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1	Introduction
[bookmark: _Hlk48630882]Currently, there is a consensus that AI/ML is a powerful tool capable of aiding operators or vendors in better managing and optimizing network performance, thereby enhancing user experience. The "AI/ML RAN" WI in Release 18 has been completed, and discussions for new AI/ML use cases will further commence in the Release 19 phase, encompassing new use cases such as network slicing and coverage and capacity optimization (CCO).
In addition to the new use cases to be studied, several Rel-18 leftovers require further discussion for down-slection for normative work. In this contribution, we provide our analysis of each Rel-18 leftovers and prioritize them accordingly. 
2	Discussion 
Following is the objectives related to Rel-18 leftovers:
· Rel-18 leftovers as candidates for normative work, based on the Rel-18 principles, as follows:
-   Mobility optimization for NR-DC
-   Split architecture support for Rel-18 use cases based on the conclusions from Rel-18 WI 
-   Energy Saving enhancements, e.g., Energy Cost Prediction
-   Continuous MDT collection targeting the same UE across RRC states
-   Multi-hop UE trajectory across gNBs
Note: RAN3 should take the Rel-18 discussions into account.
In context of these Rel-18 leftovers, here we give our priority to be studied during Rel-19 from our understanding:
· 1st: Mobility optimization for NR-DC
· 2nd: Split architecture support for Rel-18 use cases
· 3rd: Continuous MDT collection targeting the same UE across RRC states
· 4th: Multiple-hop UE trajectory across gNBs
· 5th: Energy Saving enhancements, e.g., Energy Cost Prediciton
2.1 Mobility optimization for NR-DC
During the Rel-18 phase, it was specified that predicted UE trajectories are transferred via the Handover Request message for subsequent mobility optimization. The Data Collection ID in the Handover Request message is used to correlate the data collection initiation procedure for the measured UE trajectory. For NR-DC scenario, the similar enhancements can be specified during normative work phase.
From our understanding, the Master Node (MN) has enough information to predict the PCell(s) or PSCell(s). Therefore, initially, the MN can be considered as the network entity to perform AI/ML functions.
Proposal 1 As a starting point, for NR-DC scenarios, MN can be considered as the network entity to perform AI/ML functions.
Within standalone architecture, predicted UE trajectory involves predicted cell list information which UE will be connected to. Thus, for NR-DC scenarios, MN could also predict PCell list information, and PSCell list information according to the historical UE location, UE measurement report, etc:
· For predicted PCell list information, it can be used internally by MN itself, or can be transferred to target MN via Handover Request message for subsequent mobility optimization.
· For predicted PSCell list information, it can be transferred via SN Addition Request message/SN modification Request message from MN to SN to help choose and configure SCG cell(s).
In addition to the predicted information, measured information (measured PSCell list and measured PCell list) as feedback should also be collected and reported for model performance evaluation.
Proposal 2 Predicted PCells information and predicted PSCell information can be considered as assistance information for mobility optimization in NR-DC scenarios.
Proposal 3 Measured PCell information and Measured PSCell information can be considered as feedback for performance evaluation.
Following figure is an overall flowchart for inter-master handover case to support AI/ML function:
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Figure 1. Overall flowchart for inter-master handover case
Therefore, following is the potential impacts for mobility optimization for NR-DC during normative work phase:
-	Enhance existing Handover Request message to transfer following predicted information:
-	Predicted PSCell List
-	Predicted PCell List
-	Enhance existing dual connectivity procedure message to transfer following predicted information:
-	Predicted PCell List
-	Enhance existing data collection procedure message to transfer following measured information:
-	Measured PSCell List
-	Measured PCell List
Details can be further discussed during normative work.
Proposal 4 Agree to capture above standard impacts for mobility optimization for NR-DC in TR. 

