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Decision/action requested

The group is asked to discuss and agree on the proposal.
2
References

[1] 
3GPP TR 28.809 “Study on enhancement of Management Data Analytics (MDA)”
3
Rationale
This pCR is the rapporteur clean-up for 28.809 [1] which is under preparation for being sent for approval.
4
Detailed proposal
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4
Concepts and overview


4.1
Overview

The Management Data Analytics is defined in TS 28.550 [2] and has also been mentioned by various other technical specifications and reports including for example TS 28.533 [3], TS 28.530 [4], TR 28.861 [5] and TR 28.805 [6]. 

The MDA provides a capability of processing and analysing the raw data related to network and service events and status (e.g., performance measurements, Trace/MDT/RLF/RCEF reports, QoE reports, alarms, configuration data, network analytical data, and service experience data from AFs, etc.) to provide analytics report (including recommended actions) to enable the necessary actions for network and service operations.

The MDA, in conjunction with Artificial Intelligence (AI) and Machine Learning (ML) techniques, brings intelligence and automation to the network service management & orchestration.

MDA can help to perform management tasks in preparation, commissioning, operation as well as in the termination phases. For example, MDA can support service provisioning by preparing service catalogues, evaluating network requirements for a new service and carrying out feasibility check. During operation phase, the MDA can identify ongoing issues impacting the performance of the network and service, and discover in advance potential issues that would 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 deployment.

The MDAS can be consumed by various consumers, for instance the MFs (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. 

The MDA is an enabler for the automation and cognition of the network and service management & orchestration.

4.2
MDA functionality and service framework
Figure 4.2-1 illustrates the MDA functionality and service framework. Depending on the scenario, MDA producer may collect data for analysis by acting as an MnS Consumer, and/or as an NWDAF subscriber, and/or as a consumer of another MDAS producer. After analysis, the MDAS Producer exposes the analysis results to MDAS Consumer(s).
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Figure 4.2-1: Functional overview and service framework of MDA 
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5
MDA process and role

5.1
MDA role in management loop

The MDA forms a part of the management loop (which can be open loop or closed loop, see TS 32.500 [10]), and it brings intelligence and generates value by processing and analysis of management and network data, where the AI and ML techniques may be utilized.
The MDA plays the role of Analytics in the management loop illustrated in figure 5.1-1 below.
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Figure 5.1-1: Analytics in management loop

Observation: The observation of the managed networks and services. The observation involves monitoring and collection of events, status and performance of the managed networks and services, and providing the observed/collected data (e.g., performance measurements, Trace/MDT/RLF/RCEF reports, network analytics reports, QoE reports, alarms, etc).

Analytics: The data analytics for the managed networks and services. The MDA described in this TR plays the role of Analytics in the management loop. The MDA prepares, processes and analyses the data related to the managed networks and services, and provides the analytics reports for root cause analysis of ongoing issues, prevention of potential issues and prediction of network or service demands. The analytics report contains the description of the issues or predictions with optionally a degree of confidence indicator, the possible causes for the issue and the recommended actions. Techniques such as AI and ML (e.g., ML model) may be utilized by MDA with the input data including not only the observed data of the managed networks and services, but also the execution reports of actions (taken by the execution step). The MDA classifies and correlates the input data (current and historical data), learns and recognizes the data patterns, and makes analysis to derive inference, insight and predictions.

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 loop), or a human operator (in the open management loop). The decision includes 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.

5.2
Management interaction with NWDAF and gNB
There are two types of data analytics services, one is the network data analytics service provided by NWDAF, another is the MDAS provided by 3GPP management system. The MDAS producer provides the analytics data for management purposes based on the data related to different types of NFs or entities in the network, e.g., data reported from gNB and other core network functions. Depending on the scenario and when needed, the MDAS producer may use the analytics results of NWDAF as input. 
MDAS Producer may be deployed as 3GPP domain-specific (e.g., RAN or CN) or as 3GPP cross-domain. Figure 5.2-1 shows an example of the coordination between NWDAF, gNB and MDAS producer(s) for data analytics purpose. 
1.
The NWDAF may consume the MDAS for identified scenarios and provide analytics service for 5GC NF for control purpose. 

2.
The CN Domain MDAS producer may consume the service provided by NWDAF and other 5GC NFs and provide analytics data for management purpose.

3.  The gNB many consume the MDAS for identified scenarios for RAN control purpose.
4.
The RAN Domain MDAS producer may consume the service provided by gNB and provide analytics data for management purpose.
5.  The 3GPP cross domain MDAS Producer may consume (acting as Domain MDAS consumer) MDAS provided by domain-specific (RAN and/or CN) MDAS producer(s), and produce MDAS that may be consumed by 3GPP cross-domain MDAS consumer(s).
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Figure 5.2-1: Example of coordination between NWDAF, gNB and MDAS producer for data analytics 

Figure 5.2-2 shows another example of the coordination between NWDAF and MDAS producer for data analytics purpose.

