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[bookmark: foreword][bookmark: _Toc85623600]
Foreword
[bookmark: spectype3]This Technical Specification has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc85623601]Introduction
This clause is optional. If it exists, it shall be the second unnumbered clause.
[bookmark: scope][bookmark: _Toc85623602]
1	Scope
The present document specifies the MDA capabilities with corresponding analytics inputs and analytics outputs (reports), as well as processes and requirements for MDAS (Management Data Analytics Service), historical data handling for MDA, and ML support for MDA.
This document also describes the MDA functionality and service framework, and MDA role in the management loop.
[bookmark: references][bookmark: _Toc85623603]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 32.500: "Telecommunication management; Self-Organizing Networks (SON); Concepts and requirements".
[3]	3GPP TS28.535: “Management services for communication service assurance; Requirements”.
[4]	3GPP TS 28.552: "Management and orchestration; 5G performance measurements".
[5]	3GPP TS 28.554: "5G end to end Key Performance Indicators (KPI)".
[6]	3GPP TS 32.422: "Telecommunication management; Subscriber and equipment trace; Trace control and configuration management". 
[7]	3GPP TS 32.423: "Telecommunication management; Subscriber and equipment trace; Trace data definition and management". 
[8]	3GPP TS 28.405: "Telecommunication management, Quality of Experience (QoE) measurement collection; Control and configuration".
[9]	3GPP TS 28.406: "Telecommunication management; Quality of Experience (QoE) measurement collection; Information definition and transport". 
[10]	3GPP TS 23.288: "Architecture enhancements for 5G System (5GS) to support network data analytics services". 
[11]	3GPP TS 28.532: "Management and orchestration; Generic management services".

[bookmark: definitions][bookmark: _Toc85623604]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc85623605]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
<defined term>: <definition>.
[bookmark: _Toc85623606]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc85623607]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
AI				Artificial Intelligence
MDA			Management Data Analytics
MDAS		Management Data Analytics Service
MDA MnS	MDA Management service
ML			Machine Learning	

[bookmark: clause4][bookmark: _Toc68008309][bookmark: _Toc85623608]4	Concepts and overview
Editor’s note: this clause is to accommodate the concepts and overview of MDA/MDAS.
[bookmark: _Toc85623609]4.1	Overview
Management Data Analytics (MDA), as a key enabler of automation and intelligence, is considered a foundational capability for mobile networks and services management and orchestration.
The MDA provides a capability of processing and analysing data related to network and service events and status including e.g., performance measurements, Trace/MDT/RLF/RCEF reports, QoE reports, alarms, configuration data, network analytics data, and service experience data from AFs, etc. to provide analytics reports, that describe the analysed issues and may also include recommended actions to enable necessary actions for network and service operations. The MDA reports are provided by the MDAS (Management Data analytics Service) producer to the consumer. 
The MDA can identify ongoing issues impacting the performance of the network and service, and help to identify in advance potential issues that may cause potential failure and/or performance degradation. The MDA can also assist to predict the network and service demand to enable the timely resource provisioning and deployments which would allow fast time-to-market network and service deployments.
Management Data Analytics Service (MDAS), the services exposed by the MDA, can be consumed by various consumers, for instance MnFs (i.e., MnS service producers/consumers for network and service management), NFs (e.g., NWDAF), SON functions, network and service optimization tools/functions, SLS assurance functions, human operators, and AFs, etc. 
NOTE: 	Throughout this specification the terms, MDAS and MDA MnS are equivalent and may be used interchangeably.
[bookmark: _Toc85623610]5		MDA functionality and service framework
[bookmark: _Toc85623611]5.1	General framework
MDA MnS (also referred to as MDAS) in the context of SBMA enables any authorized consumer to request and receive analytics as illustrated in Figure 5.1-1. 


