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[bookmark: _Toc82849713]Summary
This is the output of draft M.il-AITOM “Intelligence Levels of AI enhanced Telecom Operation and Management” modified based on TD57R1, . Tthis draft proposed has made some modifications in the document as follows:
1) Add some references for the document in chapter 2.
2) Add some terms defined elsewhere in chapter 3.1., 
3) Ddelete somesome  terms defined in chapter 3.2, including “executable module” and “functional unit”.
4) , and Mmodify the definition of “action implementation” and “intent mapping” in chapter 3.2.
5) Modify Substitute “executable module” to “function block”, and modify “functional unit” to “function set” for the whole document.
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[bookmark: _Hlk34745656]Draft ITU-T Recommendation M.il-AITOM
Intelligence Levels of AI enhanced Telecom Operation and Management 
1. [bookmark: _Toc71273408][bookmark: _Toc446335261][bookmark: _Toc82849714]Scope
The draft Recommendation describes the method for evaluating intelligence levels of AI enhanced Telecom Operation and Management. This draft Recommendation could be used as a guideline for planning the evolution of intelligent operation and management systems. The scope is defined below.
· Definition and Classification rules of intelligence levels of AITOM.
· Evaluation method of Intelligence levels of AITOM.
· Architecture scenarios for integrating this method into the unified architecture defined in [ITU T M.3080]. 
· Typical use cases will be provided in Annex/Appendix.
2. [bookmark: _Toc446335262][bookmark: _Toc82849715]References
The following ITU-T Recommendations and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published. The reference to a document within this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.
[ETSI GR ENI 004]	European Telecommunication Standards Institute (2019), Experiential Networked Intelligence (ENI); Terminology for Main Concepts in ENI.
[ITU-T M.3010]	Recommendation ITU-T M.3010 (2000), Principles for a telecommunications management network.
[ITU-T M.3080]	Recommendation ITU-T M.3080 (2021), Framework of artificial intelligence enhanced telecom operation and management (AITOM). 
[ITU-T X.1257]	Recommendation ITU-T X.1257 (2016), Identity and access management taxonomy.
[ITU-T Y.3100]	Recommendation ITU-T Y.3100 (2017), Terms and definitions for IMT-2020 network.
[ITU-T Y.3173]	Recommendation ITU-T Y.3173 (2020), Framework for evaluating intelligence levels of future networks including IMT-2020.
Editor’s note: to be added.
3. [bookmark: _Toc71273411][bookmark: _Toc446335263][bookmark: _Toc82849716] Definitions
3.1. [bookmark: _Toc446335264][bookmark: _Toc82849717]Terms defined elsewhere
This Recommendation uses the following terms defined elsewhere:
[bookmark: _Hlk51849087]3.1.1	artificial intelligence (AI) [ETSI GR ENI 004]: Computerized system that uses cognition to understand information and solve problems.
NOTE 1 – ISO/IEC 2382-28 defines AI as "an interdisciplinary field, usually regarded as a branch of computer science, dealing with models and systems for the performance of functions generally associated with human intelligence, such as reasoning and learning".
NOTE 2 – In computer science AI research is defined as the study of "intelligent agents": any device that perceives its environment and takes actions to achieve its goals.
NOTE 3 – This includes pattern recognition, the application of machine learning and related techniques.
