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1. Introduction
In last RAN3 meeting there was an initial discussion on the REl-18 leftovers [1], being one of the objectives if the new Rel-19 SI “New SID: Study on enhancements for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN” (RAN3-led) which was approved in RAN#102 [2], then revised in RAN#103 and eventually approved in [3]. 
Below the list of agreements taken in last RAN3 meeting [1] concerning the whole Rel-18 leftovers objective:
The Issues to be solved in R19:
Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
Continuous MDT collection targeting the same UE across RRC states
Agree to take as baseline for the Mobility Optimization for NR-DC that the use case is studied assuming inference at the MN. The main use case is limited to dual connectivity only (e.g. no conditional procedures are in scope).
Agree to have discussions on AI/ML based energy saving at the next meeting, where enhancements will be based on new solutions not discussed in Rel18. It is strongly recommended not to reiterate Rel18 proposals on which consensus could not be achieved. If consensus on a solution approach is not reached at May meeting, the topic is down prioritized.
It is agreed to evaluate solutions on multi hop trajectory and check their impact on specifications with the aim of minimizing that. If consensus on a solution approach is not reached at May meeting, the topic is down prioritized.
There is no consensus on whether inference is at the gNB-DU for Network Slicing and CCO. 
It is FFS whether inference at the gNB-DU is needed based on the benefits and the identified cases compared with inference at the gNB-CU. 
· Formulate the use case and solution for split architecture support, NR-DC, and continuous MDT use cases
· Further discuss the ES and multi-hop use cases and solutions based on principles as approved above
· Further down-selection in May meeting
This contribution addresses the Rel-18 leftover related to the “Continuous MDT collection targeting the same UE across RRC states” and provides proposals for discussion, based on the agreement and FFS highlighted in yellow above.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]2. Background
In the context of the Rel-18 WI “AI/ML for NG-RAN” [4] RAN3 specified data collection enhancements and signalling support within existing NG-RAN interfaces and architecture for three selected use cases, namely, (network) Energy Saving (ES), Mobility Enhancements (ME) and Load Balancing (LB). In [4] the NOTE highlighted in yellow below can be found, which refers to MDT enhancements to be specified if needed:
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
[bookmark: _Hlk89695239]Normative work is based on the conclusions captured in TR37.817. The detailed objectives of the WI are listed as follows:

· Specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture (including non-split architecture and split architecture) for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization. (RAN3)

Note: On security impacts, coordination with SA3 when needed. On OAM aspects, coordination with SA5 when needed.
Note: Specify new UE measurements when needed if any.
Note: Specify MDT procedure enhancements when needed if any.
In this Section 2 we provide a summary of the discussion held in RAN3 during the Rel-18 WI, which in our view is needed considering the guidance from the Rel-19 SID in [3] that 
Note: RAN3 should take the Rel-18 discussions into account.
During some preliminary discussions in previous meetings, it was argued that, for the AI/ML model (re-)training to be successful, the MDT data collected from the UE should be consecutive – i.e., data series not affected by time interruptions due to, e.g., stop of UE data collection and successive resuming – and a time series of information with a certain granularity. It was claimed that, when the UE enters to connected state from idle/inactive, consecutive (without time gaps) information would not be collected, therefore negatively impacting the AI/ML model which could not be properly (re-)trained due to the use of invalid training dataset. This motivated the discussions on the specification of the Continuous MDT feature, that is, an enhancement of the MDT mechanism suited for AI/ML models’ (re-)training in OAM that allows continuous collection of MDT data from the same UE across RRC states.
Only in RAN3#119bis-e meeting it was possible to achieve some initial agreements on this feature. To be specific, the baseline framework for the data collection from the UE, the definition of Continuous MDT and its main application have been agreed as follows [5]:
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).
In RAN3#120 meeting the solution space for enabling the Continuous MDT feature was investigated also based on the contributions provided by companies in previous RAN3 meetings and summarized in [5] as follows:
FFS on the solutions to support continuous MDT collection:
 - 	Solution 1: existing MDT mechanism without enhancement.
 - 	Solution 2: Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect 		continuous location information (e.g., historical cell information, latitude, longitude, altitude, velocity, etc.) across various 	RRC states (connected, inactive, idle).