1.
The NWDAF may consume the MDAS for identified scenarios and provide analytics service for 5GC NF for control purpose.

2.
The gNB may consume the MDAS for identified scenarios for RAN control purpose.
3.
The Domain MDAS producer may consume the service provided by NWDAF, other 5GC NFs and gNB, provide analytic data for management purpose.
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Figure 5.2-2: Example of coordination between NWDAF, gNB and MDAS producer for data analytics

5.3
MDA process

The MDA may rely on ML technologies, which may need the consumer to be involved to optimize the accuracy of the MDA results.

The MDA process in terms of the interaction with the consumer, when utilizing ML technologies, is described in the figure below.
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Figure 5.3-1: MDA process
There are two kinds of processes for MDA, the process for ML model training and the process for management data analysis. In the process for ML model training, the MDA producer classifies the input data for training purpose, trains the ML model and provides the ML training report. The process for ML model training may also get the consumer involved, i.e., allowing the consumer to provide input for ML model training. The ML model training may be performed on an un-trained ML model or a trained ML model. In the process for management data analysis, the MDA producer classifies the analytics input for management data analysis purpose, analyses the data by the trained ML model, and provides the analytics report to the consumer.

Data classification: The data input to the MDA producer could be used for ML model training or for the actual management data analysis. The MDA producer classifies the input data into the category for ML data training and the category for management data analysis, and passes the classified data along to corresponding step for further processing.

ML model training: The MDAS producer trains the ML model, i.e., to train the algorithm of the ML model to be able to provide the expected training output by analysis of the training input. The data for ML model training may be the training data (including the training input and the expected output) and/or the validation data provided by the consumer. After the ML model training, the MDAS producer provides an ML model training report.

Management data analysis: The trained ML model analyses the classified data and generates the management data analytics report(s). Analytics reports were presented in clause 5.1.

Validation: The consumer may validate the output data provided by the MDAS producer. The output data to be validated may be the analytics report and/or the ML model training report as described above. The consumer may provide the validation data as feedback to the MDAS producer, and the MDAS producer will use the validation data for further ML model training with the historical data that are used to generate the validated output data.
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6.2.1
RAN user plane congestion analysis

6.2.1.1
Use case

With the development of diverse communication services and the increasing number of connections, user data volume demanded by end users grows rapidly which may not be satisfied by the current deployed 5G network. 

In clause 3.1 of TS 22.101 [9], the RAN user plane congestion is defined as the situation where the demand for RAN resources to transfer user data exceeds the available RAN capacity to deliver the user data for a significant period of time in the order of few seconds or longer. The case where a short-duration burst of user plane traffic is not identified as RAN congestion.
Due to the complexity of 5G network and wireless environment, multiple types of performance deteriorate are related with RAN user plane congestion, e.g., high drop rate of PDCP PDU, the full PRB utilisation, inappropriate mobility parameters configuration or inefficient usage of radio resources. The root causes should be analysed and identified to help to resolve the RAN user plane congestion and improve the end users' experience, e.g., the issue of lack of physical or virtual resources or unsuitable resources allocation, unsuitable mobility parameters. The recommended actions may also be provided, e.g., recommended policies of physical and virtual resources allocation, possible means to improve the radio condition, load balancing mechanisms etc.

The producer of MDAS is able to, from the perspective of the management aspects, provide the user plane data congestion analytics report related to a specific cell, specific network slicing instance or subnetwork. This analytics report can be considered as an input to support SLS assurance to perform further evaluation.

6.2.1.2
Potential requirements

REQ-CONG_ANA-CON-1: The MDAS producer should be able to provide the analytics report describing the RAN user plane congestion problem.

REQ-CONG_ANA-CON-2: The analytics report describing the RAN user plane congestion problem should contain the following information:

-
The identifier of the RAN user plane congestion;

-
Indication of the RAN user plane congestion type;

-
The start time and end time of the RAN user plane congestion;

-
The geographical area and location where the RAN user plane congestion affects;

-
 Root cause of the RAN user plane congestion;

-
The objects affected by the RAN user plane congestion;

-
The severity level of the RAN user plane congestion;

-
The recommended actions to solve the RAN user plane congestion problem.

6.2.1.3
Possible Solutions
6.2.1.3.1
Solution description

The MDAS producer correlates and analyses the management data described in the following subclause to identify the RAN user plane congestion problems. As the table in clause 6.2.1.3.3 shows, the analytics report is able to be provided by the MDAS producer to describe the root causes and recommendations of identified RAN user plane problem. This procedure may be triggered by the request or periodically. 

