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[bookmark: _Hlk128991896]Start of First change
[bookmark: _Toc105572826][bookmark: _Toc113619496][bookmark: _Toc105572963][bookmark: _Toc113619632]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]	Void
[3]	3GPP TS 28.535: "Management and orchestration; Management services for communication service assurance; Requirements".
[4]	3GPP TS 28.552: "Management and orchestration; 5G performance measurements".
[5]	3GPP TS 28.554: "Management and orchestration;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 managemen; 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".
[12]	3GPP TS 32.425: "Telecommunication management; Performance Management (PM); Performance measurements Evolved Universal Terrestrial Radio Access Network (E-UTRAN)".
[13]	3GPP TS 38.331: "NR; Radio Resource Control (RRC); Protocol specification".
[14]	3GPP TS 23.273: "5G System (5GS) Location Services (LCS); Stage 2".
[15]	3GPP TS 28.541: "Management and orchestration; 5G Network Resource Model (NRM); Stage 2 and stage 3".
[16]	3GPP TS 28.658: "Telecommunication management; Evolved Universal Terrestrial Radio Access Network (E-UTRAN) Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)".
[17]	3GPP TS 28.662: "Telecommunication management; Generic Radio Access Network (RAN) Network Resource Model (NRM); Information Service (IS)".
[18]	3GPP TS 32.156: "Telecommunication management; Fixed Mobile Convergence (FMC) Model Repertoire".
[19]	3GPP TS 28.622: "Telecommunication management; Generic Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)".
[20]	3GPP TS 28.511: "Telecommunication management; Configuration Management (CM) for mobile networks that include virtualized network functions; Procedures".
[21]	3GPP TS 28.531: "Management and orchestration; Provisioning".
[22]	3GPP TS 26.247: "Transparent end-to-end Packet-switched Streaming Service (PSS); Progressive Download and Dynamic Adaptive Streaming over HTTP (3GP-DASH)".
[23]	3GPP TS 26.114: "IP Multimedia Subsystem (IMS); Multimedia telephony; Media handling and interaction".
[24]	3GPP TS 28.105: "Management and orchestration; Artificial Intelligence/Machine Learning (AI/ML) management".
[25]	3GPP TS 32.160: "Management and orchestration; Management service template".
[26]	ETSI GS NFV-IFA 011 (V3.3.1): "Network Functions Virtualisation (NFV) Release 3; Management and Orchestration; VNF Descriptor and Packaging Specification".
[27]	Recommendation ITU-T X.733: "Information technology - Open Systems Interconnection - Systems Management: Alarm reporting function".
[x]	3GPP TS 23.501: "System Architecture for the 5G System (5GS); Stage 2".
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7.2.x	Resource related analytics
[bookmark: _Toc105572827][bookmark: _Toc113619497]7.2.x.1	NF resource utilization analysis
[bookmark: _Toc105572828][bookmark: _Toc113619498]7.2.x.1.1	Description
This MDA capability is for analysis of resource utilization of 3GPP NFs.
[bookmark: _Toc105572829][bookmark: _Toc113619499]7.2.x.1.2	Use case
The 3GPP system is a resource limited system, no matter whether the NF is working on virtualized resources or physical resources. 
Resource shortage would affect the QoS and potentially impact users’ quality of experience (QoE), e.g., by lowering the users’ data throughput, prolonging the users’ data delay, raising the rejections for the establishment of new connections (e.g., RRC connection), sessions (e.g., PDU session) and resources (e.g., QoS flows, DRBs, etc.) and increasing the drops of the existing connections, sessions, and resources. This may also consequently lead to risking or failing SLAs.
On the other hand, resource excess would cause wastage that leads to additional CapEx and OpEx.
Therefore, it is imperative to ensure optimum and efficient resource utilization for the NFs.
The resource utilization of an NF is heavily dependent on load or traffic patterns, which could vary in different coverage areas (e.g., business area, entertainment area, and residential area) and in different time periods (weekdays and time of the day). It is desirable that the spare resource of the low-usage areas can be allocated to the busy areas.
It is expected that MDA can perform an analysis of the resource utilization for physical resources or virtualized resources for the 3GPP NFs (in a specific domain or cross domains) to indicate the resource usage patterns in the past and predict the resource usage trend for some time periods in the future. The physical resources to be analyzed may include hardware resources (e.g., CPU), DL and UL PRBs (for gNB), etc., while the virtualized resources to be analyzed may include virtual CPU, virtual memory, virtual disk, etc.
[bookmark: _Toc105572830][bookmark: _Toc113619500]It is also very useful that MDA correlates the resource analytics across 3GPP NFs and provides recommendations that can be utlized to efficiently orchestrate the resources among NFs between the low usage and high usage areas for some time periods. The recommended actions could be for example to optimise, i.e., increase or decrease the capacity of gNB to enhance allocation of the physical resources or to schedule the "scale in" and "scale out" of VNFs via ETSI MANO system to optimize the allocation of the virtualized resources. 
7.2.x.1.3	Requirements
Table 7.2.x.1.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-RES_UTI_ANA-01
	MDA capability for resource utilization analysis shall include identifying the 3GPP NFs with low usage of physical resources (see Note 1).
	NF resource utilization analysis

	REQ-RES_UTI_ANA-02
	MDA capability for resource utilization analysis shall include identifying the 3GPP NFs with high usage of physical resources (see Note 1).
	NF resource utilization analysis

	REQ-RES_UTI_ANA-03
	MDA capability for resource utilization analysis shall include providing the prediction of physical resource usage for a 3GPP NF (see Note 1).
	NF resource utilization analysis

	REQ-RES_UTI_ANA-04
	MDA capability for resource utilization analysis shall include identifying the 3GPP NFs with low usage of virtualized resources (see Note 2).
	NF resource utilization analysis

	REQ-RES_UTI_ANA-05
	MDA capability for resource utilization analysis shall include identifying the 3GPP NFs with high usage of virtualized resources (see Note 2).
	NF resource utilization analysis

	REQ-RES_UTI_ANA-06
	MDA capability for resource utilization analysis shall include providing the prediction of virtualized resource usage for a 3GPP NF (see Note 2).
	NF resource utilization analysis

	REQ-RES_UTI_ANA-07
	MDA capability for resource utilization analysis shall include providing recommended actions to manage and orchestrate one or more 3GPP NFs. e.g. to orchestrate the resource allocation or load balancing for one or multiple 3GPP NFs.
	NF resource utilization analysis

	NOTE 1: The requirement is valid only if the subject 3GPP NF uses physical resources.
NOTE 2: The requirement is valid only if the subject 3GPP NF uses virtualized resources.
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7.2.x	Prediction and statistics of Management data
7.2.x.1	Description
This use case is for the analytics (predictions and statistics) of the management data including 5G PMs defined in TS 28.552 [4] and 5G KPIs defined in TS 28.554 [5].
7.2.x.2	Use case
Certain scenarios might need a prediction or statistics on existing management data, e.g. prediction or statistics of single or multiple PMs and KPIs. The MnS consumer of this use case (who may also be a MnS producer) might be interested in the analytics (statistics or prediction) on existing management data (PMs and KPIs) which can be then consumed to produce services on other use cases such as mobility optimization or load balancing etc. The MnS consumer gets a specific type of prediction or statistics (e.g., mean, standard deviation, correlation, etc.)  of specific management data (PMs/KPIs) on network objects.
Statistics of the management data include the statistical calculation on the data themselves over a period in the past and/or statistics of management data following a sliding window procedure to produce statistics. Predictions of management data may include predictions of the data themselves over a future period, and/or predictions of the data following a sliding window procedure.
The main objective of this use case is to provide analytics (statistics and/or predictions) on the existing management data.
7.2.x.3	Requirements
Table 7.2.x.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-SPM_MDA-01
	MDA capability for management data analytics shall be able to produce predictions for the requested management data.
	Prediction and statistics of Management data

