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Abst r act

Wth the growth of optical network scale, the conplexity of network
operation and mai ntenance has increased dramatically. Enhancing the
intelligence | evel of optical network operati on and managenent and
bui I di ng hi gh-1evel autonomous 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 zi ng 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 autononous capabilities.

Thi s docunent explores the introduction of Al based Network
Managenent Agent (NMA) functions into ACTN based optical networks to
achi eve high-1evel autonony of optical networks. 1t 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
typical use cases of agent-based aut ononpus operation and nai ntenance
for optical networks. The docunent ainms to inprove 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 docunent takes place on the Network Managenent

Operations Wrking Goup mailing list (nmop@etf.org), which is
archived at https://mailarchive.ietf.org/arch/browse/ccanp/.
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1. I nt roducti on

Wth the enmergence and popul ari zati on of the SDN concept, [RFC8453]
proposed the ACTN architecture, which provides network abstraction,
servi ce 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 Miintenance (O&VW) has increased dranatically.
Exi sting optical network O&M managenent systens are conpl ex;
scenari os such as optical network service provisioning and fault
handl i ng require extensive manual involvement, |eading to conplicated
col | aborati on processes anong O%M personnel and | ong processing
durations. Therefore, further enhancing the intelligence |evel of
optical network operation and nanagement, buil ding high-1eve

aut ononous optical networks, and achieving the service experience of
"Zero-X" (zero waiting, zero failure, zero touch) and "Self-X" (self-
configuration, self-healing, self-optimzation) have becone the
conmon vi sion of gl obal operators.

The devel opnent of Al, especially large Al nodel technol ogies,
provides a feasible technical path for realizing autononous
perception, decision-nmaking, analysis, and execution. As one of the
important forms of Al application inplenmentation, 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 ononmous deci sions, and executing acti ons,
whi ch can gradual ly achi eve set goal s through i ndependent thinking
and tool invocation. The four core elenents of an Al Agent include
pl anni ng, tools, execution, and menory. Mbdst 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 + nmemory + planning + tool use.

Currently, the | ETF docunent [I-D.zhao-nnmop-networ k- managenent - agent |
has proposed an Al Agent for network O&M managenent, which can
automatically performnetwork state perception, task intent parsing,
task planni ng, decision-naking, and task execution. Based on user
task intent or preset goals, it enables closed-|oop processing of
scenari o-oriented network O&M nmanagenent tasks.
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2.

2.

2.

3.

Thi s docunent, building on the Network Managenent Agent (NMA) 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 nmanagenent capabilities of optical networks and drive
the realization of high-level autononmy in optical networks. This
docunment will first discuss the enhanced ACTN architecture of optical
networks after the introduction of NMA, analyze in detail the key
components, interaction relationships, and new interface requirenents
in the new architecture, and provi de exanpl es of typical agent-based
aut ononous O&M use cases for optical networks.

Ter m nol ogy
1. Acronyns and Abbreviations
Al: Artificial Intelligence
LLM Large Language Mbdel

NMVA: Net wor k Management Agent, refers to Al based network managenent
agent

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

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 nmanagenent tasks. For different
application scenarios, NVA can be subdivided into multiple
scenari o-ori ented agents.

NMVA- based enhanced ACTN architecture
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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 franmework 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 NMAs 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 nodul es through standardized
protocol s such as the Management Control Protocol (MCP). This

i nt egrated design approach ensures backward conpatibility with the
est abli shed ACTN framework and enabl es seam ess interaction with the
exi sting ACTIN interfaces and control | ogic.
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Fi gure 1: NMWA-based enhanced ACTN architecture
The enhanced ACTN architecture includes the follow ng key entities:

NMA- enhanced CNC (Custoner Network Controller): As defined in
[ 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 nmanagenent needs specific to the service donain,
enhance the intelligence | evel of end-to-end service operation and
managenent, and enable intelligent service-donmain capabilities
such as automated service provisioning and aut omated work order
flow

NMA- enhanced MDSC (Mul ti-Dommin 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 requirenments, 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
[ 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-donmain scenarios (e.g., Fault Managenent NMA
Servi ce Assurance NVA) at the PNC | ayer, it can address single-
domai n O&M managenent needs and enhance the ability to handle
various network O8M tasks within the domain.