 - 	Solution 3: introduce a “Continuous MDT” flag in the management based logged MDT measurement configuration, and 	enable the UE to report a “Continuous MDT” flag as soon as the UE establishes an RRC connection from Idle. Introduce a 	continuous MDT indication in the Handover Request message to enable the target NG-RAN to configure the UE with a 	management-based MDT configuration
 - 	Solution 4: down-select the solution from option 1 to 3 to configure multiple signaling based MDTs (e.g., immediate MDT 	and log MDT) to a UE
	 - 	Option 1: add addition trace activation IE in Xn
	 - 	Option 2: add addition trace activation IE in both NG and Xn
	 -	Option 3: extending the CHOICE MDT Mode IE
It should be noted that both management-based and signalling-based MDT were currently in scope, as per the corresponding FFS from RAN3#119bis-e meeting [5]:
FFS on using s-based MDT, m-based MDT or both of them for data collection from the UE.
However, there were no further agreements on which solution should be specified for the Continuous MDT feature because new issues were raised and discussed in [6], with the conclusion that RAN3 should further investigate how to solve the following list of open issues [7]:
Further evaluate the gap of continuous MDT during idle to active transition for both management based MDT and signaling based MDT, e.g. how many milliseconds? What is the maximum acceptable gap for continuous MDT? e.g. consider the report periodic of UE measurement report.
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.
If correlation of log MDT and immediate MDT is possible for management based MDT, FFS whether the current mechanism already support configuration of continuous MDT i.e. when UE connected to a new cell and report the availability of log MDT, the connected cell could configure the UE with immediate MDT immediately.
If correlation of log MDT and immediate MDT is possible for management based MDT, FFS on selection of group of UE when deciding to implement continuous MDT.
In addition to the above, and concerning in particular the issue of how the Trace Collection Entity (TCE) can correlate logged MDT and immediate MDT reports from the same UE collected across the different RRC states of the UE, the following common understanding in RAN3 was reported in the meeting minutes [7]:
Common understanding in RAN3:
For signaling based MDT, TCE could identify the UE via UE identifier
For management based MDT, it is not possible for TCE to identify the UE with UE identifier that can lead to the unique UE identity since m-based MDT is intentionally made anonymous. 
Eventually, RAN3 discussed and attempted to solve the issues above in RAN3#121 meeting but no real conclusion was reached, since only shortcomings of current signalling-based and management-based MDT mechanisms were acknowledged by companies that prevented RAN3 to agree on MDT enhancements for AI/ML in Rel-18 as follows [8]: 
The following understanding is based on R18 use cases:
Signalling-based MDT could provide continuous Data Collection from a certain UE, however, it has scalability issues when selecting large number of UEs and lacks cell-level granularity. 
Management-based MDT provides the advantage of being scalable when selecting large number of UEs. However, current management-based MDT mechanism cannot identify and group together MDT reports collected from the same UE across RRC states. UE selection is left to RAN implementation and it is not controllable by OAM.
It is proposed that solutions to address the above shortcomings are not pursued in Rel.18.
In the next Section 3 we provide possible way forward on how to properly enable the Continuous MDT feature in Rel-19 and corresponding proposals for discussion.
3. Discussion
3.1	Existing MDT framework for Continuous MDT
The MDT framework has been specified to mainly serve the purpose of collecting data from the UE over Uu interface. One of the open points from RAN3#119bis-e meeting is the following [5]:
FFS on using s-based MDT, m-based MDT or both of them for data collection from the UE.
Since when MDT was specified in Rel-10, from the network signalling perspective two types of MDT have been introduced: signalling-based MDT and management-based MDT. The former is used to collect measurements from a certain UE which is selected in OAM based on a permanent UE identity and, if the corresponding end user has consented to contribute to MDT, the final decision to activate the data collection process for that UE is taken by the UDM in CN. In management-based MDT, instead, measurements are collected from randomly chosen UEs or a group of UEs that enter a (certain) geographical area. Management-based MDT is typically activated in RAN nodes of a specific area (which is identified by a list of NG-RAN cells) and UE selection is performed by RAN nodes based on parameters received by the OAM, UE radio capability and the indication about whether the MDT is allowed to be configured considering e.g. user consent and roaming status; the latter indication is received from the CN and consists of the Management Based MDT PLMN list.
