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1	Introduction
In the last RAN3#117bis-e meeting, whether and how can a NG-RAN node understand the prediction accuracy has been discussed without consensus. In this paper, we try to list and analyse different options.

	RAN3#117e Agreements:

Whether there is a need for prediction accuracy at a receiving node is FFS.



2	Discussion
In the scenario that a NG-RAN node requests its neighbour NG-RAN node to provide a prediction information over the Xn interface, we believe it is also beneficial for the requesting NG-RAN node to understand if the prediction information, that it has received, is accurate or how accurate is it. Such that the requesting NG-RAN node could make use of the prediction result in different ways (e.g., considered it of less weight for the final handover decision) and may stop requesting the prediction information if the prediction accuracy is unacceptable. 
[bookmark: _Toc118210264][bookmark: _Toc118210769][bookmark: _Toc118210799][bookmark: _Toc118449736][bookmark: _Toc118450275]It is benefitial for a requesting NG-RAN node to understand the accuracy of received prediction information. 

In our observation, so far there are three options on the table for a requesting NG-RAN node to understand the accuracy of received prediction information. In the rest of paper, we try to analyse the potential specification impact of them.
· Option 1: required prediction accuracy in prediction request
· Option 2: prediction accuracy in prediction report
· Option 3: via requesting actual measurement


[bookmark: _Toc118450133]RAN3 discusses the pros/cons and down select from the following options for a requesting NG-RAN node to understand the accuracy of received prediction information
a. [bookmark: _Toc118450134]Option 1: required prediction accuracy in prediction request
b. [bookmark: _Toc118450135]Option 2: prediction accuracy in prediction report
c. [bookmark: _Toc118450136]Option 3: via requesting actual measurement


Option 1: required prediction accuracy in prediction request
In option 1, the requesting NG-RAN node can indicate the required prediction accuracy in the prediction request message. After receiving the prediction request message, the neighbour NG-RAN node shall determine if the required prediction accuracy can be fulfilled by using the available AI/ML model. 
In our understanding, after an AI/ML model for prediction is trained, validated, and tested, what prediction accuracy can be achieved by using this AI/ML model can be roughly known based on the training/validation/test data set. 
Then, the neighbour NG-RAN node will send response message to the prediction request only if the required prediction accuracy can be fulfilled. Otherwise, the neighbour NG-RAN node will send a failure message after receiving the prediction request message but cannot fulfil the required prediction accuracy. 

[bookmark: _Toc118210265][bookmark: _Toc118210770][bookmark: _Toc118210800][bookmark: _Toc118449737][bookmark: _Toc118450276]After an AI/ML model for prediction is trained, validated, and tested, what prediction accuracy can be achieved by using this AI/ML model can be roughly known based on the training/validation/test data set

Option 1 seems an easy and logical way. In a large part, option 1 can avoid the neighbour NG-RAN node providing prediction information with prediction accuracy does not meet the requirement. In this sense, option 1 can save the unnecessary effort from both NG-RAN nodes. Besides, option 1 does not require the neighbour NG-RAN node to explicitly indicate the achievable prediction accuracy, which could be considered as one sensitive capability.
On the other hand, how to represent/code the required accuracy is tricky considering different types of prediction information. Typically, the accuracy of a classification prediction (“what is it”) can be represented by a likelihood value in percentage, e.g., the predicted next cell is 80% likely to be true. The accuracy of a value prediction (“how much is it”) can be represented by a confidence interval that represents a range of values that are likely to contain the true value, e.g., very likely (95%) the predicted number of UEs will be in the range of 100~200. 
[bookmark: _Toc118210266][bookmark: _Toc118210771][bookmark: _Toc118210801][bookmark: _Toc118449738][bookmark: _Toc118450277]The accuracy of a classification prediction can be represented by a likelihood value, e.g., in percentage.
[bookmark: _Toc118210267][bookmark: _Toc118210772][bookmark: _Toc118210802][bookmark: _Toc118449739][bookmark: _Toc118450278]The accuracy of a value prediction can be represented by a confidence interval, e.g., a range of values that are likely to contain the true value. 