	REQ-SPM_MDA-02
	MDA capability for management data analytics shall be able to produce statistics for the requested management data.
	Prediction and statistics of Management data
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[bookmark: _Toc105572840][bookmark: _Toc113619510]7.2.2.1	Service experience analysis
[bookmark: _Toc105572841][bookmark: _Toc113619511]7.2.2.1.1	Description
This MDA capability is for the service experience analysis.
[bookmark: _Toc105572842][bookmark: _Toc113619512]7.2.2.1.2	Use case
Service experience of end user is key indicator that directly reflects the user satisfaction degree. In 5G system, the diversity of network services is expanding all the time and the requirements of different services especially from vertical users are being standardized. Considering these diverse requirements and expectation from end user perspective (e.g. priorities of SLA related attributes such as latency, throughput, maximum number of users or different required values of these attributes), the service experience as a comprehensive indicator need to be extensively analysed.
[bookmark: _Toc105572843][bookmark: _Toc113619513]7.2.2.1.3	Requirements
Table 7.2.2.1.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-SER_EXP_MDA-01
	MDA capability for service experience analysis shall include identifying the source of service experience issue, e.g. RAN issue, CN issue, TN issue, UE issue, service provider issue.
	Service experience analysis

	REQ-SER_EXP_MDA-02
	MDA capability for service experience analysis shall include providing the analytics output with following information describing the current service experience aspects and potentially future prediction:
-	The predicted future service experience and/or observed service experience statistics.
-	Service experience degradation root cause analysis.
	Service experience analysis

	REQ-SER_EXP_MDA-03
	MDA capability for service experience analysis shall include providing the level of service experience.
	Service experience analysis

	REQ-SER_EXP_MDA-04
	MDA capability for service experience analysis shall include providing the recommendation for improving service experience.
	Service experience analysis

	REQ-SER_EXP_MDA-0x
	MDA capability for service analysis should include the ability to provide service experience analysis across or within domains.
	Service experience analysis
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[bookmark: _Toc105572844][bookmark: _Toc122351569]7.2.2.2	Network slice throughput analysis
[bookmark: _Toc105572845][bookmark: _Toc122351570]7.2.2.2.1	Description
This MDA capability is for the network slice throughput analysis.
[bookmark: _Toc105572846][bookmark: _Toc122351571]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 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 allows the consumer to request analytics of network slice throughput related issues and identify the corresponding root cause(s) to assist throughput assurance. Network slice throughput analysis can be for a specific domain and/or for cross-domain. Domain-specific MDAS producer analyses the network slice subnet throughput, while the cross-domain MDAS producer analyses the network slice throughput. The two level MDAS producers, i.e. domain-specific and cross-domain may work in coordination to assure the optimum throughput performance. 
[bookmark: _Hlk136182984]Start of next change 
[bookmark: _Toc105572860][bookmark: _Toc122351585][bookmark: _Toc105572864][bookmark: _Toc113619534]7.2.3	MDA assisted fault management
[bookmark: _Toc105572861][bookmark: _Toc122351586]7.2.3.1	Failure prediction
[bookmark: _Toc105572862][bookmark: _Toc122351587]7.2.3.1.1	Description
This MDA capability is for failure prediction.
[bookmark: _Toc105572863][bookmark: _Toc122351588]7.2.3.1.2	Use case
There are multiple sources of faults which may cause the 5G system to fail to provide the expected service. These faults and the associated failures need extensive troubleshooting. In order to reduce network and service failure time and performance degradation, it is necessary to supervise the status of various network functions and resources, and predict the running trend of network and potential failures to intervene in advance. These predictions can be used by the management system to autonomously maintain the health of the network, e.g. speedy recovery actions on a network function related to the predicted potential failure.
Due to the fact that failure 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 used in conjunction with AI/ML technologies and model training to predict potential failures.
In order to avoid the occurrence of failures and abnormal network status, it is necessary for consumers of analytics to obtain the required details of potential failure 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, be required to obtain basic health maintenance knowledge (e.g. the relationship between the failures or potential failures and the related maintenance actions) through predefined expertise or model training, so as to effectively predict potential failures. The basic health maintenance knowledge could be updated with feedback.
Besides the MDA capability to obtain basic health maintenance relationships between the service failure and related potential failures at network levels, the MDA capability for failure prediction may take role of coordination in cross domain. When MDA capability takes role of coordination in cross domain, the MDA capability for failure prediction can collect analytics output of fault prediction from single domain management and provide recommendation actions accordingly. 
If necessary, MDA could also provide corresponding recommended actions for failure prevention.
7.2.3.1.3	Requirements
Table 7.2.3.1.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-FAILURE_PRED_MDA-01
	MDA capability for failure prediction shall be able to collect, correlate, filter and analyse the required data (including, alarm information, historical and real-time data) as inputs for analytics and provide the analytics output.
	Failure prediction

	REQ-FAILURE_PRED_MDA-02
	[bookmark: OLE_LINK1]MDA capability for failure prediction shall be able to obtain basic health maintenance knowledges (including, the relationship between the failures or potential failures and the related maintenance actions) through predefined expertise or model training.
	Failure prediction

	REQ-FAILURE_PRED_MDA-03
	MDA capability for failure prediction shall be able to provide the analytics output including predictions of potential service failures, as well as the possible recommendation  actions to prevent failures.
	Failure Prediction

	REQ-FAILURE_PRED_MDA-04
	MDA capability for failure prediction should include the ability to predict failures across or within domains and provide analytics outputs for predicted failures
	Failure Prediction
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7.2.3.2	Service failure recovery
7.2.3.2.1	Description
This MDA capability is for service failure recovery.
7.2.3.2.2	Use case
There are multiple sources of faults which may cause the 5G system to fail to provide the expected service. The potential management actions to support recovery of network service are some operational activities, such as switch to a redundancy NFs, modify configuration(s) of NFs based on different scenarios. When a service interruption disaster occurs (e.g. massive call disconnections), it is important for MDA to provide analytics to suggest management actions to quickly recover the service while avoiding causing other problems (e.g. signalling overload) during the recovery. The analysis of failure recovery can be used by the management system to recover from service interruptions in an orderly manner. 
As an example, in case that the service interruption occurs, the MDA can provide analysis of the possible recovery plan and the recommended actions for service recovery (e.g., update NF, change configuration of core network NF etc.).
7.2.3.2.3	Requirements
Table 7.2.3.2.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-FAILURE_RECORV_MDA-01
	MDA capability for failure recovery shall be able to collect, filter and analyse alarm information, KPI information and configuration information as inputs for analytics and provide the analytics output.
	Failure recovery

