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Introduction
In the RAN3#117e meeting, following agreements were initially acknowledged:
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.
RAN3 focus on the cell-level energy saving strategy as a start point, to avoid overlapped discussion for network energy saving SI.
Predicted resource status information of neighbouring NG-RAN node(s) generated by the current NG-RAN node is internally used, and no standard impacts.
Regarding AI/ML based Energy Saving, the following information should be specified as a start point on the basis of TR37.817:
· Predicted resource status information over Xn
· UE performance (e.g, UL/DL throughput, packet delay, packet loss)
Regarding AI/ML based Load Balancing, the following information should be specified as a start point on the basis of TR37.817:
· Predicted resource status information over Xn
· UE performance (e.g, UL/DL throughput, packet delay, packet loss)
Regarding AI/ML based mobility optimization, the following information should be specified as a start point on the basis of TR37.817:
· UE performance (e.g., UL/DL throughput, packet delay, packet loss)
· Predicted resource status information over Xn
The new procedure over Xn used for AI/ML related information should be non-UE associated as a start point.
Current Energy Efficiency metric can be exchanged between RAN nodes for the energy saving use case.
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.
Predicted cell-granularity UE trajectory can be exchanged over Xn for AI/ML based mobility optimization.
And there still are left issues on how to define the new procedure, and how to specify and transfer various AI/ML related information for each AI/ML based use cases. In this contribution, we focus on the discussion on these issues and provide the corresponding TPs. 
Discussion
2.1 Procedure
In the current TR37.817, the standard impacts for each agreed use cases are concluded illustrated below:
Network Energy Saving:
MDT procedure enhancements should be discussed during the normative phase.
Potential Xn interface impact:
-	New signalling procedure or enhanced existing procedure to collect the input data information 
-	Predicted energy efficiency between neighbouring NG-RAN nodes and source NG-RAN node
-	Predicted resource status between neighbouring NG-RAN nodes and source NG-RAN node
-	New signalling procedure or enhanced existing procedure to retrieve feedback information
Load Balancing:
-	New or enhanced existing signaling procedure to request/retrieve predicted resource status information from neighbouring nodes via Xn interface.
-	New or enhanced existing signaling procedure to request/retrieve predicted load balancing strategy information from neighbouring nodes via Xn interface.
-	New or enhanced existing procedure to request/retrieve feedback information via Xn interface.
Mobility Optimization:
-	Predicted resource status info and performance info from candidate target NG-RAN node to source NG-RAN node
-	New signaling procedure or existing procedure to retrieve input information via Xn interface.
-	New signaling procedure or existing procedure to retrieve feedback information via Xn interface.
Given that the standard impacts above, we can conclude that the main parts of the signaling are to support the input data information transferred between NG-RAN nodes, to support the predicted information transferred between NG-RAN nodes, and to support the feedback information transferred between NG-RAN nodes. 
Observation 1-1: The standard impacts for each AI/ML based use cases are to specify how to transfer the input information, the predicted information and feedback information.
Moreover, in the RAN3#117e meeting, it was acknowledged to define a new procedure for AI/ML related information, e.g. predicted information. However, with respect to AI/ML information, it not only involves predicted information, but also involves input information, and feedback information. 
Therefore, following are the new procedures for AI/ML related information:
· AI/ML Data Collection Transfer Procedures (e.g., to collect historical load information from other NG-RAN nodes)
· AI/ML Prediction Information Transfer Procedures (to transfer predicted information, e.g., predicted load, predicted UE trajectory)
· AI/ML Feedback Information Transfer Procedures (to transfer the requested information, e.g., actual load/UE trajectory information over a period of time)
Proposal 1-2: Define the new procedures respectively for input information, predicted information, and feedback information.
In addition, the agreement below shows that the new procedure for AI/ML related information should be based in a requested way. 
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.
Since the reporting mechanism for AI/ML related information is similar as the reporting mechanisms for resource status, which has been specified over Xn. Therefore, it is proposed to use the same reporting mechanism for AI/ML related information. Each AI/ML procedures involves following two kinds of procedure:
· Class 1 procedure: Request message and response message to configure the AI/ML related information.
· Class 2 procedure: Update message to report the AI/ML related information in the configured way (one shot or periodically)
Proposal 1-3: AI/ML Data Collection Transfer Procedures involves:
· AI/ML Data Collection Initiation procedure (Request message and response message)
· AI/ML Data Collection Reporting procedure (Update message)
Proposal 1-4: AI/ML Predicted Information Transfer Procedures involves:
· AI/ML Predicted Information Initiation procedure (Request message and response message)
· AI/ML Predicted Information Reporting procedure (Update message)
Proposal 1-5: AI/ML Feedback Information Transfer Procedures involves:
· AI/ML Feedback Information Initiation procedure (Request message and response message)
· AI/ML Feedback Information Reporting procedure (Update message)

