[bookmark: _Ref452454252]3GPP TSG-RAN WG3 Meeting #121	R3-234340
Toulouse, France, 21 – 25 August, 2023


Agenda item:	12.2.1
Source:	Nokia, Nokia Shanghai Bell
Title:	(TP for TS 38.423) Timing Information and Confidence Discussion
Document for:	Text Proposal
1	Introduction
In RAN3 #120 we made the following agreements:
The requested prediction time includes the specific point in time for which the prediction information is being requested with the assumption that this specific point in time is in the reasonable future. The encoding needs to be further discussed.
The specific point in time for which the prediction information is being requested with the assumption that this specific point in time is in the reasonable future, can be configured for both one-time reporting and periodic reporting.
Some open points remain, namely:
FFS on the encoding and exact values of the specific time point. Down-select the options:
- INTEGER TYPE
- ENUMERATED TYPE
FFS on the benefits of the predicted information over a period of time.
Also, earlier discussions on validity time and accuracy of a prediction haven’t reached consensus. 
In this contribution we address those open issues and provide a Text Proposal for TS 38.423.
2	Predicted Information over a Period of Time
In the last meeting we agreed that the requested prediction time corresponds to a specific time point in the future and it is the time for which the prediction information is requested. An open point from the previous meeting is whether a prediction may be requested over a time interval in the future, e.g., predicted load over a time interval of 10 seconds. The understanding of a “prediction over a time interval” is that an average value is predicted over a window of time. Note that depending on the time window length, different ML Models may be needed in order to obtain a prediction with a high confidence. This is because the longer the time window, the lower the confidence of the prediction for the same amount of used data (a node can respond with a higher confidence what an average predicted load is over a time window of 20 seconds as opposed to 20 minutes), assuming the same starting time instance of the prediction time for both cases. Alternatively, for the same confidence value more data needs to be used by the node calculating the prediction. So enabling predictions over a time interval may necessitate that a network node has different ML Models that can provide predictions for different time interval parametrizations requested by a requesting node.

Observation 1: Considering predictions requested over a time window may require different ML Models to be used, able to process enough data for making a reliable prediction.    

At the same time, predictions corresponding to a specific point in time in the future are provided to neighbouring nodes through periodic reporting. By requesting predictions for different periodicity values a node can approximate a prediction of e.g., an average value at a neighbouring node. Requesting predictions (e.g., predicted load measurements) or raw measurements (e.g., load measurements) with short measurement intervals from a neighbour can help a node approximate a predicted average load over a certain time interval with a good confidence. Such, may create signalling over the interfaces, but will significantly simplify the required implementation complexity at a network node and the requirement that it may support models to provide predictions over different possible time-intervals provided by a requesting neighbour.


Proposal 1: Requested prediction time over a specific point in the future for which a prediction is requested is sufficient and there is no need to introduce a prediction time interval in the request message.

3	Encoding the Requested Prediction Time 
In the last meeting, we down-selected two options on the encoding of the requested prediction time, namely to encode it as an integer or as an enumerated type (in second units). Here, we discuss our views on the encoding type as well as the range that the requested prediction time may be considered reasonable to take. In the last meeting we agreed that the requested prediction time is a point in time in the reasonable future. For our Rel.18 use cases, we think that reasonable future would be in the order of minutes rather than hours. We therefore propose a maximum range of 15 minutes. 

Proposal 2: The range that the requested prediction time can take is limited to 15 minutes into the future in Rel.18.

Regarding the exact encoding we support an integer encoding in the order of seconds. A ML Model can be trained to provide predictions for a range of prediction times in the future. ML Models are trained to capture similar conditions in the network. Therefore, even though a different ML Model may be used for high-load scenarios as opposed to low load scenarios the same ML Model can be used to provide a predicted load for different prediction times corresponding to the same scenario e.g., low load or high load. Different requested prediction times do not correspond to different models and therefore do not negatively impact implementation complexity. On the contrary, allowing for integer values in the requested prediction time is flexible and allows a node to request predictions for a variety of time instants into the future.