Figure 5.1-1: MDA functional overview and service framework
A management function may play the roles of MDA MnS producer, MDA MnS consumer, other MnS consumer, NWDAF consumer and also interact with other non-3GPP management systems. 
The internal business logic related to MDA leverages the current and historical data related to: 
-	Performance Management (PM) as per TS 28.552 [4] and Key Performance Indicators (KPIs) as per TS 28.554 [5].
-	Trace data, including MDT/RLF/RCEF, as per TS 32.422 [6] and TS 32.423 [7].
-	QoE and service experience data as per TS 28.405 [8] and TS 28.406 [9].
-	Analytics data offered by NWDAF as per 23.288 [10].
-	Alarm information and notifications as per TS 28.532 [11].
-	CM information and notifications.
-	MDA reports from other MDA MnS producers.
-	Management data from non-3GPP systems.
Analytics output from the MDA internal business logic are made available as MDA reports by the management functions playing the role of MDA MnS producers to the authorized consumers, (including but not limited to other management functions, network functions/entities, NWDAF, SON functions, optimization tools and human operators).  
[bookmark: _Toc85623612]5.2	Interaction with CN and RAN domains
The MDA MnS producer provides analytics data for management purposes based on input data related to different types of NFs or entities in the network, e.g., data reported from gNB and/or specific core network function(s). Depending on the use case and when needed, the MDA MnS producer may use the analytics results produced by NWDAF as input. 
MDA Management Function may act as 3GPP domain-specific (e.g., RAN or CN) or as 3GPP cross-domain. Figure 5.2-1 illustrates the example of coordinations between NWDAF, gNB and MDA MnS producer(s) for data analytics purpose. 
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Figure 5.2-1	Example of coordination between NWDAF, gNB and MDAS (MDA MnS) producer
Any authorized MnS consumers get access to MDA reports by interacting with MDA MnS producers. These scenarios include but are not limited to the following:
- 	The NWDAF, leveraging MDA reports (e.g., for control purposes and other 5GC NFs), interacts with MDA MnS producers. 
-	The gNB may consume the MDA MnS for RAN control purpose.
-	The 3GPP cross domain MDA MnS Producer may consume (acting as Domain MDA MnS consumer) MDA MnS provided by domain-specific (RAN and/or CN) MDA MnS producer(s), and produce MDA MnS that may be consumed by 3GPP cross-domain MDA MnS consumer(s).
The management function playing the role of domain MDA MnS producer may interact with 5GC and RAN MnSs and NFs to receive analytics inputs per each MDA use case, including:
-	The CN Domain MDA MnS producer may consume the service provided by NWDAF and other 5GC NFs for MDA purpose.
-	The RAN Domain MDA MnS producer may consume the MnS service provided by/for gNB for MDA purpose. 
The management function playing the role of 3GPP cross domain MDA MnS producer interacts with 5GC, RAN domain MDA, 5GC and RAN MnS to receive analytics inputs per each MDA use case including:
-	The cross domain MDA MnS producer may consume the domain MDA MnS.
-	The cross domain MDA MnS producer may consume MnS provided by RAN and/or CN domains, and produce MDA MnS that may be consumed by 3GPP cross-domain MDA MnS consumer(s).
[bookmark: _Toc85623613]5.3	Deployment of multiple MDAs
Multiple MDA instances may be deployed according to deployment need.
The 3GPP cross domain management may consume MDA MnS provided by core network management as shown in Figure 5.3-1. 
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Figure 5.3-1: 	Example of coordination cross domain MDA and CN domain MDA
The management function playing the role of 3GPP cross domain MDA MnS producer interacts with CN domain MDA per each MDA use case as follows:
	-	The cross domain MDA MnS producer may consume the CN domain MDA MnS.
-	The cross domain MDA MnS producer may consume MnS provided by CN domains, and produce MDA MnS that may be consumed by 3GPP cross-domain MDA MnS consumer(s).
The management function playing the role of CN domain MDA MnS producer interacts with MnS producers per each use case as follows:
· The CN domain MDA MnS producer may consume analytics results produced by NWDAF, MnS provided by CN domain management, other MDA MnS producers, management data derived by subnetwork management function, and management data derived by element management function.
The 3GPP cross domain management may consume MDA MnS provided by RAN management as shown in Figure 5.3-2. 
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Figure 5.3-2: 	Example of coordination cross domain MDA and RAN domain MDA
The management function playing the role of 3GPP cross domain MDA MnS producer interacts with RAN domain MDA per each MDA use case as follows:
-	The cross domain MDA MnS producer may consume the RAN domain MDA MnS.
-	The cross domain MDA MnS producer may consume MnS provided by RAN domains, and produce MDA MnS that may be consumed by 3GPP cross-domain MDA MnS consumer(s).
The management function playing the role of RAN domain MDA MnS producer interacts with MnS producers per each use case as follows:
-	The RAN domain MDA MnS producer may consume MnS provided by RAN domain management, other MDA MnS producers, management data derived by subnetwork management function, and management data derived by element management function.
[bookmark: _Toc68008317][bookmark: _Toc85623614][bookmark: _Hlk81317104]6	MDA in management loop
Editor’s note: this clause is to describe 1) MDA role (related to Analytics stage) in the management loop (including open control loop and closed control loop supporting Closed Loop SLS Assurance (COSLA) and eCOSLA), and 2) how the MDA output is aligned to Analytics Insights defined in COSLA and eCOSLA work.
[bookmark: _Toc85623615]6.1	MDA role in the management loop
Intelligence in Analytics, played by MDA, in the management loop which can be open loop (operator controlled) or closed loop (autonomous) [1] as shown in Figure 6.1-1, generates value by processing and analysis of management and network data, where AI and ML techniques may be utilized.