2.2 Load prediction
And besides the predicted resource status, the historical resource status information should be considered as input information, which is needed to transfer over Xn. From technical views, AI/ML model needs a time-series historical information to perform model inference, but current mechanisms only support one-shot reporting and periodically reporting. In case that one NG-RAN node needs other NG-RAN nodes historical information to perform inference at a time point, it needs to request the information which is before this time point, and the other NG-RAN nodes should report the historical resource status to the NG-RAN node to perform model inference.
Proposal 2-1: Historical resource status should be considered as input information over Xn.
In order to support the historical resource status transferring between NG-RAN nodes, the request message should be indicated the report characteristics including “on-demand, periodic”. If the report characteristics is set to “on-demand”, the response message should include the historical resource status and sent it to the source NG-RAN node.
The messages can be defined as follows:
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This message is sent by NG-RAN node1 to NG-RAN node2 to initiate the requested measurement 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
	M
	
	INTEGER (1..4095,...) 
	Allocated by NG-RAN node1
	YES
	reject

	Report Characteristics
	M
	
	ENUMERATED (on-demand, Periodic, …)
	
	YES
	reject

	Report Information Type
	M
	
	ENUMERATED (resource status, …)
	
	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

	
	–
	

	Start time and Duration
	O
	
	9.2.3.X
	
	YES
	ignore

	Reporting Periodicity
	O
	
	ENUMERATED(500ms, 1000ms, 2000ms, 5000ms, 10000ms, …)
	
	YES
	ignore



9.1.Y.2	AI/ML DATA COLLECTION RESPONSE
This message is sent by NG-RAN node2 to NG-RAN node1 to indicate that the requested measurement is successfully initiated, or to report the requested AI/ML measurments.
Direction: NG-RAN node2  NG-RAN node1.
	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
	M
	
	INTEGER (1..4095,...)
	Allocated by NG-RAN node2
	YES
	reject

	Resource Status Measurement Response List
	
	0..1
	
	
	YES
	reject

	> Resource Status Measurement Response Item
	
	1 .. < maxnoofCellsinNG-RANnode >
	
	
	YES
	ignore

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

	
	–
	

	>>Historical Resource Status Item
	
	1 .. <maxnoofResMeas>
	
	
	–
	

	   >>> Radio Resource Status
	
	
	9.2.2.50
	
	
	

	Criticality Diagnostics
	O
	
	9.2.11
	
	YES
	ignore



	Range bound
	Explanation

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

	maxnoofResMeas
	Maximum no. of histroical resource status that can be configured and reported with one response message. Value is 16384.




Proposal 2-2: Introduce the indication of report characteristics in the request message that NG-RAN nodes can response the historical resource status in the response message.

2.3 UE trajectory prediction
There is the note left in the TR37.817 [1] whether the UE trajectory prediction is an internal output to the node hosting the Model Inference. During the SI phase, some companies concerned that UE trajectory transferring over interface in the RAN has user privacy issue. However, in the current specification, we can see that UE history information has already been transferred via NG interface or via Xn interface during handover without user privacy issue. The NG-RAN node recognizes the UE based on the temporary RAN allocated AP ID, which does not exposure any privacy of this UE. Similarly, the predicted UE location information can also be transferred between NG-RAN nodes.  
Observation 3-1: Predicted geographic location information transmission between NG-RAN nodes has no user privacy issue.
Proposal 3-1: Predicted geographic location information can be transferred between NG-RAN nodes.

Regarding how to transfer the UE trajectory prediction transfer between the NG-RAN nodes, following are two options:
· Option 1: Enhance the HANDOVER REQUEST message
· Option 2: Define a new AI/ML prediction procedure
Option 1:
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Figure 2.1.2 Option1: Enhance the HANDOVER REQUEST message
Step 1: NG-RAN node1 initiates HANDOVER REQUEST message to the target NG-RAN node2, involving predicted UE trajectory
Step 2: Target NG-RAN node2 responses the HANDOVER REQUEST ACK message to NG-RAN node1.
Step 3: After the target NG-RAN node2 performs the AI/ML function using predicted UE trajectory or retrieves the actual UE trajectory information, NG-RAN node1 initiates AI/ML FEEDBACK INFORMATION REQUEST message.
Step 4: NG-RAN node2 responses AI/ML FEEDBACK INFORMATION RESPONSE to NG-RAN node1, involving actual UE trajectory, or model performance metrics (e.g., accuracy, or confidence).

Option 2:
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Figure 2.1.3 Option 2: Define a new AI/ML prediction procedure
Step 0: NG-RAN node performs the Model Inference for UE trajectory prediction.
Step 1: After the handover preparation is performed successfully, NG-RAN node2 can initiate AI/ML PREDICTION INFORMATION REQUEST message to request the predicted UE trajectory from NG-RAN node1.
Step 2: NG-RAN node1 response to NG-RAN node2 via AI/ML PREDICTION INFORMATION RESPONSE message.
Step 3: After NG-RAN node2 finishes the network optimization, NG-RAN node1 initiates AI/ML FEEDBACK INFORMATION REQUEST message.
Step 4: NG-RAN node2 responses AI/ML FEEDBACK INFORMATION RESPONSE to NG-RAN node1, involving actual UE trajectory, or model performance metrics (e.g., accuracy, or confidence).
Proposal 3-2: RAN3 is kindly asked to discuss two options below how to transfer predicted UE trajectory.