NOTE 4 – Artificial-intelligence is the whole idea and concept of machines being able to carry out tasks in a way that mimics human intelligence and would be considered "smart".
3.1.2	artificial intelligence pipeline [ITU-T M.3080]: A set of logical nodes, each with specific functionalities, that can be combined to form an artificial intelligence (AI) application in systems of telecom operation and management.
[bookmark: _Hlk51921767]3.1.3	artificial intelligence sandbox [ITU-T M.3080]: An environment in which artificial intelligence (AI) models can be trained and tested, and their effects on the network are evaluated.
3.1.4	capability customization [ITU-T M.3080]: Personalized capability, which does not exist in the capability directory, customized for external customers to meet their requirements.
3.1.5	common artificial intelligence model repository [ITU-T M.3080]: The part of the archive that contains and manages the artificial intelligence (AI) models, constructed by general algorithms, such as classification algorithms, and is thus responsible for the storage and preservation of the AI models.
[bookmark: _Hlk57982384][bookmark: _Hlk57966293]3.1.6	computing engine framework [ITU-T M.3080]: A framework which provides an operation environment or coding resources in the context of artificial intelligence (AI)-based applications or developments.
[bookmark: _Hlk53475249]3.1.7	customer-oriented marketplace [ITU-T M.3080]: A collection of functional sets that exposes capability to external telecom customers, especially enterprises and industries. The exposed capability includes applications, service, data and artificial intelligence (AI) capability.
3.1.8	function block [ITU-T M.3010]: The smallest (deployable) unit of TMN management functionality that is subject to standardization.
3.1.8	intent [ITU-T X.1257]: The user reason or purpose for initiating the interaction with a service provider.
3.1.9	management service [ITU-T M.3010]: A management service is an offering fulfilling specific telecommunications management needs.
3.1.10	orchestration [ITU-T Y.3100]: In the context of IMT-2020, the processes aiming at the automated arrangement, coordination, instantiation and use of network functions and resources for both physical and virtual infrastructures by optimization criteria.
Editor’s note: to be added.
3.2. [bookmark: _Toc446335265][bookmark: _Toc82849718]Terms defined in this Recommendation
This Recommendation defines the following terms:
3.2.1	action implementation: A stageA type of execution task that is determined according to the process of decision or policy so that it can be implemented effectivelyand effective in the system.
3.2.2	executable module: A smallest functional block of an architecture to realize a specific function.
NOTE - Such as the service management block of the management service layer of AITOM framework, etc.
3.2.3	functional unit：A set of specific executable modules to realize the logical combination of blocks of  an architecture.
NOTE - Such as AI engine, Customer-oriented market place of AITOM framework etc.
3.2.4	intent mapping: A process toA type of task that translates user reason or purpose for initiating the interaction with a service provider the motivations or requirements of operators or customers for system operation and management or business services into specific configurations and strategies to feedback on the actual achievement of the aforementioned motivations or requirements.
Editor’s note: to be added.
4. [bookmark: _Toc446335266][bookmark: _Toc82849719]Abbreviations and acronyms
This Recommendation uses the following abbreviations and acronyms:
	AI
	Artificial Intelligence