6.2.1.3.2
Data required for RAN user plane congestion problem
The following table shows the potential data required to analyse the RAN user plane congestion problem.
	Data Category
	Required Data

	Performance Measurements
	UE throughput: The IP throughput of end users, see clause 5.1.1.3 of TS 28.552 [8]; 

Radio resource utilization: The usage of physical radio resource utilization of the network, see clause 5.1.1.2 of TS 28.552 [8];

PDCP Data Volume: The transmitted PDCP data volume, see clause 5.1.2.1 and 5.1.3.6 of TS 28.552 [8];

TB related measurements: The TB transmitted in a cell, see clause 5.1.1.7 of TS 28.552 [8];

CQI related measurements: the distribution of Wideband CQI (Channel Quality Indicator) reported by UEs in the cell, see clause 5.1.1.11 of TS 28.552 [8];

MCS related Measurements: the distribution of the MCS scheduled for PDSCH RB by NG-RAN, the distribution of the MCS scheduled for PUSCH RB by NG-RAN, see clause 5.1.1.12 in TS 28.552 [8];

RAN UE throughput: A KPI that shows how NG-RAN impacts the service quality provided to an end-user, see clause 6.3.6 of TS 28.554 [7];

Throughput for network slice instance: Upstream/Downstream throughput for network and Network Slice Instance, see clause 6.3.2 and clause 6.3.3 of TS 28.554 [7];

Throughput at N3 interface: Upstream/Downstream GTP data throughput at N3 interface, see clause 6.3.4 and clause 6.3.5 of TS 28.554 [7];

	MDT Data
	UE measurements related to RSRP, RSRQ, SINR and UE location information.

	QoE Data
	The details information of QoE data required by this case is FFS.

	Configuration Data
	The execution data including the changes or the configuration of the MOIs related with RAN user plane congestion.


Note: 
The above parameters may not be the complete list.

6.2.1.3.3
Analytics report for RAN user data congestion

The following table shows the potential information carried in the analytics report of RAN user plane congestion.

	Analytics Report of RAN user plane congestion
	Attribute Name
	
Description

	
	Resource issue identifier
	The identifier of the RAN user plane congestion 

	
	RAN user plane congestion type indication
	Indicator of the root cause of the RAN user plane congestion, e.g., PRB resources shortage, unsuitable resource allocation, inappropriate mobility parameters configuration, inefficient usage of radio resources

	
	Start time
	The start time of the RAN user plane congestion problem

	
	Stop time
	The end time of the RAN user plane congestion problem

	
	Location
	The geographical area or the cells where the RAN user plane congestion exists

	
	Root cause
	The root cause of the UP congestion issue, e.g. poor radio condition, inappropriate radio resource allocation, bad handover parameters, etc.

	
	Affected objects
	The MOIs of the cells or subnetworks or network slices affected by the RAN user plane congestion problem

	
	Severity level
	The severity level (e.g., critical, medium, not important) of the RAN user plane congestion 

	
	Recommended actions
	The recommend actions to solve the RAN user plan congestion problem. The recommended actions could be to update the policies of physical and virtual resources allocation, improve the radio condition quality, or optimize load balancing mechanisms.
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6.3.1.3
Possible solutions

6.3.1.3.1
Solution description

The performance measurements, e.g., network latency, UE throughput, network resource utilization and packet loss can be utilized for E2E latency analysis. To support E2E latency assurance in order to satisfy the latency requirements from the vertical users, MDAS producer is able to provide the analytics report as defined in clause 6.3.1.3.5 related with E2E latency analytics triggered by event or periodically.
6.3.1.3.2
Required data for latency analysis for RAN domain

The management data required to analyse the latency are defined as the following table.
	Input data
	Data type
	Description

	S-NSSAI
	Service data
	"S-NSSAI"as defined in clause 5.15.2, TS 23.501 [13]. MDAS may derive network topology information according to S-NSSAI

	Performance measurement
	Measurement data
	Packet delay: "packet delay"measurement as defined in clause 5.1.1.1, clause 5.1.3.3, TS 28.552 [8];

IP Latency measurements: "IP Latency measurements"as defined in clause 5.1.3.4, TS 28.552 [8];

UE throughput: The IP throughput of end users, see clause 5.1.1.3 of TS 28.552 [8]; 

RAN UE throughput: A KPI that shows how NG-RAN impacts the service quality provided to an end-user, see clause 6.3.6 of TS 28.554 [7];

Throughput at N3 interface: Upstream/Downstream GTP data throughput at N3 interface, see clause 6.3.4 and clause 6.3.5 of TS 28.554 [7];

Radio resource utilization: The usage of physical radio resource utilization of the network, see clause 5.1.1.2 of TS 28.552 [8];

CQI related measurements: the distribution of Wideband CQI (Channel Quality Indicator) reported by UEs in the cell, see clause 5.1.1.11 of TS 28.552 [8];

MCS related Measurements: the distribution of the MCS scheduled for PDSCH RB by NG-RAN, the distribution of the MCS scheduled for PUSCH RB by NG-RAN, see clause 5.1.1.12 in TS 28.552 [8];

	MDT Data 
	Measurement data
	UE measurements related to RSRP, RSRQ, SINR and UE location information, see TS 37.320 [12].