	REQ-FAILURE_RECORV_MDA-02
	MDA capability for failure recovery shall be able to provide the analytics output including the possible recommendation actions to prevent failures or service recovery.
	Failure recovery
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7.2.x.a	Control plane congestion analysis
7.2.x.a.1	Description
This MDA capability is for analysis of control plane congestion.
7.2.x.a.2	Use case
The current control plane congestion control as described in TS 23.501 [x] is designed for the purpose of avoiding and handling of NAS signalling congestion. As described in clause 5.19.7 of TS 23.501 [x], the AMF will accept or rejects the request depending on various aspects. If the control plane signaling request (e.g. Mobility Registration Update) is rejected by the AMF, UE will send a new request after some time. It is possible that the new request will be rejected again because of the load of the AMF. In virtualized environment, the signaling request may be rejected due to inadequacy of available resources at the target 5GC NF e.g. AMF or SMF. If such situation can not be resolved, it will probably cause signalling storm for the whole network and affect the services (e.g. calls and data connections) provided by the network. 
It is desirable to use MDA to assist control plane congestion control in order to prevent congestion issue or resolve identified congestion issue happened at the control plane. MDAS producer may utilize the collected PM, FM, network topology datas and virtual resource information provided from ETSI NFV MANO for control plane congestion analysis and provides analytics report containing identified or predicted congestion issue for the target 5GC NF (e.g. AMF, SMF). The analytics report also provides recommended actions to optimize the target 5GC NF for resolving congestion issue. Based on the recommendation in the report, 3GPP management system can adjust (e.g., scale-up the virtual resource) the resources to better facilitate processing of the received control plane messages.
7.2.x.a.3	Requirements
Table 7.2.X.a.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-CP_ANA-01
	MDA capability for control plane congestion analysis shall include identifying the 3GPP 5GC NFs with congestion issue.
	Control plane congestion analysis

	REQ-CP_ANA-02
	MDA capability for control plane congestion analysis shall include providing the prediction of congestion for a 3GPP 5GC NF.
	Control plane congestion analysis

	REQ-CP_ANA-03
	MDA capability for control plane congestion analysis shall include providing recommended actions to prevent congestion issue for 3GPP 5GC NFs. 
	Control plane congestion analysis

	REQ-CP_ANA-04
	MDA capability for control plane congestion analysis shall include providing recommended actions to resolve congestion issue for 3GPP 5GC NFs. 
	Control plane congestion analysis





[bookmark: _Hlk148358157]Start of next change
[bookmark: _Toc105572891][bookmark: _Toc122351614][bookmark: _Hlk126831196]7.3.1	MDA request and control
7.3.1.1	Description
The MDA request and control allow any authorized MDA MnS consumer to request management data analytics.
7.3.1.2	Use case
The MDA MnS consumer can request the MDA MnS producer to provide MDA output for a list of specified MDA type of analytics, i.e. MDA type, which corresponds to an MDA capability, which is to support analytics for a set of data or analytics for a certain PM, KPI, trace or QoE data. The MDA MnS consumer may introduce control attributes related to the MDA output with respect to the geographical location (i.e. area scope) and/or the target objects, e.g. managed elements, time schedule for obtaining an MDA output, time conditions related to the preparation of MDA output (i.e. time schedule for start, end and duration of analytics, etc.), and potential filter conditions to be met before an MDA output is made available, e.g. load or delay threshold crossing related to a target object. The geographical location indicates an area of interest for obtaining MDA output and/or target objects include affected objects or objects of interest for obtaining MDA output.
The MDA MnS consumer may control the MDA output attributes related to, e.g. time schedule, geographical location, target objects, etc., and has the capability to modify them at any point in time. The MDA MnS consumer can request the MDA MnS producer to generate an MDA output that contains numeric output results, e.g. average, normal distribution, etc., recommendation options, e.g. potential handover target cells, or root cause analysis, e.g. alarm prediction. 
The MDA MnS consumer can be informed with an acknowledgment if the request was successful. If the request was not successful, the consumer is informed about potential errors indicating the reasons. The attributes related to time can provide the flexibility to configure the MDA reporting control to provide analytics indefinitely. The MDA MnS consumer should delete the MDA request MOI after the requested analytics has been performed. The MDA MnS consumer can also deactivate the MDA reporting control request once it is no longer needed.
7.3.1.3	Requirements
Table 7.3.1.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-MDA-CONT-01
	The MDA MnS producer shall have the capability to allow any authorized MDA MnS consumer to request MDA output, while indicating its selection on the MDA type.
	All use cases

	REQ-MDA-CONT-02
	The MDA MnS producer shall have the capability to allow any authorized MDA MnS consumer to request MDA output, while indicating its selection on the reporting time schedule.
	All use cases

	REQ-MDA-CONT-03
	The MDA MnS producer shall have the capability to allow any authorized MDA MnS consumer to request MDA output, while indicating its selection on geographic location and/or the target objects if applicable.
	All use cases

	REQ-MDA-CONT-04
	The MDA MnS producer shall have the capability to allow any authorized MDA MnS consumer to request MDA output, while indicating its selection on the time schedule related to specific part of MDA results.
	All use cases

	REQ-MDA-CONT-05
	The MDA MnS producer shall have the capability to allow any authorized MDA MnS consumer to modify the attributes related to the requested MDA output.
	All use cases

	REQ-MDA-CONT-6
	The MDA MnS producer shall have the capability to allow any authorized MDA MnS consumer to specify filter conditions on target objects based on threshold crossing for MDA output when this is applicable.
	All use cases
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7.3.x	Filtering analytics recommendations
7.3.x.1	Description
The MDA MnS consumer may configure the MDA request in the MDA MnS producer to avoid providing recommendation on certain entities.
7.3.x.2	Use Case
When MDA provides prescriptive recommendations, the recommendations may include actions targeted towards entities for which the MDA MnS consumer cannot execute actions. 
In some cases, this may cause erroneous behaviour. As an example, ACCL (Assurance Closed Control Loop) may receive recommendations from MDA which are in conflict with the ACCL “CLDisallowedList” indicating the objects for which the ACCL should not take any actions. If ACCL is only able to act on a subset of the recommendations received from MDA, ACCL will not be able to implement the full change as recommended by MDA. This could result in an incomplete solution to an issue. At worst, this could cause imbalance or oscillation within the network.
As another example, the recommendations provided by EnergySavingAnalysis may recommend multiple changes across the network which are intended to balance the network load as efficiently as possible to reduce energy usage. However, the MDA MnS consumer may not be authorized to change/configure all of the recommended RAN and/or CN nodes. This is unlikely to attain the expected reduction in energy usage and may cause imbalanced traffic in the network.
These problems may be avoided if the MDA MnS consumer could specify a set of objects for which no actions can be taken and thus no recommendations should be provided. The MDA MnS consumer could also indicate the objects, for which it does not want to receive recommendations, based on a geographical area. Recommendations should not be provided for the object(s) in that geographical area.
7.3.x.3	Requirements
Table 7.3.x.3-1
	Requirement label
	Description
	Related use case(s)

	REQ-MDA_FILT-01
	The MDA MnS producer shall have a capability to allow an authorized MDA MnS consumer to indicate the scope for which no recommendations shall be included in the analytics report.

	All use cases




[bookmark: _Hlk144153133]Start of next Change
[bookmark: _Toc105572908][bookmark: _Toc113619577]8.4.x	Resource related analytics
8.4.x.0	General
This clause specifies the resource utilization analysis which can be provided by an MDAF, which can indicate the virtualized resource or physical resource usage patterns in the past and predict the resource usage trend for some time periods in the future. The analytics results, provided in the form of statistics or predictions, contain recommended actions to orchestrate the resource allocation for the NFs.