	AITOM
	AI enhanced Telecom Operation and Management

	API
	Application Programming Interface

	B-OSF
	Business management layer – Operations Systems Function

	E-OSF
	Element management layer – Operations Systems Function

	NFV
	Network Function Virtualization

	N-OSF
	Network management layer – Operations Systems Function

	SDN
	Software-defined Networking

	SOMM
	Smart Operation Maintenance and Management

	S-OSF
	Service management layer – Operations Systems Function


Editor’s note: to be added.
5. [bookmark: _Toc446335267][bookmark: _Toc82849720]Conventions
In this Recommendation:
The keywords "is required to" indicate a requirement which must be strictly followed and from which no deviation is permitted, if conformance to this Recommendation is to be claimed.
The keywords "is recommended" indicate a requirement which is recommended but which is not absolutely required. Thus, this requirement need not be present to claim conformance.
The keywords "can optionally" indicate an optional requirement which is permissible, without implying any sense of being recommended. This term is not intended to imply that the vendor's implementation must provide the option, and the feature can be optionally enabled by the network operator/service provider. Rather, it means the vendor may optionally provide the feature and still claim conformance with this Recommendation.
6. [bookmark: _Toc82849721]Overview
Considering the operation and maintenance (O&M) complexity of IMT-2020 network is increasing significantly and the flexibility requirements are getting higher and higher, network intelligence becomes a key issue to achieve more efficient, cost-effective, and flexible network O&M and service management. However, it is not clear for how to evaluate the levels of AI enhanced Telecom Operation and management.
The objective of this Recommendation is to define a method of evaluating the levels of network intelligence in the above system.
This document specifies a method for evaluating the intelligence levels. Applications for evaluating the levels on several representative use cases are introduced as well. Architecture scenarios for integrating this evaluation method into the unified architecture defined in [ITU T M.3080(AITOM)] are also described in this document.
[bookmark: _Toc74072334][bookmark: _Toc74072378][bookmark: _Toc74076317][bookmark: _Toc74140717][bookmark: _Toc74141132][bookmark: _Toc74141167][bookmark: _Toc74141442][bookmark: _Toc74141534][bookmark: _Toc74141722][bookmark: _Toc82788672][bookmark: _Toc82849723]Editor’s note: need to be further refined.
7. [bookmark: _Toc82849724]Definition and Classification rules of intelligence levels of AITOM
7.1	Definition of intelligence levels of AITOM
Intelligence levels of AITOM refers to the level division from low to high of intelligent capabilities for evaluation object in AITOM operation, maintenance and application. In the process to realize the various requirements of AI enhanced Telecom Operation and Management (AITOM), the participation of relevant personnel and the system is an important factor in evaluating the intelligence of AITOM. The higher the level of intelligence, the fewer the workflows that must be manually involved, or the lower the degree of manual involvement in related workflows.
NOTE 1: The "intelligence" specified refers to all behaviours that use machines instead of humans to make analysis, decisions, and actions. This is a general concept of intelligence, covering both narrow artificial intelligent including machine learning or deep learning and automation based on rules or theories.
Intelligence levels of AITOM has detailed definitions for six levels, ranging from Manual System (Level 0) to Full Intelligence AITOM (Level 5). 
NOTE 2: Level 0 will not exist in the AI-based AITOM system, however, in order to preserve the integrity of the standard, the definition of level 0 is retained.
These level definitions, along with additional supporting terms and definitions provided herein, are used to describe the full range of intelligence features in AITOM:
· Level 0: Manual System. A system that all types of work processes for operation and management are completed manually.
· Level 1: Assisted Intelligence. An intelligence level of the AITOM at which a few tasks are automatically completed by AITOM according to manually defined rules, but most tasks still require manual assistance.
· Level 2: Preliminary Intelligence. An intelligence level of the AITOM that over assisted AITOM intelligence at which all execution tasks are automatically completed by the AITOM.
· Level 3: Intermediate Intelligence. An intelligence level of the AITOM that over preliminary AITOM intelligence at which all data collection tasks are automatically completed by the AITOM.
· Level 4: Advanced Intelligence. An intelligence level of the AITOM that over intermediate AITOM intelligence at which all analysis tasks are automatically completed by AITOM.
Level 5: Full Intelligence. A highest level of AITOM intelligence that all types of work processes for operation and management are completed intelligently.
[bookmark: _Toc82849726]7.2	Classification rules of intelligence levels of AITOM
Based on the definition of AITOM intelligence levels, the classification rules of these levels are shown in Table 7-1.
Table 7-1 - Classification Rules for Intelligence Level of AITOM
	Level/Name
	Evaluating Dimensions

	
	Action Implementation
	Data Collection
	Analysis
	Decision
	Intent Mapping

	Level 0
	Manual System
	Human
	Human
	Human
	Human
	Human

	Level 1
	Assisted AITOM
	Human & System
	Human & System
	Human
	Human
	Human

	Level 2
	Primary AITOM Intelligence
	System
	Human & System
	Human & System
	Human
	Human

	Level 3
	Intermediate AITOM Intelligence
	System
	System
	Human & System
	Human & System
	Human

	Level 4
	Advanced AITOM Intelligence
	System
	System
	System
	Human & System
	Human & System

