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Introduction
During the last RAN3 #117bis-e meeting, the following agreements and FFS were captured:
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. 
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. 
It is FFS whether a node requesting a prediction includes timing information in order to indicate for which time a prediction is requested.  
Whether there is a need for prediction accuracy at a receiving node is FFS.
In this contribution, we further discuss the stage-3 details of new procedure used for AI/ML data.
Discussion
AI/ML Information Procedure
In the last RAN3 #117bis-e meeting, it was agreed that the new procedure for AI/ML information have two report options: one-time or periodic reporting. It is also FFS whether a node requesting a prediction includes timing information in order to indicate for which time a prediction is requested. 
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.
Resource Status Report Enhancement
Energy efficiency
There are two types of input information used for AI/ML based use cases, i.e. current information and predicted information. It was agreed in the last RAN3 #117e meeting that the predicted information is carried over a new procedure. As captured in TR 37.817 [1], except the current resource status information, the current information also includes current energy efficiency. However, it is still FFS how to exchange the current energy efficiency over Xn interface.
	FFS on how is energy efficiency represented in the Xn message.


One possible way is to use the new procedure to carry current energy efficiency information. It is noted that the information carried over the new procedure are mainly for predicted information. And as discussed earlier, the source NG-RAN node needs to provide the timing information, in order to indicate which time the prediction should be valid. But such timing information is unnecessary when requesting "current" energy efficiency. From this sense, we don't need the Predicted Information Reporting procedure to retrieve the current energy efficiency from the neighboring nodes. 
Observation 3: The timing information is unnecessary when requesting "current" energy efficiency from the neighboring nodes.
Another way is to re-use the Resource Status Reporting procedure. Similar as other information carried in the Resource Status Update message, energy efficiency can be seen as one type of data representing the current status of a system. One may argue that energy efficiency is not about resource status. However, as defined in TS 38.423 [2], the Resource Status Reporting procedure is used for exchanging load measurements, where there’s no specific definition on what is load measurement. Based on the information already supported by the Resource Status Reporting procedure, e.g. PRB, TNL capacity, connection of active UEs, etc., our understanding is that load measurement can be any information that can indicate the capacity, real-time status, and resource of an NG-RAN node.
Moreover, as agreed in the last RAN3 #117bis-e meeting, energy efficiency can reflect the energy consumption of a cell or a node.
	Energy Efficiency constitutes a metric that reflects the energy consumption of a cell or a node. It is FFS what the granularity and exact coding of this metric is.


From these senses, we believe that energy efficiency itself can be treated as one type of resource. 
Observation 4: Energy efficiency is also a type of resource to an NG-RAN node.
Therefore, we propose to enhance the Resource Status Reporting procedure to include the current energy efficiency, where a new and corresponding Report Characteristic can be introduced. It can be treated as a new measurement object and thus a new bit can be introduced within the Report Characteristics to request the current energy efficiency measurement from the neighbouring NG-RAN nodes. 
Proposal 4: Enhance the Resource Status Update message to carry the current energy efficiency. Introduce a new bit within the Report Characteristics to request the current status of energy efficiency in the Resource Status Request message.
System performance feedback
As discussed in the companion contribution [3], the Resource Status Reporting procedure can also be enhanced to carry system performance feedback information. Similar as the current energy efficiency, a new bit in Report Characteristics should be introduced to request system performance feedback via the Resource Status Request message.
Proposal 5: Enhance the Resource Status Update message to carry the system performance feedback. Introduce a new bit within the Report Characteristics to request the system performance feedback in the Resource Status Request message.
As captured in TR 37.817 [1], system KPIs (e.g. throughput, delay, RLF, etc) can be considered as feedback for AI/ML use cases. The main motivation of providing such feedback to the source NG-RAN node is to allow the source to understand the impact of its AI/ML decision to the target NG-RAN node.
Compared with other information (e.g. resource status information, etc.) for which some unified criteria can be defined and applied toward different NG-RAN nodes to indicate whether a system is performing good or bad, with respect to system performance KPIs, there is no clear unified boundary on whether a system is doing good or bad based on absolute measurements provided by each neighboring NG-RAN node. For example, due to different hardware capacity and process capability, it is possible that a value of one system performance KPI (e.g. average UE throughput) is considered as poor performance for one NG-RAN node, while being considered as good performance for another. Receiving one-time accurate measurement value of system performance from the neighboring NG-RAN node would not help the source correctly understand the performance impact of the handed-over UE. 
Observation 5: With respect to system performance KPIs, there is no clear unified boundary on whether a system is doing good or bad based on absolute measurements provided by each neighboring NG-RAN node. Receiving one-time accurate measurement value of system performance from the neighboring NG-RAN node would not help the source correctly understand the performance impact of the handed-over UE. 
If the system performance of target NG-RAN node is periodically reported, there are two possible ways of providing system performance feedback over Xn interface:
Option 1: Periodically providing absolute system KPI values to the requesting NG-RAN node. In this option, it may introduce some burden at the source NG-RAN node to calculate the delta of system KPI values. 
Option 2: The target NG-RAN node only reports the trend of its system performance. In this option, based on the received trend, the source NG-RAN node can further use this information as reward, i.e. whether it is a positive or negative impact of its AI/ML strategy (e.g. handover). 
It is possible that different NG-RAN nodes may have their own performance focus, for instance, one may focus on delay optimization (e.g. URLLC), another may focus on throughput (e.g. eMBB). Even if the source NG-RAN node calculates the delta between two received feedbacks, the source may still not know how much impact it would mean to the target NG-RAN node due to the unknown goal of the target's optimization focus. 
Observation 6: The different NG-RAN nodes may have their own different performance focus. The source NG-RAN node may not know how much impact it would mean to the target NG-RAN node, even if it calculates the delta between the target node’s system feedback information.
