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Abstract

Wth the gromh of optical network scale, the conplexity of network
operation and mai ntenance has increased dramatically. Enhancing the
intelligence |level of optical network operation and nmanagenment and
bui I di ng hi gh-1evel autononous optical networks have becone the
common vi sion of global operators. The devel opment of Al, especially
| arge Al nodel technol ogies, provides a feasible technical path for
real i zing autononous perception, decision-nmaking, analysis, and
execution. The existing ACTN architecture provides network
abstraction and control functions for optical networks but |acks

hi gher -1 evel autononmous capabilities.

Thi s docunent explores the introduction of Al based Network
Managenent Agent (NMA) functions into ACTN- based optical networks to
achi eve high-1level autonony of optical networks. It discusses the
ACTN- enhanced architecture of optical networks after the introduction
of NMAs, including key conponents, interaction relationships, new
interface requirenents in the enhanced architecture, as well as

typi cal use cases of agent-based aut ononpus operation and nmai nt enance
for optical networks. The docunent ains to i nprove the autonony

| evel of optical networks and pronote the realization of autononous
optical networks by extending the original ACTN architecture.

Di scussi on Venues
This note is to be renoved before publishing as an RFC
Di scussion of this docunment takes place on the Network Managenent
Qperations Wrking Goup mailing list (nmp@etf.org), which is
archived at https://mailarchive.ietf.org/arch/browse/ccanp/.
Source for this draft and an issue tracker can be found at

https://datatracker.ietf.org/doc/draft-zhao-ccanp-actn-optical -
net wor k- agent /.
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1. Introduction

Wth the enmergence and popul ari zati on of the SDN concept, [RFC8453]
proposed the ACTN architecture, which provides network abstraction,
service and connection control functions for optical networks and has
been deployed in nultiple operators’ networks. Currently, as the
scal e of optical networks continues to grow, the conplexity of
networ k Qperations and M ntenance (O&W has increased dramatically.
Exi sting existing existing optical network O%M nanagement systens are
conpl ex; scenarios such as optical network service provisioning and
fault handling require extensive manual involvenment, |eading to
complicated col | aborati on processes anmobng O&%M personnel and | ong
processing durations. Therefore, further enhancing the intelligence
| evel of optical network operation and nmanagenent, buil di ng hi gh-

| evel autonomous optical networks, and achieving the service
experience of "Zero-X' (zero waiting, zero failure, zero touch) and
"Sel f-X" (self-configuration, self-healing, self-optimzation) have
becone the common vision of global operators.

The devel opnent of Al, especially large Al nodel technol ogies,
provides a feasible technical path for realizing autononous

per ception, decision-making, analysis, and execution. As one of the
important forms of Al application inplementation, the concept of Al
Agent has gai ned extensive attention and recognition in the industry.
An Al Agent is defined as an intelligent entity capabl e of perceiving
the environnent, maki ng aut ononobus deci sions, and executing actions,
whi ch can gradual ly achi eve set goal s through i ndependent thinking
and tool invocation. The four core elenments of an Al Agent include
pl anni ng, tools, execution, and menmory. Myst current Al Agents are
based on Large Language Mddels (LLMs), i.e., LLM based Agents. The
rel ati onship between an Al Agent and a | arge nodel can be summari zed
as: Agent = large nodel + nmenory + planning + tool use.

Currently, the | ETF docunent [I-D.zhao-nnmop-networ k- managemnent - agent |
has proposed an Al Agent for network O&M managenent, which can
automatically performnetwirk state perception, task intent parsing,
task planni ng, decision-naking, and task execution. Based on user
task intent or preset goals, it enables closed-loop processing of
scenari o-ori ented network O%M nmanagenment tasks

Thi s docunent, building on the Network Managenent Agent (NMVA) concept
proposed in [|-D. zhao- nnop- net wor k- managenent - agent], explores the
introduction of NMA into the ACTN-based optical network architecture.
By enhancing the capabilities of the agent, it ains to inprove the
intelligent O&M managenment capabilities of optical networks and drive
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the realization of high-level autonony in optical networks. This
docunent will first discuss the enhanced ACTN architecture of optical
networks after the introduction of NMA, analyze in detail the key
conponents, interaction relationships, and new interface requirenents
in the new architecture, and provi de exanpl es of typical agent-based
aut ononobus O&M use cases for optical networks.