	QoE Data
	Measurement data
	The details information of QoE data required by this case is FFS.


Note: 
The above parameters may not be the complete list.

6.3.1.3.3
Required data for latency analysis for CN domain

The management data required to analyse the latency are defined as the following table.
	Input data
	Data type
	Description

	S-NSSAI
	Service data
	"S-NSSAI"as defined in clause 5.15.2, TS 23.501 [13]. MDAS may derive network topology information according to S-NSSAI

	Performance measurement
	Measurement data
	Round-trip GTP Data Packet Delay: "Round-trip GTP Data Packet Delay"as defined in clause 5.4.1.9, TS 28.552 [8];

GTP packets delay in UPF: "GTP packets delay in UPF"as defined in clause 5.4.5, TS 28.552 [8];

Round-trip GTP Data Packet Delay on N9 interface: "Round-trip GTP Data Packet Delay on N9 interface"as defined in clause 5.4.4.1, TS 28.552 [8];

Throughput at N3 interface: Upstream/Downstream GTP data throughput at N3 interface, see clause 6.3.4 and clause 6.3.5 of TS 28.554 [7];


Note: 
The above parameters may not be the complete list.

6.3.1.3.4
Required data for E2E latency analysis for cross domain

For cross domain analysis, the RAN and CN domain required data as described in clauses 6.3.1.3.2 and 6.3.1.3.3 may be also needed, as well as the potential data described in the following table.
	Input data
	Data type
	Description

	S-NSSAI
	Service data
	"S-NSSAI"as defined in clause 5.15.2, TS 23.501 [13]. MDAS may derive network topology information according to S-NSSAI

	Performance measurement
	Measurement data
	End-to-end Latency of 5G Network: "End-to-end Latency of 5G Network"as defined in clause 6.3.1, TS 28.554 [7];

Throughput for network slice instance: Upstream/Downstream throughput for network and Network Slice Instance, see clause 6.3.2 and clause 6.3.3 of TS 28.554 [7];

	QoE Data
	Measurement data
	The details information of QoE data required by this case is FFS.

	"Required data for latency analysis for RAN domain"or RAN domain "Analytics report for latency analysis"
	Measurement data and/or analytical data
	Raw data in "6.3.1.3.2 Required data for latency analysis for RAN domain", or analytical data of RAN domain in "6.3.1.3.5 Analytics report for latency analysis"

	"Required data for latency analysis for CN domain"or CN domain "Analytics report for latency analysis"
	Measurement data and/or analytical data
	Raw data in "6.3.1.3.3 Required data for latency analysis for CN domain", or analytical data of CN domain in "6.3.1.3.5 Analytics report for latency analysis"


Note: 
The above parameters may not be the complete list.

6.3.1.3.5
Analytics report for latency analysis

The following table shows the potential information of the domain specific or cross domain E2E analytics report for latency analysis based on the required data received as described in clauses 6.3.4.3.2, 6.3.4.3.3 and 6.3.4.3.4.

	Analytics Report of E2E latency analysis
	Attribute Name
	Description

	
	SLS assurance issue Identifier
	The identifier indicates the SLS assurance issue

	
	Indication of SLS assurance issue type
	Indicates the type of the SLS assurance issue, e.g., RAN latency issue, CN latency issue, TN latency issue.

	
	Location
	The geographical area and location where the latency issue exists

	
	Start time
	The start time of the latency issue

	
	Stop time
	The stop time of the latency issue

	
	Root cause
	The root cause of the E2E latency degradation, e.g. coverage issue, load issue in RAN, load issue in CN, low throughput in RAN, low throughput in CN etc.

	
	Affected objects
	The MOIs of cells, subnetwork or network slices affected by the latency issue;

	
	Severity level
	The severity level (e.g., critical, medium, not important) of the latency issue;

	
	Recommended actions
	The recommended actions to solve the latency issue, e.g., resource radio resources re-allocation in gNB, scaling the VNF.
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6.3.5.3
Possible solutions

6.3.5.3.1
Solution description

The performance measurements, e.g., UE throughput, network resource utilization can be utilized for UE uplink/downlink throughput analysis. To support UE uplink/downlink throughput assurance in order to satisfy the throughput per UE requirements from the vertical users, MDAS producer is able to provide the analytics report as defined in 6.3.5.3.3 related with UE uplink/downlink throughput analytics triggered by event or periodically.
6.3.5.3.2
Required data for UE uplink/downlink throughput analysis