[bookmark: _Toc105572909][bookmark: _Toc113619578]8.4.x.1	NF resource utilization analysis
8.4.x.1.1	Virtualized resource utilization analysis
[bookmark: _Toc105572910][bookmark: _Toc113619579]8.4.x.1.1.1	MDA type
The MDA type for virtualized resource utilization analysis is: ResourceAnalytics.virtualizedResourceUtilizationAnalysisNF.
[bookmark: _Toc105572911][bookmark: _Toc113619580]8.4.x.1.1.2	Enabling data
The enabling data for virtualized resource utilization analysis are provided in table 8.4.x.1.1.2-1.
For general information about enabling data, see clause 8.2.1.
Note: 	The MDA output of ETSI NFV MANO should be reused as much as possible for virtualized resource analysis for 3GPP NFs, by mapping from the ETSI MANO VNF/VNFCs to 3GPP NFs.
Table 8.4.x.1.1.2-1: Enabling data for virtualized resource utilization analysis
	[bookmark: MCCQCTEMPBM_00000136]Data category
	Description
	References

	Performance measurements




	VR (including Virtual CPU, Virtual Memory, and Virtual Disk) usage of NF
	VR usage of NF (clause 5.7.1 of TS 28.552 [4])

	
	Connection Point data volumes of NF
	Connection data volumes of NF (clause 5.7.2 of TS 28.552 [4])

	
	N3 interface data volume
	N3 interface related measurements (clause 5.4.1 of TS 28.552 [4])

	
	N4 interface session establishments
	N4 session establishments (clause 5.4.3.1 of TS 28.552 [4])

	
	N6 interface link usage
	N6 related measurements (clause 5.4.2 of TS 28.552 [4])

	
	N9 interface data volume
	[bookmark: _Toc44492209][bookmark: _Toc51690138][bookmark: _Toc51750830][bookmark: _Toc51775090][bookmark: _Toc51775704][bookmark: _Toc51776320][bookmark: _Toc58515706][bookmark: _Toc122530016]GTP Data Packets and volume on N9 interface (clause 5.4.4.2	of TS 28.552 [4])

	
	Number of PDU sessions
	Number of PDU sessions (mean) (clause 5.3.1.1 of TS 28.552 [4])

	
	Number of QoS flows
	Mean number of QoS flows (clause 5.3.2.1.7 of TS 28.552 [4])

	Configuration data
	The NRMs of the analyzed NFs
	The NRMs defined in TS 28.622 [19] and TS 28.541 [15].

	Network Data Analytics
	Analysis data from the control plane produced by NWDAF including NF load, observed/predicted service experience, user plane performance, and slice load level analytics.
	Analytics data from NWDAF in TS 23.288 [10] including e.g. NF load analytics (clause 6.5), observed/ predicted service experience related network data analytics (clause 6.4), analytics for user plane performance (i.e. average/maximum traffic rate, average/maximum packet delay, average packet loss rate in clause 6.14), and Slice load level related network data analytics (clause 6.3).



[bookmark: _Toc105572912][bookmark: _Toc113619581]8.4.x.1.1.3	Analytics output
The specific information elements of the analytics output for virtualized resource utilization analysis, in addition to the common information elements of the analytics outputs (see clause 8.3), are provided in table 8.4.x.1.1.3-1.
Table 8.4.x.1.1.3-1: Analytics output for virtualized resource utilization analysis
	Information element
	Definition
	Support qualifier
	Properties

	lowVRUsageNFs
	The NFs with low virtualized resource usage (see Note 1) during some time periods in the past.
	M
	type: ResourceUsageNF
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	highVRUsageNFs
	The NFs with high virtualized resource usage (see Note 1) during some time periods in the past.
	M
	type: ResourceUsageNF
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	predictedVRUsageForNFs
	The predicted virtualized resource usage for NFs during  some time periods in the future.
	M
	type: ResourceUsageNF
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	recommendedActions
	The recommended actions to orchestrate the resource allocation for NFs.

The recommended action may be (but not limited to):
-	scale in a list of NFs;
-	scale out a list of NFs.
	M
	type: RecommendedAction
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	NOTE 1: it is up to the MDA MnS producer to decide the thresholds for low and high usage.



8.4.x.1.2	Physical resource utilization analysis
8.4.x.1.2.1	MDA type
The MDA type for physcial resource utilization analysis is: ResourceAnalytics.PhyiscalResourceUtilizationAnalysisNF.
8.4.x.1.2.2	Enabling data
The enabling data for physical resource utilization analysis are provided in table 8.4.x.1.2.2-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.x.1.2.2-1: Enabling data for physical resource utilization analysis
	Data category
	Description
	References

	Performance measurements
	Radio resource utilization
	Radio resource utilization (clause 5.1.1.2 of TS 28.552 [4])

	
	RRC connection number
	RRC connection number (clause 5.1.1.4 of TS 28.552 [4])

	
	Mean number of PDU sessions in NR cell
	Mean number of PDU sessions being allocated (clause 5.1.1.5.4 of TS 28.552 [4])

	
	Mean number of DRBs in NR cell
	Mean number of DRBs being allocated (	clause 5.1.1.10.9 of TS 28.552 [4])

	
	QoS flow release in NR cell
	QoS flow release (clause 5.1.1.13.1 of TS 28.552 [4])


	
	Number of Active UEs

	Number of Active UEs (clause 5.1.1.23 of TS 28.552 [4])


	
	PDCP Data Volume 
	PDCP Data Volume (clause 5.1.2.1 and 5.1.3.6 of TS 28.552 [4])

	Geographical data
	The geographical information (longitude, latitude, altitude) of the deployed RAN (NG-RAN and E-UTRAN).
	The geographical information (longitude, latitude, altitude) information (see the peeParametersList attribute of the ManagedFunction IOC in TS 28.622 [19]).

	Configuration data
	The NRMs of the analyzed gNB-CUs, and gNB-DUs
	The GNBCUCPFunction, GNBCUUPFunction and GNBDUFunction defined in TS 28.622 [19] and TS 28.541 [15].

	Network Data Analytics
	Analysis data from the control plane produced by NWDAF including NF load, observed/predicted service experience, user plane performance, and slice load level analytics.
	Analytics data from NWDAF in TS 23.288 [10] including e.g. NF load analytics (clause 6.5), observed/predicted service experience related network data analytics (clause 6.4), analytics for user plane performance (i.e. average/maximum traffic rate, average/maximum packet delay, average packet loss rate in clause 6.14), and Slice load level related network data analytics (clause 6.3).



8.4.x.1.2.3	Analytics output
The specific information elements of the analytics output for physical resource utilization analysis, in addition to the common information elements of the analytics outputs (see clause 8.3), are provided in table 8.4.x.1.2.3-1.
Table 8.4.x.1.2.3-1: Analytics output for physical resource utilization analysis
	Information element
	Definition
	Support qualifier
	Properties

	lowPRUsageNFs
	The NFs with low physical resource usage (see Note 1) during some time periods in the past.
	M
	type: ResourceUsageNF
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	highPRUsageNFs
	The NFs with high physical resource usage (see Note 1) during some time periods in the past.
	M
	type: ResourceUsageNF
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	predictedPRUsageForNFs
	The predicted physical resource usage for NFs during  some time periods in the future.
	M
	type: ResourceUsageNF
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	recommendedActions
	The recommended actions to orchestrate the resource allocation for NFs.

The recommended action may include (but not limited to) optimising the capacity of gNB(e.g., increasing or decreasing physical resources).
	M
	type: RecommendedAction
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	NOTE 1: it is up to the MDA MnS producer to decide the thresholds for low and high usage.



[bookmark: _Toc95722983][bookmark: _Toc113619743]
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8.4.Y1	Predictions of Management data
8.4. xY.0	General
This clause specifies the predictions of PMs and KPIs which can be provided by an MDAF, which can predict mobility management performance, coverage related performance, SLS related performance and energy saving related performance. The analytics results, provided in the form of predictions, contain specific type of prediction of specific management data (PMs/KPIs) on network objects.