Observation 2: Fine-granularity of prediction times within 1 second does not complicate the system or requires different ML Models to enable those predictions.

Proposal 3: Use an Integer Type to encode the requested prediction time in the future.
  

4	Validity Time 

Validity time is a model related parameter, defined as a period of time during which a prediction is valid. 
Proposal 4: Define validity time as a time duration during which a prediction is valid.
The time during which a prediction is valid is inversely proportional to the confidence of a prediction. For example, if a prediction is valid for the next 10 minutes after it is issued it is expected that it will have no better confidence than a prediction that is valid for 10 seconds. Validity time is not expected to change during the time a model is in use (for the same confidence output), since it depends on the model.
It is important for a node requesting AI/ML predictions from a neighbour to receive predictions that have sufficient validity, for the needs of the requesting node. Especially if predictions are used as subsequent inputs to other ML models and may possibly be combined with predictions from other nodes the validity time of those predictions needs to overlap. 
However, from the requesting node point of view it is not important to know the exact validity time of a prediction as long as it is within the required validity time needed for its operations. Besides, during the AI/ML reporting, a node (based on its own implementation) may utilize more than one AI/ML Models to provide predictions. For example, this can happen because a node may have different models in use for different times in the day or load input scenarios. Such issues may affect the validity time of a prediction. A node providing predictions to a neighbour should be allowed to switch transparently between different models providing a certain output based on its own implementation without the need to inform its neighbours about it, as long as this doesn’t affect the needed validity in the prediction request. For example if a node requests from its neighbour a prediction that is valid for 5 minutes, the neighbour may provide a prediction that is valid for 5 minutes or for 7 minutes if it has such prediction available, since both meet the request.  
In the last meeting, we had a discussion whether the validity time of a prediction should be equivalent to the reporting period. In our view, we should not correlate model validity time, which is a ML model related parameter, with the reporting period of a prediction, which is related to the reporting procedure. The two could coincide under some special cases, but it should not be a requirement. A prediction that is valid over a longer period of time will have a confidence that is no better than that of a prediction that is valid over a shorter period of time. Therefore, by forcing the reporting time to be equal to the validity time we limit the quality of the reported prediction, by possibly decreasing its confidence when reporting period is long. Decreasing the reporting period (for the sake of confidence) would create unnecessary reporting between the nodes.
Observation 3: Requiring that model validity time, which is a ML model related parameter, to equal the reporting period of a prediction, which is related to the reporting procedure, limits the quality/confidence of the reported prediction.
Proposal 5: The requested validity time is configured in the AI/ML INFORMATION REQUEST (name FFS) message both for one-time and periodic reporting.
5	Prediction Confidence  
The accuracy of the requested prediction is also an important factor in the usability of the received prediction. A node may only be interested in predictions that meet a certain accuracy requirement since otherwise using information of lower accuracy will negatively impact its performance. Furthermore, utilizing predictions of low accuracy as an input to a ML Model will lead to further low accuracy since the quality of input data influences the model output.
One possible option to determine whether a prediction is accurate is to compare the prediction with the corresponding (actual) measured values. However, this comparison can only happen later in time, meaning that a node needs to use a prediction for a while without knowing its accuracy. If for example predicted load information after 15 minutes is requested and it happens to be inaccurate, the receiving node of this prediction may use inaccurate information for 15 minutes before it determines through a comparison with the ground truth that it was inaccurate in reality. Learning the accuracy with which a neighbour is providing predictions through comparisons with ground truth information may take several rounds of comparisons before a node can really determine the quality of predictions a neighbour is providing.  
Observation 4: Determining accuracy of a prediction through comparisons with the ground truth means that a NG-RAN node has to use a prediction for a possibly long period of time without having any information on the prediction quality. 
Furthermore, a node may update or use a new model for a certain prediction. Currently, it is completely transparent to a node whether a new model is deployed or updated at a neighbour. Therefore, it is practically impossible for a node to determine accuracy information from neighbouring nodes’ predictions through comparison with ground truth if the ML Models at a neighbouring node change often. In certain other cases, ground truth information may simply not be available.
Observation 5: In certain cases, it may be impossible to determine accuracy of a prediction through comparison with ground truth information since ground truth may not be available.  
On the other hand, ML Model accuracy could be captured through a confidence metric. A confidence metric does not require ground truth information and is therefore usable in cases when the ground truth is not available. A node requesting predictions may only be interested in predictions of high confidence and therefore ML Model confidence can be part of the ML Model input information. This could be described through a confidence metric, capturing a confidence interval, namely an estimated range of values that is likely to include the prediction and a confidence level which gives a probability with which the interval contains the true value.
[bookmark: _Hlk134627199]Proposal 6: A requested confidence metric, capturing a confidence interval, namely an estimated range of values that is likely to include the prediction and a confidence level which gives a probability with which the interval contains the true value, is configured in the AI/ML INFORMATION REQUEST (name FFS) message.

