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Introduction
After the previous meeting,  the benefits of the continuous MDT collection and the solution needs to be discussed.

The existing MDT framework is used as baseline for data collection from the UE.
FFS on using s-based MDT, m-based MDT or both of them for data collection from the UE.
Continuous collection of MDT traces is beneficial only for AI/ML training in OAM. Continuous MDT collection is to enable the continuous collection of MDT data from the same UE across RRC state changes (RRC_Connected, RRC_Idle, RRC_Inactive).
FFS on determining the need for continuous MDT support for the Rel.18 use cases.In this contribution, we focus on the analysis on benefits of the continuous AI/ML data collection and provide the solutions to support the continuous MDT data collection.
Discussion
Several companies still have concerns about the benefits of continuous data collection for AI. From the perspective of AI/ML training data, having a continuous series of data is crucial to building an accurate training datasets. For time-series based AI/ML models like LSTM, the input data for both model inference and model training is a time series of continuous information. To illustrate this point, let's see the Figure 1. The data collection is requested from T0 to T7, but it cannot be guaranteed that UE (user equipment) will not change its state during that time. If the state of the UE does change, the data collection will be interrupted, which in turn interrupts the data collection necessary for AI/ML training and inference.
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Figure 1. Continuous UE measurements from T0 to T7.
Training dataset may be composed of a series of data, as shown below:
Data1: {(x1, t1), (x2, t2), …, (x5, t5)}
Data2: {(x2, t2), (x3, t3), …, (x6, t6)}
Data3: {(x3, t3), (x4, t4), …, (x7, t7)}
…
DataN:{(xN,tN), (xN+1, tN+1), …,(xN+4, tN+4)}}
For example, if the reporting of requested measurements is interrupted across UE RRC states, the training dataset will be invalid, or we may need to apply normalization techniques to the dataset to fill in the gaps caused by the interruption. This is why enhancing MDT to support continuous reporting is crucial.
Observation 1: Based on the current collection mechanisms, the continuous data collection for AI/ML will be interrupted when the UE state is transition from RRC_idle to RRC_connected.
Proposal 1: Enhancing MDT to support continuous reporting is important to build the accurate training datasets.

Currently, existing MDT mechanisms can serve as the baseline and there is no need to define a new signaling to transfer UE measurements. For model training and inference, the input data should be consecutive and a time series of information per a certain granularity. In the case of AI/ML-based mobility optimization, as well as for other AI/ML use cases, input information would be retrieved from the UE side. However, the current MDT mechanism is unable to support the collection of input information for AI/ML model training and inference.
For example, when a UE enters a connected state from an idle/inactive state, continuous data collection would be interrupted. When a UE is in the idle/inactive state, it collects data based on the logged MDT configuration. But when it enters the connected state, the logged MDT configuration is interrupted, and measurements are reported to the RAN directly, causing the interruption of continuous measurements and invalidating the training datasets, as discussed before.
To meet the continuous input data requirement for AI/ML model training and inference, existing MDT mechanisms need to be enhanced to support the collection of input information from the UE. This enhancement would ensure that the input data is uninterrupted even when the UE changes its state, thus allowing for more accurate and effective AI/ML model training and inference.
Proposal 2: Current MDT mechanism should be enhanced in order to support continuous AI/ML data collection.
Currently, following are the input information from UE across three AI/ML based use cases, captured in the TR37.817:
===============================TR37.817===============================
From the UE:
-	UE location information (e.g., coordinates, serving cell ID, moving velocity) interpreted by gNB implementation when available
-	UE Mobility History Information
-	UE measurement report (e.g., UE RSRP, RSRQ, SINR measurement, etc), including cell level and beam level UE measurements
===============================TR37.817===============================
Additionally, in the TS23.288, with respect to the NWDAF, mobility use case is also captured, and the input and output information are listed as follows:
===============================TS23.288===============================
[bookmark: _Toc131158452]6.7.2	UE mobility analytics
[bookmark: _Toc131158453]6.7.2.1	General
NWDAF supporting UE mobility statistics or predictions shall be able to collect UE mobility related information from NF, OAM and to perform data analytics to provide UE mobility statistics or predictions.
// Skipped
[bookmark: _Toc131158454]6.7.2.2	Input Data
The NWDAF supporting data analytics on UE mobility shall be able to collect UE mobility information from OAM, 5GC and AFs. The detailed information collected by the NWDAF could be MDT data from OAM, network data from 5GC and/or service data from AFs:
-	UE mobility information from OAM is UE location carried in MDT data;
-	Network data related to UE mobility from 5GC is UE location information, UE location trends or UE access behaviour trends, as defined in the Table 6.7.2.2-1;
Table 6.7.2.2-1: UE Mobility information collected from 5GC 
	Information
	Source
	Description

	UE ID
	AMF
	SUPI

	UE locations (1..max)
	AMF
	UE positions

	   >UE location
	
	TA or cells that the UE enters (NOTE)