The nunber of NMAs within a controller is deploynent-specific.
However, when nultiple NMA instances are deployed on a single
controller, a agent proxy shall be deployed to manage Agent-to- Agent
(A2A) communication with agents external to the controller as shown
in Figure 2. The agent proxy is responsible for inplenenting the
enhanced CM on the MDSC and t he enhanced MPI on the PNC

respectively. In addition, it allows other NMAs within the
controller to register their capabilities and advertises those
capabilities on their behalf to external agents. It acts as a

gateway for other NMAs within the controller to comunicate with
external agents. This mechani sm standardi zes the access npde of

| ower |layer NMAs to the upper |ayer, avoids nulti-NVA access
conflicts, and inproves the manageability and scalability of inter-
| ayer NMA commruni cation. For sinplicity, the agent proxy is not
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depicted in all diagrans in this docunent. However, the
architectural diagranms defined herein assumes the presence of a agent
proxy in all controllers which containing multiple NVA instances.

R RSN +
I CNC I
| - +  ------- +  ------- +  H----- +
| | NVAL | | NVA2 | | NMVA3 | | o] |
| R e T e e S T ST T RS S
I I I I I I
| S RS I S S + -+ |
| ] Agent Proxy | ]
| . A L Ny +
o e e e e e a e oo | ---------------------- +
| Extended CM
e e e e e e e e e e oo 1 +
| MDSC |
| . +
| ] Agent Proxy | ]
| A PR B B +----+
I I I I I I I
| [ e R R S SR S T e |
I | | NVAL | | NMAZ | | NVA3 | | I I
| | +------ + -o----- + -o----- + - + |
R I e +
| Extended MPI
e R LT o e e e e o - - +
| PNC
Y +
| Agent Proxy |

T T o o R g

| NMAL | | NVA2 | | NVA3 | | ... |
T T oS St S S S S

Figure 2: Di agram of Agent Proxy in each |ayer
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The agents can interact with existing ACTN functi onal conponents

t hrough standardi zed protocols, for exanple but not limted to the
Management Control Protocol (MCP). Figure 3 depicts an exanple in
whi ch NMA i nstances on the PNC interact with existing ACTN functi onal
nmodul es. These functional nodul es may expose their capabilities
(e.g., TE Topology retrieval and OTN tunnel service creation) as APls
internal to the PNC. NMA instances, such as a service provisioning
agent, can invoke and consune these APIs via MCP. This integrated
desi gn approach ensures backward conpatibility with the established
ACTN framework and enabl es seaml ess interaction with the existing
ACTN interfaces and control |ogic.

N N
| Enhanced MPI | MPI
o e e e e e oo - o e e e e e e e e m o Fomm oo +
| PNC I I I
[ R R e + | |
| | Agent Proxy | |
| +------- e e +----- + | |
I I I I I I
| +------- [ S, + +----- +- - - - - + +------ +- - - - - + | |
| | Servi ce | | Service | | Faul t | | |
| | Provisioning | | Assurance | | Managenent | | |
| | Agent | | Agent | | Agent | | |
| +------- +o-o - - + - +----- + o----- +----- + | |
I I I I I I
| +------- R R +- - - - - + | |
| | MCP Server | |
I R N e eeeaaaa s Ao + | |
| | I'nternal API | |
I T R V--=---- + |
| | Exi sting ACTN Functi on Mdul es | |
| | +------------- S S SIS + H---- oo - + - - m oo - + ] |
|11 I I |11
| | | TE Topology | | OINDWM | | PCE | | Restconf | | |
| | | Managenent | | Tunnel | | Mdule | | Mdule | | |
[ || | | Managenment | | |1 [ ]|
| | o e e e e oo o + e e e m e o - + - - - + e e i e - - + | |
| | ||
I e I + |
o e o e o e e e e e e e e e e e e e e e e e meeoea—aoo- +

Figure 3: Sanple illustration of NMAs in PNC
3.2. Enhanced ACTN interfaces

As shown in Figure 1, the architecture includes 5 types of
i nterfaces:
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1. Extended CM: The interface between CNC and MDSC. After
introducing NMA entities at each | ayer, the conmuni cation
requi renents between the original CM interfaces will be enhanced
fromtraditional transactional communication to include agent-
oriented conversational communication. The CM interface needs
to be extended to neet the requirenents of agent capability
i nvocation and interaction between upper and | ower |ayers. The
extended CM nmaintains forward conpatibility and fully supports
all functional capabilities of the original CM interface,
ensuring that existing CNC/ MDSC devices and interaction |ogic
wi t hout NMA depl oynent can still work normally based on the
extended CM .

