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Introduction
During Rel-17, AI/ML based network energy saving and mobility optimization were studied in [1], in which several potential solutions and input/output/feedback information have been summarized. 
In the companion contribution [2], the common aspects of all three AI/ML based use cases are discussed. In this contribution, we focus on some stage-3 issues specific for AI/ML-based network energy saving and mobility optimization use cases. 
Discussion
[bookmark: P1]AI/ML based network energy saving
Energy Efficiency
As discussed in the companion contribution [3], the existing Resource Status Request/Response/Update messages are better to be extended to support collection of the current energy efficiency and energy state. It can be treated as a new measurement object and thus a new bit can be introduced within the Report Characteristics to request energy efficiency measurement from the neighbouring NG-RAN nodes. 
Proposal 1: Introduce a new bit within the Report Characteristics to request the current status of energy efficiency in the Resource Status Request message.
In TS 28.554 [4], two types of energy efficiency are defined to be reported for network energy saving SON use cases, i.e. NG-RAN data energy efficiency and network slice energy efficiency. The network slide energy efficiency is further split into energy efficiency of eMBB, uRLLC, and mIoT. 
To align with the information that has been used for energy saving use case in SON, both types of energy efficiency should be supported across NG-RAN nodes via the existing resource status request/response/update messages.
Additionally, as defined in TS 28.552 [5], the following information are collected by gNB for power, energy and environment measurement:
· PNF power consumption: average power, minimum power, maximum power
· PNF energy consumption 
· PNF temperature: average temperature, minimum temperature, maximum temperature
· PNF voltage
· PNF current
· PNF humidity
From the above list, for network energy saving, we think it is useful to know the power and energy consumption of the neigbhouring NG-RAN nodes. Besides providing the optimized energy efficiency strategy, it is also important not to overload neighbouring NG-RAN nodes, which may cause high power/energy consumptions overall. A neighbouring NG-RAN node can send its PNF power consumption and PNF energy consumption as part of its energy efficiency, so that the source NG-RAN node may not select this NG-RAN node for handover if its power/energy consumption level is high.
The same measurement object “energy efficiency” can also be used to request information of energy state.
Proposal 2: The Resource Status Update message includes the following information when “energy efficiency” is requested by the Resource Status Request message:
· NG-RAN data energy efficiency
· Network slice energy efficiency, including energy efficiency of eMBB, uRLLC and mIoT
· PNF power consumption, including average power, minimum power, and maximum power
· PNF energy consumption 
· Energy state (high/low/active/inactive)
AI/ML based mobility optimization
[bookmark: P5]UE history information, Handover in the past, UE Position
As captured in [1], a UE’s history information and handovers in the past are required from neighbouring NG-RAN nodes.
In the existing 5G system, the source NG-RAN node provides the UE history information (together with the UE history information provided from the UE) to the target NG-RAN node during the CONNCETED/INACTIVE mobility [6]. During HO, the target NG-RAN node is able to receive and store the related UE history information, which can further be used as an input for Model Training and Model Inference for AI/ML based mobility optimization.
Observation 1: The existing Handover Request/Retrieve UE Context Response message already supports UE history information data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
As for UE handovers in the past, we already have the existing SON/RLF reporting mechanism. The existing Handover Report message can be used to report a handover failure event, including too-early/too-late/handover to wrong (sub-optimal) cell, where a UE RLF report collected from the handover-failed UE can also be included as part of this Handover Report message. 
Observation 2: The existing Handover Report message already supports handover failure event data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
As for positioning information of the UE, firstly, it depends on whether the UE reports its location information to the network over the RRC signaling. Additionally, based on our understanding, the main reason of getting positioning information from the neighbouring NG-RAN node is to allow the source NG-RAN node to reselect another target NG-RAN node when handover failure happens. The Handover Report message can be used to carry such information. If locationInfo is available and reported by the UE, it can include its location information inside its RLF-Report to the network. The neighbouring NG-RAN node can further send the UE’s RLF-report container together with the Handover Report message.