Therefore, it would be more straightforward to use Option 2, where the target NG-RAN node can directly indicate to the source NG-RAN node about its performance changes, i.e. trend of its system performance. The trend may have different levels to reflect the impact of AI/ML action, e.g. “no change”, “better performance”, “poor performance but acceptable”, “unacceptable”, etc. 
Proposal 6: Use “trend of system performance” rather than absolute measurement values as for the system performance KPI feedback. FFS on the granularity of how a trend could be defined.
The performance measurements for gNBs defined in TS 28.552 Section 5.1 [4] (e.g. packet delay, UE throughput, Mobility management, etc.) can be reported as system KPI feedbacks.  
Proposal 7: Define the trend of the performance measurements defined in TS 28.552 [4] Section 5.1 as system KPI feedback: e.g. 
· Packet delay in TS 28.552 [4] Section 5.1.1.1
· UE throughput in TS 28.552 [4] Section 5.1.1.3
· Mobility Management in TS 28.552 [4] Section 5.1.1.6
· Measurements related to MRO in TS 28.552 [4] Section 5.1.1.25
· PDCP Data Volume in TS 28.552 [4] Section 5.1.2.1
· Packet loss rate, packet drop rate, packet delay in TS 28.552 [4] Section 5.1.3
UE performance feedback Report
In the companion contribution [3], UE performance feedback is proposed to be requested via Handover Request, while reported in a new procedure. In this section, we further discuss the stage-3 impact on Xn interface.
Request Message
If one NG-RAN node decides to handover a UE to another NG-RAN node based on AI/ML model inference, the Handover Preparation procedure is used to request the neighbouring NG-RAN node to establish necessary resources for an upcoming handover. This procedure can also be used to request the neighbouring NG-RAN node to perform measurements for this handed-over UE's performance feedback. Then the target NG-RAN node can reply an acknowledgment whether it can perform the corresponding measurement or not.
Proposal 8: Introduce a new IE “UE performance feedback request” in the Handover Request message to initiate the target NG-RAN node to measure the handed-over UE's performance. Introduce a new IE “UE performance feedback acknowledge” in the Handover Request Acknowledge message to confirm a successful UE performance measurement establishment.
New Reporting Procedure
A new procedure is proposed for UE performance feedback reporting as discussed in our companion paper [3]. 
Different from other AI/ML information (e.g. predicted information), the source NG-RAN node already knows the handed-over UE’s performance before its handover. To understand how well the UE is behaved after its handover for AI/ML model retraining, the source NG-RAN node needs UE performance feedback from the target NG-RAN node and needs to compare with its original performance before handover. It can either be one-time feedback or periodical feedback.
If it’s one-time feedback, the source NG-RAN node can indicate the timing information to the target NG-RAN node of when this information needs to be provided. The target NG-RAN node may encode the average value of the corresponding measurement in this new “UE Performance Feedback Report” message and then send to the source NG-RAN node at the requested timing. 
If it’s periodical feedback, a periodic information needs to be configured by source NG-RAN node together with feedback request.
Proposal 9: Define the UE performance feedback as "one-time" feedback and/or "periodical" feedback. The source NG-RAN node includes a timing information in the Handover Request message to indicate when the feedback should be provided by the target NG-RAN node and/or by the periodicity.
Conclusion
In this contribution, we discussed the new procedure used for AI/ML information.
We propose the 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.
Observation 3: The timing information is unnecessary when requesting "current" energy efficiency from the neighboring nodes.
Observation 4: Energy efficiency is also a type of resource to an NG-RAN node.
Proposal 4: Enhance the Resource Status Update message to carry the current energy efficiency. Introduce a new bit within the Report Characteristics to request the current status of energy efficiency in the Resource Status Request message.
Proposal 5: Enhance the Resource Status Update message to carry the system performance feedback. Introduce a new bit within the Report Characteristics to request the system performance feedback in the Resource Status Request message.
Observation 5: With respect to system performance KPIs, there is no clear unified boundary on whether a system is doing good or bad based on absolute measurements provided by each neighboring NG-RAN node. Receiving one-time accurate measurement value of system performance from the neighboring NG-RAN node would not help the source correctly understand the performance impact of the handed-over UE. 
Observation 6: The different NG-RAN nodes may have their own different performance focus. The source NG-RAN node may not know how much impact it would mean to the target NG-RAN node, even if it calculates the delta between the target node’s system feedback information.
Proposal 6: Use “trend of system performance” rather than absolute measurement values as for the system performance KPI feedback. FFS on the granularity of how a trend could be defined.
Proposal 7: Define the trend of the performance measurements defined in TS 28.552 [4] Section 5.1 as system KPI feedback: e.g. 
· Packet delay in TS 28.552 [4] Section 5.1.1.1
· UE throughput in TS 28.552 [4] Section 5.1.1.3
· Mobility Management in TS 28.552 [4] Section 5.1.1.6
· Measurements related to MRO in TS 28.552 [4] Section 5.1.1.25
· PDCP Data Volume in TS 28.552 [4] Section 5.1.2.1
· Packet loss rate, packet drop rate, packet delay in TS 28.552 [4] Section 5.1.3
Proposal 8: Introduce a new IE “UE performance feedback request” in the Handover Request message to initiate the target NG-RAN node to measure the handed-over UE's performance. Introduce a new IE “UE performance feedback acknowledge” in the Handover Request Acknowledge message to confirm a successful UE performance measurement establishment.
Proposal 9: Define the UE performance feedback as "one-time" feedback and/or "periodical" feedback. The source NG-RAN node includes a timing information in the Handover Request message to indicate when the feedback should be provided by the target NG-RAN node and/or by the periodicity.
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