2. Extended MPI: The interface between MDSC and PNC. Sinilar to
CM, after introducing NVA entities into MDSC and PNC, the
original MPI also needs to be extended to support agent
capability invocation and interaction between upper and | ower
| ayers. The extended MPI nmintains forward conpatibility and
fully supports all functional capabilities of the original M
interface, ensuring that existing MDSC/ PNC devi ces and
interaction |ogic without NVA depl oynent can still work normally
based on the extended MPI

3. SBI: The interface between PNC and physical network devices,
which is out of scope of ACTN di scussions.

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

5. Interfaces between NVAs within sanme |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 this docunent.

Since NMAs can be depl oyed on different controllers within the ACTN
hi erarchy, two possible inter-controller Al-agent conmmunication
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
singl e conmuni cati on channel physically but multiple comunication
processes logically (i.e.including multiple A2A comuni cation
processes).
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Figure 4 illustrates these scenarios between the MDSC and PNC (The
case between the MDSC and CNC is simlar and onmitted here for
simplicity).lt should be noted that:

(1) The inter-controller NMA conmuni cation architecture based on
extended ACTN interfaces is forward conpatible: when an ACTN
controller at a certain |layer has no NVA depl oyed, the NVA at the
peer layer can still realize upper and | ower |ayer interaction with
the peer controller through the original Restconf interaction
nmechani sm based on extended CM/MPl, wi thout additional nodification
to the existing interface logic, as shown in Figure 4 (b)&(c).

(2) The MCP protocol marked in Figure 4 is only for schematic
illustration of the interface type between the NVA and ot her
functional nodules/tools in the controller. The docunent does not
limt the mandatory use of the MCP protocol for this type of
interface; other standard or private protocols that neet the inter-
nmodul e interaction requirements are all applicable. Al origina
functional nodules in the ACTN controller are regarded as too
components that can be invoked by the NMA, and the NMA can conplete
aut ononous task processing by calling the correspondi ng functiona
nmodul es according to the task requirenents.

(3) In Figure 4 a), when NMAs are deployed in both the MDSC and PNC

| ayers, conversational interaction between Agents can be directly
compl et ed through A2A comuni cati on between the two NMAs. However,
the original Restconf based MPI interface is still supported; that

is, the upper and | ower NMAs can al so issue and reply to instructions
via the original MPl interface using the Restconf server/client
mechanism simlar to Figure 4 b) and c). To avoid excessive
complexity in the figure, this is not separately depicted in Figure 4
a) .
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Figure 4: Inter-controller NVA comunication scenari os between
MDSC and PNC

4, Use cases

The ACTN architecture enhanced by NVA can effectively inprove the
automation and intelligence levels in typical Q&M nanagenent

scenari os of optical networks by building agents for different
scenarios. Conpared with the traditional ACTN architecture without
NMA, the NMA-enhanced architecture realizes the transformation of O&M
nmode from manual -driven, passive response to intelligent-driven,
active perception and cl osed-1o00op processing in each typical

scenario. The core advantages are reflected in the autonmatic parsing
of user intent, autononous task planning and execution, active risk
predi ction and handling, and the significant reduction of manual
participation in the O&M process. Exanples of typical application
scenari os include service provisioning, service assurance, and fault
handl i ng, and the capability enhancenent and processing flow
optinization of each scenario after adding NVA are described in
detail bel ow.
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4.1. Service Provisioning

The service provisioning agent may be depl oyed on the MDSC and the
PNC. One inportant use-case of this agent is to enhance the existing
optical service provisioning capabilities of ACTN by advanci ng toward
fully automated, intent-based networking. The existing MPlI, realized
via the RESTCONF protocol, provides a transactional interface
characterized by requestresponse interactions between the caller
(MDSC) and the callee (PNC). Furthernore, the service creation APls
are defined using pre-nodel ed YANG nodules. Wile suitable for
paraneteri zed service provisioning, this approach is not sufficient
to support an intent-based system as it constrains the

expressi veness and abstraction |level of service intent.

In contrast to a transactional interface, agent-to-agent (A2A)

conmuni cati on supports a bidirectional, conversational interaction
nmodel . In this nodel, the MDSC rmay convey hi gh-1evel, outcone-
oriented service intent to the PNC, and the PNC rmay respond with
status, constraints, alternative proposals, or requests for
clarification. Furthermore, the MDSC is not constrained to i nvoke
only the APIs pre-defined by the PNC. The A2A interface provides the
flexibility to express service requirenents that are not explicitly
nodel ed in the existing MI

The following Figure 5 illustrates an exanple of an OIN private

| eased |ine service creation via an A2A conversional interface. In
this exanple, the MDSC expresses a high I evel OIN service creation
intent (step 4), and the PNC responds with several possible routing
options for the MDSC to select (step 7). After a successful creation
of the OIN tunnel, the MDSC creates a custoni zed abstract TE topol ogy
(Step 12) and provides it to the PNC (Step 13) for subsequent
orchestration purposes. Such functionality, which is essential for
mul ti-domai n service orchestration, is not supported by the current
MPI specification.
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Figure 5: Sequence di agram of Service Provisioning Agent Use-case
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4.2. Service Assurance