2. Term nol ogy

2.1. Acronyns and Abbreviations
Al: Artificial Intelligence
LLM Large Language Mbdel

NMA: Net wor k Managenment Agent, refers to Al based network managenent
agent

Agent: Specifically refers to NVA, i.e., the Al Agent for network
managenent .

2.2. Definitions
The docunent defines the follow ng terns:

Net wor k Management Agent (NMA): A network managenent entity built
based on M./ Al and equi pped with the autononous task processing
capabilities. It can automatically carry out network status
perception, task intent interpretation, task planning, decision-
maki ng and task execution operations based on user task intentions
or preset goals, so as to achieve cl osed-|oop processing of
scenari os-oriented network managenent tasks. For different
application scenarios, NVA can be subdivided into multiple
scenari o-oriented agents.

3. NMA-based enhanced ACTN architecture
3. 1. Enhanced ACTN architecture

The enhanced ACTN architecture for optical networks after the
introduction of NMA is illustrated in Figure 1 below. The Al agents
(i,e. NMA) are introduced within the ACTN architectural framework as
auxiliary conponents intended to augnment and assi st existing ACTN
functional entities, rather than to replace them |In alignhment with
this design principle, the NVAs are conceptual ly inplenmented as

desi gn conponents within the MDSC, PNC, or CNC, rather than as

i ndependent entities external to these controllers. The agents can
interact with existing ACTN functional conponents through
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Prot ocol (MCP).

This integrated design approach ensures backward conmpatibility with
the established ACTN framework and enabl es seanl ess interaction with

the existing ACTN interfaces and control |ogic.
o m o e +
| Enhanced CMC |
| B + - - - + - - - + |
| | NMVAL | | NMA2 | | NMA3 | |
| +-------- + - mm- oo + - mm- oo + |
Fom e Ao +
| (1) Ext ened CM
Fom e Vemmmmme e +
| Enhanced MDSC |
| +-------- + H---- oo - + H---- oo - + |
| | NMVAL | | NMA2 | | NMA3 | |
| +-------- + F---emma- + F---emma- + |
Fom e Ao +
| (2) Ext ended MPI
Fom e e e e e e e e aom +-----
o e e e e o o - L -------------------- + oo --V----+
| Enhanced PNC1 | |
| e + oo + | |
| | | boooo> NVA2 >----k ]| |
| | Original | | (5) +------ + | | | PNC2 |
| | Function | (4) +--"---+ (5) +---v--+ | | |
| | Modules <----- > NVAL >-------- > NVA3 | | | |
| +----a--- + S RS + S RS + | | |
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| (3) Ext ended SBI |
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Fi gure 1: NWA-based enhanced ACTN architecture
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The enhanced ACTN architecture includes the follow ng key entities:

NMA- enhanced CNC ( Cust oner
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3.

Zhao,

[ RFC8453], the CNC is responsible for transmitting the custonmer’ s
Virtual Network Service (VNS) requirenents to the network operator
via the CNC-MDSC Interface (CM). By integrating NVA entities
related to service scenarios at the CNC | ayer, it can address
operation and nanagenent needs specific to the service donain,
enhance the intelligence |evel of end-to-end service operation and
managenent, and enable intelligent service-domain capabilities
such as automated service provisioning and aut omated work order
flow.