	   >Timestamp 
	
	A time stamp when the AMF detects the UE enters this location

	Fine granularity location (1...max)
	GMLC
	UE positions

	....>UE location
	
	GAD shape or location coordinates (see TS 23.032) [34]

	....>Timestamp
	
	A time stamp when the location was measured

	....>LCS QoS
	
	The accuracy of the measurement

	....>Motion Event Notification) 
	
	The notification about motion event reporting as described in TS 23.273 [39]

	....>Liner distance threshold
	NWDAF consumer
	The distance travelled by the UE before reporting subsequent location as described in TS 23.273 [39]

	Type Allocation code (TAC)
	AMF
	To indicate the terminal model and vendor information of the UE. The UEs with the same TAC may have similar mobility behaviour. The UE whose mobility behaviour is unlike other UEs with the same TAC may be an abnormal one.

	Frequent Mobility Registration Update
	AMF
	A UE (e.g. a stationary UE) may re-select between neighbour cells due to radio coverage fluctuations. This may lead to multiple Mobility Registration Updates if the cells belong to different registration areas. The number of Mobility Registration Updates N within a period M may be an indication for abnormal ping-pong behaviour, where N and M are operator's configurable parameters.

	UE access behaviour trends
	AMF
	Metrics on UE state transitions (e.g. access, RM and CM states, handover).

	UE location trends
	AMF
	Metrics on UE locations.

	NOTE:	UE location includes either the last known location or the current location, under the conditions defined in Table 4.15.3.1-1 in TS 23.502 [3].



Editor's note:	Whether and how other LCS QoS such as LCS QoS accuracy in vertical, LCS delay time, LCS QoS class can be included is FFS.
-	Service data related to UE mobility provided by AFs is defined in the Table 6.7.2.2-2;
Table 6.7.2.2-2: Service Data from AF related to UE mobility
	Information
	Description

	UE ID
	Could be external UE ID (i.e. GPSI)

	Application ID
	Identifying the application providing this information

	UE trajectory (1..max)
	Timestamped UE positions

	   >UE location
	Geographical area that the UE enters

	   >Timestamp 
	A time stamp when UE enters this area

	A list of areas
	A list of areas used by the AF for the application service.

	NOTE:	The application ID is optional. If the application ID is omitted, the collected UE mobility information can be applicable to all the applications for the UE.



Depending on the requested level of accuracy, data collection may be provided on samples (e.g. spatial subsets of UEs or UE group, temporal subsets of UE location information).
NOTE:	Reporting current UE location can cause AMF to request NG-RAN to report UE location and consequently extra signalling and load in NG-RAN and AMF. The consumer retrieving data from AMF needs to use current location with care to avoid excessive signalling.
===============================TS23.288===============================
Above all, the benefits of using the geographic location as input information mobility analytics are identified. From AI/ML perspective, more fine-grained input information can help the AI/ML model learn multidimensional features.
Now we agree that cell-level UE trajectory is considered as a start point, and geographic UE trajectory is FFS, when we discuss the solution of the UE trajectory prediction. However, it does not imply the input information used for UE trajectory prediction should only be historical cell-level UE trajectory information. 
In fact, the accuracy of UE trajectory prediction can be improved by incorporating fine-grained input information, such as UE geographic location, in addition to historical cell-level UE trajectory information. Therefore, while cell-level UE trajectory is a good starting point, it's important to consider other sources of input information for more accurate UE trajectory prediction.
Proposal 3: The accuracy of UE trajectory prediction can be improved by incorporating fine-grained input information, such as UE geographic location, in addition to historical cell-level UE trajectory information.
UE geographic location, as the input information from UE used for trajectory prediction, the UE location from UE side needs the requirement of continuous data collection for AI/ML based load balancing, AI/ML based energy saving, and AI/ML based mobility optimization.
Proposal 4: Enhance the MDT reporting mechanisms to support collect continuous UE geographic location.
Hence, when UE location information needs to be used as input for model training or inference in NG-RAN node, the historical UE location information, for a past period of time needs to be collected. To facilitate this, it is recommended to introduce an indication in the logged MDT measurement configuration to inform the UE whether to collect continuous historical information (such as historical cell information, coordinates, latitude, longitude, altitude, etc.) regardless of the UE state, whether it is idle, inactive, or connected.
Following are the signaling procedures for the continuous data collection:
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Figure 1. Signaling procedures for the continuous data collection
Proposal 5: Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect continuous information (e.g., historical cell information, latitude, longitude, altitude, velocity, etc.) across various RRC states (connected, inactive, idle).
The MDT configuration would also include the measurement period and duration, which would determine how frequently the UE should collect and report the location information.
Proposal 6: The MDT configuration also includes measurement periodicity, and measurement duration.
In a previous meeting, some companies raised concerns that the approach of collecting continuous historical information for AI/ML model training and inference would burden the UE since it may store a large amount of measurement data. However, these concerns are not justified. 
Firstly, the measurement duration is used to determine the time range for a measurement. This means that UE will not store a large quantity of measurements as the duration would specify the amount of data collected for each measurement. Therefore, this means that the UE will only store measurements for the measurement duration specified in the MDT configuration.
Observation 2: UE will only store measurements for the measurement duration specified in the MDT configuration.
Secondly, this approach is based on logged measurements. When the UE enters the connected state, the measurements stored in the UE are reported to the RAN directly, and if the continuous collection indication is available, the UE will continue to collect the measurements.
Observation 3: When the UE enters the connected state, the measurements stored in the UE are reported to the RAN directly so that the measurement may not always be stored in the UE.
Proposal 7: Collecting continuous data information does not bring the burdens to be UE.
Moreover, during the last meeting, companies acknowledged that there is indeed an interruption in MDT data collection during the transition from idle to connected state. However, they believe that this issue could be resolved through data manipulation techniques. While some of these techniques have the potential to address the problem, we believe that it would be better to use small indicators to ensure continuous data collection instead of relying solely on implementation.
Proposal 8: Introducing an indicator with limited specification impacts is a better solution to the interruption of MDT data collection during the transition from idle to connected state, while data manipulation techniques may be useful. 

