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1 Introduction

During Rel-18, contributions on Continuous MDT have been discussed and the benefits of the solution on AI/ML based processes have been presented, but questions on the correlation of the logged and immediate MDT have been raised.

In this paper we highlight the importance of the UE level measurement specification TS28.558 [1] in addressing the previously discussed considerations.
2 Discussion

During Rel18 a number of agreements were taken showing that Continuous MDT is a valuable and beneficial enhancement for the collection of data supporting AI/ML.
Some of the agreements taken during Rel18 are shown below:

WA: There are the benefits in enabling UEs to continuously collect MDT measurement across RRC states and to provide to the network such continuous time series of data for the purpose of AI/ML Training/Retraining. The evaluation of gains vs impacts related to the use cases in R18 coming from potential solutions needs to be further discussed. 

The existing MDT framework is used as baseline 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).

We would like to highlight that, unlike other Rel18 left overs, which provide enhancements for specific use cases, continuous MDT derives into a solution that can be used across all AI/ML use cases because it enables the collection of continuous time series of data that facilitate creation of training data sets.

Observation 1: Continuous MDT provides a solution framework that can be reused across all AI/ML use cases to enable a more effective creation of training data sets.

However, during Rel-18 discussions concerns regarding correlation of logged and intermediate MDT have been raised. These concerns pointed at the lack of identifiers provided with logged and immediate MDT measurements that would enable the Trace Collection entity (TCE) to collate logged and immediate MDT measurements provided by the same UE. In particular, the following open point was raised:
Further check whether the management based MDT identifier e.g. IMEI-TAC, NR- CGI, TR/TRSR allows the TCE to correlate logged MDT and immediate MDT collected during continuous MDT.
In [2] we acknowledged that Management Based MDT does not offer the possibility to merge Immediate and Logged MDT data collected by the same UE across different RRC states. In order to do this, we argued that an identifier would be needed that is consistently maintained across Management Based MDT data collection in different RRC states and that is associated to the collected MDT data. Furthermore, we proposed to raise the need of such identifier to SA5 as a requirement for the realization of Continuous MDT. There was no agreement on sending such LS to SA5. 
However, during the course of Rel18, SA5 has carried out work that is relevant to facilitate a solution to the problems identified during Rel18 for continuous MDT. Such work from SA5 is reflected in TS28.558 [1].
Indeed, TS28.558 specifies UE level measurements for 5G system, and the corresponding collection and reporting mechanisms. The general purpose of TS28.558 is reported below as an excerpt from TS28.558 itself:

3 Overview

The UE level measurements, i.e., the measurements per UE, in addition to the traditional performance measurements which are aggregated for the UEs to a measured object (e.g., a cell), are required to support intelligent features, e.g., analytics conducted by NWDAF, and ML model training for RAN intelligence functions.

The UE level measurement is produced by 5GC Network Function or NG-RAN node for a particular UE, and provided by the MnS producer to the authorized consumer(s).

In R3-240058, SA5 sent an LS to RAN3 stating the following:
All of the NG-RAN UE level measurements defined in draft TS 28.558 have been already supported by the MDT for NR (TS 37.320). However, RAN specs (e.g., 37.320, 38.314) refer to TS 28.552 in the definitions of certain MDT measurements, SA5 would like to inform RAN2 and RAN3 that a proper reference for those measurements would be TS 28.558. SA5 kindly requests RAN2 and RAN3 to take this into account and consider future update of the references in relevant RAN TSs once the TS 28.558 is published.

SA5 has, in the meantime published TS28.558, therefore enabling RAN2 and RAN3 to correct the old reference for TS28.552 into a reference for TS28.558.

Referencing to TS28.558 implies that measurements M4, M5, M6 and M7 have a more detailed definition according to which the measurements provided by the RAN in immediate MDT are reported together with a semi-static UE identifier, the S-TMSI. The S-TMSI does not change so long as the UE is within the same AMF pool. 
With this new definition of the immediate MDT measurements a new framework for continuous MDT is created. Namely, it is sufficient to configure at least one of measurements M4, M5, M6, M7 to get, together with the measurements, a unique identifier that will link all immediate MDT measurements across mobility. Namely, whenever the UE is in RRC_Connected within the same AMF Pool and if the UE reports Immediate MDT measurements, the UE will report also the S-TMSI. The TCE will therefore be able to collate all Immediate MDT measurements from the same UE.