Based on the above, it is clear that the main difference between signalling- and management-based MDT is the granularity of the UE selection process. By recalling the agreement from RAN3#119bis-e meeting that [5]:  
The existing MDT framework is used as baseline for data collection from the UE.
and that data collection, in turn, serves the purpose of providing sufficient amount of data as input for AI/ML model (re-)training, we need to ensure that data is collected from as many UEs as possible, under different radio environments and RRC states. This is also motivated by the fact that the input data collection for AI/ML model (re-)training is not a time-critical task, it is a long-term and continuous task. In our understanding, fulfilling the above requirements for proper data collection from UEs can only be achieved via management-based MDT, therefore we propose:
Proposal 1: RAN3 to discuss and agree that the existing management-based MDT mechanism is used as baseline to ensure proper data collection from as many UEs as possible, under different radio conditions and RRC states for the purpose of AI/ML model (re-)training in OAM.
Proposal 1bis: RAN3 to discuss and agree whether also signalling-based MDT should be considered for the Continuous MDT feature, and identify enhancements needed to enable such feature.
The main issue with management-based MDT to be used as the baseline approach for Continuous MDT, however, is related to the MDT data anonymization requirement: in TS 32.422, in fact, it is stated that anonymization of MDT data gathered via management-based MDT is mandatory for both MDT types (the so-called Job Types), i.e., immediate MDT and logged MDT. In order to understand how this requirement could impact the possibility to actually implement the concept of Continuous MDT we can refer to the following Figure 1.
In Figure 1 it is assumed that the OAM has provided the NG-RAN with a management-based MDT configuration consisting of an immediate MDT configuration and a logged MDT configuration; each of these MDT configurations has been assigned with a separate Trace Reference (TR), i.e., TR#1 and TR#2 for immediate MDT and logged MDT, respectively. It is then the NG-RAN (gNB in Figure 1) that activates the MDT feature towards a certain number of UEs (for simplicity, only a single UE is represented in Figure 1). When the UE is in connected mode, it performs MDT measurements according to the immediate MDT configuration it has received from the NG-RAN and reports those measurements to the NG-RAN itself which, in turn, forwards these MDT data to the TCE. Then, when the UE goes to idle/inactive mode, it performs the logged MDT measurements as per the logged MDT measurement configuration provided by the NG-RAN. Once back in connected mode, and assuming that the UE resumes under the same gNB as in Figure 1, the UE will report the MDT measurements performed while it was in idle/inactive mode to the gNB which, again, will forward these measurements to the TCE.
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[bookmark: _Ref139902730]Figure 1 – Management-based MDT data acquisition from the same UE.
In order to actually implement the Continuous MDT concept and, more specifically, to create datasets that are represented as a time series of continuous information for proper (re-)training of AI/ML models – i.e., data series not affected by time interruptions due to e.g. stop of UE data collection and successive resuming – it is needed that TCE identifies that the immediate and logged MDT measurement reports are related to the same UE and that it can correlate these MDT reports, so to create a unique dataset. And since this unique dataset has been built by exploiting the MDT reports provided by the same UE irrespective of its RRC state, such dataset is a consistent representation of the network, not dependent on e.g. UE capabilities, UE implementation, etc. 
However, as per the anonymization requirement of management-based MDT data previously mentioned, the MDT reports provided to the TCE are anonymized on purpose, hence it seems that currently there are no means for the TCE to recognize which MDT reports are provided by the same UE. 
It is worth to highlight that there is no need for the TCE to identify the UE which provided the immediate and logged MDT reports, but what it is actually needed is that the TCE identifies which MDT reports are provided by the same UE so that the TCE can correlate these reports and hence create a unique dataset which can be used for AI/ML (re-)training purposes.
Observation 1: To enable Continuous MDT via management-based MDT, the TCE needs to be able to identify which management-based MDT reports (logged and immediate) are provided by the same UE, so that the TCE can correlate these reports to then create a unique dataset (in the form of a continuous time series of information) which can be used for AI/ML model’s (re-)training.
