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1. Introduction
In RAN2-120, data collection aspects for AIML were discussed and it was agreed to have a subsequent email discussion, wherein it was proposed [1]:
Proposal 1
RAN2 to simultaneously focus on studying data collection solutions for both NW- and UE-sided AIML models, including assistance signalling and (dataset) reporting from the concerning entity.

Proposal 2
Study RAN2 implications of data collection for all concerning LCM purpose, e.g., model training/monitoring/selection/update/inference/etc.
Proposal 3
RAN2 to separately analyse the data collection requirements and solutions for the different LCM purposes. FFS if general frameworks/solutions could be adopted.

Proposal 4
Wait for RAN1 requirements before discussing specific data collection solutions for use cases and for the related (LCM) procedures. In the meantime, RAN2 can have a general analysis of existing frameworks.
Proposal 5
When analysing pros/cons of different data collection frameworks, RAN2 can start by considering the following categories/requirements: a) the content of the data, b) the data size, c) latency and periodicity, d) signalling and configuration aspects. FFS on how to handle security/privacy.

Proposal 6
Consider the following existing frameworks as starting points to be considered for data collection: MDT, UE assistance information, early idle/inactive measurements, RRM measurement reports, CSI reporting framework. FFS whether other frameworks should be discussed.
Proposal 7
Upon receiving specific (RAN1) requirements, RAN2 to decide whether the existing frameworks can be reused/extended, or whether a new framework is required.

Proposal 8
For data collection, RAN2 will simply keep progressing and will inform of concerning agreements to RAN1 when necessary.

In this contribution, we provide initial analysis of the existing data collection frameworks that have been identified.
2. Background
MDT

NR has an extensive Minimization of Drive Test (MDT) framework, where the UE can be configured to perform measurements, log the measurements, and report them to the network upon request (TS 37.320, TS 38.331), mainly to be used for network performance optimization (e.g., identify coverage holes). The UE is provided (while in RRC_CONNECTED) with a logged measurement configuration (as shown in Figure 2), and the UE performs the measurements and logs them while in RRC_IDLE or RRC_INACTIVE. The logged measurement configuration includes detailed information such as:

·  the area (e.g., list of cells, tracking areas) in which the UE performs the measurement logging (i.e., UE performs the measurements only on the list of cells included in the area configuration)

· The neighbouring frequencies and cells to be measured while in the configured area

· Logging duration

· Logging type (periodical logging or event based, e.g., when the camped cell quality is below a specified threshold, when out of coverage is detected)

·  Etc.,

The UE logs not only the measurement results (e.g., signal levels of camped on cell and neighbour cells) but also additional information such as the location (if available) and timestamp (absolute and relative). The absolute time stamp indicates when the logged measurement configuration was received, and the location and relative timestamp indicate where/when each measurement sample in the report is taken.
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Figure 1: MDT measurement configuration for Logged MDT (TS 38.331)
While in RRC_CONNECTED state, the UE can indicate that it has logged measurements available (e.g., in RRC complete messages such as RRCReconfigurationComplete), and the network can request the UE to send the logged measurements via UE Information transfer procedure as shown below (network requesting logged measurements in the UEInformationRequest message and UE sending the logged measurements in the UEInformationResponse message). The UE is allowed to release the logged measurements 48 hours after the end of the logging duration if the network has not requested it.
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Figure 2: UE information procedure (TS 38.331)
Observation 1: The logged MDT framework enables the network to efficiently configure a multitude of UEs to perform and log radio signal measurements of serving and neighbour cells while in IDLE/INACTIVE state and report them (on a need basis) while in CONNECTED state. 

It should be noted that the logged MDT is mainly intended for the network to gather information from several UEs to identify issues related to coverage such as coverage holes and weak coverage areas, and not for immediate use. Also, as the measurements are performed by the UEs while in IDLE/INACTIVE, it is desirable for the UEs not to spend considerable power on performing these measurements (as the main advantage of IDLE/INACTIVE state is UE power saving). 
Observation 2: The logged MDT framework is mainly intended for the network to gather information about network coverage and identify coverage holes and weak coverages.

