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Essential patents 
IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web server (https://ipr.etsi.org).
Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become, essential to the present document.
Trademarks
The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.
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[bookmark: For_tbname]This Group Specification (GS) has been produced by ETSI Industry Specification Group Zero Touch Network and Service Management (ZSM).
[bookmark: _Toc455504136][bookmark: _Toc481503674][bookmark: _Toc482690123][bookmark: _Toc482690600][bookmark: _Toc482693296][bookmark: _Toc484176724][bookmark: _Toc484176747][bookmark: _Toc484176770][bookmark: _Toc487530206][bookmark: _Toc527985991][bookmark: _Toc19025620][bookmark: _Toc126401282][bookmark: _Toc136527520]Modal verbs terminology
In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions).
"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.




[bookmark: _Toc455504139][bookmark: _Toc481503677][bookmark: _Toc482690126][bookmark: _Toc482690603][bookmark: _Toc482693299][bookmark: _Toc484176727][bookmark: _Toc484176750][bookmark: _Toc484176773][bookmark: _Toc487530209][bookmark: _Toc527985994][bookmark: _Toc19025623][bookmark: _Toc126401283][bookmark: _Toc136527521]1	Scope
The work item will specify capabilities to support the combination of closed-loop automation with intents originating from ZSM consumers, focusing on intent-driven governance and coordination of closed loops. The scope of this work includes use cases, additional requirements related to intent-driven aspects of ZSM009-1, as well as procedures and information models. This work item will create a normative specification covering stages 1 and 2. It will also identify and describe additions to ETSI ZSM002 v1.1.1 and ETSI ZSM009-1 v1.1.1, as needed. Related work in ETSI, other SDOs and open-source projects will be considered and used where applicable.
Editor’s note: TODO: update scope description as document matures.

[bookmark: _Toc455504140][bookmark: _Toc481503678][bookmark: _Toc482690127][bookmark: _Toc482690604][bookmark: _Toc482693300][bookmark: _Toc484176728][bookmark: _Toc484176751][bookmark: _Toc484176774][bookmark: _Toc487530210][bookmark: _Toc527985995][bookmark: _Toc19025624][bookmark: _Toc126401284][bookmark: _Toc136527522]2	References
[bookmark: _Toc455504141][bookmark: _Toc481503679][bookmark: _Toc482690128][bookmark: _Toc482690605][bookmark: _Toc482693301][bookmark: _Toc484176729][bookmark: _Toc484176752][bookmark: _Toc484176775][bookmark: _Toc487530211][bookmark: _Toc527985996][bookmark: _Toc19025625][bookmark: _Toc126401285][bookmark: _Toc136527523]2.1	Normative references
References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references, only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.
Referenced documents which are not found to be publicly available in the expected location might be found at https://docbox.etsi.org/Reference.
NOTE:	While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee their long term validity.
The following referenced documents are necessary for the application of the present document.
[1]	ETSI GS ZSM 002: “Zero-touch network and Service Management (ZSM); Reference Architecture”.
[2]	ETSI GS ZSM 009-1: "Zero-touch network and Service Management (ZSM); Closed-Loop Automation; Part 1: Enablers "
[3]	ETSI TS 128 312 V17.3.1 (2023-04) " Intent driven management services for mobile networks (Release 17)".

[bookmark: _Toc455504142][bookmark: _Toc481503680][bookmark: _Toc482690129][bookmark: _Toc482690606][bookmark: _Toc482693302][bookmark: _Toc484176730][bookmark: _Toc484176753][bookmark: _Toc484176776][bookmark: _Toc487530212][bookmark: _Toc527985997][bookmark: _Toc19025626][bookmark: _Toc126401286][bookmark: _Toc136527524]2.2	Informative references
References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references, only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.
NOTE:	While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee their long term validity.
The following referenced documents are not necessary for the application of the present document but they assist the user with regard to a particular subject area.
[i.1]	<Standard Organization acronym> <document number><version number/date of publication>: "<Title>".
[i.2]	etc.
[bookmark: _Toc451532925][bookmark: _Toc527985998][bookmark: _Toc19025627][bookmark: _Toc126401287][bookmark: _Toc136527525][bookmark: _Hlk527028731]3	Definition of terms, symbols and abbreviations
[bookmark: _Toc451532926][bookmark: _Toc527985999][bookmark: _Toc19025628][bookmark: _Toc126401288][bookmark: _Toc136527526]3.1	Terms
For the purposes of the present document, the [following] terms [given in ... and the following] apply:
Editor’s note: TODO: where needed, provide definition of terms aligned with terminology used in industry and literature.