[bookmark: _Hlk134735955]Finally, we provide a TP for BL CR for TS 38.423 in the Annex.
Proposal 7: Discuss and agree the TP for BL CR for TS 38.423 in the Annex.

6	Conclusion
In this paper we make the following observations and proposals:
Observation 1: Considering predictions requested over a time window may require different ML Models to be used, able to process enough data for making a reliable prediction.  
Proposal 1: Requested prediction time over a specific point in the future for which a prediction is requested is sufficient and there is no need to introduce a prediction time interval in the request message.
Proposal 2: The range that the requested prediction time can take is limited to 15 minutes into the future in Rel.18.
Observation 2: Fine-granularity of prediction times within 1 second does not complicate the system or requires different ML Models to enable those predictions.

Proposal 3: Use an Integer Type to encode the requested prediction time in the future.
Proposal 4: Define validity time as a time duration during which a prediction is valid.
Observation 3: Requiring that model validity time, which is a ML model related parameter, to equal the reporting period of a prediction, which is related to the reporting procedure, limits the quality/confidence of the reported prediction.
Proposal 5: The requested validity time is configured in the AI/ML INFORMATION REQUEST (name FFS) message both for one-time and periodic reporting.
Observation 4: Determining accuracy of a prediction through comparisons with the ground truth means that a NG-RAN node has to use a prediction for a possibly long period of time without having any information on the prediction quality. 
Observation 5: In certain cases, it may be impossible to determine accuracy of a prediction through comparison with ground truth information since ground truth may not be available.  
Proposal 6: A requested confidence metric, capturing a confidence interval, namely an estimated range of values that is likely to include the prediction and a confidence level which gives a probability with which the interval contains the true value, is configured in the AI/ML INFORMATION REQUEST (name FFS) message.

Proposal 7: Discuss and agree the TP for BL CR for TS 38.423 in the Annex.
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Annex	- TP for TS 38.423
This TP is based on [1].
<<< start of changes >>>
8.4.AA	AI/ML Information Reporting Initiation (FFS on the name)
8.4.AA.1	General
This procedure is used by an NG-RAN node to request the reporting of AI/ML related information to another NG-RAN node.
The procedure uses non UE-associated signalling.
Editor’s Note: FFS other information that can be requested using this procedure.
Editor’s Note: FFS content of AL/ML related information.
8.4.AA.2	Successful Operation


