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Introduction
The general procedure for exchanging AI/ML-related information in the RAN was discussed during the RAN3#117bis-e meeting. A number of agreements and open issues were captured, as listed below. 
Procedures used for AI/ML support in the NG-RAN shall be use case agnostic. 
The cases of i) Model Training and Model Inference at the NG-RAN and ii) Model Training at OAM and Model Inference at the RAN, make use of the same procedures, with the exception that procedures for exchange of training data and feedback data (which is not related to model performance feedback) will be different for i) and ii).
WA: The new procedure is introduced to exchange AI/ML related information is data type agnostic, namely it can be used to transfer AI/ML data.
It’s FFS on whether more new procedures needed to transfer different types of AL/ML data (e.g., feedback, measurements for training/inference). 
The exact information to be included in this new procedure need to be discussed on a case by case basis. 
Legacy information that are used to support AI/ML are transferred via existing legacy procedures (no need to signal them via other procedures) 
Introduce a new Class 1 procedure for initiating the reporting of AI/ML Related Information and a Class 2 procedure for Data Reporting of AI/ML Related Information. 
It is FFS what is the exact name of the procedure. 
Reporting options for the new procedure used for AI/ML Related Information to be evaluated on a case-by-case basis. Possible reporting options are one-time and periodic reporting. 
Event-based reporting and how to determine an event are FFS.
The new procedure is non-UE associated procedure. If needed, the procedure can be used to capture UE-associated information. 
The response message of the new procedure for AI/ML Related Information indicates if the requested information can be provided. 
In this paper, we discuss our proposals to collect feedback associated to AI/ML inference.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Feedback for Mobility Optimization use case
According to RAN3#117-e and RAN3#117-bis-e meetings progress, RAN3 agreed to use a new procedure over Xn to exchange AI/ML-related information. Such procedure shall be use-case agnostic and follow the paradigm of the resource status report procedure.
Define a new procedure over Xn which can be used for AI/ML related information, e.g., predicted information
The new procedure for reporting of AI/ML related information, e.g., predicted information, should be based in a requested way, like resource status report procedure.
Procedures used for AI/ML support in the NG-RAN shall be use case agnostic. 
As we described in our companion contribution R3-226495 (Procedures for exchanging AIML related information), an AI/ML related information can be used for different purposes, for example a feedback can be used as input to an AI/ML model inference or even as training data. Therefore, we think it is better to use a unique procedure for signalling of AI/ML related information and make it flexible enough to accommodate the request and updates for feedback. 
Let us see how we can make use of the new XnAP procedure to request and provide feedback for the Mobility Optimization use case. We have agreed that, as a baseline, the new XnAP procedure can mimic the resource status report procedures, and because of that, we have so far proposed to include a reporting periodicity for sending the requested updates. 
[bookmark: _Hlk118125283]The feedback for AI/ML based Mobility Optimization use case requires something slightly different than just a periodic reporting. The problem to solve, however, is not about completely avoiding a periodic reporting, but rather use it with some additional options, namely, to allow that feedback updates associated to the handover of a certain UE can be started and stopped within the periodic measurement reporting framework. 
Observation 1:  Feedback for AIML based Mobility Optimization use case requires a mechanism to start and stop the feedback updates associated to the handover of a certain UE.
If we consider what is needed in terms of feedback, it is about obtaining UE performance feedback (post-handover) shortly after the handover event itself. 
Hence, it is clear that UE performance feedback has to start right after the HO is executed and as soon as UE performance measurements are available at the target RAN. 
To collect only relevant information and to limit the number of UE performance feedback updates sent, the requesting node can simply indicate (or suggest) a maximum number of UE performance feedback samples that the reporting node should send. If a feedback sample is sent every reporting period, this corresponds to a maximum amount of time during which UE-performance feedback is collected. We would like to point out that this concept is similar to that or the “Reporting Amount” in MDT, which has been widely accepted as beneficial in RAN3.
Proposal 1:  Introduce a maximum number of UE-performance feedback updates for AIML based Mobility Optimization to enable stopping the feedback updates associated to the handover of a certain UE.