[bookmark: _Toc455504145][bookmark: _Toc481503683][bookmark: _Toc482690132][bookmark: _Toc482690609][bookmark: _Toc482693305][bookmark: _Toc484176733][bookmark: _Toc484176756][bookmark: _Toc484176779][bookmark: _Toc487530215][bookmark: _Toc527986000][bookmark: _Toc19025629][bookmark: _Toc126401289][bookmark: _Toc136527527]3.2	Symbols
[bookmark: _Hlk527022222]For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

[bookmark: _Toc455504146][bookmark: _Toc481503684][bookmark: _Toc482690133][bookmark: _Toc482690610][bookmark: _Toc482693306][bookmark: _Toc484176734][bookmark: _Toc484176757][bookmark: _Toc484176780][bookmark: _Toc487530216][bookmark: _Toc527986001][bookmark: _Toc19025630][bookmark: _Toc126401290][bookmark: _Toc136527528]3.3	Abbreviations
For the purposes of the present document, the [following] abbreviations [given in ... and the following] apply:


[bookmark: _Toc455504147][bookmark: _Toc481503685][bookmark: _Toc482690134][bookmark: _Toc482690611][bookmark: _Toc482693307][bookmark: _Toc484176735][bookmark: _Toc484176758][bookmark: _Toc484176781][bookmark: _Toc487530217][bookmark: _Toc527986002][bookmark: _Toc19025631][bookmark: _Toc126401291][bookmark: _Toc136527529]4	The concept of Intent-driven Closed Loops 
[bookmark: _Toc126401292][bookmark: _Toc136527530]4.1	Introduction
Editor’s Note: This clause introduces the concept of intent-driven Closed Loops.
Intents may be used as an abstraction among autonomous entities that need to work towards a common goal (the term autonomous entities is defined in ETSI GR ZSM011 [ZSM011]). As defined in ETSI GR ZSM011 [ZSM011], intents define goals, requirements, and constraints in a declarative form. Thereby, intents guide an autonomous network regarding expectations from the customer on service or network behavior.
The E2E SMD and MDs may support intent-based services as mentioned in ETSI GS ZSM002, 4.2.10 [1]. MDs that support intent handling operations shall use an intent management entity [ZSM011] (IME) for all intent-related management. The IME shall act as an intent-driven MnS consumer and/or intent-driven MnS producer. The IME as an MnS producer manages the intent life cycle.
In this document, the features/capabilities of IME functionality are identified, discussed and specified.
Editor’s note: Different loops may be needed to satisfy all needs in this specification. The default is closed loops as defined in ZSM009-1, but other characteristics may require a variety of loops (both intent-based and non-intent-based). TODO: Investigate and incorporate more details into this document about other needed loops, if necessary. 
IMEs shall leverage closed loops (CL) functionalities, e.g. specify a goal to a CL instance, as part of the intent life cycle management (LCM). CLs are key enablers for automating the configuration of networks and steering them towards the desired state, since a CL has the objective of achieving a specific goal by monitoring and regulating a set of managed entities. 
The present document focuses on combining the two concepts (intents and CLs). Both concepts are essential to realizing intelligent and autonomous networks by enabling the usage of intent LCM and closed loops to fulfil intents within the scope of the ZSM framework and enable intents to interact with CLs.
The information exchanged between two IMEs is: 1) the intent requirements (defined by the IME in the role of intent-driven MnS consumer) communicated to another IME (in the role of intent-driven MnS producer), and 2) the intent fulfilment report sent back by the latter.
[bookmark: _Toc136527531]4.1.1	LCM and closed loops to fulfil intents in ZSM
The IME (in the role of an intent-driven MnS producer) is aware of the system state through measurements, analytics, and other information available. The IME shall execute actions using CLs to handle the network resources to fulfil the requirements expressed by the intents. These actions shall be performed through conventional management interfaces or intent-based interfaces. Regarding intent-based interfaces, the IME shall define its requirements through consecutive intents and interact with IMEs between different MDs using intent LCM operations. The IME is responsible for managing such CLs, including their LCM.
Fig. 1 shows an example of using intent LCM for communication between different MDs within a management system based on the ZSM framework. The interaction starts with the E2E service MD receiving an intent from the ZSM framework consumer. Based on fulfilment purposes, the E2E service MD may decompose the intent into multiple intents and send these decomposed intents to different MDs (RAN, Core, Transport, etc.). By doing that, the E2E service MD shall assume the following roles: 1) intent-driven MnS producer of the intent originated at the ZSM consumer, and 2) intent-driven MnS consumer of the decomposed intents sent downwards to the specific MDs. After receiving the intent, each MD may use closed-loop automation mechanisms to fulfill it and report the fulfilment status to their corresponding intent-driven MnS consumers, thus closing the interaction loops.
[image: ]
Fig. 1 – Intent management entities interactions among different management domains in the ZSM architecture. 
The implementation of IMEs and the use of closed loops may be realized in different ways. However, a general challenge is how the IMEs shall interact with the specific logic within a management domain, in order to translate an intent, expressing expectations, into detailed technical configurations. 
[bookmark: _Toc126401293][bookmark: _Toc136527532]4.2	Examples of use cases
Editor’s Note: This clause discusses intent-driven closed loop use cases.
[bookmark: _Toc136527533]4.2.1 	Intents for eMBB slices
[bookmark: _Toc136527534]4.2.1.1 	Description
In the era of 5G and “5G-Advanced”, which 3GPP started to study and specify from Release 18, it is expected to enhance 5G specific capabilities such as eMBB, URLLC and mIoT. In regards to eMBB utilizing 5G network, CSPs can provide more high-speed communication environment not only for downlink communications, but also for uplink ones. This enhancement may make it easier for CSPs to provide eMBB network slices with customers more widely than current 5G.