8.4.Y.1	MDA assisted PM predictions
8.4.Y.1.1	MDA type
The MDA type for predictions of management data is: Predictions.PMData.
8.4.Y.1.2	Enabling data
8.4.Y.1.2.1	Mobility management performance related predictions
The enabling data for mobility management related performance measurements are provided in table 8.4.Y.1.2.1-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.Y.1.2.1-1: Enabling data for mobility management related PMs
	Data category
	Description
	References

	Performance Measurements
	Handover related performance measurements
	 Inter-gNB handovers (clause 5.1.1.6.1 of TS 28.552 [4]).
Inter-gNB handovers (clause 5.1.1.6.4 of TS 28.552 [4]).
Inter-gNB handovers (clause 5.1.1.6.2 of TS 28.552 [4]).
Inter-gNB handovers (clause 5.1.1.6.3 of TS 28.552 [4]).
Inter-gNB handovers (clause 5.1.1.6.6 of TS 28.552 [4]).
Inter-gNB handovers (clause 5.1.1.6.7 of TS 28.552 [4]).
Virtualised resource usage measurement (clause 6.2 of TS 28.552 [4])
Physical radio resource utilization of the target gNB, see clause 5.1.1.2 of TS 28.552 [4];
Clause 5.1.2.1 and 5.1.3.6 of TS 28.552 [4].

	MDT reports
	UE measurements related to RSRP, RSRQ, SINR (serving cell and neighbour cells) and UE location information
	 RSRPs, RSRQs and UE location of M1 measurements for NR in TS 32.422 [6] and TS 32.423 [7].



8.4.Y.1.2.2	Coverage related predictions
The enabling data for coverage related performance measurements are provided in the table 8.4.Y.1.2.2-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.Y.1.2.2-1: Enabling data for coverage analytics related PMs
	Data category
	Description
	References

	Performance Measurements
	Coverage related performance measurements
	SS-RSRP distribution per SSB (clause 5.1.1.22.1 of TS 28.552 [4]).
SS-RSRP distribution per SSB of neighbor NR cell (clause 5.1.1.22.2 of TS 28.552 [4])
RSRP distribution per neighbor E UTRAN cell (clause 5.1.1.22.3 of TS 28.552 [4])
Type 1 power headroom distribution (clause 5.1.1.26.1 of TS 28.552 [4]).
Wideband CQI distribution (clause 5.1.1.11.1 of TS 28.552 [4]).	
Timing Advance distribution for NR Cell  (clause 5.1.1.33.1 of TS 28.552 [4])
Number of UE Context Release Request (gNB-DU initiated) (clause 5.1.3.5.1 of TS 28.552 [4]).
Number of UE Context Release Request (gNB-DU initiated) (clause 5.1.3.5.1 of TS 28.552 [4]).
Number of UE Context Release Request (gNB-CU initiated) (clause 5.1.3.5.2 of TS 28.552 [4]).
Number of UE Context Release Request (gNB-CU initiated) (clause 5.1.3.5.2 of TS 28.552 [4]).
RSRP related measurements (clause 6.1 of TS 32.425 [12]).
UE power headroom related measurements (clause 6.3 of TS 32.425 [12]).
Wideband CQI distribution (clause 4.10.1.1 of TS 32.425 [12]).
Average sub-band CQI (clause 4.10.1.2 of TS 32.425 [12]).
UE Rx - Tx time difference related measurements (clause 6.4 of TS 32.425 [12]).
AOA related measurements (clause 6.5 of TS 32.425 [12]).
Timing Advance Distribution (clause 4.10.2 of TS 32.425 [12]).
Number of UE CONTEXT Release Request initiated by eNodeB/RN (clause 4.1.5.1 of TS 32.425 [12]).

	MDT reports
	UE measurements related to RSRP, RSRQ, SINR (serving cell and neighbour cells) and UE location information
	RSRPs and UE location of M1 measurements for NR in TS 32.422 [6] and TS 32.423 [7].



8.4.Y.1.2.3	SLS related predictions
The enabling data for SLS related performance measurements are provided in the table 8.4.Y.1.2.3-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.Y.1.2.3-1: Enabling data for SLS related PMs
	Data category
	Description
	References

	Performance Measurements
	SLS related performance measurements
	RAN UE Throughput (clause 6.3.6 in TS 28.554 [5]).
Mean number of PDU sessions of network and network Slice Instance (clause 6.4.1 in TS 28.554 [5]).
Mean registered subscribers of network and network slice through AMF (see clause 6.2.1 in TS 28.554 [5]).
Maximum packet size for a network slice subnet (see clause 6.3.11 of TS 28.541 [5]).

	QoE data
	The QoE data of the different services
	QoE data (TS 26.247 [22] and TS 26.114 [23] can be acquired through the procedures defined in TS 28.405 [8]).




[bookmark: _Hlk148359103]Start of next Change
[bookmark: _Hlk148358913]8.4.Y.1.2.4	Energy Saving related predictions
The enabling data for energy saving related performance measurements are provided in the table 8.4.Y.1.2.4-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.Y.1.2.4-1: Enabling data for Energy Saving related PMs
	Data category
	Description
	References

	Performance Measurements
	Energy saving related performance measurements
	PNF Power Consumption: (Clause 5.1.1.19.2 of TS 28.552 [4].)
PNF Energy consumption (Clause 5.1.1.19.3 of TS 28.552 [4].)
SS-RSRP distribution per SSB (beam) of serving NR cell (Clause 5.1.1.22.1 of TS 28.552 [4].)
SS-RSRP distribution per SSB (beam) of neighbor NR cell (Clause 5.1.1.22.1 of TS 28.552 [4].)
PDCP Data Volume of NR cells (Clause 5.1.2.1 and 5.1.3.6 of TS 28.552 [4])
Traffic load variation (Clause 5.1.1.2 and 5.1.1.4 of TS 28.552 [4].)
UE throughput (Clause 5.1.1.3 of TS 28.552 [4].)
Delay related measurements of UPF (Clause 5.4 of TS 28.552 [4].)
Data volume of UPF (Clause 5.4 of TS 28.552 [4].)
Virtual resource usage of NF(Clause 5.7.1 of TS 28.552 [4].)

	QoE data
	The QoE data of the different services
	The measurements that are collected are DASH and MTSI measurements (TS 28.406 [9]).





[bookmark: _Hlk151374078]Start of next Change
8.4.x.1.2.5	 Critical Maintenance management related predictions
The enabling data for critical maintenance management related performance measurements are provided in the table 8.4.x.1.2.5-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.x.1.2.5-1: Enabling data for Critical Maintenance management related PMs
	Data category
	Description
	References

	Performance Measurements
	Energy saving related performance measurements
	Mean number of DRBs being allocated (clause 5.1.1.10.9 of TS 28.552 [4]).
Number of requested preparations for handovers from 5GS to EPS (clause 5.1.1.6.3.1 of TS 28.552 [4]).
Number of requested resource allocations for handovers from EPS to 5GS (clause 5.1.1.6.3.4 of TS 28.552 [4])
Number of requested preparations for EPS fallback handovers (clause 5.1.1.6.3.10 of TS 28.552 [4])
Number of successful executions for EPS fallback handovers (clause 5.1.1.6.3.13 of TS 28.552 [4])
Number of QoS flows attempted to modify (clause 5.1.1.13.4.1 of TS 28.552 [4])