NMA- enhanced MDSC (Mul ti-Domain Service Coordinator): As defined in

[ RFC8453], the MDSC undertakes core functions including nmulti-
domai n service coordination and network virtualization/
abstraction. By introducing NMA entities for cross-domain
scenarios at the MDSC | ayer, it can meet cross-domain O&M
managenent requirements, strengthen cl osed-1oop task processing
capabilities in typical scenarios, and inprove the efficiency of
optical network managenent and control

NMA- enhanced PNC (Provisioning Network Controller): As defined in

2

[ RFC8453], the Provisioning Network Controller (PNC) oversees
configuring the network el enents, nonitoring the topol ogy

(physical or virtual) of the network, and collecting infornmation
about the topology (either raw or abstracted). By integrating NVA
entities for single-domain scenarios (e.g., Fault Management NVA,
Servi ce Assurance NVA) at the PNC | ayer, it can address single-
domai n &M managenent needs and enhance the ability to handle
various network O&M tasks w thin the domain.

Enhanced ACTN i nterfaces

As shown in Figure 1, the architecture includes 5 types of
i nterfaces:

1.

Ext ended CM: The interface between CNC and MDSC. After

i ntroducing NVA entities at each |layer, the communication

requi renents between the original CM interfaces will be enhanced
fromtraditional transactional comunication to include agent-
oriented conversational comunication. The CM interface needs
to be extended to neet the requirenents of agent capability

i nvocation and interaction between upper and | ower |ayers.

Extened MPI: The interface between MDSC and PNC. Similar to CM,
after introducing NVA entities into MDSC and PNC, the origina

MPI al so needs to be extended to support agent capability

i nvocation and interaction between upper and | ower |ayers.
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3. SBI: The interface between PNC and physical network devices,
which is out of scope of ACTN di scussions.

4. Interfaces between NMAs and original functional nodul es at each
| ayer: These are internal systeminterfaces, which can be
i npl emented through private interfaces or interface solutions
such as MCP, and are not within the scope of discussion in this
docunent .

5. Interfaces between NMAs within sane | ayers: These are interna
systeminterfaces that can use private interfaces or genera
agent comuni cation interfaces (e.g., A2A, ACP, etc.), and are
out of scope of ACTN di scussi ons.

Since NMAs can be depl oyed on different controllers within the ACTN
hi erarchy, two possible inter-controller Al-agent comrunication
scenarios can be identified. For exanple, when there is a need for
di rect conmuni cation between NMAs in the upper-layer MDSC and those
in the | ower-layer PNC (A2A Communication), it will manifest as a
si ngl e conmuni cati on channel physically but multiple comunication
processes logically (i,e.including multiple A2A comuni cation
processes).

Figure 1 illustrates these scenarios between the MDSC and PNC (The
case between the MDSC and CNC is similar and omtted here for

simplicity).

As shown in Figure 1(a), when both the MDSC and PNC host Al agents,
they can conmunicate directly through agent-to-agent (A2A) protocols
(or other solutions). 1In contrast, when only one controller is

equi pped with an Al agent —as depicted in Figures 1(b) and 1(c)—the
agent comuni cates with the other controller, which |acks an agent,
via the existing ACTN MPI. For example, in Figure 1(b), the Al agent
residing on the MDSC uses a RESTCONF client to interact with the PNC
through MPI calls.
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Figure 2: Inter-controller
MDSC and PNC
4. Use cases
The ACTN architecture enhanced by NMA can effectively inprove the
automation and intelligence levels in typica
scenarios of optica
scenarios. Exanples of typica
1. Service Provisioning:
natural |anguage and to automate service design
and depl oynent processes.
2. Service Assurance
agreenments (SLAs),
prediction,
servi ce degradation.
Zhao, et al. Expires 23 April 2026
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3. Fault Handling: support anomaly detection, fault |ocalization,
root cause analysis, and generate fault repair solution to
accelerate fault resolution and inmprove network reliability.

4.1. Service provisoning
TBD
4.2. Service Assurance
TBD
4.3. Fault Handling
TBD
5. Security Considerations
TBD
6. | ANA Consi derations
Thi s docunent has no requests for | ANA action.
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