Observation 2: There is no requirement for the TCE to identify the UE which provided both management-based immediate and logged MDT measurement reports.
What has been shown so far led to the FFS from the RAN3#120 reported below for convenience [7]:
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.
[bookmark: _Hlk142558121]In our understanding, the IMEI-TAC (International Mobile Equipment Identity – Type Allocation Code) cannot be used for the purpose of allowing the TCE to correlate management-based immediate and logged MDT reports from the same UE. The IMEI-TAC is the initial 8-digit portion of the 15-digit IMEI and 16-digit IMEI-SV (IMEI – Software Version) codes which, in turn, are used to uniquely identify wireless devices. The IMEI-TAC, instead, identifies a particular manufacturer/model of a device and, in TS 32.422 §4.1.1.9.2 / §4.7, its use in the context of MDT data anonymization is specified. More in detail, if the anonymization indicates that the IMEI-TAC is required, the gNB sends the CELL TRAFFIC TRACE message to the AMF including Trace Recording Session Reference (TRSR), TR, serving cell’s Cell Global Identity (CGI) (NR-CGI), TCE IP Address and the privacy indicator (set to either Logged MDT or Immediate MDT depending on the type of MDT). The AMF looks up the subscriber IMEI-SV of the given session from its database and then provides the IMEI-TAC to the TCE along with TRSR, TR and, for the immediate MDT only, the serving cell CGI. It is then the TCE that combines the MDT report provided by the gNB with the IMEI-TAC received from the AMF based on the TR/TRSR information.
6) […] Otherwise if the MDT anonymization requires the IMEI-TAC in the MDT record gNB shall send the Trace Recording Session Reference, Trace Reference, serving cell CGI, and TCE IP Address in the CELL TRAFFIC TRACE message to the AMF via the NG connection. When AMF receives this NG signalling message containing the Trace Recording Session Reference, Trace Reference, serving cell CGI, and the Privacy Indicator (that shall be set to Logged MDT or Immediate MDT depending on the configured Job Type) if so indicated in the privacy indicator, the AMF shall look up the subscriber identities (IMEI(SV)) of the given call from its database, and send the IMEI-TAC together with the Trace Recording Session Reference and Trace Reference and for immediate MDT also the serving cell CGI to the TCE, as described in section 4.7 of the present document. For logged MDT, AMF will send the IMEI-TAC together with the Trace Recording Session Reference, Trace Reference to the TCE.
In our understanding, there is nothing preventing the TCE to combine the same IMEI-TAC with different MDT reports provided by different UEs of the same manufacturer/model, therefore the TCE will not be able to identify which MDT reports are provided by which UE, i.e., the TCE will not be able to properly correlate MDT reports. As previously anticipated, the IMEI-TAC is one of the two levels of anonymization of management-based MDT data and it is indicated as part of the MDT configuration provided to the NG-RAN, hence making it even more unsuitable for the purpose here discussed.
Concerning the NR-CGI, it is used to globally identify a NR cell: it is constructed from the PLMN identity to which the cell belongs to and the NR Cell Identity (NCI) of the cell. In TS 32.422, §4.1.1.9.2, it is stated that the serving cell CGI is sent to the TCE by both the AMF (along with TR and TRSR) and the gNB (along with the MDT report received from the UE) only for the case of immediate MDT:
6) […] Otherwise if the MDT anonymization requires the IMEI-TAC in the MDT record gNB shall send the Trace Recording Session Reference, Trace Reference, serving cell CGI, and TCE IP Address in the CELL TRAFFIC TRACE message to the AMF via the NG connection. When AMF receives this NG signalling message containing the Trace Recording Session Reference, Trace Reference, serving cell CGI, and the Privacy Indicator (that shall be set to Logged MDT or Immediate MDT depending on the configured Job Type) if so indicated in the privacy indicator, the AMF shall look up the subscriber identities (IMEI(SV)) of the given call from its database, and send the IMEI-TAC together with the Trace Recording Session Reference and Trace Reference and for immediate MDT also the serving cell CGI to the TCE, as described in section 4.7 of the present document. For logged MDT, AMF will send the IMEI-TAC together with the Trace Recording Session Reference, Trace Reference to the TCE.