In the last RAN3 117bis-e meeting, it’s agreed that the predicted resource status can be predicted radio resources, number of active UEs, number of RRC Connections, and may also include TNL capacity indicator, CACG, and slice available capacity. In our observation, all of these resource status indicators are represented by a specific value, thus the corresponding prediction can be considered as a value prediction (“how much is it”) and confidence interval can be used to represent the prediction accuracy. 
	Predicted Resource Status Information reported in the new procedure for AI/ML Related Information can be predicted radio resources, predicted number of active UEs, and predicted number of RRC Connections. 
FFS if also Predicted TNL Capacity Indicator, Predicted Composite Available Capacity Group and Predicted Slice Available Capacity are reported.



On the other hand, the confidence interval for different predicted resource status indicators could be different and the values of different resource status indicators vary in different range. For example, the number of RRC connections ranges from 1 to 65536, while the available RRC Connection capacity value ranges from 0 to 100. Therefore, when the requesting NG-RAN node indicates the required prediction accuracy, for each required resource status indicator prediction, there should be a corresponding confidence interval provided. The confidence interval can be an error value implying that the true value is very likely (e.g., 95%) in the range of the predicted value minus/plus the error value. 
	[bookmark: _Hlk44423724][bookmark: _Toc44497645][bookmark: _Toc45108033][bookmark: _Toc45901653][bookmark: _Toc51850733][bookmark: _Toc56693736][bookmark: _Toc64447279][bookmark: _Toc66286773][bookmark: _Toc74151468][bookmark: _Toc88653941][bookmark: _Toc97904297][bookmark: _Toc98868384]9.2.2.57	Number of RRC Connections
The Number of RRC Connections IE indicates the maximum supported number of UEs in RRC_CONNECTED mode.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Number of RRC Connections
	M
	
	INTEGER (1..65536,...)
	



[bookmark: _Hlk44423737][bookmark: _Toc44497646][bookmark: _Toc45108034][bookmark: _Toc45901654][bookmark: _Toc51850734][bookmark: _Toc56693737][bookmark: _Toc64447280][bookmark: _Toc66286774][bookmark: _Toc74151469][bookmark: _Toc88653942][bookmark: _Toc97904298][bookmark: _Toc98868385]9.2.2.58	Available RRC Connection Capacity Value
The Available RRC Connection Capacity Value IE indicates the residual percentage of the number of RRC connections, relative to the maximum number of RRC connections supported by the cell.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Available RRC Connection Capacity Value
	M
	
	INTEGER (0..100)
	Value 0 indicates no available capacity, and 100 indicates maximum available capacity with respect to the whole cell. Capacity Value should be measured on a linear scale.






[bookmark: _Toc118210268][bookmark: _Toc118210773][bookmark: _Toc118210803][bookmark: _Toc118449740][bookmark: _Toc118450279]Resource status indicators are represented by a specific value in the current spec and have different value ranges. 
[bookmark: _Toc118210269][bookmark: _Toc118210774][bookmark: _Toc118210804][bookmark: _Toc118449741][bookmark: _Toc118450280]Prediction accuracy for different resource status indicators could be different.
[bookmark: _Toc118210270][bookmark: _Toc118210775][bookmark: _Toc118210805][bookmark: _Toc118449742][bookmark: _Toc118450281]The confidence interval can be an error value implying that the true value is very likely (e.g., 95%) in the range of the predicted value minus/plus the error value.

[bookmark: _Toc118450137]RAN3 tries to agree option 1, and for each requested resource status indicator (e.g., number of RRC connections) an error value representing the confidence interval can be provided to represent the required prediction accuracy. 


Figure 1: required prediction accuracy in prediction request

Option 2: prediction accuracy in prediction report
In option 2, the requesting NG-RAN node does not indicate the required prediction accuracy in the prediction request message, while the prediction accuracy is indicated in the prediction report by the neighbour NG-RAN node. 
As discussed above in Observation 2, the neighbour NG-RAN node can roughly know the prediction accuracy of the AI/ML model after training/validation/testing. Also, similarly the prediction accuracy can be provided for each resource status indicator in the form of confidence interval (e.g., an error value) implying that the true value is very likely (e.g., 95%) in the range of the predicted value minus/plus the error value.
Comparing with option 1, option 2 provides the most precise prediction accuracy since the neighbour NG-RAN nodes, as the AI/ML model training/inference host, knows the best about the prediction accuracy. However, the prediction accuracy may or may not fulfil the requesting NG-RAN node requirement. 

[bookmark: _Toc118450138]If RAN3 agrees option 2, for each requested resource status indicator (e.g., number of RRC connections) an error value representing the confidence interval can be provided to represent the prediction accuracy. 