Figure 6.1-1: Analytics in management loop
The management loop constitutes number of elements including the analytics, and these are briefly described below:
Observation: The observation of the managed networks and services. It involves monitoring and collection of events, status and performance of the managed networks and services, and providing the observed/collected data. 
Analytics: The data analytics for the managed networks and services. MDA plays the role of Analytics in the management loop. It prepares, processes and analyses the observed/collected data or time series of the observed/collected data related to the managed networks and services. MDA reports may contain root cause analysis of ongoing issues, predictions of potential issues and corresponding relevant causes and recommended actions for preventions, and/or prediction of network and/or service demands. 
Decision: The decision making for the management actions for the managed networks and services. The management actions are decided based on the analytics reports (provided by MDA) and other management data (e.g., historical decisions made previously) if necessary. The decision may be made by the consumer of MDAS (in the closed management control loop), or by a human operator (in the case of open management loop). The decision may include e.g. what actions to take, and when to take the actions.
Execution: The execution of the management actions according to the decisions. During the execution step, the actions are carried out to the managed networks and services, and the reports (e.g., notifications, logs) of the executed actions are provided.
[bookmark: _Toc85623616]6.2	MDA role in the management loop for service assurance 
MDA represents Analytics roles in the management control loop for communications service assurance [3]. The management and control of resources used by a communication service and the assurance of this communication service  level agreements (e.g., per SLS) is provided by the management control loop involving different management services produced by the management system, which includes management data analytics service (MDAS, or MDA MnS).  The MDAS (MDA MnS) may be produced based on a combination of information including e.g., the user quality of service experience, network performance and network resource utilisation analysis and the SLS.
The MDAS complements other services in the management loop in order to perform SLS communication service assurance. Prior to operation phase, the MDA role in the management control loop is to prepare, process and analyse the data related to the managed communication service, in order to provide the analytics output (analytics report) which may include prediction and feasibility checks of network resource requirements to meet the SLS. 
During the operation phase, the MDA can identify ongoing issues impacting the performance of the communication service per the SLS, and identify in advance potential risks that would cause potential failure and/or performance degradation. The MDA can also predict the network and service demand to maintain delivery of communication service per the contracted SLS.
[bookmark: _Toc85623617]6.3	MDA role in cross-domain service assurance 
Cross-domain MDA may base its analysis on the outputs from one or multiple single-domain MDA. Figure 6.3-1 shows the simplest case, where a cross-domain analysis service incorporates the results of single-domain analysis service(s).
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Figure 6.3-1 Cross-domain analysis based on single-domain analysis
Figure 6.3-2 shows the case where a cross-domain analysis service incorporates the results of single-domain analysis service(s) which are embedded within single-domain control service(s).
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Figure 6.3-2 Cross-domain analysis based on single-domain control loop
Figure 6.3-3 shows the case where a cross-domain analysis service is part of a cross-domain control service. Also in this case, cross-domain analysis service incorporates the results of single-domain analysis service(s).
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Figure 6.3-3 Cross-domain control loop based on single-domain analysis
Figure 6.3-4 shows another case where a cross-domain analysis service is part of a cross-domain control service. In this case, cross-domain analysis service incorporates the results of single-domain analysis service(s) which are embedded within single-domain control service(s).
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Figure 6.3-4 Cross-domain control loop based on single-domain control loop
[bookmark: _Toc68008318][bookmark: _Toc85623618]7	MDA use cases and requirements
[bookmark: _Toc68008319][bookmark: _Toc85623619]7.1	General
[bookmark: _Toc85623620]7.2	MDA capabilities
[bookmark: _Toc68008321]Editor’s note: this clause is about what types of analytics the MDA is capable to do and provide the corresponding analytics outputs.
[bookmark: _Toc85623621]7.2.1	Coverage related analytics
[bookmark: _Toc85623622]7.2.1.1	Coverage problem analysis
[bookmark: _Toc85623623]7.2.1.1.1	Description