	Level 5
	Full AITOM Intelligence
	System
	System
	System
	System
	System


The dimensions of the evaluation are necessary steps, and all dimensions create a complete closed loop from the requirement to the realization. As shown in Table 7.1, five widely-applicable dimensions are abstracted from the general implementation process of AITOM intelligence. It makes use of the following applicable dimensions:
a) Intent mapping: Translate the intentions for AITOM management and operation or business services into specific configurations and strategies, as well as feedback on the actual achievement of the aforementioned intentions. These tasks will affect one or more of the following task groups, such as data collection, analysis, decisions and action implementation. The interface is the most complicated and it has the most difficulty to realize intelligence. The closed loop will not be interrupted by manual-based intent management process, so the urgency of its intelligent demand is the lowest.
b) Data collection: Collect raw data, perform necessary data processing (such as data cleaning, enhancement, standardization, etc.) and data management.
c) Analysis: Based on the collected data, perform data analysis (including feature data pre-processing), to obtain the context information of the current operating environment, services, customers and so on (perception analysis), and the judgment basis for intelligent decision (strategic analysis).
d) Decision: Give operation and maintenance policies according to the result given by the analysis process, then determine the management and operation based on AITOM.
e) Action Implementation: Implement and take effect on the AITOM, according to the policies given in the decision process.
Based on the principles in table 7-1, the degree of human and/or system participation and five assessment areas including intent mapping, action implementation, data collection, analysis and decision, should be considered in the evaluation of AITOM intelligence level.
AITOM intelligence capability levels are identified by the following order based on the ways of task implementation:
a) Human: Indicates that the corresponding tasks are completed by people or people using management and operation tools.
b) Human & System: Indicates that the corresponding tasks are completed by the human and the system. The specific collaboration method of the human and the system is not specified in the overall method, and it should be described according to the specific use case.
c) System: Indicates that the corresponding tasks are completed by the telecommunication system, including using methods of automatic rules, machine learning, deep learning, etc.
NOTE -The levels apply to the intelligence feature(s) that are engaged in any given instance of operation of an AITOM instance. As such, although a given AITOM instance is equipped with several intelligence function blocksmodules that are capable of delivering multiple intelligence features that perform at different levels, the level of AITOM intelligence level exhibited in any given instance is determined by the feature(s) that are engaged. For more detailed intelligence level information, methods and procedures, refer to Chapter 8.
The classification rules of intelligence levels of AITOM as follows:
1. Rules of Level 0: Manual System. The system is manually operated, designed, and deployed. The whole process cannot be separated from human manual intervention.
2. Rules of Level 1: Assisted AITOM. Part of the action implementation and data collection tasks are automatically completed by system according to specific rules. At this level, AITOM can help humans improve the execution efficiency and perceived efficiency of network management and operation.
3. Rules of Level 2: Preliminary AITOM Intelligence. All action implementation tasks are automatically completed by system. Part of the tasks of data collection and analysis are automatically completed by system according to manually defined strategies. At this level, the AITOM can help users according to manually defined policies (decisions are still manually implemented by users) to achieve a closed loop of AITOM process.
4. Rules of Level 3: Intermediate AITOM Intelligence. All tasks of action implementation and data collection are automatically completed by system. Part of the analysis and decision-making tasks are automatically completed by system according to the manually defined strategy. At this level, AITOM can implement closed-loop automation based on manually defined automation strategies.
5. Rules of Level 4: Advanced AITOM Intelligence. All tasks of action implementation, data collection, analysis and decision-making are automatically completed by system. Based on the intent management strategy, the system can automatically complete part of the intent management tasks. At this level, AITOM can not only independently realize the closed loop, but also realize intent-driven closed-loop automation based on intent translation strategies (ITS) and intent feedback mechanisms (IFM).
6. Rules of Level 5: Full AITOM Intelligence. Autonomous operation in all scenarios.
8. [bookmark: _Toc82849727] Evaluation method on intelligence levels of AITOM