Servi ce Assurance ensures that depl oyed services neet agreed
availability and performance objectives. |In traditional network
operations, assurance nechanisns are largely reactive, responding to
fault alarms rather than proactively preventing service degradation
A service assurance agent integrated into the ACTN framewor k enabl es
a transition toward a cl osed-1oop automation nmodel. In this nodel,
the agent continuously nmonitors the network’s observed state and
ensures alignment with the user-defined intent state.

The following Figure 6 illustrates a representative use case of the
service assurance agent. |In this exanple, the service assurance
agent depl oyed on the PNC retrieves the OIN service SLA (Step 1) from
the PCE and obtains network state information (Step 2) fromthe

t opol ogy manager. Based on this information, the agent fornul ates
the correspondi ng network telemetry nonitoring policy (Step 3) and
subscribes to telenmetry event change notifications fromthe network
el ements (NEs) accordingly (Step4). The NEs subsequently stream
real-tine telemetry data to the agent (Step 5). The agent anal yzes
this data in real time to detect and predict potential network
anonal i es before they occur (Step 6). |In the event that an anonmaly
is predicted which may inpact an existing OIN tunnel service, the
agent invokes the PCE to cal cul ate candidate alternative paths for
service rerouting (Step 7). These candi date paths are subsequently
provided to its peer agent on the MDSC (Step 8), which determ nes and
sel ects the optimal rerouting option (Step 9). Upon receiving the
sel ected rerouting option fromthe MDSC, the agent on the PNC i nvokes
the tunnel nanager to execute the reroute (Steps 10 and 11), thereby
conpl eting the cl osed-1oop operation
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I

I
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|

+

I

I

I

+—— +
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R e I |
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<-+ | |

| 7.call pce()
possi bl e [-------- >|
reroute paths | |
NSNS | |

I
|
I
I
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I
I
|
I

9.sel ect route| |

[------------- >| 10.call updateOTNtunnel () to
| | reroute the OTN service
[ I >| 11. OTN t unne

| | | | | reroute operation
| | 12.return operation result |------- >|
I

I

SRR SRRCEEEPEEELERERDEPEPEES | |
**Task finished** | | | |

oo oot e R S Fo---t oot

| Agent | | Agent | PCE | Topo Myr | Tunnel Myr| | NE |

Fomm o - + Fomm o - o e - o e - o e - + 4----+

Fi gure 6: Sequence di agram of Service Assurance Agent use-case on
OTN servi ce assurance
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4.3. Fault Handling

Fault handling enabl es the network to automatically detect anomalies,
| ocalize faults, performroot cause analysis, and generate targeted
repair solutions, thereby accelerating fault resolution and inproving
overall network reliability. In traditional OTN networks, fault
managenment is often nanual and fragnented, relying on operator
intervention to diagnose and remedi ate i ssues. By integrating a
fault handling agent into the ACTN framework, the network can
transition to a cl osed-1oop, automated fault nmanagenent nodel. This
nodel enabl es proactive fault detection, rapid root cause
identification, and automated repair actions, mninizing service
downti ne and enhanci ng user experience.

The following Figure 7 illustrates a representative use case of the
fault handling agent in an OIN network. In this exanple, the fault
handl i ng agent depl oyed on the PNC first receives a fault
notification (Step 1) fromthe network el enents (NES) indicating a
link failure in the OTN network. The agent then retrieves the | atest
net wor k topol ogy and service information (Steps 2 and 3) fromthe
topol ogy manager and PCE, respectively. Using this data, the agent
perfornms fault localization and root cause analysis (Step 4) to
identify the exact location and nature of the fault. Based on the
anal ysis, the agent generates a fault repair solution (Step 5), which
may involve rerouting affected OTN tunnel services. The agent then

i nvokes the PCE to calculate alternative paths for the affected
services (Step 6) and provides these paths to its peer agent on the
MDSC (Step 7). The MDSC sel ects the optimal rerouting option (Step
8) and instructs the PNC to execute the repair. The PNC then invokes
the tunnel nanager to reroute the affected OIN services (Steps 9 and
10), conpleting the closed-l1oop fault handling process.
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| 1.fault notification (OIN Ilink failure) |
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I >| for reroute execution | |
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Fi gure 7: Sequence diagram of Fault Handling Agent use-case on
OIN link fault

5. Security Considerations

TBD
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