[…]

7) For Immediate MDT when the gNB receives the MDT report from the UE in the RRC message the gNB shall capture it and put the UE’s serving cell CGI together with the MDT report from the UE to the trace record. A UE configured to perform Logged MDT measurements in IDLE or INACTIVE indicates the availability of MDT measurements, by means of a one-bit indicator, in RRCConnectionSetupComplete message during connection establishment as specified in 3GPP TS 32.421 [2]. The gNB can decide to retrieve the logged measurements based on this indication by sending the UEInformationRequest message to the UE. The UE can answer with the collected MDT logs in UEInformationResponse message.
This because, as specified in TS 32.422 §4.1.1.9.2, for management-based Immediate MDT the TRSR may be duplicated among different gNBs when multiple cells are selected as the area scope for the same MDT job. In this case, the combination of TRSR and the UE’s serving cell CGI in the MDT report can uniquely identify one trace recording session (i.e., one TR).
Based on the above, in our understanding the TCE is not able to exploit the serving cell CGI (NR-CGI) for correlating immediate and logged MDT reports provided by the same UE because such information is provided only when the MDT report is related to an immediate MDT session.
Finally, about the possibility to use TR/TRSR for correlating immediate and logged MDT reports from the same UE, let’s now briefly recall what TR and TRSR are. As per TS 32.421, a Trace Session is identified by a TR which is globally unique; then, within a single Trace Session, there could be multiple Trace Recording Sessions, each of which is identified by a TRSR. It could be foreseen to assign two different TRSRs, one for the immediate MDT recording session and the other for the logged MDT recording session, within the same UE’s trace session (i.e., the same TR), so that the TCE could correlate the MDT reports from that specific UE by simply looking at the TR. However, this is not possible because in TS 32.422 §4.1.5 it is clearly stated that:
Immediate MDT, Logged MDT and Logged MBSFN MDT measurements shall always be configured as separate trace sessions.
And therefore, based on the above, separate trace sessions will necessarily have different TRs. This implies that using TR/TRSR for correlating the immediate and logged MDT reports from the same UE is not possible.
Observation 3: Neither IMEI-TAC, NR-CGI nor the use of TR/TRSR as per the current SA5 specifications can be used at TCE level to correlate immediate and logged MDT reports from the same UE.
One possibility to address this issue could be to introduce a new Job Type in SA5 specifications which allows to configure a MDT session encompassing immediate MDT and logged MDT simultaneously, and assigning to this MDT session the same TR. This should be possible because from SA5 TS 32.422 §5.9a it is already possible to configure a Job Type for two modes – refer to Job Type value 3 which is Immediate MDT and Trace. Hence, if a new Job Type such as “Immediate MDT and Logged MDT” is introduced, then the same TR could be assigned to the MDT session corresponding to this new Job Type. It should be recalled that in TS 32.422 §4.1.1.9.2 it is stated that
1) The management system sends a Trace Session activation request to the gNB. This request includes the parameters for configuring UE measurements:
- Job Type. 
[…] 
- Trace Reference.
[…]
4) gNB shall activate the MDT functionality to the selected UEs. […]. The gNB shall assign Trace Recording Session Reference corresponding to the selected UE. The gNB shall send at least the following configuration information to the UE in case of Logged MDT:
So, the OAM provides the TR while the TRSR is assigned by the gNB on a per-UE basis within the same MDT session identified by the specific TR. In this manner, in management-based MDT, a single TR could be assigned to an MDT session with a Job Type equal to “Immediate MDT and Logged MDT”, and this configuration is valid for all UEs selected by the NG-RAN. In order to then correlate the immediate and logged MDT reports from the same UE (properly anonymized, e.g., via IMEI-TAC), the TCE could perform such correlation by “collating” those MDT reports having the same couple TR/TRSR: the TR links the MDT reports one to each other (as they both belong to the same MDT session) while the TRSR links the MDT reports to a specific UE, hence realizing the Continuous MDT for the UE.
Since the above solution has impacts on SA5, it is proposed to liaise with SA5 asking for feedback on its feasibility.
Proposal 2: RAN3 to discuss on the solution based on a new Job Type “Immediate and Logged MDT” for realizing the Continuous MDT feature. A LS to SA5 should be sent asking for feedback on the feasibility of such solution in Rel-19.