In terms of signalling design (using the suggested names for the XnAP messages and Information Elements):
· we can use one bit of the Report Characteristics IE within the AI/ML ASSISTANCE DATA REQUEST message to indicate that UE Performance Feedback is requested. A generic name for such Report Characteristic could be “UE Performance Indicator”
· we can add a “Number of Feedback Samples” IE in the AI/ML ASSISTANCE DATA REQUEST message to indicate how many UE-performance feedback updates are requested 
Proposal 2:  Use one bit of the Report Characteristics IE within the AI/ML ASSISTANCE DATA REQUEST message, namely a “UE Performance Indicator”, to indicate that UE Performance Feedback is requested.
Proposal 3:  Add a “Number of Feedback Samples” IE in the AI/ML ASSISTANCE DATA REQUEST message to indicate how many UE-performance feedback updates are requested.
Based on the request, the peer gNB will send one or more AI/ML ASSISTANCE DATA UPDATE messages containing UE-associated feedback as specified by the “Number Of Requested Updates”.
The above enhancement is additional to the basic solution proposed in our contribution in R3-226495, where it was explained that UE performance feedback could be provided also based on other factors, e.g. it could be provided until the Xn: UE Context Release message is signalled or until a configured timer expires, e.g. similar to the T_Store_UE_Context.
In order to distinguish a handover event for which corresponding feedback is requested (because it is a result of AI/ML assistance) from other handover events for which a feedback is not requested, the source gNB can send an explicit handover cause to the target gNB in the HANDOVER REQUEST message. 
The AI/ML ASSISTANCE DATA REQUEST can include a list of handover cause values identifying the handovers for which UE performance feedback needs to be reported. When the target gNB receives the HANDOVER REQUEST with one of the cause values listed in the AI/ML ASSISTANCE DATA REQUEST, it understands that UE-performance feedback is requested for the upcoming handovers containing one of the listed handover cause. 
Proposal 4:  Add a new cause value to indicate that a handover is associated to an AI/ML triggered mobility event.
To associate certain UE-Associated feedback to a given UE context, each feedback can be sent together with the corresponding UE-APID.
An example of signaling flow corresponding to the proposal is the one reported below.



 
Figure 1: Example of how UE performance feedback can be provided as part of the procedure to report AI/ML data.


In figure 1 it can be appreciated that the UE performance Feedback updates can be configured as part of the procedure for reporting AI/ML data. Indeed, UE Performance feedback updates can start to be signalled after the handover is executed and UE performance data are available and it can be stopped at fulfilment of one or more of these events:
· expiration of a configured time, e.g. similar to the T_Store_UE_Context (see TS38.300)
· until the UE context at the source is removed, e.g. until signalling of the UE Context Release message
· until the Number of Feedback Samples is achieved

Proposal 5:  Enable reporting of the UE Performance Feedback within the new procedure to report AI/ML related information.

[bookmark: _Hlk118309554]We want to highlight that in addition to “classic” measurements (for example throughput or packet loss), from Rel-17 it is possible to obtain UE performance taken at application level using RAN visible QoE (RVQoE) metrics. We think this can be highly beneficial, as this type of information is the closest to the actual user experience, and can be easily obtained for any AI/ML use case. When management based QoE is activated, a number of UEs in a certain area (for example a list of cells, or a list of Tracking Areas) can be configured for collecting RVQoE measurements as well. So, if the RVQoE reports arriving at the target gNB can be transferred to the source gNB post-handover, the source gNB can use this report as feedback to understand the impact on user experience in the new cell. RVQoE reports can be sent periodically, so it is possible – for instance - to add an individual RVQoE report as part of the individual feedback update. A RVQoE report can provide the list of application layer buffer level (in ms) for a streaming service (the appLayerBufferLevelList defined in TS 38.331). If the source gNB can receive such values post-handover it can use them to assess the impact on user experience on that service due to mobility.
Proposal 6: UE performance feedback includes RAN Visible Quality of Experience (RVQoE) measurements.

