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1 Introduction

R17 NG-RAN AI/ML study identified a series of information exchanges over XN interface. This paper analyzes the actual stage 3 standard impact. 
2 Discussion

2.1 UE Trajectory Prediction

In the last RAN3#117-e meeting it was agreed to use UE Trajectory Prediction for Mobility Optimization AI/ML use case. There were open issues on how the UE trajectory is predicted and exchanged.
	RAN3#117-e 

Other granularity of UE trajectory, and how UE trajectory computation and representation over Xn needs to be further discussed.

Details of the solution how to transfer predicted UE trajectory over Xn interface can be discussed further, e.g., whether to reuse the existing message and whether to transfer in requested way or not.




The UE History Information IE in XN Handover Request message can be used as input to UE Trajectory Prediction. Currently the UE History Information IE contains cell level information of the last 16 visited PCells or PSCells by the UE, as long as UE remains in Connected state. The NG-RAN can make a prediction on UE Trajectory based on the available UE History Information and send the predicted information to the target node in the Handover Preparation message. 
Proposal 1: Prediction of UE Trajectory is performed in the NG-RAN based on the available UE History Information.
2.2 UE associated procedures
The need for new UE associated procedures to carry AI/ML data was discussed in the last RAN3#117-e meeting but was not conclusive. TR 37.817 proposed to share the UE related information among the neighboring NG-RANs.
Observation 1: Based on the TR 37.817, it is understood that neighboring NG-RANs provides historical UE related information to the source NG-RAN where AI/ML training and inference is located.
Key issue on historical UE information is the identification of UE across different handovers. How can a NG-RAN node identify a UE to exchange historical UE information? Once the UE moves to RRC_IDLE the UE’s RAN identity is lost. Hence the historical UE information is valid as long as the UE does not move to RRC_IDLE.
Observation 2: Historical UE information provided as input for AI/ML Training and Inference is valid as long as the UE does not move to RRC_IDLE state.
Hence for Connected Mode AI/ML information exchange, Handover Request and Response (Acknowledge or Failure) messages can be used, because prior to handover of the UE, the UE is unknown at the target neighbor NG-RAN node to provide any UE related information. Hence prior to Handover initiation at the source, the neighboring NG-RAN nodes may not be able to provide UE related information, as the UE will be unknown in the neighbor NG-RAN node until Handover.
Once the UE moves to RRC_IDLE the UE based AI/ML information in NG-RAN is lost as the UE cannot be identified again in the NG-RAN in the subsequent UE attach (RRC_CONNECTED state). 

Proposal 2: New UE associated procedures to exchange UE related AI/ML information is not needed.

Proposal 3: Handover Request and Response messages can be used for exchange of UE associated AI/ML input and output data, Handover Report message can be used for AI/ML feedback data, which is applicable for the duration the UE remains in RRC_CONNECTED or RRC_INACTIVE state.
2.3 Non-UE associated procedures

For all the three use cases identified in TR 37.817, current/predicted resource status information exchange is needed. In RAN3#117-e, it was agreed to use a new procedure for exchange of predicted information over XN. Current resource status information is a common AI/ML data for all AI/ML use cases and a single message carrying this information will help all the use cases. Hence, for the current resource status information our proposal is to reuse the existing Resource Status Reporting defined in TS 38.423. 

Proposal 4: AI/ML data for current resource status, the existing XN Resource Status Reporting procedure can be reused.

Energy Efficiency metric was agreed to be exchanged over XN for Energy Efficiency use case in the last RAN3 meeting. Since Energy Efficiency data is common across all AI/ML use case, our proposal is to extend the Resource Status Reporting procedure to carry the current Energy Efficiency metric.
Proposal 5: Extend XN Resource Status Reporting procedure to carry Current Energy Efficiency Metric for AI/ML data exchange.
2.4 Prediction Validity time
The predicted AI/ML data exchanged as AI/ML input over XN, is based on certain AI/ML input data and feedback received. This predicted data is not constant and varies with AI/ML input and feedback fed into the AI/ML training. Hence exchanging a predicted AI/ML data as output over XN is variable and applicable only for a duration where input and feedback data remains constant. 
There are 2 ways in which the source node can inform the neighbor nodes that predicted information is not valid anymore. 

· Option 1: Source node can inform the neighbor nodes that Predicted AI/ML input data is valid until it is replaced by new data

· Option 2: Source node can inform the neighbor nodes that Predicted AI/ML input data is valid for a certain duration (validity time)
Option 1 is not reliable because the source node may go down or there could be interface issues. Also source node needs to perform book keeping and make sure old Predicted information is replaced with new one. In order to overcome the above issues, we prefer Option 2, where along with the Predicted data, its validity duration is also provided in one shot. 
Proposal 6: Validity time should be included for Predicted AI/ML output exchanged over XN interface.
3 Summary
Based on the above discussion the following Observations and Proposal are made –
UE Trajectory Prediction:

Proposal 1: Prediction of UE Trajectory is performed in the NG-RAN based on the available UE History Information.

UE Associated Procedures:

Observation 1: Based on the TR 37.817, it is understood that neighboring NG-RANs provides historical UE related information to the source NG-RAN where AI/ML training and inference is located.
Observation 2: Historical UE information provided as input for AI/ML Training and Inference is valid as long as the UE does not move to RRC_IDLE state.

Proposal 2: New UE associated procedures to exchange UE related AI/ML information is not needed.

Proposal 3: Handover Request and Response messages can be used for exchange of UE associated AI/ML input and output data, Handover Report message can be used for AI/ML feedback data, which is applicable for the duration the UE remains in RRC_CONNECTED or RRC_INACTIVE state.
Non-UE Associated Procedures:

Proposal 4: AI/ML data for current resource status, the existing XN Resource Status Reporting procedure can be reused.

Proposal 5: Extend XN Resource Status Reporting procedure to carry Current Energy Efficiency Metric for AI/ML data exchange.

Validity Time:

Proposal 6: Validity time should be included for Predicted AI/ML output exchanged over XN interface.
