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1 Introduction

The AI for RAN WI was approved to specify data collection enhancements and signaling support within existing NG-RAN interfaces and architecture for AI/ML-based Network Energy Saving, Load Balancing and Mobility Optimization.
After discussion in RAN3 120 meetings, the following agreements have been made:
Node level and cell level UE performance collection is not supported in R18.
The Source NG-RAN node UE XnAP ID reference IE within the UE Associated Info Result Item IE should be included in the update message.
The Failed Report Characteristics shall be split into two fields:

1. Failed Report Characteristics for per cell measurements, reported with per cell granularity

2. Failed Report Characteristics for per node measurements, reported with per node granularity

Introduce a Cause IE for the Measurement Failed Report Characteristics per cell and Measurement Failed Report Characteristics per node.

There is consensus on the benefits of enabling the requesting node to optimize the measurement request by indicating whether requested measurements can be reported in full or in part. It needs to be further discussed whether such enhancements can be introduced in Rel18.

The problem of how to signal to the reporting node time configurations for the UE Performance Feedback measurement reporting is acknowledged. 

Time configuration for UE Performance Feedback measurement reporting consists at least of:

•
Time duration of the UE Performance Feedback measurement collection (the time duration starting at handover execution and including the last UE Performance Feedback report)

•
Whether, within such time duration, measurements are reported periodically or one time

•
In case of periodic reporting, the period of UE Performance Feedback measurements (whether existing of new IE)
In this contribution, the Xn interface impact for LB is analyzed.

2 Discussion
RAN3 118 meeting has agreed to a general TP for 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. 
UE performance feedback

The UE performance feedback includes three parameters: throughput, delay and loss rate. The UE with different services may care about part of the metrics. For example, the UE with URLLC services expects to experience the high throughput, low latency and high reliability transmission, while UE with mMTC services does not have the strict requirement for delay. Thus, in terms of UE performance feedback, the metrics for different UEs should not be identical. 
In the agreed procedure, the UE performance feedback reporting configuration is sent via the agreed AI/ML information request message, including registration request, report characteristics, etc. The actual request is in Handover request via linking the measurement ID. The requesting node can indicate which measurement is requested to report in the report characteristics, but this is not for one UE. 

Based on discussion, there are two possible solutions for how to support the selection of measurements:
· Solution 1: indicate the measurement items in Handover Request message

· Solution 2: use event ID in agreed request message and Handover Request message

Solution 1 is clear and straightforward. One bitmap included in the Handover Request message is enough to show which measurement item is requested to provide. 

For solution 2, both agreed request message and handover request message need to be enhanced. It is slightly more complex than solution 1.

Proposal 1: 
Propose source node to indicate which performance feedback item is required to report in Handover Request message.

“Node measurement initiation result” and “Per cell measurement initiation result” are used to inform the requesting node which measurement item(s) it can not provide. However, for the UE performance feedback, it does not belong to node level or cell level ones. So the current procedure does not support the requested node to response the failed UE performance measurement items. In such case, the requesting node would continue to indicate the request in subsequent handover procedure. But the requested node can not provide them in the update message. Thus, the enhancement is required.

Two messages can be used for requested node informing the failed performance measurement: 

Opt 1: in response message

Opt 2: in Handover Request Ack message. 

Opt 1 is more efficient. When the requested node tells the requesting node that it can not do the corresponding UE performance measurement, the requesting node does not need to indicate the real request in the handover request message to avoid the unnecessary signaling. For this option, one more “initiation result” should be introduced to the response message, or the existing node level initiation result to include all the results excluding the cell level ones. 

Regarding to opt 2, the requesting node still needs to do the real request in handover request. 

Thus, propose to add one more “initiation result” or extend the existing node level initiation result.

Proposal 2: 
Propose to add one more “initiation result” or extend the existing node level initiation result to support the requested node to inform the failed UE performance feedback.

The existing reporting periodicity is to show the interval between two adjacent reporting. It can be reused to show the period of UE performance feedback measurements. And it seems there is no issue for such re-use.
Proposal 3: 
The existing reporting periodicity can be reused to show the period of UE performance feedback measurements. 
There is one left issue about whether the UE performance can be used as input. Actually, the answer is yes. As the input, it can reflect the target status and give the information whether the target cell can be selected for HO or not. For example, if the HO-ed UE performance of one cell is not good, the model may not select it as the target cell. As the usage of the data is up to implementation (as input or feedback), it seems there is no additional enhancement is needed if UE performance is used as input. When the requesting node intends to input the data to model or monitor the model, it can request the UE performance in request message and HO request message, and then the requested node would response the performance data to requesting node.
Observation 1: 
UE performance can be used as input to provide the status of target cell. 

Observation 2: 
No additional enhancement is required if UE performance is used as input.
The measurement period is agreed for UE performance feedback, which is the time duration starting at handover execution and including the last UE Performance Feedback report. This information can be configured in the request message. The corresponding TP is in the section 5.