[bookmark: _Toc85623624]7.2.1.1.2	Use case

[bookmark: _Toc85623625]7.2.1.1.3	Requirements
	Requirement label
	Description
	Related use case(s)

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Toc85623626]7.2.1.2	Slice coverage analysis

[bookmark: _Toc85623627]7.2.1.3	Paging analysis

[bookmark: _Toc68008325][bookmark: _Toc85623628]7.2.2	SLS analysis
[bookmark: _Toc85623629]7.2.2.1	Service experience analysis (UC-Ser_Exp_MDA)
[bookmark: _Toc85623630]7.2.2.1.1	Description
The 3GPP management system shall have the capability to provide the service experience analysis.
[bookmark: _Toc85623631]7.2.2.1.2	Use case
Service experience of end user is key indicator directly reflects the user satisfaction degree. In 5G system, the diversity of network service are explored and the requirements of different service especially form vertical users are standardized. Considering these diverse requirements (e.g., priorities of SLA related attributes such as latency, throughput, maximum user number or different required values of these attributes), the service experience as a comprehensive indicator is analysed.
[bookmark: _Toc85623632]7.2.2.1.3	Requirements
	Requirement label
	Description
	Related use case(s)

	REQ-Ser_Exp_MDA_CON-1
	3GPP management system should have the capability to identify the type of the service experience issue, e.g., RAN issue, CN issue, TN issue, UE issue, service provider issue.
	 (UC-Ser_Exp_MDA) Service experience analysis

	REQ-Ser_Exp_MDA_CON-2
	3GPP management system should have the capability to provide the analytics output with following information describing the current service experience aspects and potentially future prediction:
-	The predictive service experience or observed service experience statistics, may split into subcounters in different levels, e.g., per S-NSSAI, per 5QI, per UE, etc.
-	Service experience root cause analysis.
	(UC-Ser_Exp_MDA) Service experience analysis

	REQ-Ser_Exp_MDA_CON-3
	3GPP management system should have the capability to provide the level of service experience
	 (UC-Ser_Exp_MDA) Service experience analysis



[bookmark: _Toc85623633]7.2.2.2	Network slice throughput analysis (UC-THR_MDA)
[bookmark: _Toc85623634]7.2.2.2.1	Description
The 3GPP management system shall have the capability to provide the network slice throughput analysis.
[bookmark: _Toc85623635]7.2.2.2.2	Use case
Throughput is of great importance which represents the end users' experiences and also reflects the network problems, e.g., low UE throughput may be caused by the resource shortage. In order to satisfy the requirements of dL/ulThptPerSlice in the ServiceProfile, MDAS may be utilized for throughput related analysis/predictions for network slice instance. 
MDAS producer should have the capability to receive the request from the consumer to analyse the network slice throughput related issues and identify the root cause to assist throughput assurance. Network slice throughput analysis can be for a specific domain or for cross-domain. The two levels of MDAS producers worked in a coordinated way to assure the throughput performance. The producer of MDAS is able to provide the MDA report including the network slice throughput analytics output.
[bookmark: _Toc85623636]7.2.2.2.3	Requirements
	[bookmark: OLE_LINK57]Requirement label
	Description
	Related use case(s)