Figure 8.4.AA.2-1: AI/ML Information Reporting Initiation, successful operation
NG-RAN node1 initiates the procedure by sending the AI/ML INFORMATION REQUEST message to NG-RAN node2 to start AI/ML related information reporting and stop AI/ML related information reporting. Upon receipt, NG-RAN node2:
-	shall initiate the requested AI/ML related information reporting according to the parameters given in the request in case the Registration Request IE is set to “start”; or
-	shall stop all cells AI/ML related information reporting and terminate the reporting in case the Registration Request IE is set to “stop”; or
-	FFS 
If the Registration Request IE is set to “start” in the AI/ML INFORMATION REQUEST message and the Report Characteristics IE indicates cell specific AI/ML related information reporting, the Cell To Report List IE shall be included.
If NG-RAN node2 is capable to provide all of the requested information, it shall initiate the AI/ML related information reporting as requested by NG-RAN node1 and respond with the AI/ML INFORMATION RESPONSE message.
If NG-RAN node2 is capable to provide some but not all of the requested information, it shall initiate the AI/ML related information reporting for the admitted requested information and include the Node Measurement Initiation Result IE or the Per Cell Measurement Initiation Result IE or both in the AI/ML INFORMATION RESPONSE message.
If the Reporting Periodicity IE in the AI/ML INFORMATION REQUEST is present, this indicates the periodicity for the reporting of periodic AI/ML related information. The NG-RAN node2 shall report only once, unless otherwise requested within the Reporting Periodicity IE.
If the Requested Prediction Time IE in the AI/ML INFORMATION REQUEST message is present, it indicates the specific point in time to which the prediction of the information requested applies. The NG-RAN node2 shall take it into account when generating the requested predicted information.
If the Minimum Validity Time IE in the AI/ML INFORMATION REQUEST message is present, it indicates the minimum time for which the reported predictions shall be valid. The NG-RAN node2 shall take it into account when generating the requested predicted information.
If the Minimum Confidence Level IE in the AI/ML INFORMATION REQUEST message is present, it indicates the minimum confidence level that the reported predictions shall satisfy. The NG-RAN node2 shall take it into account when generating the requested predicted information.
Interaction with other procedures
When starting a measurement, the Report Characteristics IE in the AI/ML INFORMATION REQUEST indicates the type of objects NG-RAN node2 shall perform measurements or prediction on. NG-RAN node2 shall include in the AI/ML INFORMATION UPDATE message:
-	the Predicted Radio Resource Status IE, if the first bit, “Predicted Radio Resource Status” of the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message is set to “1”. FFS on the details of Predicted Radio Resource Status IE.
-	the Predicted Number of Active UEs IE, if the second bit, “Predicted Number of Active UEs” of the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message is set to “1”;
-	the Predicted RRC Connections IE, if the third bit, “Predicted RRC Connections” of the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message is set to “1”.
-	the Average UE Throughput DL IE, if the fourth  bit, “Average UE Throughput DL” of the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message is set to “1”.
-	the Average UE Throughput UL IE, if the fifth bit, “Average UE Throughput UL” of the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message is set to “1”.
-	the Average Packet Delay IE, if the sixth bit, “Average Packet Delay” of the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message is set to “1”.
-	the Average Packet Loss IE, if the seventh bit, “Average Packet Loss” of the Report Characteristics IE included in the AI/ML INFORMATION REQUEST message is set to “1”.
8.4.AA.3	Unsuccessful Operation