Conclusion 1: By leveraging the measurement definitions in TS28.558 it is possible to link all the Immediate MDT measurements reported by the same UE while the UE is within the same AMF Pool

This S-TMSI provided by the UE together with the MDT measurements defined in TS28.558 also helps linking logged MDT measurements with immediate MDT measurements. This is because a UE moving from Idle to Connected will present logs. The logs will be reported to the TCE. The same UE will be configured for immediate MDT and it will report immediate MDT measurements with an S-TMSI. The TCE will understand that the same UE identified by the S-TMSI generated the previous logged MDT measurements, hence logged MDT and immediate MDT can be merged and thus enabling the required correlation between the measurements.​

Conclusion 2: The MDT measurements definitions in TS28.558 enable to achieve realization of Continuous MDT through the specified UE identifier which is consistently maintained across RRC state changes within an AMF Pool and that is associated to the collected MDT data.
Correspondingly by simply referencing to TS28.558 (as requested by SA5 in their LS in R3-240058) it is possible to achieve the continuous MDT solution described in [2] and summarized by the following figure and steps below:
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Figure 1: Example of “continuous MDT” signalling support
1) The RAN receives a Management Based MDT configuration made of at least two configurations: an Immediate MDT configuration and a Logged MDT configuration. The two configurations have different Trace Session identifiers. This configuration contains a “Continuous MDT” flag. With this information, the RAN knows that it has to configure selected UEs with MDT measurements in RRC_CONNECTED and in RRC_IDLE/INACTIVE. 

2) The RAN may configure the UE with Immediate MDT and logged MDT as per the configuration details above (i.e. including a “continuous MDT” flag in the Logged MDT configuration pushed to the UE).  

3) The UE reports Immediate MDT measurements collected while in RRC_CONNECTED and according to the Immediate MDT configuration received. As part of these measurements, the UE includes the S-TMSI, as per definitions in TS28.558.
3a)
NG-RAN 1 reports the Immediate MDT measurements as part of a Trace Record contained in a Trace File sent to the TCE. The measurements include the UE´s S-TMSI.
4) The UE moves to RRC_IDLE/INACTIVE. The UE will collect logged MDT measurements and store them as per received Logged MDT configuration.

5) When the UE moves from RRC_IDLE/INACTIVE to RRC_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, which can be added to the Continuous MDT trace.

6) The RAN configures the UE with Immediate MDT measurements

7) The UE reports Logged MDT results, which can be added as Trace Record into a Trace File. The measurements in the Trace Record will include the UE´s S-TMSI.
8) The UE reports Immediate MDT measurements collected while in RRC_CONNECTED and according to the Immediate MDT configuration received. As part of these measurements, the UE includes the S-TMSI, as per definitions in TS28.558. The NG-RAN 2 includes the Immediate MDT measurements into a Trace Record and adds them into the Trace File where the logged MDT measurements Trace Record was stored.
8a)
NG-RAN 2 reports the Logged MDT measurements and the Immediate MDT measurements as part of different Trace Records within a Trace file that is sent to the TCE. The measurements include the UE´s S-TMSI.

9) The TCE is able to link the UE measurements received in the Trace File from NG-RAN 1 and NG-RAN 2, thanks to the UE´s S-TMSI included in both Trace Files.
10) To guarantee for continuous MDT measurement collection across connected mode mobility, an indication of “Continuous MDT” is included in the Handover Preparation signalling towards the target RAN. The target RAN is therefore able to appropriately configure MDT at the UE.
From the above it is possible to see that the biggest obstacle to achieve Continuous MDT, namely the presence of an identifier that would allow the TCE to link measurements from the same UE into a continuous time series of data, has been solved by the measurement definitions provided by SA5 in TS28.558. 
The solution above includes some other, less challenging enhancements, that can be discussed in Rel19, namely:

· Enabling the inclusion of a “continuous MDT” flag in the Logged MDT configuration and allowing the UE to report to the RAN a “continuous MDT” indication when it moves from RRC_Idle to RRC_Connected.

· Enabling to signal a “Continuous MDT” flag as part of the handover signalling

In light of the above, the following is proposed:

Proposal 1: Agree to achieve Continuous MDT by means of enhancements to Management Based MDT as described above and referencing in the RAN specifications to TS28.558 
Proposal 2: Continuous MDT is based on signalling to the UE, as part of the Logged MDT configuration, that the UE is selected for Continuous MDT. This enables the UE to report a “Continuous MDT” flag as soon as the UE establishes an RRC connection from RRC_Idle/RRC_Inactive. Hence the UE can be configured with Immediate MDT measurements.
Proposal 3: Continuous MDT is based on signalling in the Xn: Handover Request message of an indication that the UE is selected for Continuous MDT
4 Conclusions and Proposals
In this paper an analysis of how to achieve Continuous MDT has been made in light of recent publication of TS28.558. The following observation and conclusion was made:

Observation 1: Continuous MDT provides a solution framework that can be reused across all AI/ML use cases to enable a more effective creation of training data sets.

Conclusion 1: By leveraging the measurement definitions in TS28.558 it is possible to link all the Immediate MDT measurements reported by the same UE while the UE is within the same AMF PoolWhile the following were proposed:
Proposal 1: Agree to achieve Continuous MDT by means of enhancements to Management Based MDT as described above and referencing in the RAN specifications to TS28.558 

Proposal 2: Continuous MDT is based on signalling to the UE, as part of the Logged MDT configuration, that the UE is selected for Continuous MDT. This enables the UE to report a “Continuous MDT” flag as soon as the UE establishes an RRC connection from RRC_Idle/RRC_Inactive. Hence the UE can be configured with Immediate MDT measurements.

Proposal 3: Cotinus MDT is based on signalling in the Xn: Handover Request message of an indication that the UE is selected for Continuous MDT
A TP mirroring the above proposals is available for agreement in [3].
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