[bookmark: _2bn6wsx][bookmark: _Toc82849728][bookmark: _Toc10147035]8.1	Selection of Evaluated Object 
In AITOM, the intelligence level is not evaluated by a single scenario or dimension. It is necessary to fully consider the work stage and also the end to end AITOM system, to comprehensively measure the intelligence level of AITOM.
The object that needs to be selected has two features. First, the selected target can be big or small, which can be a whole AITOM system or a functional modulefunction block. Second, the work stage of the selected target can be not only AI capability requirement parsing stage, but also AI capability orchestration stage. As shown in Figure 8-1, the two features are abstracted as two axes, system scope and work stage, and the intersection of system scope and work stage uniquely determine the object to be evaluated. 
[image: ][image: ]
[bookmark: OLE_LINK11]Figure 8-1- Evaluated object of AITOM Intelligence Levels
8.1.1 System Scope
AITOM is implemented in different systems, and the size of the scope will also have an impact on the complexity of AITOM. For example, the intelligence of whole AITOM system management is more challenging than that of single function setunit system. Whole AITOM system requires the introduction of more complex mechanisms (such as multi-unit set data collection, cross-unit set data correlation analysis, cross-unit set decision-making correlation impact analysis and coordination Etc.) to achieve collaborative management in AITOM system.
[image: ][image: ]
Figure 8-2 - System Scope of evaluating levels in AITOM
The system scope of AITOM intelligence is shown in Figure 8-2, including the following:
· Executable ModuleFunction Block Intelligence level: AITOM intelligence only acts within the scope of specific function blockexecutable module in AITOM. The level of function blockmodule intelligence of the AITOM architecture can be used as a factor to evaluate the AITOM intelligence level, and AITOM function block module intelligent evaluating can be carried out based on the function blockmodule (such as the service management function block module of the management service layer, etc.)
· Functional Unit Set Intelligence level: AITOM intelligence only affect the scope of Functional UnitSet. The function setfunctional unit of the AITOM architecture can be used as a factor to evaluate the intelligence level of AITOM, and the intelligent classification of AITOM functional domains can be carried out based on the function setfunctional unit. (For example: AI engine, Customer-oriented market place etc.) 
· Architectural System Intelligence level: AITOM intelligence simultaneously act on the scope of whole AITOM system consists of multiple unitssets. That means the entire AITOM system is used as the evaluation factor of the AITOM intelligence level, and the AITOM system intelligence evaluating can be carried out based on the overall AITOM system.
8.1.2 Work Stage
AITOM intelligence level evaluation can be implemented in different work stage, as shown in Figure 8.2. Work stage means in which stage of the life cycle of AITOM's function blockmodules, function set units and system are. Its complexity will be affected by the specific scenarios to which it is applicable, and AITOM intelligence that is suitable for all scenarios and the evaluation will go throughout the entire process of AITOM life time. 
Refer to AI pipeline in the development state and operation state of [ITU-T M.3080], AITOM intelligence level evaluation can be implemented in different work stage, as shown in Figure 8.2, including the following:
· AI capability requirement parsing within AITOM: For the descriptions of AI capability requirement parsing within AITOM refer to chapter 9.2 of [ITU-T M.3080].
· AI sandbox training within AITOM: For the descriptions of AI sandbox training within AITOM refer to chapter 8.2.4 and chapter 9.2 of [ITU-T M.3080].
· AI capability orchestration within AITOM: For the descriptions of AI capability orchestration within AITOM refer to chapter 8.2.3 and chapter 9.2 of [ITU-T M.3080].
· AI capability operation within AITOM: For the descriptions of AI capability operation within AITOM refer to chapter 9.2 of [ITU-T M.3080].
NOTE: For example, the intelligence level for the progress of AITOM AI capability operation will be evaluated in an evaluating task, and also the intelligence level of AITOM during AI sandbox training will also be effectively evaluated in another evaluating task.
[bookmark: _Toc82849729]8.2	 Method of evaluating intelligence levels of AITOM
According to the object described in Chapter 8.1, an axis indicating the intelligence level should be generated. 
 [image: ][image: ]
Figure 8-3- Sketch Diagram of Intelligence Level of Objects
As shown in Figure 8-3, based on the object that determined by system scope and work stage, vertical axis indicates the level of the given object, and the height of the histogram indicates the level of intelligence. The overall intelligence level of the architectural system is a comprehensive reflection of intelligence levels of several individual work stages and system scopes. If it needs to be evaluated the intelligence level of function block Module A on a stage of AI capability orchestration of AITOM, the histogram at the intersection of the “function blockexecutive module” crossing the “AI capability orchestration” need to be observed.
