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Introduction
During the last RAN3 #118 meeting, the following agreement about validity time was captured:
	How to indicate validity time (e.g., implicitly with a new prediction when the previous prediction becomes invalid, explicitly with every prediction in the AI/ML output or by the request to the prediction) shall be discussed on a case by case basis.


In this contribution, we discuss the need of transmitting validity time and confidence level over Xn interface.
Discussion
Validity Time
Definition of Validity Time
Different from the current data collection, the predicted data is available only after the results being generated from Model Inference. Also, the predicted data should also be associated with a specific timing of when this predicted data becomes valid, so that the requesting NG-RAN node can use the predicted data to generate its own Model Inference results at the same timing. This could help the requesting NG-RAN node optimize its model inference decision by considering the performance of the neighbouring NG-RAN node at the corresponding time. 
For example, as shown in Figure 1, assuming both the current and neighbouring NG-RAN nodes own their respective AI/ML model (not limit to the same use case), where AI/ML model in the current NG-RAN node requires input data from the neighbouring NG-RAN node, the predicted data from the neighbouring NG-RAN node is mainly used to help the current NG-RAN node’s AI/ML model generate an optimal solution, which will not only optimize its own system performance, but also will not overload the neighbouring NG-RAN node at the same time. Therefore, when the current NG-RAN node wants to generate model inference output for e.g. slot K, it requires the predicted data valid for the same slot K from the neighbouring NG-RAN node.
Considering delay caused by request/response over Xn and model inference processing, when the current NG-RAN node performs model inference for slot K, the neighbouring NG-RAN node is expected to provide its own predicted data valid for the corresponding slot, i.e. slot K, before the prediction at current NG-RAN node starts for slot K. The neighbouring NG-RAN node can generate the requested data prediction valid for slot K, based on data request from the current NG-RAN node (e.g. at slot N in Figure 1). With such information, the current NG-RAN node can consider future status of neighbouring NG-RAN nodes at the same timing. The slot K in Figure 1 can be defined as validity time of inference output, i.e. the time of inference outcome becomes valid in the system.
Observation 1: To generate inference output considering a neighbouring NG-RAN node's future status, the current NG-RAN node should be able to request the predicted data from the neighbouring NG-RAN node valid for the same timing as its target inference output.


Figure 1. Example of using predicted data of neighbouring NG-RAN node for Model Inference
To support the above purpose, the timing information of the requested predicted data should be transmitted together with the predicted information request over Xn interface. 
Proposal 1: The requested timing that the predicted data (model inference output) should be valid for is included in the request message of the new procedure used for AI/ML information. 
In three AI/ML based use cases, it is noted that the common strategy decision is to handover a certain UE(s) to another target NG-RAN node. Once a UE is handed-over to another NG-RAN node, the source NG-RAN node cannot control anymore. Therefore, handover decision, if any, should try to minimize the impact to the target NG-RAN node after handover. To estimate the impact properly and to take the future performance of target NG-RAN node into account during model inference, the source NG-RAN node needs to know the predicted information of the target NG-RAN node valid over a certain period. It can either be an average predicted information or a list of predicted information together with validity time within this duration. Therefore, besides requesting timing of its target inference output (i.e. start time), the source NG-RAN node should also include a valid duration in the request message.
Proposal 2: The source NG-RAN node includes the validity duration of the requested predicted data in the request message of the new procedure used for AI/ML information. FFS on whether the target NG-RAN node reports an average value or a list of predicted information with the corresponding validity time.
Furthermore, if the requested NG-RAN node can perform Model Inference for the requested information but it is not available when being requested, by receiving the Predicted Information Request message, the requested NG-RAN node shall perform Model Inference correspondingly. Otherwise, if e.g. the requested predicted data cannot be made ready for the requested timing and duration e.g. due to hardware capability or algorithm complexity of the neighbouring NG-RAN node, then the requested NG-RAN node shall reject the Predicted Information Request procedure. 
Observation 2: The request message shall trigger Model Inference at the AI/ML capable neighbouring NG-RAN node if the requested predicted information is not available. Otherwise, the requested NG-RAN node shall reject the Predicted Information Request procedure.
Proposal 3: The Predicted Information Failure message should be supported if the requested predicted information cannot be made available for the requested timing and duration.
As discussed above, the request message for AI/ML predicted information is proposed to add the timing and duration for which the requested predicted information is valid, together with the requested predicted information itself. A list of predicted information with accurate valid time can be reported together with predicted information.
Proposal 4: Response message of AI/ML information includes a list of predicted information within the requested validity duration and their corresponding accurate validity time.
Information with Validity Time
There are two categories of AI/ML output: (1) predicted information (e.g. predicted resource status, etc); (2) predicted action space (e.g. handover strategy, etc). 
For Category 1, as discussed above, validity time should also be provided by the requested NG-RAN node. Therefore, together with the predicted information, the validity time should be also considered as output, so that it can be correctly encoded in the response message.
Proposal 5: The validity time of the predicted information (e.g. energy efficiency, predicted resource status, predicted cell-granularity UE trajectory, etc.) should be generated as the outcome of an AI/ML model (together with the predicted information) and exchanged over Xn interface. 
For Category 2, it is possible that the generated strategy may be executed immediately by the NG-RAN node, or it can be executed in future. For Category 2, the validity time can be considered as an optional output. If the validity time is not provided together, the receiving NG-RAN node takes the corresponding strategy immediately. Otherwise, having validity time, the receiving NG-RAN node can execute the strategy at the right time. 
Based on the above categorizations, the following table summarizes information that should consider generating validity time together with the model inference output either mandatorily or optionally:
	Use Case
	Output that requires "validity time" generated from Model Inference