Start of next Change

8.4.Y.1.3	Analytics output
The specific information elements of the analytics output for predictions, in addition to the common information elements of the analytics outputs (see clause 8.3), are provided in table 8.4.Y.1.3-1.
Table 8.4.Y.1.3-1: Analytics output for predictions
	Information element
	Definition
	Support qualifier
	Properties

	pmPredictions
	This information element defines the predicted values for the below performance measurements.
· Mobility related performance measurements listed in table 8.4.5.1.2-1 and 8.4.5.2.2-1 in the current document. 
· Coverage related performance measurements listed in table 8.4.1.1.2-1 and 8.4.1.2.2-1 in the current document.
· SLS related performance measurements listed in table 8.4.2.1.2-1, 8.4.2.2.2-1, 8.4.2.3.2-1, 8.4.2.4.2-1 and 8.4.2.5.2-1 in the current document.
· Energy saving related performance measurements listed in table 8.4.4.1.2-1 in the current document.
· Maintenance management related performance measurements listed in table 8.4.6.1.2-1 in the current document.
	M
	type: PmPrediction
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: none
isNullable: False
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8.4.x.1	5GC Control plane congestion analysis
8.4.x.1.1	MDA type
The MDA type for 5GC control plane congestion analysis is: ResourceAnalytics.5GCControlPlaneCongestionAnalysis.
8.4.x.1.2	Enabling data
The enabling data for ResourceAnalytics.5GCControlPlaneCongestionAnalysis MDA type are provided in table 8.4.x.1.2-1.
For general information about enabling data, see clause 8.2.1.
Table 8.4.x.1.2-1: Enabling data for 5GC control plane congestion analysis
	Data category
	Description
	References

	Performance measurements
	Registration procedure related measurements for AMF.
	Number of registration requests (clause 5.2.2 of TS 28.552 [4])
Mean time of Registration procedure (clause 5.2.2.9 of TS 28.552 [4])

	
	Service Request procedure related measurements for AMF.
	Number of service requests (clause 5.2.3.3 and clause 5.2.3.4 of TS 28.552 [4])

	
	Number of PDU sessions measurements for SMF
	Number of PDU sessions (clause 5.3.1 of TS 28.552 [4])

	
	QoS flows measurements for SMF
	QoS flows monitoring (clause 5.3.2 of TS 28.552 [4])

	
	VR (including Virtual CPU, Virtual Memory, and Virtual Disk) usage of NF
	VR usage of NF (clause 5.7.1 of TS 28.552 [4])

	Alarm notifications
	Alarm information, e.g. the alarm notification of network functions.
	Alarm information and notifications as per TS 28.532 [11]

	Configuration data
	MOIs of 5GC NFs.
	5GC NRM as defined in TS 28.541 [15]



8.4.x.1.3	Analytics output
The specific information elements of the analytics output for control plane congestion analysis, in addition to the common information elements of the analytics outputs (see clause 8.3), are provided in table 8.4.x.1.3-1.
Table 8.4.x.1.3-1: Analytics output for 5GC control plane congestion analysis
	Information element
	Definition
	Support qualifier
	Properties

	affectedObject
	Indication of 5GC NFs where congestion issues occurred or potentially may occur.

	M
	type: DN
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	cPCongestionIssueID
	This field holds the analysis report identifier of the control plane congestion analytics.

	M
	type: string
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	recommendedActions
	The recommended actions to orchestrate the resource allocation for 5GC NFs.

The recommended action may be (but not limited to):
-	scale out a list of 5GC NFs;
	O
	type: RecommendedAction
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False




[bookmark: _Hlk148358707]Start of next Change

[bookmark: MCCQCTEMPBM_00000038]8.5.1	RecommendedAction <<dataType>>
[bookmark: _Toc105572964][bookmark: _Toc113619633]8.5.1.1	Definition
This data type specifies the type of recommended action in the analytics output.
[bookmark: _Toc105572965][bookmark: _Toc113619634]8.5.1.2	Information elements
Table 8.5.1.2-1
	Name
	Definition
	Support qualifier
	Properties

	recommended3GPPActions
	It contains the recommendations actions concerning 3GPP defined operations on MOIs.
	O
	type: Recommended3GPPAction
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	recommendedNon3GPPActions
	It contains the recommended actions related to non-3GPP operations for 3GPP management system to interact with non-3GPP management system.
	O
	type: string
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	recommendedHumanReadableActions
	It contains the recommendations on human readable actions.
NOTE:	Further details of recommended human readable actions are not specified.
	O
	type: string
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False
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8.5.x	ResourceUsageNF <<dataType>>
8.5.x.1	Definition
This data type specifies the type of resource usage for an NF.
8.5.x.2	Information elements
	Name
	Definition
	Support qualifier
	Properties

	nFId
	It provides the DN of the NF (which can be a 5GC or an NG-RAN NF).
	M
	type: DN
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	startTime
	It indicates the start time of the time period.
	M
	type: DateTime
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	endTime
	It indicates the end time of the time period.
	M
	type: DateTime
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	overallResourceUsage
	It provides the statistical or predicted overall average usage (in percentage) of all of the resources.
	M
	type: Real
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	specificResourceUsage
	It provides the statistical or predicted average usage of the specific type(s) of resources.
	M
	type: ResourceUsage
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


8.5.x.3	Constraints
None.   

	Start of next change



8.5.y	ResourceUsage <<dataType>>
8.5.y.1	Definition
This data type specifies the type of resource usage.
8.5.y.2	Information elements
	Name
	Definition
	Support qualifier
	Properties

	resourceType
	It indicates the type of resource.

The allowed value is “VirtualCpu”, “VirtualMemory”, “VirtualDisk”, “DLPRBTotal”, “ULPRBTotal”, or a vendor-specific value.
	M
	type: string
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	meanUsage
	It provides the mean usage or predicted mean usage (in percentage) of the resource (indicated by the “resourceType” information element).
	M
	type: Real
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


8.5.y.3	Constraints
None. 
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8.5.x	PmPredictions <<dataType>>
8.5.x.1	Definition
This data type specifies PMs and its predicted values.
8.5.17.2	Information elements
Table 8.5.17.2-1
	Name
	Definition
	Support qualifier
	Properties

	pmName
	This specifies the name of the PM that is predicted.
	M
	type: String
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	pmPredictedValue
	This specifies the predicted value of the PM specified by “pmName” attribute.
	M
	type: Integer/Real
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False
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[bookmark: _Toc105573027][bookmark: _Toc122351749][bookmark: _Toc105573037][bookmark: _Toc122351759][bookmark: MCCQCTEMPBM_00000067]9.3.2	MDARequest
[bookmark: _Toc105573028][bookmark: _Toc122351750]9.3.2.1	Definition
[bookmark: MCCQCTEMPBM_00000068]The IOC MDARequest represents the MDA output request created by an MnS consumer.
[bookmark: MCCQCTEMPBM_00000069][bookmark: MCCQCTEMPBM_00000070][bookmark: MCCQCTEMPBM_00000071][bookmark: MCCQCTEMPBM_00000072][bookmark: MCCQCTEMPBM_00000073]The attribute requestedMDAOutputs contains one or multiple MDAOutputPerMDAType elements, and each MDAOutputPerMDAType element supports filtering of MDA output for a certain MDA type.
The MDA MnS consumer may state a filter to exclude recommended actions targeted towards entities for which the MDA MnS consumer cannot execute actions. The IE “recommendationFilter” can contain a list of DNs as “ManagedEntitiesScope” or can contain a list of geographical areas indicating all the entities falling under these areas are not considered for analytics recommendations. The “recommendationFillter” indicates the list of objects for which no actions can be taken and thus no prescriptive recommendations should be given.