Possible implementation
An example of the AI-ML ASSISTANCE DATA REQUEST message, which is part of the AIML Assistance Data Reporting Initiation procedure, is shown here. 
	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
	M
	
	INTEGER (1..4095,...) 
	Allocated by NG-RAN node1
	YES
	reject

	NG-RAN node2 Measurement ID
	C-ifRegistrationRequestStoporAdd
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	ignore

	Registration Request
	M
	
	ENUMERATED(start, stop, 
add, …)
	Type of request for which the assistance data is required.
	YES
	reject

	Report Characteristics
	C-ifRegistrationRequestStart
	
	BITSTRING
(SIZE(128))
	Each position in the bitmap indicates measurement object the NG-RAN node 2 is requested to report.
First Bit = Predicted Radio Resources Periodic,
Second Bit = Current Energy Efficiency Periodic,
Third Bit = Predicted Energy Efficiency Periodic,
Fourth Bit = UE Performance Indicator Periodic.
Other bits shall be ignored by the NG-RAN node 2.
	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.
	YES
	Ignore

	Number of Feedback Samples
	O
	
	INTEGER (FFS)
	Number of feedback samples
	YES
	Ignore



Proposal 7:  Take as baseline the above tabular for the definition of the AIML Assistance Data Reporting Initiation with the option to request feedback for AI/ML based Mobility Optimization.

As a further example, the AI-ML ASSISTANCE DATA UPDATE message, which is part of the AIML Assistance Data Reporting procedure, is shown below. The support for UE related feedback for Mobility Optimization use case is marked in green.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

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

	NG-RAN node2 Measurement ID
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Energy Efficiency
	O
	
	INTEGER (0..100)
	Value 1 indicates the minimum measured Energy Efficiency and 100 indicates the maximum measured Energy Efficiency. Energy Efficiency should be measured on a linear scale
	
	

	Predicted Energy Efficiency (presence of this IE is FFS)
	O
	
	INTEGER (0..100)
	Value 1 indicates the minimum Predicted Energy Efficiency and 100 indicates the maximum Predicted Energy Efficiency. Predicted Energy Efficiency should be measured on a linear scale
	
	

	Cell Measurement Result
	
	1
	
	
	YES
	ignore

	>Cell Measurement Result Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	YES
	ignore

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

	
	–
	

	>>Predicted Radio Resource Status 
	O
	
	9.2.3.xx
	Indicates the predicted values of reported resource measurements 
	
	

	>>UE Performance Indicator List
	O
	1 .. < maxnoofFeedbackUEs >
	
	
	
	

	>>>UE Performance Measurements
	
	
	9.2.3.yy
	
	
	

	>>>UE Assistant Identifier
	O
	
	NG-RAN node UE XnAP ID
9.2.3.16
	
	YES
	Ignore

	>>> RAN Visible QoE Metrics
	O
	
	RAN Visible QoE Metrics

	
	
	

	>>>>Application Layer Buffer Level List
	O
	
	OCTET STRING
	AppLayerBufferLevelList as defined in TS 38.331.
	
	



Proposal 8:  Take as baseline the above tabular for the definition of the AIML Assistance Data Reporting, with UE performance feedback for Mobility Optimization use case.
Conclusion
In this contribution, we have discussed the agreements and the open issue related to UE feedback information for AI/ML based Mobility Optimization. Corresponding observations and proposals are reported below.
Observation 1:  Feedback for AIML based Mobility Optimization use case requires a mechanism to start and stop the feedback updates associated to the handover of a certain UE.
Proposal 1:  Introduce a maximum number of UE-performance feedback updates for AIML based Mobility Optimization to enable stopping the feedback updates associated to the handover of a certain UE.
Proposal 2:  Use one bit of the Report Characteristics IE within the AI/ML ASSISTANCE DATA REQUEST message, namely a “UE Performance Indicator”, to indicate that UE Performance Feedback is requested.
Proposal 3:  Add a “Number of Feedback Samples” IE in the AI/ML ASSISTANCE DATA REQUEST message to indicate how many UE-performance feedback updates are requested.
Proposal 4:  Add a new cause value to indicate that a handover is associated to an AI/ML triggered mobility event.
Proposal 5:  Enable reporting of the UE Performance Feedback within the new procedure to report AI/ML related information.
Proposal 6: UE performance feedback includes RAN Visible Quality of Experience (RVQoE) measurements.
Proposal 7:  Take as baseline the above tabular for the definition of the AIML Assistance Data Reporting Initiation with the option to request feedback for AI/ML based Mobility Optimization.
Proposal 8:  Take as baseline the above tabular for the definition of the AIML Assistance Data Reporting, with UE performance feedback for Mobility Optimization use case.

A CR mirroring the proposals above is presented for agreement in R3-226495
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