A draft LS to SA5 can be found in the Annex of this contribution.
If Proposal 2 is agreed, then the following FFS from [7] needs to be dealt with:
If correlation of log MDT and immediate MDT is possible for management based MDT, FFS whether the current mechanism already support configuration of continuous MDT i.e. when UE connected to a new cell and report the availability of log MDT, the connected cell could configure the UE with immediate MDT immediately.
The above reported issue is related to the scenario where the UE has been configured with immediate and logged MDT and, after having performed logged MDT measurements while in idle/inactive state, it re-establishes/resumes its RRC connection in a new cell and the UE reports the availability of logged MDT measurements to the (potentially new) serving gNB. In order to avoid time interruptions during the MDT data collection process, the UE should be re-configured to perform immediate MDT immediately after it re-establishes/resumes the RRC connection, i.e., it moves to connected state. To this end, and considering that the OAM is aware of the fact that providing a management-based MDT configuration with Job Type “Immediate MDT and Logged MDT” means that the UEs that will use such configuration are the ones configured with the Continuous MDT feature, it could be possible to exploit a solution based on which the serving gNB sends the MDT configuration (the one with the Job Type “Immediate MDT and Logged MDT”) to the 5GC by default immediately after it receives such management-based MDT from the OAM. The MDT configuration can be stored within the UE context in the 5GC by default only for those UEs making use of the management-based MDT configuration with Job Type “Immediate MDT and Logged MDT”. In this manner, once the UE re-establishes/resumes its RRC connection, the (potentially new) serving gNB will retrieve the UE context (and hence the management-based MDT configuration with Job Type “Immediate MDT and Logged MDT”) from the 5GC and it will re-configure the UE to continue performing the immediate MDT measurements in connected mode. In such a way, the (potentially new) serving gNB does not need to recognize which UE(s) have been configured with the Continuous MDT feature, because it will become aware of this by simply retrieving the UE context from the 5GC, which by default contains the management-based MDT configuration with Job Type “Immediate MDT and Logged MDT” only for those UEs subject to the Continuous MDT feature. 
The above solution is summarized in the following Figure 2.
[image: ]
[bookmark: _Ref140244211]Figure 2 - 5GC-based solution for management-based Continuous MDT.
1. OAM provides the NG-RAN node (gNB1) with a management-based MDT configuration having Job Type “Immediate MDT and Logged MDT” and a specific TR (TR#1);
2. gNB1 configures the UE (UE1) to perform MDT measurements based on the management-based MDT configuration previously provided by the OAM and assigns a UE-specific TRSR;
3. since the received management-based MDT configuration has the Job Type field set to “Immediate MDT and Logged MDT” the gNB1 stores such management-based MDT configuration in the UE context with the 5GC;
4. [bookmark: _Hlk141970381]UE1 is in connected mode, hence it performs immediate MDT measurements according to the management-based MDT configuration provided by the gNB1 and provides the immediate MDT measurement report to the gNB1 which, in turn, is sent by the gNB1 to the TCE (properly anonymized);  
5. UE1, which previously moved to idle/inactive mode and has performed logged MDT measurements according to the management-based MDT configuration provided by the gNB1, re-establishes/resumes its RRC connection under the coverage of a new serving NG-RAN node (gNB2) and indicates to gNB2 that it has a logged MDT measurement report available;
6. gNB2 retrieves the UE context of UE1 from the 5GC including the management-based MDT configuration having Job Type “Immediate MDT and Logged MDT” and a specific TR (TR#1);
6a. gNB2 retrieves the logged MDT measurement report from UE1 and sends it to the TCE (properly anonymized);
7. According to the management-based MDT configuration retrieved from the UE context of UE1 (previously stored by gNB1 in 5GC), gNB2 is able to reconfigure the UE1 to perform immediate and logged MDT measurements.
Based on the above we propose the following:
Proposal 3: RAN3 to discuss and agree on a solution allowing a UE to be reconfigured with immediate MDT immediately after it re-establishes/resumes its RRC connection. Such solution is based on storing the MDT configuration having Job Type “Immediate MDT and Logged MDT” in the UE context within the 5GC.
