability, and multi-agent collaboration ca⁃
pabilities, Agentic AI moves beyond the limitations of tradi⁃
tional AI, enabling intelligent behavior in unpredictable, real-
world physical environments.
3 Integration Framework for Agentic AI 

in 6G
During the AI/ML for the NR-RAN phase of 3GPP 5G-A, 

the topic “AI/ML for NG-RAN” has been discussed from Re⁃
lease 17 through the current Release 20. The functional 
framework for RAN intelligence (as shown in Fig. 1a) and AI/
ML-assisted use cases have been studied and specified in 
RAN3[11]. Additionally, RAN1 and RAN2 have designed 
their own functional frameworks for RAN intelligence on the 
air interface, as shown in Fig. 1b[5]. RAN3 focused more on 
data transmission, e.g., input, output and feedback, between 
AI/ML functions, while RAN1, besides data transmission, 
also emphasized model management within the lifecycle man⁃
agement (LCM).

Since AI in future 6G networks requires multi-domain col⁃
laboration, considering AI/ML functions from only a single 
layer limits the research on Agentic AI in 6G. Therefore, 
based on the existing functional framework, we propose a new 
functional framework for RAN Intelligence that integrates AI/
ML data transmission, model management within LCM, and 
the increasingly important concept of Agentic AI in 6G.

Firstly, Agentic AI consists of several key components, en⁃
compassing the essential parts shown in Fig. 2.

• Perception: This enables the agent to perceive its network en⁃
vironment, allowing it to receive and process multimodal inputs 
such as text, images, audio, radio conditions or other data types.

Table 1. Comparison between AI agent and Agentic AI

Feature

Autonomy

Processing

Learning 
capability
Architec⁃

ture
Applica⁃
tion sce⁃
narios

AI Agent
Reactive (requiring spe⁃

cific inputs or condi⁃
tions to act)

Rule-based (relying on 
pre-defined processes)

Static (based on data 
for static modeling)

Single agent

Single-task execution

Agentic AI
Proactive (actively identifying inten⁃

tions and preventing problems)
Goal-oriented (autonomously optimiz⁃

ing strategies)
Dynamic (learning in real time from 
data and building knowledge bases 

across domains)
Multiple agents (including physical 
agents); orchestrating multiple agents
Collaboration with multiple agents 
across domains to handle complex 

and long-term tasks
AI： artificial intelligence 
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• Decision-making (Knowledge): This empowers the 
agent with autonomous decision-making and planning capa⁃
bilities, enabling it to handle and execute more complex 
tasks effectively.

• Knowledge storage: This provides the agent with 
memory functions, where internal storage holds the agent’s 
accumulated knowledge, skills, and experiences for refer⁃
ence and learning.

• Action: This equips the agent with the ability to interact 
with the network environment, allowing it to perform actions 

that, combined with perception, enable the 
autonomous completion of increasingly com⁃
plex tasks.

Agentic AI can be deployed in all do⁃
mains, including the CN, RAN and intelli⁃
gent end devices.

Given this, we depict a new functional 
framework (Fig. 3) for 6G by combining the 
existing frameworks and the AI agentic ar⁃
chitecture.

1) Data collection: This function provides 
input data to model training and model in⁃
ference functions.

• Training data: data needed as input for 
the AI/ML model training function.

• Monitoring data: data required for the 
management of AI/ML models or functional⁃
ities, including data retrieval from the net⁃
work environment to monitor the perfor⁃
mance of AI/ML models or functionalities.

• Inference data: data needed as input for 
the AI/ML model inference function.

2) Model training: This function performs 
AI/ML model training, validation, and test⁃
ing, generating model performance metrics 
that can be used as part of the model testing 
procedure. The model training function is 

also responsible for data preparation (e.g., pre-processing and 
cleaning, formatting, and transformation) based on the training 
data delivered by the data collection function, if required.

3) Model inference: This function generates outputs by apply⁃
ing AI/ML models or functionalities, using inference data pro⁃
vided by the data collection function as input. Similar to train⁃
ing, this function handles necessary data preparation (e.g., pre-
processing and cleaning, formatting, and transformation) for 
the inference data.

Trained/updated model

Figure 1. Functional framework for (a) RAN intelligence and (b) air interface

(a)

(b)

AI: artificial intelligence    RAN: radio access network     UE: user equipment
Figure 2. Agentic AI architecture in 6G
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• Model storage/update: Trained or updated models are de⁃
livered to the management and storage function. Trained mod⁃
els are stored awaiting invocation, while updated models re⁃
place existing ones.