	REQ-THR_MDA_CON-1
	3GPP management system should have the capability to identify the network slice throughput issue, e.g., RAN issue, CN issue
	(UC-THR_MDA) Network slice throughput analysis

	REQ-THR_MDA_CON-2
	3GPP management system should have the capability to provide the root cause analysis of the network slice throughput issue
	(UC-THR_MDA) Network slice throughput analysis

	REQ-THR_MDA_CON-3
	3GPP management system should have the capability to provide the analytics output of the network slice throughput should which contain the following information:
-	Network slice throughput statistics;
-	Network slice throughput predictions.
	(UC-THR_MDA) Network slice throughput analysis



[bookmark: _Toc85623637]7.2.2.3	Network slice traffic projection
[bookmark: _Toc85623638]7.2.2.3.1	Description
This capability deal with enabling various functionalities related with SLS analysis.
[bookmark: _Toc85623639]7.2.2.3.2	Use case
It is desirable to use MDAS to get the network slice traffic projections including individual traffic projections on each of the constituent network functions instances present in the slice. The individual traffic projections can be used for better resource management of the slice. For example, resources can be pre-configured considering the projected traffic on the slice.
[bookmark: _Toc85623640]7.2.2.3.3	Requirements
	Requirement label
	Description
	Related use case(s)

	REQ-TRA_MDA-CON-x
	The MDAS producer should have a capability allowing the authorized consumer to request the slice traffic analytics report describing traffic projection of the slice including its constituent network functions.
	Network slice traffic projection

	REQ-TRA_MDA-CON-x
	The MDAS producer should have a capability to provide the slice traffic analytics report describing the traffic projections for each constituent network function instance in the slice.
	Network slice traffic projection

	REQ-TRA_MDA-CON-x
	The slice traffic analytics report providing traffic projection for the slice may include the following information:
-	Projected uplink and downlink throughput on each User Plane Function instance (UPF) present in the slice.
-	Projected number of Packet Data Unit (PDU) session for each Session Management Function (SMF) instance present in the slice.
-	Projected number of UE or Registered subscriptions for each AMF instance present in the slice.
-	Projected maximum packet size for each UPF instance present in the slice.
-	Projected UE uplink and downlink throughput on each gNodeB (gNB) instance present in the slice.
-	Projected number of UE for each gNB/NR cell instance present in the slice.
	Network slice traffic projection



[bookmark: _Toc68008326][bookmark: _Toc85623641]7.2.3	MDA assisted fault management
[bookmark: _Toc85623642]7.2.3.1	Fault prediction
[bookmark: _Toc85623643]7.2.3.1.1	Description
The MDA capability is about analytics of fault prediction. 
[bookmark: _Toc85623644]7.2.3.1.2	Use case
There are multiple types of faults in the 5G system and it needs long-time troubleshooting. In order to reduce network and service failure time and performance degradation by faults, it is necessary to supervise the status of various network functions and resources, and predict the running trend of network and potential faults to intervene in advance. 
Due to the fact that fault prediction could depend on the existing alarm incidents and relevant historical and real-time data (performance measurement information, configuration data, network topology information, etc.), there is a possibility for MDA to be in conjunction with AI/ML technologies for model training and potential faults prediction.
[bookmark: _Hlk85121559][bookmark: _Hlk85121600]In order to avoid the occurrence of faults and abnormal network states, it is necessary for users to obtain the required details of potential fault and the corresponding degradation trend (abnormal KPI, performance measurement information, possible alarm type, fault root cause, etc,). Therefore, MDA, may in conjunction with AI/ML technology, is required to obtain basic health maintenance knowledges (e.g., the relationship between the faults or potential faults and the related maintenance actions) through predefined expertise or model training, so as to effectively predict fault details. The basic health maintenance knowledges could be updated with feedback. 
If necessary, MDA could provide corresponding recommended actions for fault prevention.
[bookmark: _Toc85623645]7.2.3.1.3	Requirements 
	Requirement label
	Description
	Related use case(s)