[bookmark: _Toc105573029][bookmark: _Toc122351751]9.3.2.2	Attributes
Table 9.3.2.2-1
	Attribute name
	S
	isReadable 
	isWritable
	isInvariant
	isNotifyable

	[bookmark: MCCQCTEMPBM_00000074]requestedMDAOutputs
	M
	T
	T
	F
	T

	reportingMethod
	M
	T
	T
	F
	T

	reportingTarget
	M
	T
	T
	F
	T

	analyticsScope
	M
	T
	T
	F
	T

	startTime
	M
	T
	T
	F
	T

	stopTime
	M
	T
	T
	F
	T

	recommendationFilter
	O
	T
	T
	F
	T



[bookmark: _Toc105573030][bookmark: _Toc122351752]9.3.2.3	Attribute constraints
Table 9.3.2.3-1
	Name
	Definition

	startTime
	Condition: at least one MDA output IE in requestedMDAOutputs attribute is requested based on the choice of granularityPeriod.

	stopTime
	Condition: at least one MDA output in requestedMDAOutputs attribute is requested based on the choice of granularityPeriod.



[bookmark: _Toc105573031][bookmark: _Toc122351753]9.3.2.4	Notifications
The common notifications defined in clause 9.6 are valid for this IOC, without exceptions or additions.
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[bookmark: _Toc105573073][bookmark: _Toc122351800]9.5	Attribute definitions
[bookmark: _Toc105573074][bookmark: _Toc122351801]9.5.1	Attribute properties
Table 9.5.1-1
	Attribute Name
	Documentation and Allowed Values
	Properties

	[bookmark: MCCQCTEMPBM_00000120]mDAType
	It indicates the type of MDA type (corresponding to the MDA capability).

AllowedValues: the value of MDA type defined for each MDA capability in clause 8.
	type: String
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	requestedMDAOutputs 
	It indicates the requested analytics outputs for an MDA request.
	type: MDAOutputPerMDAType 
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None
isNullable: False

	mDAOutputIEFilters
	It provides the filters for the analytics output information elements of an MDA type for an MDA request.
	type: MDAOutputIEFilter
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	mDAOutputIEName
	It indicates the analytics output information element name.

AllowedValues: the analytics output information element names for each MDA type as specified in clause 8.
	type: string
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	filterValue
	It indicates the filter value for analytics output information element for an MDA request.

The MDA output information element is only requested and reported when its value equals to the value of this attribute.

allowedValues: depends on the definitions of the analytics output information element (see clause 8) indicated by mDAOutputIEName attribute.
	The type for the corresponding mdaOutputIEName as defined in clause 8

	threshold
	It indicates the threshold for analytics output information element for an MDA request.
	type: ThresholdInfo
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	analyticsPeriod
	It indicates a list of time duration, or a time-period related to a time schedule for analytics.   
	type: AnalyticsSchedule
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	timeOut
	It indicates a time until which an MDA MnS consumer needs to obtain an MDA output. Beyond this time the MDA output is no longer needed by the MDA MnS consumer.
	type: DateTime (see TS 32.156 [18])
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	reportingMethod
	It indicates the reporting method of the analytics output selected by the MnS consumer.

allowedValues: File, Streaming, Notification.
	type: Enum
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	reportingTarget
	It indicates the reporting target of the MDA outputs.

Allowed values: URI.
	type: String
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	analyticsScope
	It indicates the scope of the analytics requested by the MnS consumer.
	type: AnalyticsScopeType
multiplicity: 1
isOrdered: N/A
isUnique: True
defaultValue: None 
isNullable: True

	managedEntitiesScope
	It indicates the scope of the analytics by the DNs of the managed entities.

It carries the DN(s) of SubNetwork MOI(s), ManagedElement MOI(s), and/or the MOI(s) of the derivative IOCs of ManagedFunction (see TS 28.622 [19]).

For each MOI provided by this attribute, the MOI itself and all of its subordinated MOIs are in the scope of analytics.
	type: DN
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	areaScope
	It indicates the scope of the analytics by the geographical area information.
	type: GeoArea (see TS 28.622 [19])
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	startTime
	It indicates the start time of the periodical analytics requested by the MnS consumer.
	type: DateTime (see TS 32.156 [18])
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	stopTime
	It indicates the stop time of the periodical analytics requested by the MnS consumer.
This attribute shall contain a NULL value in case the analytics is requested for an indefinite time period.
	type: DateTime (see TS 32.156 [18])
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	mDAReportID
	It indicates the identifier for the MDAReport.
	type: string
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	mdaOutputList
	It indicates a list of output results related to particular MDA type.
	type: MDAOutputEntry
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	analyticsWindow
	It indicates the time duration related to an MDA output. It can be in the past, when the analytics is statistics, or in the future for a prediction.
	type: TimeWindow
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	mdaOutputIEValue
	It indicates the MDA output result that can be numeric or non-numeric.
	The type for the corresponding mdaOutputIEName as defined in clause 8

	confidenceDegree
	A probability range that contains the degree of accuracy of the analytics output statistics or prediction.
	type: Real
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	supportedMDACapabilities
	It indicates the MDA capabilities supported by the MDA function.

AllowedValues: the value of MDA types defined for the MDA capabilities in clause 8.
	type: String
multiplicity: *
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	mDAOutputs
	It indicates the analytics output results of one or more MDA types delivered to MDA consumer.
	type: MDAOutputs
multiplicity: 1..*
isOrdered: False
isUnique: True
defaultValue: None 
isNullable: True

	mDARequestRef
	It indicates the DN of the MDARequest MOI for which the results are generated by the MDA producer.
	type: DN
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: True

	monitoredMDAOutputIE
	It indicates the analytics output information element name monitored by a threshold.

AllowedValues: the analytics output information element names for each MDA type as specified in clause 8.
	type: string
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: False

	thresholdValue
	It specifies the value against which the monitored MDA output information element is compared at a threshold level in case the hysteresis is zero.

allowedValues: float or integer
	type: Union
multiplicity: 1
isOrdered: NA
isUnique: NA
defaultValue: None
isNullable: False

	hysteresis
	It specifies the hysteresis of a threshold. If this attribute is present the monitored MDA output information element value is not compared against the threshold value as specified by the thresholdValue attribute but against a high and low threshold value given by

highThresholdValue- = thresholdValue + hysteresis
lowThresholdValue = thresholdValue - hysteresis

When going up, the threshold is triggered when the MDA output information element value reaches or crosses the high threshold value. When going down, the threshold is triggered when the MDA output information element value reaches or crosses the low threshold value.

allowedValues: non-negative float or integer
	type: Union
multiplicity: 0..1
isOrdered: NA
isUnique: NA
defaultValue: None
isNullable: False

	thresholdDirection
	It indicates the direction of a threshold indicating the direction for which a threshold crossing triggers a threshold.

When the threshold direction is configured to "UP", the associated treshold is triggered only when the subject MDA output information element value is going up upon reaching or crossing the threshold value. The treshold is not triggered, when the MDA output information element value is going down upon reaching or crossing the threshold value.

Vice versa, when the threshold direction is configured to "DOWN", the associated treshold is triggered only when the MDA output information element value is going down upon reaching or crossing the threshold value. The treshold is not triggered, when the MDA output information element value is going up upon reaching or crossing the threshold value.

When the threshold direction is set to "UP_AND_DOWN" the treshold is active in both direcions.