In those situations, it is also expected that CSPs experience unknown anomaly status in the operator's network due to e.g., the drastic increase of traffic. To avoid failing to meet customers’ and operator’s expectations for eMBB service, i.e. “intents”, intent-driven closed loops can help CSPs detect those incidents promptly and identify the root cause and appropriate actions to be taken.
[bookmark: _Toc136527535]4.2.1.2 	Use case details
This use case can be done by the following procedure and closed-loop is adopted with intent-based:
[Pre-condition 1] A CSP is providing broadband network services to end users utilizing eMBB network slice(s).
[Pre-condition 2] SLA between a CSP and customers may be transformed as intents within a ZSM framework. In addition, CSP may give intent handler(s) their operational requirements (e.g., wants to reduce operational cost as much as possible without increasing power or to reduce the virtual servers when the number of active users are decreasing, or wants to increase customers’ satisfaction by replying to their claims as soon as possible, etc.) as intents.
1. While monitoring metrics (e.g., traffic data or QoE on users), E2E Service MD detects violation of SLA. [Monitoring stage of a CL]
2. By conducting intent-based analysis, an anomaly status such as a congestion in a MD is identified as a root cause of the violation. [Analysis stage of a CL] 
3. Based on the analysis, some candidates of resolution (e.g., scaling out of resources, switching the route of users’ traffic to more efficient one, etc,) are derived. [Analysis stage of a CL]
4. An intent handler within the MD decides which action should be taken to meet the intent most properly. [Decision stage of a CL]
5. Adopted execution is done. [Execution stage of a CL]
6. Upon the action is executed, the status of fulfilment of the intent is evaluated as defined in Clause 6.2.1.3.5 of ETSI TS 128 312 [3].

Editor’s note: Requirements related to this use case is expected to be provided in Clause 5..

[bookmark: _Toc136527536]4.2.2 	Intent-based closed loops in cross-domain management
This use case describes autonomous network operations based on the ZSM architecture involving an end-to-end management domain and different management domains. Operations begin with an intent expressing abstract business requirements. 
NOTE: For illustration purpose, throughout this use case, we consider the delivery of a cost-effective video service to a group of users. However, this use case is generic enough to be applicable to other types of services and other types of user requirements
The business-level intent specifies the type of video service, high-level preferences, such as cost-effectiveness, and the user group as the context. This business-level intent may be received by a BSS or any other system that is outside the scope of ETSI ZSM. This business-level system would translate the intent into a service-level intent that can be forwarded to an intent management entity (IME) that is under the scope of ETSI ZSM and is running at E2E MD level. This translation would involve some contextualization by interpreting and transforming the abstract business requirements into service-specific requirements and goals. 
Editor´s note: The definition of IME should be added in an introductory clause.
The ETSI ZSM framework allows any external authorized ZSM consumer to discover available IMEs and forward an intent to them. An IME in the E2E MD receives the service-level intent, and its primary objective is to deliver a service instance that satisfies that intent. In the illustrative example, a key aspect of this delivery process is the best distribution of application and network components across the network and cloud infrastructure. 
There are many possible ways of processing, fulfilling, and assuring the received intent; one common mechanism is with closed loops. The number of closed loops and their types employed by the IME is implementation-specific. One example of such intent-driven closed loop is described in ETSI ZSM009-3 clause 6.5.
During the process of finding a solution to fulfil the service intent, the closed loops employed by the IME (as the MnS producer) at the E2E MD will break down the requirements on the service into domain-level requirements per network component that is necessary to be deployed. For example, a network function would be required at a particular location with latency and bandwidth goals. This would help deliver the required user experience.
Executing the solution at the service level typically involves a service orchestrator that coordinates the execution of distributed actions. Some of these actions may involve sending decomposed intents to individual MDs that are intent-aware and have a domain-specific IME. The ETSI ZSM framework allows IMEs at different MDs (including the E2E MD) to exchange intents, that are related to customer intents.