The management data required to analyse the UE uplink/downlink throughput are defined as the following table.
	Input data
	Data type
	Description

	S-NSSAI
	Service data
	"S-NSSAI"as defined in clause 5.15.2, TS 23.501 [13]. MDAS may derive network topology information according to S-NSSAI

	Performance measurement
	Measurement data
	UE throughput: The IP throughput of end users, see clause 5.1.1.3 of TS 28.552 [8]; 

RAN UE throughput: A KPI that shows how NG-RAN impacts the service quality provided to an end-user, see clause 6.3.6 of TS 28.554 [7];

Throughput for network slice instance: Upstream/Downstream throughput for network and Network Slice Instance, see clause 6.3.2 and clause 6.3.3 of TS 28.554 [7];

Throughput at N3 interface: Upstream/Downstream GTP data throughput at N3 interface, see clause 6.3.4 and clause 6.3.5 of TS 28.554 [7];

Radio resource utilization: The usage of physical radio resource utilization of the network, see clause 5.1.1.2 of TS 28.552 [8];

CQI related measurements: the distribution of Wideband CQI (Channel Quality Indicator) reported by UEs in the cell, see clause 5.1.1.11 of TS 28.552 [8];

MCS related Measurements: the distribution of the MCS scheduled for PDSCH RB by NG-RAN, the distribution of the MCS scheduled for PUSCH RB by NG-RAN, see clause 5.1.1.12 in TS 28.552 [8];

	MDT Data 
	Measurement data
	UE measurements related to RSRP, RSRQ, SINR and UE location information, see TS 37.320 [12].


Note: 
The above parameters may not be the complete list.
6.3.5.3.3
Analytics report for UE uplink/downlink throughput analysis

The following table provides the potential contents of the analytics report of UE uplink/downlink throughput analysis.

	Analytics Report of UE uplink/downlink throughput analysis
	Attribute Name
	Description

	
	SLS assurance issue Identifier
	The identifier indicates the SLS assurance issue

	
	Indication of SLS assurance issue type
	Indicates the type of the SLS assurance issue, e.g.,

	
	Location
	The geographical area and location where the UE uplink/downlink throughput issue exists

	
	Start time
	The start time of the UE uplink/downlink throughput issue

	
	Stop time
	The stop time of the UE uplink/downlink throughput issue

	
	Root cause
	The root cause of the UE uplink/downlink throughput degradation, e.g. coverage issue, load issue in RAN, load issue in CN, low throughput in RAN, low throughput in CN etc.

	
	Affected objects
	The MOIs of cells, subnetwork or network slices affected by the UE uplink/downlink throughput issue;

	
	Severity level
	The severity level (e.g., critical, medium, not important) of the UE uplink/downlink throughput issue;

	
	Recommended actions
	The recommended actions to solve the UE uplink/downlink throughput issue, e.g.,
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6.3.7.3
Possible Solutions

6.3.7.3.1
Solution description
The solution requires MDAS producer to collect various data and provide jitter analytics report. To support jitter assurance in order to satisfy the customer’s requirements, the MDAS producer is required to provide the analytics report as defined in 6.3.7.3.3. This procedure may be triggered by the request or periodically

6.3.7.3.2 
Data required

The management data required to analyze the jitter are defined as the following table. 

	Input data
	Data type
	Description

	S-NSSAI
	Service data
	“S-NSSAI” as defined in clause 5.15.2, TS 23.501 [13]. MDAS may derive network topology information according to S-NSSAI

	Performance measurement
	Measurement data
	Packet delay: “packet delay” measurement as defined in clause 5.1.1.1, clause 5.1.3.3, TS 28.552 [8];

Round-trip GTP Data Packet Delay: “Round-trip GTP Data Packet Delay” as defined in clause 5.4.1.9, TS 28.552 [8];

GTP packets delay in UPF: “GTP packets delay in UPF” as defined in clause 5.4.5, TS 28.552 [8];

Round-trip GTP Data Packet Delay on N9 interface: “Round-trip GTP Data Packet Delay on N9 interface” as defined in clause 5.4.4.1, TS 28.552 [8];

Throughput at N3 interface: Upstream/Downstream GTP data throughput at N3 interface, see clause 6.3.4 and clause 6.3.5 of TS 28.554 [7];

End-to-end Latency of 5G Network: “End-to-end Latency of 5G Network” as defined in clause 6.3.1, TS 28.554 [7];

Throughput for network slice instance: Upstream/Downstream throughput for network and Network Slice Instance, see clause 6.3.2 and clause 6.3.3 of TS 28.554 [7];

	QoE Data
	Measurement data
	The details information of QoE data required by this case is FFS.


Note: The above parameters may not be the complete list.
6.3.7.3.3
Analytics report

The jitter analytics report contains the following information. 