2.2 Split architecture support for Rel-18 use cases
During Rel-18, it was agreed that energy cost should be transferred from DU to CU for AI/ML based energy saving cases. However, whether to use legacy procedure or new procedure can not reach consensus. 
Since it can be seen that more information to support AI/ML function will be introduce over F1/E1 interface, it is proposed to introduce new procedure to transfer AI/ML related information.
Proposal 5 Introduce the new class1 & class2 procedure over F1, as the same reporting mechanisms of resource status procedure, to support transferring energy cost from DU to CU. 
Besides, for energy saving cases, in addition to the energy cost from DU, energy cost from CU-UP should also be transferred to CU-CP.
Proposal 6 Introduce the new class1 & class2 procedure over E1, as the same reporting mechanisms of resource status procedure, to support transferring energy cost from gNB-CU-UP to gNB-CU-CP.
Besides, in the previous meeting, it was agreed that UE traffic metric takes the data volume for a UE as the starting point. Considering the gNB-CU-UP knowing the UE traffic related information, and CU-CP has the ability to perform the AI/ML function according to the TR37.817. One way to support generating predicted UE traffic is that CU-CP needs to collect the current/historical UE traffic over E1 interface.
However, in the current E1 spec,  the existing DATA USAGE REPORT message can not satisfy the requirement of data collection for AI/ML function, because the existing procedure is a class 2 procedure without the corresponding class 1 procedure. There is no request message for requesting entity to use to trigger the data collection, and set the configuration, e.g., periodicity.
Proposal 7 Using the new class 1& class2 procedure over E1 to support transferring UE traffic from gNB-CU-UP to gNB-CU-CP.

[bookmark: _GoBack]During the Rel-18 phase, the DU was not considered as a network entity to support AI/ML functions. However, for some use cases, the DU is able to predict certain information, such as predicted resource status and predicted CCO configuration, because it has enough historical information to perform AI/ML model inference. Before proceeding with the normative work on predicted information generated from the DU, it is suggested to first discuss whether the DU can be considered to support AI/ML functions during the Rel-19 phase for both Rel-18 & Rel-19 use cases.
Proposal 8 RAN3 is kindly asked to discuss whether gNB-DU is able to perform model inference in Rel-19 to support Rel-18 & Rel-19 use cases.

