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1. Introduction
In RAN2#122 meeting, RAN2 discussed data collection for AI/ML and agreed some assumptions on data collection frameworks, for example, in relation to the RRC state of data collection [1]:
	· P6a: RAN2 assumes that the analysis/selection of the data collection frameworks should focus on the RRC_CONNECTED state (for both data generation and reporting). Analysis and potential enhancement on the non-connected state can be revisited when needed.
· P6b: LS to RAN1 to confirm the WA (in P6a) on RRC state of data collection. 



RAN2 sent the concluded aspects on data collection requirements and assumptions to RAN1 [2], which discussed those aspects in RAN1#114 and provided the reply LS in [3]. 
In this contribution, we discuss the following aspects and provide related proposals:
1) Limitations of existing RRM/MDT mechanisms.
2) RAN2 discussion on data collection in RRC_CONNECTED state.
3) Similarities between RRM measurements mechanisms for RRC states.
4) Potential enhancement of RRM/MDT.
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2.1 Limitations of existing RRM/MDT mechanisms:
The existing (legacy) RRM measurements configured by the RRC protocol include e.g. serving cell and neighbouring cells RSRP and RSRQ which are used to support the UE mobility procedures, for a cell handover (network controlled mobility), for the UE in the RRC_CONNECTED state, and a cell reselection (UE controlled mobility based on the network configuration) for the UE in RRC_IDLE and RRC_INACTIVE states. Beside mobility procedures, RRM measurements are also used by other RAN mechanisms, e.g. MDT.
Moreover, RRM measurements configuration requirements are linked to the used RRC state in the UE. As a result, RRM measurements configuration must be updated (or restarted) every time the RRC state is changed. This may be suboptimal as the RRC state transition requires time and introduces latency, e.g. to establish or release a dedicated RRC signalling connection between the UE and NG-RAN (e.g. when the UE moves to or leaves the RRC_CONNECTED state), reconfigure the UE radio protocol stack, receive new measurements control information from NG-RAN in the UE, etc. As an example, there is about 10ms control plane switch latency between the idle and the connected state [4].
In a typical UE implementation, RRC state transition causes discontinuity in the RRM measurements, i.e. old measurements configuration and actual cell measurements get deleted and stopped until the new configuration is received in the UE from NG-RAN and the serving and neighbour cells measurements could be restarted. 
Observation 1: RRC state transition from/to the RRC_CONNECTED state causes discontinuity in the RRM/MDT measurements.
In RAN3#119bis-e meetings, RAN3 discussed the problem of discontinuity of MDT data collection, due to the UE transition across different RRC states, and how it could impact the performance of an AI/ML model. For example, if a model is trained on non-consecutive data samples, i.e. non-continuous time series of data for model training/re-training purpose, the model training procedure may not be useful and could result in a poor model performance (aka. model drift). To address this issue, RAN3 agreed the following for the case of data collection for AI/ML training in OAM [5]: 
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).
However, the following issues were raised in relation to the continuous data collection: 
1) Whether continuous data collection (i.e. across RRC states) may have impact on the UE. 
2) Whether to enhance MDT mechanism to support continuous data collection across RRC states.
Finally, in RAN2#120 [6] and RAN3#121 [7] meetings, RAN3 could not agree on a solution for continuous collection of MDT data across RRC states [8]:
	It is proposed that solutions to address the above shortcomings are not pursued in Rel.18.



Observation 2: RAN3 has not agreed a solution to supports continuous collection of MDT data across RRC states in Rel-18.
2.2 RAN2 discussion on data collection in RRC_CONNECTED state:
In RAN2#122 meeting, RAN2 made some assumptions on data collection. For example, RAN2 assumption that the study on data collection frameworks should focus on data generation and data reporting in RRC_CONNECTED state [1]:
	· P6a: RAN2 assumes that the analysis/selection of the data collection frameworks should focus on the RRC_CONNECTED state (for both data generation and reporting). Analysis and potential enhancement on the non-connected state can be revisited when needed.
· P6b: LS to RAN1 to confirm the WA (in P6a) on RRC state of data collection. 



RAN2 sent the above assumption, in addition to other data collection requirements and assumptions, in the LS to RAN1 [2]. For example, Assumption 3 in relation to data collection in RRC_CONNECTED:
	Assumption 3:
RAN2 assumes that the analysis/selection of the data collection frameworks should focus on the RRC_CONNECTED state (for both data generation and reporting). Analysis and potential enhancement of the non-connected state can be revisited when needed.