	Jitter Analyics Report
	Attribute Name
	Description

	
	Jitter Identifier
	Identification of the jitter issue.

	
	Jitter Issue Type
	Indication of jitter issue type, e.g.RAN jitter issue, CN jitter issue.

	
	Start Time
	The start time of the jitter issue.

	
	End Time
	The end time of the jitter issue.

	
	Location Information
	The geographical area and location where the jitter issue exists.

	
	Root cause
	Root cause of the jitter issue.

	
	Affected objects
	The MOIs of cells, subnetwork or network slices affected by the jitter

	
	Severity level
	The severity level (e.g., critical, medium, not important) of the jitter issue.

	
	Jitter Value
	The average network latency with delay variation range

	
	Recommended actions
	The recommended actions to solve the jitter issue.
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6.7.1.3.3
Analytics report

The paging analytics report contains the following information
	Paging Analytics Report
	Attribute Name
	Description

	
	User Identification
	Identification of the user or a group of users.

	
	Daily-OOC-Duration
	Identifying the time window during which UE is out-of-coverage every day. This will be provided per UE.

	
	Daily-OOC-Location
	Identifying the last known location before UE going out-of-coverage every day. This will be provided per UE.

	
	Recommended Action
	The recommendation may suggest stopping paging the UE for Daily-OOC-Duration at Daily-OOC-Location. This will be provided per UE.


Based on the report and the recommendation, the consumer decides whether to change the paging strategy for a particular UE or a group of UE. If the paging policy needs to be changed, the AMF may decide whether, when and where to page the UE. The AMF may not page the UE during the period provided as Daily-OOC-Duration if the last know UE location is the location identified by Daily-OOC-Location.

Editor's Note: This use may require MDAS to know UE Identifier. How that will be done is FFS.
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6.8.1.3

Possible Solutions

6.8.1.3.1
Solution description

The solution requires MDAS producer to collect current DRB info as defined in clause 6.8.1.3.2 and produce the report, as defined in clause 6.8.1.3.3, providing the optimal time for software upgrade i.e. the time at which the impact is minimal.

6.8.1.3.2
Data required

The following table shows the data required to generate the DRB info analytics report. The data is collected per DRB from gNB.

	Data Category
	Required Data

	Bearer Statistics
	QCI: Indicates resource bearer type (GBR, non-GBR).

	
	Radio bearer State: Radio bearer State (Idle, Active)

The state indicates the status of bearer connection. The state will be used to deduce total number of idle/active connection. Based on the number of idle/active connections probable time for SW Upgrade can be decided.

	
	Bearer Modification Count: This count indicates number of times, this bearer has gone for modification since its creation.

This count will be used to detect how frequent this session has undergone bearer modification. With history database, if this session is vulnerable to many bearer modifications, the upgrade can be differed.

	
	Handover In Progress: This flag indicates whether the bearer is undergoing handover or not.

This flag will help to deduce number of sessions which are undergoing handover. MDAS may choose to defer SW upgrade based on number of sessions which are undergoing handover. The best practise is to go for SW upgrade, when active handovers are minimum.

	
	GTP Error Indication: This flag indicates GTP Path has gone to error state and system is waiting for recovery.

This flag will help to deduce number of sessions which are recovering due to error in GTP Path. MDAS may choose to defer SW upgrade based on number of sessions which are in error state. The best practise is to go for SW upgrade, when number of sessions suffering from this error are minimal.

	
	Timestamp: This parameter indicates timestamp during which this information has been collected



6.8.1.3.3
Analytics report

The DRB info analytics report contains the following

	DRB info Analytics Report
	Attribute Name
	Description

	
	Timestamp
	Time at which the report is generated

	
	CurrentUpgradeOptimal
	Boolean attribute indicating whether RAN Node can be upgrade at present.

	
	No. of GBR DRB
	Total number of GBR bearer

	
	No. of Non-GBR DRB
	Total number of non-GBR bearer

	
	FutureUpgradeOptimal
	Boolean attribute indicating whether RAN Node can be upgrade in future. This will provide the time duration in future.

	
	No. of GBR DRB
	Total number of GBR bearer

	
	No. of Non-GBR DRB
	Total number of non-GBR bearer
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6.x
MDA management aspects


6.x.1
ML model training for MDA

6.x.1.1
Use case

The MDA process may rely on ML technologies. To optimize the accuracy of MDA result, the ML model of the MDA process may need to be trained.

For training the ML model of the MDA process, the consumer provides the training data including training input and the desired output to the MDAS producer. The MDAS producer classifies the training data and uses the training input and the desired output to train the ML model, i.e., to train the algorithm of the ML model to be able to provide the desired output by analysis of the training input. The MDAS producer provides an ML model training report as one kind of output data to the consumer.