Another open aspect that needs to be tackled from [7] is:
If correlation of log MDT and immediate MDT is possible for management based MDT, FFS on selection of group of UE when deciding to implement continuous MDT.
As stated before, for proper AI/ML model’s (re-)training it is important to collect a massive amount of data from as many UEs as possible under different radio conditions. Considering the discussion made so far on how to enable Continuous MDT – i.e., 1) how to correlate at the TCE side the MDT reports provided by the same UE configured with management-based MDT and 2) how to ensure that a UE selected for Continuous MDT keeps on performing immediate MDT measurements when it re-establishes/resumes its RRC connection – we think that no additional enhancements are needed for selecting UEs for Continuous MDT operation, but we can simply rely on existing criteria. In TS 32.422 §4.1.1.9.2 it is clearly stated that:
[…]
3) gNB shall select the suitable UEs for MDT data collection. The selection is based on the area received from the management system and the area where UE is located, user consent information received from the core network as part of the Management based MDT PLMN List IE (As described in section in 4.9.2 of this document). If the user is not in the specified area or if the  Management based MDT PLMN List IE is not present in the UE context the UE shall not be selected by the gNB for MDT data collection. During UE selection, the gNB shall take into account also the UE capability (MDT capability) when it selects UE for logged MDT configuration. If the UE does not support logged MDT, the UE shall not be selected. 
[…]
The Continuous MDT feature allows to provide a consistent representation of the network from each of the selected UEs by definition, because it is possible to retrieve network measurements from the same UE irrespective of its RRC state, provided that the UE is capable of performing logged MDT measurements. Moreover, we think that UEs with different (not MDT related) UE capabilities, e.g., different MIMO capabilities, should be considered for being selected for Continuous MDT operation, in order to provide not only massive amount but also diversified data for AI/ML model’s (re-)training, so to have multiple (but consistent) representations of the network from heterogeneous devices. Hence, we propose:
Proposal 4: RAN3 to discuss and agree that no additional criteria on top of the existing mechanism are needed to select UEs for Continuous MDT operation. 
Finally, the last open issue to discuss from [7] is the following:
Further evaluate the gap of continuous MDT during idle to active transition for both management based MDT and signaling based MDT, e.g. how many milliseconds? What is the maximum acceptable gap for continuous MDT? e.g. consider the report periodic of UE measurement report.
This issue has been tackled in some contributions from RAN3#121 meeting [9][10][11][12], and it is observed that the main challenge in achieving a continuous time series of measurement data depends on the delay required for the activation in the UE of the immediate MDT measurement collection when the UE connects to the network at each transition from idle to connected mode. It is also reported that the time gap during idle to connected can be considered as shorter than 200ms, which is less than the minimum interval of logged MDT (320ms as per TS 38.331), therefore the time gap can be generally considered to be less than the minimum logging interval. 
Observation 4: The time gap during idle to connected transition is shorter than the minimum Logged MDT measurement interval. 
It should also be considered that continuity in time of the collected dataset could not be achieved easily due to constraints posed by the MDT data collection process which are needed to avoid significant impacts at UE side, hence making difficult to guarantee a fixed time granularity of collected data. To cope with this issue, it could be possible to exploit innovative data manipulation techniques that allow to, e.g., fill in gaps in collected datasets, such techniques however are AI/ML model implementation dependent and hence are out of RAN3 scope. Therefore, we propose the following:
Proposal 5: RAN3 to discuss and agree that the effects of the time gap during idle to connected transition on the collected datasets are negligible and, if actually observed, they can be overcome by exploiting data manipulation techniques which are out of RAN3 scope.
[bookmark: _Toc423020279][bookmark: _Toc423020296][bookmark: _Toc423019950]4. Conclusion
Based on the discussion in this paper, we provide the following observations and proposals:
Proposal 1: RAN3 to discuss and agree that the existing management-based MDT mechanism is used as baseline to ensure proper data collection from as many UEs as possible, under different radio conditions and RRC states for the purpose of AI/ML model (re-)training in OAM.
Proposal 1bis: RAN3 to discuss and agree whether also signalling-based MDT should be considered for the Continuous MDT feature, and identify enhancements needed to enable such feature.