RRM measurement reports 

While in RRC_CONNECTED (or upon resuming the connection from INACTIVE state), the UE can be configured to perform measurements on serving and neighbour cells and report the measurements periodically or when measurement report triggering conditions are met. The main reason for connected state measurements is for Radio Resource Management (RRM).

Some main aspects of measurements in RRC_CONECTED are:

· a measurement is performed on one or more beams of a cell that it is configured to measure and the measurements on a subset of these beams are averaged to derive the cell quality.

· Measurements can be based on SSB or CSI-RS

· L1 filtering (based on UE implementation) and L3 filtering (based on network configuration) performed.
· Periodic or event triggered reporting:
·  Event triggered reporting can be based on serving cell conditions only (e.g., event A2, serving cell worse than a threshold), neighbour cell conditions only (e.g., event A4, neighbour cell better than a threshold), or both neighbour and serving cell (E.g., A3, neighbour cell becomes better than serving cell by more than a certain threshold)

· measurement reports can contain cell quality, and may contain the measurement results of top n beams, if configured

· UE can be configured to include location information in the measurement reports, if available at the UE, and such measurements are sometimes referred to as immediate MDT 

· UE only reports the latest measurement results and does not keep the measurements taken in between the reporting.
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Figure 3: RRM measurement configuration and reporting
Observation 3: Connected mode RRC measurement framework provides an extensive mechanism for UEs to measure and report (SSB or CSI-RS based) cell/beam measurements, in periodic or event triggered fashion.

Observation 4: Though connected mode RRC measurements are mainly used for RRM, they can also be used for MDT (referred to as immediate MDT), if the UE is configured and capable of providing location information in the measurement report.

Observation 5: Connected mode measurement reports contain only the latest measurement results (i.e., intermediate measurements before the measurement report is triggered are neither stored/logged at the UE nor reported to the network). 
Early idle/inactive measurements

In order to enable the quick setup of CA or DC as soon as the UE transitions into RRC_CONNECTED, NR rel-16 introduced early measurement reporting (also known as IDLE/INACTIVE measurements), where the UE can be configured to perform measurements on neighbouring cells while it is in RRC_INACTIVE or RRC_IDLE. When the UE transitions to RRC_CONNECTED state, it can send the measurements, letting the network know if there are candidate neighbour cells that can be configured in CA or DC mode for the UE.

The figure below illustrates early measurements can be used for a quick setup of CA/DC when a UE goes to RRC_CONNECTED from RRC_INACTIVE. 
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Figure 4: Early IDLE/INACTIVE measurements
The main components of the early measurement configuration are:
· List of NR/EUTRA carrier frequencies to be measured (for CA or DC candidate NR cells). This may contain additional information such as the list of cells to be measured, the quality to be measured (e.g., RSRP or RSRQ), RSRP/RSRQ thresholds indicating which cells are to be included in the measurement report, details of SSB and beam configurations for the NR cells, etc., 

· Idle measurement duration (a value that can be from 10 seconds to 300 seconds): This specifies for how long the UE keeps performing the measurements while in IDLE/INACTIVE. One main reason for limiting the duration for early measurements is to limit the UE power consumption in IDLE/INACTIVE.
· Validity area: specifying a list of frequencies (and optionally cells within that frequency). The UE stops the measurements if it reselects to a cell that is not included in this validity area.
The UE stores/logs only the latest measurement results while in IDLE/INACTIVE and reports them  when it goes to CONNECTED mode (i.e., no continuous logging like MDT).

Observation 6: Early measurements in IDLE/INACTIVE are intended to facilitate the fast setup of CA/DC when the UE transitions from IDLE/INACTIVE to CONNECTED state.

Observation 7: UE reports only the last measurements it has performed while in IDLE/INACTIVE according to the early measurement configuration when it goes to CONNECTED state. 