NOTE: There should be some possibilities an object consists of certain system scope and work stage is not suitable for intelligent evaluation. For example, AI Sandbox Training is treated as a functional function block module in AI engine. It is basically used in an internal environment, so it has AI capability requirement parsing stage, AI sandbox training stage, rather than AI capability orchestration stage and AI capability operation stage. NA in Figure 8-3 means this object is not applicable.
 [image: ][image: ]
Figure 8-4 - Method for evaluation of AITOM Intelligence Level
As shown in Figure 8-4, the method for evaluation of AITOM Intelligence Level consists of following steps:
1.  Determine the evaluation object according to the system stage and work stage based on the requirement of users.
2. Evaluate the object from the perspective consists of five dimensions, such as Intent Mapping, data collection, analysis, decision and action implementation. For example, the object is operated by human in intent mapping, but by system in data collection, analysis, decision and action Implementation.
3. Give a level to user according to the result of step 2.
Different individual work stages and systems determine the individual intelligence capability level based on the above grading dimensions. Only when the intelligence level of each system and work stage reaches or exceeds a certain level, the intelligence level of the whole system is regard as reaching the corresponding level.
9. [bookmark: _Toc82849730] Implementation architecture of intelligence level evaluation of AITOM
NOTE - This section specifies implementation architecture for integrating this evaluation method into the unified architecture defined in [ITU T M.3080].
 [ITU T M.3080(M.AI-tom)] defines the Customer-oriented market place layer and AI engine. Thus, there is a need to monitor and update the rating report based on functionality updates in AITOM. For e.g., the 3rd party software provider may access to the market place and need to get an AI service. The customer’s intent needs to be analyzed by the marketplace and translates as a command of requirement which can be analyzed by AITOM. According to the requirement, the micro service is created by AI engine after the process of AI capability orchestration. 
A standard mechanism is defined for monitoring and rating, which can work across different implementations of SOMM, AI Engine, Market Place, and it exposes the rating programmatically from the Evaluation Function using RESTful APIs. 
[image: ]
Figure 9-1 - Implementation architecture of intelligence level evaluation of AITOM
As shown in Figure 9-1, Evaluation Function is responsible for intelligent grading evaluation of AITOM. It consists of intent translation, task creation, task management and report generation. 
· Task Input is responsible for importing the user's requirements into the Evaluation Function. The user's requirements can be in any form such as natural language or configuration files.
· Task Creation is responsible for create a session and profits according to the result of Task Input.
· Task management is responsible for the monitors distribution, task life circle management, task suspend, task termination.
· Report Generation is responsible for generating an intelligence evaluation report to users, according to the result uploaded from monitors.
[image: ]
Figure 9-2 - Progress of intelligence level evaluating of AI sandbox training within AITOM
Figure 9-2 is an example on how the evaluation system works, including the following steps:
· A user needs to evaluate the intelligence level of AI sandbox training within AITOM in the development state. The requirement of intelligence evaluation including the target scope is sent to Evaluation Function as a configuration template or a natural language description. The training process is currently existing in the given AITOM instance.
· The requirement can be translated by Task Input to a configuration that can be read by Evaluation Function. A task to evaluate AI training is created.
· AI training includes a specific pipeline. It issues instructions to related function blocks modules through the pipeline, requesting the creation of monitors in each function blockmodule, such as Data Storage, Model Decision, AI capability orchestrator, etc. The task will be in the task management for further action such as suspend, termination.
· The monitor belonging to this task will report the intelligence level of each function block module in the process to Report Generation. And the Report Generation will report the intelligence level based on the comprehensive evaluation uploaded by monitors.


[bookmark: _Toc73813768][bookmark: _Toc73891604][bookmark: _Toc82849731]Annex/Appendix A Use cases of evaluating intelligence levels of AITOM
(This annex forms an integral part of this Recommendation)
This section describes the application of the method for evaluating intelligence levels on the following representative use cases.
_______________________
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