In response, in RAN1#114, RAN1 discussed the assumptions in RAN2 LS (i.e. Part A: Assumption 1, 2, 3, 4), and provided updates/confirmation on PART A in the reply LS [3]. For example, on Assumption 3:  
	RAN1 confirms RAN2’s Assumption 3 for CSI compression, CSI prediction, beam prediction and Positioning use cases.
For positioning, it is noted that existing specification supports DL PRS measurement and UE positioning in both RRC_CONNECTED and RRC_INACTIVE state.



Observation 3: RAN1 and RAN2 confirm that the analysis/selection of the data collection frameworks, for different use cases, should focus on data generation and reporting in the RRC_CONNECTED state.
In RAN2#123 meeting, RAN2 re-discussed the aspect of data collection in RRC_CONNECTED state, based on [4], and captured the following in RAN2#123 Chair notes [9], however not yet agreed: 
	Chair: The proposals below are almost agreeable. It is a narrowing proposal (more specific than the physical entity mapping agreed) and is a reasonable baseline for further work:

Proposal 5 If feasibility of OAM-centric data collection for NW-side models is assessed by RAN1, RAN2 considers enhancements to logged MDT, such as logging measurements in RRC Connected mode.




Observation 4: RAN2 to consider enhancement of MDT for data collection in RRC_CONNECTED state. 

In the following, we discuss the commonalities between RRM measurements across different RRC states. 
2.3 Similarities between RRM measurements mechanisms for RRC states
There are some common characteristics between RRC_CONNECTED state and RRC_IDLE/INACTIVE state, in terms of the main cell measurements control and configuration mechanisms required for the UE mobility, as defined in [9] and summarized in Table 1.

	RRC_IDLE / RRC_INACTIVE state
	RRC_CONNECTED state

	· UE controlled mobility based on common broadcasted network configuration (from acquired SIBs) - cell reselection
	· Network controlled mobility based on dedicated UE signalling (from RRC messages) - cell handover 

	· UE acquires common system information which may include as defined in [9]: 
· Measurement control information:  periodicity (based on DRX cycle), cells, frequencies, RATs to be measured and their absolute priorities
· L1/PHY Averaging filter configuration 

	· UE receives dedicated RRC signalling information, which may include as defined in [4]. For example:
· Measurement control information: periodicity, cells, frequencies, RATs to be measured, measurement gaps configuration etc. 
· System information can be acquired in RRC_CONNECTED states based on receiving broadcasted system information for the serving cell.

	· UE performs serving and neighbouring cells measurements for UE triggered cell reselection
	· UE performs serving and neighbouring cells measurements and measurements reporting (for network triggered HO)



