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1
Decision/action requested

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

[1] 
3GPP TR 28.908-1.0.1 “Study on Artificial Intelligence/Machine Learning (AI/ ML) management”.
3
Rationale
TR 28.908 defines use case for Measurement data correlation analytics for ML training. This pCR is to introduce a potential solution and evaluation. 
Due to the complexity and time-varying nature of network operating, the measurement data collected for model training can be highly correlated (linear or non-linear), using all measurement data (measurement, KPI)  for model training (and inference) can be a waste of computing resource as well as increasing unnecessary lead time. 

For a give task (e.g., an analytics type), after analysing the correlation among the given set of all input measurement data set, the output can be a (much) smaller set of measurement data with less correlation, with which ML model training could be much more efficient with limited (or managed) impact to model training performance. Therefore, among all the input measurement data type for AIML model operations, there may be a list of the measurement data type not needed for the training and the inference. This may be more beneficial in case the model retraining may be done regularly. 
4
Detailed proposal
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5.16
Training data effectiveness reporting and analytics

5.16.1
Description

For AI/ML model training, a large amount of data instances does not necessarily add value, e.g., if only a portion contribute to actual model training, the other portion will be discarded by some well-designed algorithms. During ML model training the information can be provided on whether a specific sample is useful for the training or not and on how much such a sample is useful for the training. 

5.16.2
Use cases

5.16.2.1
 Training data effectiveness reporting
To train a ML model, high quality and large volume of training data instances are mandatory. The general practice is to collect as much data as possible and feed them to the ML model for pre-processing and training, in the hope to get high quality of trained model. This is usually done without considering the possibly different contributions of the different portions of input data samples to the accuracy of the trained model.  However, this open use of all available data is expensive both on data collection and on computation resources as even the unnecessary data samples are computed through the ML model. One solution is to leave the challenge  to the specific ML model training function to optimize the training data usage during model training, or before every training or retraining, e.g., by simply resampling the training data to only use part of the collected training data. However, in mobile networks where the amount of data is large, resources are constrained yet models need to be very accurate, this method is inappropriate. Instead, it is better that the training function evaluates the usefulness of different data samples or features and indicated that usefulness to the consumer so that the data used for retraining can be optimized.

The 3GPP management system needs to support means to report the contributions to model training of the different training data instances/samples based on insight of how the different portion of data contribute differently to the model accuracy. 
5.16.2.2
Training data effectiveness analytics
A single/independent observation on whether a certain sample or feature at a given timestamp contributed to model gradients cannot provide understanding on whether using such a sample or feature will contribute to model accuracy of the same model in further training/re-trainings, or if it will contribute to efficiency of training of further models related to the same use case.

In order to have such understanding, further analysis of the data related to the importance of the data instances during training is needed. The patterns of the most effective training data generated from the analytics would be very helpful to improve data collection in order to optimize the quantity and quality of the data to be used for training.  
5.16.2.3
Measurement data correlation analytics for ML training
For ML model training, a large amount of measurement data points collected and does not necessarily add value, e.g., due to the complexity and time-varying nature of network, the measurement data collected can be highly correlated (linear or non-linear), using all measurement data for model training (and inference) is a waste of computing resource. Hence there is a need to have a solution:

-
For a give task (e.g., analytics, model training), automatically analyses the correlation among the given set of all measurement data, the output can be a much smaller set of measurement data, with which ML model training could be much more efficient with limited (or managed) impact to model training performance,
-
Regularly renew the correlation analytics as the time progress the correlation relationship might change; this is especially useful when there is regular ML model retraining needed.
5.16.3
Potential requirements

REQ-TRAIN_EFF-01: The 3GPP management system should have the capability to allow an authorized consumer to configure an ML training function to report the effectiveness of data used for model training.   

REQ-TRAIN_EFF-02:
The 3GPP management system should have the capability to report the effectiveness of data used in the training, including providing an indication or label of which data instance is useful or not useful and an indication of which data feature is useful or not useful, or is contributing negatively to the model training

REQ-TRAIN_EFF-03:
The 3GPP management system should have the capability to allow the authorized consumer to activate the ML training function /Entity to label the effectiveness of data used for training.

REQ-TRAIN_EFF-04:
The 3GPP management system should have the capability to allow authorized consumer to request analytics for data used for model training with respect to effectiveness of such data during model training. 

REQ-TRAIN_EFF-05:
The 3GPP management system should have the capability to generate and to provide to consumer a pattern of highly effective data for training of either specific version of a model, all versions of a single model, or all models related to certain use case.
REQ-MEAS-DATA-1
the 3GPP management system should have a capability to enable an authorized MnS consumer (e.g. an MLT function) to request the analysis of the correlation of measurement data used for training an ML entity.