	AI/ML-based energy saving
	· Mandatory: Predicted energy efficiency, Predicated energy state.
· Optional: Energy saving strategy, Handover strategy. 

	AI/ML-based load balancing
	· Mandatory: Predicted resource status.
· Optional: Selection of target cell, predicted UE(s) for handover

	AI/ML-based mobility optimization
	· Mandatory: Predicted resource status, predicted cell-granularity UE trajectory.
· Optional: Estimated arrival probability in CHO and relevant confidence interval; Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication; UE traffic prediction


Confidence Level
For the predicted data received from a neighbouring NG-RAN node, it is important for the receiving NG-RAN node to know whether the predicted data can be trusted or not, i.e. the confidence level. If the confidence level of the predicted data is low, the NG-RAN node may be better not to use such information for model inference or model training. Alternatively, the NG-RAN node may also take the confidence level as the weight of using the predicted data for the corresponding AI/ML algorithm. The confidence level of the predicted data can be transmitted together with the predicted information in the Predicted Information Update message over Xn interface.
Proposal 6: Confidence level of the requested predicted data should also be provided together with the predicted information in the Predicted Information Update message over Xn interface.
Conclusion
In this contribution, we discussed the necessity of supporting validity time exchange and confidence level over Xn interface. 
We have following observations and proposals:
Observation 1: To generate inference output considering a neighbouring NG-RAN node's future status, the current NG-RAN node should be able to request the predicted data from the neighbouring NG-RAN node valid for the same timing as its target inference output.
Proposal 1: The requested timing that the predicted data (model inference output) should be valid for is included in the request message of the new procedure used for AI/ML information. 
Proposal 2: The source NG-RAN node includes the validity duration of the requested predicted data in the request message of the new procedure used for AI/ML information. FFS on whether the target NG-RAN node reports an average value or a list of predicted information with the corresponding validity time.
Observation 2: The request message shall trigger Model Inference at the AI/ML capable neighbouring NG-RAN node if the requested predicted information is not available. Otherwise, the requested NG-RAN node shall reject the Predicted Information Request procedure.
Proposal 3: The Predicted Information Failure message should be supported if the requested predicted information cannot be made available for the requested timing and duration.
Proposal 4: Response message of AI/ML information includes a list of predicted information within the requested validity duration and their corresponding accurate validity time.
Proposal 5: The validity time of the predicted information (e.g. energy efficiency, predicted resource status, predicted cell-granularity UE trajectory, etc.) should be generated as the outcome of an AI/ML model (together with the predicted information) and exchanged over Xn interface. 
Proposal 6: Confidence level of the requested predicted data should also be provided together with the predicted information in the Predicted Information Update message over Xn interface.
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