UE Assistance Information

In NR, the UE can send a UE Assistance Information (UAI) message, where the UE can indicate to the network internal UE conditions and/or preferences. For example, the UE can indicate information related to power savings (preferred DRX parameters, bandwidth, number of MIMO layers), overheating level, measurement relaxation, preferred RRC states of SCG while operating in DC, etc. The network can then reconfigure the UE to match the UE conditions/preferences (e.g., configure longer/shorter DRX cycles, reduce/increase the number of MIMO layers, reduce/increase UL/DL scheduling based on the overheating level, configure measurement relaxation, activate/deactivate the SCG, etc.,).

Observation 8: UAI is used for the UE to communicate to the network current UE conditions/preferences, enabling the network to (re)configure the UE to match the current UE conditions/preferences. 

CSI reporting framework

The CSI reporting framework in NR is mainly used for scheduling purposes, where the network will use the information included in the report about the channel characteristics/quality to determine the best modulation, code rate, beam forming etc. 
For each serving cell, the UE can be configured with a CSI measurement and reporting configuration. The measurement configuration contains the set of CSI-RS resources the UE has to measure. The CSI-RS reporting can be done in one of three ways:

· aperiodic (a one-off fashion, where the network requests the CSI report via a DCI)

· periodic (e.g., every n slots, where n can be as low as 4)
· semipersistent (similar to periodic, but network deactivates/activates the CSI reporting via a MAC CE)  
Observation 9: UEs in CONNECTED state can be configured with CSI measurement and reporting configuration for serving cells, where the UEs measure the configured CSI-RS resources and send the CSI reports in aperiodic, periodic, or semi-persistent fashion. The network uses the CSI reports to make optimal scheduling decisions (e.g., MCS, beamforming, etc.,).

3. Discussion

From the discussion in section 2, it can be seen that the different data collection frameworks identified in the email discussion [1] have different purposes, capabilities and limitations. 
Let’s discuss the UE Assistance information first as we think that it is quite different from the other mechanisms discussed above as it is not a reporting or a data collection mechanism as such but rather a mechanism to communicate UE preferences and conditions. Thus, it will be natural to extend the UAI to facilitate/optimize AI/ML related data collection based on UE conditions and preferences. 

There are different types of UEs with different capabilities supporting different levels of AI/ML features and functionalities. The resources (both radio and computation) needed for AI/ML operation may also be time varying and dependent on other traffic/operations active at the UE at any given time. As such, ways for the UE to dynamically report its status for computation resources that it can allocate to AI/ML operations and the inference latencies that it can tolerate will be useful for AI/ML operations.

Observation 10: Training and deployment of an AI/ML model at the UE is conditional on the capabilities and computational resources available at the UE.

Proposal 1: The current UAI to be extended to enable the UE to communicate AI/ML related UE conditions and preferences (e.g., available computational resources, latencies for AI/ML related operations, etc.). Details of the needed enhancements are FFS. 

Comparing the mechanisms for CONNECTED mode (RRM measurements, CSI reporting) versus those for IDLE/INACTIVE (logged MDT, early measurements), the mechanisms for CONNECTED state provide the most flexibility/capability and we think should be prioritized in the discussion of data collection framework for AI/ML. For example:

· CONNECTED UEs can be configured with detailed and dedicated measurement configurations, which can be updated easily during mobility.
·  IDLE/INACTIVE UEs can be configured only with limited dedicated configuration (e.g., in RRC Release) and this configuration may not be applicable after the UE has performed cell re-selection. Some information can be provided via SIB that can be used after cell re-selection, but that will lead to too much signalling overhead and cannot be done in a dedicated manner. If training is required during IDLE/INACTIVE, it may require the UE to be stationary.
· Enhancing the IDLE/INACTIVE mechanisms to perform/log more frequent/detailed measurements may go against the main objective of transitioning the UEs to IDLE/INACTIVE, which is UE power saving.
· Measurements collected/reported in CONNECTED state can be readily used for all LCM purposes (e.g., offline/online training, model selection/activation/deactivation, model monitoring, etc.), while those in IDLE/INACTIVE mode are mainly suitable for offline training  
Observation 11: Measurements performed/reported in IDLE/INACTIVE state have limited LCM use case (e.g., offline training) as compared to measurements performed in CONNECTED state (e.g., offline/online training, model monitoring, model selection/activation/deactivation, etc.,)
Observation 12: There are limitations on the level of enhancements to be made to measurements performed/logged in IDLE/INACTIVE state, as considerations must be made regarding UE power utilization and on how detailed/dedicated configuration can be provided.