Observation 1: To enable Continuous MDT via management-based MDT, the TCE needs to be able to identify which management-based MDT reports (logged and immediate) are provided by the same UE, so that the TCE can correlate these reports to then create a unique dataset (in the form of a continuous time series of information) which can be used for AI/ML model’s (re-)training.
Observation 2: There is no requirement for the TCE to identify the UE which provided both management-based immediate and logged MDT measurement reports.
Observation 3: Neither IMEI-TAC, NR-CGI nor the use of TR/TRSR as per the current SA5 specifications can be used at TCE level to correlate immediate and logged MDT reports from the same UE.
Proposal 2: RAN3 to discuss on the solution based on a new Job Type “Immediate and Logged MDT” for realizing the Continuous MDT feature. A LS to SA5 should be sent asking for feedback on the feasibility of such solution in Rel-19.
A draft LS to SA5 can be found in the Annex of this contribution.
Proposal 3: RAN3 to discuss and agree on a solution allowing a UE to be reconfigured with immediate MDT immediately after it re-establishes/resumes its RRC connection. Such solution is based on storing the MDT configuration having Job Type “Immediate MDT and Logged MDT” in the UE context within the 5GC.
[bookmark: _Toc423020280]Proposal 4: RAN3 to discuss and agree that no additional criteria on top of the existing mechanism are needed to select UEs for Continuous MDT operation. 
Observation 4: The time gap during idle to connected transition is shorter than the minimum Logged MDT measurement interval. 
Proposal 5: RAN3 to discuss and agree that the effects of the time gap during idle to connected transition on the collected datasets are negligible and, if actually observed, they can be overcome by exploiting data manipulation techniques which are out of RAN3 scope.
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[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Title:	[Draft] LS on Continuous MDT for AI/ML model training
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Attachments:
1	Overall description
As part of the Rel-19 Study on enhancements for Artificial Intelligence (AI)/Machine Learning (ML) for NG-RAN, RAN3 agreed to specify an enhancement of the MDT framework in order to collect measurements from the UE that will be used for the AI/ML model (re-)training in OAM. Such enhancement is termed as Continuous MDT and allows for continuous collection of MDT data from the same UE across RRC states.
In order for the AI/ML model (re-)training to be successful the collected data from the UE should be consecutive – i.e., data series not affected by time interruptions due to, e.g., stop of UE data collection and successive resuming – and a time series of information with a certain granularity. RAN3 discussed solutions based on management-based MDT to tackle the following requirements:
1. the TCE needs to be able to identify which management-based MDT reports (logged and immediate) are provided by the same UE, so that the TCE can correlate these reports to then create a unique dataset (in the form of a continuous time series of information);
2. when the UE enters to connected state from idle/inactive, consecutive (without time gaps) data from the UE shall be collected.
The above requirements could be fulfilled if a new Job Type is introduced in SA5 specifications, which allows the OAM to configure a MDT session encompassing immediate MDT and logged MDT simultaneously, and assigning to this MDT session the same Trace Reference (TR), while the Trace Recording Session Reference (TRSR) is assigned by the gNB on a per-UE basis within the same MDT session identified by the specific TR. In this manner, a single TR could be assigned to an MDT session with a Job Type equal to “Immediate MDT and Logged MDT”, and this configuration is valid for all UEs selected by the NG-RAN. In order to then correlate the immediate and logged MDT reports from the same UE (properly anonymized, e.g., via IMEI-TAC), the TCE performs such correlation by “collating” the MDT reports having the same couple TR/TRSR: the TR links the MDT reports one to each other (as they both belong to the same MDT session) while the TRSR links the MDT reports to a specific UE, hence realizing the Continuous MDT for the UE.
2	Actions
To SA5
ACTION: 	RAN3 respectfully asks SA5 to take the above solution description into consideration and provide feedback to RAN3 on its feasibility in Rel-19.
3	Dates of next RAN3 meetings
Updated meeting schedule can be found at: https://portal.3gpp.org/?tbid=373&SubTB=381#/ 
RAN3#125				2024-08-19 – 2024-08-23				Maastricht, NL
RAN3#125-bis			2024-10-14 – 2024-10-18				China (TBC), CN
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