With a trained ML model for MDA, the MDAS producer can analyse the analytics input and generate the analytics report as output data of the analysis to the consumer.

The consumer may validate the output data provided by the MDAS producer. The output data to be validated may be the analytics report and/or the ML model training report as described above. The consumer may provide the validation data as feedback to the MDAS producer, and the MDAS producer will use the validation data for further ML model training for MDA with the historical data that are used to generate the validated output data.

6.x.1.2
Potential requirements

REQ-MDA_MGMT-CON-1
The MDAS producer should have a capability allowing the consumer to provide the data for training the ML model for MDA.

REQ-MDA_MGMT-CON-2
The MDAS producer should have a capability to provide ML model training report to the consumer.

REQ-MDA_MGMT-CON-3
The MDAS producer should have a capability to receive the validation data from the consumer and train the ML model for MDA based on the received validation data.

6.x.1.3
Possible solutions
6.x.1.3.1
Solution description
The MDAS producer trains the ML model with the training data or the validation data received from consumer. The ML model training should have no or minimal impact to the normal data analytics.

For the ML model training with the training data, the training data (see subclause 6.x.1.3.2) should include the training Id, the training input and expected training output:

-
The training Id is used to identify the ML model training request, and to associate with the training report.

-
The training input is a set of training input data with the indicated data type (e.g., performance measurements, MDT report, NRM, etc.).

-
The expected training output specifies the analysis result that the ML model should aim to achieve based on the training input. 

For the ML model training with the validation data, the validation data (see subclause 6.x.1.3.2) should include the validation report Id, analytics report Id that was validated, and the validated information including the data that are rectified. The MDAS producer looks up the historical data that are associated with the validated analytics report and trains the ML model with the historical data and the validation data.

The MDAS producer provides a training report (as shown in subclause 6.x.1.3.3) to the consumer, with indication of whether the training (identified by the training Id or validation Id) is successful and possibly the failure cause if the training is not fully successful.
6.x.1.3.2
Data required for ML model training for MDA

The following table describes the data required for ML model training for MDA:
	Data category
	Required data

	Training data
	The training data include a training identifier, the training input and the expected training output.

Training Id: Identifier of the training.

The training input contains the same types of information that should be included in a normal analytics input.

The expected training output contains the same types of information that should be included in a normal analytics report.

	Validation data
	The training data include a validation report Id, analytics report Id that was validated, and the data that are rectified. Example of the rectified data is the originally reported root cause is not accurate by validation and should be updated to another.


6.x.1.3.3
ML model training report
Following table provides the potential contents of the ML model training report.
	ML model training report
	Attribute Name
	Description

	
	Training Id
	The training Id that the training report is associated to.

	
	Validation report Id
	The validation report Id that the training report is associated to.

	
	Training result
	Indication of whether the training is successful, partially successful or failed.

	
	Failure cause
	The cause of the failure if the training is not fully successful.


6.x.1.4
Evaluation
The solution described in clause 6.x.1.3 requires the input s described in in clause 6.x.1.3.2, wherein

-
the training data are fully aligned with the analytics input and output of the concrete analytics use cases.

-
and validation data can be provided by the consumer.

Therefore, this solution is a feasible candidate for ML model training for the use cases that are concluded with a feasible solution.
6.x.2
Subscription to Management Data Analytics Reports

6.x.2.1
Use case

A MDAS Producer may provide several management data analysis reports. Multiple consumers may wish to receive a selection of these reports.

The consumer submits a request to MDAS producer to subscribe to the MDA reports. This request may include a filter to specify the scope of MDA reports to be subscribed (e.g., type of analytics report such as coverage issue analysis, resource utilization analysis, the managed objects to be analysed, etc.). The MDAS producer activates the data collection if it is not already active. In the subscription, the consumer may indicate the method that the MDA reports are to be reported, i.e., by streaming data reporting for by file reporting.
For all reports, the MDAS producer collects data, analyses the data, and generates the analytics report.

The MDAS producer provides the MDA reports based on the reporting method designated in the subscription by the consumer.

The consumer may send a request to MDAS producer to unsubscribe from the MDA report.

6.99.2.2
Potential requirements

REQ-MDA_SUB-1

The MDAS producer should have a capability to allow an MDAS consumer to subscribe to an analytics report. The subscription request should optionally allow the MDAS consumer to filter the scope of data in the analytics report.

REQ-MDA_SUB-2

The MDAS producer should have a capability to provide the analytics report to subscribed consumers.

REQ-MDA_SUB-3

The MDAS producer should have a capability to allow an MDAS consumer to unsubscribe to an analytics report.