Proposal 4: 
Propose to agree the TP in section 5 to reflect the agreement to add UE performance feedback collection time.

There may exist the case that the UE is handed over to other gNB during measurement period and the UE performance feedback can not be collected for the remaining time period. Actually, the probability for this case is not high. The source node may focus on the short time after handover, as the subsequent performance highly rely on the target node configuration (e.g. resource allocation) or the further event which is not so relevant to the handover decision. Even though this case happens, the requested node just does not to include the corresponding report to the update message. The requesting node can know the further collection for such UE is not available. There is no need to do the enhancement to deal with it.
Observation 3: 
Source node may focus on the UE performance in a short time after handover.

Proposal 5: 
There is no need to do enhancement for the case that target node can not collect the UE performance for the whole measurement period. 
Event triggered reporting
For the event triggered reporting, there is a related existing procedure as status indication. DU and CUUP can send the warning indicator to CU/CUUP when overload happens by GNB-DU STATUS INDICATION, GNB-CU-UP STATUS INDICATION. The periodical reporting has been defined in the TP. In such case, when the predicted resource status goes to extremely high, the node can not inform the neighbour nodes such case if there is no request. Maybe setting a small value in the periodicity can let node report the predicted overload case timely. But it leads to the redundant reporting. Referring to status indication procedure, the same principle can be applied to the predicted resource status. When the predicted load status is high, nodes can send the predicted overload indication to the peer node. The neighbors can take it as the reference information to make mobility optimization, load balancing and energy saving decisions to avoid handover failure, local overload, and switch-on/off ping-pong. 
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Figure 2: Predicted overload info exchange
Proposal 6: 
Triggered by predicted overload, the node can exchange the predicted overload status information. The procedure takes Status Indication as the baseline.
Accuracy
For the accuracy, since the model can not achieve 100% accuracy, whether the inference result is credible or not should be considered. The accuracy parameter may provide reference to the receiving node, so that the receiving node can adjust the decision about how to refer it accordingly, such as setting policy based on the high-accuracy inference results and taking low-accuracy results as additional reference. So it is better to send the prediction information along with accuracy.
Proposal 7: 
It is better to send the prediction information along with the accuracy.
Predicted LB decision
Up to now, the WI mainly focuses on the impact of prediction information. The other parts of the output is the strategy generated by AI/ML model. Selection of target cell for load balancing and the predicted UE(s) selected to be handed over to target NG-RAN node are the two types of output for load balancing. AI/ML model generates the predicted load transferring action for a period for future. For example, a node predicts it needs to transfer a certain amount of load to a neighbour node. The node can exchange such predicted load balancing strategy with its neighbours to confirm the transferring plan in advance. If the target node rejects the plan, the node can change to other alternative plans to secure the performance of load offloading and handover. Thus, it is beneficial for load transferring efficiency and load balancing.
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Figure 3: Predicated load transferring plan exchange for energy saving and load balancing
Proposal 8: 
The predicated load transferring plan can be exchanged with neighbor cells to confirm the load transferring in advance.
3 Conclusion

RAN3 is requested to discuss and if possible agree on the following proposals:
Proposal 1: 
Propose source node to indicate which performance feedback item is required to report in Handover Request message.

Proposal 2: 
Propose to add one more “initiation result” or extend the existing node level initiation result to support the requested node to inform the failed UE performance feedback.

Proposal 3: 
The existing reporting periodicity can be reused to show the period of UE performance feedback measurements. 

Observation 1: 
UE performance can be used as input to provide the status of target cell. 

Observation 2: 
No additional enhancement is required if UE performance is used as input.

Proposal 4: 
Propose to agree the TP in section 5 to reflect the agreement to add UE performance feedback collection time.

Observation 3: 
Source node may focus on the UE performance in a short time after handover.

Proposal 5: 
There is no need to do enhancement for the case that target node can not collect the UE performance for the whole measurement period. 
Proposal 6: 
Triggered by predicted overload, the node can exchange the predicted overload status information. The procedure takes Status Indication as the baseline.

Proposal 7: 
It is better to send the prediction information along with the accuracy.
Proposal 8: 
The predicated load transferring plan can be exchanged with neighbor cells to confirm the load transferring in advance.
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5 Text proposal
5.1 TP for TS 38.423:

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


[image: image3.emf] 

  NG - RAN node 1  

AI/ML INFORMATION  REQUEST     ( FFS on  the  name )  

NG - RAN node 2    

AI/ML INFORMATION  RESPONSE     ( FFS on  the  name )  


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 UE Performance Feedback Measurement Time IE in the AI/ML INFORMATION REQUEST message is present, it indicates the measurement time duration for UE Performance Feedback is starting at handover execution to the time point when to include the last UE Performance Feedback report.
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”.
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
	
	FFS
	
	YES
	ignore

	UE Performance Feedback Measurement Time
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	The time duration starting at handover execution to the time point when to include the last UE Performance Feedback report.
	YES
	ignore
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