	REQ-FAULT_PRED_MDA-01
	MDA for fault prediction shall be able to collect, correlate, filter and analyse the required data (alarm incidents, historical and real-time data, etc.) as inputs for analytics and provide the analytics output.
	Fault prediction

	REQ-FAULT_PRED_MDA-02
	[bookmark: OLE_LINK1]MDA for fault prediction shall be able to obtain basic health maintenance knowledges (e.g., the relationship between the faults or potential faults and the related maintenance actions) through predefined expertise or model training.
	Fault prediction

	REQ-FAULT_PRED_MDA-03
	MDA for fault prediction shall be able to provide the analytics output including the potential fault and predictions, as well as the possible recommendation options. 
	Fault Prediction



[bookmark: _Toc68008327][bookmark: _Toc85623646]7.2.4	MDA assisted Energy Saving

[bookmark: _Toc68008328][bookmark: _Toc85623647]7.2.5	MDA assisted mobility management
[bookmark: _Toc85623648]7.2.5.1	Mobility Performance analysis (UC-MRO_MDA)
[bookmark: _Toc85623649]7.2.5.1.1	Description
[bookmark: OLE_LINK94]3GPP management system shall be able to provide the mobility performance analysis.
[bookmark: _Toc85623650]7.2.5.1.2	Use case
The mobility performance related problems may be resulted from too-early/too-late/ping-pong handovers due to inappropriate handover parameters. MDAS can be used to analyse service experience and network performance during handover period in different mobility scenarios. It may also be able to provide the recommendations of optimal handover parameters to MDAS consumer.
In different NSA and SA deployment architecture scenarios, handover mechanisms (e.g., DAPS, CHO or RACH-less handover) will have different impacts on the mobility performance. The analytics report to identify the most optimal handover mechanism may be provided by MDAS producer.
[bookmark: _Toc85623651]7.2.5.1.3	Requirements
	Requirement label
	Description
	Related use case(s)

	REQ-MRO_MDA-CON-1
	3GPP management system shall be able to provide the mobility performance in NSA and SA deployment architectures.
	 (UC-MRO_MDA) mobility performance issue analysis

	REQ-MRO_MDA-CON-2
	3GPP management system shall be able to provide the mobility issue analysis include too-early handovers, too-late handovers and ping-pong handovers.
	(UC-MRO_MDA) mobility performance issue analysis

	REQ-MRO_MDA-CON-3
	3GPP management system shall be able to identify the the most optimal handover mechanism include DAPS, CHO or RACH-less handover.
	 (UC-MRO_MDA) mobility performance issue analysis

	REQ-MRO_MDA-CON-4
	3GPP management system shall be able to provide the area specific mobility performance analysis.
	(UC-MRO_MDA) mobility performance issue analysis



[bookmark: _Toc68008329][bookmark: _Toc85623652]7.2.6	MDA assisted software management
[bookmark: _Toc85623653]7.3	MDA MnS
Editor’s note: 1) this clause is about the necessary interactions between MDA MnS consumer and producer in order to get the MDA reports, 2) the titles of clause 7.3 and its subclauses are to be revisited.
[bookmark: _Toc85623654]7.3.1	MDA report request and control
[bookmark: _Toc85623655]7.3.1.1	Description

[bookmark: _Toc85623656]7.3.1.2	Use cases

[bookmark: _Toc85623657]7.3.1.3	Requirements
	Requirement label
	Description
	Related use case(s)

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Toc85623658]7.3.2	MDA reporting
[bookmark: _Toc85623659]7.3.2.1	Description