In the example, we will focus on the intent-based management of a cloud-native function. The closed loops dealing with the service intent determine a solution that is primarily concerned with identifying all deployment functions and allocating to a data center. Deployment function candidates are still technology-agnostic, but we assume that there is a direct mapping from each function to some deployment artifact that can be understood by the orchestrator or virtualization manager of the management domain.
Ultimately, the decomposition of the business-level intent provides a service instance design that is broken down into locations (such as data centers and transport paths), deployment artifacts (represented by Helm diagrams, for example), and initial resource allocation in terms of bandwidth, QoS class, storage, and so on.
Once the service is instantiated according to the preferred solution, information becomes available that enables service monitoring. This means that the intent-based closed loop(s) that was initially aiming at service fulfilment will be transformed into (or replaced with) specific closed loops with assurance goals that will be responsible to take corrective action when the intent requirements do not match the measured system state.

[bookmark: _Toc126401294][bookmark: _Toc136527537]5	Requirements for intent-driven Closed Loops 
Editor’s Note: This clause defines the requirements relevant to intent-driven Closed Loops within the ZSM framework architecture.
INT-Req-1 – The ETSI ZSM framework shall expose intent-driven management services to authorized ZSM consumers.
INT-Req-2 - The ETSI ZSM framework shall provide discoverability of the intent-driven management capabilities offered to authorized ZSM consumers.
INT-Req-3 - The ETSI ZSM framework shall provide the registration service for intent management entities to register their intent management capabilities.
NOTE: Examples of intent management capabilities are, among others, the scope of management, the supported intent modelling, intent-based interface operations.
INT-Req-4 – The ETSI ZSM framework shall support the capabilities to process, fulfil and assure intents.
INT-Req5 - The ETSI ZSM framework shall support the capabilities to allow ZSM consumers to state intents as a set of expectations, including requirements, goals, and constraints


[bookmark: _Toc126401295][bookmark: _Toc136527538]6	Procedures, Governance and Coordination of intent-driven Closed Loops
[bookmark: _Toc126401296][bookmark: _Toc136527539]6.1	Procedures for intent-driven closed loops
Editor’s Note: This clause defines the procedures for intent-driven Closed Loops.
[bookmark: _Toc126401297][bookmark: _Toc136527540]6.2	Governing an intent-driven closed loop
Editor’s Note: This clause defines the governance for intent-driven closed loops.  
[bookmark: _Toc126401299][bookmark: _Toc136527541]6.3	Coordination among intent-driven closed loops
[bookmark: _Toc126401300]Editor’s Note: This clause defines the coordination among intent-driven closed loops. 

[bookmark: _Toc126401301][bookmark: _Toc136527542]7	Information Model for intent-driven Closed Loops.
Editor’s Note: This clause defines the information models for intent-driven Closed Loops.

[bookmark: _Toc126401302][bookmark: _Toc136527543]8	Additional Services and Capabilities
[bookmark: _Toc126401303][bookmark: _Toc136527544]8.1	Existing Services
Editor’s Note: This clause maps to existing services.
[bookmark: _Toc126401304][bookmark: _Toc136527545]8.2	Additional Services
Editor’s Note: This clause defines additional services to ETSI GS ZSM 002 [1] relevant to intent-driven Closed Loops within the ZSM framework architecture identified in Annex A.





[bookmark: _Toc126401305][bookmark: _Toc455504149][bookmark: _Toc481503687][bookmark: _Toc482690136][bookmark: _Toc482690613][bookmark: _Toc482693309][bookmark: _Toc484176737][bookmark: _Toc484176760][bookmark: _Toc484176783][bookmark: _Toc487530219][bookmark: _Toc527986004][bookmark: _Toc19025633][bookmark: _Toc136527546]Annex A (informative): Analysis of ETSI ZSM GS 009-1 and ETSI ZSM GS 002 (and other relevant ETSI ZSM specifications and ETSI ZSM reports). 

Editor’s Note: This clause identifies the gaps in the enabling closed loops areas such as Governance, Coordination, Services, Architecture, etc. that need to be addressed for realizing intent-driven closed loops. 
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Change History
	Date
	Version
	Information about changes

	02-2023
	0.0.1
	Approval of work item skeleton

	02-2023
	0.0.2
	Text adjustments based on discussions in the ZSM#22 meeting.

	06-2023
	0.0.3
	Incorporated contributions:
· ZSM(23)000015r3 ZSM016 - Intent-based closed loops in cross-domain management
· ZSM(23)000076r1 ZSM016 Use case: Intents for eMBB slices
· ZSM(23)000065r4 ZSM016 - Intent-driven Closed Loops Introduction
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