4) Management and storage: This function oversees the op⁃
eration and monitoring of AI/ML models or functionalities, 
including the management of model training and inference, 
as well as orchestrating model collaboration between network 
elements. It also includes knowledge storage. For example, 
in a distributed learning architecture, this function coordi⁃
nates the training and inference processes across various net⁃
work elements.

• Model retraining request: Based on model perfor⁃
mance feedback and monitoring data, model retraining can 
be triggered if the model’s performance does not meet the 
requirements.

• Model deployment/update: It is used to initially deploy a 
trained, validated, and tested AI/ML model to the model infer⁃
ence function or to deliver an updated model to the model in⁃
ference function.

Furthermore, compared with legacy AI/ML and Agentic AI, 
the short-term memory and long-term memory are critical for 
optimizing LLM performance. Therefore, the storage function 
here includes not only the AI/ML models but also the knowl⁃
edge storage.

5) Actor: This function receives the output from the model 

inference function or Agentic AI, and trig⁃
gers or performs corresponding actions. The 
actor may trigger actions directed toward 
other entities or the actor itself.

• Feedback: Information needed to derive 
training data and inference data, or to moni⁃
tor AI/ML model performance and its im⁃
pact on the network through key perfor⁃
mance indicator (KPI) updates and perfor⁃
mance counters.

6) Agentic AI: It refers to an autonomous, 
goal-oriented functional framework that em⁃
powers AI agents to perceive, reason, plan, 
and execute actions in dynamic environ⁃
ments, particularly in complex network sys⁃
tems. Agentic AI integrates advanced capa⁃
bilities for model training and inference to en⁃
able real-time perception of the network envi⁃
ronment. These models are grounded in a 
knowledge base and prior knowledge. Given 
that, Agentic AI can iteratively dynamically 
refine its decision-making, adapt to uncertain⁃
ties, and orchestrate multi-entity collabora⁃
tions to fulfil complex tasks.
4 Agentic AI-Enabled 6G Net‑

work and Service
Based on the concept of Agentic AI and the proposed Agen⁃

tic AI functional framework above, AA6NS is proposed as a 
new paradigm to empower a user-centric ecosystem with Agen⁃
tic AI. From a customer perspective, users can directly sub⁃
scribe on-demand to personalized services provided by one or 
more Agentic AI-enabled service groups from operators or au⁃
thorized service providers. Communities, schools, and airports 
utilize Agentic AI-enabled service groups to provide sub⁃
scribed or customized services, as illustrated in Fig. 4.

For operators, AA6NS enables a transformative shift from tra⁃
ditional bit-pipe models to value providers through task- and 
attribute-based charging, e.g., billing based on device groups or 
AI compute usage. It supports multi-device collaboration via 
group capabilities and ensures security through a native, end-to-
end 3GPP 6G security framework. For consumers—both busi⁃
nesses and individuals—AA6NS offers cost-effective deploy⁃
ment by orchestrating devices with specific capabilities (e. g., 
video, audio, flight capability, diving capability) instead of rely⁃
ing on expensive “do-it-all” devices. This approach enables 
proactive, always-on services, plug-and-play operation, service 
context-awareness, and flexible, customizable subscription mod⁃
els tailored to individual needs.
4.1 Applicable Scenarios

AA6NS supports a wide range of application scenarios in 
our daily lives. The following examples illustrate the capabili⁃

Figure 3. Functional framework for RAN intelligence in 6G
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ties of the AA6NS.
1) Last meter delivery
In a 6G-enabled smart community as shown in Fig. 5, a 

user’s natural language command, like “bring the package 
from the locker to my home”, is instantly interpreted by the 
network into a precise, service-aware task with defined la⁃
tency and security needs. Recognizing access restrictions, 
the system dynamically assembles an Agentic AI service 
group, e.g., a public robot for outdoor deliv⁃
ery and a private home robot for indoor 
handling, automating task distribution with⁃
out user intervention. The network continu⁃
ously adapts to real-world conditions. For 
instance, if it starts raining, it proactively 
updates robot behavior and allocates extra 
network and compute resources to maintain 
delivery speed, precision, and synchroniza⁃
tion, ensuring seamless, end-to-end task 
execution from high-level intent to physi⁃
cal fulfillment.