2.3 Continuous MDT collection targeting the same UE across RRC states
During the RAN3 meetings, various companies have acknowledged that the existing MDT framework serves as the baseline for data collection from UE. Given the unique requirements of AI/ML training and inference, the continuous nature of data collection from a UE becomes crucial. However, companies have identified a potential issue when it comes to transitions from the RRC_INACTIVE/IDLE state to the RRC_CONNECTED state. Specifically, the TCE is unable to distinguish between different measurement reports originating from the same UE during such transitions.
Within the RAN3 group, there is a common understanding regarding signaling-based MDT. In this context, TCE can effectively identify the UE using a UE identifier. However, for management-based MDT, it becomes challenging for TCE to identify the UE with a UE identifier that could establish a unique UE identity. This is because management-based MDT intentionally maintains anonymity for the UE.
Observation 1  The different measurement reports generated during transitions from the RRC_INACTIVE/IDLE state to the RRC_CONNECTED state cannot be identified as originating from the same UE.
To resolve this issue above, there seems several kinds of solutions on the table:
· Solution #1: Reuse Trace ID to identify the UE across various state transitions
· Solution #2: Allocate the persistent UEID from CN/AMF
· Solution #3: Reuse the method proposed in SON/MDT (UE pointer solution). Transmitting a 'continuous flag' to the UE. The UE will then store this indication and include it in the report sent back to the RAN. 
· Solution #4: Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect continuous information. 
As for Solution #1, it is not a feasible approach due to the fact that the trace ID differs when transitioning from the RRC_INACTIVE/IDLE state to the RRC_CONNECTED state. The OAM still cannot understand that the measurement reports during RRC_INACTIVE/IDLE state and during the RRC_CONNECTED state is from the same UE. 
Observation 2  Solution #1 is not a feasible way to resolve the issue on continuous data collection.
Regarding Solution #2, this approach is associated with the RAN-based solution. In this method, the AMF can assign a UEID (or a random ID) to the UE, which is then communicated to the RAN. Consequently, the RAN can effectively identify that the measurement report originates from the same UE, even when transitioning between RRC states. However, there are several drawbacks that still need to be addressed:
· The CN is required to consistently allocate a persistent UE ID for each UE. This allocation process can potentially place an additional burden on the CN or OAM.
· The use of a persistent UE ID may not be suitable for scenarios involving inter-AMF handovers, which still can not keep the continuous measurement report from the same UE.
Observation 3  The Solution #2, RAN-based solution, is not an ideal approach for resolving the issue of continuous data collection due to its significant burden on the CN and its infeasibility in scenarios involving inter-AMF handovers.
Regarding Solution #3, this approach involves the introduction of a 'continuous MDT' flag within the logged MDT configuration. When the UE transitions to idle mode, it collects the logged MDT measurements. Then, upon moving from the IDLE/INACTIVE to the CONNECTED state, the UE signals to the RAN, as part of the RRC Setup procedure, that it is configured for Continuous MDT. This enables the RAN to promptly configure the UE for Immediate MDT measurements.
However, it's worth noting that the same value of continuous MDT flag conflict arises in scenarios involving mobility, particularly when different vendor OAM are utilized. There may be concerns regarding the consistency of the configuration by the new RAN side compared to the previous configuration which means the continuous data collection for AI/ML purpose still can not be guaranteed.
Observation 4  The Solution #3, a kind of UE-based solution, is also not an ideal approach for resolving the issue of continuous data collection.
For the solution #4, the approach is to introduce a "continuous MDT" indication, and the logged MDT configuration can also include a measurement duration parameter optionally. 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.
[image: ]
Figure. Continuous collection indication in logged MDT measurement
Observation 5  The Solution #4 to introduce 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.
Several 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.
Secondly, this approach is based on logged measurements. When the UE enters the connected state, the measurements stored in the UE can be reported to the RAN directly via available indication to RAN, thus there is no buffer issue, and if the continuous collection indication is available, the UE will continue to collect the measurements.
The only change is that the current logged MDT measurement should be allowed to be performed by UE in RRC Connected mode which is a stage 2 enhancement, there is no additional burden introduced in UE side compared with reusing current immediate MDT mechanism to perform the corresponding AI/ML related measurements.
Observation 6   The Solution #4 does not bring additional burdens to the UE compared with other options.
In the context of AI/ML-based use cases, it's crucial to emphasize that measurements from a single UE hold significant value. A data-set comprising complete and continuous measurements plays a pivotal role in training effective AI/ML models and generating informed decisions. Looking ahead, there will likely be additional UE measurements required to support various AI/ML-based use cases. 
And during the discussion for AI/ML based use cases in RAN2, RAN2 also found the necessity to enhance the air-interface to support continuous data collection for temporal beam prediction. Therefore, while this may impose some limitations on the UE, the trade-off is generally acceptable. 
Proposal 9 For the sake of AI/ML RAN function, it is allowed to enhance MDT functions to resolve the issue of continuous data collection in R19.
Proposal 10 Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect continuous information across RRC states.
2.4 Multiple hop UE trajectory across gNBs
Now, it was agreed that cell-based UE trajectory prediction is limited to the first-hop target NG-RAN node. And cell-based UE trajectory prediction includes cell(s) information that UE will be connected to. If we consider multiple-hop UE trajectory cases, predicted UE trajectory and measured UE trajectory should also includes cells UE will be connected or UE has visited. 
Proposal 11 For multiple hop UE trajectory across gNBs, only cell list that UE will be connected to or UE has been connected to should be considered.
From our understanding, current mechanism can also support multiple-hop UE trajectory across gNBs. For multiple-hop target nodes, predicted UE trajectory information still includes cell list information so there is no need for further enhancement needed. And the existing procedure can be leveraged to used for configure the collection and report of measured UE trajectory. The signalling procedures are shown as below:
[image: ]
Figure. Signalling procedures for multiple-hop UE trajectory across gNBs
Proposal 12 For multiple hop UE trajectory across gNBs, RAN3 is kindly asked to discuss whether current mechanisms can already support to multiple-hop UE trajectory across gNBs.