REQ-MEAS-DATA-2
The AI/ML MnS producer should have the capability enabling an authorized AI/ML MnS consumer to configure scheduling of the analysis of the correlation of measurement data. 

REQ-MEAS-DATA-3 
The AI/ML MnS producer should have the capability enabling an authorized AI/ML MnS consumer to manage the scheduled analysis of the correlation of measurement data, e.g., to suspend an ongoing scheduled MDCA activity, to resume a suspended scheduled MDCA activity, to cancel a scheduled MDCA activity, to configure the cycle of MDCA activity. 
5.16.4
Possible solutions

5.16.4.x
 possible solution for measurement data correlation analytics for ML training
The solution may enable the AIML Training MnS producer to support (with or without scheduled) measurement data correlation analytics via configuration, request from consumer. The high-level description of the proposed solution is illustrated by Figure 5.16.4.x-1. 
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Figure 5.16.4.x-1: High level description of the proposed solution

The steps in the figure are explained below:
1)  AIMLT MnS consumer may request for a new training indicating the producer to initiate the training with configuration for measurement data correlation analytics. The indication may be an attribute (e.g. an information element, it may be named as MDCA-MeasurementDataCorrelationAnalytics, which may include necessary configuration for measurement data correlation analytics) in AIMLTrainingRequest.

2)  AIMLT MnS producer upon receiving the request with configuration for measurement data correlation analytics, instantiates the AIMLTrainingProcess MOI.
3)  The instantiated AIMLTrainingProcess MOI takes care of the input measurement data correlation analytics as part of training request handling. E.g., prepare the pipeline of data input, cleansing, measurement data correlation analytics, initiate new training and report the training results with correlation results, etc.

4)  If the AIMLT MnS may support regular renew the measurement data analytics, the AIMLT MnS consumer may:

-    suspend the MDCA by update the configuration of scheduling information in MnS Producer.

-    cancel the scheduled MDCA by stopping ongoing correlation analytics activity and delete related configuration in MnS Producer.

-    update the scheduled MDCA cycle by re-configure the ongoing scheduled correlation analytics activity in MnS Producer.

The configuration information Element (e.g. MeasurementDataCorrelationAnalytics) may contain the following attributes: 

-    An attribute may indicate the address(es) of the candidate correlated measurement data generated from MDCA activity. The generated measurement data list is normally much shorter than the full measurement data list.

-    An attribute may indicate the MDCA results, it may be SUCCESSFUL WITH MDCA GENERATED, FAILED DUE TO PERFORMANCE IMPACT, or other failure results.

-    An attribute may indicate the MDCA performance requirement. It can be a percentage which requires the performance impact of trained AIMLEntity with generated measurement data within the range of the performance trained with full measurement data. E.g., 5% means the model performance for the AIMLEntity trained with generated measurement data shall be no worse than 5% of the performance trained with full measurement data.

-    An attribute may indicate the actual MDCA performance impact. It can be a percentage which indicate the loss the model performance from trained AIMLEntity with generated measurement data comparison to the performance trained with full measurement data. E.g., 3% means the model performance for the AIMLEntity trained with generated measurement data is 3% worse than the performance trained with full measurement data. 

-    If AIMLT MnS Function support producer initiated regular retraining, a scheduled MDCA activity may be enabled. Hence a scheduling attribute may be used to control the scheduling, which may include the following attributes:.
   > An attribute may indicate how frequent the MDCA activity shall be performed, e.g., weekly, or monthly.

   > Optionally MnS consumer may indicate when to start the scheduled MDCA with attribute startTime, e.g., start the MDCA in middle-night to balance the computing load.

   >  An attribute may indicate the status of current scheduledMDCA with enumeration as below:
>>  RUNNING may indicate the scheduled MDCA activity is ongoing or a new round of MDCA activity may be started as scheduled.

>>  SUSPENDED may indicate no further new round of MDCA can be started. If a scheduled MDCA is in progress, all the following rounds of MDCA activity will not be started. 

-    The scheduling Flag may indicate if a scheduled MDCA is enabled or not. By default, it may be False. When a scheduled MDCA is enabled, the scheduling Flag may be set to True. 

5.16.5
Evaluation
The solution described in clause 5.16.4.x adopts the NRM-based approach, proposing new information elements (class or dataType) with clear relationship to existing information element “AIMLTrainingRequest” and " AIMLTrainingReport". It reuses the existing provisioning MnS Operations and notifications for control of measurement data correlation analytics for model training and the implementation of this NRM-based solution is straightforward. Therefore, the solution described in clause 5.16.4.x is a feasible solution to be developed further in the normative specifications.
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