2) Collaborative safe care
In this scenario, an elderly user is safe⁃

guarded by a dynamic Agentic AI service 
group, including a smartwatch, robot compan⁃
ion, and integrated sensing and communica⁃
tion (ISAC) sensor, driven by the high-level 
intent of ensuring continuous safety. When 
the user is distracted during a conversation 
and approaches a slippery surface, the ISAC 
device detects the risk and correlates it with 

the user’s behavior. As shown in Fig. 6, the 
system triggers a rapid, coordinated re⁃
sponse: devices communicate via ultra-low-
latency wireless technologies, e.g., Device-to-
Device (D2D) or network-assisted communi⁃
cation, to relay a hazard warning to the user. 
The accompanying robot then executes a real-
time action to ensure user safety, which pre⁃
vents accidents through proactive, autono⁃
mous collaboration within the group via 6G 
networks.

3) Emergency rescue
In a critical situation where a user suf⁃

fers a sudden cardiac event, the local Agen⁃
tic AI service group, initially just a smart⁃
watch and support robot, detects the 
anomaly. The 6G network interprets the 
high-level intent as “Immediate Life Pres⁃
ervation” and translates it into actionable 
service needs, such as rapid automated ex⁃
ternal defibrillator (AED) delivery. The sys⁃
tem in Fig. 7 dynamically expands the ser⁃
vice group by recruiting a nearby delivery 

drone, which is allowed to override its original task. It recon⁃
figures network resources for ultra-low latency and priori⁃
tizes control and video streams. The drone autonomously re⁃
trieves an AED and navigates the optimal route to the user, 
enabling a rapid, coordinated life-saving response.

Furthermore, all the above tasks can be regarded as indi⁃
vidual subscription-based paid services or packaged as a 
whole subscription-based paid service, such as a “24-Hour 

3GPP 6G network

Figure 4. User-centric 6G ecosystem: empowering all scenarios with Agentic AI-enabled 6G 
networks and services

AI: artificial intelligence

CN: core network     NW: network     RAN: radio access network
Figure 5. An illustration of last meter delivery
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Community Butler”. Users can directly subscribe to the ser⁃
vice from operators or community property management, ulti⁃
mately shaping a future society where all physical agents col⁃
laborate to serve people and fulfill user intents.
4.2 Architecture

By combining the proposed functional framework for RAN 
intelligence with the concept of AA6NS, the overall architec⁃
ture integrated with Agentic AI is shown in Fig. 8. As ex⁃
plained above, customers first subscribe to the AA6NS from 
operators or third-party service providers (e. g., community 
property management, hospitals, and factories). Then, custom⁃
ers input intent requests to the application layer, which trans⁃
lates and forwards the intent to the 6G network leveraging the 
Agentic AI. After that, the 6G CN further analyzes the intent, 
triggers the corresponding protocol data unit (PDU) sessions 
toward multiple end devices, and provides the service-aware 
information to the RAN. Particularly, Agentic AI is deployed 

in each layer of the 6G network, facilitating knowledge shar⁃
ing across domains. Thus, upon receiving service-aware infor⁃
mation, the RAN can dynamically manage the real-time task-
level QoS, perform the corresponding PDU sessions, monitor 
the task level QoS/QoE performance, and manage the collabora⁃
tive Agentic AI-enabled service groups (e. g., express delivery, 
auto parking, intelligent care) to realize consumer intents. Agen⁃
tic AI-enabled services are inherently performed with multiple 
tasks by multiple devices, which may require coordinated inter⁃
actions among devices with differentiated capabilities within a 
service group. Task-associated PDU sessions are orchestrated 
accordingly, each provisioned with legacy QoS and task-level 
QoS parameters. Customers can also provide service quality 
feedback through the application layer. Network performance 
feedback and user performance feedback information can be 
collected within 6G networks and used for service quality evalu⁃
ation or as part of the knowledge information.
4.3 Potential Technical Features

As previously discussed, the Agentic AI on applications 
may invoke 3GPP services based on the intent. In contrast, 
Agentic AI on 6G networks may provide the 3GPP service to 
customers or third parties based on the received service re⁃
quest, which will be triggered in the form of one or multiple 
task-associated PDU sessions towards one or multiple devices.

The 6G CN is capable of further analyzing intents from the 
application layer and triggering the corresponding PDU ses⁃
sions toward multiple devices. As shown in Fig. 9, an Agentic 
AI-enabled service group is initiated based on the translation 
of user intents, service requirements and device capabilities.

To support AA6NS, the 6G network shall support the follow⁃
ing basic functions: authorization and registration of task de⁃
vices, service-aware information exposure, task-associated 
PDU session management and task-level QoS/QoE monitoring, 
and service group management, as illustrated in Fig. 10.