In case a threshold with hysteresis is configured, the threshold direction attribute shall be set to "UP_AND_DOWN".

allowedValues:
- UP
- DOWN
- UP_AND_DOWN
	type: ENUM
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	mDAOutputStartTime
	It indicates the analytics start time for an MDA output.
	type: DateTime (see TS 32.156 [18])
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: False

	mDAOutputEndTime
	It indicates the analytics end time for an MDA output.
	type: DateTime (see TS 32.156 [18])
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: False

	timeDurations
	It indicates a list of time duration.
	type: TimeWindow
multiplicity: *
isOrdered: N/A
isUnique: True
defaultValue: None 
isNullable: False

	granularityPeriod
	It indicates the granularity period (in unit of second) of the analytics for an MDA output. In case of PM prediction, this indicates the granularity period of the prediction of the PMs.
	type: integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: False

	recommendationFilter
	It indicates the entities for which no recommendation should be generated for the specific MDAOutputPerMDAType. This could be provided either as managedEntitiesScope or as areaScope
	type: AnalyticsScopeType
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None 
isNullable: False




Start of next Change
[bookmark: _Toc105573090][bookmark: _Toc122351816]A.2	Solution Set (SS) definitions
[bookmark: _Toc105573091][bookmark: _Toc122351817]A.2.1	OpenAPI document "TS28104_MdaNrm.yaml"
[bookmark: _Hlk123901291]openapi: 3.0.1
info:
  title: MDA NRM
  version: 17.2.0
  description: >-
    OAS 3.0.1 specification of the MDA NRM
    © 2020, 3GPP Organizational Partners (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA, TTC).
    All rights reserved.
externalDocs:
  description: 3GPP TS 28.104; MDA 
  url: http://www.3gpp.org/ftp/Specs/archive/28_series/28.104/
paths: {}
components:
  schemas:

#-------- Definition of types-----------------------------------------------------

    MDATypes:
      type: array
      items:
        type: string

    MDAOutputs:
      type: array
      items:
        $ref: '#/components/schemas/MDAOutputPerMDAType'

    AnalyticsScopeType:
      oneOf:
        - type: object
          properties:
            managedEntitiesScope:
              $ref: 'TS28623_ComDefs.yaml#/components/schemas/DnList'
        - type: object
          properties:
            areaScope:
              $ref: 'TS28623_ComDefs.yaml#/components/schemas/GeoArea'

    MDAOutputPerMDAType:
      type: object
      properties:
        mDAType:
          type: string
        mDAOutputIEFilters:
          type: array
          items:
            $ref: '#/components/schemas/MDAOutputIEFilter'

    MDAOutputIEFilter:
      type: object
      properties:
        mDAOutputIEName:
          type: string
        filterValue:
          type: string
        threshold:
          $ref: '#/components/schemas/ThresholdInfo'
        analyticsPeriod:
          $ref: '#/components/schemas/AnalyticsSchedule'
        timeOut:
          $ref: 'TS28623_ComDefs.yaml#/components/schemas/DateTime'

    ReportingMethod:
      type: string
      enum:
        - FILE
        - STREAMING
        - NOTIFICATION

    ReportingTarget:
      $ref: 'TS28623_ComDefs.yaml#/components/schemas/Uri'

    AnalyticsScopeType:
      oneOf:
        - type: object
          properties:
            managedEntitiesScope:
              $ref: 'TS28623_ComDefs.yaml#/components/schemas/DnList'
        - type: object
          properties:
            areaScope:
              $ref: 'TS28623_ComDefs.yaml#/components/schemas/GeoArea'

    AnalyticsSchedule:
      oneOf:
        - type: object
          properties:
            timeDurations:
              type: array
              items:
                $ref: 'TS28104_MdaReport.yaml#/components/schemas/TimeWindow'
        - type: object
          properties:
            granularityPeriod:
              type: integer

    ThresholdInfo:
      type: object
      properties:
        monitoredMDAOutputIE:          
          type: string
        thresholdDirection:
          type: string
          enum:
            - UP
            - DOWN
            - UP_AND_DOWN
        thresholdValue:
          oneOf:
            - type: integer
            - $ref: 'TS28623_ComDefs.yaml#/components/schemas/Float'
        hysteresis:
          oneOf:
            - type: integer
              minimum: 0
            - type: number
              format: float
              minimum: 0

#-------- Definition of abstract IOCs --------------------------------------------



#-------- Definition of concrete IOCs --------------------------------------------

    SubNetwork-Single:
      allOf:
        - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/Top'
        - type: object
          properties:
            attributes:
              $ref: 'TS28623_GenericNrm.yaml#/components/schemas/SubNetwork-Attr'
        - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/SubNetwork-ncO'
        - type: object
          properties:
            SubNetwork:
              $ref: '#/components/schemas/SubNetwork-Multiple'
            ManagedElement:
              $ref: '#/components/schemas/ManagedElement-Multiple'
            MDAFunction:
              $ref: '#/components/schemas/MDAFunction-Multiple'
            MDAReport:
              $ref: '#/components/schemas/MDAReport-Multiple'


    ManagedElement-Single:
      allOf:
        - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/Top'
        - type: object
          properties:
            attributes:
              $ref: 'TS28623_GenericNrm.yaml#/components/schemas/ManagedElement-Attr'
        - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/ManagedElement-ncO'
        - type: object
          properties:
            MDAFunction:
              $ref: '#/components/schemas/MDAFunction-Multiple'

    MDAFunction-Single:
      allOf:
        - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/Top'
        - type: object
          properties:
            attributes:
              allOf:
                - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/ManagedFunction-Attr'
                - type: object
                  properties:
                    supportedMDACapabilities:
                      $ref: '#/components/schemas/MDATypes'
        - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/ManagedFunction-ncO'
        - type: object
          properties:
            MDARequest:
              $ref: '#/components/schemas/MDARequest-Multiple'

    MDARequest-Single:
      allOf:
        - $ref: 'TS28623_GenericNrm.yaml#/components/schemas/Top'
        - type: object
          properties:
            attributes:
              allOf:
                - type: object
                  properties:
                    requestedMDAOutputs:
                      $ref: '#/components/schemas/MDAOutputs'
                    reportingMethod:
                      $ref: '#/components/schemas/ReportingMethod'
                    reportingTarget:
                      $ref: '#/components/schemas/ReportingTarget'
                    analyticsScope:
                      $ref: '#/components/schemas/AnalyticsScopeType'
                    startTime:
                      $ref: 'TS28623_ComDefs.yaml#/components/schemas/DateTime'
                    stopTime:
                      $ref: 'TS28623_ComDefs.yaml#/components/schemas/DateTime'
                    recommendationFilter:
                      $ref: '#/components/schemas/AnalyticsScopeType'


    MDAReport-Single:
      $ref: 'TS28104_MdaReport.yaml#/components/schemas/MDAReport'


#-------- Definition of JSON arrays for name-contained IOCs ----------------------

    SubNetwork-Multiple:
      type: array
      items:
        $ref: '#/components/schemas/SubNetwork-Single'
    ManagedElement-Multiple:
      type: array
      items:
        $ref: '#/components/schemas/ManagedElement-Single'
    MDAFunction-Multiple:
      type: array
      items:
        $ref: '#/components/schemas/MDAFunction-Single'
    MDARequest-Multiple:
      type: array
      items:
        $ref: '#/components/schemas/MDARequest-Single'

    MDAReport-Multiple:
      type: array
      items:
        $ref: '#/components/schemas/MDAReport-Single'

#-------- Definitions in TS 28.104 for TS 28.532 ---------------------------------

    resources-mdaNrm:
      oneOf:
        - $ref: '#/components/schemas/SubNetwork-Single'
        - $ref: '#/components/schemas/ManagedElement-Single'

        - $ref: '#/components/schemas/MDAFunction-Single'
        - $ref: '#/components/schemas/MDARequest-Single'
        - $ref: '#/components/schemas/MDAReport-Single'
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