Figure 2: prediction accuracy in prediction report

[bookmark: _Hlk118210689]Option 3: via requesting actual measurement
In option 3, the prediction accuracy is not explicitly requested or provided as option 1 and option 2, instead the requesting NG-RAN node could trigger another procedure to request the actual measurement later on. By comparing the actual measurements with the prediction information received before, the requesting NG-RAN node can roughly understand the prediction accuracy and may stop requesting the prediction information from the neighbour NG-RAN node if the prediction accuracy is poor. 
Comparing with option 1 and option 2, option 3 has the minimal specification impact, but it will not allow the requesting NG-RAN node to understand the accuracy of the prediction information once received from the neighbour NG-RAN node. Thus, the requesting NG-RAN node may make action (e.g., handover) using a received prediction information, which actually does not fulfil its prediction accuracy requirement.  Besides, to make sure the later requested measurement result is comparable with the previously received prediction result, their measurement window and prediction window should be identical. However, in the legacy resource status request, the measurement window for one time resources status update is not provided, and the measurement window for periodic resource status update is indicated by the periodicity with fixed values (from 100ms to 10000ms). Some enhancement to the legacy resource status request procedure is needed to ensure the measurement window is same as the prediction window. 
[bookmark: _Toc118450139]If RAN3 agrees option 3, enhancement to legacy resource status request procedure may be needed to ensure the measurement window is same as the previous prediction window. 


Figure 3: via requesting actual measurement

Table 1: Benchmark of options for the requesting NG-RAN node to understand the prediction accuracy
	
	Option 1: required prediction accuracy in prediction request message
	Option 2: prediction accuracy in prediction report message
	Option 3: via requesting actual measurement

	Pros
	· avoid prediction report of prediction accuracy not fulfilling the requirement
· neighbour NG-RAN node does not expose the actual prediction accuracy (maybe considered sensitive AI/ML capability)
	· the prediction accuracy provided by the neighbour NG-RAN node (as host of AI training/inference) is most precise
	· avoid discussing the form of prediction accuracy

	Cons
	· the form of prediction accuracy needs discussion case by case (e.g., an error value representing the confidence interval)
	· the form of prediction accuracy needs discussion case by case (e.g., an error value representing the confidence interval)
	· the requesting NG-RAN node does not have knowledge of the prediction accuracy when receives from the neighbour NG-RAN node
· A separate procedure is needed to acquire the actual measurement

	Spec impact
	· required accuracy shall be provided for each requested element (e.g., resource status indicator)
	· required accuracy shall be provided for each requested element (e.g., resource status indicator)
	· enhancement to legacy resource status request procedure may be needed to ensure the measurement window is same as the previous prediction window.





3	Conclusion
Based on the discussion above, we observe:
Observation 1	It is benefitial for a requesting NG-RAN node to understand the accuracy of received prediction information.
Observation 2	After an AI/ML model for prediction is trained, validated, and tested, what prediction accuracy can be achieved by using this AI/ML model can be roughly known based on the training/validation/test data set
Observation 3	The accuracy of a classification prediction can be represented by a likelihood value, e.g., in percentage.
Observation 4	The accuracy of a value prediction can be represented by a confidence interval, e.g., a range of values that are likely to contain the true value.
Observation 5	Resource status indicators are represented by a specific value in the current spec and have different value ranges.
Observation 6	Prediction accuracy for different resource status indicators could be different.
Observation 7	The confidence interval can be an error value implying that the true value is very likely (e.g., 95%) in the range of the predicted value minus/plus the error value.


Based on the discussion above, we propose:
Proposal 1	RAN3 discusses the pros/cons and down select from the following options for a requesting NG-RAN node to understand the accuracy of received prediction information
a.	Option 1: required prediction accuracy in prediction request
b.	Option 2: prediction accuracy in prediction report
c.	Option 3: via requesting actual measurement
Proposal 2	RAN3 tries to agree option 1, and for each requested resource status indicator (e.g., number of RRC connections) an error value representing the confidence interval can be provided to represent the required prediction accuracy.
Proposal 3	If RAN3 agrees option 2, for each requested resource status indicator (e.g., number of RRC connections) an error value representing the confidence interval can be provided to represent the prediction accuracy.
Proposal 4	If RAN3 agrees option 3, enhancement to legacy resource status request procedure may be needed to ensure the measurement window is same as the previous prediction window.
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