Observation 3: The purpose of collecting positioning information from the neighbouring NG-RAN node is to let the source NG-RAN node re-select another target NG-RAN node when handover failure happens. The existing Handover Report message already supports such UE location information exchange, if reported by the UE.
Handover prediction
As discussed in the companion contribution [7], estimated arrival probability, priority and handover execution timing should be sent to the potential target when the source NG-RAN node requests handover for the UE. The Handover Request message can be extended to support such prediction information transfer from the source to the target.
A new IE “Prediction Information” can be introduced to include the predicted information for the corresponding handover action towards the target NG-RAN node.
Proposal 3: Introduce a new IE “Prediction Information” in the Handover Request message to include the following information:
· Predicted estimated arrival probability
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
CHO configuration
In the existing Handover Request message, the Conditional Handover Information Request IE is used to request to establish conditional handover toward the CHO candidate cells. To further support AI/ML output for CHO, it is straightforward to re-use this existing IE to include more AI/ML generated information, e.g. predicted handover execution timing, predicted priority, etc. The existing IE “estimated arrival probability” can directly use the predicted estimated arrival probability generated by Model Inference instead.
Proposal 4: Extend the existing IE “Conditional Handover Information Request” in the Handover Request to include for AI/ML based mobility optimization for CHO:
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
As for the CHO configuration toward a UE, it is suggested to send LS to RAN2 to define such information in RRCReconfiguration message. This information is discussed in the companion contribution [7].
Proposal 5: Send LS to RAN2 to define AI/ML based CHO configuration in the RRCReconfiguration message, including:
· Predicted priority of CHO candidate cell
· Predicted handover execution timing of CHO candidate cell
· Confidence level
UE traffic prediction
As discussed in the companion contribution [7], the predicted UE traffic can also help the target NG-RAN node to perform more accurate handover admission/resource reservation for the predicted handover UE. This information can be transmitted together with the Handover Request message, so that the target can provide handover response after considering the predicted UE traffic information and its own current/future status.
Proposal 6: The predicted UE traffic information is also included in the Handover Request message.
Conclusion
In this contribution, we discussed stage-3 issues specific for AI/ML-based network energy saving and mobility optimization use cases..
We propose the following observations and proposals:
Observation 1: The existing Handover Request/Retrieve UE Context Response message already supports UE history information data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
Observation 2: The existing Handover Report message already supports handover failure event data collection from the neighbouring NG-RAN node, which can be used as an input for AI/ML based mobility optimization.
Observation 3: The purpose of collecting positioning information from the neighbouring NG-RAN node is to let the source NG-RAN node re-select another target NG-RAN node when handover failure happens. The existing Handover Report message already supports such UE location information exchange, if reported by the UE.
Proposal 1: Introduce a new bit within the Report Characteristics to request the current status of energy efficiency in the Resource Status Request message.
Proposal 2: The Resource Status Update message includes the following information when “energy efficiency” is requested by the Resource Status Request message:
· NG-RAN data energy efficiency
· Network slice energy efficiency, including energy efficiency of eMBB, uRLLC and mIoT
· PNF power consumption, including average power, minimum power, and maximum power
· PNF energy consumption 
· Energy state (high/low/active/inactive)
Proposal 3: Introduce a new IE “Prediction Information” in the Handover Request message to include the following information:
· Predicted estimated arrival probability
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
Proposal 4: Extend the existing IE “Conditional Handover Information Request” in the Handover Request to include for AI/ML based mobility optimization for CHO:
· Predicted priority of selecting predicted target cell
· Predicted handover execution timing of handover
· Confidence level
Proposal 5: Send LS to RAN2 to define AI/ML based CHO configuration in the RRCReconfiguration message, including:
· Predicted priority of CHO candidate cell
· Predicted handover execution timing of CHO candidate cell
· Confidence level
Proposal 6: The predicted UE traffic information is also included in the Handover Request message.
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