Our solution is to introduce a "continuous MDT" indication, and the logged MDT configuration can also include a measurement duration parameter. When the UE moves to idle mode, it can start collecting the logged MDT measurements based on this configuration. And then when the UE moves from IDLE/INACTIVE to CONNECTED, UE continues to collect the measurements by itself based on the configuration of measurement duration. Once the measurement duration has elapsed, the UE can stop collecting the measurements and report them to the RAN. In addition, supporting company brings another solution to support the continuous data collection.
[1] proposes to introduce a "continuous MDT" flag in the logged MDT configuration. UE moves to idle mode and collects the logged MDT measurements. And then when the UE moves from IDLE/INACTIVE to CONNECTED, the UE indicates to the RAN, as part of the RRC Setup procedure, that it is configured with Continuous MDT. This allows the RAN to immediately configure the UE with Immediate MDT measurements.
There may some issues with the approach above:
- First, when the network side re-initiate the configuration, the network side may not know the time that the UE side has already measured, which could result in unnecessary measurement workloads.
- Secondly, in the case of mobility, this is particularly challenging in scenarios where different vendor OAMs are used, e.g., whether the configuration by the new RAN side is consistent with the previous configuration.
- Thirdly, the reconfiguration from RAN will still result in measurement interruption since the immediate MDT configuration is re-triggered.
Hence, since MDT measurement configurations are stored and performed in the UE, our approach is the most straightforward and simple solution with minor standard impact. 
Proposal 9: Introducing an indication in the logged MDT measurement configuration to indicate UE to let UE collect measurement across various RRC state is the most straightforward and simple solution with minor standard impact.
Since the MDT enhancement needs to coordinate other groups, and there are the impacts on OAM and Uu interface, the LS should be sent to ask RAN2/SA5 whether the continuous AI/ML related information reporting from UE should be supported and whether the solution proposed by RAN3 is feasible.
Proposal 10: Send LS to RAN2/SA5 on the MDT enhancement to support continuous AI/ML related information reporting from UE to check the feasibility.
The corresponding TP and LS are provided in [2][3].
Conclusion
We propose the following observations: 
Observation 1: Based on the current collection mechanisms, the continuous data collection for AI/ML will be interrupted when the UE state is transition from RRC_idle to RRC_connected.
Proposal 1: Enhancing MDT to support continuous reporting is important to build the accurate training datasets.
Proposal 2: Current MDT mechanism should be enhanced in order to support continuous AI/ML data collection.
Proposal 3: The accuracy of UE trajectory prediction can be improved by incorporating fine-grained input information, such as UE geographic location, in addition to historical cell-level UE trajectory information.
Proposal 4: Enhance the MDT reporting mechanisms to support collect continuous UE geographic location.
Proposal 5: Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect continuous information (e.g., historical cell information, latitude, longitude, altitude, velocity, etc.) across various RRC states (connected, inactive, idle).
Proposal 6: The MDT configuration also includes measurement periodicity, and measurement duration.
Observation 2: UE will only store measurements for the measurement duration specified in the MDT configuration.
Observation 3: When the UE enters the connected state, the measurements stored in the UE are reported to the RAN directly so that the measurement may not always be stored in the UE.
Proposal 7: Collecting continuous data information does not bring the burdens to be UE.
Proposal 8: Introducing an indicator with limited specification impacts is a better solution to the interruption of MDT data collection during the transition from idle to connected state, while data manipulation techniques may be useful. 
Proposal 9: Introducing an indication in the logged MDT measurement configuration to indicate UE to let UE collect measurement across various RRC state is the most straightforward and simple solution with minor standard impact.
Proposal 10: Send LS to RAN2/SA5 on the MDT enhancement to support continuous AI/ML related information reporting from UE to check the feasibility.
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