2.5 Energy Saving enhancement
[bookmark: _Hlk162360555]For network energy saving, it was agreed to introduce the new metrics – Energy Cost (EC), and transfer EC between NG-RAN nodes, which means the predicted information is generated in the requesting node, instead of transferring predicted EC over Xn interface. 
The controversial part left is how to transfer the predicted EC with/without the definition of “additional load”. For the intention of “additional load”, in order to understand the predicted energy consumption associated with an additional load, the source NG-RAN node must first inform the AI/ML energy saving decision to the target NG-RAN node. The target NG-RAN node can then use this information to predict the EC based on the decision and response the predicted energy consumption related to the potential additional load back to the source NG-RAN node.
However, it can be challenging to precisely define the additional load that these offloaded UEs might cause. There are many factors that influence energy consumption, not only considering the number of offloaded UEs and connected UEs but also considering factors such as UE traffic, service types, etc.
Observation 7  It can be challenging to precisely define the additional load that these offloaded UEs might cause.
Proposal 13 Preclude the discussion on predicted EC related to “additional load” during Rel-19.
A more straightforward approach is to transmit the predicted energy consumption (EC) and current EC per node over the Xn interface. The initiating NG-RAN node can assess the potential energy-saving decisions in advance by considering the predicted EC of neighboring nodes within the specified area. For instance, if the predicted EC of a neighboring node is categorized as "high," the initiating node would avoid selecting strategies that could significantly increase the EC of this neighboring node.
Proposal 14 Enhance the existing procedure to transfer predicted EC per node over Xn interface upon request.

Agree the TP[1] to capture standard impact above for each Rel-18 topics.
3	Conclusion 
Following is our observations and proposals:
Mobility Optimization for NR-DC: 
Proposal 1 As a starting point, for NR-DC scenarios, MN can be considered as the network entity to perform AI/ML functions.
Proposal 2 Predicted PCells information and predicted PSCell information can be considered as assistance information for mobility optimization in NR-DC scenarios.
Proposal 3 Measured PCell information and Measured PSCell information can be considered as feedback for performance evaluation.
Proposal 4 Agree to capture above standard impacts for mobility optimization for NR-DC in TR. 

Split architecture support: 
Proposal 5 Introduce the new class1 & class2 procedure over F1, as the same reporting mechanisms of resource status procedure, to support transferring energy cost from DU to CU. 
Proposal 6 Introduce the new class1 & class2 procedure over E1, as the same reporting mechanisms of resource status procedure, to support transferring energy cost from gNB-CU-UP to gNB-CU-CP.
Proposal 7 Using the new class 1& class2 procedure over E1 to support transferring UE traffic from gNB-CU-UP to gNB-CU-CP.
Proposal 8 RAN3 is kindly asked to discuss whether gNB-DU is able to perform model inference in Rel-19 to support Rel-18 & Rel-19 use cases.


Continuous MDT collection targeting the same UE across RRC states: 
Observation 1  The different measurement reports generated during transitions from the RRC_INACTIVE/IDLE state to the RRC_CONNECTED state cannot be identified as originating from the same UE.
Observation 2  Solution #1 is not a feasible way to resolve the issue on continuous data collection.
Observation 3  The Solution #2, RAN-based solution, is not an ideal approach for resolving the issue of continuous data collection due to its significant burden on the CN and its infeasibility in scenarios involving inter-AMF handovers.
Observation 4  The Solution #3, a kind of UE-based solution, is also not an ideal approach for resolving the issue of continuous data collection.
Observation 5  The Solution #4 to introduce 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.
Observation 6   The Solution #4 does not bring additional burdens to the UE compared with other options.
Proposal 9 For the sake of AI/ML RAN function, it is allowed to enhance MDT functions to resolve the issue of continuous data collection in R19.
Proposal 10 Introduce an indication in the logged MDT measurement configuration to indicate UE whether to collect continuous information across RRC states.

Multiple-hop UE trajectory across gNBs: 
Proposal 11 For multiple hop UE trajectory across gNBs, only cell list that UE will be connected to or UE has been connected to should be considered.
Proposal 12 For multiple hop UE trajectory across gNBs, RAN3 is kindly asked to discuss whether current mechanisms can already support to multiple-hop UE trajectory across gNBs.

Energy Saving Enhancement: 
Observation 7  It can be challenging to precisely define the additional load that these offloaded UEs might cause.
Proposal 13 Preclude the discussion on predicted EC related to “additional load” during Rel-19.
Proposal 14 Enhance the existing procedure to transfer predicted EC per node over Xn interface upon request.
4	Reference 
[1] R3-241872, (TP to TR38.743) Rel-18 Leftovers, ZTE
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