Since RAN2 is the WG that is responsible for RRM measurement configuration and reporting and CSI reporting/measurement related enhancements for data collection have to be done by RAN1 (or in collaboration between RAN1 and RAN2), starting the discussion for data collection enhancements for AI/ML with RRM measurements seems to be the most reasonable way forward.
Observation 13: RAN2 is the main WG responsible for RRM measurements while CSI-RS configuration/reporting is mainly a RAN1 topic.

Considering the above observations, we propose: 
Proposal 2: For data collection enhancements for AI/ML, RAN2 to prioritize/start the discussion on enhancements to RRM measurements. 

4. Conclusion
In this contribution, the issues of data collection enhancements for AI/ML, and it was observed that:

Observation 1: The logged MDT framework enables the network to efficiently configure a multitude of UEs to perform and log radio signal measurements of serving and neighbour cells while in IDLE/INACTIVE state and report them (on a need basis) while in CONNECTED state. 

Observation 2: The logged MDT framework is mainly intended for the network to gather information about network coverage and identify coverage holes and weak coverages.

Observation 3: Connected mode RRC measurement framework provides an extensive mechanism for UEs to measure and report (SSB or CSI-RS based) cell/beam measurements, in periodic or event triggered fashion.

Observation 4: Though connected mode RRC measurements are mainly used for RRM, they can also be used for MDT (referred to as immediate MDT), if the UE is configured and capable of providing location information in the measurement report.

Observation 5: Connected mode measurement reports contain only the latest measurement results (i.e., intermediate measurements before the measurement report is triggered are neither stored/logged at the UE nor reported to the network). 

Observation 6: Early measurements in IDLE/INACTIVE are intended to facilitate the fast setup of CA/DC when the UE transitions from IDLE/INACTIVE to CONNECTED state.

Observation 7: UE reports only the last measurements it has performed while in IDLE/INACTIVE according to the early measurement configuration when it goes to CONNECTED state. 

Observation 8: UAI is used for the UE to communicate to the network current UE conditions/preferences, enabling the network to (re)configure the UE to match the current UE conditions/preferences. 

Observation 9: UEs in CONNECTED state can be configured with CSI measurement and reporting configuration for serving cells, where the UEs measure the configured CSI-RS resources and send the CSI reports in aperiodic, periodic, or semi-persistent fashion. The network uses the CSI reports to make optimal scheduling decisions (e.g., MCS, beamforming, etc.,).

Observation 10: Training and deployment of an AI/ML model at the UE is conditional on the capabilities and computational resources available at the UE.

Observation 11: Measurements performed/reported in IDLE/INACTIVE state have limited LCM use case (e.g., offline training) as compared to measurements performed in CONNECTED state (e.g., offline/online training, model monitoring, model selection/activation/deactivation, etc.,)

Observation 12: There are limitations on the level of enhancements to be made to measurements performed/logged in IDLE/INACTIVE state, as considerations must be made regarding UE power utilization and on how detailed/dedicated configuration can be provided.

Observation 13: RAN2 is the main WG responsible for RRM measurements while CSI-RS configuration/reporting is mainly a RAN1 topic.

Based on these observations, the following proposals are made:

Proposal 1: The current UAI to be extended to enable the UE to communicate AI/ML related UE conditions and preferences (e.g., available computational resources, latencies for AI/ML related operations, etc.). Details of the needed enhancements are FFS. 

Proposal 2: For data collection enhancements for AI/ML, RAN2 to prioritize/start the discussion on enhancements to RRM measurements. 
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