[bookmark: _Toc85623660]7.3.2.2	Use cases

[bookmark: _Toc85623661]7.3.2.3	Requirements
	Requirement label
	Description
	Related use case(s)

	
	
	

	
	
	

	
	
	

	
	
	



[bookmark: _Toc85623662]7.4	Supporting aspects for MDA
Editor’s note: this clause is to accommodate the supporting aspects for MDA, such as ML for MDA, historical data handling for MDA where necessary.
[bookmark: _Toc85623663][bookmark: _Toc68008354]7.4.1	Machine Learning (ML) for MDA
Editor’s note: it is TBD that whether the MLMT MnS is to be defined in this TS or in a generic TS.
[bookmark: _Toc85623664]7.4.1.1	Description
[bookmark: startOfAnnexes][bookmark: _Toc68008352][bookmark: _Toc85623665]7.4.1.1.1	MDA with ML support
MDA may be supported by ML capabilities.
When MDA is supported by ML capabilities, one example of MDA MnS deployment scenario is  illustrated in Figure 7.X.1.1-1.


Figure 7.X.1.1-1: Deployment example of MDA with ML support
1. 	The Management Function (MDA MnS producer) collects the analytics inputs for MDA.
2.	The MDA MnS consumer requests the MDA reports and controls the MDA reporting from the MDA MnS producer.
3.	The Management Function (MDA MnS producer) processes the analytics inputs for MDA based on the inference of the (trained) ML model, and generates analytics/inference output.
NOTE: How MDA uses the ML model for inference is out of scope of the present specification.
4.	The Management Function (MDA MnS producer) generates the MDA report(s) based on the analytics/inference output, and provides the MDA report(s) to the MDA MnS consumer.
[bookmark: _Toc68008353][bookmark: _Toc85623666]7.4.1.1.2	ML model training
In operational environment before the ML model is deployed to conduct the inference, it needs to be trained (e,g., by an external entity).
The ML model is trained by the ML Model Training (MLMT) MnS producer, and the training can be triggered by the request(s) from one or more MLMT MnS consumer(s), or initiated by the MLMT MnS producer (e.g., as result of model evalution). 
[bookmark: _Toc85623667]7.4.1.2	Use cases
[bookmark: _Toc68008355][bookmark: _Toc85623668]7.4.1.2.1	ML model training triggered by consumer
The ML model training capabilities are provided by an MLMT MnS producer to one or more consumer(s).


Figure 7.X.1-1: ML model training triggered by MLMT MnS consumer
The ML model may be triggered by the request(s) from one or more MLMT MnS consumer(s).To trigger an ML model training, the MLMT MnS consumer requests the MLMT MnS producer to train the ML model. The consumer may provide the data source(s) that contain(s) the training data which are considered as inputs candidates for training.
The MLMT MnS producer provides a response to the consumer indicating whether the request was accepted.
If the request is accepted, the MLMT MnS producer decides when to start the ML model training with consideration of the request(s) from the consumer(s). Once the training is decided, the producer 
-	selects the training data, with consideration of the consumer provided candidate training data. Since the training data directly influences the algorithm and performance of the trained model, the MLMT MnS producer may examine the consumer provided training data and select none, some or all of them. In addition, the MLMT MnS producer may select some other training data that are available.
-	trains the ML model using the selected training data , and
-	provides the training result (including the location of the trained model, etc) to the MLMT MnS consumer (s).
[bookmark: _Toc68008356][bookmark: _Toc85623669]7.4.1.3	Requirements for ML model training for MDA
	Requirement label
	Description
	Related use case(s)

	REQ-MDA_ML-FUN-1
	The MLMT MnS producer shall have a capability allowing the consumer to request ML model training.
	ML model training triggered by consumer (clause 7.4.1.2.1)

	REQ-MDA_ML-FUN-2
	[bookmark: _Hlk83373656]The MLMT MnS producer shall have a capability to provide the  training result (including the location of the trained model) to the consumer.
	ML model training triggered by consumer (clause 7.4.1.2.1)



[bookmark: _Toc85623670]
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