From our perspective, regarding the option1, if current handover preparation procedure is enhanced to carry AI/ML related information, it may cause latency issues. In addition, AI/ML related information does not just involve UE trajectory prediction, so to enhance the current procedure does not suitable for future extension. With respect to option2, to define a new AI/ML predicted information is clean way to support AI/ML function, and there is no influence on the current handover procedure. 
In addition, to define the new procedure obeys the mechanism that when the NG-RAN nodes needs the predicted UE trajectory, the NG-RAN nodes will initiate the procedure to request the predicted UE trajectory.
Proposal 3-3: Prefer to adopt Option2 to transfer UE trajectory prediction related information:
· AI/ML predicted information procedure
· AI/ML feedback information procedure
In addition to the predicted UE trajectory, feedback information also needs to be considered. Since feedback information should be indicated and also needs to be transferred, so the current procedures are not suitable to be enhanced to carry the actual UE trajectory. Hence, to transfer the feedback information for UE trajectory prediction needs to define a new AI/ML feedback procedure.
Proposal 3-4: With respect to UE trajectory prediction, actual UE trajectory should be exchanged between NG-RAN nodes through AI/ML FEEDBACK INFORMATION procedure.

2.4 Enery Saving Metrics
In the last meeting, there is some concerns on how to define and calculate the energy efficiency. In our view, since all companies agree that RAN3 focus on the cell-level energy saving strategy as a start point, to avoid overlapped discussion for network energy saving SI, we propose not to define a new energy efficiency metrics. And currently, in the specification TS 28.554, following is the definition of the energy efficiency:

	6.7.1	NG-RAN data Energy Efficiency (EE)
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a)	EEMN,DV.
b)	A KPI that shows mobile network data energy efficiency in operational NG-RAN. Data Volume (DV) divided by Energy Consumption (EC) of the considered network elements. The unit of this KPI is bit/J.
c)	EEMN,DV
 - for non-split gNBs;
 - for split-gNBs;


This definition can be reused for AI/ML based network energy saving, and can be considered as a baseline.
Proposal 4-1: The definition of energy efficiency in TS28.554 can be regarded as a baseline for energy efficiency in AI/ML based network energy saving.
2.5 Validity time
Whether validity time could be expected as output information in each use case was discussed during the SI phase. Through several discussions, we can see companies could not clarify which type of output information needs the validity time. In the current TR, the output information for each use case could be divided into two types, e.g., decision type and prediction type. In our understanding, decision type output information will be taken at the moment when it needed, so decision type does not need the validity time.
Proposal 5-1: No need to introduce validity time for the decision output information.
On the other hand, prediction information would be reported periodically, which implicitly indicate the validity time. Regarding the validity time for the prediction information, we propose to introduce the start time or duration as validity time in the request message that request the related AI/ML information. In this way, the NG-RAN node will consider the configuration of start time or duration, and report the prediction information in the validity time.
Proposal 5-2: Introduce configuration of the start time and duration in the request message to represent validity time.
The corresponding TP[2] to 38.420 and 38.423 are provided.
Conclusion
We propose the following observations and proposals:
Observation 1-1: The standard impacts for each AI/ML based use cases are to specify how to transfer the input information, the predicted information and feedback information.
Proposal 1-2: Define the new procedures respectively for input information, predicted information, and feedback information.
Proposal 1-3: AI/ML Data Collection Transfer Procedures involves:
· AI/ML Data Collection Initiation procedure (Request message and response message)
· AI/ML Data Collection Reporting procedure (Update message)
Proposal 1-4: AI/ML Predicted Information Transfer Procedures involves:
· AI/ML Predicted Information Initiation procedure (Request message and response message)
· AI/ML Predicted Information Reporting procedure (Update message)
Proposal 1-5: AI/ML Feedback Information Transfer Procedures involves:
· AI/ML Feedback Information Initiation procedure (Request message and response message)
· AI/ML Feedback Information Reporting procedure (Update message)
Proposal 2-1: Historical resource status should be considered as input information over Xn
Proposal 2-2: Introduce the indication of report characteristics in the request message that NG-RAN nodes can response the historical resource status in the response message.
Observation 3-1: Predicted geographic location information transmission between NG-RAN nodes has no user privacy issue.
Proposal 3-1: Predicted geographic location information can be transferred between NG-RAN nodes.
Proposal 3-2: RAN3 is kindly asked to discuss two options below how to transfer predicted UE trajectory.
Proposal 3-3: Prefer to adopt Option2 to transfer UE trajectory prediction related information:
· AI/ML predicted information procedure
· AI/ML feedback information procedure
Proposal 3-4: With respect to UE trajectory prediction, actual UE trajectory should be exchanged between NG-RAN nodes through AI/ML FEEDBACK INFORMATION procedure.
Proposal 4-1: The definition of energy efficiency in TS28.554 can be regarded as a baseline for energy efficiency in AI/ML based network energy saving.
Proposal 5-1: No need to introduce validity time for the decision output information.
Proposal 5-2: Introduce configuration of the start time and duration in the request message to represent validity time.
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