Agentic AI-enabled end devices report service capability in⁃
formation to the CN, which performs authorization and config⁃
ures the set of allowed tasks for each device. Either the CN or 
the device may initiate service requests to establish a PDU 
session corresponding to certain tasks to achieve a specific 
Agentic AI enabled service. When the Agentic AI-enabled ser⁃
vice is activated, service-aware information may be provided 
to the RAN for network performance monitoring and dynamic 
management of service group devices to meet specific task re⁃
quirements. Task-associated PDU session management also in⁃
cludes PDU session setup, modification, and release. When 
the task-level QoS cannot be fulfilled, the RAN may also trig⁃
ger the notification towards the CN. Additionally, task-level 
QoE/QoS monitoring for real-time status and performance 
tracking is also supported.

In addition, Fig. 11 illustrates the group management proce⁃
dures. Initially, all participating devices join the Agentic AI-
enabled service group, with Device1 and Device2 successfully 

Figure 6. Collaborative safe care

CN: core network     RAN: radio access network

Figure 7. Emergency rescue
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establishing task-level PDU sessions. Based on the data col⁃
lected from devices and the network, the 6G network deter⁃
mines that Device2 is deemed no longer suitable for its as⁃
signed task. As a result, the 6G network initiates the establish⁃
ment of a new task-level PDU session for Device3, and subse⁃
quently releases the PDU session associated with Device2.

Privacy and security protection is essential, especially as 
Agentic AI makes autonomous decisions based on sensitive 
user data. Techniques such as confidential computing, feder⁃
ated learning, and zero-knowledge proofs can enhance data 
protection, while subscriber identity module (SIM) identities 
ensure actions are traceable and auditable. This framework fa⁃

cilitates secure access control and ensures that only autho⁃
rized device can interact on behalf of consumers.

The above outlines the technical features that we believe 
6G networks need to possess in the future to support the pro⁃
posed AA6NS.
5 Conclusions

The emergence of Agentic AI marks a transformative shift 
in the AI paradigm, bridging the gap between the digital and 
physical worlds. By enabling real-time perception, interaction, 
and actuation within the physical environment, 6G networks 
will play a foundational role as the intelligent infrastructure that 

Figure 8. Architecture of Agentic AI‑enabled 6G networks and system

AI: artificial intelligence      RAN: radio access network

AI: artificial intelligence        PDU: protocol data unit
Figure 9. Relation between Agentic AI-enabled service group and tasks
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connects humans and Agentic AI-enabled machines through 
ultra-reliable, low-latency, and service-aware communication.

The proposed functional framework for RAN intelligence 
and the concept of AA6NS illustrate how future networks can 
dynamically manage intent-driven Agentic AI-enabled ser⁃
vices. By utilizing Agentic AI across all layers of the 6G archi⁃
tecture, the network can interpret user intents, orchestrate 
multi-device and multi-step task execution, and ensure real-

time task-level QoS and QoE performance.
As 6G networks evolve to support AA6NS, key enabling ca⁃

pabilities—such as authorization and registration of task de⁃
vices, service awareness, task-associated PDU session man⁃
agement, task-level QoS/QoE monitoring, and service group 
management—become indispensable. Ultimately, this archi⁃
tecture lays the groundwork for a fully agentic, intelligent, and 
adaptive physical-digital ecosystem, where Agentic AI-

1. 4.  Uu+message

AI: artificial intelligenceCN: core network NAS: non-access stratumNGAP: next generation application protocol PDU: protocol data unitRAN: radio access network
Figure 11. Call flow on group management

AI: artificial intelligenceCN: core network NAS: non-access stratumNGAP: next generation application protocol PDU: protocol data unitQoE: quality of experience QoS: quality of serviceRAN: radio access network UE: user equipment

Figure 10. Examples of call flow on Agentic AI-enabled 6G networks and services
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3. 2 Uu+ message

(Task ID, task level QoS profile, task level QoS/QoE monitoring information)

1. 1.  NAS message
(Device capability, Agentic AI service capability)

0.  Initial access to networks

2. Service awareness information transmission

Device3 Device2 Device1 RAN CN

3. NGAP+ message
(Release task level PDU session)

0. All devices join the Agentic Al-enabled service group.  Device1 and Device2 have setup task level PDU sessions.

2. 6G networks setup the task level PDU session for Device3, based on the Device2 remaining task.

1. Based on received info, the network prefers to release Device2 session and setup session on Device3 to continue performing the task.

5.  The task continued by switching from Device2 to Device3 within the Agentic AI-enabled service group.

4. Uu+ message
(Release task level PDU session)

Task level PDU session release

1.  Authorization and Registration
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enabled networks and services can seamlessly meet human 
needs across diverse application scenarios, fulfilling the vi⁃
sion of a truly user-centric ecosystem.
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