Figure 8.4.AA.3-1: AI/ML Information Reporting Initiation, unsuccessful operation
If none of the requested AI/ML related information reporting cannot be initiated, NG-RAN node2 shall send the AI/ML INFORMATION FAILURE message with an appropriate cause value. 
8.4.AA.4	Abnormal Conditions
For the same Measurement ID, if the initiating NG-RAN node1 does not receive either the AI/ML INFORMATION RESPONSE message or the AI/ML INFORMATION FAILURE message, the NG-RAN node1 may reinitiate the AI/ML Information Reporting Initiation procedure towards the same NG-RAN node, provided that the content of the new AI/ML INFORMATION REQUEST message is identical to the content of the previously unacknowledged AI/ML INFORMATION REQUEST message.
If the NG-RAN node2 receives an AI/ML INFORMATION REQUEST message which includes the Registration Request IE set to “stop” and if the NG-RAN node2 Measurement ID value received in the AI/ML INFORMATION REQUEST message is not used, the NG-RAN node2 shall initiate AI/ML INFORMATION FAILURE message with an appropriate cause value.
If the Report Characteristics IE bitmap is set to “0” (all bits are set to “0”) in the AI/ML INFORMATION REQUEST message then NG-RAN node2 shall initiate an AI/ML INFORMATION FAILURE message with an appropriate cause value.
If the NG-RAN node2 receives a AI/ML INFORMATION REQUEST message which includes the Registration Request IE set to “start” and the NG-RAN node1 Measurement ID IE corresponding to an existing on-going AI/ML information reporting, then NG-RAN node2 shall initiate a AI/ML INFORMATION FAILURE message with an appropriate cause value.
8.4.BB	AI/ML Information Reporting (FFS on the name)
8.4.BB.1	General
This procedure is initiated by an NG-RAN node to report AI/ML related information accepted by the NG-RAN node following a successful AI/ML Information Reporting Initiation procedure.
The procedure uses non UE-associated signalling.
Editor’s Note: FFS other information that can be reported using this procedure.
Editor’s Note: FFS content of AL/ML related information.
8.4.BB.2	Successful Operation


Figure 8.4.11.2-1: AI/ML Information Reporting, successful operation
NG-RAN node2 shall report the accepted AI/ML related information in AI/ML INFORMATION UPDATE message. The accepted AI/ML related information is the information that was successfully initiated during the preceding AI/ML Information Reporting Initiation procedure.
8.4.BB.3	Unsuccessful Operation
Not applicable.
8.4.BB.4	Abnormal Conditions
<<< next change >>>
9.1.3.CC	AI/ML INFORMATION REQUEST (FFS on the name)
This message is sent by NG-RAN node1 to NG-RAN node2 to initiate the requested AI/ML related information reporting according to the parameters given in the message.
Direction: NG-RAN node1  NG-RAN node2.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	NG-RAN node1 Measurement ID (FFS on the name)
	M
	
	INTEGER (1..4095,...) 
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID (FFS on the name)
	C-ifRegistrationRequestStop
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop, …) (FFS on others)
	Type of request for which the AI/ML related information is required.
	YES
	reject

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(32))
	Each position in the bitmap indicates the object the NG-RAN node2 is requested to report.
First Bit = Predicted Radio Resource Status,
Second Bit = Predicted Number of Active UEs,
Third Bit = Predicted RRC connections 
Fourth Bit = Average UE Throughput DL,
Fifth Bit = Average UE Throughput UL,
Sixth  Bit = Average Packet Delay,
Seventh Bit = Average Packet Loss
Eighth Bit = Energy Cost


FFS on the coding
	YES
	reject

	Cell To Report List
	
	0..1
	
	Cell ID list to which the request applies.
	YES
	ignore

	>Cell To Report Item
	
	1 .. <maxnoofCellsinNG-RANnode>
	
	
	–
	

	>>Cell ID
	M
	
	Global NG-RAN Cell Identity
9.2.2.27

	
	–
	

	Reporting Periodicity
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	Periodicity that can be used for reporting of requested objects. Also used as the averaging window length for all objects if supported.
	YES
	ignore

	Requested Prediction Time
	O
	
	INTEGER
(1..900)
	Time instant for which prediction information is requested. Unit: second
	YES
	ignore

	Minimum Validity Time
	O
	
	INTEGER
(1..4095)
	Corresponds to the time a prediction is valid since the time it is issued. Unit: second
	YES
	Ignore

	Minimum Confidence Level
	O
	
	INTEGER
(1..100)
	Indicates a minimum confidence level for the prediction.
	YES
	ignore



	Condition
	Explanation

	ifRegistrationRequestStop
	This IE shall be present if the Registration Request IE is set to the value "stop". 

	ifRegistrationRequestStart
	This IE shall be present if the Registration Request IE is set to the value "start".



	Range bound
	Explanation

	maxnoofCellsinNG-RANnode
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.



<<< end of changes >>>
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