Table 1 – Comparison between NR RRC states and measurements control mechanisms required for the UE controlled and network controlled UE mobility procedures.
The main difference in RRM cells measurements in different RRC states is in measurements performance requirements [10], such as measurements periodicity that is significantly lower in the case of RRC_IDLE or RRC_INACTIVE state. This reduces the UE’s energy consumption in those states. However, from the functionality point of view the RRM cell measurements (e.g. RSRP and RSRQ) performed in the RRC_CONNECTED and RRC_IDLE/RRC_INACTIVE states are similar and as a result, for example, the measurements in RRC_IDLE or RRC_INACTIVE states could be considered as a subset of the measurements in RRC_CONNECTED state. 
As shown in Table 1, the system information can be acquired in RRC_CONNECTED state based on receiving broadcasted system information for the serving cell. 
Such commonalities are currently not leveraged in NG-RAN but could be potentially exploited to avoid the RRM/MDT measurements discontinuity during the RRC state transition (caused by the static mapping between the current RRC state and its measurement control and configuration) as discussed in the previous section.
[bookmark: _GoBack]In our view, there could be benefits in separating configuration of RRM measurements from the RRC state. This is in addition to the already identified MDT and AI/ML data collection benefits, such as RRM/MDT measurements discontinuity avoidance. For example, faster cell reselection after leaving the RRC connected state could be beneficial for fast moving UEs, URLLC services, etc. This is achieved by eliminating the need for the cell measurements reconfiguration between RRC states transition. This would enable more gNB flexibility in terms of configuring and providing suitable UE measurements using MDT reporting for the optimization purposes especially based on automated AI/ML, SON mechanisms, etc.
Observation 5: There are significant similarities in RRM cell measurements mechanisms between RRC_CONNECTED and RRC_IDLE or RRC_INACTIVE states that could be exploited to avoid the RRM measurements discontinuity during the RRC state transition.
Proposal 1: RAN2 to discuss solutions which could leverage similarities between the RRM cell measurements in RRC_CONNECTED and RRC_IDLE or RRC_INACTIVE states which could address the measurements discontinuity during the RRC state transition.
For example, even though the cell reselection is (normally) not performed in the connected state, the RRM measurements for the proposed cell reselection, could be performed in the UE, in parallel to the RRM measurements for mobility (or handover), using the cell reselection configuration acquired from the system information and based on neighbouring cell measurements. 
However, considering that neighbouring cell measurements are (normally) performed more frequently in the RRC connected state than in the RRC idle state, one way could be to adjust the frequency of the connected state measurements or the measurement minimum period, etc., to become suitable for the measurements requirements in RRC idle/inactive state. That is, using this approach, the UE in RRC connected state can adapt (or adjust) its measurements collection behaviour in the RRC idle/inactive state measurements in parallel to the ongoing normal RRC connected state measurement activity. 
Observation 6: it is possible to adjust (or adapt) the RRM cell measurements performed in the RRC_CONNECTED state to become suitable for use for RRC_IDLE/RRC_INACTIVE state.
Proposal 2: RAN2 to consider enhancements of RRC cell measurements performed in RRC_CONNECTED state to be suitable for use for RRC_IDLE/RRC_INACTIVE state.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]4. Conclusion
In this contribution, we discussed existing MDT/RRM limitations and potential enhancements for MDT/RRM mechanisms to support data collection for AI/ML. The following are the observations and proposals:
[bookmark: _Toc423020280]Observation 1: RRC state transition from/to the RRC_CONNECTED state causes discontinuity in the RRM/MDT measurements.
Observation 2: RAN3 has not agreed a solution to supports continuous collection of MDT data across RRC states in Rel-18.
Observation 3: RAN1 and RAN2 confirm that the analysis/selection of the data collection frameworks, for different use cases, should focus on data generation and reporting in the RRC_CONNECTED state.
Observation 4: RAN2 to consider enhancement of MDT for data collection in RRC_CONNECTED state. 
Observation 5: There are significant similarities in RRM cell measurements mechanisms between RRC_CONNECTED and RRC_IDLE or RRC_INACTIVE states that could be exploited to avoid the RRM measurements discontinuity during the RRC state transition.
Observation 6: it is possible to adjust (or adapt) the RRM cell measurements performed in the RRC_CONNECTED state to become suitable for use for RRC_IDLE/RRC_INACTIVE state.
Proposal 1: RAN2 to discuss solutions which could leverage similarities between the RRM cell measurements in RRC_CONNECTED and RRC_IDLE or RRC_INACTIVE states which could address the measurements discontinuity during the RRC state transition.
Proposal 2: RAN2 to consider enhancements of RRC cell measurements performed in RRC_CONNECTED state to be suitable for use for RRC_IDLE/RRC_INACTIVE state.
5. Reference
[1] RAN2#122 Chair Notes
[2] R2-2306906, LS out on Data Collection Requirements and Assumptions (LS to RAN1)
[3] R2-2309435, Reply LS on Data Collection Requirements and Assumptions (LS to RAN2)
[4] 3GPP TR 38.913 Study on scenarios and requirements for next generation access technologies
[5] RAN3#119bis Chair Notes 
[6] RAN3#120 Chair Notes 
[7] RAN2#121bis-e Chair Notes
[8] RAN2#123 Chair Notes
[9] 3GPP TS 38.331 NR; Radio Resource Control (RRC) protocol specification
[10] TS 38.304 NR; User Equipment (UE) procedures in Idle mode and RRC Inactive state
[11] R3-233350, Summary of Offline Discussion on CB:# AIRAN5_MDT.
[12] R3-230861 Summary of Discussion for CB: # 20_AIRAN4_MDT, Ericsson
[13] R3-230612 Discussion on MDT enhancement for AI/ML for NG-RAN, Samsung
[14] TS 38.133 NR; Requirements for support of radio resource management














3GPP