6.x.2.3
Possible solutions
The MDAS consumer sends the MDAReportSubscription request to MDAS producer, with the following information included:

-
identifier of the subscription;
-
reporting method, i.e., file reporting or streaming data reporting;
-
streaming target if the reporting method is designated to streaming data reporting;

-
file information (e.g., file location, ready time, expiration time, size, compression and format) if the reporting method is designated to file reporting;
-
filter for the scope of the MDA report (e.g., type of analytics report, managed objects to be analysed, etc.)

The MDAReportSubscription may be modelled as an IOC and managed via provisioning related operations (such as CreateMOI, ModifyMOI, DeleteMOI).

The MDAS producers provides a response indicating the status of the request.

For the MDA report subscription designating the reporting method of file reporting, the possible solution in connection with file reporting service defined in TS 32.532 [28] is shown in Figure 6.x.2.3-1. 
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Figure 6.x.2.3-1: MDA report subscription and MDA report file reporting

For the MDA report subscription designating the reporting method of streaming data reporting, the possible solution in connection with streaming data reporting service defined in TS 32.532 [28] is shown in Figure 6.x.2.3-2. 
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Figure 6.x.2.3-2: MDA report subscription and MDA report streaming

6.x.2.4
Evaluation
The solution described in clause 6.x.2.3 reuses the generic streaming data reporting service and file reporting service defined in TS 28.532 [28] for MDA data reporting, and requires to a mechanism for MDA report subscription that can be defined in the normative work.
Therefore, this solution is a feasible candidate for MDA report subscription and reporting.
6.x.3
Retrieval of historical Management Data Analytics Reports

6.x.3.1
Use case

Besides the subscription and reporting of the MDA reports, the consumer may need to retrieve some historical MDA reports which were produced by MDAS producer in the past. The consumer may retieve the historical MDA reports for some reason, for example the reports have been received but lost by the consumer, or the reports have been received but could not be successfully parsed by the consumer, or even the reports were not successfully received by the consumer.

The consumer submits a request to MDAS producer to retrieve the historical MDA reports. This request may include a time frame and a filter to specify the scope of MDA reports to be retrieved (e.g, type of analytics report such as coverage issue analysis, resource utilization analysis, the managed objects analysed, etc.).

The MDAS producer retrieves the historical MDA reports, and sends the results to the consumer.

6.x.3.2
Potential requirements

The handling of historical management data in being addressed in some other work items, such as MADCOL (UID: 880028), it is assumed that the generic requirements on historical management data handling are applicable to MDA reports. No specific potential requirements are identified for retrieval of historical MDA reports.

6.x.3.3
Possible solutions

Handling of historical management data in being addressed in some other work items, such as MADCOL (UID: 880028), and the solutions derived from those work items can be applied to retrieval of historical MDA reports.

NOTE:
How to apply the solutions on historical management data handling made by these work items to MDA reports is not addressed in this study.

6.x.3.4
Evaluation
The retrieval and reporting of historical MDA reports can reuse the solutions for handling historical management data being addressed in other work items, such as MADCOL (UID: 880028). This study does not address how to apply these solutions to MDA reports.
6.x.4
Confidence indicator in analysis results

A consumer of MDAS should treat the results of Management Data Analytics with caution. A decision based on analytics should take into account the degree of confidence of the analysis result, especially in the case when multiple analysis results are based on different models or different source data.

Therefore it is proposed that the result of Management Data Analytics should contain an attribute which indicates the degree of confidence of the analysis. 

NOTE: 
How to evaluate a degree of confidence and how it should be expressed as an attribute are not addressed in this study. More work is needed in this area.

	End of Modified Sections


Management


Data Analytics





Analysis





MDAS





MDAS





MnS





Nnwdaf





Other MDAS Producer





MnS Producer





NWDAF





MDAS Consumer





MDAS Producer





MDAS Consumer





MnS Consumer





NWDAF Subscriber





Management


Data Analytics





Analysis





MDAS





MDAS





MnS





Nnwdaf





Other MDAS Producer





MnS Producer





NWDAF





MDAS Consumer





MDAS Producer





MDAS Consumer





MnS Consumer





NWDAF Subscriber









Decision
Execution
Observation
Data
Analytics

In scope of the present document



Data analytics module
Data classification
Analytics input
ML model training
MDAS producer
Validation data
MDAS consumer
Management data analysis
Training report
Analytics report
Validation
Process for ML model training
Process for management data analysis
Training data




MDAS consumer
notifyFileReady (MDA report file)
(see TS 28.532)
MDA report is ready
loop
[While the subscription is active]
MDAReportSubscription response
MDAReportSubscription request
MDAS producer



MDAS consumer
establishStreamingConnection request
     (see TS 28.532)
establishStreamingConnection Response
(see TS 28.532)
reportStreamData (MDA report)
(see TS 28.532)
MDA report is ready
loop
[While the subscription is active]
MDAReportSubscription response
MDAReportSubscription request
Streaming target
MDAS producer



